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• Patients with newly diagnosed, advanced ovarian cancer were classified by clinical risk and according to biomarker status.
• Higher risk: stage III with upfront surgery and residual disease or neoadjuvant chemotherapy, or stage IV.
• Lower risk: stage III with upfront surgery and no residual disease.
• Olaparib plus bevacizumab provided a progression-free survival benefit over bevacizumab in higher- and lower-risk patients.
• A substantial benefit was seen in higher- and lower-risk HRD-positive patients.
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Objectives. Adding maintenance olaparib to bevacizumab provided a significant progression-free survival
(PFS) benefit in patients with newly diagnosed, advanced ovarian cancer in the randomized, double-blind
PAOLA-1/ENGOT-ov25 trial (NCT02477644). We analyzed PFS by clinical risk and biomarker status.

Methods. Patients received olaparib 300mg twice daily for up to 24months plus bevacizumab 15mg/kg every
3 weeks for up to 15 months in total, or placebo plus bevacizumab. This post hoc exploratory analysis evaluated
PFS inpatients classified as higher risk (stage III with upfront surgery and residual disease or neoadjuvant chemo-
therapy; stage IV) or lower risk (stage III with upfront surgery and no residual disease), and by biomarker status.
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Results. Of 806 randomized patients, 74% were higher risk and 26% were lower risk. After a median
22.9 months of follow-up, PFS favored olaparib plus bevacizumab versus placebo plus bevacizumab in higher-
risk patients (hazard ratio [HR] 0.60; 95% confidence interval [CI] 0.49–0.74) and lower-risk patients (0.46;
0.30–0.72). Olaparib plus bevacizumab provided a substantial PFS benefit versus bevacizumab alone in the ho-
mologous recombination deficiency (HRD)-positive subgroup (higher risk: HR 0.39; 95% CI 0.28–0.54 and
lower risk: 0.15; 0.07–0.30), with 24-month PFS rates in lower-risk patients of 90% versus 43%, respectively
(Kaplan–Meier estimates).

Conclusions. In PAOLA-1, maintenance olaparib plus bevacizumab provided a substantial PFS benefit in HRD-
positive patients with a reduction of risk of progression or death of 61% in the higher-risk group and of 85% in the
lower-risk group compared with bevacizumab alone.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Patients with newly diagnosed, advanced ovarian cancer undergo
cytoreductive surgery and platinum-based chemotherapywith curative
intent. However, late diagnosis means that the majority of patients ex-
perience relapse [1]. Factors such as disease stage and the quality of sur-
gical outcome impact their risk of relapse and survival, with improved
progression-free survival (PFS) seen in patients with complete surgical
resection, versus residual disease, after cytoreductive surgery [2].

The addition of the antiangiogenic agent bevacizumab to first-line
treatment with carboplatin plus paclitaxel followed by maintenance
bevacizumab prolonged PFS in the phase III GOG-0218 (hazard ratio
[HR] 0.72; 95% confidence interval [CI] 0.63–0.82; p < 0.001) [3] and
ICON7 (HR 0.81; 95% CI 0.70–0.94; p = 0.004) [4] trials in women
with advanced ovarian cancer. An overall survival (OS) benefit was
observed with post hoc analysis of patients with International Federa-
tion of Gynecology and Obstetrics (FIGO) stage IV disease in GOG-
0218 (HR 0.75; 95% CI 0.59–0.95) [5] and higher-risk patients (stage
III with residual disease following cytoreductive surgery [>1 cm], inop-
erable stage III disease, stage IV disease) in ICON7 (HR 0.78; 95% CI
0.63–0.97) [6].

Maintenance therapy with the poly(ADP–ribose) polymerase
(PARP) inhibitor olaparib alone provided a substantial PFS benefit com-
paredwith placebo in patients with newly diagnosed, advanced ovarian
cancer and a BRCA1 and/or BRCA2 mutation (BRCAm) in the phase III
SOLO1 trial (HR 0.30; 95% CI 0.23–0.41; P < 0.001) [7]. Based on these
results, maintenance olaparib is approved in the USA, the EU, China,
Japan and other countries worldwide for womenwith a BRCAm [8–11].

