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ABSTRACT
Background The optimal treatment strategy for 
women with newly diagnosed ovarian cancer has yet 
to be determined. Poly(ADP- ribose) polymerase (PARP) 
inhibitors have demonstrated substantial improvement in 
progression- free survival as monotherapy maintenance 
treatment in the frontline setting versus active surveillance. 
Furthermore, preclinical and early clinical studies have 
shown that PARP inhibitors and immune checkpoint 
inhibitors have synergistic antitumor activity and may 
provide an additional therapeutic option for patients in this 
population.
Primary Objectives In women with newly diagnosed 
ovarian, fallopian tube, or peritoneal cancer, we wish to 
assess the efficacy of frontline maintenance treatment 
with the PARP inhibitor rucaparib versus placebo following 
response to platinum- based chemotherapy (ATHENA–MONO), 
and to assess the combination of rucaparib plus nivolumab (a 
programmed death receptor 1 (PD- 1)–blocking monoclonal 
antibody) versus rucaparib alone (ATHENA–COMBO).
Study Hypothesis (1) Maintenance therapy with 
rucaparib monotherapy may extend progression- free 
survival following standard treatment for ovarian cancer in 
the frontline setting. (2) The combination of nivolumab plus 
rucaparib may extend progression- free survival following 
standard treatment for ovarian cancer in the frontline 
setting compared with rucaparib alone.
Trial Design ATHENA is an international, randomized, 
double- blind, phase III trial consisting of two independent 
comparisons (ATHENA–MONO and ATHENA–COMBO) 
in patients with newly diagnosed platinum- sensitive 
ovarian cancer. Patients are randomized 4:4:1:1 to the 
following: oral rucaparib + intravenous nivolumab (arm 
A); oral rucaparib + intravenous placebo (arm B); oral 
placebo + intravenous nivolumab (arm C); and oral 
placebo  + intravenous placebo (arm D). The starting dose 

of rucaparib is 600 mg orally twice a day and nivolumab 
480 mg intravenously every 4 weeks. ATHENA–MONO 
compares arm B with arm D to evaluate rucaparib 
monotherapy versus placebo, and ATHENA–COMBO 
evaluates arm A versus arm B to investigate the effects of 
rucaparib and nivolumab in combination versus rucaparib 
monotherapy. ATHENA–MONO and ATHENA–COMBO share 
a common treatment arm (arm B) but each comparison is 
independently powered.
Major Inclusion/Exclusion Criteria Patients ≥18 
years of age with newly diagnosed advanced, high- grade 
epithelial ovarian, primary peritoneal, or fallopian tube 
cancer who have achieved a response after completion 
of cytoreductive surgery and initial platinum- based 
chemotherapy are enrolled. No other prior treatment for 
ovarian cancer, other than the frontline platinum regimen, 
is permitted.
Primary Endpoint The primary endpoint is investigator- 
assessed progression- free survival by Response Evaluation 
Criteria in Solid Tumors v1.1.
Sample Size Approximately 1000 patients have been 
enrolled and randomized.
Estimated Dates for Completing Accrual and 
Presenting Results The trial completed accrual in 
2020. While dependent on event rates, primary results of 
ATHENA–MONO are anticipated in early 2022 and results 
of ATHENA–COMBO are anticipated to mature at a later 
date.
Trial Registration This trial is registered at  
clinicaltrials. gov (NCT03522246).

INTRODUCTION

Ovarian cancer is the eighth leading cause of cancer- 
related death among women, responsible for approxi-
mately 184 000 deaths each year worldwide in 2018.1 
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For many decades, the standard of care for frontline therapy for 
women with newly diagnosed advanced ovarian cancer has consisted 
of a combination of cytoreductive surgery and platinum with or without 
taxane- based chemotherapy. Although most patients respond to this 
initial treatment, the majority will experience disease recurrence and 
require subsequent therapies.

