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ABSTRACT

Prognostic factors for immune checkpoint inhibitor (CPI) response in gynecologic cancer are limited. This
retrospective study aimed to identify prognostic factors associated with improved overall response rate (ORR)
and progression free survival (PFS) in gynecologic cancer patients receiving at least two cycles of CPI. PFS was
compared by univariate cox regressions. Univariate and multivariable analyses were used for prognostic factors
of PFS and ORR. 72 patients were identified (20 ovarian, 36 endometrial, 13 cervix, 1 vaginal, 2 others). Inmune
related adverse events (IRAE) occurred in 40.3% of patients (29/72). IRAE was associated with higher ORR
(44.8% IRAE vs 20.9% no IRAE, OR 3.1, p = 0.024), improved PFS (12.9 m IRAE vs 4.7 m no IRAE, HR 0.43,p =
0.004) and improved OS (22.9 m IRAE vs 12.2 m no IRAE, HR 0.47, p = 0.021). Additionally, Clear cell histology
had superior ORR compared to MSI stable endometrial and ovarian cancers (ORR 57.1% vs 11.8%, OR 10.0, p =
0.032). Responders more often had ARIDIA mutation, PI3K/PTEN alteration and less often had a P53 mutation.
In a subset of six MSI-H, recurrent, chemo-naive endometrial cancer ORR was 83.3%. Overall, we found
favorable outcomes after CPI for clear cell tumors and patients who developed IRAE. Additionally, first-line
systemic therapy with CPI in recurrent MSI-H endometrial cancer had encouraging ORR with durable responses.

1. Background

Checkpoint inhibitors (CPIs) are monoclonal antibodies targeted at
the ligands and receptors involved in immune checkpoint activation. CPI
therapy leads to the release of T cells inhibition within the tumor
microenvironment allowing for cancer directed attack (Grywalska et al.,
2019).

CPI use in gynecologic cancer has resulted in a wide range of re-
sponses (Matanes and Gotlieb, 2019). Although response rates are low in
most gynecologic tumor types, durable responses in previously
treatment-resistant tumors have been reported highlighting the value of
this treatment in a subset of gynecologic cancer patients (Hamanishi
et al., 2015). Methods to identify patients who may derive the most
benefit from CPI are currently limited, with the exception of microsat-
ellite instability (MSI-H) (Le et al., 2017).

The present retrospective study aims to identify clinical, pathologic,

and genomic factors associated with overall response rate (ORR) and
progression free survival (PFS) in a diverse group of gynecologic cancer
patients.

2. Methods
2.1. Patient population

After institutional review board approval, a retrospective review of
gynecologic oncology patients receiving CPI was completed. Patients
were identified through electronic medical records at an academic
institution. Inclusion required completion of at least two cycles of CPI
therapy and a diagnosis of gynecologic cancer. There were no additional
exclusion criteria.

* Data reported in this manuscript have been presented at the ASCO 2020 as a virtual abstract, WAGO 2020 as a virtual poster and Cleveland Society of Ob-

stetricians & Gynecologists 2020 as a virtual plenary.
* Corresponding author at: 9500 Euclid Ave, Cleveland, OH 44195, USA.
E-mail address: mahdih6281@gmail.com (H. Mahdi).

https://doi.org/10.1016/j.gore.2020.100671

Received 29 September 2020; Received in revised form 30 October 2020; Accepted 1 November 2020

Available online 6 November 2020
2352-5789/© 2020 The Authors. Published by Elsevier Inc.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

This is an open access article under the CC BY-NC-ND license


mailto:mahdih6281@gmail.com
www.sciencedirect.com/science/journal/23525789
https://www.elsevier.com/locate/gynor
https://doi.org/10.1016/j.gore.2020.100671
https://doi.org/10.1016/j.gore.2020.100671
https://doi.org/10.1016/j.gore.2020.100671
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gore.2020.100671&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.L. Kugznicki et al.

2.2. Outcomes

The primary objective of this study was to identify variables asso-
ciated with primary outcomes of ORR and PFS. PFS and OS were
measured as date of initiation of CPI to date of progression or last follow
up, respectively. Type of response (partial response = PR, complete
response = CR, stable disease = SD), was determined by clinical judg-
ment of the treating physician, abstracted from clinic notes.

2.3. Data

Demographic, clinical, pathologic, and genomic data were retro-
spectively abstracted from the medical record. Germline and somatic
genomic mutation data were abstracted from reports of routinely used
third party testing companies. MSI-H status was assigned based on the
presence of mismatch repair protein deficiency (MMRd) on tumor
immunohistochemistry (MSH2, MSH6, PMS2 and MLH1), or microsat-
ellite instability on somatic next generation sequencing. Immune related
adverse events (IRAE) were abstracted from clinical documentation and
lab results. Immune related toxicities were graded as per the American
Society of Clinical Oncology Clinical Practice Guideline (Brahmer et al.,
2018).

