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• Tremelimumab, alone and with olaparib, was well-tolerated in patients with recurrent epithelial ovarian cancer.
• Tremelimumab IV 10 mg/kg/dose with olaparib orally 150 mg twice daily was a safe and feasible dose.
• Overall clinical benefit rate among patients receiving tremelimumab, alone and with olaparib, was 46 %.
• Tremelimumab 10 mg/kg/dose (but not 3 mg/kg/dose) resulted in immune activation (increased CD4+ICOS+ and CD8+ICOS+ T cells).
• Immune activation as defined above did not translate into clinical responses.
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Objective. PARP inhibitors may work synergistically to improve the efficacy of immunotherapy in patients
with epithelial ovarian cancer (EOC). We performed a parallel-arm study of tremelimumab, alone or with
olaparib, in patients with recurrent EOC.

Methods. Eligibility criteria included measurable disease and progression <12 months from last platinum.
Participants were randomized to Arm A (tremelimumab monotherapy, 10 mg/kg/dose intravenously [IV]) or
Arm B (dose level 1 [DL1] olaparib orally 150 mg twice daily with tremelimumab IV 3 mg/kg/dose and DL2
olaparib orally 150 mg twice daily with tremelimumab IV 10 mg/kg/dose). Primary objectives were safety,
change in peripheral ICOS+ T cells, and identification of optimal dose combination.

Results. Among 24 total patients (12 on Arm A, 6 on Arm B-DL1, 6 on Arm B-DL2), the most common grade 3
toxicities were rash (13 %), immune-mediated hepatitis (8 %), and colitis (8 %). No grade ≥ 4 toxicities were iden-
tified. No dose-limiting toxicities were identified. One patient (Arm B-DL2) experienced a partial response; no
complete responses were observed. Ten patients (7 on Arm A, 2 on Arm B-DL2, and 1 on Arm B-DL1) had a
best response of stable disease. There was a significant increase in CD4+ICOS+ and CD8+ICOS+ T cells at both
C1D15 and C1D22 in groups treated with tremelimumab IV 10 mg/kg/dose, but not in those treated with
tremelimumab 3 mg/kg/dose.

Conclusions. Tremelimumab IV 10 mg/kg/dose with olaparib 150 mg orally twice daily was safe and feasible.
Tremelimumab 10mg/kg/dose (as opposed to 3mg/kg/dose) was required for immune activation, although this
did not translate into clinical responses.
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1. Background

Epithelial ovarian cancer (EOC) is a leading cause of cancermortality
among women in the United States [1]. Recurrent EOC carries a poor
prognosis, with only modest response rates to subsequent lines of
g, AI training, and similar technologies.
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standard chemotherapy [2]. There is a critical need for development of
novel therapeutic approaches for recurrent EOC.

Despite exciting results in other tumor types, response rates to im-
munotherapy in patients with recurrent EOC are low (≤15 %) [3–5].
One strategy to increase response rates to immune checkpoint inhibi-
tors in patients with EOC involves combining these agents with poten-
tially synergistic drugs such as PARP [poly (ADP-ribose) polymerase]
inhibitors [3,6–9]. Approximately half of all patients with EOC have
BRCA mutations or defects in homologous recombination (HR) repair.
In the BRCA+/HR deficient setting, PARP inhibition causes DNAdamage
resulting in synthetic lethality [10]. Emerging data suggests that the
DNA damage caused by PARP inhibitors may also result in a more im-
munogenic tumor microenvironment (TME) [7]. Indeed, PARP inhibi-
tors have been shown to improve the efficacy of anti-PD-1/PD-L1
therapy in patients with EOC, regardless of BRCA mutation or homolo-
gous recombination deficiency (HRD) biomarker status [6,7]. PARP in-
hibitors may therefore also improve the efficacy of other types of
immunotherapy, including anti-CTLA-4 therapy.

There is little published data regarding the safety and efficacy of
anti-CTLA-4 monotherapy and/or anti-CTLA-4 therapy in combination
with a PARP inhibitor in patients with recurrent EOC, particularly in
those with platinum-resistant disease. Interestingly, in murine BRCA-
deficient ovarian tumors treated with the PARP inhibitor veliparib in
combination with anti-CTLA-4 or anti-PD-1/PD-L1, inhibition of CTLA-
4 but not PD-1/PD-L1 promoted recruitment of activated T-cells and im-
proved long-term survival [11]. However, further evaluation of the
safety and bioactivity of anti-CTLA-4 therapy, alone and in combination
with a PARP inhibitor, in patients with recurrent EOC is needed.

