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FDA Approval Summary: Olaparib Monotherapy or in
Combination with Bevacizumab for the Maintenance Treatment
of Patients with Advanced Ovarian Cancer
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/ABSTRACT

On December 19, 2018, the U.S. Food and Drug Administra-
tion (FDA) granted approval to olaparib monotherapy for
first-line maintenance treatment of BRCA-mutated (BRCAm)
advanced ovarian cancer and, on May 8, 2020, expanded the
indication of olaparib to include its use in combination with
bevacizumab for first-line maintenance treatment of homolo-
gous recombination deficient (HRD)—positive advanced ovarian
cancer. Both these approvals were based on randomized,
double-blind, placebo-controlled trials. Approval for olaparib
monotherapy was based on the SOLO-1 trial, comparing the
efficacy of olaparib versus placebo in patients with BRCAm
advanced ovarian, fallopian tube, or primary peritoneal cancer
after surgical cytoreduction and first-line platinum-based che-
motherapy. Two companion diagnostic (CDx) tests were
approved with this indication: BRACAnalysis CDx, for germline
BRCA1/2 alterations, and FoundationOne CDx, for BRCA1/2

alterations in tissue specimens. Approval for olaparib in combi-
nation with bevacizumab was based on the results of the
PAOLA-1 trial that compared olaparib with bevacizumab ver-
sus placebo plus bevacizumab in patients with advanced high-
grade epithelial ovarian cancer, fallopian tube, or primary peri-
toneal cancer after first-line platinum-based chemotherapy
and bevacizumab. Myriad myChoice CDx was designated as
a companion diagnostic device for use of olaparib plus
bevacizumab combination for ovarian cancer associated with
HRD-positive status. Both trials demonstrated clinically mean-
ingful improvements in progression-free survival and favorable
benefit-risk profiles for the indicated populations. This article
summarizes the FDA thought process and data supporting the
approval of olaparib as monotherapy and in combination with
bevacizumab for maintenance therapy in this setting. The
Oncologist 2021;26:e164-e172

Implications for Practice: These approvals represent the first poly (ADP-ribose) polymerase inhibitor, alone or in combina-
tion with bevacizumab, approved in first-line maintenance treatment of women with advanced ovarian cancer after cyto-
reductive surgery and chemotherapy. In patients with BRCA-mutated tumors, olaparib monotherapy demonstrated a 70%
reduction in the risk of disease progression or death compared with placebo, and olaparib in combination with bevacizumab
demonstrated a 67% reduction in the risk of disease progression or death compared with bevacizumab alone in homologous
recombination deficient—positive tumors. These approvals represent a major advance for the treatment of women with
advanced ovarian cancer who are in complete or partial response after their initial platinum-based chemotherapy.

INTRODUCTION

Ovarian cancer is the leading cause of death from gyne-
cological cancers in the U.S., ranking as the fifth most
common cause of cancer death in women [1]. In 2020,
an estimated 21,750 new cases of ovarian cancer will be

diagnosed in the U.S., and approximately 13,940 people
will die from ovarian cancer [1]. Nearly 75% of women
with ovarian cancer present with advanced disease (stage
Il or 1V), and most of these will die from their disease,
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with 5-year survival rates around 30% for advanced
stages [2, 3].

Deleterious mutations of the breast cancer susceptibility
gene (BRCA) 1 and BRCA2 are important risk factors for
ovarian cancer [4]. BRCA1 and BRCA2 are tumor suppressor
genes that encode proteins involved in repair of double-
stranded DNA breaks by homologous recombination [5].
Women with BRCA1/2 mutation have an estimated 15% to
40% lifetime risk of developing ovarian cancer and are more
likely to develop ovarian cancer earlier in their life than
those without the mutation [6]. Mutations in BRCA1/2 may
be heritable (germline) or acquired during tumorigenesis
(somatic). Data from The Cancer Genome Atlas Research Net-
work and the medical literature suggest that approximately
25% of the overall population of patients with ovarian cancer
have BRCA1/2 mutations at diagnosis, with ~18% being
germline and ~ 7% somatic in origin [7, 8].

BRCA mutation disrupts the DNA repair pathway known
as homologous recombination repair (HRR), which is used by
tumor cells when the repair of single-strand breaks is
blocked by poly (ADP-ribose) polymerase (PARP) inhibition
[5]. PARP inhibitors take advantage of this susceptibility in
homologous recombination deficient (HRD) tumor cells, lead-
ing to cell death through synthetic lethal interaction [5]. HRD
is not limited to tumors with BRCA mutations and also
includes other mechanisms of genomic instability, such as
germline mutations, somatic mutations, and epigenetic mod-
ifications of other genes involved in the HRR pathway, thus
supporting the biologic plausibility for efficacy of PARPs [5].