2.4. Statistics

Approximately normally distributed continuous measures were
summarized using means and standard deviations. Continuous measures
that show departure from normality and ordinal measures were sum-
marized using medians and quartiles. Categorical factors were summa-
rized using frequencies and percentages. Univariate logistic regressions
were fit to explore associations with overall response. For survival
analysis, starting dates were set to be the date of checkpoint inhibitor
initiation. Month was defined as 30 days. Cox proportional hazards
regression right-censored univariate models were performed for PFS and
0S, log-rank tests and Cox univariate Wald tests were performed. One
multivariable PFS Cox model was fit for analysis groups and devel-
opment of toxicity. All analyses were done using SAS (version 9.4, The
SAS Institute, Cary, NC) and a p < 0.05 was considered statistically
significant.

3. Results
3.1. Patient and treatment data

72 patients were included (ovarian cancer N = 20, endometrial
cancer N = 36, cervical cancer N = 13, vaginal cancer N = 1). Two
patients had immunostaining consistent with gynecologic primary
however could not be further specified (site unknown). Patients initiated
CPI from June 2015 to August at the study institution.

Patient and treatment characteristics are summarized in Table 1.
Most tumors were of endometrioid (27.8%) or serous (31.9%) histology
with high tumor grade (19% grade 2, 71.4% grade 3). 93.1% received
CPI for recurrent disease with a median of 2 prior lines of systemic
therapy. Pembrolizumab (58.3%) was the most common CPI followed
by nivolumab (38.9%). 5.6% received combination CPI (ipilimumab +
nivolumab) and only 6.9% of patients were on CPI clinical trial.

3.2. Clinical outcomes

Clinical outcomes are outlined in Table 2. ORR was 41.7% for
endometrial cancer, 20% for ovarian cancer, and 15.4% for cervical
cancer. A median of 2.7 months of CPI therapy lapsed until initial
response was identified. Time to initial response appeared consistent
across disease sites. There was a notable delay from initial response until
identification of CR with a median time to CR of 11.5 months after CPI
initiation.
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3.3. Prognostic features in full cohort

On univariate logistic regressions in the full cohort MSI-H status was
associated with ORR (ORR: MSI-H 54.2% vs microsatellite stable (MSS)
25%, OR 3.5, p = 0.034). There was no significant association of ORR or
PFS with age (ORR: OR 1.01, p = 0.57; PFS: HR 0.99, p = 0.14), per-
formance status (PS 0 vs > 0, ORR: 1.2, p = 0.79; PFS: HR 0.89, p =
0.67), tumor grade (grade 1 or 2 vs 3, ORR: OR 0.71, p = 0.55; PFS: HR
1.11, p = 0.77), or number of prior chemotherapy lines (0-2 vs 3 + prior
lines, ORR: OR 0.52, p = 0.24; PFS: HR 1.39, p = 0.24).

IRAE was prevalent, occurring in 40.3% of patients. The most com-
mon IRAE was thyroid dysfunction (N = 10), including hyperthyroidism
(N = 4, 5.6%) and hypothyroidism (N = 9, 12.5%), with three patients
experiencing both hypo- and hyperthyroidism. All immune mediated
thyroid dysfunction occurred in only grade 1 and 2 severities. Grade 3
toxicities included pneumonitis (N = 3), dermatitis (N = 2), nephritis (N
= 1), hepatitis (N = 1) and colitis (N = 1). Mean time to toxicity onset
was 5.2 months (0.4 m - 21.5 m) (supplemental table e2). Development
of IRAE was associated with higher ORR (44.8% IRAE vs 20.9% no IRAE,
OR 3.1, p = 0.024), improved PFS (12.9 m IRAE vs 4.7 m no IRAE, HR
0.43, p = 0.004) and improved OS (22.9 m IRAE vs 12.2 m no IRAE, HR
0.47, p = 0.021) (Fig. 1a). IRAE remained independently associated
with improved PFS on multivariable analysis (HR 0.43, 95%CI
0.24-0.77, p = 0.005).

3.4. Genomic and immunohistochemical data

17 patients underwent PDL-1 testing and tumor mutational burden
(TMB) was available for 27 patients (Table 1). Neither PDL-1 positivity
or TMB was associated with ORR (ORR 11.1% PDL1 + vs 25% PDL1-, p
= 0.58) (low vs intermediate or high, OR 0.92, p = 0.92), Fig. 1b.

Somatic testing was performed on 31 tumors (14 ovarian, 14 endo-
metrial, 2 cervix, 1 unspecified) with 54 mutation types identified. The
five most common mutations were TP53 (N = 15), ARID1IA (N = 8),
PIK3CA (N = 8), KRAS (N = 6) and PTEN (N = 5). The 3 most frequent
mutations in responders were ARID1A, PIK3CA and PTEN. All three
were more prevalent in responders vs. non-responders, ARID1A (55.6%
vs.13.6%), PIK3CA (44.4% vs. 18.2%) and PTEN (33.3% vs. 9.0%). TP53
was the most frequent mutation in non-responders (54.5% non-
responders vs. 33.3% responders) (Fig. 1¢). Genomic mutation sum-
mary is presented in Supplemental table el.

