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1   |   INTRODUCTION

For patients with advanced ovarian cancer, initial treat-
ment has historically consisted of surgery followed by 
chemotherapy (platinum and/or taxane); upon comple-
tion of chemotherapy, patients would be followed closely 
until relapse (active surveillance).1,2 Most patients ex-
perience disease recurrence and would typically receive 
further chemotherapy followed by active surveillance, 
with efficacy rapidly declining in successive lines of 
treatment.3

Recently, maintenance with targeted therapies fol-
lowing a complete response (CR) or partial response 
(PR) to chemotherapy has become a standard-of-care 
option for patients with advanced ovarian cancer.1,2 
Maintenance treatment aims to extend progression-free 
survival (PFS) following a response to chemotherapy  
by delaying disease progression. Maintenance treat-
ment also aims to delay the need for subsequent 
chemotherapy to reduce toxicities associated with these 
therapies; such toxicities may have a negative impact 
on the quality of life for patients.4–6 In Europe and the 
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Abstract
Background: The efficacy and safety of rucaparib maintenance treatment in 
ARIEL3 were evaluated in subgroups based on best response to most recent 
platinum-based chemotherapy and baseline disease.
Methods: Patients were randomized 2:1 to receive either oral rucaparib at a dos-
age of 600 mg twice daily or placebo. Investigator-assessed PFS was assessed in 
prespecified, nested cohorts: BRCA-mutated, homologous recombination defi-
cient (HRD; BRCA mutated or wild-type BRCA/high loss of heterozygosity), and 
the intent-to-treat (ITT) population.
Results: Median PFS for patients in the ITT population with a complete response 
to most recent platinum-based chemotherapy was 11.1 months in the rucaparib 
arm (126 patients) versus 5.6 months in the placebo arm (64 patients) (HR, 0.33 
[95% CI, 0.23–0.48]), and in patients with a partial response (249 vs. 125), it was 
9.0 versus 5.3 months (HR, 0.38 [0.30–0.49]). In subgroups of the ITT population 
based on baseline disease, median PFS was 8.2 versus 5.3 months (HR, 0.40 [0.28–
0.57]) in patients with measurable disease (141 rucaparib vs. 66 placebo), 10.4 
versus 4.5 months (HR, 0.31 [0.20–0.48]) in those with nonmeasurable but evalu-
able disease (104 vs. 56), and 14.1 versus 7.3 months (HR, 0.35 [0.24–0.51]) in 
those with no residual disease (130 vs. 67). Across subgroups, significantly longer 
median PFS was observed with rucaparib versus placebo in the BRCA-mutated 
and HRD cohorts. Objective responses were reported in patients with measurable 
disease and in patients with nonmeasurable but evaluable baseline disease. Safety 
was consistent across subgroups.
Conclusion: Rucaparib maintenance treatment provided clinically meaning-
ful efficacy benefits across subgroups based on response to last platinum-based 
chemotherapy or baseline disease.
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United States, bevacizumab (angiogenesis inhibitor), 
olaparib (poly[ADP-ribose] polymerase [PARP] inhib-
itor), niraparib (PARP inhibitor), and the combination 
of bevacizumab and olaparib are approved for first-line 
maintenance treatment.7 Maintenance treatment is also 
important in the recurrent setting; bevacizumab, olapa-
rib, niraparib, and rucaparib (PARP inhibitor) are each 
approved as maintenance treatment in this setting in 
both Europe and the United States.7

Although current guidelines recommend maintenance 
treatment for eligible patients whose ovarian cancer has 
responded to prior chemotherapy,1,2 it remains unclear 
how clinical factors, such as depth of response to prior 
therapy or level of residual tumor burden, should play a 
role in the decision-making process.8 For example, prior 
studies have shown that the presence of residual disease 
reduces the clinical benefit of second-line chemotherapy 
in patients with recurrent ovarian cancer,9 but data evalu-
ating the association of residual disease or similar factors 
with the magnitude of clinical benefit that patients with 
recurrent ovarian cancer derive from maintenance treat-
ment are currently limited.10–13 Therefore, we sought to 
extend our understanding utilizing data from the ARIEL3 
study (NCT01968213).

