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ABSTRACT

Background Patients with rare cancers represent 55%
of all gynecological malignancies and have poor survival
outcomes due to limited treatment options. Combination
immunotherapy with the anti-programmed cell death
protein 1 (anti-PD-1) antibody nivolumab and the anti-
cytotoxic T-lymphocyte-associated protein 4 (anti-CTLA-4)
antibody ipilimumab has demonstrated significant clinical
efficacy across a range of common malignancies, justifying
evaluation of this combination in rare gynecological
cancers.

Methods This multicenter phase Il study enrolled 43
patients with advanced rare gynecological cancers.
Patients received induction treatment with nivolumab
and ipilimumab at a dose of 3 mg/kg and 1 mg/kg,
respectively, every 3weeks for four doses. Treatment
was continued with nivolumab monotherapy at 3 mg/
kg every 2 weeks until disease progression or a
maximum of 2 years. The primary endpoint was the
proportion of patients with disease control at week 12
(complete response, partial response or stable disease
(SD) by Response Evaluation Criteria In Solid Tumor
V.1.1). Exploratory evaluations correlated clinical
outcomes with tumor programmed death-ligand 1
(PD-L1) expression and tumor mutational burden
(TMB).

Results The objective response rate in the
radiologically evaluable population was 36% (12/33
patients) and in the intention-to-treat population

was 28% (12/43 patients), with additional 7 patients
obtaining SD leading to a disease control rate of 58%
and 44%, respectively. Durable responses were seen
across a range of tumor histologies. Thirty-one (72%)
patients experienced an immune-related adverse
event (irAE) with a grade 3/4 irAE observed in seven
(16%) patients. Response rate was higher among those
patients with baseline PD-L1 expression (>1% on
tumor cells) but was independent of TMB.
Gonclusions Ipilimumab and nivolumab combination
treatment has significant clinical activity with a

favorable safety profile across a range of advanced

rare gynecological malignancies and warrants further
investigation in these tumor types.

INTRODUCTION

Up to 55% of gynecological cancers are
considered rare and despite the high collec-
tive occurrence, the low incidence rate of
individual rare cancer types makes research
in these cancers challenging.' Accordingly,
patients have very limited treatment options
as clinical guidance is frequently based on
small institutional case series or anecdotal
evidence and overall an inferior survival
rate compared with patients with common
malignancies.”

Immunotherapy using monoclonal anti-
bodies that block negative regulators of T-cell
activation such as programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) leads to stimu-
lation and/or reinvigoration of tumor-specific
Tecell responses.” Immune-stimulatory anti-
bodies have demonstrated significant clinical
activity in a range of malignancies; however,
single-agent anti-PD-1/programmed death-
ligand 1 (PD-LI) treatment has shown only
limited activity in patients with common
gynecological malignancies, such as high-
grade serous ovarian cancer or uterine endo-
metrioid carcinoma®’ with the exception of
microsatellite unstable (MSI-H) endometrial
cancer.” Anti-PD-1/PD-L1 and anti-CTLA-4
blockade have distinct and complementary
features and combined anti-PD-1/CTLA-4
blockade has demonstrated superiority
compared with single-agent anti-PD-1 therapy
across a range of malignanciﬁs.L9

CA 209-538 was a multicenter multicohort
phase II trial that investigated combination
immunotherapy with the anti-PD-1 antibody
nivolumab and the anti-CTLA-4 antibody
ipilimumab in patients with rare cancers.'*™"?
The trial included a cohort of patients with
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advanced gynecological malignancies. Accompanying
translational research aimed to identify tumor-agnostic
biomarkers.

METHODS: PATIENTS

Study design, patients and treatment

CA 209-538 was a multicenter open-label phase II study
conducted at five Australia sites (Austin Health, Peter
MacCallum Cancer Centre, Monash Health, Melbourne,
Blacktown Hospital, Sydney, Border Medical Oncology,
Albury). Eligible patients for the gynecological cohort
were aged 18 years or older and had a histologically
confirmed metastatic rare cancer of the female genital
tract. Patients with high-grade serous ovarian carcinoma,
uterine endometrioid adenocarcinoma and cervical
cancer (adenocarcinoma and squamous cell carcinoma)
were excluded. Patients had at least one measurable
lesion according to Response Evaluation Criteria In Solid
Tumor (RECIST) V.1.1"° and an Eastern Cooperative
Oncology Group performance status of 0 or 1. Other
inclusion criteria were a life expectancy of 3months or
more and adequate organ function. Patients could either
be treatment naive or had received prior systemic therapy
with a minimum washout period of 28 days before initi-
ation of study treatment. Disease progression under
prior therapy was not an inclusion criterion. Key exclu-
sion criteria were active brain metastases and a history of
autoimmune conditions. Archival tumor tissue, or a fresh
tumor biopsy during screening, was required for predic-
tive biomarker analysis.