The phase III PAOLA-1/ENGOT-ov25 trial (NCT02477644) evaluated
the addition of maintenance olaparib to bevacizumab in patients with
newly diagnosed, advanced ovarian cancer who were candidates to re-
ceive bevacizumab in combination with first-line platinum-based che-
motherapy and who were unselected by biomarker or surgical status
[12]. Maintenance olaparib plus bevacizumab provided a significant
PFS benefit compared with placebo plus bevacizumab in the overall
PAOLA-1 population (median PFS 22.1 vs 16.6 months; HR 0.59; 95%
CI 0.49–0.72; P<0.001). In prespecified subgroup analyses, the greatest
PFS benefit occurred with olaparib plus bevacizumab versus placebo
plus bevacizumab in patients who tested positive for homologous re-
combination deficiency (HRD; defined as a BRCAm and/or genomic in-
stability) (median PFS 37.2 vs 17.7 months; HR 0.33; 95% CI
0.25–0.45) and in patients with a tumor BRCAm (median PFS 37.2 vs
21.7 months; HR 0.31; 95% CI 0.20–0.47) [12]. Based on this result,
maintenance olaparib plus bevacizumab was approved in the USA, the
EU and Japan for HRD-positive patients with advanced ovarian cancer
who are in response to first-line platinum-based chemotherapy plus
bevacizumab [8,9,13].

Patient selection into PAOLA-1was not restricted on the basis of sur-
gical outcome,meaning that patients with stage III disease and no resid-
ual macroscopic disease following upfront cytoreductive surgery
(‘lower-risk’ patients) were eligible for enrollment [12] as all patients
with newly diagnosed, advanced ovarian cancer are at risk for disease
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progression and death, with approximately 70% of patients experienc-
ing relapse within 3 years following primary treatment [1].

This article reports results of a post hoc exploratory subgroup analy-
sis of PAOLA-1 evaluating combination therapy with olaparib plus bev-
acizumab versus placebo plus bevacizumab in patients considered at
higher risk and lower risk for progression and by biomarker status.
2. Methods

2.1. Patients

Eligible patients had newly diagnosed, FIGO stage III or IV, high-
grade serous, high-grade endometrioid ovarian, primary peritoneal
and/or fallopian tube cancer, or other epithelial non-mucinous ovarian
cancer with a germline BRCAm. Patients were eligible irrespective of
surgical outcome and had no evidence of disease or clinical complete
or partial response after first-line treatment with platinum-taxane che-
motherapy plus bevacizumab. A tumor sample had to be available for
central BRCA testing and to determine HRD status (supplementary
material). Full eligibility criteria are provided in the supplementary
material.

In this analysis, higher-risk patients were defined as thosewith FIGO
stage III disease who had undergone upfront surgery and had residual
disease or who had received neoadjuvant chemotherapy, or FIGO
stage IV patients; this definition of higher risk was based on the disease
stage and surgical status entry criteria used in the PRIMA/ENGOT-ov26
trial [14]. Lower-risk patients were those with FIGO stage III disease
who had undergone upfront surgery and had complete resection.
2.2. Trial design and treatments

PAOLA-1/ENGOT-ov25 is a randomized, double-blind, multicenter,
placebo-controlled phase III trial conducted in 11 countries. Randomiza-
tionwas performed centrally using a block designwith stratification ac-
cording to the outcome of first-line treatment at screening and tumor
BRCAm status (supplementary material).

Patients were randomized, at least 3 weeks and no more than
9 weeks after the last dose of chemotherapy, in a 2:1 ratio to receive
olaparib tablets 300 mg twice daily or placebo twice daily. Study treat-
ment continued for up to 24 months or until investigator-assessed ob-
jective radiologic disease progression (modified Response Evaluation
Criteria in Solid Tumors [RECIST] version 1.1) or unacceptable toxicity,
whichever occurred first, as long as the patient experienced benefit
and did not meet other discontinuation criteria. Following discontinua-
tion of the study intervention, patients could receive other treatments at
the investigators' discretion; crossover between the treatment arms
was not planned.