In ARIEL3, the pivotal study of rucaparib maintenance 
treatment in patients with recurrent ovarian cancer, there 
was a significant improvement in investigator-assessed 
PFS (primary endpoint) and blinded independent central 
review (BICR)-assessed PFS (secondary endpoint) with 
rucaparib versus placebo. Improvements were seen all in 
three prespecified, nested cohorts, including in the overall 
intent-to-treat (ITT) population.14

Here, we present analyses of data from ARIEL3 eval-
uating two key subgroups based on best response to most 
recent platinum-based chemotherapy and disease status 
at baseline, according to Response Evaluation Criteria 
in Solid Tumors (RECIST) v1.1. Limited data regard-
ing PFS in the ITT population for these subgroups were 
published previously.14 We now further expand on that 
analysis to include an examination of PFS for each sub-
group within the nested BRCA-mutant and homologous 
recombination deficient (HRD; BRCA mutated or wild-
type BRCA/high loss of heterozygosity) cohorts, which 
represent patient populations of particular interest in 
gynecologic oncology. Additionally, for the first time, 
we present analysis of safety outcomes for these two 
subgroups. Notably, the previous publication provided a 
subgroup analysis of PFS based on the binary presence 
or absence of measurable disease. However, as under-
standing the impact of any evaluable residual disease 
on patient outcomes is of interest, we have re-evaluated 
disease status at baseline to include three distinct sub-
groups (measurable residual disease vs. nonmeasurable 

but evaluable residual disease vs. no residual disease). 
This refined analysis facilitated examination of PFS and 
objective response in patients with nonmeasurable but 
evaluable disease. These exploratory subgroup analyses 
evaluate the benefits of maintenance treatment with 
rucaparib versus placebo (which is equivalent to active 
surveillance) in patients with a CR and/or no disease 
and in patients with a PR and/or measurable/nonmea-
surable but evaluable disease, including the evaluation 
of clinical benefits, such as longer PFS and deepening 
of response.

2   |   METHODS

2.1  |  Study design and patients

The randomized, double-blind, phase 3 ARIEL3 trial 
was conducted in 11 countries at 87 hospitals and cancer 
centers. Patients were enrolled between 7 April 2014 
and 19 July 2016. The study was approved by national 
or local institutional review boards and performed in 
accordance with the Declaration of Helsinki and Good 
Clinical Practice Guidelines of the International Council 
for Harmonisation. Patients provided written informed 
consent before participating in the study. A CONSORT 
diagram and full study design details, including all  
inclusion/exclusion criteria, screening and randomization 
procedures, and a description of drug administration and 
dosing were reported in the primary publication14; key 
points of the study design and procedures are provided in 
the supporting information.

2.2  |  Outcomes

Investigator-assessed PFS, the primary outcome of 
ARIEL3, was defined as the time from randomization to 
investigator-assessed disease progression per RECIST v1.1 
or death and has been previously reported.14 Investigator-
assessed PFS and BICR-assessed PFS were analyzed in 
patient subgroups using the primary efficacy data after 
unblinding, at which time the PFS data were mature (visit 
cutoff 15 April 2017). Subgroup analyses were conducted 
by best response to prior chemotherapy (CR vs. PR) and 
disease at baseline (measurable disease vs. nonmeasurable 
but evaluable disease vs. no disease). The measurable dis-
ease subgroup included patients with measurable target 
lesions (with or without nontarget lesions) per RECIST 
v1.1 at baseline (investigator assessed). The nonmeasur-
able but evaluable disease subgroup included patients 
without target lesions identified but with evidence of 
nontarget disease per RECIST v1.1 (e.g., lesions <10 mm, 
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ascites, pleural or pericardial effusion) at baseline (inves-
tigator assessed).