The majority of women with newly diagnosed advanced
ovarian cancer undergo primary surgical cytoreduction of
their disease, whereas women with extensive disease may
receive neoadjuvant chemotherapy when up-front complete
resection of gross disease is not considered feasible. The
extent of cytoreduction is prognostic: increased residual dis-
ease has been correlated with poorer survival outcomes [9].
Surgery is followed by adjuvant chemotherapy with a plati-
num agent in combination with a taxane, usually carboplatin,
and paclitaxel [10]. The vascular endothelial growth factor
inhibitor, bevacizumab, in combination with carboplatin and
paclitaxel followed by bevacizumab as a single agent, was
approved in first-line and maintenance setting in the U.S. for
treatment of patients with stage Il or IV epithelial ovarian,
fallopian tube, or primary peritoneal cancer after initial surgi-
cal resection. The approval was based on a 6.2-month
improvement in median progression-free survival (PFS) (haz-
ard ratio, 0.62; 95% confidence interval [Cl], 0.52—0.75) for
carboplatin and paclitaxel plus bevacizumab followed by
bevacizumab maintenance versus chemotherapy alone in the
GOG-218 trial [11, 12]. Despite high initial response rates to
standard-of-care treatment for newly diagnosed advanced
ovarian cancer, approximately 70% of women relapse within
the first 3 years [13].

Herein, we summarize key review findings that supported
the two approvals (Table 1) of olaparib monotherapy and
olaparib in combination with bevacizumab for two related but
overlapping maintenance settings in patients with advanced
epithelial ovarian, fallopian tube, or primary peritoneal cancer
who are in complete or partial response to first-line
platinum-based chemotherapy: first, as monotherapy in
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Table 1. Olaparib: Background Information

Variables Information

Chemical 4-[(3-{[4-(cyclopropylcarbonyl)

name piperazin-1-yl]carbonyl}-
4-fluorophenyl)methyl]phthalazin-1
(2H)-one

Mechanism Olaparib is an inhibitor of PARP

of action enzymes, including PARP1, PARP2, and
PARP3.

Other December 19, 2014: As monotherapy

approvals in patients with deleterious or

suspected deleterious germline BRCA-
mutated advanced ovarian cancer that
have been treated with three or more
prior lines of chemotherapy.

August 17, 2017: As monotherapy for
the maintenance treatment of adult
patients recurrent epithelial ovarian,
fallopian tube, or primary peritoneal
cancer, who are in complete or partial
response to platinum-based
chemotherapy.

January 12, 2018: As monotherapy for
the treatment of adult patients with
gBRCAm HER2-negative metastatic
breast cancer who have previously
been treated with chemotherapy.
These patients could have received
chemotherapy in the neoadjuvant,
adjuvant, or metastatic setting.

December 27, 2019: As monotherapy
for the maintenance treatment of
adult patients with deleterious or
suspected deleterious gBRCAm
metastatic pancreatic adenocarcinoma
whose disease has not progressed on
at least 16 weeks of a first-line
platinum-based chemotherapy
regimen.

May 19, 2020: As monotherapy for the
treatment of adult patients with
deleterious or suspected deleterious
germline or somatic HRR gene-
mutated mCRPC who have progressed
after prior treatment with
enzalutamide or abiraterone.

Abbreviations: FDA, U.S. Food and Drug Administration; gBRCAm,
BRCA mutated in the germline; HRR, homologous recombination
repair; mCRPC, metastatic castration-resistant prostate cancer;
PARP, poly (ADP-ribose) polymerase.

patients with deleterious or suspected deleterious germline
or somatic BRCA mutations, and second, in combination with
bevacizumab, in patients whose cancer is associated with
HRD-positive status.

MATERIALS AND METHODS

Clinical Trial Designs

The supplemental New Drug Applications for olaparib mon-
otherapy and olaparib in combination with bevacizumab for
patients with ovarian cancer were supported by SOLO-1
and PAOLA-1, respectively. Each was a randomized, double-
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blind, placebo-controlled trial designed to demonstrate an
improvement in PFS. Although these trials shared some
common features, such as similar patient population, effi-
cacy endpoints, and evaluation in the maintenance setting
after response to first-line platinum-based therapy, they
also had several differences (Table 2) [14].

