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Abstract Background: The phase III PAOLA-1/ENGOT-ov25 study (NCT02477644)

showed that addition of olaparib to bevacizumab maintenance improved progression-free sur-

vival (PFS) in patients with newly diagnosed advanced ovarian cancer. We evaluated mainte-

nance olaparib plus bevacizumab in older patients in PAOLA-1.

Methods: Baseline clinical and molecular data, and PFS, were compared between older (aged

�65 years) and younger patients (<65 years). Factors associated with olaparib efficacy, and

safety in age subgroups, were also assessed.

Results: Of 806 randomised patients, 292 (36.2%) were �65 years. A lower proportion of older

versus younger patients had an Eastern Cooperative Oncology Group performance status of

0 (61.0% versus 76.2%) and upfront surgery (42.0% versus 55.7%). Older patients were less

likely to have a BRCA1/2 mutation (17.1% versus 36.7%) or homologous recombination defi-

ciency-positive status (34.1% versus 55.7%). After median follow-up of 22.1 months, median

PFS was 21.6 months with olaparib versus 16.6 months with placebo in the older population

(hazard ratio [HR] 0.55, 95% confidence interval [CI] 0.41e0.75), comparable with the

younger population (median 22.9 versus 16.9 months; HR 0.61, 95% CI 0.49e0.77). PFS ben-

efits were observed in patients with a BRCA mutation or homologous recombination defi-

ciency-positive tumours. Incidence of olaparib-related grade �3 adverse events in older

patients was comparable with that of younger patients (36.8% versus 31.7%) although hyper-

tension and anaemia were more common in older patients. No treatment-related deaths

occurred in older patients receiving olaparib.

Conclusion: Older patients enrolled in PAOLA-1 achieved similar PFS benefits compared with

younger patients, with a similar safety profile.

ª 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction ovarian cancer who had a response after first-line plati-
Ovarian cancer is the leading cause of mortality among

patients with gynaecological malignancies in Western

countries [1]. Incidence increases with age, peaking be-

tween 75 and 79 years, with mortality peaking between

80 and 84 years [2,3]. Nevertheless, older patients are
often under-represented or excluded from large pro-

spective clinical trials [4e6].

Epidemiological studies have highlighted increased

age as a negative prognostic factor for survival. This is

attributed not only to high-grade and advanced-stage

disease but also to the suboptimal implementation of

surgical and systemic treatments [7e12].

Recent clinical trials have uncovered treatment options
that couldbeadded to the standardcarboplatinepaclitaxel

regimen. Among these new drugs, bevacizumab and poly

(ADP-ribose) polymerase (PARP) inhibitors have been

approved for ovarian cancer in the first-line setting. Ola-

parib was the first PARP inhibitor to receiveUSFood and

Drug Administration and European Medicines Agency

approval in advanced ovarian cancer for patients with

BRCA1/2 mutations (BRCAm) treated in the upfront
maintenance setting [13]. Olaparib is also approved in

combination with bevacizumab in patients with homolo-

gous recombination deficiency (HRD)-positive tumours

based on the results of the PAOLA-1 study [14]. This

pivotal phase III trial showed a significant progression-free

survival (PFS) improvement in favour of olaparib plus

bevacizumab maintenance versus placebo plus bev-

acizumab for patients with HRD-positive advanced
numetaxaneebevacizumab triplet. Olaparib can also be

used in the same setting as maintenance monotherapy in

BRCAm tumours [13,15].

Olaparib specificities such as its oral formulation and

low rates of high-grade adverse events (AEs) [13] offer

an attractive approach for the treatment of ovarian

cancer in older patients. Some retrospective studies yield

reassuring results, but they are limited due to under-
representation of older women in clinical trials

[13,16e18].

Here, we present the first analysis of older women

receiving the bevacizumabeolaparib combination as

first-line treatment for advanced ovarian cancer in a

randomised prospective trial. We aimed to describe ef-

ficacy of the combination in this population as well as

the toxicities related to treatment in these patients.

