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Plain language summary

Background: In a large clinical trial called PRIMA, patients with advanced cancer of the 
ovary (ovarian cancer) were given either niraparib (a type of cancer medicine) or placebo 
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Abstract
Background: The PRIMA phase 3 trial showed niraparib significantly prolongs median 
progression-free survival (PFS) versus placebo in patients with advanced ovarian cancer (OC) 
responsive to first-line platinum-based chemotherapy, including those who had tumors with 
homologous recombination deficiency (HRd). This analysis of PRIMA examined the quality-
adjusted PFS (QA-PFS) and quality-adjusted time without symptoms of disease or toxicity 
(Q-TWiST) of patients on maintenance niraparib versus placebo.
Methods: Patients were randomized 2:1 to receive once-daily maintenance niraparib (n = 487) or 
placebo (n = 246). QA-PFS was defined as the PFS of patients adjusted for their health-related 
quality of life (HRQoL) prior to disease progression, measured using European Quality of Life Five-
Dimension (EQ-5D) questionnaire index scores from the PRIMA trial. Q-TWiST was calculated by 
combining data on PFS, duration of symptomatic grade ⩾2 adverse events (fatigue or asthenia, 
nausea, vomiting, abdominal pain, and abdominal bloating) prior to disease progression, and EQ-5D 
index scores. Analyses used data collected up to the last date of PFS assessment (May 17, 2019).
Results: The restricted mean QA-PFS was significantly longer with niraparib versus placebo 
in the HRd (n = 373) and overall intention-to-treat (ITT; n = 733) populations (mean gains of 6.5 
[95% confidence interval; CI, 3.9–8.9] and 4.1 [95% CI, 2.2–5.8] months, respectively). There 
were also significant improvements in restricted mean Q-TWiST for niraparib versus placebo 
(mean gains of 5.9 [95% CI, 3.5–8.6] and 3.5 [95% CI, 1.7–5.6] months, respectively) in the HRd 
and ITT populations.
Conclusions: In patients with advanced OC, first-line niraparib maintenance was associated 
with significant gains in QA-PFS and Q-TWiST versus placebo. These findings demonstrate that 
niraparib maintenance treatment is associated with a PFS improvement and that treatment benefit 
is maintained even when HRQoL and/or toxicity data are combined with PFS in a single measure.

Trial registration: ClinicalTrials.gov: NCT02655016; trial registration date: January 13, 2016
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(a pill containing no medicine/active substances) after having chemotherapy (another type 
of cancer medicine). Taking niraparib after chemotherapy is called maintenance therapy 
and aims to give patients more time before their cancer returns or gets worse than if 
they were not given any further treatment. In the PRIMA trial, patients who took niraparib 
did have more time before their cancer progressed than if they took placebo. However, 
it is important to consider patients’ quality of life, which can be made worse by cancer 
symptoms and/or side effects of treatment. Here, we assessed the overall benefit of 
niraparib for patients in PRIMA.
Methods: Both the length of time before disease progression (or survival time) and quality 
of life were considered using two different analyses:
 • The first analysis was called quality-adjusted PFS (QA-PFS) and looked at how long patients 

survived with good quality of life.
 • The second analysis was called quality-adjusted time without symptoms of disease or toxicity 

(Q-TWiST) and looked at how long patients survived without cancer symptoms or treatment 
side effects.

Results: The PRIMA trial included 733 patients; 487 took niraparib and 246 took placebo. 
Around half of the patients in both groups had a type of ovarian cancer that responds 
particularly well to drugs like niraparib – they are known as homologous recombination 
deficiency (HRd) patients.

 • When information on quality of life (collected from patient questionnaires) and survival was 
combined in the QA-PFS analysis, HRd patients who took niraparib had approximately 
6.5 months longer with a good quality of life before disease progression than those who took 
placebo. In the overall group of patients (including HRd patients and non-HRd patients), those 
who took niraparib had approximately 4 months longer than with placebo.