SOLO-1 compared the efficacy of olaparib maintenance
monotherapy with placebo in patients with BRCA-mutated
(BRCAmM) advanced ovarian, fallopian tube, or primary perito-
neal cancer who had responded after first-line platinum-
based chemotherapy. After completion of platinum-based
chemotherapy (minimum of four and maximum of nine9
treatment cycles; patients did not receive bevacizumab,
either in combination or as maintenance therapy), patients
were randomized 2:1 to receive olaparib tablets 300 mg
orally twice daily (n =260) or placebo (n =131) for up to
2 years or until disease progression or unacceptable toxicity;
however, patients with evidence of disease at 2 years, who
could derive further benefit from continuous treatment at
the discretion of the treating clinician, were treated beyond
2 years. Randomization was stratified by response to first-line
platinum-based chemotherapy (complete response [CR] vs.
partial response [PR]). Patients enrolled in SOLO-1 were
tested with a Myriad BRACAnalysis test (Myriad, Salt Lake
City, UT) to identify patients carrying a loss of function (dele-
terious or suspected deleterious) mutation in either BRCA1
or BRCA2. Tumor tissue was also requested for all random-
ized patients where possible, and retrospectively tested with
FoundationOne CDx (F1CDx; Foundation Medicine, Inc.
[FMI], Cambridge, MA) in a bridging study to support the
companion diagnostic approval. The primary efficacy end-
point was PFS, defined as the time from randomization to
the earliest date of objective progression (per RECIST criteria)
as assessed by the investigator or death by any cause (in the
absence of disease progression). This primary analysis of PFS
was supported by the analysis of PFS assessed by blinded
independent central review of patient scans. Overall survival
(OS) was a secondary endpoint.

PAOLA-1 compared the efficacy of olaparib plus
bevacizumab (O+B) versus placebo plus bevacizumab (P+B)
for the maintenance treatment of advanced high-grade epi-
thelial ovarian cancer, fallopian tube, or primary peritoneal
cancer after first-line platinum-based chemotherapy and
bevacizumab. Randomization stratification factors included
first-line treatment outcome (timing and outcome of cyto-
reductive surgery and response to platinum-based chemo-
therapy) and tBRCAm (BRCA mutations detected in the
tumor; may suggest presence of germline or somatic BRCA
mutation) status, determined by prospective local testing.
Myriad myChoice CDx was used to test all available clinical
samples, retrospectively. Patients were required to have CR
or PR after completion of first-line platinum-containing che-
motherapy and bevacizumab or to have no evidence of dis-
ease (NED) because of complete surgical resection. Patients
were randomized (2:1) to receive olaparib tablets 300 mg
orally twice daily in combination with bevacizumab (n = 537)
15 mg/kg every 3 weeks or P+B (n = 269). Bevacizumab was
continued in the maintenance setting and olaparib was started
after a period of 3 to 9 weeks after completion of the last dose
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of chemotherapy. Olaparib treatment was continued for up to
2 years or until progression of the underlying disease or unac-
ceptable toxicity. Treatment could be extended beyond 2 years
if patients could derive further benefit from continuous treat-
ment, based on the treating physician’s opinion. Duration of
treatment with bevacizumab totaled up to 15 months, including
the period given with chemotherapy and as maintenance. The
primary endpoint was investigator-assessed PFS evaluated
according to RECIST version 1.1, and OS was a secondary efficacy
endpoint. Exploratory subgroup analyses based on stratification
factors, predefined clinical characteristics, and biomarkers per
Myriad myChoice HRD Plus test were conducted comparing
PFS between treatments to further understand the consis-
tency of olaparib treatment effect across potential predic-
tive and prognostic factors.

After randomization, patients enrolled in PAOLA-1 were
tested using the Myriad myChoice HRD Plus clinical trial
assay prior to database lock to identify whose cancer was
associated with HRD-positive status. All available clinical trial
samples were retrospectively tested by the Food and Drug
Administration (FDA)—approved Myriad myChoice CDx test
after the completion of the clinical trial. Myriad myChoice
CDx defines HRD-positive status as deleterious or suspected
deleterious mutations in BRCA1 and BRCA2 genes and/or
positive genomic instability, which is calculated by the Geno-
mic Instability Score (GIS). GIS is an algorithmic measure-
ment of loss of heterozygosity, telomeric allelic imbalance,
and large-scale state transitions. A GIS 242 is considered
positive for the HRD status, whereas a GIS <42 (biomarker
negative) suggested that the homologous recombination
pathway is not defective.

Assessment Aid
Both submissions were reviewed using the Assessment Aid
(AAid), initially launched as an FDA Oncology Center of Excel-
lence pilot in 2018 [15, 16]. The AAid is a voluntary submis-
sion from the applicant. Use of the AAid facilitates a
streamlined review process and focuses the FDA's efforts on
critical thinking and evaluation of the data while ensuring
clear delineation of the results, the position of the applicant,
and the assessment of the FDA.

Prior to submitting the application, the applicant receives
a structured AAid template modeled after the FDA’s Multi-
disciplinary Review. Each section of the AAid is separated
into three parts—(a) the data, (b) the applicant’s position,
and (c) the FDA’s assessment—and allows for objective pre-
sentation of the results (in the data part) and interpretation
of these results by the applicant and the FDA. For marketing
applications, the applicant completes the data and the appli-
cant’s position parts of each section in the template. During
the review, the FDA evaluates the information provided by
the applicant and, if indicated, conducts its own independent
in-depth analysis of efficacy and safety, including analysis
of the provided patient-level datasets, as is customary for
FDA reviews. The FDA’s analyses and assessments are then
included in the FDA’s assessment part of the AAid template,
and any areas of agreement or disagreement with the appli-
cant are discussed in detail.
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RESULTS