This study was designed to evaluate the safety of the anti-CTLA-4
monoclonal antibody tremelimumab, alone and in combination with
olaparib, in patients with recurrent or persistent EOCwhere disease is
relatively platinum resistant (progression <12months from last plat-
inum). The goal of this study was to understand the single-agent ac-
tivity of tremelimumab in this patient population as well as to
define a safe and bioactive dose of tremelimumab and olaparib for
further clinical evaluation. Given limited data regarding the safety
and bioactivity of tremelimumab in patients with advanced EOC,
this study was designed as a parallel-arm study to test the activity
of tremelimumab, alone or in combination with olaparib, without di-
rect comparison of the two arms.

2. Methods

2.1. Study design and procedures

This study was designed as an investigator-initiated, non-
comparative, parallel-arm study assessing the safety and bioactivity of
tremelimumab, alone or in combination with olaparib, in patients
with recurrent or persistent EOC. Because the optimal dose of olaparib
with tremelimumab was not known, two dose levels were included in
the combination arm. A third dose level and expansion at the optimal
dose aiming to identify the maximum tolerated dose (MTD) of
tremelimumab with olaparib were planned but were not opened due
to sponsor's change in development priorities. Clinical outcomes for
each dose cohort (tremelimumab monotherapy, olaparib with
tremelimumab dose level 1, and olaparib with tremelimumab dose
level 2) were determined separately with no direct comparison be-
tween arms. The primary objectives were to (1) determine the safety
of tremelimumab alone and in combination with olaparib, (2) measure
the baseline and change in peripheral CD4+ICOS+ T cells, CD8+ICOS+ T
cells, and CD4+CD25+FOXP3+ T cells by intracellular cytokine staining,
and (3) identify the optimal dose combination of olaparib and
tremelimumab. Secondary objectives were to measure the 6-month
progression-free survival (PFS6) and determine the objective response
rate by RECIST and irRECIST. Exploratory objectives included evaluating
candidate biomarkers of response, PFS, and OS.
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Eligible participants were randomized to either Arm A
(tremelimumab) or Arm B (tremelimumab and olaparib). All partici-
pants on Arm A received tremelimumab 10 mg/kg/dose intravenously
(IV), initially every 4 weeks for 7 doses and subsequently every
12 weeks. Participants on Arm B were enrolled onto 2 dose levels:
dose level 1 (DL1) consisted of olaparib 150 mg orally twice daily and
tremelimumab 3 mg/kg/dose IV and DL2 consisted of olaparib 150 mg
orally twice daily and tremelimumab 10 mg/kg/dose IV. As above, a
third dose level (olaparib 300 mg twice daily and tremelimumab
10 mg/kg/dose) and expansion at the optimal dose (based on safety
and bioactivity, described below) were planned, but were not opened
due to sponsor's change in development priorities. As in Arm A,
tremelimumab was administered initially every 4 weeks for 7 doses
and subsequently every 12 weeks. Six patients were planned at each
dose level for dose limiting toxicity (DLT) assessment before enrollment
at the next dose level was initiated. Participants were randomized using
an A/B randomization table. During enrollment holds to Arm B DL1 for
safety, accrual to Arm A was continued so as not to delay accrual to
the study.WhenArmBDL1 or Arm BDL2was active, patients were ran-
domized between Arms A and Arms B DL1 or B DL2. Treatment in each
cohort continued until disease progression or unacceptable toxicity.

The clinical trialwas approved by the JohnsHopkins Institutional Re-
view Board (ClinicalTrials.gov identifier: NCT02485990). Written in-
formed consent was obtained from all patients prior to performing
study-related procedures in accordance with federal and institutional
guidelines. AstraZeneca provided tremelimumab, olaparib, and study
funding.

2.2. Eligibility

Participants with recurrent or persistent EOCwere eligible to enroll.
Key inclusion criteria included measurable disease by RECISTv1.1, one
or more prior taxane‑platinum-based chemotherapeutic regimen,
treatment-free interval following last line platinum-based therapy of
less than 12months, Eastern Cooperative Oncology Group performance
status ≤1, availability of archival tissue for review and testing, and nor-
mal organ and marrow function. Prior treatment with immune check-
point blockade (except anti-CTLA-4) and PARP inhibitor was allowed.
Key exclusion criteria included prior therapy with anti-CTLA-4, chronic
inflammatory or autoimmune condition, or systemic oral corticoste-
roids within 28 days prior to initiating study therapy.