Safety was evaluated using a visit cutoff date of 31 
December 2019. Relative risk for any grade and grade 
≥3 treatment-emergent adverse events (TEAEs) of key  
interest (alanine aminotransferase [ALT] elevation and/
or aspartate aminotransferase [AST] elevation [combined 
preferred terms], anemia and/or decreased hemoglobin  
[combined preferred terms], asthenia and/or fatigue  
[combined preferred terms], nausea, thrombocytopenia and/
or decreased platelet count [combined preferred terms], 
and vomiting) were determined in each subgroup category.

Data for prespecified, investigator-assessed explor-
atory postprogression endpoints (visit cutoff 31 December 
2017) in the three prespecified, nested cohorts have been 
reported elsewhere.15 The prespecified number of events 
needed for reporting overall survival (secondary endpoint) 
has not been reached; this endpoint will be reported once 
the data are mature.

2.3  |  Statistical analyses

The rationale for target enrollment in ARIEL3 was 
described previously.14 For each subgroup category, anal-
yses were conducted in the three prespecified, nested co-
horts. PFS was evaluated using Kaplan-Meier methodology; 
additional details on statistical methodology are provided 
in the supporting information. Treatment-by-subgroup 
interaction tests were performed using a Cox proportional 
hazards model. p values for these exploratory subgroup 
analyses are presented for descriptive purposes only.

An exploratory analysis evaluated investigator-
assessed objective response (per RECIST v1.1) in patients 
with measurable disease at baseline (response defined as 
achieving a CR or PR) or nonmeasurable disease at base-
line (response defined as achieving a CR). SAS version 9.4 
(SAS Institute, Cary, NC, USA) was used to perform statis-
tical analyses.

3   |   RESULTS

3.1  |  Patients

Five hundred and sixty-four patients were enrolled and 
randomized to rucaparib (n = 375) or placebo (n = 189). 
The majority of patients had a PR (rucaparib, n  =  249; 
placebo, n = 125) versus a CR (n = 126; n = 64) to prior 
platinum-based chemotherapy (Table  S1A). A simi-
lar number of patients had measurable disease (ruca-
parib, n = 141; placebo, n = 66), nonmeasurable disease 
(n = 104; n = 56), and no disease at baseline (n = 130; 

n  =  67; Table  S1B). In each subgroup, baseline demo-
graphics and characteristics, as well as prior treatment 
history were generally well balanced across the rucaparib 
and placebo arms.

3.2  |  Efficacy

Across all prespecified analysis cohorts, irrespective of 
best response to most recent platinum-based therapy, the 
median duration of investigator-assessed PFS was signifi-
cantly longer in the rucaparib arm versus the placebo arm 
(Figures 1A and 2A–F). In the ITT population, median 
duration of PFS was 11.1 months in the rucaparib arm com-
pared with 5.6 months in the placebo arm (2.0-fold longer) 
among patients with a CR (hazard ratio [HR], 0.33; 95% 
confidence interval [CI], 0.23–0.48; p < 0.0001; Figures 1A 
and 2C), and it was 9.0 months compared with 5.3 months 
(1.7-fold longer), respectively, among patients with a PR 
(HR, 0.38; 95% CI, 0.30–0.49; p < 0.0001; Figures 1A and 
2F). Significant extensions in PFS with rucaparib versus 
placebo were also observed in the BRCA-mutated cohort 
(3.1- and 3.2-fold longer median PFS in the CR and PR 
subgroups; Figures 1A, 2A, and 2D) and the HRD cohort 
(1.9- and 2.7-fold longer, respectively; Figures 1A, 2B, and 
2E). Similar findings were observed for BICR-assessed 
PFS in all nested cohorts (Figure S1A–F). No significant 
treatment-by-best response to most recent platinum-
based chemotherapy subgroup (CR vs. PR) interactions 
was observed for investigator- or BICR-assessed PFS in 
any of the nested cohorts.