Patient and Treatment Characteristics

SOLO-1 randomized 391 women from 15 countries (28%
from the U.S.). Most patients had received six cycles of
platinum-based chemotherapy prior to randomization; car-
boplatin/paclitaxel was the most commonly reported previ-
ous chemotherapy regimens in both arms. Demographic and
disease characteristics were balanced between the two arms.
Most patients had no evidence of disease on imaging at
study entry (n =290), as well as a good performance status
(Eastern Cooperative Oncology Group performance status 0;
n =305) in both arms. Of all patients, 82% were in complete
response to their most recent platinum-based regimen. The
majority of patients in SOLO-1 had germline BRCA mutation
(n = 389), whereas two patients had somatic BRCA mutation,
which was confirmed retrospectively using a next-generation
sequencing—based F1CDx test.

PAOLA-1 randomized 806 women from 11 countries
(no clinical sites in the U.S.). Demographic and baseline dis-
ease characteristics were balanced and comparable between
both arms. All patients had received first-line platinum-based
therapy and bevacizumab. First-line treatment outcomes at
screening indicated that 32% of patients in both arms had
NED with complete macroscopic resection at initial debulking
surgery, 31% of patients in both arms had NED/CR with com-
plete macroscopic resection at interval debulking surgery,
15% of patients in both arms had NED/CR with either incom-
plete resection (at initial or interval debulking surgery) or no
debulking surgery, and 22% of patients in both arms had a
partial response. Thirty percent of patients in both arms had
a deleterious mutation. Patients were not restricted by the
surgical outcome, with 65% having complete cytoreduction
at initial or interval debulking surgery and 35% having resid-
ual macroscopic disease. Of the 806 patients, 48% (n = 387)
had HRD-positive tumors, including 29% (n =235) that
were tBRCAm; 34% (n = 277) were HRD negative; and 18%
(n = 142) had unknown HRD status.

Efficacy Results

Results from SOLO-1 and PAOLA-1 demonstrated that
BRCAm patients treated with olaparib monotherapy and
HRD-positive patients treated with O+B, respectively, had a
clinically meaningful improvement in investigator-assessed
PFS (Table 3).

For SOLO-1, the estimated hazard ratio equaled 0.30
(95% Cl, 0.23-0.41; p<.0001) with a median PFS not reached
in patients randomized to the olaparib arm and 13.8 months
in patients randomized to the placebo arm (Fig. 1). At the
time of the primary PFS analysis, OS data were immature
with approximately 21% of patients having died. The data
did not show any detrimental effect on OS. For this trial, clin-
ical validation of the Myriad BRACAnalysis CDx test was
established by comparing the mutation results and the asso-
ciated clinical outcomes for the overall study population to
the subset of 383 patients with confirmed germline BRCA
status upon prospective or retrospective testing. The effec-
tiveness of the FMI F1CDx test was based on a subset of
313 patients with ovarian cancer whose tumor tissue was
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Table 2. Key features of the SOLO-1 and PAOLA-1 trial designs

Patient

Treatment
duration

Stratification

factors

Key clinical

Biomarker
subgroups

Key

population
studied

Endpoints

Randomization

characteristics
PSC: 63%
IDS: 35%

CR: 82%
PR: 18%

demographics

Trial name
SOLO-1
(n

Primary: PFS

Until disease

Response to
first-line

2:1 olaparib 300

mg BID

gBRCA: 388/391
SBRCA: 2/391

ECOG 0: 78%
ECOG 1: 22%
Stage Ill: 83%
Stage IV: 17%

Serous or

Secondary: OS

progression or

endometrioid

391)

platinum-based up to 2 years

chemotherapy

maintenance vs.

BRCA1: 72%
placebo

carcinomas with
BRCA mutation

BRCA2: 27%

Both BRCA1/2:

1.2%

Primary: PFS
Secondary: OS

Until disease
progression or
up to 2 years

-
= ©
© 80y
w>=9 EEL£O =
S22 Y¥Eawu »na
AR Vg O EEZ2TODD
o998 ofEcBs o0y
mc._c-o-a O(.JﬂJ T QO
SR © v O S Vv cc
E |8} CUE""C>~"” =)
EowcESgcc30
S5ec580Sd0cEE
e 8B Re ¥R g
VS gt IS >>50—==LC
PO QP E OO QO
v
>
toow Q2w
ReNalcR] © O
':_EC EC
gESgrse
a
T¥Ng8Ng
— EC+ O =
°o8ESeE
To0lmg®
Nmo Eao €
8
... 82 = o
G = Eouf£ in
£ ©® 3H o
r o3 0o.S X
® O OgE=gN
X XE0OSTUN
OXRORO OV g .,
UNW W 2 B9 5
ZnmnZnZ ST oo
.. S c
N
: 3z 3
= NGg c
= .8 £
o Ewo ¢
a SC S
[alN3 [aNJ2PN
2REES2S
I+ ITonIT
o
ST
o0 Q
NN~ mM
SH=2=
ST
[oXe]
[SRURLIL]
wwuvmouv

Serous or
endometrioid
carcinomas

806)

Abbreviations: BID, twice daily; CR, complete response; ECOG, Eastern Cooperative Oncology Group; gBRCA, germline BRCA; HRD, homologous recombination deficient; IDS, interval debulking surgery; NED,

no evidence of disease; OS, overall survival; PFS, progression-free survival; PR, partial response; PSC, primary surgical cytoreduction; sBRCA, somatic BRCA; tBRCAm, BRCA mutation detected in the tumor.