The angiogenesis inhibitor, bevacizumab, has demonstrated 
significant improvement in progression- free survival in women with 
newly diagnosed ovarian cancer when added to frontline chemo-
therapy and continued as maintenance treatment.2 3 However, 
progression- free survival benefit with frontline bevacizumab use 
has not translated into an improvement in overall survival in this 
setting, and its use has been restricted to those with stage IV or 
high- risk disease in some countries.2 4 5 More recently, poly(ADP- 
ribose) polymerase (PARP) inhibitors, such as olaparib and niraparib, 
have provided promising therapeutic options as frontline main-
tenance treatment as monotherapy or, in the case of olaparib, in 
combination with bevacizumab, in patients with platinum- sensitive 
ovarian cancer; however, the greatest progression- free survival 
benefit has been seen, thus far, among patients with ovarian cancer 
associated with BRCA1 or BRCA2 (BRCA) gene mutations or homol-
ogous recombination deficiency.6 7 Despite these recent advances 
in frontline ovarian cancer therapies, the optimal treatment strategy 
for women with newly diagnosed ovarian cancer remains to be 
determined, given the varying level of efficacy achieved by PARP 
inhibitors in different molecular subgroups and the absence of a 
demonstrated overall survival benefit to date.

The PARP inhibitor, rucaparib, is approved in the United States 
and Europe as maintenance therapy for recurrent ovarian cancer 
that has responded to platinum- based chemotherapy, as well as 
for the treatment of BRCA- mutated ovarian cancer that has been 
treated with two or more prior chemotherapies.8 Given that ruca-
parib has demonstrated efficacy as maintenance therapy in the 
relapsed ovarian cancer setting regardless of BRCA mutation or 
homologous recombination deficiency status,9 we have hypothe-
sized that the agent may also be effective as maintenance therapy 
across a broad patient population in the frontline setting.

Treatment with immune checkpoint inhibitors, such as nivolumab, 
a human programmed death receptor 1 (PD- 1)–blocking monoclonal 
antibody, has led to markedly improved outcomes in multiple solid 
tumor types, such as non–small cell lung cancer and melanoma,10 
but phase III studies evaluating immunotherapy in newly diagnosed 
ovarian cancer when added to conventional chemotherapy have 
not demonstrated any significant benefit to date.11 12 However, it 
is known that tumors with a deleterious BRCA mutation express 
novel, tumor- specific protein sequences (neoantigens), which can 
attract tumor- infiltrating lymphocytes that express programmed 
death- ligand 1 (PD- L1), and ovarian carcinomas associated with 
homologous recombination deficiency have more neoantigens rela-
tive to those that are homologous recombination proficient.13 Thus, 
ovarian tumors associated with BRCA mutations and/or homologous 
recombination deficiency may respond preferentially to immune 
checkpoint inhibitors, and the combination of a PARP inhibitor (ie, 
rucaparib) with an immune checkpoint inhibitor (ie, nivolumab) may 
have a synergistic effect.13 In addition, homologous recombination 
deficiency has recently been found to be associated with immune 
cell PD- L1 expression in newly diagnosed ovarian cancer.14

ATHENA–MONO and ATHENA–COMBO are two independent treat-
ment comparisons to evaluate two separate hypotheses that were 
combined into one phase III trial to address patients’ unmet treat-
ment needs. Both ATHENA–MONO and ATHENA–COMBO enrolled a 
broad, unselected patient population (eg, regardless of BRCA muta-
tion or homologous recombination deficiency status) for the evalu-
ation of these treatments as frontline maintenance. ATHENA–MONO 
aims to evaluate rucaparib monotherapy versus placebo to deter-
mine whether rucaparib monotherapy can extend progression- free 
survival in an unselected patient population. ATHENA–COMBO will 
evaluate whether adding nivolumab to rucaparib increases clinical 
benefit compared with rucaparib alone.

METHODS

Trial Design
ATHENA (NCT03522246; GOG- 3020/ENGOT- ov45) is an interna-
tional, randomized, double- blind, phase III trial consisting of two 
separate and fully independently powered comparisons evaluating 
(1) rucaparib as monotherapy (ATHENA–MONO) and (2) rucaparib 
in combination with nivolumab (ATHENA–COMBO). The regimens 
are being assessed as maintenance treatment following response 
to frontline treatment (surgery and platinum- based chemotherapy) 
in patients with newly diagnosed ovarian cancer. Subjects are 
randomized 4:4:1:1 into the following arms: oral rucaparib  + intra-
venous nivolumab (arm A); oral rucaparib  + intravenous placebo 
(arm B); oral placebo  + intravenous nivolumab (arm C); and oral 
placebo  + intravenous placebo (arm D).