Nivolumab and ipilimumab were administered intra-
venously at a dose of 3mg/kg over a period of 60min
and 1 mg/kg over a period of 90min, respectively, every
3weeks for four doses (induction phase), followed by
nivolumab monotherapy at a dose of 3mg/kg every
2weeks (maintenance phase) until disease progression or
a maximum of 2years after enrolment. Dose reductions
were not permitted; however, study treatment could be
interrupted to enable recovery from adverse reactions
for up to 6weeks. If treatment was discontinued, patients
were followed up until disease progression or initiation of
a different treatment.

Tumor assessments were performed by radiological
assessment (CT scan of the brain, chest, abdomen and
pelvis) at baseline and then every 12 weeks during treat-
ment or follow-up. A confirmatory scan was performed
6weeks after the first restaging scan at week 18. Tumor
response was assessed according to RECIST V.1.1."

Patients with evidence of progressive disease at their
first restaging scan at week 12 were permitted to continue
on study treatment at the discretion of the investigator
for another 6weeks until radiological confirmation of
progression at week 18.

Safety analyses were performed on all patients who
received at least one dose of study treatment. Labora-
tory monitoring and safety assessments were performed
at baseline and every two to 3weeks prior to treatment

according to the study protocol. Adverse events were
graded in accordance with the NCI Common Termi-
nology Criteria for Adverse Events V.4.0 and collected
during treatment and for 100 days after the last dose
received.

Study endpoints

The primary endpoint was the proportion of patients with
disease control at week 12 (complete response, partial
response or stable disease (SD)) according to RECIST
criteria. The secondary objective was identification of a
tumor-agonistic biomarker.

Biomarker analysis

Archival formalin-fixed paraffin-embedded tumor tissue
was tested for PD-L1 expression by immunohistochemistry
(IHC). The antibody used was Ventana PD-L1 (SP263)
according to the ULTRA VENTANA PD-L1 (SP263) Assay
(Roche diagnostics). A tumor was deemed PD-L1 positive
if at least 1% of tumor cells expressed PD-L1. DNA was
extracted from tumor tissue for gene sequencing and the
tumor mutational burden (TMB) was determined by the
Oncomine tumor mutation load assay (Thermo Fisher
Scientific). Additional archival formalin-fixed paraffin-
embedded tumor tissue from two patients with hypermu-
tated tumors was tested for CD3 (SP7, ab16669, Abcam),
CD4 (EPR6855, ab133616, Abcam), CD8 (C8/144B, MAb5-
13473, Invitrogen), CD19 (EPR5906, ab134114, Abcam),
CD68 (PG-M1, MA5-12407, Invitrogen), granzyme B
(D6E9W, 46890, Cell Signalling), FOXP3 (36A/E7,
ab20034, Abcam), MHC class I (in-house), PD-L.1 (E1L3N,
13684, Cell Signalling) and panCK (Akoya Biosciences)
expression by multispectral THC. Briefly, slides were
baked at 65°C for 2 hours, dewaxed in xylene three times
for 10min, rehydrated in ethanol twice for 10min and
manually stained. The staining included initial blocking
of endogenous peroxidases using 3% hydrogen peroxide
for 30min, followed by sequential 15 min rounds of heat-
induced epitope retrieval (microwave at 20% power),
10min blocking of non-specific binding sites, 30min
primary and 10min secondary (anti-mouse and anti-
rabbit horseradish peroxidase) antibody incubation and
10min fluorophore-tyramide signal amplification using
Opal 520, 540, 570, 620, 650 and 690 fluorophores (Akoya
Biosciences) labeling target proteins, respectively. Slides
were counterstained with spectral DAPI and scanned
using the Vectra 3 Automated Quantitative Pathology
Imaging System (Akoya Biosciences). Images were spec-
trally unmixed and analyzed using inForm Cell Analysis
software (Akoya Biosciences). Tissue specimens were
segmented into tissue and stroma areas and cell pheno-
typing was performed on at least 10 regions of interest per
tissue specimen to quantify the number of total CD3 + T
cells, CD4 +FOXP3+ regulatoryT cells and panCK +MHC
class I+ cells, which are shown per 1000 cells.