2.3. Safety

Grading of adverse events (AEs)was performed according to theNCI
CTCAEv4.03. A DLT, as assessed in Arm B, was defined as Grade 3 or
higher treatment-related toxicity that occurred during the DLT evalua-
tion period (Cycle 1 of therapy). Any Grade 3 immune-related adverse
event (irAE) that improved to Grade ≤ 2 within 3 days after onset of
the event with maximal supportive care including systemic corticoste-
roids or improved to Grade ≤ 1 or baseline within 14 days was not con-
sidered a DLT. The following were not considered DLTs: Grade 3
endocrinopathy that wasmanagedwith orwithout systemic corticoste-
roid therapy and/or hormone replacement therapy, provided the partic-
ipant was asymptomatic, and Grade 3 inflammatory reaction attributed
to a local antitumor response (e.g., inflammatory reaction at sites ofme-
tastatic disease, lymph nodes).

2.4. Assessment of bioactivity

Whole bloodwas collected from enrolled patients at baseline and up
to 5 time points post-treatment. Peripheral blood mononuclear cells
(PBMCs) were isolated by Ficoll-Histopaque density-gradient centrifu-
gation. Multi-color flow cytometry was used to evaluate dynamic
changes in expression of ICOS, PD-1 and TIGIT in peripheral CD4+and
CD8+ T cells along with frequencies of CD4+CD25+FOXP3+ T
ary of Health and Social Security de ClinicalKey.es por Elsevier en marzo 13, 
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Table 1
Baseline patient and disease characteristics.

All Arm A Arm B

Dose Level
1

Dose Level
2

Tremelimumab Dose 10 mg/kg 3 mg/kg 10 mg/kg

Olaparib Dose N/A 150 mg
BID

150 mg
BID

N = 24 N = 12 N = 6 N = 6

Age, median (range)
59.5
(44–81)

59.5
(44–81)

64.5
(54–71)

53.0
(48–74)

Race, N (%)
White 21 (88) 11 6 4
Black/African-American 1 (4) 1 0 0
Asian 1 (4) 0 0 1
Other 1 (4) 0 0 1

Ethnicity, N (%)
Hispanic 2 (9) 0 0 2
Non-Hispanic 22 (91) 12 6 4

ECOG PS
0 20 (83) 12 5 5
1 4 (17) 0 1 3

Primary site, N (%)
Ovary 18 (75) 9 5 4
Fallopian tube 5 (21) 2 1 2
Peritoneal 1 (4) 1 0 0

Histology, N (%)
Serous 20 (83) 10 5 5
Clear Cell 3 (4) 1 1 1
Adenocarcinoma, NOS 1 (4) 1 0 0

Grade
G2 1 (4) 1 0 0
G3/high-grade 23 (96) 11 6 6

BRCA Mutation Present, N
(%)
No mutation 21 (88) 12 5 4
BRCA1 2 (8) 0 0 2
BRCA2 1 (4) 0 1 0

Prior Regimens, N (%) 3.5 (1, 9) 3.5 (2, 9) 2.5 (1, 6) 3.5 (1, 5)
Platinum-Sensitivity, N (%)
Sensitive 7 (29) 1 3 3
Resistant 16 (67) 10 3 3
Refractory 1 (4) 1 0 0

Prior Therapy
PARP Inhibitor 3 (13) 1 0 2
Anti-PD-1/PD-L1 2 (8) 0 1 1

NOS, not otherwise specified.
regulatory cells (Tregs). All antibodies (Supplemental Table 1) were
used at manufacturer-recommended concentrations. 10 [6] PBMC
were dispensed into a 96-well U-bottomed plate and stained with
Aqua Live Dead viability dye (Thermofisher). Following a wash step,
Human Fc Block (a cocktail of anti-CD16 and anti-CD32) was added to
saturate Fc receptors and block non-specific binding. Cells were washed
twice with FACS buffer (PBS + 0.1 % BSA + 2 mM EDTA) and stained
with a cocktail comprising target antibodies. All staining was done for
20 min at room temperature. Surface-stained samples were fixed and
permeabilized (FOXP3 staining buffer; ThermoFisher) prior to staining
with anti-FOXP3. Following a final wash in permeabilization-wash
buffer (1×; ThermoFisher), cellswere resuspended in 0.4ml FACS buffer
and acquired on the BD Celesta flow cytometer. Data was analyzed on
FlowJo software (Becton Dickinson; version 10.2).