2. Patients and methods

2.1. Study design and selection criteria

The PAOLA-1/ENGOT-ov25 study (NCT02477644)

was a phase III, randomised, double-blind, placebo-

controlled, international trial. Patients with newly

diagnosed advanced, high-grade ovarian cancer in
response after first-line platinumetaxaneebevacizumab

triplet were randomised from July 2015 until September

2017. Patients were randomised 2:1 to receive olaparib

300 mg or placebo twice daily for up to 24 months; all

patients received bevacizumab for up to 15 months in

http://creativecommons.org/licenses/by-nc-nd/4.0/
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total. The primary endpoint was investigator-assessed

PFS. All eligibility criteria and study procedures have

already been described [14]. PAOLA-1 was performed in

accordance with the provisions of the Declaration of

Helsinki and Good Clinical Practice Guidelines under

the control of an independent data monitoring com-

mittee. All patients provided written informed consent.

2.2. Objectives of the current study

The primary objective of this prespecified subgroup

study was to explore the survival outcomes (PFS) of

older patients (aged �65 years) receiving olaparib and to

compare olaparib benefit in this population with that of

younger patients. We also explored clinical or molecular

features associated with PFS in both subgroups. Finally,

we explored the safety profile of the bevacizumab/ola-
parib doublet according to age.

2.3. Statistical analysis

The level of statistical significance was set at a Z 0.05.

All tests were two-sided. Statistical analyses were per-

formed with the SAS� 9.4 software. Categorical vari-

ables were described using counts and frequencies

(computed on the basis of available data for the
considered criterion), and quantitative variables were

described using medians and ranges. Patients’ charac-

teristics and safety data were compared between

younger and older patients using chi-squared or Fisher’s

exact test for qualitative variables.

PFS was defined from the date of randomisation to

the date of investigator-assessed disease progression

(modified Response Evaluation Criteria in Solid Tu-
mours [RECIST] version 1.1) or death. The

KaplaneMeier method was used to estimate PFS. The

treatment-effect hazard ratios (HRs) and associated

95% confidence intervals (CIs) were calculated using

Cox proportional-hazards models.

Independent prognostic factors for PFS in patients

receiving olaparib were explored using multivariate Cox

proportional-hazards models. Potential main prognostic
features considered were age, Eastern Cooperative

Oncology Group performance status (ECOG PS), In-

ternational Federation of Gynecology and Obstetrics

(FIGO) stage, BRCAm and HRD status, and complete

cytoreductive surgery achievement.

3. Results

3.1. Baseline characteristics

Out of the 806 randomised patients, 292 (36.2%) were

aged �65 years. In total, 205/292 (70.2%) received ola-

parib compared with 332 (64.6%) younger patients

(Fig. S1).
Median age in the olaparib arm was 70 years in the

older group (range 65e87) and 56 years (32e64) in the

younger group (Table 1). A lower proportion of older

patients had an ECOG PS of 0 (61.0% versus 76.2%).

Older patients were less likely to have a BRCAm (17.1%

versus 36.7%) or HRD-positive status (34.1% versus

55.7%). Concerning surgery, fewer older patients un-

derwent upfront surgery (42.0% versus 55.7%). Com-
plete cytoreduction with no evidence of disease

following upfront surgery or interval surgery was ach-

ieved in 53.7% of older patients versus 62.0% of younger

patients (Table 1). There was less complete cytor-

eduction at primary debulking surgery in the older

population (22.4% versus 33.7%) but similar rates dur-

ing interval debulking surgery (31.2% versus 28.3%).

These data were similar in patients randomised to the
placebo arm (Table S1). Within the older subset, clin-

ical, molecular, and surgical features were well balanced

across treatment arms (Table S2). Specifically, there was

no difference in FIGO stage, HRD status, and rates of

patients without complete cytoreduction after debulking

surgery.