Statistical analysis
Given the heterogeneous nature of the patient population,
statistics were descriptive and no sample size calculation
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Table 1 Patient demographics and tumor types

No. of patients (%)
59 (20-76)

Median age, years (range)
ECOG performance
0 19 (44%)
1 24 (56%)
Setting
First line 1(2%)
20 (47%)
22 (51%)

Second line
>2 lines (range 2-7)
Tumor types
Uterine
Serous carcinoma
Clear cell carcinoma
Carcinosarcoma

o B N 0

Leiomyosarcoma

Ovarian
Clear cell carcinoma
Low-grade serous carcinoma
Carcinosarcoma
Granulosa cell tumor
Sertoli-Leydig cell tumor
Vulva/vaginal SCC

a NN N oo

ECOG, Eastern Cooperative Oncology Group.

was undertaken. Descriptive statistics (median, CIs) were
performed using GraphPad Prism V.8.3.0 software.

Fisher’s exact test was used to assess any association
between response and PD-L1 expression and between
response and TMB.

RESULTS

Patient population and treatment

Forty-three patients were enrolled into the gynecological
cohort and received at least one dose of ipilimumab and
nivolumab. The disease characteristics of the study popu-
lation are outlined in table 1. Apart from one patient, all
had received prior systemic therapy with 51% of patients
having received at least two lines of prior systemic treat-
ment prior to enrolment into the trial. Ten tumor types
were represented with the most common being uterine
serous carcinoma, ovarian clear cell carcinoma, uterine
leiomyosarcoma and ovarian carcinosarcoma (table 1).
Only one patient (uterine carcinosarcoma) had a tumor
with a MSI-H phenotype.

Overall, 20 of 43 (47 %) patients were alive at the
time of data analysis (November 2020), with a median
follow-up of 16.8 months.

Overall, 30 (70%) patients completed the induction
treatment with four doses of nivolumab and ipilim-
umab, 10 (23%) patients progressed clinically during the

induction phase with the majority receiving only one or
two treatment doses respectively. Three (7%) patients
discontinued treatment during the induction period due
to high-grade immune-related adverse events (irAEs).
One of the patients was subsequently switched to single-
agent nivolumab therapy and two patients came off study
after resolution of their irAE due to disease progression at
their first restaging. Out of the 30 patients who completed
induction treatment, 20 patients entered into the main-
tenance phase with fortnightly nivolumab infusions and
10 patients came off study for progressive disease at their
first radiological assessment at week 12.

Efficacy

The objective response rate of the radiologically evalu-
able population was 36% (12 out of 33 patients) and 28%
(12 out of 43 patients) in the intention-to-treat popula-
tion (table 2, figure 1A).

Additional seven patients had SD leading to a disease
control rate of 58% and 44%, respectively. Ten patients
(23%) progressed rapidly prior to the first restaging scan
and were taken off study. Overall, 6 out of the 12 confirmed
responses were ongoing at the time of data cutoff (range,
6-24+ months) (figure 1B). Fourteen (33%) patients
had progressive disease at their first restaging scan at
week 12 with four patients continuing treatment beyond
initial progression. None of these patients subsequently
achieved a treatment response. Durable responses
were observed across a range of tumor types including
uterine leiomyosarcoma, uterine and ovarian clear cell
carcinoma, uterine and ovarian carcinosarcoma, vaginal
carcinoma and low-grade serous ovarian carcinoma.
The median progression-free and overall survival for the
entire cohort were 2.8 months (95% CI: 2.6 to 6.7) and
15.8 months (95% CI: 5.8 to 19.1), respectively (figure 2).

Three of the five patients (60%) with uterine leiomyo-
sarcoma had an objective response (two complete and
one partial remissions) with the remaining two patients
having SD as their best response to study treatment
(figure 3). Three of the nine patients with uterine and
ovarian carcinosarcoma demonstrated a partial response
with an additional two patients having SD. Of the six
patients with ovarian clear cell carcinoma, two patients
had an objective response including one patient with
a complete remission that is ongoing at nearly 2years.
In contrast, only one of the eight patients with uterine
serous carcinoma obtained a response which was short
lived (table 2).

Safety
Overall, 31 (72%) of the 43 patients experienced immune-
related adverse events of any grade (table 3) with grade 3
or higher immune-related toxicity occurring in 7 (16%)
patients.