3.5. Ovarian and endometrial subgroup

Given the more closely aligned characteristics for endometrial and
ovarian cancer in this study, these were combined for subgroup analysis.
Three mutually exclusive prognostic variables groups were created for
analysis— MSI-H, MSS and clear cell histology.

Univariate analysis of these prognostic groups showed MSI H (ORR
52.2% v 11.8%, OR 8.2, p = 0.015) and clear cell (ORR 57.1% vs 11.8%,
OR 10.0, p = 0.032) were both associated with higher ORR compared to
MSS. Of the 7 clear cell patients, 3 achieved PR, 1 CR and 2 SD. SDs had
durable disease stability for 17 and 19 CPI cycles, respectively.

On PFS analysis, MSI-H was associated with improved PFS compared
to MSS (10 m vs 4.7 m, HR 0.42, p = 0.018). Clear cell trended towards
improved PFS compared to MSS (12.5 m vs 4.7 m) however small
numbers limited formal analysis (Fig. 1d).

In a binary multivariable analysis for the full cohort, clear cell his-
tology and MSI-H remained associated with improved PFS compared to
MSS (HR 0.5, 95% CI 0.8-0.89, p = 0.0019).

3.6. First line systemic therapy MSI-H endometrial cancer
Six chemo- naive patients with recurrent, MSI-H, endometrioid

endometrial cancer received pembrolizumab, Table 3. All patients
refused or were not medically eligible for chemotherapy at recurrence
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Table 1
Patient and Treatment Characteristics.
Variable All Ovarian Endometrial Cervix Site Unknown Vaginal
N=72) (N =20) (N = 36) (N =13) N=2) N=1)
Age 64.2 £13.8 62.7 £ 11.3 69.1 £11.3 54.4 +18.0 50.0 + 5.7 73.0
BMI 29.0+7.9 27.1+6.5 31.0 + 8.6 27.7 +£7.0 23.3+11.7 21.8
Comorbidities
Hypertension 37 (51.4) 7 (35.0) 24 (66.7) 6 (46.2) 0 (0.00) 0 (0.00)
CAD 7 (9.7) 2(10.0) 4(11.1) 1(7.7) 0 (0.00) 0 (0.00)
CVD 2(2.8) 0 (0.00) 1(2.8) 1(7.7) 0 (0.00) 0 (0.00)
DVT/PE 20 (27.8) 6 (30.0) 12 (33.3) 1(7.7) 1 (50.0) 0 (0.00)
Diabetes 15 (20.8) 5 (25.0) 8(22.2) 1(7.7) 1 (50.0) 0 (0.00)
CKD 2(2.8) 1(5.0) 1(2.8) 0 (0.00) 0 (0.00) 0 (0.00)
CHF 5(6.9) 2 (10.0) 3(8.3) 0 (0.00) 0 (0.00) 0 (0.00)
A Fib 6(8.3) 0 (0.00) 5(13.9) 1(7.7) 0 (0.00) 0 (0.00)
COPD 5(6.9) 1(5.0) 3(8.3) 0 (0.00) 1 (50.0) 0 (0.00)
OSA 2(2.8) 0 (0.00) 2 (5.6) 0 (0.00) 0 (0.00) 0 (0.00)
ECOG PS
0 41 (56.9) 15 (75.0) 17 (47.2) 7 (53.8) 1 (50.0) 1 (100.0)
1 18 (25.0) 1(5.0) 14 (38.9) 3(23.1) 0 (0.00) 0 (0.00)
2 8(11.1) 2(10.0) 3(8.3) 2(15.4) 1 (50.0) 0 (0.00)
3 5(6.9) 2(10.0) 2(5.6) 1(7.7) 0 (0.00) 0 (0.00)
Histology
Clear cell 8(11.1) 5(25.0) 3(8.3) 0 (0.00) 0 (0.00) 0 (0.00)
Endometrioid 20 (27.8) 0 (0.00) 20 (55.6) 0 (0.00) 0 (0.00) 0 (0.00)