3.2. Olaparib efficacy is similar in older and younger

patients

In the intention-to-treat population, median follow-up

was 22.1 months in older patients (22.1 months in the

olaparib arm) and 24.0 months in younger patients (24.0

months in those who received olaparib). In the older
subgroup, median PFS was 21.6 months with olaparib

and 16.6 months with placebo (HR 0.55, 95% CI

0.41e0.75) (Fig. 1A). This benefit was similar to that

observed in the younger population:median of 22.9 versus

16.9 months (HR 0.61, 95% CI 0.49e0.77) (Fig. 1B).

In older patients, analysis of treatment efficacy ac-

cording to molecular characteristics at inclusion showed

that PFS was greater with olaparib in patients with
BRCAm and/or HRD-positive tumours (Fig. 2). HR for

progression was also 0.22 in tumour BRCAm and 0.23

in HRD-positive/BRCA wild-type patients. As in the

younger cohort, PFS in HRD-negative and HRD un-

known patients was not improved in the olaparib arm.

3.3. Impact of surgery on olaparib benefit

We then explored the impact of surgical status on ola-

parib efficacy in the older patients population. Ninety-

two (44.9%) older patients in the olaparib arm could not

undergo surgery or underwent surgery with gross re-

sidual disease. This rate was similar (49.4%) in the pla-

cebo arm. Olaparib benefit tended to be higher in
patients with complete cytoreduction (HR for PFS 0.43,

95% CI 0.27e0.69) than in patients with macroscopic

residual disease after surgery or with no surgery (HR

0.67, 95% CI 0.45e1.01) (Fig. 3).



Table 1
Demographics of patients included in the olaparib arm according to age.

Clinical and pathological

features at inclusion

�65 years (n Z 205) <65 years (n Z 332) P value

Median age at baseline,

years (minimumemaximum)

70 (65e87) 56 (32e64)

ECOG performance status 0 125 (61.0) 253 (76.2) 0.0005

1 76 (37.1) 77 (23.2)

Missing 4 (2.0) 2 (0.6)

FIGO stage III 149 (72.7) 229 (69.0) 0.38

IV 56 (27.3) 103 (31.0)

BRCA deleterious mutation All 35 (17.1) 122 (36.7) <0.0001

BRCA1 15 (7.3) 96 (28.9)

BRCA2 20 (9.8) 25 (7.5)

BRCA1 and BRCA2 0 (0.0) 1 (0.3)

HRD status Positive 70 (34.1) 185 (55.7) <0.0001

Negative 101 (49.3) 91 (27.4)

Unknown 34 (16.6) 56 (16.9)

Upfront surgery 86 (42.0) 185 (55.7) 0.0025

Residual macroscopic disease 39 (45.3) 72 (38.9) 0.35

No residual macroscopic disease 47 (54.7) 113 (61.1)

First-line treatment outcomes NED with complete cytoreduction at primary DS 46 (22.4) 112 (33.7) 0.063

NED/CR with complete cytoreduction at interval DS 64 (31.2) 94 (28.3)

NED/CR with incomplete resection or no DS 29 (14.1) 50 (15.1)

PR 62 (30.2) 72 (21.7)

Missing 4 (2.0) 4 (1.2)

Data are n (% of cases with data available) unless otherwise specified.

Abbreviations: CR, complete response; DS, debulking surgery; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of

Gynecology and Obstetrics; HRD, homologous recombination deficiency; NED, no evidence of disease; PR, partial response.
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Cox univariate analysis for PFS including ECOG PS,

FIGO stage, HRD status, and surgery results identified

HRD status and surgery results as being significantly

associated with PFS in the older population. The same

variables plus FIGO stage were associated with PFS in
Fig. 1. KaplaneMeier curves for PFS in the intention-to-treat populatio

<65 years). Abbreviations: CI, confidence interval; HR, hazard ratio; P

method; HRs estimated using a multivariate Cox model.
younger patients. Multivariate analyses showed that

HRD status was the main independent factor associated

with PFS within the olaparib arm in both older (HR 0.23,

95% CI 0.14e0.39) and younger patients (HR 0.25, 95%

CI 0.18e0.36). Surgery results were also correlated with
n. (A) Older patients (aged �65 years). (B) Younger patients (aged

FS, progression-free survival. aEstimated using the KaplaneMeier



Fig. 2. PFS across treatment arms according to molecular features. (A) Older patients (aged �65 years). (B) Younger patients (aged <65

years). Abbreviations: BRCAm, BRCA mutated; CI, confidence interval; HR, hazard ratio; HRD, homologous recombination deficiency;

NE, not estimable; NR, not reported; PFS, progression-free survival.
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PFS in both age groups, and FIGO stage was an inde-

pendent prognostic feature only in younger patients
(Table 2).