Treatmentrelated adverse events led to treatment
discontinuation in four (9%) patients. There were no
treatment-related deaths.
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Table 2 Response to study treatment

Low-grade
Uterine Ovarian serous

Total serous Uterine/ovarian  Uterine clear cell ovarian Vaginal/Vulva

cohort carcinoma carcinosarcoma leiomyosarcoma carcinoma carcinoma SCC
Best overall response N=43 N=8 N=9 N=5 N=6 N=4 N=5
Objective response 12 (28%) 1 (13%) 3 (33%) 3 (60%) 2 (33%) 1 (25%) 1(20%
rate (CR+PR)*
Disease control rate 19 (44%) 2 (25%) 5 (55%) 4 (80%) 2 (33%) 1(25%) 2 (40%)
(CR+PR+SD)*
CR 3 (7%) 0 0 1 (20%) 1 (16%) 0 1 (20%)
PR 9(1%) 1(13%) 3 (33%) 2 (40%) 1(16%) 1 (25%) 0
SD 7(16%) 1(13%) 2 (22%) 1(20%) 0 1 (25%) 1 (20%)
No assessmentt 10 (23%) 4 (50%) 1(11%) 1 (20%) 2 (33%) 0 1 (20%)
Progressive disease 14 (33%) 2 (25%) 3 (83%) 0 2 (33%) 2 (50%) 2 (40%)

*Includes a patient with advanced uterine clear cell carcinoma with a complete response.
TNo assessment includes patients who did not undergo a postbaseline assessment as the patient clinically progressed or died before

their first assessment.
SD, stable disease.

Biomarker analysis

Thirty-three patients underwent at least one restaging
scan and had tumor tissue available for PD-L1 IHC.
Positive staining of at least 1% of PD-L1 expression on
tumor cells was found in 24 (73%) patients, 11 (46%)
of whom had an objective response. Of nine patients
with PD-L1 negative tumors, only one (11%) obtained a

treatment response (figure 4A). Tumor DNA sequencing
to assess the TMB was also performed on tumors of all 33
patients. The vast majority of these tumors had a TMB
of less than 10/megabase (MB) and the median TMB
was not different between patients obtaining an objective
response versus SD or disease progression (figure 4B).
Three tumors had a very high TMB (range, 211-1535/
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Figure 1 (A) Waterfall plot of the best objective response measured as the maximum change from baseline in the sum of the

longest diameter of each target lesion. Thirty-three patients with at least one radiological evaluation after treatment are shown.
Bars marked (progressive disease (PD)) represents patients with new metastatic lesions at their first radiological evaluation. (B)
Time to response and duration of study treatment. Thirty-three patients were undergoing at least one radiological assessment.
Six patients had an ongoing response at the time of data analysis.
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Figure 2 Kaplan-Meier curve of overall survival (A) and progression-free survival (B) for the entire cohort.

MB) in keeping with a hypermutated tumor phenotype.
Only one of these patients, who had an MSI-H uterine
carcinosarcoma, obtained a durable response to study
treatment. The underlying mechanism of hypermutation
in the remaining two tumors (ovarian carcinosarcoma
and uterine serous carcinoma) could not be determined;

both demonstrated a mismatch repair proficient pheno-
type and genomic sequencing showed no mutations in
DNA polymerase epsilon/delta genes. The tumor tissue
of the hypermutated uterine serous carcinoma (TMB
1535/MB) was heavily infiltrated by CD3 + T cells which
was accompanied by a loss MHC-I class expression on

Figure 3 (A,B) Pretreatment and on-treatment CT scan of a patient with metastatic uterine leiomyosarcoma who progressed
on first-line chemotherapy with docetaxel and gemcitabine and obtained a partial response at the first restaging CT scan at
week 12. All metastases completely regressed under trial treatment with a residual subcentimeter pulmonary lesion being not
fludeoxyglucose (FDG) avid. The response is ongoing close to 2 years after commencement of therapy. (C,D) Pretreatment and
on-treatment CT scan of a patient with metastatic uterine leiomyosarcoma who progressed on first-line chemotherapy with
doxorubicin and obtained a durable partial remission under trial treatment. The patient discontinued study treatment at the start
of her maintenance phase due to recurrent pneumonitis. The patient’s partial remission lasted for a year with ongoing reduction
of target lesions despite discontinuation of study treatment. (Circles mark the sites of pleural and peritoneal metastases.)
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Table 3 Frequency of Immune-related adverse events

Grade 1/2 Grade 3/4

Dermatological (rash, pruritus) 23 (53%) 1 (2%)
Endocrine

Thyroiditis/hypothyroidism 6 (14%) 0 (0%)