The planned primary outcome was change from baseline in the log
of the ratio: CD4+ICOS+/T reg. If there was no change in the log-ratio,
it was pre-planned to use the greatest change in the ratio of CD4+ICOS+

T cells to determine greatest bioactivity. To further evaluate the pheno-
type of activated T cells, the change in percentage of cells co-expressing
ICOS with either TIGIT or PD-1 was also assessed.

Antitumor activity was determined through radiologic tumor as-
sessments conducted prior to starting therapy and every 8 weeks
thereafter.

2.5. RNA sequencing

CD4+ T cells were purified from PBMC using the EasySep human
CD4+ T cell isolation kit (StemCell Technologies). Total RNA was ex-
tracted from purified CD4+ T cells using RNeasy Micro kit (Qiagen)
and quantified. Transcript abundance within the CD4+ T cell compart-
ment was quantified using bulk RNA-seq and expressed as FPKM (Frag-
ments per kilobase of transcript per million mapped reads) values.
Counts data were analyzed for differential expression using a negative
binomial model implemented with DESeq2 v1.34.0. For all response
metadata, time point was included in the design matrix unless samples
were subset to a specific time point. The resulting differential expres-
sion results were analyzed with gene set enrichment analysis using
fgsea v1.20.0 with a selection of relevant gene sets. The complete list
of gene sets can be found in the supplemental figure of gsea results
(Supplemental Fig. 5).

2.6. Statistical considerations

Baseline patient and disease characteristics were summarized using
descriptive statistics. Continuous variables were presented as median
and range, categorical variables were presented using tables. Safety
data were also summarized using tables. Mean percentages of ICOS-
expressing CD4+ or CD8+ T cells were summarized across treatment
arms and dates. Both fold changes and percentage of cell changes
from C1D1 to C1D15 as well as from C1D1 to C1D22 within each arm
were evaluated using signed rank test. The Kaplan-Meier estimate was
employed to assess both the progression-free survival rate and overall
survival rate. The corresponding 95 % confidence intervals were con-
structed using the Greenwood formula for calculating the standard de-
viation of the survival rate.

Initially, a sample size of 25 patients per arm was planned, which
would provide approximately 80 % power to reject the null hypothesis
of a 6-month PFS rate of <12 % (the undesirable 6-month PFS based
on historical data) as compared to the desirable 6-month PFS rate of
>30 % at a 2-sided level of significance of 0.2. This planned sample
size would also provide approximately 80 % power to reject the null hy-
pothesis of a response rate (CR+ PR) of 10 % (the undesirable response
rate based on historical data) as compared to the desirable response rate
of 25 % at a 2-sided level of significance of 0.2.

RNA-seq data quality control was conducted prior to analysis. Dupli-
cated genes were removed to ensure data accuracy. Changes in gene
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expression levels in CD4+ T cells from baseline (C1D1) to follow-up
(C1D15) were calculated. Next, we identified the top genes that differ-
entiated patients who benefited from their assigned treatment versus
those who did not based on this change measure. Finally, we normal-
ized this change and constructed a heatmap to visualize the data
(Supplemental Fig. 5). Spearman correlation rho was used to measure
correlation between flow cytometry and RNA-seq.

3. Results

3.1. Baseline patient demographics and disease characteristics

Although a sample size of 25 per armwas initially planned, the study
was stopped early due to sponsor's change in development priorities. As
a result, a total of twenty-four patients (12 in Arm A, 12 in Arm B)were
enrolled in the study between 1/8/2016 and 4/16/2019 (Table 1). Pa-
tients in Arm A received tremelimumab 10 mg/kg/dose IV. Patients in
Arm B received treatment with tremelimumab and olaparib and were
enrolled into two dose levels (n= 6 in each level). Both dose levels re-
ceived olaparib 150 mg orally twice daily; patients on DL1 received
tremelimumab 3 mg/kg/dose IV, while those on DL 2 received
tremelimumab 10 mg/kg/dose IV.
ary of Health and Social Security de ClinicalKey.es por Elsevier en marzo 13, 
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The median age of enrolled patients was 59.5 years (range 44–81).
Three patients (12 %) had germline BRCA1 or BRCA2 mutations. HRD
test status was unknown for the majority (n = 18; 75 %) of patients;
five patients (21 %) were known to be HRD test negative while one pa-
tient (4 %) was known to be HRD test positive. The most frequent pri-
mary disease site was ovary (n = 18; 75 %) and the most common
histology was serous carcinoma (n = 20, 83 %). The median number
of prior regimens received was 3.5 (range 1–9); all patients had re-
ceived prior platinum and taxane therapy, 3 patients (12 %) had re-
ceived prior PARP inhibitor therapy and 2 patients (8 %) had received
prior anti-PD-1/PD-L1 therapy. Eight patients (33 %) had platinum
sensitive disease (defined for the purposes of this study as progression
6–12 months after last platinum exposure), 15 patients (63 %) had
platinum-resistant disease, and 1 patient (4 %) had platinum-
refractory disease.