Serous 23 (31.9) 13 (65.0) 10 (27.8) 0 (0.00) 0 (0.00) 0 (0.00)
Carcinosarcoma 1(1.4) 1(5.0) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Mucinous 1(1.49 0 (0.00) 1(2.8) 0 (0.00) 0 (0.00) 0 (0.00)
Small cell 2(2.8) 0 (0.00) 0 (0.00) 2(15.4) 0 (0.00) 0 (0.00)
Squamous 11 (15.3) 0 (0.00) 0 (0.00) 10 (76.9) 0 (0.00) 1 (100.0)
Other 5(6.9) 1 (5.0) 1(2.8) 1(7.7) 2(100.0) 0 (0.00)
Unknown 1(1.49 0 (0.00) 1(2.8) 0 (0.00) 0 (0.00) 0 (0.00)
Grade*
1 6 (9.5) 0 (0.00) 5(14.7) 0 (0.00) 0 (0.00) 1 (100.0)
2 12 (19.0) 1 (5.0) 10 (29.4) 1(16.7) 0 (0.00) 0 (0.00)
3 45 (71.4) 19 (95.0) 19 (55.9) 5(83.3) 2 (100.0) 0 (0.00)
Primary 5 (6.9) 2 (10.0) 0 (0.00) 2 (15.4) 1 (50.0) 0 (0.00)
Recurrent 67 (93.1) 18 (90.0) 36 (100.0) 11 (84.6) 1 (50.0) 1 (100.0)
Number of Prior Lines 2.0 (0,11) 3.0 (0,11) 1.5 (0, 5) 2.0 (0, 8) 1.00 (0, 2) 2.0(2,2)
Prior VEGFi 26 (36.1) 7 (35.0) 14 (38.9) 4(30.8) 1 (50.0) 0 (0.00)
Prior PARPi 7 (9.7) 6 (30.0) 1(2.8) 0 (0.00) 0 (0.00) 0 (0.00)
Prior Pelvic RT 27 (37.5) 0 (0.00) 17 (47.2) 9 (69.2) 0 (0.00) 1 (100.0)
Prior VBT 20 (27.8) 0 (0.00) 17 (47.2) 3(23.1) 0 (0.00) 0 (0.00)
MSI status*
Stable 28 (38.9) 12 (60.0) 11 (30.6) 4 (30.8) 1 (50.0) 0 (0.00)
High/Unstable 24 (33.3) 0 (0.00) 23(63.9) 0 (0.00) 1 (50.0) 0 (0.00)
TMB
low 15 (20.8) 8 (40.0) 4(11.1) 2(15.4) 1 (50.0) 0 (0.00)
intermediate 9(12.5) 4 (20.0) 5(13.9) 0 (0.00) 0 (0.00) 0 (0.00)
high 3(4.2) 0 (0.00) 3(8.3) 0 (0.00) 0 (0.00) 0 (0.00)
PDL1 status
Positive 9(12.5) 0 (0.00) 3(8.3) 5(38.5) 0 (0.00) 1 (100.0)
Negative 8 (11.1) 3 (15.0) 4(11.1) 1(7.7) 0 (0.00) 0 (0.00)
not tested 55 (76.4) 17 (85.0) 29 (80.6) 7 (53.8) 2 (100.0) 0 (0.00)
CPI
Pembrolizumab 42 (58.3) 2 (10.0) 30 (83.3) 8 (61.5) 1 (50.0) 1 (100.0)
Nivolumab 28 (38.9) 16 (80.0) 6 (16.7) 5(38.5) 1 (50.0) 0 (0.00)
Ipilimumab 4 (5.6) 2(10.0) 0 (0.00) 2(15.4) 0 (0.00) 0 (0.00)
Avelumab 2(2.8) 2(10.0) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
CPI Combination 4 (5.6) 2 (10.0) 0 (0.00) 2 (15.4) 0 (0.00) 0 (0.00)
Clinical Trial 5(6.9) 5(25.0) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Concurrent Agent
PARPi 5 (6.9) 4 (20.0) 1(2.8) 0 (0.00) 0 (0.00) 0 (0.00)
Chemotherapy 4 (5.6) 2 (10.0) 0 (0.00) 1(7.7) 1 (50.0) 0 (0.00)
Radiation 8(11.1) 1 (5.0) 4(11.1) 3(23.1) 0 (0.00) 0 (0.00)
VEGFi 1(1.4 1(5.0) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Surgery 3(4.2) 1 (5.0) 2 (5.6) 0 (0.00) 0 (0.00) 0 (0.00)

Statistics presented as Mean + SD, Median (min, max), Median [P25, P75], N (column %).

*Denotes missing values: Grade:9 missing, MSI status: 20 missing, TMB: 45 not evaluated.