Hypophysitis 2 (4%) 0 (0%)

Adrenalitis 2 (4%) 0 (0%)
Hepatitis 3 (7%) 1(2%)
Enterocolitis/diarrhea 2 (5%) 2 (5%)
Pancreatitis/lipase increased 0 (0%) 1(2%)
Arthritis 0 (0%) 1(2%)
Pneumonitis 2 (5%) 0 (0%)
Nephritis 1 (2%) 0 (0%)
Myocarditis 0 (0%) 1(2%)

panCK + tumor cells and infiltration of CD4 +FOXP3
regulatory T cells (figure 4C on left). In contrast, the
hypermutated ovarian carcinosarcoma (TMB 1022/MB)
demonstrated only low-level T-cell infiltration (data not
shown) along with an increased frequency of CD68 +
macrophages (figure 4C on right).

DISCUSSION

Patients with rare cancer represent a significant propor-
tion of all gynecological cancer diagnoses yet have very
limited treatment options. This results in inferior survival
compared with patients with common malignancies.”
Therapeutic advances are therefore urgently needed
in this patient population. We demonstrate here that
combination immunotherapy with the anti-PD-1 antibody
nivolumab and the anti-CTLA-4 antibody ipilimumab has
significant clinical activity across a range of rare gyneco-
logical cancers.

Our trial cohort included five patients with metastatic
uterine leiomyosarcoma in which chemotherapy has
only modest activity and leads to shortlived responses.'*
Remarkably, two of our patients with leiomyosarcoma
obtained complete remissions which are ongoing and
one patient achieved a major partial response that lasted
for more than a year in the absence of ongoing treat-
ment as the patient had to discontinue study treatment
for recurrent pneumonitis. Our observations contrast
with the lack of activity using anti-PD-1 monotherapy with
nivolumab'® suggesting that the addition of anti-CTLA-4
blockade is required in advanced uterine leiomyosarcoma
to generate an effective antitumor response.

Similarly, patients with advanced uterine and ovarian
carcinosarcoma show low response rates to chemotherapy
and overall have a poor prognosis.'® Three out of nine
patients with carcinosarcoma in our trial demonstrated
durable responses to immunotherapy. A significant
percentage of uterine carcinosarcomas shows mismatch
repair protein  (MMRP) deficiency/microsatellite

3

instability which is associated with response to single-
agent anti-PD-1,/PD-L1 therapy.’ '’ In keeping with these
findings, one of our patients had a tumor with MLH-1/
PMS-2 loss and an ongoing treatment response; the
remaining two responders however had mismatch repair
proficient tumors suggesting that combination immu-
notherapy should be further investigated in this patient
group independently of MMRP status.

The observation that two of the six patients with ovarian
clear cell carcinoma responded to study treatment adds
to the emerging evidence that clear cell carcinoma is
the subtype of ovarian epithelial cancer with the highest
sensitivity to anti-PD-1-based immunotherapy* '® and
future trials will be required to determine if combined
anti-CTLA-4/PD-1 blockade is superior to single-agent
anti-PD-1 therapy'?

In keeping with recent observations, a patient with
vaginal squamous cell carcinoma obtained a complete
response to study treatment lasting close to 2years.”
Additional responses were observed in patients with
low-grade serous ovarian carcinoma and uterine clear
cell carcinoma, malignancies that have so far not been
reported to be responsive to immunotherapy.

Very limited activity was seen in our trial in patients with
uterine serous carcinoma which contrasts with the signifi-
cant clinical efficacy that has been observed in this tumor
type with lenvatinib and pembrolizumab combination
therapy21 suggesting that concomitant antiangiogenic
treatment is required in serous carcinoma to overcome
resistance to immunotherapy using anti-PD-1 blockade.

We also report here the first treatment experience with
immunotherapy using checkpoint inhibition in patients
with ovarian sex cord stromal tumors.”* We observed no
treatment response in four patients with granulosa cell
or Leydig-Sertoli cell tumors although one patient with
a granulosa cell tumor obtained a mixed response with a
30% reduction in target lesions.

Ten patients rapidly progressed after enrolment into
the trial and received only one or two treatment doses
which likely reflects the aggressive biology of many of
these malignancies when advanced and the delayed
response kinetics of immunotherapy. However, a nega-
tive impact of checkpoint inhibition by stimulating tumor
growth in this patient population (as it has been reported
in other malignancies) cannot be fully excluded.*

High-grade irAEs were only observed in 16% of patients
which is lower than observed in other trials using the same
dosing regimen,®? likely due to the limited drug exposure
of the subgroup of patients who progressed rapidly after
enrolment into the trial.