In ATHENA–MONO, rucaparib (arm B) is compared with placebo 
(arm D) to assess the effects of rucaparib monotherapy as front-
line maintenance therapy. The treatment phase consists of 28- day 
treatment cycles. A starting dose of rucaparib 600 mg or placebo 
is administered orally twice a day. In ATHENA–COMBO, rucaparib 
and nivolumab (arm A) is compared with rucaparib (arm B), to eval-
uate the effects of adding nivolumab to rucaparib monotherapy. 
Oral rucaparib or placebo is administered prior to the initiation 
of the intravenous nivolumab or placebo. Rucaparib 600 mg is 
administered twice a day for the first 28- day cycle (cycle 1) and 
continued thereafter (arm B). Dosing with the intravenous study 
drug (nivolumab 480 mg) begins on cycle 2, day 1, and is admin-
istered every 4 weeks (arm A). Study drug treatment continues in 
28- day cycles until 24 months after initiation of oral/intravenous 
combination study treatment, disease progression, death, or unac-
ceptable toxicity.

Figure 1 shows the trial schema and analysis plan for ATHENA–
MONO and ATHENA–COMBO. In addition, as an exploratory endpoint, 
arm C (nivolumab) will be analyzed against arm D (placebo) to 
assess the relative contribution of nivolumab alone.

Submission of tumor tissue from the cytoreductive surgery is 
required prior to enrollment to perform next- generation sequenc-
ing–based testing (FoundationOne CDx) by Foundation Medicine 
(Cambridge, Massachusetts, USA). The next- generation sequenc-
ing–based test determines the mutation status of homologous 
recombination pathway genes, including BRCA, and the percentage 
of the genome with loss of heterozygosity.9 In addition, biomarkers 
related to response or resistance to immunotherapies are being 
assessed.
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The trial is being led by the GOG Foundation (GOG protocol 3020) 
and is conducted in association with NRG Oncology–Japan and 
the European Network of Gynecological Oncological Trial Groups 
(ENGOT protocol ov45). Target enrollment of approximately 1000 
patients has been completed across 24 countries in North America, 
Europe, Asia, and Australia/New Zealand. The trial is approved by 
the institutional review board at each study site and done in accor-
dance with the Declaration of Helsinki and Good Clinical Practice 
Guidelines of the International Council for Harmonisation. Patients 
provided written informed consent before participation.

Participants
Eligible patients are at least 18 years of age with newly diag-
nosed histologically confirmed, advanced (International Federation 
of Gynecology and Obstetrics stages III–IV), high- grade epithe-
lial ovarian, primary peritoneal, or fallopian tube cancer. Patients 
must have completed frontline platinum- doublet chemotherapy 
and cytoreductive surgery, and achieved a response, as assessed 
by the investigator (defined as having no evidence of measurable 
disease by Response Evaluation Criteria in Solid Tumors (RECIST) 
v1.1 in patients with a complete resection (R0) following cytore-
ductive surgery or a complete response or partial response by 
RECIST v1.1, or a cancer antigen (CA- 125) response by Gyneco-
logic Cancer Intergroup criteria in patients with non- measurable 
disease), with no evidence of disease progression radiologically 
or through rising CA- 125 at any time during frontline treatment. 
Cytoreductive surgery could have been completed prior to chemo-
therapy or following neoadjuvant chemotherapy. Patients must 
have received 4–8 cycles of frontline platinum- doublet treatment 
per standard clinical practice, including a minimum of 4 cycles of a 
platinum/taxane combination and at least 6 cycles of chemotherapy 
if best response was a partial response; no other prior treatment 

for ovarian cancer, including maintenance treatment, is permitted. 
Patients must have an Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1 and have adequate organ function.