 • Using the second analysis (Q-TWiST) to combine information on survival with cancer symp-
toms and treatment side effects, the HRd patients taking niraparib had approximately 6 months 
longer without cancer symptoms or treatment side effects (such as nausea or vomiting) than 
patients taking placebo. In the overall group of patients, those taking niraparib had approxi-
mately 3.5 months longer without these cancer symptoms/side effects than patients receiving 
placebo.

Conclusions: These results show that the survival benefits of niraparib treatment remain 
when accounting for patients’ quality of life. These benefits were seen not only in HRd 
patients who are known to respond better to niraparib, but in the overall group of patients 
who took niraparib.

Keywords: maintenance therapy, niraparib, ovarian cancer, quality of life
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Introduction
Ovarian cancer (OC) is a rare but frequently fatal 
cancer, constituting the seventh leading cause of 
cancer death among women globally.1 Most cases 
of OC are diagnosed at an advanced stage where 
prognosis is poor, and >50% of patients with 

advanced disease die within 5 years of 
diagnosis.2,3

Although first-line treatment with platinum-
based chemotherapy has high response rates,4,5 a 
large proportion of patients with advanced OC 
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experience disease recurrence, with duration of 
progression-free survival (PFS) decreased with 
each subsequent line of chemotherapy.5–7 
Maintenance therapy with poly(adenosine 
diphosphate-ribose) polymerase inhibitors 
(PARPis), which aims to delay disease progres-
sion, can be used to extend the time between 
chemotherapy treatments and prolong PFS.8–12 
Patients are likely to be asymptomatic at the point 
of treatment initiation; therefore, maintenance 
therapies should have a minimal negative impact 
on quality of life (QoL).10 The current standard 
of care for maintenance therapy in advanced OC 
comprises either an anti-angiogenic monoclonal 
antibody (e.g., bevacizumab), a PARPi (e.g., 
niraparib or olaparib), or a combination of beva-
cizumab and olaparib.9,11–14 Observation with 
follow-up may be considered in certain patients, 
such as those with a complete response (CR) to 
first-line chemotherapy.14 However, available 
data suggest that disease recurrence is very com-
mon, even among patients with a favorable 
response to first-line treatment.4,15,16

Niraparib, a potent oral PARPi, is approved in 
the USA and Europe for the maintenance treat-
ment of advanced OC in patients with a CR or 
partial response (PR) to first-line platinum-based 
chemotherapy.17,18 In the phase 3 PRIMA trial, 
maintenance therapy with niraparib significantly 
prolonged median PFS compared with placebo in 
patients with newly diagnosed platinum-sensitive 
advanced OC. The PFS benefit was observed in 
both patients who had tumors with homologous 
recombination deficiency [HRd; 21.9 months ver-
sus 10.4 months; hazard ratio (HR): 0.43; 
p < 0.001] and the overall intention-to-treat 
(ITT) population (13.8 months versus 8.2 months; 
HR: 0.62; p <0.001).9

In recent years, patient-centered outcomes, 
defined as outcomes important to patients and 
caregivers,19 have become increasingly important 
to clinicians and regulators when assessing the 
risk/benefit of cancer treatments.20 Indeed, in 
order to better define the clinical benefit to 
patients, regulatory agencies and advisory bodies 
now recommend the inclusion and evaluation of 
patient-reported outcome (PRO) measures in 
clinical trials of new cancer treatments.21–25 This 
recommendation is also strongly supported by the 
Gynecological Cancer InterGroup.26

Quality-adjusted PFS (QA-PFS) and quality-
adjusted time without symptoms of disease or 

toxicity (Q-TWiST) are methods of evaluation 
that integrate data on both the quality and quan-
tity of survival time.27–29 QA-PFS represents the 
duration of survival without disease progression, 
adjusted for the value patients place on their 
health status by incorporating information on 
patient-reported health-related quality of life 
(HRQoL) prior to disease progression.29,30 
Q-TWiST represents the time without symptoms 
of disease or toxicity (TWiST) from treatments, 
prior to disease progression. Data on toxicity 
(adverse events [AEs]) and patient-reported 
HRQoL are combined with PFS data to give a 
single measure of the quality of survival.27–29