PAOLA-1
(n
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Table 3. Efficacy results from SOLO-1 and PAOLA-1 trials

Maintenance

PFS in indicated

Trial name  Patient population treatment arms population Companion diagnostic
SOLO-1 BRCAm newly diagnosed Olaparib vs. placebo BRCAm population PFS BRACAnalysis CDx and
advanced ovarian cancer NR vs. 13.8 months FoundationOne CDx
HR: 0.30 (0.23, 0.41)
PAOLA-1 Newly diagnosed O+B vs. P+B HRD-positive population Myriad myChoice CDx

advanced ovarian cancer

PFS
37.2 vs. 17.7 months
HR: 0.33 (0.25, 0.45)

Abbreviations: BRCAm, BRCA mutated; CDx, companion diagnostic;

HR, hazard ratio; HRD, homologous recombination deficient; NR, not

reached; O+B, olaparib plus bevacizumab; P+B, placebo plus bevacizumab; PFS, progression-free survival.

1.0
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Figure 1. Kaplan-Meier curves of investigator-assessed progression-free survival in SOLO-1.

Abbreviation: PFS, progression-free survival.
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0.0
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n at risk

O+B
P+B

223
91

213
79

255
132

252
128

242
117

236
103

18
Months since Randomization

169
54

21 24 27 30 33 36 42

85 46 29 " 3
18 8 5 1 1

155
44

103
28

Figure 2. Kaplan-Meier Curves of investigator-assessed progression-free survival in PAOLA-1 (homologous recombination deficient—

positive population).

Abbreviations: O+B, olaparib + bevacizumab; P+B, placebo + bevacizumab; PFS, progression-free survival.

confirmed to carry deleterious BRCA mutation (may suggest
presence of germline or somatic BRCA mutation) status. The
PFS results in patients with tumor BRCA mutations confirmed
by FMI F1CDx and in patients with germline BRCA mutation
confirmed Myriad BRACAnalysis CDx were consistent with
the results of the overall study population.

The PAOLA-1 trial enrolled a total of 806 patients (inten-
tion-to-treat [ITT] population). Although the ITT population
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demonstrated a statistical improvement in PFS, this improve-
ment was primarily driven by the HRD-positive subgroup
(inclusive of all tBRCAm patients). In the HRD-positive sub-
group, the hazard ratio for PFS was 0.33 (95% Cl, 0.25-0.45),
with a median PFS of 37.2 months in the O+B arm compared
with 17.7 months in the P+B arm (Fig. 2). At the time of the
primary PFS analysis, OS data were immature with approxi-
mately 16% of patients having died. The data did not show

Onologist



Arora, Balasubramaniam, Zhang et al.

el69

any detrimental effect on OS among HRD-positive patients.
No benefit of PFS and OS was observed in the HRD-negative
subgroup.

Based on these results, the HRD-positive population
supported a favorable risk-benefit profile for approval. FDA
also approved the Myriad myChoice CDx (Myriad Genetic
Laboratories, Inc.) as a companion diagnostic for O+B.

Safety Results

The primary safety population for SOLO-1 consisted of all
patients who received at least one dose of trial drug,
olaparib or placebo (olaparib, n = 260; placebo, n = 130).
The median total duration of exposure to olaparib was
approximately two times longer than exposure to placebo
(24.6 months vs. 13.9 months), consistent with the 2-year
treatment cap for olaparib-treated patients and PFS for
placebo-treated patients (Table 4). Serious adverse events
(AEs) occurred in 21% of the patients in the olaparib group
and 12% of the patients in the placebo group. Dose inter-
ruptions because of AEs were reported in 52% and dose
reductions were reported in 29% of patients treated with
olaparib, compared with 17% and 3% of patients on pla-
cebo, respectively. Hematological AEs were the most com-
mon AEs leading to treatment interruptions or reductions.
Treatment discontinuation because of AEs occurred in 12%
of patients treated with olaparib compared with 2% of
patients on placebo. The most common AEs leading to
treatment discontinuation included fatigue, anemia, nau-
sea, and vomiting. The most common grade 1-4 and grade
3-4 AEs in patients receiving olaparib included fatigue,
anemia, and gastrointestinal disorders.