All patients received intravenous bevacizumab 15 mg/kg every
3weeks for a total duration of 15months (includingwhen administered
in combination with chemotherapy).

http://creativecommons.org/licenses/by/4.0/
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2.3. Endpoints and assessments

The primary efficacy endpoint in PAOLA-1 (investigator-assessed
PFS by modified RECIST version 1.1) has been reported previously
[12]. Tumor assessment scans (computed tomography or magnetic res-
onance imaging) were performed at baseline and then every 24 weeks
(or at 12-week planned visits if there was evidence of disease progres-
sion) up to month 42 or until the date of data cutoff.

This post hoc exploratory analysis evaluated investigator-assessed
PFS in subgroups of patients considered higher risk and lower risk and
according to biomarker profile. HRD positive was defined as a tumor
BRCAmutation and/or a genomic instability score (GIS) of 42 or higher
on the myChoice® HRD Plus assay (Myriad Genetic Laboratories, Inc.,
Salt Lake City, UT, USA), HRD negative was defined as a GIS of less
than 42 and HRD unknown was defined as an inconclusive, missing or
failed test.

Safety and tolerability were evaluated as a secondary objective.

2.4. Trial oversight

This trial was performed in accordance with the Declaration of Hel-
sinki and Good Clinical Practice Guidelines, under the auspices of an in-
dependent data monitoring committee. The trial was designed by the
European Network for Gynaecological Oncological Trial groups
(ENGOT) lead group Groupe d'Investigateurs Nationaux pour l'Etude
des Cancers Ovariens (GINECO) and sponsored by Association de
Recherche Cancers Gynecologiques (ARCAGY) Research, according to
the ENGOT model A [15,16].

2.5. Statistical analysis

As previously reported [12], PAOLA-1 was powered to detect differ-
ences in investigator-assessed PFS (modified RECIST version 1.1) in the
overall population.

All efficacy data were summarized and analyzed in the intent-to-
treat (ITT) population (i.e. all randomized patients; full analysis set). Ef-
ficacy analyses used the electronic case report form data set, apart from
the HRD analysis, for which Myriad data were used to determine HRD
status.

Safety data were summarized in the safety analysis set (i.e. all ran-
domized patients who received at least one dose of study treatment).

PFS was estimated using the Kaplan–Meier method. In the full anal-
ysis set, the stratified log-rank test assessed the difference between the
treatment groups and the PFS HR and 95% CI were calculated using a
stratified Cox proportional hazards model. For lower- and higher-risk
patient subgroups, the HR and 95% CI were calculated from a single
Cox proportional hazards model performed on the overall population,
including a term for treatment, the subgroup covariate and the treat-
ment by subgroup interaction term. The treatment effect HR was ob-
tained for each level of the subgroup from this model. The Cox model
was fitted with the Efron method to handle ties. For the BRCA-
mutated and HRD subgroups, the same method mentioned above was
applied on both the subpopulations of lower-risk and higher-risk
patients.

Adverse events (AEs) were summarized descriptively.

3. Results

3.1. Patients

Themedian time from thefirst cycle of chemotherapy to randomiza-
tion was 6 months (range 4–12). 806 patients underwent randomiza-
tion (Supplementary Fig. S1). Of 595 patients in the higher-risk
subgroup (74% of randomized patients), 398 of 399 patients in the
olaparib plus bevacizumab arm and 194 of 196 patients in the placebo
plus bevacizumab arm received study treatment. Of 211 patients in
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the lower-risk subgroup (26% of randomized patients), 137 of 138 pa-
tients in the olaparib plus bevacizumab arm and all 73 patients in the
placebo plus bevacizumab arm received study treatment.

Patient baseline characteristics in the higher-risk and lower-risk
subgroups, including BRCAm and HRD status, are shown in Table 1.
Baseline characteristics were balanced between treatment arms in
both subgroups. Numerically more patients in the lower-risk subgroup
than in the higher risk subgroup had a tumor BRCAm (35% vs 28%) or
were HRD-positive (57% vs 45%), although within each subgroup this
remained balanced between the treatment arms.

3.2. Efficacy

Overall, the median (interquartile range [IQR]) follow-up for PFS
was 22.9 (18.1–27.7) months (supplementary material). At primary
analysis data cutoff (March 22, 2019), PFS events had occurred in 393
of 595 higher-risk patients (data maturity, 66%) and in 81 of 211
lower-risk patients (data maturity, 38%).

