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ABSTRACT

Introduction: We aimed to characterize real-
world utilization of poly(ADP-ribose) poly-
merase (PARP) inhibitors (PARPi) in women
with ovarian cancer (OC).
Methods: This retrospective observational
study of claims data from US MarketScan�

Commercial/Medicare Supplemental databases

included women with OC initiating olaparib,
niraparib, or rucaparib from January 1, 2017, to
May 31, 2019. Patients were observed from first
outpatient prescription until at least 30 days’
follow-up. Clinical events of interest (CEIs),
based on adverse reactions in PARPi prescribing
information, were identified from claims using
ICD-9/10 codes. Other outcomes included dose
modification, persistence, adherence, health-
care resource utilization (HCRU), and cost.
Results: Overall, 303, 348, and 162 women
with OC received olaparib, niraparib, and ruca-
parib, respectively. During follow-up, risk of any
CEI was higher with niraparib versus olaparib
(odds ratio 3.36 [95% confidence interval
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2.00–5.65]) and niraparib versus rucaparib (2.09
[1.10–3.95]), with no significant difference
between rucaparib and olaparib (1.61
[0.93–2.79]). PARPi dose decreases were
observed in 21.1%, 35.1%, and 30.2% of ola-
parib-, niraparib-, and rucaparib-treated
patients, respectively. Persistence (no treatment
gaps of more than 90 days) was significantly
higher (P\0.05) with olaparib (62.2%) versus
niraparib (35.9%) and rucaparib (48.7%);
adherence (medication possession ratio, MPR
C 80%) was 80.2% versus 38.6% and 63.2%,
respectively (P\0.001). Inpatient admissions
and outpatient service use were higher with
niraparib and rucaparib versus olaparib, reflec-
ted in mean (± standard deviation) total medi-
cal costs (excluding pharmacy) of $5393 ± 8828
for olaparib, $7732 ± 14,054 for niraparib, and
$6868 ± 7929 for rucaparib.
Conclusion: Differences between the licensed
PARPi were observed in the risk of experiencing
a CEI, likelihood of dose modifications, ability
to receive continuous PARPi therapy, HCRU,
and costs.

Keywords: Ovarian cancer; Real-world
evidence; PARP inhibitors; Tolerability; Dose
modification; Healthcare resource utilization

Key Summary Points

Why carry out this study?

A better understanding of the real-world
tolerability, patient adherence and
persistence, and associated healthcare
resource utilization and costs of available
PARP inhibitor therapies for ovarian
cancer is needed

This retrospective observational study
characterized real-world utilization of
poly(ADP-ribose) polymerase (PARP)
inhibitors in women with ovarian cancer

What was learned from this study?

Differences were observed in the risk of
experiencing clinical events of interest
between licensed PARP inhibitors

Differences in likelihood of dose
modifications, ability to receive
continuous therapy, healthcare resource
utilization, and cost were also identified

This study will help inform physicians and
payers of the importance of considering
the respective profiles of PARP inhibitors
when selecting the most appropriate
maintenance therapy for patients with
ovarian cancer

INTRODUCTION

The introduction of targeted therapies such as
poly(ADP-ribose) polymerase (PARP) inhibitors
(PARPi) has transformed the treatment of ovar-
ian cancer (OC) [1, 2]. Three PARPi (olaparib,
niraparib, and rucaparib) are currently approved
for the treatment of OC, and while they share a
common mechanism of action, each has a dif-
ferent chemical structure, as well as unique
pharmacodynamic and pharmacokinetic prop-
erties [3, 4]. Several differences between indi-
vidual PARPi have been characterized at the
cellular level, including selectivity towards dif-
ferent members of the PARP family, differences
in DNA strand break repair, cell cycle arrest, and
antiproliferative activities [5]. At the clinical
level, these properties manifest as differences in
potency, efficacy, safety, and off-target effects
[4, 6–8]; consequently, each PARPi also has a
different dosing schedule [9–11].

Olaparib was the first PARPi approved for the
treatment of breast cancer gene (BRCA)-mu-
tated advanced OC in 2014. Since then, ola-
parib, niraparib, and rucaparib have been
approved, regardless of biomarker status, for
maintenance treatment following complete or
partial response to platinum-based therapy in
platinum-sensitive recurrent OC [9–11]. Ola-
parib and niraparib received approval for this
indication in 2017, with approval for rucaparib
following in 2018 [12]. More recent randomized
controlled trials (RCTs) have led to US Food and
Drug Administration (FDA) approval of front-
line PARPi maintenance therapy [9, 11, 13, 14].
Furthermore, PARPi are also approved as
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monotherapy for women with recurrent BRCA-
mutated (after two or more prior lines [ruca-
parib] or three or more prior lines [olaparib]) or
homologous recombination repair deficient
(HRD; after three or more prior lines [niraparib])
tumors [9–12]. See Supplementary Table 1 for
details of US FDA PARPi approval dates and
indications.

In pivotal PARPi RCTs, the most common
adverse events (AEs) that led to dose modifica-
tions were hematologic toxicities; other com-
mon AEs associated with this class of therapy
include gastrointestinal disorders, photosensi-
tivity, fatigue, and infection [15–17]. RCT data
suggest differences between PARPi in terms of
tolerability and dose modifications [15–18].
Real-world evidence of PARPi use in clinical
practice reported a safety profile largely consis-
tent with RCT data [19–24], with emerging data
supporting distinct tolerability profiles for each
PARPi [25]. Tolerability is likely to be an
important factor for long-term PARPi mainte-
nance therapy. A better understanding of real-
world patient adherence (the extent to which
patients act in accordance with the prescribed
interval and dose of a regimen) and persistence
(the duration of time from initiation to dis-
continuation of therapy) with PARPi is needed
[26], alongside associated healthcare resource
utilization (HCRU), i.e., all-cause inpatient,
outpatient, and pharmaceutical utilization and
costs.