3.4. Safety in the older population

We explored safety data according to age in the olaparib

arm of PAOLA-1. The safety population included 204

and 331 patients in the older and younger subgroups,
respectively. Median duration of treatment was 16.2

months (0.03e33.0) in older patients and 17.9 months
(range 0.03e32.1) in younger patients. Rates of treat-

ment interruptions and dose reductions due to

treatment-related AEs were similar in older and younger

patients (46.6% versus 41.4%, and 37.7% versus 37.8%,

respectively). The main AE leading to dose reduction in

the older population was anaemia (23.5%) (Table S3).

Forty-three older patients (21.1%) discontinued olaparib



Fig. 3. KaplaneMeier curves for PFS in the older population (aged �65 years). (A) Patients with complete cytoreduction following

primary or interval debulking surgery. (B) Patients with macroscopic residual disease after surgery or with no surgery. Abbreviations: CI,

confidence interval; HR, hazard ratio; NE, not estimable; NR, not reported; PFS, progression-free survival. Includes patients with both

upfront and interval surgery. aEstimated using the KaplaneMeier method.
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because of olaparib-related AEs, compared with 52

younger patients (15.7%). The main AEs leading to

treatment discontinuation were anaemia (4.9%), nausea

(3.4%), and fatigue/asthenia (1.5%).

The most common all-grade AEs with olaparib in the

older population were fatigue/asthenia (57.4%), hyper-

tension (52.0%), nausea (48.0%), and anaemia (47.1%)

(Fig. 4A). Grade �3 AEs were observed in 132 older
patients (64.7%) and 171 younger patients (51.7%) who

received olaparib (P Z 0.0031, chi-squared test). In

patients randomised to the placebo arm, these rates were

45.9% and 61.6%, respectively (Fig. S2). Rates of

olaparib-related grade �3 AEs were similar across age

subsets: 36.8% in older patients versus 31.7% in younger

patients (P Z 0.23). Grade �3 AEs that were more

common in the older group than in younger patients
were hypertension (26.5% versus 13.9%) and anaemia

(20.1% versus 15.7%) (Fig. 4B). During the study, in the

olaparib arm, we observed one treatment-related AE

with an outcome of death in the younger group and

none in older patients. One older patient and two
Table 2
Cox multivariate analyses for progression-free survival in older (aged �65

Age N Independent factor

�65 years 205 HRD status (positive versus

CC0 versus residual disease o

<65 years 332 FIGO stage (III versus IV)

HRD status (positive versus

CC0 versus residual disease o

Abbreviations: CC0, without macroscopic residual disease after surgery; C

and Obstetrics; HR, hazard ratio; HRD, homologous recombination defic
younger patients in the olaparib arm were diagnosed

with myelodysplastic syndrome.

To explore AEs specifically related to olaparib, we

analysed safety according to treatment arm in the older

population (Table S4). As expected, all-grade haema-

tological AEs and fatigue, as well as digestive disorders,

were more frequent with olaparib. Among grade �3

AEs, anaemia (20.1% versus 0.0%) and lymphopenia
(9.3% versus 1.2%) were more frequent in the olaparib

arm. Hypertension occurred more often in the placebo

arm (73.3% versus 52.0%; grade �3, 41.9% versus

26.5%; P Z 0.0097).

4. Discussion

This pre-planned retrospective analysis explored fea-
tures and outcomes of the older population included in

the practice-changing PAOLA-1 study. Despite more

stage IV residual disease after surgery or no surgery, and

fewer patients testing HRD positive at inclusion in the

older patients group, benefits from olaparib were similar
years) and younger patients (aged <65 years) who received olaparib.