3.2. Safety

All patientswho received at least onedose of therapywere evaluable
for toxicity. The median number of cycles received by the entire study
population was 2 (range 1–10). Of the 24 patients who initiated proto-
col treatment, 21 patients (88 %) had a treatment-related AE of any
grade. The majority (68 %) of AEs were attributed solely to
tremelimumab, consistent with prior studies of this agent, while 24 %
were attributed to olaparib, 9 % to both study drugs, and 3 %were unde-
termined. There were 18 treatment-related grade 3 toxicities and no
grade 4 or 5 toxicities. The most common grade 3 AEs included rash
(n = 3, 13 %), immune-mediated hepatitis, and colitis (n = 2, 8 % for
each) (Table 2). No DLTs were observed on either dose level of Arm B.
No new safety signals were identified during the study. Six patients
2 G3 2 G 3 2 G 3

Table 2
Treatment-related adverse events.

All Arms Arm A Arm B, DL1 Arm B, DL2

(N = 24) (n = 12) (n = 6) (n = 6)

Any Grade G ≤ G ≤ G ≤

Toxicity⁎ No. (%) No.

Rash 10 (42) 1 2 4 1 2 0
Diarrhea 9 (38) 4 1 3 0 1 0
Nausea 8 (33) 2 0 3 0 3 0
Fatigue 7 (29) 2 0 2 0 3 0
Pruritis 6 (25) 5 0 0 0 1 0
Abdominal Pain 5 (21) 2 0 1 0 1 1
Myalgia 5 (21) 3 0 1 0 1 0
Vomiting 4 (17) 1 0 1 0 2 0
Anorexia 3 (13) 2 0 1 0 0 0
Arthralgia 3 (13) 1 0 1 0 1 0
Dyspepsia 3 (13) 1 0 2 0 0 0
Headache 3 (13) 1 0 1 0 1 0
Hypothyroidism 3 (13) 2 0 0 0 1 0
Anemia 2 (8) 0 0 1 0 0 1
Autoimmune Hepatitis 2 (8) 0 1 0 0 0 1
Chills 2 (8) 0 0 1 0 1 0
Colitis 2 (8) 0 2 0 0 0 0
Dry Mouth 2 (8) 1 0 0 0 1 0
Dysguesia 2 (8) 1 0 0 0 1 0
Edema, facial 2 (8) 1 0 1 0 0 0
Mucositis 2 (8) 1 0 0 1 0 0
Sore Throat 2 (8) 1 0 1 0 0 0
Urticaria 2 (8) 1 0 0 0 1 0

Note: The denominator to calculate percentages is 24, the number of patients who re-
ceived at least one dose of study drug.
There was 1 instance of the following (listed by study arm): Arm A (G2 constipation, G2
dry eyes, G2 sinusitis, G2 watery eyes, G3 fever, G3 sepsis); Arm B DL1 (G2 increased am-
ylase, G2 muscle weakness, G2 peripheral sensory neuropathy, G2 urinary tract infection,
G3 acute kidney injury, G3 hyponatremia, G3 increased lipase, G3 lung infection), Arm B
DL2 (G2 hypophysitis).
⁎ Toxicity is reported as themaximum grade toxicity experienced per event per patient

during study treatment.
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(25 %) discontinued treatment due to AEs; three on Arm A and three
on Arm B (two on DL1 and one on DL2).