Abbreviations: BMI: body mass index, CAD: coronary artery disease, CVD: cerebro-vascular disease, DVT: deep vein thrombosis, PE: pulmonary embolism, CKD: chronic
kidney disease, CHF: congestive heart failure, A fib: atrial fibrillation, COPD: chronic obstructive pulmonary disease, OSA: obstructive sleep apnea, ECOG PS: Eastern
Cooperative Oncology Group performance status, No.: number, VEGFi: vascular endothelial growth factor inhibitor, PARPi: poly ADP ribose polymerase inhibitor, RT:
radiation therapy, VBT: vaginal brachytherapy, TMB: tumor mutational burden, PDL1: programmed death ligand-1, CPI: checkpoint inhibitor.*Denotes missing values:
Grade:9 missing, MSI status: 20 missing, TMB: 45 not evaluated.
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Table 2
Clinical Outcomes with Checkpoint Inhibitor Therapy.
All Ovarian Endometrial Cervix Site Unknown vaginal
(N =72) (N = 20) (N = 36) (N=13) (N=2) IN=1)
Number of CPI Cycles 7.5 (2, 32) 7.0 (2, 20) 8.0 (2, 27) 5.0 (3, 32) 7.0 (3,11) 12.0 (12)
Follow-up Period 13.4 [6.5, 20.5] 15.6 [6.0, 26.2] 13.4 [6.7, 20.4] 10.2 [4.0, 17.4] 16.9 [7.6, 26.3] 7.9 [7.9]
Response Type
Partial response 16 (22.2) 3 (15.0) 12 (33.3) 1(7.7) 0 (0.00) 0 (0.00)
Complete response 6(8.3) 1(5.0) 3(8.3) 1(7.7) 1 (50.0) 0 (0.00)
Stable disease 26 (36.1) 10 (50.0) 12 (33.3) 3(23.1) 0 (0.00) 1 (100.0)
Progressive disease 24 (33.3) 6 (30.0) 9 (25.0) 8 (61.5) 1 (50.0) 0 (0.00)
Time to initial response 2.7 [2.6, 3.4] 2.8 [2.4, 3.2] 2.7 [2.5, 3.4] 3.7 [2.6, 4.8] 2.7 [2.7,2.7] —
Time to CR 11.5 [10.0, 13.4] 20.6 [20.6, 20.6] 10.5 [10.0, 13.4] 12.5 [12.5, 12.5] 7.4 [7.4,7.4] —
Duration of Response 6.6 [4.4,12.5] 7.8 [5.4,11.1] 5.6 [2.8,10.4] 11.6 [5.9, 17.3] 18.9 [18.9, 18.9] —
Duration of SD 6.2 [4.7,11.6] 5.8 [5.3,11.6] 6.8 [4.5,12.3] 3.0 [3.0, 15.7] — 6.3 [6.3]
Pseudoprogression
Followed by Response 6 (8.3) 1(5.0) 4 (11.1) 1(7.7) 0 (0.00) 0 (0.00)
Followed by Stable Disease 5(6.9) 2 (10.0) 2 (5.6) 1(7.7) 0 (0.00) 0 (0.00)
Time to Subsequent Response 3.8 [2.7, 4.8] 2.9 [2.9, 2.9] 3.7 [2.4,7.6] 4.8 [4.8, 4.8] — —
PFS 6.4 (4.1-10.0) 6.4 (2.7-11.6 8.9 (4.7-11.6) 2.8(2.1-) — —
1 year PFS (%) 31.6(19.8,43.3) 26.5(4.9,48.1) 32.7 (16.0,49.5) 28.8 (3.2,54.5) 50.0 (0.0,100.0) 0.0 (0.0)
oS 15.2(10.3-21.2) 15.9 (5.5-) 16.3 (9.6-26.9) 10.2(3.1-) — —

1 year OS (%)

69.6 (49.3,90.0)

69.6 (49.3,90.0)

60.0 (43.8,76.3)

38.5(12.0,64.9)

50.0 (0.0,100.0) —

Disease response data presented as Median [P25, P75], N (column %) where appropriate. Survival statistics presented as median survival month (P25, P75 survival
month); 1 year PFS/OS percentage (95% CI).
Abbreviations: CPI: checkpoint inhibitor, CR: complete response, SD: stable disease, PFS: progression free survival, OS: overall survival.
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Fig. 1. Features of Gynecologic Oncology Patients receiving Checkpoint Inhibitor Therapy. (1a) Left: progression free survival Kaplan Meier curves for the full cohort in
those who developed an immune related adverse event (any toxicity) versus those who did not (no toxicity). Right: Kaplan Meier curves for overall survival of the full
cohort in those who developed an immune related adverse event (any toxicity) versus those who did not (no toxicity). (1b) Boxplot demonstrating relationship of
tumor mutational burden reported in mutations per megabase (mut/mb) and tumor response to checkpoint inhibition. (1¢) Bar graph demonstrating the five most
common gene mutations identified on somatic testing displayed by frequency of mutation in responders (N = 9) and non-responders (N = 22). (1d) Kaplan Meier
curves for progression free survival in the endometrial and ovarian cancer subgroup comparing analysis groups of microsatellite stable tumors (MSI stable), mi-
crosatellite unstable tumors (MSI high), and clear cell tumors.
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Table 3
Summary of Patients Receiving Checkpoint inhibition as Primary Systemic
Therapy.