In subgroups defined according to baseline disease 
status, median PFS as assessed by the investigator was 
significantly longer with rucaparib than with placebo 
irrespective of whether patients had measurable, non-
measurable but evaluable, or no disease across all three 
prespecified analysis cohorts (Figures  1B and 3A–I). 
Among patients with measurable disease in the ITT pop-
ulation, median investigator-assessed PFS was 1.5-fold 
longer in the rucaparib arm compared with the placebo 
arm (8.2 vs. 5.3  months; HR, 0.40; 95% CI, 0.28–0.57; 
p < 0.0001; Figures 1B and 3C). In those with nonmeasur-
able but evaluable disease, investigator-assessed median 
PFS was 2.3-fold longer (10.4 vs. 4.5 months; HR, 0.31; 95% 
CI, 0.20–0.48; p < 0.0001; Figures 1B and 3F), and in pa-
tients with no disease, investigator-assessed median PFS 
was 1.9-fold longer (14.1 vs. 7.3 months; HR, 0.35; 95% CI, 
0.24–0.51; p < 0.0001; Figures 1B and 3I). In the BRCA co-
hort, median PFS was significantly longer in the rucaparib 
arm than the placebo arm (5.4-, 2.5-, and 3.1-fold longer 
in patients with measurable, nonmeasurable, and no dis-
ease, respectively; Figures  1B, 3A, 3D, and 3G);  similar 
results were also seen in the HRD cohort (2.9-, 2.5-, and 
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2.3-fold longer, respectively; Figures 1B, 3B, 3E, and 3H). 
Median BICR-assessed PFS was also significantly longer 
in the rucaparib arm compared with the placebo arm in all 
nested cohorts (Figures S2A–I). No significant treatment-
by-baseline disease subgroup interactions were observed 
for investigator- or BICR-assessed PFS in any of the nested 
cohorts.

Confirmed RECIST v1.1 responses were reported 
in patients with measurable as well as in patients 

with nonmeasurable but evaluable disease at baseline  
(Table  1). In the ITT population, a CR or PR was  
observed in 26/141 (18.4%) patients receiving rucaparib 
and 5/66 (7.6%) patients receiving placebo who had mea-
surable disease. Among patients in the ITT population 
with nonmeasurable disease, 23/104 (22.1%) patients re-
ceiving rucaparib achieved a confirmed CR during the 
study (which includes seven patients without a BRCA 
mutation or high loss of heterozygosity); 2/56  (3.6%) 

F I G U R E  1   Investigator-assessed PFS analyses in subgroups. Subgroups defined by (A) best response to last platinum-based 
chemotherapy regimen and (B) disease at baseline. p values are presented for descriptive purposes only. aGermline, somatic or unknown; 
bBRCA mutation + wild-type BRCA/high loss of heterozygosity. CI indicates confidence interval; HR, hazard ratio; HRD, homologous 
recombination deficient; ITT, intent to treat; PFS, progression-free survival
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patients in this subgroup who received placebo achieved 
a confirmed CR.

3.3  |  Safety

In both the rucaparib and placebo arms, almost 
all patients reported at least one any-grade TEAE 
(Table  S2). Among rucaparib-treated patients, the 
most frequent any-grade TEAEs were nausea, asthe-
nia and/or fatigue, anemia and/or decreased hemo-
globin, constipation, dysgeusia, and vomiting. Anemia 
and/or decreased hemoglobin was the most frequent 
grade ≥3 TEAE. TEAEs of myelodysplastic syndrome 
or acute myeloid leukemia were reported in five (1.3%) 
rucaparib-treated patients; no cases were reported in 
the placebo arm.

For patients with a CR or PR, the relative risks of 
any-grade TEAEs of key interest were higher with 

rucaparib versus placebo, with no differences in risk ev-
ident between the two subgroups (Figure 4A). For grade 
≥3 TEAEs of key interest, relative risks were also simi-
lar for patients with a CR or PR. Grade ≥3 ALT and/or 
AST elevation and anemia and/or decreased hemoglobin 
had higher relative risk with rucaparib versus placebo. 
Among patients who received rucaparib, the incidence 
of treatment interruptions and/or dose reductions (i.e., 
dose modifications) and treatment discontinuations was 
similar between the CR and PR subgroups (Table S2A). 
Excluding progression, 1/125 (0.8%) rucaparib-treated 
patients with a CR at baseline, 5/247 (2.0%) rucaparib-
treated patients with a PR at baseline, and 1/64 (1.6%) 
patients in the placebo arm with a CR at baseline died 
due to TEAEs (Table S2A).