Both QA-PFS and Q-TWiST complement effi-
cacy and safety data from clinical trials and can 
help to evaluate the net benefit of new therapies 
across many different cancers.29–33 In this analy-
sis, using data from the PRIMA trial, we assessed 
the QA-PFS and Q-TWiST of niraparib versus 
placebo among patients with advanced OC in the 
maintenance setting following response on first-
line platinum-based chemotherapy.

Methods

Data source
This study analyzed data from the PRIMA 
(PRIMA/ENGOT-OV26/GOG-3012) trial 
(ClinicalTrials.gov identifier: NCT02655016; 
trial registration date: January 13, 2016), for 
which the design and results have been reported 
previously.9 In brief, PRIMA was a randomized, 
double-blind, placebo-controlled, phase 3 trial 
conducted at 181 sites across 20 countries. Eligible 
patients were adults (aged ⩾18 years) with 
advanced OC (stage III or IV) who had completed 
six to nine cycles of platinum-based chemotherapy 
with a physician-assessed CR or PR. Tumor sam-
ples were tested to identify those with HRd, 
defined as the presence of a breast cancer gene 
(BRCA) deleterious mutation, a score of ⩾42 on 
the myChoice test (Myriad Genetics, Inc., Salt 
Lake City, UT, USA), or both. Patients whose 
HRd status was not determined were included in 
the overall population and not the HRd cohort. 
The trial was performed in accordance with the 
Declaration of Helsinki, Good Clinical Practice 
Guidelines, and local regulations. All patients pro-
vided written informed consent to participate.

In total, 733 patients were enrolled and under-
went randomization between July 2016 and June 
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2018. Patients were randomized 2:1 to receive 
oral niraparib or placebo once daily in 28-day 
cycles for 36 months or until disease progression. 
Niraparib was administered once daily as either a 
fixed dose of 300 mg or an individualized starting 
dose of 200 mg for patients with a baseline body 
weight of <77 kg, a platelet count of <150,000 
per cubic millimeter, or both. The primary end-
point in the PRIMA trial was PFS in patients who 
had tumors with HRd and in the overall popula-
tion, as determined with hierarchical testing. PFS 
was defined as the time from the date of randomi-
zation to the date of first documentation of dis-
ease progression or death from any cause, 
whichever occurred first, and was assessed by 
blinded independent central review (BICR).

Secondary endpoints included overall survival 
(OS), time to first subsequent therapy, PFS-2 
(time from randomization to progression while the 
patient was receiving a subsequent anticancer ther-
apy), and pharmacokinetic analyses. In addition, 
PROs were assessed using the Functional 
Assessment of Cancer Therapy–Ovarian Symptom 
Index, the European Quality of Life Five-
Dimension, Five-Level questionnaire (EQ-5D-5L), 
the European Organization for Research and 
Treatment of Cancer (EORTC) Quality of Life 
questionnaire (EORTC-QLQ-C30), and the 
EORTC Quality of Life Questionnaire Ovarian 
Cancer module (EORTC-QLQ-OV28) instru-
ments. Scores were measured at the screening 
visit, throughout treatment and at 4, 8, 12, and 
24 weeks after the last dose of niraparib or placebo. 
Safety was assessed through the monitoring of AEs 
(with grading according to the National Cancer 
Institute Common Terminology for Adverse 
Events, version 4.03), laboratory testing, vital sign 
measurements, and physical examination.