In the higher-risk subgroup, the HR for PFS for olaparib plus bevaciz-
umab versus placebo plus bevacizumab was 0.60 (95% CI 0.49–0.74);
median PFS was 20.3 versus 14.7 months, respectively, and 37% versus
21% of patients, respectively, were free from disease progression and
death at 24 months (Kaplan–Meier estimates) (Fig. 1A and Table 2). In
the lower-risk subgroup, the HR for PFS for olaparib plus bevacizumab
versus placebo plus bevacizumab was 0.46 (95% CI 0.30–0.72); median
PFS was unstable in the olaparib plus bevacizumab group due to lack of
events and 73% of olaparib plus bevacizumab patients versus 46% of pla-
cebo plus bevacizumab patients were free from disease progression and
death at 24 months (Kaplan–Meier estimates) (Fig. 1B and Table 2).

In higher-risk patients with a tumor BRCAm or who were HRD-
positive, median PFS was unstable in the olaparib plus bevacizumab
group due to lack of events. In patients with a tumor BRCAm, the HR
for PFS for olaparib plus bevacizumab versus placebo plus bevacizumab
was 0.37 (95% CI 0.23–0.59) and 68% versus 37% of patients, respec-
tively, were free from disease progression and death at 24 months
(Kaplan–Meier estimates) (Table 2 and Fig. 1C). In HRD-positive pa-
tients, the HR for PFS for olaparib plus bevacizumab versus placebo
plus bevacizumab was 0.39 (95% CI 0.28–0.54) and 56% versus 23% of
patients, respectively, were free from disease progression and death at
24 months (Kaplan–Meier estimates) (Table 2 and Fig. 1E). In higher-
risk HRD-negative patients, the HR for PFS for olaparib plus bevacizu-
mab versus placebo plus bevacizumabwas 0.93 (95%CI 0.68–1.30);me-
dian PFS was 15.6 versus 13.8 months, respectively, and 36% of patients
in both treatment armswere free from disease progression and death at
24 months (Kaplan–Meier estimates) (Table 2 and Supplementary
Fig. S2D).

Median PFS was not reached in lower-risk patients in the olaparib
plus bevacizumab group who had a tumor BRCAm or were HRD-
positive. In patients with a tumor BRCAm, the HR for PFS for olaparib
plus bevacizumab versus placebo plus bevacizumab was 0.11 (95% CI
0.03–0.31), with 96% versus 44% of patients, respectively, free from dis-
ease progression and death at 24 months (Kaplan–Meier estimates)
(Table 2 and Fig. 1D). In HRD-positive patients, the HR for PFS for
olaparib plus bevacizumab versus placebo plus bevacizumab was 0.15
(95% CI 0.07–0.30), with 90% versus 43% of patients, respectively, free
from disease progression and death at 24 months (Kaplan–Meier esti-
mates) (Table 2 and Fig. 1F). No PFS benefit was seen in lower-risk
HRD-negative patients receiving olaparib plus bevacizumab versus bev-
acizumab alone (Table 2 and Supplementary Fig. S3D).

PFS in other biomarker subgroups is shown in Table 2 (see also Sup-
plementary Figs. S2, S3 and S4).

3.3. Safety

In higher-risk patients, the median (range) duration of treatment
was 16.6 (0–33.0) months for olaparib and 13.4 (0.1–24.9) months for



Table 1
Characteristics of the patients at baselinea.

Overall population Higher-risk subgroupb Lower-risk subgroupc

Olaparib +
bevacizumab
(N = 537)

Placebo +
bevacizumab
(N = 269)

Olaparib +
bevacizumab
(N = 399)

Placebo +
bevacizumab
(N = 196)

Olaparib +
bevacizumab
(N = 138)

Placebo +
bevacizumab
(N = 73)

Median (range) age, years 61.0
(32.0–87.0)

60.0
(26.0–85.0)

62.0
(32.0–87.0)

61.0
(26.0–85.0)

59.0
(38.0–78.0)

56.0
(35.0–77.0)

ECOG performance status, n (%)
0 378 (70) 189 (70) 275 (69) 134 (68) 103 (75) 55 (75)
1 153 (28) 76 (28) 119 (30) 59 (30) 34 (25) 17 (23)
Missing 6 (1) 4 (1) 5 (1) 3 (2) 1 (1) 1 (1)