Across the measurable, nonmeasurable but evaluable, 
and no disease subgroups, the relative risks of any-grade 
TEAEs of key interest were higher with rucaparib versus 
placebo, with no differences in risk observed between 

F I G U R E  2   Investigator-assessed 
PFS according to best response to last 
platinum-based chemotherapy. Patients 
with a CR to last platinum-based 
chemotherapy in the (A) BRCA-mutated 
cohort, (B) HRD cohort, and (C) ITT 
population. Patients with a PR to last 
platinum-based chemotherapy in the (D) 
BRCA-mutated cohort, (E) HRD cohort, 
and (F) ITT population. p values were 
nonsignificant for treatment by best 
response subgroup (CR vs. PR) interaction 
tests (BRCA-mutated cohort, p = 0.5680; 
HRD cohort, p = 0.4029; ITT population, 
p = 0.7001). P values are presented for 
descriptive purposes only. CI indicates 
confidence interval; CR, complete 
response; HR, hazard ratio; HRD, 
homologous recombination deficient; 
ITT, intent to treat; NR, not reached; 
PFS, progression-free survival; PR, partial 
response
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the subgroups (Figure  4B). Anemia and/or decreased 
hemoglobin was the only TEAE in which the relative 
risk of a grade ≥3 event was significantly higher with 
rucaparib versus placebo across the three subgroups. 
The incidence of dose modifications in the rucaparib 
arm ranged from 66.0% to 78.4% across groups, and the 
incidence of discontinuations ranged from 14.7% to 
20.6% (Table S2B). Excluding progression, 5/141 (3.5%) 
rucaparib-treated patients with measurable disease at 
baseline, 1/129 (0.8%) rucaparib-treated patients with 
no disease at baseline, and 1/67 (1.5%) patients in the 
placebo arm with no disease baseline died due to TEAEs 
(Table S2B).

4   |   DISCUSSION

Understanding how clinical factors may or may not impact 
the magnitude of clinical benefit can help inform physi-
cians and patients when making decisions about mainte-
nance treatment. These subgroup analyses of data from 
ARIEL3 show that rucaparib provided PFS benefit over 
placebo across all prespecified, nested cohorts, irrespec-
tive of best response to last platinum-based chemotherapy 
or baseline disease status. In both analyses, similar safety 
profiles were observed between subgroups. Median PFS 
(investigator-assessed) with rucaparib maintenance treat-
ment (10.8  months) was significantly longer compared 

F I G U R E  3   Investigator-assessed PFS according to disease at baseline. Patients with measurable disease at baseline in the (A) BRCA-
mutated cohort, (B) HRD cohort, and (C) ITT population. Patients with nonmeasurable but evaluable disease at baseline in the (D) 
BRCA-mutated cohort, (E) HRD cohort, and (F) ITT population. Patients with no disease at baseline in the (G) BRCA-mutated cohort, (H) 
HRD cohort, and (I) ITT population. p values were nonsignificant for treatment by baseline disease subgroup interaction tests (BRCA-
mutated cohort: no disease vs. nonmeasurable disease, p = 0.3153; no disease vs. measurable disease, p = 0.2078; nonmeasurable disease 
vs. measurable disease, p = 0.6793; HRD cohort: no disease vs. nonmeasurable disease, p = 0.7447; no disease vs. measurable disease, 
p = 0.8119; nonmeasurable disease vs. measurable disease, p = 0.1317; ITT population: no disease vs. nonmeasurable disease, p = 0.4510; no 
disease vs. measurable disease, p = 0.1920; nonmeasurable disease vs. measurable disease, p = 0.3953). p values are presented for descriptive 
purposes only. CI indicates confidence interval; HR, hazard ratio; HRD, homologous recombination deficient; ITT, intent to treat; NR, not 
reached; PFS, progression-free survival