N=6
Age 79.5 [59.0, 86.0]
BMI 31.1 [30.3, 31.9]
ECOG PS
0 2(33.3)
1 4 (66.7)
Comorbidities
Hypertension 3 (50.0)
Coronary Artery Disease 1(16.7)
History of Cerebral Vascular Accident 1(16.7)
Deep Venous Thrombosis or Pulmonary Embolism 3(50.0)
Diabetes 1(16.7)
Chronic Kidney Disease 1 (16.7)
Congestive Heart Failure 2(33.3)
Atrial Fibrillation 1(16.7)
Endometrioid Histology 6 (100.0)
Grade
1 1 (16.7)
2 4 (66.7)
3 1(16.7)
Prior Pelvic Radiation 4 (66.7)
Prior Hysterectomy 5(83.3)
Recurrent Disease 6 (100.0)
CPI Agent: Pembrolizumab 6 (100.0)

Total Number of CPI Cycles
Response Type

14.0 [10.0, 18.0]

Stable disease 1(16.7)

Partial response 5(83.3)

Time to initial response 2.7 [2.5, 2.7]
Duration of Response 9.0 [5.6, 9.9]
Length of follow-up 11.3 [9.5, 13.2]
Progression Free Survival 7.317.3,7.3]
Progression free at last follow up 5(83.3)
Overall Survival 9.5 [8.9, 9.6]
Alive at Last Follow up 3 (50.0)

Statistics presented as Median [P25, P75], N (column %). Duration of response,
time to response, progression free survival, overall survival all presented as
months.

Abbreviations: BMI: body mass index, ECOG PS: Eastern Cooperative Oncology
Group performance status, CPL: checkpoint inhibition.

and therefore were offered CPI therapy. Median age for this group was
higher than the full cohort (79.5 vs 64.2). Five patients achieved PR, and
one SD with an ORR 83.3%. Median duration of response was 9.0
months. At a median follow up of 11.3 months, 3 patients remained alive
with ongoing responses, 2 were dead of intercurrent disease, and 1 was
dead of disease.

4. Discussion

Outcomes with CPI therapy in gynecologic cancer have varied per
disease site with response rates ranging from < 10% to > 60% and
limited factors to guide patient selection for therapy (Grywalska et al.,
2019). There remains vast room for improvement regarding our
knowledge on expected therapeutic outcomes and toxicity risks with CPI
in gynecologic cancer. In this retrospective study we aimed to further
investigate predictors of response to CPI in a diverse, real-world gyne-
cologic cancer cohort with most patients receiving non-clinical trial
treatment. Our findings show clear cell histology and immune related
toxicity were both significant predictors of response.

Previous ovarian cancer data has shown low response rates to CPI
therapy (7.4-15%) (Matanes and Gotlieb, 2019; Disis et al., 2019;
Matulonis et al., 2019; Rubinstein and Makker, 2020). The relative
resistance of ovarian cancer to CPI is thought to be multifactorial
relating to a low intrinsic tumor immunogenicity and mutational burden
along with redundant immunosuppressive mechanisms within the
tumor microenvironment (Odunsi, 2017). Surprisingly, there have been
durable responses to CPI in platinum resistant ovarian cancer which
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offers hope where there is otherwise a poor prognosis (Hamanishi et al.,
2015). Identifying favorable CPI responders prior to therapy initiation
could potentially alter the traditional treatment algorithm and limit
unnecessary toxicity for those who are less likely to benefit.

In the phase II study of nivolumab in platinum resistant ovarian
cancer, both complete responses were clear cell histology or had clear
cell- like gene expression profile (Hamanishi et al., 2015; Oda et al.,
2018). Due to the low incidence of clear cell ovarian cancer, there is
relatively little representation of these tumors in clinical trials, and
therefore it is difficult to determine the extent of benefit from CPI.
Advanced or recurrent clear cell tumors have demonstrated chemo-
resistance and are associated with a poor prognosis (Tan and Kaye,
2007; McMeekin et al., 2007). Therefore, albeit small numbers, the
demonstration of high CPI response rates for clear cell tumors with
prolonged clinical benefit in our study despite the microsatellite stable
status (ORR: 60% ovarian, 50% endometrial) offers a promising treat-
ment option. Additionally, we found that ARID1A and PIK3CA muta-
tions, both common findings in clear cell carcinomas, were more
prevalent in responders (ARID1A 55.6%, PIK3CA 44.4%) compared to
non-responders (ARID1IA 13.6%, PIK3CA 18.2%). Whether these
genomic mutations correlate with response independent of histology is
not able to be determined by this study due to small numbers and con-
founding effect. Further study into these genomic mutations as it relates
to CPI response may elucidate the etiology of such favorable responses
(Oda et al., 2018).

Although MMRd/MSI-H is well-known to be predictive of CPI
response, little data exists CPI response rates in chemo-naive MMRd
endometrial carcinoma. In the present study, a respectable ORR of 83%
(5 PR, 1 SD) was achieved with ongoing responses at 1-year in three
patients and one PR converting to CR after data analysis. Compared to
historical ORR of 57% from GOG177 with paclitaxel, doxorubicin, and
cisplatin (TAP), our ORR of 83% to CPI suggests reasonable efficacy in
chemotherapy naive endometrial cancer. When there are limited treat-
ment options due to patient factors, CPI seems reasonable in MSI-H
endometrial cancer. Larger studies will hopefully provide more robust
data for CPI as an early treatment strategy for these patients.