The primary safety population for PAOLA-1 was based
on 535 patients in the O+B arm and 267 patients in the P+B
arm who received at least one dose of study treatment
(Table 4). The median total treatment duration in the O+B
arm (17.3 months) was longer than the median total treat-
ment duration in the P+B arm (15.6 months), with the
median duration of exposure to bevacizumab 11.0 months
versus 10.4 months, respectively. A similar percentage of
patients in the O+B arm experienced serious AEs compared
with the P+B arm (31%, both arms). AEs leading to

Table 4. Safety results from SOLO-1 and PAOLA-1 trials

treatment discontinuation occurred in 20% of patients in
the O+B arm compared with 6% on the P+B arm. In the O+B
arm, 54% of patients required treatment interruptions
because of AEs compared with 24% in the P+B arm, and
dose reductions were 41% versus 7.5% in each arm, respec-
tively. Hypertension was reported in a lower percentage of
patients in the O+B arm (46%) compared with the P+B arm
(60%). Similarly, grade 3—4 AEs of hypertension were lower
in the O+B arm versus the P+B arm (19% vs. 30%, respec-
tively). There were no sequelae of hypertension such as
stroke or myocardial infarction that were more prevalent in
the O+B arm. Venous thromboembolism was observed
more commonly in patients receiving O+B versus those
receiving P+B (5% vs. 1.9%), although this difference was
minimal after adjusting for exposure. It is unclear at this
time whether there is a mechanistic reason for this finding,
and these results should be interpreted with caution given
their exploratory nature.

Myelodysplastic syndrome (MDS), acute myeloid leuke-
mia (AML), and pneumonitis have been identified as key
adverse events of interest with olaparib [17]. Incidence of
MDS/AML and pneumonitis from clinical trials enrolling sin-
gle agent olaparib has been identified (by pooling olaparib
monotherapy data) as 1.2% and 0.9%, respectively. In the
SOLO-1 trial, the incidence of MDS/AML was 1.2%, as three
new cases of MDS/AML were identified in patients treated
with olaparib (after discontinuation of therapy), and all cases
resulted in a fatal outcome. In the PAOLA-1 trial, the inci-
dence of MDS/AML was 0.7%, as three new cases of AML
(two of the cases had fatal outcome) and one case of MDS
were identified in O+B arm, which is slightly lower than the
overall percentage observed in pooled olaparib monotherapy
studies (1.2%); however, PAOLA-1 had shorter follow-up
compared with data from monotherapy studies. Pneumoni-
tis/ interstitial lung disease (ILD) is also a risk associated with
olaparib therapy, and the incidence of pneumonitis was
1.9%, as five patients developed pneumonitis/ILD on the
olaparib arm of the SOLO-1 trial. The incidence of pneumoni-
tis was 1.1%, with six new cases in PAOLA-1, and did not
differ substantially from the pooled incidence of 0.9%
reported in olaparib monotherapy studies.

Median time
Maintenance on therapy Discontinuations Grade

Trial name  Patient population treatment arms  (months) because of AE All grade AEs 3-4 AEs On treatment deaths
SOLO-1 BRCAmM newly Olaparib vs. 0:24.6 0:12% 0: 99% 0: 30% No deaths because of AEs
(n=391) diagnosed placebo P:13.9 P: 2% P:92% P: 5% while on study drug or within

advanced ovarian 30 days after last dose in

cancer either arm
PAOLA-1 Newly diagnosed  O+B vs. P+B O+B: 17.3 O+B: 20% O+B: 99% O+B: 57% O+B: 1 death because of
(n = 806) advanced ovarian P+B: 15.6 P+B: 6% P+B: 96% P+B: 50% aplastic anemia/ pneumonia

cancer

P+B: 4 deaths

(2 myocardial infarction, 1
intestinal perforation, 1
cardiovascular failure)

Abbreviations: AE, adverse event; B, bevacizumab; BRCAm, BRCA mutated; O, olaparib; O+B, olaparib plus bevacizumab; P, placebo; P+B,

placebo plus bevacizumab.
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Table 5. SOLO-1 and PAOLA-1 Food and Drug Administration benefit-risk analysis