Analysis objectives
The primary objective of this analysis was to 
assess the QA-PFS and Q-TWiST of niraparib 
versus placebo among patients with advanced OC 
in the maintenance setting following response on 
first-line platinum-based chemotherapy using the 
PRIMA trial data for the overall (ITT) popula-
tion. Exploratory objectives were to assess the 
same outcomes in prespecified patient subpopu-
lations from the PRIMA trial: (1) HRd and 
homologous recombination proficient (HRp 
[lack of HRd]) patients, and (2) BRCA wild type 
and BRCA mutant populations. Patients with 

undetermined HRd status were included in the 
overall population, but not in the HRd or HRp 
populations.

Statistical analysis
QA-PFS and Q-TWiST analyses were performed 
for the ITT population from PRIMA (niraparib, 
n = 487; placebo, n = 246), as well as in the HRd 
population (n = 373) and other prespecified 
genetically defined subgroups of interest. 
Outcome measures and calculations of all 
QA-PFS and Q-TWiST parameters are shown in 
Table 1, and additional details of all analyses are 
provided in the Supplemental Methods, 
Supplemental Figure 1, and Supplemental Table 
1. In brief, QA-PFS was calculated as the product 
of the BICR PFS function and the mean 
EQ-5D-5L index score34 prior to progression. 
Q-TWiST was calculated as the sum product of 
the following two health states and each state’s 
assigned QoL weight (utility):

(1) TOX: Time with toxicities, defined as the 
time prior to PFS, during which patients experi-
enced grade ⩾2 symptomatic AEs of interest 
(fatigue/asthenia, nausea, vomiting, abdominal 
pain, and abdominal bloating). Grade 1 AEs were 
not included as they were considered to be less 
clinically significant than grade ⩾2 AEs.

AEs of interest were selected based on a targeted 
literature search to identify AEs included in 
TWiST and Q-TWiST analyses that evaluated 
PARPis as maintenance treatment for OC. The 
most common symptomatic AEs from the PRIMA 
trial, as well as external expert clinical opinions, 
were also considered, in order to focus on clini-
cally meaningful specific symptomatic AEs asso-
ciated with disease progression or recurrence that 
would be expected to impact most substantially 
on QoL. The duration of AEs was defined as the 
time between the start and end (resolution) dates 
of an AE. For AEs that had not resolved by the 
time of progression, the date of progression was 
used as the end date. For AEs with missing reso-
lution dates, the end date was truncated at PFS 
date/end of follow-up, whichever occurred first. 
When patients experienced > 1 AE on a given 
day, the AE with the longest duration was used 
when counting time to resolution.

(2) TWiST: Time without symptoms of disease 
or toxicity prior to PFS.
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For all analyses, the level of significance was set to 
5%, and confidence intervals (CIs) were calcu-
lated using a non-parametric bootstrap method. 
Analyses were performed using SAS, version 9.4 
(SAS Institute, Cary, NC, USA).

Sensitivity analyses
The following sensitivity analyses were conducted 
for the overall ITT population: (1) Difference in 
Q-TWiST between treatment arms when restrict-
ing data to different periods of follow-up, and (2) 
use of a utility value of 0.5 for TOX, instead of 
values directly elicited from PRIMA trial patients 
via the EQ-5D-5L instrument. Further details of 
these sensitivity analyses are presented in the 
Supplemental Methods.

Results

Patients
A total of 733 patients were randomized to nira-
parib (n = 487) and placebo (n = 246) in the 
PRIMA trial.9 The analyses presented here use 
data collected up to the last date of PFS assess-
ment (May 17, 2019). Baseline demographic and 