Lastly, IRAE was significantly associated with improved ORR, PFS
and OS in this study. Improved outcomes with CPI use in association
with immune toxicity has been previously reported in other non-
gynecologic cancers however, to the best of our knowledge, this asso-
ciation in gynecologic cancer has not been previously reported (Palmieri
and Carlino, 2018). Further investigation into the biologic basis of this
finding would likely offer valuable insight into patient selection for
therapy and treatment optimization.

The current report presents significant and clinically relevant find-
ings of clear cell histology and IRAE as new prognostic factors for CPI
use in gynecologic cancer. However, this study remains a retrospective
review and therefore is subject to implicit bias. This study was limited by
a fixed number of patients precluding formal power calculation. Despite
these limitations, our findings overall support prioritizing CPI therapy
for gynecologic clear cell cancers as these tumors demonstrate high
response rates with favorable PFS. Gynecologic cancer patients should
be counseled on the high rate of immune toxicity with CPI, however,
when found may be associated with improved oncologic outcomes.

5. Author contribution statement**a

MK (conceived and designed work that led to submission, acquired
data, interpreted results, drafted and revised manuscript, approved final
version, agreed to be accountable for all aspects of the work), CB
(designed the work, acquired data, revised manuscript, approved final
version, agreed to be accountable for all aspects of the work), YM
(designed work that led to submission, acquired data, interpreted re-
sults, revised manuscript, approved final version, agreed to be
accountable for all aspects of the work), AJP (designed work that led to
submission, acquired data, revised manuscript, approved final version,



M.L. Kuznicki et al.

agreed to be accountable for all aspects of the work), PR (conceived
work that led to submission, acquired data, revised manuscript,
approved final version, agreed to be accountable for all aspects of the
work), HM (conceived and designed work that led to submission, ac-
quired data, interpreted results, drafted and revised manuscript,
approved final version, agreed to be accountable for all aspects of the
work).

6. Ethics approval and consent to participate**a

This project was Cleveland Clinic IRB approved (Study # 13-498)
and a waiver of written consent was granted with assurance of pro-
tections for privacy and confidentiality due to the minimal risk nature of
this retrospective study.

7. Data availability**a

De-identified Data used for analysis in this manuscript is available
upon request from the corresponding author Dr. Haider Mahdi.

8. Funding information**a

This research did not receive any funding.
Declaration of Competing Interest

The Authors have no conflicts of interest to disclose.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gore.2020.100671.

References

Brahmer, J.R., Lacchetti, C., Schneider, B.J., Atkins, M.B., Brassil, K.J., Caterino, J.M.,
Chau, L., Ernstoff, M.S., Gardner, J.M., Ginex, P., Hallmeyer, S., Holter
Chakrabarty, J., Leighl, N.B., Mammen, J.S., McDermott, D.F., Naing, A.,
Nastoupil, L.J., Phillips, T., Porter, L.D., Puzanov, I., Reichner, C.A., Santomasso, B.

Gynecologic Oncology Reports 34 (2020) 100671

D., Seigel, C., Spira, A., Suarez-Almazor, M.E., Wang, Y., Weber, J.S., Wolchok, J.D.,
Thompson, J.A., 2018. Management of Immune-Related Adverse Events in Patients
Treated With Immune Checkpoint Inhibitor Therapy: American Society of Clinical
Oncology Clinical Practice Guideline. JCO 36 (17), 1714-1768.

Disis, M.L., Taylor, M.H., Kelly, K., Beck, J.T., Gordon, M., Moore, K.M., Patel, M.R.,
Chaves, J., Park, H., Mita, A.C., Hamilton, E.P., Annunziata, C.M., Grote, H.J., von
Heydebreck, A., Grewal, J., Chand, V., Gulley, J.L., 2019. Efficacy and Safety of
Avelumab for Patients With Recurrent or Refractory Ovarian Cancer: Phase 1b
Results From the JAVELIN Solid Tumor Trial. JAMA Oncol. 5 (3), 393. https://doi.
org/10.1001/jamaoncol.2018.6258.

Grywalska, E., Sobstyl, M., Putowski, L., Rolinski, J., 2019. Current Possibilities of
Gynecologic Cancer Treatment with the Use of Imnmune Checkpoint Inhibitors. Int. J.
Mol. Sci. 20 (19).