Randomization and Blinding
Randomization is performed using a central randomization proce-
dure with an interactive response technology. Patients are stratified 
at study entry to ensure treatment groups are balanced based on 
disease status after chemotherapy (residual disease vs no residual 
disease); timing of surgery (primary surgery vs interval debulking); 
and homologous recombination deficiency classification (BRCA 
mutation, BRCA wild- type/high loss of heterozygosity  (loss of hete-
rozygosity ≥16%), BRCA wild- type/low loss of heterozygosity  (loss 
of heterozygosity <16%), BRCA wild- type/loss of heterozygosity 
indeterminate) by central laboratory next- generation sequenc-
ing–based test.

Rucaparib and nivolumab treatments are double blinded, so that 
the investigators, clinical site staff, patients, and sponsor personnel 
are blinded to all study treatment. Active and placebo oral and 
intravenous solutions are identical in appearance and supplied 
in identical containers. Clinical trial progress, safety, and efficacy 
event rates are being monitored by an independent data monitoring 
committee.

Outcomes
For both ATHENA–MONO and ATHENA–COMBO, the primary objec-
tives are evaluation of investigator- assessed progression- free 
survival per RECIST v1.1. Secondary objectives include evaluation 
of progression- free survival, as assessed by blinded independent 
central review, overall survival, investigator- assessed objective 
response rate per RECIST v1.1, duration of response, and safety. 
Key exploratory objectives are to evaluate progression- free survival 

Figure 1 Study schema and analysis plan. Starting dose of rucaparib is 600 mg orally twice a day and nivolumab 480 mg 
intravenously every 4 weeks. BRCA, BRCA1 or BRCA2; CA- 125, cancer antigen 125; CR, complete response; ECOG PS, 
Eastern Cooperative Oncology Group performance status; IV, intravenous; LOH, loss of heterozygosity; PO, by mouth; PR, 
partial response; R0, total cytoreduction; RECIST, Response Evaluation Criteria in Solid Tumors.
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on the subsequent line of treatment, contribution of nivolumab 
monotherapy to efficacy of the combination, evaluation of poten-
tial molecular markers of response or resistance (eg, mutations in 
non- BRCA homologous recombination repair genes, PD- L1 expres-
sion, and tumor mutational burden, or genetic variants observed in 
circulating tumor DNA), and health- related quality of life and patient 
reported outcomes.

Sample Size and Statistical Methods
The ATHENA–MONO and ATHENA–COMBO comparisons will each 
separately evaluate primary and key secondary endpoints. The 
level of statistical significance will be split into two so that the 
ATHENA–MONO and ATHENA–COMBO comparisons will be made 
independently at a one- sided 0.0125 significance level. In order to 
yield ≥90% power at a one- sided 0.0125 significance level to show 
a statistically significant difference in progression- free survival, a 
sample size of at least 500 patients is required for ATHENA–MONO 
and at least 800 patients for ATHENA–COMBO.

Kaplan–Meier methodology will be used to summarize time- to- 
event variables. The 50th (median) percentile with 95% confidence 
interval will be summarized for each randomized treatment group. 
The stratified hazard ratio from the Cox proportional hazards model 
will be used to estimate the hazard ratio between the randomized 
treatment groups.

DISCUSSION

Despite recent advances in the therapeutic landscape of newly 
diagnosed ovarian cancer, advanced ovarian cancer is still consid-
ered an incurable disease for the majority of patients. Thus, early 
and effective treatment options to further improve progression- free 
survival and overall survival are needed. Results from the SOLO1 
and PRIMA phase III studies led to regulatory approvals of the PARP 
inhibitors, olaparib and niraparib, in the frontline maintenance 
setting following primary surgery and response to platinum- based 
chemotherapy.6 15 However, there are outstanding questions on 
appropriate patient selection based on clinical or molecular char-
acteristics. In SOLO1, enrollment was restricted to women with 
newly diagnosed germline or somatic BRCA- mutated ovarian 
cancer. Although the PRIMA trial had no restriction on BRCA muta-
tion or homologous recombination deficiency status, the greatest 
improvement in progression- free survival with niraparib treatment 
was observed in the BRCA- mutated and homologous recombi-
nation deficiency–positive subgroups. While a statistically signif-
icant progression- free survival improvement was reported in the 
homologous recombination deficiency–negative subgroup (hazard 
ratio 0.68, 95% confidence interval 0.49 to 0.94), the median 
progression- free survival was relatively short in the niraparib and 
placebo arms (8.1 vs 5.4 months, respectively). Additionally, PRIMA 
enrolled patients with clinically high- risk features for recurrence 
and excluded patients with complete resection/R0 after primary 
debulking surgery; thus, unanswered questions remain regarding 
the use of PARP inhibitors for maintenance treatment for a large 
proportion of newly diagnosed ovarian cancer patients in real- world 
clinical practice.