clinical characteristics were balanced between 
treatment arms.9

QA-PFS analysis
Restricted mean PFS and QA-PFS in the HRd 
and overall ITT populations, comparing patients 
randomized to niraparib versus placebo, are sum-
marized in Table 2. Restricted mean PFS was sig-
nificantly longer with niraparib versus placebo in 
the HRd (19.3 [95% CI, 17.6–20.7] versus 13.4 
[11.0–15.1] months; mean difference, 5.9 [3.5–
8.7] months) and overall ITT (15.5 [14.3–16.5] 
versus 11.9 [10.2–13.3] months; mean difference, 
3.6 [1.8–5.7] months) populations. The restricted 
mean QA-PFS was also significantly longer with 
niraparib than with placebo in both the HRd (17.7 
[15.6–19.1] versus 11.2 [9.1–12.6] months; mean 
difference, 6.5 [3.9, 8.9] months) and overall ITT 
(14.0 [12.6–15.0] versus 9.9 [8.6–11.0] months; 
mean difference, 4.1 [2.2–5.8] months) popula-
tions. Restricted mean PFS and QA-PFS were 
also significantly longer with niraparib versus pla-
cebo in the BRCA wild type and BRCA mutant 
subgroups, and numerically longer with niraparib 
versus placebo in the HRp subgroup (Supplemental 
Table 2).

Table 1. Outcome measures of interest.

Variable Role Operational definition

Mean QA-PFS Calculated outcome Product of the PFS function, obtained by 
restricted mean survival estimation and the mean 
EQ-5D-5L index score prior to progression

TOX time, months Partitioned survival variable (Area under the Kaplan–Meier curve for days with 
AEs)/30.4375 days

TWiST time, months Partitioned survival variable (Area under the Kaplan–Meier curve for days to 
PFS event − area under the Kaplan–Meier curve 
for days with AEs)/30.4375 days

UTOX Utility Baseline: average EQ-5D-5L utilities collected 
during TOX state in the PRIMA trial; sensitivity 
analysis for the overall ITT population using a 
utility of 0.5

UTWiST Utility Assumed to be 1.0a

Mean Q-TWiST Calculated outcome Q-TWiST = UTWiST × TWiST + UTOX × TOX

aTWiST was considered to have utility equal to 1.0, representing the best possible quality of life for a patient, and consistent 
with previous Q-TWiST analyses in oncology.29

AE, adverse event; EQ-5D-5L, European Quality of Life Five-Dimension, Five-Level questionnaire; ITT, intention-to-treat; 
PFS, progression-free survival; QA-PFS, quality-adjusted progression-free survival; Q-TWiST, quality-adjusted time 
without symptoms of disease or toxicity; TOX, time before PFS during which patients experienced grade ⩾2 AEs; TWiST, 
time without symptoms of disease or toxicity; UTOX, utility for TOX; UTWiST, utility for TWiST.
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Q-TWiST analyses
The Q-TWiST analyses for the HRd and overall 
ITT populations were conducted at the last PFS 
of patients randomized to niraparib (27.8 months). 
Partitioned survival curves for the niraparib and 
placebo groups are shown in Figure 1. For TOX 
calculations, a total of 140/487 and 42/246 
patients in the niraparib and placebo groups, 
respectively, experienced grade ⩾2 symptomatic 
AEs of interest prior to PFS or last assessment 
date. The restricted mean duration of time spent 
in the TOX state (with grade ⩾2 AEs of interest) 
was numerically longer but not statistically signifi-
cant with niraparib versus placebo in both the HRd 
(difference [95% CI], 0.1 [−0.4, 0.6] months) 
and overall ITT (difference [95% CI], 0.2 [−0.1, 
0.6] months) populations (Table 3).

In contrast, restricted mean TWiST time was sig-
nificantly longer with niraparib compared with 
placebo in both the HRd (difference [95% CI], 
5.8 [3.5–8.4] months) and ITT (difference [95% 
CI], 3.3 [1.5–5.3] months) populations (Table 3). 
In the quality-adjusted analysis, setting utility 
weights for the TOX health state to 0.767, as esti-
mated from EQ-5D-5L data (Supplemental 
Table 1), patients treated with niraparib had sig-
nificantly greater mean Q-TWiST gain compared 
with placebo in both the HRd (difference [95% 
CI], 5.9 [3.5–8.6] months) and ITT (difference 
[95% CI], 3.5 [1.7–5.6] months) populations 
(Figure 2).