3.3. ICOS expression in peripheral T cells

ICOS expressionwas evaluated as a surrogate of T cell activation. The
dose level with the highest activity and acceptable toxicitywas to be se-
lected as recommended dose for expansion. Of the 24 patients who ini-
tiated treatment, 23 patients hadmatched samples at C1D1 and C1D15,
23 patients had matched samples at C1D1 and C1D22, and 22 patients
had matched samples at all three time points. The bioactivity of
tremelimumab was measured by first assessing the change from base-
line in the log of the ratio: CD4+ICOS+/T reg. There was no significant
change in this log-ratio at any time point (Supplemental Table 2). In
a pre-planned analysis, the fold change from baseline in CD4+ICOS+ T
cells, as well as CD8+ICOS+ T cells, was then used to define a response
at the individual patient level and determine whether the
tremelimumab dose affects T cell activation. There was a significant in-
crease in CD4+ICOS+ and CD8+ICOS+ T cells at both C1D15 and C1D22
in patients treated in Arm A and Arm B DL2, both groups treated with
10 mg/kg/dose IV tremelimumab (Fig. 1 and Table 3). In patients who
received 3 mg/kg/dose IV tremelimumab, only the CD4+ICOS+ T cells
at C1D15were increased (p<0.05). Given the safety profile was similar
between Arm B-DL1 and Arm B-DL2 and the increase in ICOS+CD4+

and CD8+ T cells seen in Arm B-DL2, DL2 (tremelimumab IV
10 mg/kg/dose and olaparib 150 mg orally twice daily) was considered
a safe and feasible dose for further study.

3.4. Expression of inhibitory receptors on peripheral T cells

To further evaluate the phenotype of activated T cells, we assessed
the change in percentage of cells co-expressing ICOS with either TIGIT
or PD-1, two inhibitory immune receptors (Supplemental Fig. 1 and
Supplemental Tables 3 and 4). Percentages of CD4+ T cells and CD8+

T cells expressing either ICOS and TIGIT or ICOS and PD-1 were in-
creased at both C1D15 and C1D22 in patients who received
10 mg/kg/dose IV tremelimumab. For those receiving 3 mg/kg/dose IV
tremelimumab, a significant increase in ICOS+TIGIT+CD4+ T cells was
observed on C1D22 but not C1D15. No other evaluated T cell subset
was significantly changed in the patients treated with 3 mg/kg/dose IV
tremelimumab.

3.5. Clinical response

Of the 24 patients who initiated treatment, 2 patients (both in Arm
A) discontinued prior to first response evaluation for progression of dis-
ease (n=1) or AE (n=1). Twenty-two patients were evaluable for an-
titumor response by RECISTv1.1 (Table 4). Two patients on Arm B (one
in each dose level) had a PFS > 6 months (Table 4 and Supplemental
Fig. 2). Only one patient (Arm B-DL2) experienced a partial response
by RECIST or irRECIST criteria; no complete responses were observed
(Fig. 2 and Supplemental Fig. 3). Ten patients (42 %; 7 on Arm A, 2 on
Arm B-DL2, and 1 on Arm B-DL1) had a best response of stable disease.
Overall clinical benefit rate (defined as CR + PR + SD) was 46 %. Eight
patients (33 %) opted to continue treatment beyond progression. Of
note, the one patient who experienced a partial response was HRD
test positive (BRCA 1/2 negative) and had not previously received treat-
ment with a PARP inhibitor; this patient had platinum-resistant disease
with a platinum-free interval of four months. Kaplan Meier curves
showing PFS and OS data are presented in Supplemental Fig. 4.

3.6. Exploratory analyses

There was no significant difference between the fold change in
CD4+ICOS+ T cells on Day 15 or Day 22 between patients with clinical
benefit (defined as CR, PR, or SD) versus best response of progression
ary of Health and Social Security de ClinicalKey.es por Elsevier en marzo 13, 
ización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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Fig. 1. Fold change inmean percentage of ICOS expressing (A) CD4+ and (B) CD8+ T cells at C1D1, C1D15, and C1D22 by dose level. Each dot represents fold change inmean percentage of
cells for an individual patient and each bar represents the median.
(Supplemental Table 5). RNA sequencing on CD4+ T cells was per-
formed in a subset of patients selected by best response [benefiters
(PR or SD): n = 3 from Arm B-DL2 and n = 6 from Arm A versus non-
benefiters (PD): n = 3 from Arm B-DL2 and n = 3 from Arm A]. A
heatmap of change in expression from C1D1 (baseline) to C1D15
shows segregation of expression by best response (Supplemental
Fig. 5). Flow cytometry and RNA-seq expression of ICOS, TIGIT, and
PD-1 were tightly correlated (Supplemental Fig. 6). Gene set enrich-
ment analysis was performed, but results were not significant.