Here we characterized tolerability (in terms
of clinical events of interest [CEIs]), dose mod-
ification, treatment adherence and persistence,
and the HCRU profile of real-world PARPi use in
maintenance and treatment settings in a large
population of women with OC in the USA.

METHODS

Setting

This study was a longitudinal, retrospective,
cohort analysis of data from the US MarketScan�

Commercial and Medicare Supplemental Data-
bases [27]. These databases contain healthcare
data from patients insured commercially or as
part of the national Medicare program, including

detailed cost, use, and outcomes data for
healthcare services performed in both inpatient
and outpatient settings. Data have been anon-
ymized and comply with the Health Insurance
Profitability and Accountability Act. As the
patient and provider data included in these
analyses were fully de-identified, this study was
exempt from institutional review board
approval.

Study Population

Eligible patients were adult (aged 18 years or
more) women diagnosed with epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer
between January 1, 2015, and May 31, 2019,
who were first prescribed a PARPi (olaparib,
niraparib, or rucaparib) between January 1,
2017, and May 31, 2019 (index period; Supple-
mentary Fig. 1).

Diagnosis was based on International Clas-
sification of Diseases (ICD) 9/10 code criteria
(Supplementary Table 2). Patients were identi-
fied on the basis of having at least one inpatient
claim or two non-diagnostic outpatient claims
30–365 days apart. The date the patient first
received olaparib, niraparib, or rucaparib within
the index period (January 1, 2017, to May 31,
2019) was classed as the index date; baseline
refers to the 6-month period prior to the index
date. Patients were required to have at least
6 months’ enrollment (baseline) prior to, and at
least 30 days after, the index date and were
followed up until end of observation period
(May 31, 2019), disenrollment, or death,
whichever occurred first. Patients initiating
PARPi prior to January 1, 2017, and those
without an OC diagnosis within 6 months of
the index date were excluded.

Study Outcomes

Sixteen predefined CEIs were selected for eval-
uation based on the adverse reactions docu-
mented in the PARPi prescribing information:
acute myeloid leukemia (AML)/myelodysplastic
syndromes (MDS), anemia, leukopenia/neu-
tropenia, thrombocytopenia, acute kidney
injury, arthralgia, constipation, diarrhea,
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nausea/vomiting, dermatitis/rash/photosensi-
tivity, fatigue, hypertension, infection, insom-
nia, pneumonitis, and transaminitis [9–11].
CEIs were identified from the presence of ICD-9-
CM or ICD-10-CM codes.

Treatment duration was defined as the total
number of days’ supply without a gap of 90 days
or more [28]. Dose was calculated for each
PARPi pharmacy claim as (quantity sup-
plied 9 drug strength)/days’ supply and was
rounded to the nearest 50 mg. Highest indi-
cated doses were taken from the prescribing
information for each PARPi as 600, 800, 300,
and 1200 mg/day for olaparib tablets, olaparib
capsules, niraparib capsules, and rucaparib
tablets, respectively [9–11].

The methods used for measuring persistence
and adherence from claims data have been
described previously [28]. Persistence with the
PARPi regimen was defined by no treatment
gaps of more than 90 days during the 6-month
period following initial PARPi use (index date)
[28]. Time to non-persistence was calculated as
the number of days that the patient was in
possession of medication based on the days’
supply of the PARPi in the fixed 6-month fol-
low-up period. Medication possession ratio
(MPR), a measure of adherence, was measured
as the sum of days’ supply divided by the
6-month (180-day) follow-up period; patients
with MPR\ 80% were categorized as non-ad-
herent [28]. Persistence, days to non-persis-
tence, and adherence (MPR C 80%) to the
PARPi regimen are reported for the subset of
patients who had at least 6 months of contin-
uous follow-up.

All-cause HCRU was measured during the
baseline period and the period over which the
index PARPi regimen was taken, for outpatient
encounters (physician office, emergency room
[ER] visit, and other outpatient services,
including outpatient pharmacy infusions, radi-
ation, and laboratory services) and for inpatient
admissions. Healthcare costs were based on paid
amounts of adjudicated claims, as well as
patient cost sharing in the form of co-payment,
deductibles, and co-insurance. All dollar esti-
mates were adjusted for inflation using the
Medical Care Component of the Consumer
Price Index and standardized to the 2018 US

dollar value (last full calendar year under study).
To account for the variable-length follow-up
period, rates of CEIs were described per person-
time, and HCRU and healthcare costs are pre-
sented as per patient per month (PPPM).

Statistical Analysis

Participant characteristics at baseline were
reported using mean (standard deviation [SD]),
percentage (number), and/or median (in-
terquartile range [IQR]), depending on the dis-
tribution of underlying variables. Frequency of
CEIs, dose modifications, adherence, and per-
sistence, as well as all-cause HCRU and costs,
were summarized by PARPi regimen. The first
instance of a prespecified CEI is reported. Sta-
tistical comparisons were performed using chi-
squared or Fisher’s exact tests for categorical
variables and t tests for continuous variables.