HR (95% CI) P value

negative) 0.23 (0.14e0.39) <0.0001

r no surgery 0.36 (0.24e0.54) <0.0001

0.70 (0.51e0.97) 0.030

negative) 0.25 (0.18e0.36) <0.0001

r no surgery 0.62 (0.46e0.84) 0.0024

I, confidence interval; FIGO, International Federation of Gynecology

iency.



Fig. 4. Most frequent AEs in the olaparib arm by age. (A) All-grade AEs. (B) Grade �3 AEs. Abbreviation: AE, adverse event. aOverall

incidence of AEs of any grade (left-hand panel) and grade �3 (right-hand panel). bOccurred in <20% of patients in either age group, but

included to provide more complete information on the haematological safety profile.
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between age groups. Even though older patients expe-

rienced more grade �3 anaemia and hypertension, ola-

parib discontinuation and dose reduction rates were

similar to that of the younger population.

Demographics at baseline are consistent with pub-

lished data suggesting that older women may be under-

treated even without frailty criteria [19]. Only 42.0% of
older patients underwent upfront debulking surgery

compared with 55.7% of younger women. From a mo-

lecular point of view, BRCA1 mutations are associated

with younger age at ovarian cancer diagnosis [20].

Therefore, a lower proportion of those with BRCAm in

the older versus younger subgroup was expected (17.5%

versus 36.7%). Moreover, we observed that a lower

proportion in the older population had HRD (34.1%
versus 55.7%). Excluding BRCAm, HRD alterations,

such as BRCA1 promotor methylation, have been

correlated with younger age [21,22]. The lower incidence

of HRD in the older population may be suspected to

reduce benefits of PARP inhibitors in this population.

In the current analysis, benefits of olaparib in the

older population of PAOLA-1 were greatest in those

with HRD-positive tumours, independent of BRCAm
status. The HR for PFS was 0.22 (95% CI 0.07e0.62) in

patients with BRCAm and 0.23 (0.10e0.52) in HRD-

positive/BRCA wild-type cases. As in younger patients,

the only subgroup without PFS improvement was the

HRD-negative subset. In the first-line setting, whereas

olaparib plus bevacizumab failed to improve outcomes

in HRD-negative tumours compared with bevacizumab

alone [14], niraparib is associated with a better PFS in
these patients [23]. However, magnitude of PFS

improvement was weaker in this subset than in other
patients, and patients with a high platinum sensitivity

were selected in the PRIMA-ENGOT-ov26 study, while

this was not an inclusion criterion in the PAOLA-

ENGOT-ov25 trial. No data have yet been published

concerning treatment efficacy in older patients accord-

ing to HRD status in the PRIMA and NOVA trials

(niraparib) or in the ARIEL3 study (rucaparib) [24,25].
Another feature that may predict olaparib efficacy in

our population is achievement of macroscopic complete

cytoreductive surgery during first-line treatment. As the

rate of complete cytoreductive surgery was lower in

older patients, and as the PFS improvement associated

with olaparib plus bevacizumab combination may be

smaller in patients with residual disease after surgery

[26], exploration of the impact of surgical status in this
population was worthwhile. Although these results must

be interpreted with caution due to small sample size,

there was a trend, though non-significant, for a higher

benefit of olaparib in older patients without macro-

scopic residual disease after surgery (HR for PFS was

0.43 [95% CI 0.27e0.69]) versus patients with gross re-

sidual disease after surgery or no debulking surgery (HR

0.67 [95% CI 0.45e1.01]). These results are consistent
with recent data related to the whole HRD-positive

population [26]. Therefore, olaparib plus bevacizumab

combination is a standard of care in older patients with

HRD-positive tumours whether a complete macroscopic

resection is achieved or not.

Concerning safety, rates of grade �3 treatment-

related AEs were comparable between older and

younger patients. Also, the age groups had similar rates
of dose reduction, treatment interruption, and treatment

discontinuation. Moreover, no treatment-related death
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was observed in older patients who received olaparib.