Dimension Evidence and uncertainties Conclusions and reasons
Analysis of Ovarian cancer is the fifth most common cause of cancer death ~ Advanced ovarian cancer is a serious and life-
condition in U.S. women. threatening disease with a significant unmet
Seventy-five percent of patients present with advanced disease medical need for more effective therapies.
at diagnosis (stage Ill or IV), and most patients die from their
disease, with 5-year survival rates of only 29% for advanced
stages.
Patients with advanced ovarian cancer undergo surgical
cytoreduction followed by platinum-based doublet
chemotherapy, but a majority of patients relapse within the first
3 years. Maintenance treatment after completion of platinum-
based chemotherapy may delay the need for subsequent
treatment and may reduce cumulative toxicity.
Current Cytoreductive surgery and platinum-based chemotherapy are There is an unmet medical need to improve
treatment treatments of choice for newly diagnosed advanced ovarian the outcomes of newly diagnosed patients with
options® cancer. advanced ovarian cancer after first-line
Most patients with newly diagnosed advanced ovarian cancer treatment.
achieve CR after first-line treatment; however, 70% relapse within
the first 3 years of diagnosis, and their disease becomes largely
incurable.
Bevacizumab in combination with carboplatin and paclitaxel
followed by bevacizumab as maintenance is the first biological
treatment to be approved in the first-line ovarian cancer
treatment setting.
Benefit SOLO-1 SOLO-1
The clinical data from the randomized, double-blind, placebo- Evidence of effectiveness was supported by a
controlled SOLO-1 trial, conducted in patients with advanced clinically meaningful improvement in PFS.
ovarian cancer with BRCA mutation who had responded to first- PAOLA-1
line platinum-based chemotherapy (complete or partial Evidence of effectiveness in patients with HRD-
response), demonstrated a 70% reduction in the risk of disease positive tumors was demonstrated for olaparib
progression or death (HR, 0.30; 95% Cl, 0.23-0.41) for olaparib in combination with bevacizumab by a clinically
compared with placebo. meaningful improvement in PFS compared
The estimated median PFS in the olaparib arm was not reached  with bevacizumab monotherapy in patients
compared with 13.8 months for the placebo arm. receiving first-line maintenance treatment for
PAOLA-1 advanced ovarian cancer.
The efficacy of olaparib in combination with bevacizumab as first- There was no evidence of benefit and some
line maintenance treatment of advanced ovarian cancer was evidence for potential harm in patients who
evaluated in the randomized, double-blind, placebo-controlled were HRD-negative or had unknown HRD
PAOLA-1 study, which compared the efficacy of olaparib in status. Olaparib in combination with
combination with bevacizumab vs. placebo plus bevacizumab. bevacizumab will not be indicated for these
There was a PFS improvement in the ITT population of all-comers patients.
(HR, 0.59; 95% Cl, 0.49-0.72)
The HR for PFS was 0.33 (95% Cl, 0.25-0.45) in the HRD-positive
subpopulation, a prespecified subgroup consisting of 387 patients
with HRD-positive tumors identified after randomization using
the Myriad myChoice HRD Plus assay.
Risk and risk ~ SOLO-1 The safety profile of olaparib is acceptable for
management  The most common adverse reactions experienced by at least 20% the intended population.

of patients in the SOLO-1 study included anemia, abdominal pain,
dizziness, nausea, fatigue (including asthenia), vomiting,
neutropenia, leukopenia, nasopharyngitis/upper respiratory tract
infection/influenza, respiratory tract infection, diarrhea,
arthralgia/myalgia, dysgeusia, headache, dyspepsia, decreased
appetite, constipation, and stomatitis.

PAOLA-1

The most common adverse events experienced by at least 20% of
patients in PAOLA-1 included fatigue, nausea, anemia,
lymphopenia, and vomiting.

Pneumonitis and MDS/AML occurred at similar incidences to that
seen in the monotherapy population.

Venous thromboembolism occurred more commonly in the
olaparib/bevacizumab arm than the placebo/bevacizumab arm;
however, the exposure-adjusted incidences were similar.

Labeling details dose interruption, reduction, or discontinuation
for SOLO-1 and PAOLA-1.

MDS/AML and pneumonitis are described in the Warnings and
Precautions section of the label.

Laboratory and vital sigh monitoring are recommended before
and during treatment.

Venous thromboembolism is described in the
Adverse Reactions section of the label.
MDS/AML and pneumonitis are the adverse
reactions described in the Warnings and
Precautions sections of the label.

The safe use of olaparib can be managed
through accurate labeling and routine oncology
care.

#Olaparib monotherapy was approved as maintenance therapy for patients with advanced BRCA-mutated ovarian cancer in complete or partial
response to platinum-based chemotherapy based on the SOLO-1 trial at the time of PAOLA-1 review.

Abbreviations: AML, acute myeloid leukemia; Cl, confidence interval; CR, complete response; HR, hazard ratio; HRD, homologous recombination
deficient; ITT, intention-to-treat; MDS, myelodysplastic syndrome; PFS, progression-free survival.
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DiscussioN

Olaparib was the first PARP inhibitor to receive FDA approval
for the maintenance treatment, alone or in combination with
bevacizumab, for patients with newly diagnosed advanced
ovarian cancer, and represents a major change to the stan-
dard of care for adult patients undergoing initial therapy for
ovarian cancer.