Whether experiencing a prespecified CEI
varied between patients receiving the different
PARPi was evaluated by logistic regression; odds
ratios (ORs) and 95% confidence intervals (CIs)
by the Clopper–Pearson method are reported.
Time to CEI, inpatient admissions, discontinu-
ation, and dose decrease for different PARPi
treatments were calculated by Cox proportional
hazards regression. Time to event was measured
from first PARPi initiation (index date) until
CEI/discontinuation or the censor date (May 31,
2019), whichever occurred first. PARPi treat-
ment during follow-up, National Cancer Insti-
tute (NCI)-adapted Charlson Comorbidity
Index (CCI), bevacizumab use, and cancer-re-
lated surgery during baseline were considered a
priori confounders and included in all models.
To take into account the occurrence of relevant
CEIs during the baseline period and ensure that
the proportional hazards assumption was not
violated, Cox proportional hazards regression
models were stratified by the presence of the
relevant baseline CEI [29]. Sensitivity analyses
were performed on the basis of variations in
starting dose and days’ treatment gap, and
among the subpopulation of patients who per-
sisted with their PARPi regimen (see Supple-
mentary Methods). Hazard ratios (HRs) and
95% CIs are reported. Statistical significance was
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determined on the basis of P\ 0.05, which
represents a nominal level of statistical
significance.

Data extraction and descriptive analyses
were conducted using WPS version 4.2 (World
Programming, Romsey, UK). Multivariable
models were generated with R version 3.6 (R
Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Baseline Characteristics

Between January 1, 2017, and May 31, 2019,
303, 348, and 162 patients with OC received
olaparib, niraparib, and rucaparib, respectively
(Table 1). Of the patients who received olaparib,
27.1%, 41.6%, and 31.4% initiated treatment in
2017, 2018, and 2019, respectively, whereas the
majority of patients who received niraparib and
rucaparib initiated treatment in 2017 or 2018.
Median (IQR) follow-up for patients prescribed
olaparib, niraparib, and rucaparib was 224.0
(293.0), 295.5 (339.0), and 265.0 (275.0) days,
respectively.

Baseline demographics and clinical charac-
teristics among the patients treated with a
PARPi were similar, including mean age at
diagnosis, evidence of chemotherapy, and pro-
portion of patients commercially insured. The
NCI-adapted CCI, a measure of burden of dis-
ease, was comparable across treatment groups
(mean [SD] 0.7 [1.0], 0.9 [1.1], and 0.8 [1.1] for
olaparib, niraparib and rucaparib, respectively).

Clinical Events of Interest

In the 6 months prior to initiating PARPi
(baseline), the percentage of patients experi-
encing any hematologic or non-hematologic
CEIs was generally consistent across groups
(Supplementary Table 3).

Following PARPi initiation, the percentage of
patients who experienced any CEI during fol-
low-up was 81.5% (n = 247/303), 93.7%
(n = 326/348), and 87.7% (n = 142/162) for
olaparib-, niraparib-, and rucaparib-treated

patients, respectively (Table 2). The risk of any
CEI was higher with niraparib than with ola-
parib (OR 3.36, 95% CI 2.00–5.65) and with
niraparib than with rucaparib (OR 2.09, 95% CI
1.10–3.95). There was no statistically significant
difference in the risk of experiencing any CEI
with rucaparib compared with olaparib (OR
1.61, 95% CI 0.93–2.79; Fig. 1). The percentage
of patients who experienced hematologic CEIs
during follow-up was 46.2%, 64.7%, and 53.7%
for olaparib-, niraparib-, and rucaparib-treated
patients, respectively (Table 2). The risk of
experiencing a hematologic CEI was higher
with niraparib than with olaparib (OR 2.13,
95% CI 1.55–2.92) and with niraparib than with
rucaparib (OR 1.58, 95% CI 1.08–2.30; Fig. 1).

Multivariable models stratified for the pres-
ence of a relevant CEI at baseline and adjusted
for index PARPi regimen, CCI score, prior
treatment with bevacizumab, and cancer-re-
lated surgery during the baseline period con-
firmed that there was a significantly greater
probability of any CEI in the follow-up period
with niraparib than with olaparib (HR 1.35,
95% CI 1.14–1.59; P = 0.0005); the difference in
probability of experiencing any CEI between
rucaparib and olaparib (HR 1.16, 95% CI
0.94–1.43; P = 0.16) and niraparib and ruca-
parib (HR 1.16, 95% CI 0.95–1.41; P = 0.15) did
not reach statistical significance (Supplemen-
tary Table 4 and Supplementary Fig. 3). Median
(IQR) time to first CEI was similar between
treatment groups at 23.0 (55.0), 24.0 (38.0), and
24.5 (54.0) days for olaparib-, niraparib-, and
rucaparib-treated patients, respectively. How-
ever, median [IQR] time to first hematologic CEI
was longer with olaparib (62.0 [110.5] days) and
rucaparib (49.0 [115.0] days) than with nira-
parib (41.0 [64.0] days).

Dose Modifications

The proportion of patients initiating treatment
with PARPi at the highest indicated dose was
89.4% (n = 271/303) for olaparib, 69.3%
(n = 241/348) for niraparib, and 93.2%
(n = 151/162) for rucaparib (Table 3). Of those
receiving olaparib, 21.1% required a dose
decrease, compared with 35.1% (P = 0.00009)
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Table 1 Baseline demographic and clinical characteristics of patients with ovarian cancer by treatment group

Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Demographic characteristicsa

Age, years

Mean (SD) 58.4 (10.3) 59.4 (9.4) 58.3 (8.5)

Median [IQR] 59.0 [11.0] 59.0 [11.0] 58.0 [10.0]

Age category, n (%)

18–44 years 22 (7.3) 17 (4.9) 8 (4.9)

45–64 years 224 (73.9) 257 (73.9) 129 (79.6)