Primary tumor location, n (%)
Ovary 456 (85) 238 (88) 337 (84) 171 (87) 119 (86) 67 (92)
Fallopian tubes 39 (7) 11 (4) 25 (6) 7 (4) 14 (10) 4 (5)
Primary peritoneal 42 (8) 20 (7) 37 (9) 18 (9) 5 (4) 2 (3)

FIGO stage, n (%)
III 378 (70) 186 (69) 240 (60) 113 (58) 138 (100) 73 (100)
IV 159 (30) 83 (31) 159 (40) 83 (42) 0 (0) 0 (0)

Histology, n (%)
Serous 519 (97) 253 (94) 387 (97) 189 (96) 132 (96) 64 (88)
Endometrioid 12 (2) 8 (3) 8 (2) 4 (2) 4 (3) 4 (5)
Otherd 6 (1) 8 (3) 4 (1) 3 (2) 2 (1) 5 (7)

History of cytoreductive surgery, n (%)
Upfront surgery 271 (50) 138 (51) 133 (33) 65 (33) 138 (100) 73 (100)
Macroscopic residual disease 111 (41) 53 (38) 111 (83) 53 (82) – –
Complete resection 160 (59) 85 (62) 22e (17) 12e (18) 138 (100) 73 (100)

Interval surgery 228 (42) 110 (41) 228 (57) 110 (56) 0 0
Macroscopic residual disease 65 (29) 35 (32) 65 (29) 35 (32) – –
Complete resection 163 (71) 75 (68) 163 (71) 75 (68) – –

No surgery 38 (7) 21 (8) 38 (10) 21 (11) 0 0

Response after first-line therapy, n (%)
NEDf 290 (54) 141 (52) 153 (38) 70 (36) 137 (99) 71 (97)
Clinical CRg 106 (20) 53 (20) 106 (27) 53 (27) – –
Clinical PRh 141 (26) 75 (28) 140 (35) 73 (37) 1 (1)i 2 (3)i

Normal serum CA-125 level
Yes 463 (86) 234 (87) 333 (83) 165 (84) 130 (94) 69 (95)
No 74 (14) 34 (13) 66 (17) 30 (15) 8 (6) 4 (5)
Missing 0 1 (<1) 0 1 (1) 0 0

Deleterious tumor BRCA mutation, n (%)j

Yes 157 (29) 80 (30) 109 (27) 55 (28) 48 (35) 25 (34)
No 380 (71) 189 (70) 290 (73) 141 (72) 90 (65) 48 (66)

Myriad tumor HRD status,k n (%)
HRD positive 255 (47) 132 (49) 177 (44) 89 (45) 78 (57) 43 (59)
HRD negative/unknown 282 (53) 137 (51) 222 (56) 107 (55) 60 (43) 30 (41)
HRD negative 192 (36) 85 (32) 144 (36) 62 (32) 48 (35) 23 (32)
Unknown 90 (17) 52 (19) 78 (20) 45 (23) 12 (9) 7 (10)

CA-125, cancer antigen 125; CR, complete response; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; HRD, homologous
recombination deficiency; ITT, intent-to-treat; NED, no evidence of disease; PR, partial response.

a Percentages may not total 100 because of rounding.
b Patients with FIGO stage III disease who had undergone upfront surgery and had residual disease or who had received neoadjuvant chemotherapy, or FIGO stage IV patients.
c Patients with FIGO stage III disease who had undergone upfront surgery and had complete resection.
d In the overall ITT population, other defined as clear-cell (n= 2, olaparib plus bevacizumab), undifferentiated (n= 1, olaparib plus bevacizumab; n= 6, placebo plus bevacizumab)

or other (n=3, olaparib plus bevacizumab;n=2, placebo plus bevacizumab). In the higher-risk subgroup, other defined as clear-cell (n=2, olaparib plus bevacizumab), undifferentiated
(n= 1, olaparib plus bevacizumab; n= 2, placebo plus bevacizumab) or other (n= 1, olaparib plus bevacizumab; n= 1, placebo plus bevacizumab). In the lower-risk subgroup, other
defined as undifferentiated (n = 4, placebo plus bevacizumab) or other (n = 2, olaparib plus bevacizumab; n = 1, placebo plus bevacizumab).