4. Discussion

In this parallel-arm study, we found that tremelimumab, alone
and in combination with olaparib, was tolerable with AEs as expected
in patients with recurrent EOC. Among the two combination dose
levels evaluated, DL2 (olaparib orally 150 mg twice daily and
tremelimumab IV 10 mg/kg/dose) was tolerable without DLT, and
no new safety signals were identified. Therewas a significant increase
in CD4+ICOS+ and CD8+ICOS+ T cells at both C1D15 and C1D22 in
both groups treated with 10 mg/kg/dose tremelimumab (Arm A and
Arm B-DL2). Given the safety profile was similar between Arm
B-DL1 (olaparib orally 150 mg twice daily and tremelimumab
IV 3 mg/kg/dose) and Arm B-DL2 (olaparib orally 150 mg twice
daily and tremelimumab IV 10 mg/kg/dose) and the increase in
ICOS+CD4+ and CD8+ T cells seen in Arm B-DL2, tremelimumab IV
10 mg/kg/dose with olaparib 150 mg orally twice daily was consid-
ered a safe and feasible dose for further study. A third dose level
(olaparib orally 300 mg twice daily and tremelimumab IV
10 mg/kg/dose) and expansion at the optimal dose (based on safety
and bioactivity) were initially planned, but the study was stopped
early due to sponsor's change in development priorities. However,
Table 3
Mean percentage of ICOS expressing T cells by dose level.

CD4+ICOS+

n C1D1 C1D15 C1D2

Arm A 12 17.18 ± 10.56 46.57 ± 10.08*** 40.99
Arm B DL1 6 18.25 ± 5.38 27.74 ± 6.74* 32.07
Arm B DL2 6 16.69 ± 7.73 40.60 ± 11.05* 39.22

Mean percentage ± standard deviation presented.
*p < 0.05, **p < 0.002, ***p < 0.001 when compared to Day 1 (signed rank test).
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this dose combination was found to be safe based on preliminary re-
sults of a recent phase I/II study [12].

The significant increase in CD4+ICOS+ and CD8+ICOS+ T cells at
both C1D15 and C1D22 in both groups treated with 10 mg/kg/dose
tremelimumab (Arm A and Arm B-DL2) suggests that this dose results
in activation of an immune response in this population, as ICOS (induc-
ible T cell co-stimulator) has previously been established as an indicator
of T cell mediated response to cancer immunotherapy [13]. However, in
this patient population, immune activation as defined by an increase in
CD4+ICOS+ and CD8+ICOS+ T cells did not translate into clinical re-
sponses. One patient (Arm B-DL2) in this study experienced a partial re-
sponse and ten patients total (7 on Arm A, 2 on Arm B-DL2, and 1 on
Arm B-DL1) had a best response of stable disease, with a clinical benefit
rate of 46 %. The one patient who experienced a partial response was
HRD test positive (BRCA 1/2 negative) and had not previously received
treatment with a PARP inhibitor; this patient had platinum-resistant
disease with a platinum-free interval of four months. There was no sig-
nificant difference between the fold change in CD4+ICOS+ T cells be-
tween patients with clinical benefit (defined as CR + PR + SD) versus
best response of progression.

Promising pre-clinical data has demonstrated the potential thera-
peutic efficacy of a PARP inhibitor with anti-CTLA-4 therapy in patients
with EOC [11]. Additionally, PARP inhibitors have been shown in recent
clinical studies to improve the efficacy of anti-PD-1/PD-L1 therapy in
patients with EOC, regardless of BRCA mutation or HRD biomarker sta-
tus; this is thought to be due to a synergistic interaction resulting in a
more immunogenic TME [6,7,19,20]. We would therefore expect
greater anti-tumor effect with the combination of a PARP inhibitor
and anti-CTLA-4 therapy in our study, particularly given evidence of im-
mune activation (defined as an increase in CD4+ICOS+ and CD8+ICOS+

T cells) in patients who received tremelimumab 10 mg/kg/dose.
CD8+ICOS+

2 C1D1 C1D15 C1D22

± 12.05*** 5.41 ± 7.91 12.25 ± 6.37** 17.99 ± 15.41***
± 11.99 6.37 ± 4.67 11.44 ± 11.18 9.30 ± 5.59
± 10.84* 3.52 ± 1.63 10.24 ± 4.45* 21.69 ± 30.41*
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Table 4
Duration of treatment, six-month progression free survival (PFS6), and best objective re-
sponse (OR) by treatment group.