Although the SOLO-1 trial was designed to enroll patients
with both germline and somatic BRCAm tumors, only two
patients with somatic BRCA mutations were accrued to the
trial based on a local tissue test result, and the remainder of
the patients had germline BRCA mutations (n = 389). Despite
the small number of enrolled patients with somatic BRCA
mutations, there is a biologic rationale that an underlying
BRCA mutation results in HRR deficiency and confers sensitiv-
ity to PARP inhibition, irrespective of the mutation type
(germline or somatic BRCA mutation) [18, 19]. In accordance
with the FDA Guidance for Industry Developing Targeted
Therapies in Low-Frequency Molecular Subsets of a Disease,
the SOLO-1 trial grouped the patients with different molecu-
lar alterations (germline and somatic BRCA mutations) with a
reasonable expectation that the grouped patients would
have similar pharmacological responses based on a strong
scientific rationale [20]. Because the results from the clinical
trial demonstrated a favorable benefit-risk profile, the FDA
approved the drug for patients with BRCA-mutated tumors
regardless of somatic or germline origin. However, a post-
marketing commitment was agreed upon to gather further
evidence of clinical efficacy in patients who harbor a tBRCAm
status from the PAOLA-1 trial.

Compared with SOLO-1, PAOLA-1 included a wider repre-
sentation of patients with advanced ovarian cancer, as selec-
tion was not based on BRCAm status. The trial demonstrated a
clinically meaningful improvement in investigator-assessed PFS
for patients with HRD-positive tumors (including all tBRCAm)
randomized to O+B (median PFS, 37.2 months) versus P+B
(median PFS, 17.7 months), with a hazard ratio of 0.33 (95%
Cl, 0.25-0.45). At the time of the primary PFS analysis, OS data
were immature with approximately 16% of patients having
died. The data did not show any detrimental effect on OS
among HRD-positive patients. No benefit of PFS and OS was
observed in the HRD-negative subgroup. Because the HRD
unknown subgroup constitutes an unobserved mixture of
HRD-positive and -negative patients instead of a biologically
distinct population, the HRD-unknown population is not
included in the indicated population. The differential efficacy
between the HRD-positive and HRD-negative populations is
biologically plausible based on the mechanism of action of
olaparib and was not thought to be due to chance. Thus, the
indication was restricted to only the HRD-positive population,
defined by presence of a deleterious or suspected deleterious
BRCA mutation and/or genomic instability.

The PFS benefit observed with O+B in patients with
tBRCAm tumors in the PAOLA-1 appears consistent with the
results reported in the SOLO-1 and supported the clinical
benefit of olaparib in BRCA-mutated tumors regardless of
somatic or germline origin. The toxicity profile of olaparib is
well understood, with rare but significant risk for MDS/AML
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and pneumonitis/ILD events. The safety profile for O+B was
generally consistent with that observed in SOLO-1 and other
monotherapy trials of olaparib, with the notable exception of
hypertension, which is a known AE of bevacizumab.

Although the PFS benefit observed in SOLO-1 and
PAOLA-1 represents a clinically meaningful improvement
for maintenance therapy and is a major shift from the prev-
ailing standard, the impact of this change on the natural
history of ovarian cancer and responsiveness to later-line
therapies remain to be seen. Although mature overall sur-
vival analyses are postmarketing commitments for these
two approvals, postprogression therapies that will likely
include PARP inhibitors may affect the interpretation of
these results.

For these applications, we employed a new regulatory
tool, the AAid, to streamline the review while supporting
our standard in-depth analyses. Performing the review
under the AAid pilot allowed the FDA to focus the written
portion of the review on critical thinking and improved
review efficiency by means of a shared document that out-
lined the applicant’s positions as well as the in-depth inde-
pendent analyses performed by our review team. The use
of the AAid streamlined the written product and contrib-
uted to a more efficient review process, and FDA was able
to grant both these approvals on an expedited review
clock.

CONCLUSION

Olaparib monotherapy and the combination of O+B repre-
sent a new treatment paradigm for patients with patients
with newly diagnosed advanced ovarian cancer (Table 5).
Although the SOLO-1 trial primarily included patients carry-
ing a germline BRCA mutation, there is a biologic rationale
that an underlying BRCA mutation (germline or somatic)
results in HRR deficiency and confers sensitivity to PARP inhi-
bition, irrespective of the mutation type; therefore, the
indication was granted for patients with both germline and
somatic BRCA mutations. The BRACAnalysis CDx and the
F1CDx tests were designated as companion diagnostic
devices for the safe and effective use of olaparib mon-
otherapy in these patient populations.

Given the results observed in PAOLA-1 as well as the
biologically plausibility of effect only in HRD-positive sub-
group, O+B was granted the indication for the maintenance
treatment of adult patients with advanced epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who are in
complete or partial response to first-line platinum-based
chemotherapy and whose cancer is associated with HRD-
positive status defined via presence of a deleterious or
suspected deleterious BRCA mutation and/or genomic
instability. Myriad myChoice CDx was designated as the
companion diagnostic device for the safe and effective use
of O+B combination therapy.

Olaparib alone and in combination with bevacizumab each
have an acceptable safety profile, and safe use can be man-
aged through accurate labeling and routine oncology care.
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