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Abstract
Objectives  The aim was to evaluate the cost-effectiveness of niraparib compared with routine surveillance (RS), olaparib 
and rucaparib for the maintenance treatment of patients with recurrent ovarian cancer (OC).
Methods  A decision-analytic model estimated the cost per quality-adjusted life-year (QALY) gained for niraparib versus 
RS, olaparib, and rucaparib from a US payer perspective. The model considered recurrent OC patients with or without ger-
mline BRCA​ mutations (gBRCA​mut and non-gBRCA​mut), who were responsive to their last platinum-based chemotherapy 
regimen. Model health states were: progression-free disease, progressed disease and dead. Mean progression-free survival 
(PFS) was estimated using parametric survival distributions based on ENGOT-OV16/NOVA (niraparib phase III trial), 
ARIEL3 (rucaparib phase III trial) and Study 19 (olaparib phase II trial). Mean overall survival (OS) benefit was estimated 
as double the mean PFS benefit based on the relationship between PFS and OS observed in Study 19. Costs included: drug, 
chemotherapy, monitoring, adverse events, and terminal care. EQ-5D utilities were estimated from trial data.
Results  Compared to RS, niraparib was associated with an incremental cost-effectiveness ratio (ICER) of US$68,287/QALY 
and US$108,287/QALY for gBRCA​mut and non-gBRCA​mut, respectively. Compared to olaparib and rucaparib, niraparib 
decreased costs and increased QALYs, with a cost saving of US$8799 and US$22,236 versus olaparib and US$198,708 and 
US$73,561 versus rucaparib for gBRCA​mut and non-gBRCA​mut, respectively.
Conclusions  Niraparib was estimated to be less costly and more effective compared to olaparib and rucaparib, and the ICER 
fell within an acceptable range compared to RS. Therefore, niraparib may be considered a cost-effective maintenance treat-
ment for patients with recurrent OC.

Key Points for Decision Makers 

Niraparib reduced costs and increased quality-adjusted 
life-years (QALYs) compared to olaparib and rucaparib, 
dominating both treatments. Therefore, niraparib was 
cost-effective compared to olaparib and rucaparib in both 
the gBRCA​mut and non-gBRCA​mut populations from a 
US payer perspective.

Niraparib increased costs and QALYs compared to 
routine surveillance. The resulting incremental cost-
effectiveness ratio led to niraparib being considered 
cost-effective compared to routine surveillance in both 
the gBRCA​mut and non-gBRCA​mut populations from a 
US payer perspective.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4027​3-018-0745-z) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Ovarian cancer (OC) is rare, with an estimated 22,440 
new cases (1.3% of new cancer cases) diagnosed in the 
United States (US) in 2017 [1]. However, it is also the 
fifth deadliest cancer for women, with an estimated 14,080 
deaths (2.3% of cancer deaths) in the US in 2017 and a 
5-year survival rate of 46.5% [1, 2]. The presence of a 
BRCA​ mutation significantly increases the lifetime risk 
of developing OC, but patients without a BRCA​ mutation 
(~ 80% of all patients) are associated with worse long-term 
survival than those who carry the mutation [3–5]. OC is 
treatable, but frequently recurs, with relapse rates up to 
95% for patients with advanced disease [6, 7].

Patients with recurrent OC (ROC) typically undergo sys-
temic treatment with repeated courses of platinum-based 
chemotherapy (PBC), with the aim of increasing progres-
sion-free survival (PFS) and overall survival (OS). How-
ever, PFS decreases with each PBC course, until the disease 
becomes ‘platinum resistant’. At this point, patients are faced 
with limited treatment options and poor outcomes [8].

With current treatments offering no chance of cure and 
with decreasing PFS in between lines of PBC, the use of 
targeted maintenance treatments (MTs), such as poly(ADP-
ribose) polymerase inhibitors (PARPi), to extend patients 
PFS and therefore extend the time between lines of chemo-
therapy has become an area of focus in the treatment of ROC 
[9]. By extending time to progression after PBC, MTs can 
increase the number of patients eligible for further PBC (i.e. 
patients who progress after 6 months) in the next treatment 
line, which may extend survival [8].

There are currently three PARPi licensed by the US Food 
and Drug Administration for use in the US as an MT for 
patients with recurrent epithelial ovarian, fallopian tube, 
or primary peritoneal cancer who have complete or partial 
response to PBC: niraparib, olaparib and rucaparib [10–12].

ENGOT-OV16/NOVA was a phase III, randomised 
controlled trial (RCT) wherein patients were divided by 
their BRCA​ mutation status and then randomised to receive 
niraparib or placebo. Patients in the niraparib group had 
a significantly longer median PFS compared to the pla-
cebo group, with a median PFS of 21.0 versus 5.5 months 
(gBRCA​mut [p < 0.001]) and 9.3 versus 3.9 months (non-
gBRCA​mut [p < 0.001]) [13].