C 65 years 57 (18.8) 74 (21.3) 25 (15.4)

Payer, n (%)

Commercial 243 (80.2) 271 (77.9) 135 (83.3)

Medicare supplemental 60 (19.8) 77 (22.1) 27 (16.7)

Index year, n (%)

2017 82 (27.1) 173 (49.7)*** 66 (40.7)**

2018 126 (41.6) 134 (38.5) 79 (48.8)

2019 95 (31.4) 41 (11.8)*** 17 (10.5)***

Duration of follow-up (days)

Mean (SD) 278.9 (206.9) 341.8 (214.7)*** 318.9 (207.3)*

Median [IQR] 224.0 [293.0] 295.5 [339.0] 265.0 [275.0]

Patients with C 90 days of follow-up, n (%) 242 (79.9) 307 (88.2)** 145 (89.5)**

Clinical characteristicsb

NCI-adapted CCI

Mean (SD) 0.7 (1.0) 0.9 (1.1) 0.8 (1.1)

Median [IQR] 0.0 [1.0] 1.0 [1.0] 0.5 [1.0]

Baseline treatment history, n (%)

Systemic chemotherapy 269 (88.8) 315 (90.5) 146 (90.1)

Cancer-related surgery 205 (67.7) 250 (71.8) 110 (67.9)

Evidence of BRCA testing, n (%) 167 (55.1) 194 (55.7) 97 (59.9)

Evidence of metastatic disease, n (%)c 247 (81.5) 287 (82.5) 135 (83.3)

Regional metastases 71 (23.4) 74 (21.3) 29 (17.9)
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and 30.2% (P = 0.029) with niraparib and ruca-
parib, respectively.

Multivariable models stratified by presence
of a relevant CEI at baseline and adjusted for a
priori confounders during the baseline period
confirmed that there was a greater risk of dis-
continuing treatment with niraparib (HR 1.52,
95% CI 1.24–1.86) or rucaparib (HR 1.42,
95% CI 1.11–1.18) than with olaparib (Supple-
mentary Table 5).

Of those patients with at least 6 months’
follow-up after PARPi initiation (olaparib
n = 172, niraparib n = 251, rucaparib n = 117),
the proportion persistent with their PARPi (no
treatment gaps of more than 90 days) was
62.2% for olaparib, compared with 35.9% with
niraparib, and 48.7% with rucaparib (P\0.001
niraparib vs olaparib; P = 0.030 niraparib vs
rucaparib; P = 0.023 rucaparib vs olaparib;
Fig. 2). Of patients receiving olaparib, 80.2%
were adherent to the PARPi regimen, as indi-
cated by MPR C 80%, compared with 38.6% of
patients receiving niraparib and 63.2% of
patients receiving rucaparib (P\0.001 nira-
parib vs olaparib, niraparib vs rucaparib, and
rucaparib vs olaparib; Fig. 2).

Healthcare Resource Utilization and Cost

HCRU was similar across treatment groups at
baseline, although baseline total medical costs
were higher with niraparib ($92,973) compared
with olaparib ($77,595; P = 0.014) but not
rucaparib ($80,042; P = 0.11; Supplementary
Table 6).

During the follow-up period, 20.1% (n = 61/
303) of patients receiving olaparib had an
inpatient admission, compared with 27.0%
(n = 94/348; P = 0.040) receiving niraparib and
30.9% (n = 50/162; P = 0.010) receiving ruca-
parib (Table 4). A similar pattern was observed
for other outpatient services: mean (SD) number
of services PPPM was 2.8 (2.1), 3.3 (2.0), and 3.4
(2.2) for patients receiving olaparib, niraparib,
and rucaparib, respectively (P = 0.00072 for
niraparib vs olaparib and P = 0.0015 for ruca-
parib vs olaparib). Overall, 27.7%, 34.8%, and
29.6% of patients receiving olaparib, niraparib,
and rucaparib, respectively, had an ER visit,
with no significant difference between the
treatment groups. Mean (SD) monthly total
medical costs PPPM (excluding pharmacy costs)
during follow-up were $5393 ($8828) for ola-
parib, $7732 ($14,054) for niraparib (P = 0.013
vs olaparib), and $6868 ($7929) for rucaparib
(P = 0.076 vs olaparib).

Sensitivity Analyses

The proportion of patients experiencing inci-
dent CEIs during PARPi treatment by starting
dose, specifically below or at the highest indi-
cated dose, was examined. The proportion of
patients experiencing an incident CEI in those
initiating niraparib below the highest indicated
dose was 72.9%, compared with 60.1% of those
initiating olaparib at the highest indicated dose
(Supplementary Table 6); the difference in
incident CEI was 12.8% (95% CI 2.08–22.38;
P\ 0.05). There was no difference (0.1%
[95% CI - 11.1 to 10.8; P = 0.99]) in the

Table 1 continued

Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Distant metastases 176 (58.1) 213 (61.2) 106 (65.4)

CCI Charlson Comorbidity Index, IQR interquartile range, NCI National Cancer institute, SD standard deviation
*P\ 0.05 versus olaparib; **P\ 0.01 versus olaparib; ***P\ 0.001 versus olaparib; statistical comparisons were performed
using chi-squared or Fisher’s exact tests for categorical variables and t tests for continuous variables
aDemographic characteristics were measured on the date of first PARP inhibitor prescription (index)
bClinical characteristics were measured during the 6-month baseline period excluding baseline treatment history and
evidence of BRCA testing, which was based on all available patient data in the patient’s history
cEvidence of metastatic disease was measured in the 6-month baseline period through the first 30 days of follow-up
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Table 2 Prevalence of CEIs during the follow-up period by index PARPi regimen