The primary aim of ATHENA–MONO is to determine whether ruca-
parib monotherapy as frontline maintenance treatment can extend 
progression- free survival in an unselected patient population. The 

study is enrolling patients regardless of BRCA mutation or homolo-
gous recombination deficiency status, and patients with complete 
resection/R0 after primary debulking surgery are allowed. In addi-
tion to evaluation in the overall, unselected population, analyses 
will also be conducted to evaluate efficacy in patients based on 
homologous recombination deficiency status. Positive results from 
ATHENA–MONO will demonstrate the effectiveness of rucaparib 
monotherapy in the frontline maintenance setting and broaden our 
understanding of the patient population that may benefit from a 
PARP inhibitor.

Although prior results from immunotherapy studies in newly 
diagnosed ovarian cancer have yielded disappointing efficacy 
benefits, the data suggest again that certain disease or molecular 
characteristics may be associated with improved efficacy in this 
setting.11 12 The ATHENA–COMBO comparison has been designed 
to evaluate the magnitude of benefit for adding nivolumab to ruca-
parib monotherapy in a frontline maintenance setting. Biomarkers 
that may be associated with higher immunogenicity (eg, PD- L1 
expression, homologous recombination deficiency status) will also 
be assessed as exploratory analyses. The combination of ruca-
parib and nivolumab could provide additional therapeutic options 
to further extend progression- free survival. To our knowledge, 
ATHENA–COMBO is the first study to evaluate the combination of a 
PARP inhibitor and an immune checkpoint inhibitor as switch main-
tenance treatment (and not continuation maintenance) following 
completion and response to frontline chemotherapy. In addition, the 
dosing sequence of starting rucaparib one cycle prior to nivolumab 
in the study not only provides the opportunity to establish a baseline 
safety profile of the oral study drug for each patient prior to admin-
istering the intravenous study drug, but it also tests the hypothesis 
that priming the immune system with rucaparib monotherapy will 
enhance the activity in combination with nivolumab. The inclusion 
of a nivolumab monotherapy arm (arm C) will also allow us to better 
understand the relative contributions of each agent to the ruca-
parib  + nivolumab combination.

Translational studies in the ATHENA trial will further our under-
standing of the changes in the tumor microenvironment following 
treatment with a PARP inhibitor, immunotherapy, or the combina-
tion. Patients are required to have sufficient tumor tissues from 
their cytoreductive surgery prior to enrollment, and blood samples 
will be collected during the study for circulating tumor DNA and 
immunogenicity analyses. The existing data from ovarian cancer 
trials do not provide a clear picture of an appropriate biomarker for 
patient selection for therapy. The study plans to assess biomarkers 
(eg, homologous recombination repair genes, PD- L1 expression, 
and tumor mutational burden) that may provide further insights into 
optimal patient selection for maintenance treatment, the factors 
that influence the activity of rucaparib alone and in combination 
with nivolumab, and potential resistance mechanisms.

The overall design of the ATHENA study is unique in that the treat-
ment comparisons (ATHENA–MONO and ATHENA–COMBO) share 
arm B (rucaparib monotherapy). This innovative design optimizes 
use of our most valuable resource: our patients. Independent anal-
yses for ATHENA–MONO and ATHENA–COMBO will be unblinded to 
treatment allocations and read out at different time points during 
the trial. Primary results for ATHENA–MONO are anticipated in early 
2022, and results from ATHENA–COMBO are anticipated to mature 
at a later date.
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