Hamanishi, J., Mandai, M., Ikeda, T., Minami, M., Kawaguchi, A., Murayama, T.,
Kanai, M., Mori, Y., Matsumoto, S., Chikuma, S., Matsumura, N., Abiko, K., Baba, T.,
Yamaguchi, K., Ueda, A., Hosoe, Y., Morita, S., Yokode, M., Shimizu, A., Honjo, T.,
Konishi, I., 2015. Safety and Antitumor Activity of Anti-PD-1 Antibody, Nivolumab,
in Patients With Platinum-Resistant Ovarian Cancer. JCO 33 (34), 4015-4022.

Le, D.T., Durham, J.N., Smith, K.N., Wang, H., Bartlett, B.R., Aulakh, L.X., Lu, S.,
Kemberling, H., Wilt, C., Luber, B.S., Wong, F., Azad, N.S., Rucki, A.A., Laheru, D.,
Donehower, R., Zaheer, A., Fisher, G.A., Crocenzi, T.S., Lee, J.J., Greten, T.F.,
Duffy, A.G., Ciombor, K.K., Eyring, A.D., Lam, B.H., Joe, A., Kang, S.P., Holdhoff, M.,
Danilova, L., Cope, L., Meyer, C., Zhou, S., Goldberg, R.M., Armstrong, D.K.,
Bever, K.M., Fader, A.N., Taube, J., Housseau, F., Spetzler, D., Xiao, N., Pardoll, D.
M., Papadopoulos, N., Kinzler, K.W., Eshleman, J.R., Vogelstein, B., Anders, R.A.,
Diaz Jr., L.A., 2017. Mismatch repair deficiency predicts response of solid tumors to
PD-1 blockade. Science 357 (6349), 409-413.

Matanes, E., Gotlieb, W.H., 2019. Immunotherapy of gynecological cancers. Best Pract.
Res. Clin. Obstet. Gynaecol. 60, 97-110.

Matulonis, U.A., Shapira-Frommer, R., Santin, A.D., Lisyanskaya, A.S., Pignata, S.,
Vergote, 1., Raspagliesi, F., Sonke, G.S., Birrer, M., Provencher, D.M., Sehouli, J.,
Colombo, N., Gonzalez-Martin, A., Oaknin, A., Ottevanger, P.B., Rudaitis, V.,
Katchar, K., Wu, H., Keefe, S., Ruman, J., Ledermann, J.A., 2019. Antitumor activity
and safety of pembrolizumab in patients with advanced recurrent ovarian cancer:
results from the phase II KEYNOTE-100 study. Ann. Oncol. 30 (7), 1080-1087.

McMeekin, D.S., Filiaci, V.L., Thigpen, J.T., Gallion, H.H., Fleming, G.F., Rodgers, W.H.,
2007. The relationship between histology and outcome in advanced and recurrent
endometrial cancer patients participating in first-line chemotherapy trials: A
Gynecologic Oncology Group study. Gynecol. Oncol. 106 (1), 16-22.

Oda, K., Hamanishi, J., Matsuo, K., Hasegawa, K., 2018. Genomics to immunotherapy of
ovarian clear cell carcinoma: Unique opportunities for management. Gynecol. Oncol.
151 (2), 381-389.

Odunsi, K., 2017. Immunotherapy in ovarian cancer. Ann. Oncol. 28, viiil-viii7.

Palmieri, D.J., Carlino, M.S., 2018. Immune Checkpoint Inhibitor Toxicity. Curr. Oncol.
Rep. 20 (9) https://doi.org/10.1007/s11912-018-0718-6.

Rubinstein, M.M., Makker, V., 2020. Optimizing immunotherapy for gynecologic
cancers: Curr. Opin. Obstet. Gynecol. 32 (1), 1-8.

Tan, D.S., Kaye, S., 2007. Ovarian clear cell adenocarcinoma: a continuing enigma.

J. Clin. Pathol. 60 (4), 355-360.


https://doi.org/10.1016/j.gore.2020.100671
https://doi.org/10.1016/j.gore.2020.100671
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0005
https://doi.org/10.1001/jamaoncol.2018.6258
https://doi.org/10.1001/jamaoncol.2018.6258
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0015
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0015
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0015
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0020
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0020
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0020
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0020
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0020
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0025
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0030
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0030
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0035
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0040
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0040
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0040
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0040
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0045
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0045
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0045
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0050
https://doi.org/10.1007/s11912-018-0718-6
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0060
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0060
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0065
http://refhub.elsevier.com/S2352-5789(20)30137-5/h0065

	Predictors of response to immune checkpoint inhibition in a real world gynecologic cancer population
	1 Background
	2 Methods
	2.1 Patient population
	2.2 Outcomes
	2.3 Data
	2.4 Statistics

	3 Results
	3.1 Patient and treatment data
	3.2 Clinical outcomes
	3.3 Prognostic features in full cohort
	3.4 Genomic and immunohistochemical data
	3.5 Ovarian and endometrial subgroup
	3.6 First line systemic therapy MSI-H endometrial cancer

	4 Discussion
	5 Author contribution statement**a
	6 Ethics approval and consent to participate**a
	7 Data availability**a
	8 Funding information**a
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