e Patients with FIGO stage IV disease.
f No evidence of disease defined as nomeasurable or assessabledisease after cytoreductive surgery plus no radiologic evidence of disease and a normal CA-125 level after chemotherapy.
g Clinical CR defined as the disappearance of all measurable or assessable disease and normalization of CA-125 levels after chemotherapy.
h Clinical PR defined as radiologic evidence of disease, an abnormal CA-125 level or both.
i No residual disease was reported at the time of surgery; however, computed tomography images compatible with residual disease were reported at postsurgical radiographic

evaluation.
j As per the electronic case report form.
k HRD positive defined as a tumor BRCA mutation and/or a genomic instability score of 42 or higher on the myChoice® HRD Plus assay. HRD negative was defined as a genomic

instability score of less than 42. “Unknown”was defined as an inconclusive, missing or failed test.
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Fig. 1. Kaplan–Meier estimate of progression-free survival in the (A) higher-risk and (B) lower-risk subgroups, and (C) higher-risk patients with a tumor BRCA mutation, (D) lower-risk
patients with a tumor BRCA mutation, (E) higher-risk HRD-positive patients and (F) lower-risk HRD-positive patients.
CI, confidence interval; HR, hazard ratio; HRD, homologous recombination deficiency; NR, not reached; PFS, progression-free survival.
aKaplan-Meier estimates.
bUnstable median due to lack of events.
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Fig. 1 (continued).
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Fig. 1 (continued).
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placebo, with a median (range) duration of treatment with bevacizu-
mab since randomization of 11.0 (0.7–19.0) months in the olaparib
group and 10.6 (0.7–17.1) months in the placebo group.
260
In lower-risk patients, the median (range) duration of treatment
was 22.6 (0.1–25.5) months for olaparib and 19.8 (0.1–26.2) months
for placebo, with a median (range) duration of treatment with



Table 2
Progression-free survival in higher-risk and lower-risk patients according to tumor biomarker status.

Higher risk Lower risk

Olaparib plus bevacizumab Placebo plus bevacizumab Olaparib plus bevacizumab Placebo plus bevacizumab

ITT population n = 399 n = 196 n = 138 n = 73
Median PFS, months 20.3 14.7 39.3a 22.9
HR (95% CI) 0.60 (0.49–0.74) 0.46 (0.30–0.72)
Tumor BRCA mutation n = 109 n = 55 n = 48 n = 25
Median PFS, months 36.0a 19.4 NR 22.2
HR (95% CI) 0.37 (0.23–0.59) 0.11 (0.03–0.31)
No tumor BRCA mutation n = 290 n = 141 n = 90 n = 48
Median PFS, months 16.7 13.8 29.2 22.9
HR (95% CI) 0.68 (0.54–0.85) 0.69 (0.42–1.14)
HRD positive n = 177 n = 89 n = 78 n = 43
Median PFS, months 36.0a 16.0 NR 22.1
HR (95% CI) 0.39 (0.28–0.54) 0.15 (0.07–0.30)
HRD positive excluding a BRCA mutationb n = 64 n = 37 n = 33 n = 18
Median PFS, months 20.3 15.4 39.3a 23.4
HR (95% CI) 0.51 (0.31–0.83) 0.19 (0.06–0.55)
HRD negative/unknown n = 222 n = 107 n = 60 n = 30
Median PFS, months 16.6 13.9 23.8 22.9
HR (95% CI) 0.83 (0.64–1.08) 1.18 (0.65–2.25)
HRD negative n = 144 n = 62 n = 48 n = 23
Median PFS, months 15.6 13.8 23.3 22.9
HR (95% CI) 0.93 (0.68–1.30) 1.03 (0.54–2.06)
HRD unknown n = 78 n = 45 n = 12 n = 7
Median PFS, months 19.8 14.3 NR NR
HR (95% CI) 0.63 (0.41–1.00) –c

CI, confidence interval; HR, hazard ratio; HRD, homologous recombination deficiency; ITT, intent-to-treat; NR, not reached; PFS, progression-free survival.
a Unstable median due to lack of events.
b Patients without a BRCA mutation but with a genomic instability score of 42 or higher on the myChoice® HRD Plus assay.
c HR not reported because of the small number of patients in this subgroup.
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bevacizumab since randomization of 11.0 (1.4–21.4) months in the
olaparib group and 10.6 (0.7–16.1) months in the placebo group.