Presence of CEI, n (%) Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Any 247 (81.5) 326 (93.7)*** 142 (87.7)�

Hematologic 140 (46.2) 225 (64.7)*** 87 (53.7)�

AML/MDS 3 (1.0) 1 (0.3) 3 (1.9)

AML 0 (0) 1 (0.3) 0 (0)

MDS 3 (1.0) 0 (0) 3 (1.9)

Anemiaa 118 (38.9) 165 (47.4)* 68 (42.0)

Leukopenia/neutropeniab 51 (16.8) 82 (23.6)* 37 (22.8)

Thrombocytopenia or transfusion 56 (18.5) 146 (42.0)*** 50 (30.9)**,�

Other 231 (76.2) 310 (89.1)*** 138 (85.2)*

Acute kidney injury 26 (8.6) 48 (13.8)* 29 (17.9)**

Arthralgia 86 (28.4) 89 (25.6) 36 (22.2)

Constipation/diarrhea 56 (18.5) 85 (24.4) 46 (28.4)*

Constipation 40 (13.2) 67 (19.3)* 31 (19.1)

Diarrhea 20 (6.6) 22 (6.3) 18 (11.1)

Dermatitis/rash/photosensitivity 15 (5.0) 12 (3.4) 13 (8.0)�

Dermatitis/rash 14 (4.6) 12 (3.4) 12 (7.4)�

Photosensitivity 1 (0.3) 0 (0) 1 (0.6)

Fatigue 78 (25.7) 99 (28.4) 49 (30.2)

Hypertension 96 (31.7) 159 (45.7)*** 65 (40.1)

Infection 120 (39.6) 184 (52.9)** 91 (56.2)**

Insomnia 16 (5.3) 35 (10.1)* 16 (9.9)

Nausea/vomiting 81 (26.7) 118 (33.9)* 71 (43.8)***,�

Nausea 80 (26.4) 115 (33.0) 69 (42.9)***,�

Vomiting 9 (3.0) 16 (4.6) 12 (7.5)*

Pneumonitis 0 (0) 3 (0.9) 2 (1.2)

Transaminitis 0 (0) 4 (1.1) 3 (1.9)

AML acute myeloid leukemia, CEI clinical event of interest, MDS myelodysplastic syndromes, PARPi poly(ADP-ribose)
polymerase inhibitors
*P\ 0.05 versus olaparib; **P\ 0.01 versus olaparib; ***P\ 0.001 versus olaparib; �P\ 0.05 versus niraparib; statistical
comparisons were performed using chi-squared or Fisher’s exact tests for categorical variables and t tests for continuous
variables; statistical tests were carried out when there was a frequency of CEIs of at least 1% per treatment group to avoid
comparisons in small sample sizes
aCEI based on total claims comprising a diagnosis code only
bCEI based on total claims comprising a diagnosis code only, a procedure code only, or both a diagnosis and procedure code.
Index is date of PARPi initiation
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proportion of patients experiencing an incident
CEI in those initiating niraparib below the
highest indicated dose (72.9%) and at the
highest indicated dose (72.8%; Supplementary
Table 7).

Among patients with at least 6 months’
continuous enrollment, a reduction in the per-
mitted treatment gap from more than 90 days
to more than 45 days did not qualitatively alter
the results for persistence (Supplementary
Table 8).

DISCUSSION

This large real-world comparison of PARPi
therapy in women with OC leveraged US
healthcare claims data and demonstrated key
differences between the three FDA-approved
PARPi in the risk of experiencing a CEI, likeli-
hood of dose modifications, ability to receive
continuous PARPi therapy, and HCRU and total
medical costs. Demographics, clinical charac-
teristics, and CEIs were similar between groups
in this large cohort at baseline, while the
approved indications during the index period
(January 1, 2017, to May 31, 2019) meant that
the majority of patients were likely to be
receiving maintenance therapy. Indeed,
approximately 90% of patients across all groups
had a record of systemic chemotherapy in their
treatment history at baseline.

CEIs observed during the index period were
consistent with the safety endpoints from piv-
otal RCTs with olaparib, niraparib, and

bFig. 1 Forest plot showing odds ratios and 95% confi-
dence intervals for comparison of selected clinical events of
interest in women with ovarian cancer treated with
olaparib, niraparib, or rucaparib as the index PARPi
regimen (2017–2019): a niraparib (N = 348)/olaparib
(N = 303); b rucaparib (N = 162)/olaparib (N = 303);
c niraparib (N = 348)/rucaparib (N = 162). OR[ 1
favors the second drug in the comparison. CEIs listed as
NC were not calculated because of the small number of
events per cell (\ 3 patients per group). AML acute
myeloid leukemia, CI confidence interval, CEI clinical
event of interest, MDS myelodysplastic syndromes, NC
not calculable, OR odds ratio, PARPi poly(ADP-ribose)
polymerase inhibitors
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rucaparib [7, 8, 13–17, 30, 31] and the limited
real-world evidence published to date
[19–21, 23]. The most common CEIs observed
included nausea, fatigue, vomiting, and hema-
tologic toxicities such as anemia and

thrombocytopenia. Hematologic toxicities are a
common class effect of PARPi, often occurring
early after treatment initiation; they are also the
most common cause of dose modification,
interruption, and discontinuation [4]. In our

Table 3 Dose modifications and persistence throughout the index PARPi regimen

Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Treatment duration of index PARPi regimen among all patients, n (%)