Rucaparib (n = 40) 15.7 8.5-21.9
Placebo (n = 23) 2.9 2.8-5.4
HR, 0.16; 95% CI, 0.08-0.34

p < 0.0001

Median,
months 95% CI

(A)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

(B)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

(C)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

At risk (events)
Rucaparib
Placebo

40 (0)
23 (0)

29 (8)
5 (17) 1 (20) 1 (20) 0 (20)

18 (16) 8 (20) 3 (22) 0 (23)

Rucaparib (n = 38) 13.7 8.2-24.7
Placebo (n = 16) 5.4 2.6-7.3
HR, 0.21; 95% CI, 0.09-0.47

p = 0.0002

Median,
months 95% CI

(D)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

At risk (events)
Rucaparib
Placebo

38 (0)
16 (0)

28 (7)
6 (9) 0 (14)

17 (16) 10 (20) 6 (21) 2 (22) 0 (22)

Rucaparib (n = 52) 22.9 13.4-NR
Placebo (n = 27) 7.3 5.4-8.1
HR, 0.31; 95% CI, 0.17-0.58

p = 0.0002

Median,
months 95% CI

(G)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

(E)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

Pr
og

re
ss

ion
-fr

ee
 su

rv
iva

l (
%

)

(H)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

(F)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months

P
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l (
%

)

(I)

0 6 12 18 24 30 36
0

20

40

60

80

100

Months
P

ro
gr

es
si

on
-fr

ee
 s

ur
vi

va
l (

%
)

At risk (events)
Rucaparib
Placebo

52 (0)
27 (0)

36 (8)
13 (11) 5 (19) 2 (21) 1 (22) 0 (22)

28 (14) 17 (18) 6 (21) 1 (22) 0 (22)

Rucaparib (n = 85) 8.6 6.1-13.8
Placebo (n = 41) 3.0 2.8-5.4
HR, 0.34; 95% CI, 0.21-0.55

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

85 (0)
41 (0)

53 (28)
10 (29) 3 (35) 3 (35) 0 (37)

27 (47) 13 (52) 3 (54) 0 (55)

Rucaparib (n = 66) 13.6 8.3-24.7
Placebo (n = 30) 5.4 2.6-5.6
HR, 0.20; 95% CI, 0.11-0.39

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

66 (0)
30 (0)

49 (12)
9 (20) 1 (27) 1 (27) 0 (27)

27 (29) 17 (35) 10 (36) 4 (38) 0 (38)

Rucaparib (n = 85) 17.1 11.1-24.5
Placebo (n = 47) 7.3 5.4-8.2
HR, 0.37; 95% CI, 0.23-0.60

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

85 (0)
47 (0)

59 (15)
21 (19) 7 (33) 2 (36) 1 (37) 0 (37)

42 (28) 24 (35) 8 (39) 1 (41) 0 (41)

Rucaparib (n = 141) 8.2 5.5-9.2
Placebo (n = 66) 5.3 2.9-5.4
HR, 0.40; 95% CI, 0.28-0.57

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

141 (0)
66 (0)

69 (60)
18 (46) 4 (59) 3 (60) 0 (62)

37 (82) 16 (93) 5 (95) 0 (98)

Rucaparib (n = 104) 10.4 8.2-13.7
Placebo (n = 56) 4.5 2.7-5.4
HR, 0.31; 95% CI, 0.20-0.48

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

104 (0)
56 (0)

70 (26)
15 (40) 2 (51) 2 (51) 1 (51) 1 (51) 0 (51)

34 (54) 18 (63) 11 (64) 4 (66) 0 (66)

Rucaparib (n = 130) 14.1 10.9-19.1
Placebo (n = 67) 7.3 5.4-8.1
HR, 0.35; 95% CI, 0.24-0.51

p < 0.0001

Median,
months 95% CI

At risk (events)
Rucaparib
Placebo

130 (0)
67 (0)

89 (25)
30 (28) 7 (50) 2 (53) 1 (54) 0 (54)

57 (50) 31 (61) 10 (67) 1 (70) 0 (70)



8  |      OAKNIN et al.