No. of Patients

Arm A Arm B

DL1 DL2

(n = 12) (n = 6) (n = 6)

Duration of Treatment
No of cycles, median (range) 2 (1–7) 2.5 (1–8) 5 (1−10)

PFS6
Yes 0 1 1
No 12 5 5
PFS6, % (95 % CI) 0 (0, 26.5) 16.7 (0.8, 51.7) 16.7 (0.8, 51.7)
OR
CR 0 0 0
uPR 0 0 1
SD
confirmed 1 1 2
unconfirmed 6 0 0
PD 3 5 3
Not evaluable 2 0 0
ORR, % (95 % CI) 0 (0, 26.5) 0 (0, 45.9) 16.7 (0, 46.5)
However, this study had a relatively small sample size, and given that it
was stopped early, it was not powered to assess for efficacy. In addition
to the increase in CD4+ICOS+ and CD8+ICOS+ T cells, there was also a
statistically significant increase in CD4+ T cells and CD8+ T cells co-
expressing either ICOS and TIGIT or ICOS and PD-1 at both C1D15 and
C1D22 in patients who received tremelimumab 10 mg/kg/dose. TIGIT
and PD-1 are inhibitory immune receptors, each with a distinct mecha-
nism of action from CTLA4 [18,21]. It is possible that targeting the im-
mune response at multiple levels (i.e., anti-CTLA-4 therapy with anti-
PD-1 therapy or anti-TIGIT therapy, along with a PARP inhibitor), is
needed for an anti-tumor response in this patient population. It is also
notable that a majority (67 %) of participants in our study had
platinum-resistant or platinum-refractory disease, which has been
demonstrated to have a lower response to immune checkpoint block-
ade than platinum-sensitive disease [22]. Additionally, it is possible
that while anti-CTLA-4 therapy in combination with a PARP inhibitor
does result in activation of an immune response in this patient popula-
tion at the doses studied, a higher olaparib dose of 300mg is needed for
synergistic anti-tumor effect. A recent preliminary report of a phase I/II
study evaluating tremelimumab with olaparib in 49 patients with
BRCA-deficient recurrent ovarian cancer (including platinum-sensitive
or platinum-resistant disease) showed that olaparib 300 mg twice
daily could be safely administered with tremelimumab 10 mg/kg. The
frequency of dosing of tremelimumab was changed in this study due
to immune-related adverse events from every four weeks continuously
to every four weeks for 4 doses followed by maintenance dosing every
12 weeks, similar to our strategy of every four weeks for 7 doses
Fig. 2.Waterfall plots showing treatment respon
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followed by maintenance dosing every 12 weeks [12]. Among 44
evaluable patients, ORR was 39 %, with a clinical benefit rate of 48 %
and median PFS of 3.4 months. While the clinical benefit rate in this
study was similar to our cohort, the higher response rate seen in this
study may be attributable to the underlying tumor BRCA-deficiency or
the higher olaparib dose used. The phase II NRG-GY021 trial evaluating
olaparib 300 mg twice daily alone or in combination with
tremelimumab 10 mg/kg (every 4 weeks × 4 followed by every
12 weeks for up to 2 years) in patients with recurrent platinum-
sensitive ovarian cancer, including both BRCA-mutated and BRCA-wild
type patients, was stopped early due to immune-related toxicities. On-
going correlative studieswill help clarify factors thatmay predict the ef-
ficacy of this treatment combination [23].

Strengths of this study included: focus on patients with platinum-
resistant or platinum-refractory disease, a population in great need of
more effective therapies; and assessment of immune cell activation as
a measure of bioactivity. Weaknesses of the study included: stopped
early due to changes in sponsor development priorities, which pre-
cluded evaluation at a third dose level and expansion at the optimal
dose. Additionally, biopsies were not performed prior to or during treat-
ment, limiting a more comprehensive assessment of the immune TME.

Collectively, our results suggest that tremelimumab can be adminis-
tered, alone and in combinationwith olaparib, with amanageable safety
profile in this population. Tremelimumab 10mg/kg/dose (as opposed to
3 mg/kg/dose) resulted in evidence of immune activation, but this did
not translate into clinical responses. Further studies designed to evalu-
ate factors that promote an anti-tumor response to tremelimumab
10 mg/kg/dose in patients with recurrent EOC are needed.
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