\ 90 days 215 (71.0) 209 (60.1)** 95 (58.6)***

C 90 days 88 (29.0) 139 (39.9)** 67 (41.4)***

Mean initial daily dosea, mg/day (SD) 597.4 (108.2) 265.2 (55.6) 1242.0 (669.3)

Initial PARPi dose category, n (%)

Highest indicated doseb 271 (89.4) 241 (69.3) 151 (93.2)

PARPi daily dosea change from initial dose, n (%)

No dosage change 261 (86.1) 233 (67.0)*** 121 (74.7)**

Dosage decrease 64 (21.1) 122 (35.1)*** 49 (30.2)*

Dosage increase 10 (3.3) 24 (6.9)* 5 (3.1)

Patients with at least 6 months’ continuous enrollment, n (%) 172 (56.8) 251 (72.1)*** 117 (72.2)**

Time to non-persistencec, days

Mean (SD) 97.8 (46.1) 92.2 (50.0) 94.2 (49.5)

Median [IQR] 89.5 [78.0] 89.0 [77.0] 89.0 [73.0]

MPRd

Mean (SD) 0.7 (0.3) 0.6 (0.3)*** 0.7 (0.3)���

Median [IQR] 0.7 [0.7] 0.5 [0.5] 0.7 [0.7]

IQR interquartile range, MPR medication possession ratio, PARPi poly(ADP-ribose) polymerase inhibitors, SD standard
deviation
*P\ 0.05 versus olaparib; **P\ 0.01 versus olaparib; ***P\ 0.001 versus olaparib; ���P\ 0.001 versus niraparib; statistical
comparisons were performed using chi-squared or Fisher’s exact tests for categorical variables and t tests for continuous
variables. Statistical comparisons were not performed for the mean initial daily dose or the initial PARPi dose category
aDaily dose was calculated as (quantity supplied 9 drug strength)/days’ supply. Initial daily dose was examined at the first
claim only
bHighest indicated doses were taken from the prescribing information for each PARPi as 600, 800, 300, and 1200 mg/day
for olaparib tablets, olaparib capsules, niraparib capsules, and rucaparib tablets, respectively
cDays to non-persistence were determined among the subset of patients who had at least 6 months of follow-up; persistence
was indicated by no treatment gaps of more than 90 days during the 6-month post-index period [21]
dMPR was measured as the ratio of the sum of days’ supply during the fixed 6-month (180-day) follow-up period among the
subset of patients with at least 6 months of follow-up [21]
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study, rates of hematologic CEIs were consistent
with RCT data [7, 8] and were higher with
niraparib, followed by rucaparib and then

olaparib. Differences between PARPi in terms of
tolerability and dose modifications in pivotal
RCTs in the OC maintenance setting have
recently been highlighted in an indirect treat-
ment comparison [18]. Specifically, any
grade 3–4 AEs were observed less frequently
with olaparib than with niraparib and rucaparib
[18], which is consistent with the results of a
recent network meta-analysis of RCTs [7].

The differences observed in non-hemato-
logic CEIs, including a higher prevalence of
insomnia and hypertension with niraparib vs
olaparib and of nausea/vomiting and constipa-
tion/diarrhea with rucaparib vs olaparib, build
on similar results presented in a recent single-
center analysis of patients with relapsed plat-
inum-sensitive OC treated with PARPi [25]. Off-
target binding to dopamine, serotonin, and
norepinephrine receptors has been reported for
niraparib and rucaparib [4, 6, 11] and may
explain the differences in the incidence of AEs
such as hypertension and insomnia; however,
further investigation is required. Abnormalities
in liver function tests are commonly observed
with rucaparib but are not thought to be related
to liver toxicity [32]. Future studies investigat-
ing whether any patient characteristics are
associated with favorable tolerability profiles of
the different PARPi regimens may be interesting
to explore.

More dose modifications were observed with
niraparib and rucaparib vs olaparib in our study,
confirming similar findings in a recent indirect
treatment comparison of key RCTs in the
maintenance OC setting [18]. The most fre-
quent AEs experienced with PARPi (regardless of
PARPi prescribed), such as nausea, fatigue, ane-
mia, and vomiting, are usually transient, man-
ageable (grade 1), and unlikely to lead to drug
discontinuation if supportive care is provided
[12, 33]. Dose reductions and interruptions may
be required for more severe events (grade 2 or
worse), such as thrombocytopenia, and discon-
tinuation is necessary for severe events that
cannot otherwise be managed (grade 3 or 4
lasting more than 28 days at the lowest PARPi
dose). Each PARPi has a recommended schedule
of dose modifications that allows for continued
use [9–11]. Niraparib dose modifications may be
linked to protocol-mandated changes in the

Fig. 2 a Persistencea and b adherenceb to index PARPi
regimen. *P\ 0.05 versus olaparib; **P\ 0.01 versus
olaparib; ***P\ 0.001 versus olaparib; �P\ 0.05 versus
niraparib; ���P\ 0.001 versus niraparib; statistical com-
parisons were performed using chi-squared or Fisher’s exact
tests for categorical variables and t tests for continuous
variables. Error bars represent 95% Clopper–Pearson
confidence interval. aPersistence: percentage of patients
with no index PARPi regimen treatment gaps of more
than 90 days or those who had at least 6 months of
continuous enrollment [28]; bAdherence: MPR was
measured as the ratio of the sum of days’ supply during
the fixed 6-month (180-day) follow-up period, and
patients with MPR\ 80% were categorized as non-
adherent [28]. MPR medication possession ratio, PARPi
poly(ADP-ribose)polymerase inhibitors
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Table 4 All-cause healthcare resource utilization and costs PPPM measured during the follow-up period by index PARPi
regimen

Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Inpatients

Patients with an admission, n (%) 61 (20.1) 94 (27.0)* 50 (30.9)*

Number of inpatient admissions

Mean (SD) 0.0 (0.1) 0.1 (0.2) 0.1 (0.1)*

Median [IQR] 0.0 [0.0] 0.0 [0.0] 0.0 [0.1]

Length of stay, days

Mean (SD) 1.3 (3.4) 2.0 (4.5)* 2.1 (4.3)*

Median [IQR] 0.0 [0.0] 0.0 [2.0] 0.0 [3.0]

Outpatient ER visits

Patients with an ER visit, n (%) 84 (27.7) 121 (34.8) 48 (29.6)

Number of ER visits

Mean (SD) 0.1 (0.2) 0.1 (0.2) 0.1 (0.1)

Median [IQR] 0.0 [0.1] 0.0 [0.1] 0.0 [0.1]

Outpatient office visits

Patients with an office visit, n (%) 296 (97.7) 342 (98.3) 158 (97.5)

Number of office visits

Mean (SD) 1.4 (0.8) 1.7 (1.0)** 1.5 (0.7)�

Median [IQR] 1.3 [0.9] 1.5 [1.2] 1.4 [0.7]

Other outpatient services

Patients with another outpatient service, n (%) 301 (99.3) 348 (100.0)*** 160 (98.8)�

Number of services

Mean (SD) 2.8 (2.1) 3.3 (2.0)** 3.4 (2.2)**

Median [IQR] 2.1 [1.8] 2.9 [2.2] 2.8 [2.6]

Outpatient pharmacy

Patients with a prescription, n (%) 303 (100.0) 348 (100.0)b 162 (100.0)b

Number of prescriptions

Mean (SD) 3.3 (2.2) 3.5 (2.3) 3.3 (1.9)

Median [IQR] 2.7 [2.2] 3.0 [2.4] 3.0 [2.2]

Mean monthly inpatient costs (SD)a $1354 ($5717) $2274 ($10,265) $2045 ($5516)

Mean monthly outpatient costs (SD)a $4038 ($5926) $5459 ($7469)** $4822 ($5237)

ER visits $146 ($456) $161 ($480) $105 ($287)
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recommended dosing regimen for patients with
specific toxicities in the ENGOT-OV16/NOVA
study. A subsequent post hoc analysis reported
that patients with a weight of less than 77 kg or
a baseline platelet count of less than 150,000/
mm3 benefited from a reduced starting dose of
200 mg once daily [34], which led to a label
update (April 2020) recommending dosing
according to body weight and platelet levels
[11]. In our study, fewer patients receiving
niraparib (69.3%) than olaparib (89.4%) or
rucaparib (93.2%) started treatment at the
highest indicated dose, suggesting that modi-
fied niraparib starting doses were implemented
in routine practice to mitigate the risk of severe
hematologic toxicity. In a sensitivity analysis,
we found the rate of hematologic toxicities in
patients starting at a lower niraparib dose
remained significantly higher than the rate in
patients receiving olaparib or rucaparib at any
starting dose. This observation is consistent
with the prospective exploratory analysis of the
first-line PRIMA study, which showed a lower
but persistent high rate of thrombocytopenia
(21% grade 3 or worse) in patients receiving the
modified dosing regimen based on baseline
body weight and platelet count [11]. Whether
changes in the recommended dosing regimen
for niraparib [14] affected its tolerability and
persistence requires further investigation.

Non-adherence to recommended dosing
regimens can contribute greatly to the variabil-
ity observed in a drug’s therapeutic effect and
can also affect clinical outcome [35, 36]. In a
recent retrospective cohort study of women
with OC, a quarter of patients were subopti-
mally adherent to PARPi therapy and non-ad-
herent patients were more likely to be receiving
niraparib and have a shorter duration of therapy
[37]. In our study, the ability to receive con-
tinuous PARPi therapy also differed between the
PARPi, with lower persistence observed with
niraparib and rucaparib vs olaparib. Previous
studies have shown fewer treatment interrup-
tions [18] and longer duration of use [23] with
olaparib compared with niraparib and ruca-
parib. In a sensitivity analysis including persis-
tent patients only (i.e., those with no treatment
gaps of more than 90 days in the 6 months after
starting PARPi), we found no difference in the
association between rate of CEI and index PARPi
regimen, suggesting that differences in rates of
CEIs between the PARPi may be driven by non-
persistent patients; however, as reason for dis-
continuation is not available in claims data, we
could not explicitly determine whether discon-
tinuation of treatment was due to the CEI. It is
also unclear if discontinuation was due to dis-
ease progression or any associated changes in
therapy.

Table 4 continued

Olaparib
N = 303

Niraparib
N = 348

Rucaparib
N = 162

Outpatient office visits $248 ($193) $277 ($239) $261 ($228)

Other outpatient services $3644 ($5748) $5021 ($7304)** $4456 ($5103)

Mean monthly total medical costs, excluding pharmacy (SD)a $5393 ($8828) $7732 ($14,054)* $6868 ($7929)

Mean monthly total costs (SD)a $16,768 ($8705) $16,737 ($13,981) $17,885 ($8139)