with placebo (5.4  months; HR, 0.36; 95% CI, 0.30–0.45; 
p  <  0.0001) in the ARIEL3 overall ITT population.14 
The reduction in the risk of disease progression among  
patients in the ITT populations of each subgroup analysis 
was consistent with that of the overall ARIEL3 ITT popu-
lation. Similarly, in the nested BRCA-mutated and HRD 
cohorts within each subgroup analysis, the decreased risk 
of progression within subgroups was consistent with that 
of the respective cohorts in the overall ARIEL3 study. 
These findings expand on prior ARIEL3 analyses, includ-
ing a new analysis of the subgroups of patients defined 
by disease status at baseline, which better demonstrates 
the full spectrum of efficacy for rucaparib among these 
patients.

Although rucaparib was associated with significantly 
longer PFS compared with placebo across all subgroups 
in all analysis cohorts, median PFS with rucaparib was 
generally longest in the subgroups of patients with a CR, 
those with no disease, and those with disease that was 
nonmeasurable but evaluable, regardless of analysis co-
hort. The PFS extension observed with rucaparib mainte-
nance treatment in patients with a CR and/or no disease 
is particularly meaningful because it highlights the bene-
fit of maintenance treatment in patients who have had a 
favorable response to chemotherapy. Our findings clearly 
demonstrate the usefulness of rucaparib maintenance in 
patients with a CR to second-line or later platinum ther-
apy, those with no disease, or those with nonmeasurable 
disease, because these patients remained progression free 
according to investigator assessment for up to threefold 
longer than patients in the placebo arm (equivalent to ac-
tive surveillance). Furthermore, patients with a CR who 
did not receive rucaparib maintenance had shorter PFS 
than patients with a PR who were treated with rucapa-
rib. Although some patients may wish to postpone fur-
ther therapy if they are not experiencing disease-related 

symptoms,5 and others may feel that receiving mainte-
nance treatment does not make them a ‘cancer survivor’,16 
these data indicate the value of maintenance treatment 
with rucaparib in delaying progression of their disease.

Data from the first-line setting further justify the use 
of maintenance treatment in patients with a CR. Women 
with newly diagnosed ovarian cancer who received olapa-
rib or niraparib maintenance following a CR to first-line 
platinum therapy had longer PFS than those who received 
placebo.17,18 In subgroup analyses of women with newly 
diagnosed ovarian carcinoma who received bevacizumab 
plus olaparib as maintenance, those with a CR and/or 
no evidence of disease following first-line chemotherapy 
also had longer PFS than those who received only bevaci-
zumab maintenance.19

Our analysis also demonstrates that rucaparib main-
tenance treatment contributed to additional reduction in 
disease burden for a subset of patients who had measur-
able disease at baseline or who had nonmeasurable but 
evaluable disease (i.e., evidence of nontarget lesions per 
RECIST v1.1) at baseline. Responses observed in patients 
receiving placebo may be attributed to the sustained cyto-
toxic effects of immediate prior chemotherapy. In a pre-
vious analysis of ARIEL3 data, rucaparib was also shown 
to provide benefit to patients with measurable disease at 
baseline (resulting in an objective response rate of 18.4% 
[26/141] vs. 7.6% [5/66] for placebo in the ITT popula-
tion).14 Our current analysis extends these findings and 
shows that almost a quarter of patients who had nonmea-
surable disease according to RECIST v1.1 (e.g., lesions 
<10  mm, ascites, pleural or pericardial effusion) experi-
enced a CR with rucaparib maintenance treatment. This 
deepening of response with rucaparib maintenance treat-
ment may further delay disease progression.