The tolerability profile of olaparib plus bevacizumab versus placebo
plus bevacizumab was generally consistent across the higher-risk and
lower-risk subgroups as well as being consistent with that reported in
the overall PAOLA-1 population [12]. Themost commonAEs (all grades)
and most common grade ≥3 AEs are reported in Supplementary
Table S1.

Serious AEs occurred in 32% of olaparib plus bevacizumab patients
and 31% of placebo plus bevacizumab patients in the higher-risk
group, and in 30% versus 32%, respectively, in the lower-risk group.
AEs with a fatal outcome occurred in 1 (0.3%) patient receiving olaparib
plus bevacizumab and 2 (1%) patients receiving placebo plus bevacizu-
mab in the higher-risk group, and in 0 versus 2 (3%) patients, respec-
tively, in the lower-risk group.

The incidences of dose interruption and dose reduction because of
AEs are shown in Supplementary Table S1. Discontinuation of olaparib
or placebo because of AEs occurred in 19% of olaparib plus bevacizumab
patients and 6% of placebo plus bevacizumab patients in the higher-risk
group, and in 25% versus 5% of patients, respectively, in the lower-risk
group (Supplementary Table S1).

4. Discussion

Even in advanced ovarian cancer, a disease settingwhere all patients
are at high risk of progression, the goal of first-line treatment remains
cure. The phase III PAOLA-1/ENGOT-ov25 trial included patients irre-
spective of risk status and maintenance olaparib plus bevacizumab im-
proved PFS over placebo plus bevacizumab in both higher-risk and
lower-risk patients. Consistent with the overall PAOLA-1 population
[12], maintenance olaparib plus bevacizumab provided the greatest
PFS benefit over placebo plus bevacizumab in higher-risk and lower-
risk patients who had a tumor BRCAm or were HRD positive, highlight-
ing the importance of HRD testing to identify patients most likely to
benefit from and eligible to receive olaparib plus bevacizumab as main-
tenance therapy. It is important to note that lower-risk patients in the
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placebo plus bevacizumab arm of PAOLA-1were still at high risk of pro-
gression,with over 50% experiencing progression or death at 24months
despite receiving standard treatment. This emphasizes the need to pro-
vide optimal treatment to all patients with newly diagnosed, advanced
ovarian cancer regardless of disease stage or surgical status.

Another key element for improved prognosis remains surgical out-
come [2]. Surgical outcome could be improved by surgical training/spe-
cialization [17–19] andmay dependnot only on training, but also on the
preferences of clinicians and surgical centers [20].

The separation of the Kaplan–Meier curves occurred later in the
lower-risk subgroup (at around 11months) than in the higher-risk sub-
group (at around 3 months) which could be explained by the underly-
ing risk profile. After niraparib demonstrated a substantial effect on
PFS in the phase III PRIMA/ENGOT-ov26 trial [14], which included only
patients defined in our trial as higher risk, we expected to see the
main difference in the corresponding cohort in PAOLA-1. Although the
effect was consistent in both groups, we saw a greater PFS benefit
with olaparib plus bevacizumab versus placebo plus bevacizumab in
the lower-risk population than in the higher-risk population. It is un-
clear why the largest effect was seen in lower-risk patients. Hypotheses
related to the underlying pathophysiology include: removal of poorly
vascularized tumor with elimination of pharmacological sanctuaries;
higher growth fraction in better perfused, small residual tumor masses,
favoring increased cell kill with cytotoxic therapy; less opportunity for
induced drug resistance with small tumor masses requiring fewer che-
motherapy cycles; and enhanced host immunocompetence following
removal of large tumor bulk [21]. A similar phenomenon was reported
in patients with complete resection in the AGO-OVAR 12 trial [22] and
following interval surgery in the VELIA trial [23].