Results from other genetically defined subgroups 
(HRp, BRCA wild type, and BRCA mutant 
patients) are shown in Supplemental Figures 2 
and 3, and Supplemental Table 3. There were 
numerical Q-TWiST gains with niraparib versus 
placebo across these subgroups, and these were 
statistically significant in BRCA wild type and 
BRCA mutant patients.

Sensitivity analyses
In Q-TWiST analyses conducted at different 
periods of follow-up, Q-TWiST gains for nira-
parib versus placebo consistently and significantly 
increased with longer follow-up (Supplemental 
Figure 4). Similarly, when utility weights for the 
TOX health state were set to 0.5 (rather than the 
PRIMA trial-derived value of 0.767 that was used 
in the main analysis), patients treated with nira-
parib had a significant Q-TWiST gain compared 
with placebo (difference [95% CI], 3.4 [1.7–5.5] 
months) (Supplemental Table 4) that was similar 
to results from the main analysis.

Discussion
This analysis combined data on treatment effi-
cacy, toxicity, and HRQoL to comprehensively 
assess the treatment benefit with niraparib main-
tenance therapy following first-line platinum-
based chemotherapy in patients with advanced 
OC. The findings showed that niraparib increased 

Table 2. Restricted mean duration of PFS and QA-PFS for the HRd and overall ITT populations at last PFS of 
the treatment group.

Subgroup Restricted mean duration (95% CI), months

Niraparib Placebo Differencec

HRd at 27.8 monthsa n = 247 n = 126  

 PFS 19.3 (17.6–20.7) 13.4 (11.0–15.1) 5.9 (3.5–8.7)

 QA-PFSb 17.7 (15.6–19.1) 11.2 (9.1–12.6) 6.5 (3.9–8.9)

Overall ITT at 27.8 monthsa n = 487 n = 246  

 PFS 15.5 (14.3–16.5) 11.9 (10.2–13.3) 3.6 (1.8–5.7)

 QA-PFSb 14.0 (12.6–15.0) 9.9 (8.6–11.0) 4.1 (2.2–5.8)

aPatients without an EQ-5D-5L index score were assigned the mean EQ-5D-5L for their treatment arm.
bQA-PFS is a function resulting from the product of quality of life function and the survival function.
cBold type denotes statistically significant differences.
CI, confidence interval; EQ-5D-5L, European Quality of Life Five-Dimension, Five-Level questionnaire; HRd, homologous 
recombination deficient; ITT, intention-to-treat; PFS, progression-free survival; QA-PFS, quality-adjusted progression-free 
survival.
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PFS without significantly impacting toxicity, and 
niraparib-treated patients spent longer time in the 
TWiST health state (i.e., without symptoms of 
disease or toxicity) than those who received 
placebo.

Mean QA-PFS was significantly longer with nira-
parib versus placebo, both in the HRd and overall 
ITT populations. These findings demonstrated 
that the PFS benefit of niraparib shown in the 
PRIMA trial persisted when adjusted for patients’ 
perception of their HRQoL, thereby demonstrat-
ing a patient-relevant improvement in PFS with 
niraparib. Results of the Q-TWiST analysis sup-
ported and expanded on these findings by show-
ing that: (1) Niraparib increased restricted mean 
PFS without significantly increasing the duration 
of symptomatic grade ⩾2 AEs prior to disease 
progression, and (2) niraparib-treated patients 
spent longer without symptoms of disease or tox-
icity than those who received placebo, as 

evidenced by the significant gain in TWiST 
observed with niraparib versus placebo. 
Exploratory analysis of prespecified biomarker 
subgroups, including BRCA wild type, BRCA 
mutant, and HRp patients, also showed a consist-
ent trend toward QA-PFS and Q-TWiST 
benefits.