This is consistent with what was observed with olaparib

and niraparib in the recurrent setting. Older and

younger patients with platinum-sensitive recurrent

ovarian cancer had similar safety profiles [27,28]. The

most frequent all-grade toxicities in the current analysis

were fatigue, nausea, anaemia, and lymphopenia; all

already described with olaparib [16]. The only high-
grade AEs more frequent in older patients than

younger patients were anaemia and hypertension.

Within the older population, grade �3 anaemia and

lymphopenia, both well-known AEs of PARP in-

hibitors, were more frequent with olaparib than placebo,

whereas the rate of hypertension was higher with pla-

cebo plus bevacizumab. This is the first observation of

reduced hypertension with a combination of vascular
endothelial growth factor receptors (VEGFR) and

PARP inhibitors. Although niraparib has been associ-

ated with hypertension, olaparib monotherapy has not

[13,24,27,29]. VEGFR inhibitors, such as bevacizumab

and cediranib, have been shown to increase risk of hy-

pertension development [30,31], with higher rates in

older patients [32,33]. Lower rates of hypertension in the

olaparib arm compared with placebo may be explained
by a protective effect of olaparib on endothelial vessels.

Recent data suggest that olaparib may modify expres-

sion of long non-coding RNA involved in the regulation

of transcription factors associated with angiogenesis-

related genes [34]. This information may be useful for

hypertension monitoring and management in the older

population in which incidence of a history of hyper-

tension is frequent.
Our work has some limitations as it is a subgroup

exploratory analysis. Sample size has not been defined

to explore olaparib efficacy and toxicity in this specific

population. However, this study was one of the

exploratory prespecified objectives of the PAOLA-1 trial

and is the first work exploring PARP inhibitors

administered in the first-line setting with bevacizumab

and with a focus on older patients. This will bring
important insights to the community and confirm that

olaparibebevacizumab maintenance is effective in older

patients, with a good safety profile. Another bias asso-

ciated with the study is related to the selection of older

patients included in the trial. This group had a good

performance status even after six cycles of

carboplatinepaclitaxel chemotherapy in combination

with bevacizumab, and most of them also underwent
debulking surgery. Therefore, this population is likely

not representative of real-world older patients. Real-

world prospective programmes and studies limited to

the older population without restriction on frailty

[8,35e37] are needed to support our data. The addition

of geriatric data such as the geriatric vulnerability score

adapted to the �70-year-old population could also be of

interest for the exploration of the efficacy and safety of
PARP inhibitors according to standardised geriatric

scales [7]. Another limitation to this work may be the

exploration of the impact of surgical status on survival

by combining primary and interval complete macro-

scopic resections. Primary debulking surgery remains a

standard of care when feasible [38]. However, prospec-

tive data suggest that the prognostic impact of complete

macroscopic resection is independent from the time of
resection with similar overall survival between primary

and interval surgeries [39,40]. To avoid multiple sub-

group analyses and to spare statistical power, we chose

to explore the impact of complete resection regardless of

the timing of surgery in the first-line setting.

Furthermore, our data suggest that despite unfav-

ourable prognostic andpredictive baseline features (lower

rates of complete macroscopic resection and HRD), PFS
benefit in older patients is similar to the younger popu-

lation, as was observed in the recurrent setting with ola-

parib or niraparib [27,28]. As no clear explanation to this

observation can be brought to light based on our data,

further research is needed to identify additional features

predictive of olaparib efficacy in older patients. Ongoing

translational research exploring tumour characteristics

may be of interest to answer this question.

5. Conclusion

Despite a lower rate of complete upfront surgery, older

patients enrolled in PAOLA-1 achieved a similar PFS

benefit compared with younger patients, with a com-

parable safety profile. Rates of grade �3 anaemia and

hypertension were increased in older patients and special

attention should be paid to these events. Our findings
support the efficacy of bevacizumabeolaparib mainte-

nance after first-line chemotherapy in patients aged �65

years. Additional data are warranted to confirm these

results in unselected older patients.
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