The low incidence of each individual rare tumor
type makes it very difficult to conduct clinical trials for
each rare cancer histological subtype and we therefore
thought to identify a tumor agnostic biomarker that could
predict a treatment response in this trial cohort. TMB
and PD-L1 expression on tumor cells have previously
been shown to predict responses to anti-PD-1/PD-L1
blockade in several tumor types.** There is currently
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Figure 4 (A) Tumor cell-surface expression of PD-L1 was significantly correlated with an objective clinical response. (B) Tumor
mutational burden in patients according to radiological response (complete response/partial response, stable disease versus
those with progressive disease). (C) Immunofluorescence of two patients (patient with uterine serous carcinoma on left, patient
with ovarian carcinosarcoma on right) with hypermutated tumors that lacked a treatment response. Representative regions of
interest showing anti-CD4 (magenta), anti-FOXP3 (yellow), anti-CD8 (cyan), anti-CD19 (green), anti-CD68 (orange) and anti-
panCK (red) antibodies with DAPI (blue) counterstain (upper panels), and anti-CD3 (magenta), anti-granzyme B (cyan), anti-
CD19 (yellow), anti-PD-L1 (white), anti-MHC class | (green) and anti-panCK (red) antibodies with DAPI (blue) counterstain (lower
panels). Arrows highlight CD4 +FOXP3+ regulatory T cells (yellow arrows in upper left panel), panCK +MHC class |+ cancer
cells (green arrows in lower panels), panCK +MHC class | negative cancer cells (white arrows in lower panels) and CD68 +
macrophages (orange arrows in upper right panel). All images were taken at 20x magnification, and scale bars indicate 100 um
or 10pum (magnified regions of interest). PD-L1, programmed death ligand 1; SD, stable disease; CR, complete response; PR,

partial response.

only limited evidence for the predicative power of these
markers in patients treated with combined anti-PD-1/
CTLA-4 blockade.” The tumor types that were included
in our trial had overall a low TMB which is in keeping
with previous analyses.26 Therefore, not surprisingly
TMB had no discriminatory power in our trial cohort.
Three patients had tumors with a very high TMB which

is generally associated with high immunogenicity by
generation of an increased number of neoepitopes but
surprisingly, only one of the three patients with a hyper-
mutated tumor responded to study treatment. An anal-
ysis of baseline tumor tissue of the two non-responding
patients suggests different mechanisms of primary resis-
tance with one tumor showing only minor immune cell

Klein O, et al. J Immunother Cancer 2021;9:e003156. doi:10.1136/jitc-2021-003156

7

1ybuAdoo Ag pajaalold "Areiqi
Auslaniun 8goll e uolsIAg s[euss Ye g0z ‘€ Arenuer uo jwod g ouli:dny wolj papeojumoq TZ0g 19qWIBAON GT U0 9GTE00-TZ0Z-ON/9ETT 0T Se paysiignd 1s.ly :1soued Jsyiounwwi ¢


http://jitc.bmj.com/

infiltration, while the other tumor was heavily infiltrated
by CD8 T cells. Although both showed a concomitant
loss of MHC-I class expression on tumor cells, the latter
also showed an abundant infiltration of regulatory T cells
in keeping with immune evasion by tumor intrinsic and
extrinsic mechanisms. Our observations highlight that
interrogation of tumor tissue can uncover underlying
mechanisms of treatment failure and should allow for
personalized treatment approaches to overcome resis-
tance to checkpoint blockade.?”

PD-L1 IHC enriched for treatment response with a four
times higher response rate in patients with PD-L1-positive
tumors, a finding that is in keeping with observations
in patients with non-small cell lung cancer,25 metastatic
bladder cancer® and gastroesophageal cancer® who
were treated with nivolumab and ipilimumab combina-
tion immunotherapy.

Overall, our trial demonstrates significant clinical effi-
cacy of nivolumab and ipilimumab combination immu-
notherapy with a favorable safety profile across a range
of rare gynecological cancers. The majority of patients
with durable responses had tumors with a low TMB high-
lighting that TMB has no predictive value in a pan-cancer
cohort that is treated with anti-PD-1/CTLA-4 combina-
tion immunotherapy. Expression of PD-L1 on tumor cells
as measured by IHC may however enrich for responders
and should be further evaluated in this setting.
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