Our data add to and support the existing evidence 
for the benefit of PARPi in the maintenance treat-
ment of OC. PRO data from phase 3 clinical trials 
in both newly diagnosed and recurrent OC have 
suggested that PARPi therapy does not result in 
decreased QoL compared with placebo.9,12,35–37 
Subsequent analyses have expanded on these data 
by assessing QA-PFS and TWiST/Q-TWiST in 
the trial populations. In the SOLO1 trial compar-
ing maintenance olaparib with placebo in women 
with newly diagnosed platinum-sensitive 
advanced OC and a BRCA mutation, mean 
QA-PFS and TWiST gains of 12.17 and 

(a)

(b)

Figure 1. Partitioned survival curves for the (a) HRd and (b) overall ITT populations.
TOX included grade ⩾2 AEs of interest (fatigue or asthenia, nausea, vomiting, abdominal pain, and abdominal bloating). HRd and overall ITT 
populations had a maximum PFS of 27.8 months.
AE, adverse event; HRd, homologous recombination deficient; ITT, intention-to-treat; PFS, progression-free survival; TOX, time before PFS during 
which patients experienced grade ⩾2 AEs; TWiST, time without symptoms of disease or toxicity.
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12.92 months, respectively, were reported for 
olaparib versus placebo.38 These findings, while in 
concordance with our own data, are not directly 
comparable with the QA-PFS and TWiST gains 
reported for niraparib, owing to differences 
between the patient populations in the SOLO1 
and PRIMA trials. Patients in SOLO1 had a 
lower risk of disease progression or death than the 
PRIMA population, based on prognostic factors; 
the PRIMA trial also enrolled patients with non-
mutated BRCA OC, in addition to those with a 
BRCA mutation.9,12

Other trials (SOLO2/ENGOT-Ov21, ENGOT- 
OV16/NOVA, and ARIEL3) have also demon-
strated QA-PFS and/or TWiST/Q-TWiST gains 
with other PARPi in patients with recurrent 
OC,29,39,40 but these findings cannot be directly 
compared with those from trials of maintenance 
therapy with PARPi in the first-line setting, owing 
to differences in the characteristics of patients 
with newly diagnosed versus recurrent OC. 
Analyses to date have also differed in the methods 
and assumptions used to calculate the TWiST, 
Q-TWiST, and QA-PFS parameters, as well as in 
the type and severity of AEs included when evalu-
ating treatment toxicity. For example, although 
previous Q-TWiST analyses have not consist-
ently included abdominal pain/bloating, these 
were included in the present analysis due to being 
frequently reported AEs among patients in the 
PRIMA trial.9 Consequently, it is difficult to 
make direct comparisons between studies. 
Nonetheless, the analysis of PRIMA data reported 
here demonstrates gains in QA-PFS and 
Q-TWiST as a result of maintenance treatment 
with niraparib.

Maintaining good QoL is a key goal of mainte-
nance therapy for OC. Results from a survey of 
1400 women with OC showed that adverse effects 
of treatment are highly important to these 
patients, with many willing to trade increased 
duration of PFS for fewer side effects, particularly 
when treatment is not curative.41 These data 

Table 3. Restricted mean duration of health states for the HRd and overall ITT populations at maximum PFS 
of the treatment group.

Health state Restricted mean duration (95% CI), months

Niraparib Placebo Differenceb

HRd at 27.8 months n = 247 n = 126  

 TOXa 0.7 (0.4–1.0) 0.6 (0.2–1.0) 0.1 (−0.4, 0.6)

 TWiST 18.6 (16.9–20.0) 12.8 (10.6–14.6) 5.8 (3.5–8.4)

Overall ITT population at 27.8 months n = 487 n = 246  

 TOXa 0.7 (0.5–0.8) 0.4 (0.2–0.6) 0.2 (−0.1, 0.6)

 TWiST 14.8 (13.6–16.0) 11.5 (9.8–12.9) 3.3 (1.5–5.3)

aTOX included grade ⩾2 AEs of interest (fatigue or asthenia, nausea, vomiting, abdominal pain, and abdominal bloating).
bBold type denotes statistically significant differences.
AE, adverse event; CI, confidence interval; HRd, homologous recombination deficient; ITT, intention-to-treat; PFS, 
progression-free survival; TOX, time before PFS during which patients experienced grade ⩾2 AEs; TWiST, time without 
symptoms of disease or toxicity.