Bevacizumabmay not be offered to all lower-risk patients in routine
clinical practice, despite data showing benefit in this subgroup of
patients [24], and a randomized trialwould be needed to definitively es-
tablish if maintenance therapy with a PARP inhibitor plus bevacizumab
is more effective thanmaintenance therapy with a PARP inhibitor alone
in these patients. The ongoing NIRVANA/ENGOT-ov63 trial [25] has the
potential to confirm the benefit of bevacizumab in this group of patients
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with no residual disease following upfront surgery. In our exploratory
analysis in lower-risk PAOLA-1 patients, median PFS in the control
arm was similar (approximately 22–23 months) across all biomarker
subgroups, including those with a BRCAm, indicating that biomarker
status did not significantly impact the PFS benefit provided by bevaciz-
umab alone, as suggested by the results of retrospective subgroup anal-
ysis in the phase III GOG-0218 trial [26]. The substantial PFS benefit
provided by olaparib plus bevacizumab in lower-risk patients with a
tumor BRCAm or who were HRD positive, with 2-year PFS rates of
≥90%, raises the hope of long-term benefit or even cure in the newly di-
agnosed setting. Longer-term follow-up and final OS data are needed to
establish the long-term benefit provided by olaparib plus bevacizumab
in these PAOLA-1 patients.

As PAOLA-1 did not include a non-bevacizumab arm, the role of bev-
acizumab can currently only be explored indirectly by considering the
results of other key trials [3,14] (Table S2). For patients with residual
disease, the phase III PRIMA/ENGOT-ov26 trial of niraparibmaintenance
monotherapy enrolling higher-risk patients with newly diagnosed, ad-
vanced ovarian cancer who had an excellent response to platinum-
based chemotherapy resulting in normalization or a 90% reduction in
serum CA-125 levels during first-line therapy provided data [14]. Com-
parisons between results in the higher-risk subgroup fromPAOLA-1 and
the PRIMA trial [14] should be made with caution given differences be-
tween the trials in study design (e.g. PAOLA-1 had an active comparator
armwhereas PRIMA had a placebo comparator arm) and baseline char-
acteristics. However, only randomized trials dedicated to evaluating the
role of PARP inhibitors with or without bevacizumab can provide defin-
itive answers. One such trial is due to start shortly (AGO-OVAR 28/
ENGOT-ov57; NCT05009082).

Whereas maintenance niraparib provided a PFS benefit compared
with placebo in HRD-negative patients in PRIMA [14], our data indicate
that the addition of a PARP inhibitor to bevacizumab did not provide a
benefit in lower- or higher-risk HRD-negative patients. It is worth not-
ing that the PRIMApopulation ismore likely to be enriched for platinum
response, a known biomarker of PARP inhibitor sensitivity, than the
PAOLA-1 population. Data reporting OS and the impact of subsequent
therapy are awaited with interest in HRD-negative patients, a group
with high unmet need who require innovative therapies.

The tolerability profile of maintenance olaparib plus bevacizumab
was as expected in the higher-risk and lower-risk populations and is
consistent with the tolerability profile in the overall PAOLA-1 popula-
tion [12]. Slightly more olaparib discontinuations were seen in lower-
risk than in higher-risk patients in the olaparib plus bevacizumab arm,
possibly reflecting the longer duration of treatment in lower-risk pa-
tients (median 22.6 vs 16.6 months in higher-risk patients).

Limitations of this analysis include its post hoc exploratory nature
and the small number of patients in some of the biomarker subgroups.

Given the benefits shownwith combination therapy in PAOLA-1, re-
sults of phase III trials evaluating the efficacy of triplet therapy including
PARP inhibitors, antiangiogenic agents and immune checkpoint inhibi-
tors in women with newly diagnosed advanced ovarian cancer are
awaited with interest (DUO-O [27]; ENGOT-ov43/KEYLYNK-001 [28];
FIRST/ENGOT-ov44 [29]). The phase III IMaGYN050 trial evaluating
the addition of the programmed cell death ligand 1 (PD-L1) inhibitor
atezolizumab to platinum-based chemotherapy with bevacizumab
did not meet its co-primary endpoint of PFS, although the timing of
surgery and residual disease status appeared to impact treatment
outcomes [30].

5. Conclusions

Results of this post hoc exploratory analysis indicate that combina-
tion therapy with maintenance olaparib plus bevacizumab should be
considered for all HRD-positive patients with newly diagnosed,
262
advanced ovarian cancer, regardless of whether they are considered at
higher or lower risk of disease progression. Future trials in newly diag-
nosed advanced ovarian cancer should include all patients, irrespective
of their risk factors.
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