The safety profile for rucaparib-treated patients 
in each subgroup was consistent with the profile 

F I G U R E  4   Relative risk of all-grade and grade ≥3 TEAEs of key interest in subgroups. Subgroups defined by (A) best response 
to last platinum-based chemotherapy and (B) disease at baseline. aAnemia and/or decreased hemoglobin; bAsthenia and/or fatigue; 
cThrombocytopenia and/or platelet count decreased. ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CI, 
confidence interval; TEAE, treatment-emergent adverse event

T A B L E  1   Confirmed ORR in patients with investigator-assessed measurable or nonmeasurable but evaluable disease at baseline

Confirmed ORR, 
n/N (%) [95% CI]

BRCA mutated HRD ITT

Rucaparib Placebo Rucaparib Placebo Rucaparib Placebo

Measurable disease at 
baseline14

15/40
(37.5)
[22.7–54.2]

2/23
(8.7)
[1.1–28.0]

23/85
(27.1)
[18.0–37.8]

3/41
(7.3)
[1.5–19.9]

26/141
(18.4)
[12.4–25.8]

5/66
(7.6)
[2.5–16.8]

Nonmeasurable 
disease at baseline

12/38
(31.6)
[17.5–48.7]

1/16
(6.3)
[0.2–30.2]

16/66
(24.2)
[14.5–36.4]

2/30
(6.7)
[0.8–22.1]

23/104
(22.1)
[14.6–31.3]

2/56
(3.6)
[0.4–12.3]

Abbreviations: CI, confidence interval; HRD, homologous recombination deficient; ITT, intent to treat; ORR, objective response rate.
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previously reported for the overall safety population.14,15  
For patients receiving rucaparib, the pattern of most fre-
quent TEAEs and TEAEs leading to dose interruption/
reduction or discontinuation was similar between sub-
groups. Furthermore, the relative risk of any-grade and 
grade ≥3 TEAEs of key interest with rucaparib versus pla-
cebo was similar between subgroups, indicating that there 
are no specific safety concerns with rucaparib for any of 
the subgroup populations.

Our current analyses are consistent with similar 
subgroup analyses of niraparib and olaparib as mainte-
nance treatment for recurrent ovarian carcinoma.10–12 In 
NOVA, niraparib maintenance treatment provided PFS 
benefit versus placebo in patients with a germline BRCA 
mutation who had a CR (HR, 0.30; 95% CI, 0.160–0.546; 
p < 0.0001) and those with a PR (HR, 0.24; 95% CI, 0.131–
0.441; p < 0.0001); benefit was also observed in patients 
with no germline BRCA mutation who had a CR (HR, 
0.58; 95% CI, 0.383–0.868; p = 0.0082) and those with a PR 
(HR, 0.35; 95% CI, 0.230–0.532; p < 0.0001).10 In Study 19, 
patients with a CR and those with a PR both had a reduced 
risk of progression with olaparib maintenance treatment 
versus placebo.12

A noteworthy aspect of the ARIEL3 study design was 
that patients were required to have had measurable disease 
or CA-125 >2 times the upper limit of normal at the start 
of their most recent chemotherapy. Additionally, ARIEL3 
allowed patients with bulky residual disease (defined as 
any lesion >2 cm) to enroll. Therefore, the overall study 
results and these current subgroup analyses demonstrate 
that rucaparib maintenance treatment provides clinical 
benefit for patients who had a clear disease burden at the 
outset of their prior chemotherapy.

Analyses by best response and measurable disease at 
baseline were prespecified; however, ARIEL3 was not  
designed to provide statistical power when evaluating PFS 
in these exploratory subgroups. A slight discrepancy in the 
number of patients with a CR (n = 126) and the number 
of patients with no disease (n = 130) may be considered 
another limitation of the current analyses since the number 
of patients in these two subgroups would be expected to 
be the same. This discrepancy arose due to differences in 
the way the data for response to prior therapy and baseline 
disease were reported by investigators: the former were 
entered into the interactive web and voice response sys-
tem at the time of randomization, whereas the latter were 
recorded in patients’ electronic case report forms and ver-
ified against source data (i.e., patient scans).

In conclusion, these results from ARIEL3 demon-
strate the broad efficacy and safety of maintenance treat-
ment with rucaparib in patients with disease present at 
baseline, whether or not disease was measurable, and in  
patients with no disease and/or a CR following their most 

recent platinum-based chemotherapy. Patients from all 
of the subgroups examined here should be considered 
for rucaparib maintenance treatment, as all subgroups 
derived similar benefit from rucaparib compared with 
placebo, which would be equivalent to active surveillance 
in clinical practice.
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