Figure 2. Mean Q-TWiST gain for the HRd and overall ITT populations at 
maximum PFS of the treatment group.
CI, confidence interval; HRd, homologous recombination deficient; ITT, intention-
to-treat; PFS, progression-free survival; Q-TWiST, quality-adjusted time without 
symptoms of disease or toxicity.
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emphasize the importance of directly assessing 
QoL in clinical trials to provide a more complete 
assessment of the clinical benefit of treatment to 
patients, irrespective of clinical efficacy. 
Conceptually, the Q-TWiST methodology 
applied in this analysis is similar to other clinical 
benefit measures, such as the American Society of 
Clinical Oncology Value Framework’s net health 
benefit,21,42 which seeks to incorporate patient-
centered outcomes when assessing the overall 
value of new therapies for patients.

Strengths of the present analysis include the use 
of Q-TWiST methodology, which enabled the 
incorporation of EQ-5D-5L data, and therefore 
information on patients’ perceptions of QoL, into 
TWiST analyses. Additionally, use of a QA-PFS 
analysis to assess quality-adjusted survival ena-
bled us to combine data on both quality 
(EQ-5D-5L scores) and quantity (PFS) of life. 
QA-PFS is an important metric that has been 
used extensively to evaluate oncology thera-
pies,29,30,43 and enables a more comprehensive 
assessment of treatment benefit than is permitted 
by either HRQoL or PFS data alone. The consist-
ency between findings from the QA-PFS and 
Q-TWiST analyses increases the robustness of 
the findings. Limitations of this analysis include 
the small sample sizes for some subgroup analyses 
and missing EQ-5D-5L index scores for 7% of 
patients in both treatment arms. Additionally, the 
PRIMA trial was only powered to show differ-
ences in the overall ITT population and HRd 
subgroup, and not the other genetically defined 
subgroups. Consequently, findings from the sub-
groups are exploratory and no firm conclusions 
can be drawn regarding the impact of niraparib 
on QA-PFS and Q-TWiST in these patients.

Limitations specific to the Q-TWiST analyses 
are largely inherent to the methodology. Multiple 
AEs on the same day were counted as one AE, as 
in most Q-TWiST analyses.39,40 Average utility 
of TOX for Q-TWiST can only be calculated 
among patients with a QoL assessment con-
ducted during the occurrence of the grade ⩾2 
AEs of interest. All toxicities were assigned the 
same utility weight and combined into one con-
tinuous time period at the start of therapy, irre-
spective of the severity or duration of the AEs. 
This assumption may not be strictly accurate, as 
AEs of different type or severity could have dif-
ferent effects on utility. Similarly, some drug-
related effects that impacted patients’ QoL may 

not have been reportable as AEs and, as such, 
would not have been captured. Finally, the OS 
data for PRIMA were not mature at the time of 
this analysis and could not be incorporated into 
the Q-TWiST analysis.

Conclusions
In patients with advanced OC, first-line mainte-
nance therapy with niraparib was associated with 
longer QA-PFS and Q-TWiST compared with 
placebo. Significant benefit was seen in both the 
HRd and overall ITT populations, confirming 
the benefit of niraparib in genetically diverse 
patients with OC. Collectively, these findings 
demonstrate that niraparib maintenance treat-
ment is associated with a PFS improvement and 
that treatment benefit is maintained even when 
HRQoL and/or toxicity data are combined with 
PFS in a single measure.
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