ER emergency room, IQR interquartile range, PARPi poly(ADP-ribose) polymerase inhibitors, PPPM per patient per
month, SD standard deviation
*P\ 0.05 versus olaparib; **P\ 0.01 versus olaparib; ***P\ 0.001 versus olaparib; �P\ 0.05 versus niraparib; statistical
comparisons were performed using chi-squared or Fisher’s exact tests for categorical variables and t tests for continuous
variables
aAll dollar estimates are reported PPPM to account for variation in duration of the index PARPi regimen and were adjusted
for inflation using the Medical Care Component of the Consumer Price Index and standardized to the US dollar value in
2018. In addition to costs, rows representing number of services have also been standardized to PPPM
bNot calculable
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Whether a decrease in PARPi persistence or
reductions in dose were translated into longer-
term reductions in effectiveness remains an
important focus for future research. Neverthe-
less, initial follow-up data from PARPi clinical
trials in newly diagnosed and relapsed patients
with OC indicated good long-term tolerability
and efficacy [38, 39]. Indeed, long-term follow-
up of olaparib RCTs demonstrated that many
patients with platinum-sensitive relapsed OC
remain on therapy for several years; 13% and
22% of patients remained on olaparib at 5 years
in Study 19 and SOLO2 (BRCA mutated),
respectively [39, 40]. Tolerability is likely to be
an important factor for long-term PARPi main-
tenance therapy, and further follow-up data in
this setting are awaited.

In addition to effectiveness and tolerability,
the HCRU and costs associated with PARPi
therapy aid understanding of the full patient
experience. Here, inpatient admissions and
outpatient service use were higher for niraparib
and rucaparib than for olaparib, reflected in
their respective total medical costs (excluding
pharmacy costs). Higher medical costs with
niraparib vs olaparib and rucaparib were previ-
ously reported in a US real-world study in
patients with OC undergoing PARPi treatment
following first-line platinum-based therapy [41].
Patients receiving niraparib need to be moni-
tored weekly for the first month of treatment,
which may increase medical costs and place an
extra travel burden on patients.

Baseline total medical costs were higher in
the niraparib group than in the olaparib and
rucaparib groups, which was driven by higher
costs for outpatient services. Inpatient, ER, and
office visit costs were not higher. This could
partly be explained by the approval of niraparib
solely for maintenance treatment of patients
with a complete or partial response to second-
line platinum-based chemotherapy during the
study period. Thus, the high costs were likely
driven by other outpatient services related to
chemotherapy infusion during the baseline
assessment.

To our knowledge, this study is the largest
real-world comparison of PARPi therapy in
women with OC. While we cannot discount the
possibility that some patients in our study

received PARPi in a treatment setting, our index
period focused on a time when all three PARPi
were approved for maintenance use. The smal-
ler number of patients who received rucaparib
(n = 162) in this window, compared with ola-
parib (n = 303) and niraparib (n = 348), may be
explained by the April 2018 extension of the
rucaparib label to include second-line mainte-
nance therapy in platinum-sensitive patients
[11]; the majority of patients who initiated
rucaparib in this study did so in 2018. A greater
proportion of olaparib-prescribed patients ini-
tiated treatment in 2019 compared with nira-
parib or rucaparib, resulting in less time for
follow-up before the May 31, 2019 cutoff.
Consequently, the duration of follow-up and
proportion of patients with 6 months’ contin-
uous follow-up differed across the individual
PARPi and appeared shorter in the olaparib
cohort, although this does not affect interpre-
tation of adherence and persistence data.

Use of claims data is well established in
research examining tolerability and HCRU in
several diseases, including a range of cancers
[42–45]. Nevertheless, this study has some lim-
itations, including biases inherent to observa-
tional studies and use of healthcare claims data,
which are recorded for billing rather than
research purposes and do not include a review
of medical records. The incidence of CEIs was
generally lower in our analysis vs clinical trials;
only CEIs that were severe enough to seek
medical attention or that needed treatment
were recorded, but this is unlikely to be differ-
ential with respect to the PARPi. While com-
mon toxicities such as nausea and fatigue may
not be recorded in claims data unless severe,
they are still problematic for patients and an
important consideration for treating physicians.
Rates of hypertension and infection were gen-
erally higher in our study than in clinical trials,
perhaps because of the wide range of terms
captured to compile these CEIs, but this may
also be more representative of real-world expe-
rience. The dosing, adherence, and persistence
results reflect PARPi prescription patterns and
may not fully capture usage. Line of therapy was
not recorded in claims, and we could not with
certainty assign PARPi use as maintenance or
treatment. Certain variables, such as reasons for
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PARPi discontinuation, OC stage, and BRCA
status, were not captured. Some patients may
have switched insurers before the study inclu-
sion period, rendering their full history inac-
cessible, which may explain why approximately
10% of patients had no systemic chemotherapy
prescription at baseline. Multiple statistical tests
were carried out and we did not account for
multiplicity of testing, increasing the probabil-
ity of a statistically significant finding being
observed by chance. Although some compar-
isons were adjusted for potential a priori con-
founders, residual confounding factors may
have biased the study estimates. However,
results from our primary analytical cohort were
supported by the sensitivity analyses con-
ducted. Finally, this study only included
patients in the USA, but the results are gener-
alizable to the wider population of commer-
cially insured patients with OC. Similar studies
are planned in other countries.

CONCLUSION

This is the largest real-world comparison of
PARPi therapy in women with OC conducted to
date. The results suggest differences in the risk
of experiencing a CEI, the likelihood of dose
modifications, the ability to receive continuous
PARPi therapy, HCRU, and total medical costs
between the PARPi. This study will help inform
physicians and payers of the importance of
considering the respective tolerability profiles of
PARPi, plus the potential downstream implica-
tions for treatment adherence/persistence and
health economics, when selecting the most
appropriate maintenance therapy for patients
with OC. Further research will assess the influ-
ence of medication adherence on long-term
effectiveness of PARPi using patient records.
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