Study 19 and SOLO2 were phase II and III RCTs 
wherein patients were randomised to receive olaparib or 
placebo. Patients in the olaparib group had a significantly 
longer median PFS compared to the placebo group, with 
median PFS of 8.4 versus 4.8 months (Study 19 intention-
to-treat [ITT] [p < 0.001]), 7.4 versus 5.5 months (Study 
19 BRCA​wt [p = 0.0075]) and 19.1 versus 5.5 months 
(SOLO2 gBRCA​mut [p < 0.0001]) [14–16].

ARIEL3 was a phase III RCT wherein patients were 
randomised to receive rucaparib or placebo. Three nested 
cohorts were analysed: patients with BRCA​ mutations, with 
homologous recombination deficiencies (HRD) and the ITT 
population. Across the nested cohorts, median PFS was sig-
nificantly longer (p < 0.0001) in patients in the rucaparib 
group than in the placebo group (16.6 versus 5.4 months 
[BRCA​ mutation], 13.6 versus 5.4 months [HRD], 10.8 ver-
sus 5.4 months [ITT]) [17]. The HRD subgroup was not 
included in our publication as HRD testing is not commonly 
used in clinical practice (< 2% of OC patients) [18].

Given the lack of a cure for ROC, there is a real need for 
effective MTs like niraparib, olaparib and rucaparib. This 
study sought to evaluate the cost-effectiveness of niraparib 
compared with routine surveillance (RS), olaparib and ruca-
parib for the MT of patients with ROC.

2 � Methods

A cost-effectiveness model was developed in Microsoft® 
Excel 2010 (Redmond, Washington, US) to estimate the 
expected costs and outcomes of niraparib compared with 
RS, olaparib and rucaparib for the MT of patients with ROC. 
The primary outcome was the incremental cost-effective-
ness ratio (ICER), expressed as cost/quality-adjusted life-
year (QALY) gained. Three systematic literature reviews 
(SLRs) were undertaken to identify clinical, economic, and 
health-related quality-of-life evidence of OC MTs (see the 
electronic supplementary material).

2.1 � Target Population

The target population in the model was based on the 
ENGOT-OV16/NOVA trial population: adult patients with 
platinum-sensitive, recurrent, high-grade, serous epithelial 
ovarian, fallopian tube, or primary peritoneal cancer who 
had received at least two platinum-based regimens and were 
responsive to their last PBC [13]. Since disease prognosis 
differs by BRCA​ status, the following populations were mod-
elled separately:

•	 Patients with a deleterious germline BRCA​ mutation 
or genetic variant, or suspected deleterious mutation 
(gBRCA​mut cohort)

•	 Patients without the hereditary germline BRCA​ mutation 
(non-gBRCA​mut cohort)

2.2 � Interventions

Olaparib and rucaparib are the only two licensed interven-
tions for which niraparib would be considered as an alterna-
tive MT option (Sect. 1). Therefore, both were considered 
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as comparators in addition to RS. A feasibility assessment 
concluded that formal indirect comparisons were not feasible 
between niraparib and these comparators (Sect. 4). There-
fore, six analyses were considered (Table 1).

2.3 � Model Structure

A decision-analytic model was constructed to estimate the 
costs and QALYs of the target population. This structure 
has been previously adopted in OC publications and Health 
Technology Assessment submissions [20–22].

The model consists of three health states (HSs): progres-
sion-free disease (PFD), progressed disease (PD) and dead 
(Fig. 1). The PFD HS has been modelled to represent those 
patients on or off treatment without disease progression 
according to RECIST v1.1 and clinical criteria defined as 
per the ENGOT-OV16/NOVA trial protocol.

Upon commencement of MT, patients entered the PFD 
HS. Patients transitioned to the PD HS after treatment-spe-
cific mean PFS, derived from trial data.

Patients then remained in the PD HS for the mean period 
of time, calculated as the difference between mean OS and 
mean PFS. Mean OS was calculated by treatment arm and 
derived from Study 19 for RS, with niraparib, olaparib, and 
rucaparib OS benefit extrapolated from PFS benefit.

Costs and QALYs for each treatment were accumulated 
based on the mean time spent in the PFD and PD HSs, 
from which incremental results and the cost/QALY were 
determined.

2.4 � Time Horizon, Cycle Length, Discounting, 
and Perspective

A lifetime horizon was selected to ensure all differential 
costs and QALYs accumulated by patients until death were 
considered. A 30-day cycle length was adopted. A 3.0% 
annual discount rate was applied for costs and benefits in the 
cost-effectiveness analysis (CEA) in line with World Health 
Organization guidelines [23]. The analysis was conducted 
from a US payer perspective.

2.5 � Clinical Effectiveness Inputs

The effectiveness and cost of the interventions were calculated 
based on the treatment-specific mean PFS, OS, and time on 
MT (TOMT). The treatment-specific means were calculated 
as the area under the curve using the trapezium rule (Eq. 1).

Trapezium rule

Parametric distributions were fitted to the Kaplan–Meier 
(KM) data for PFS, OS, and time to treatment discontinua-
tion (TTD) (for TOMT) to extrapolate from the trial dura-
tion to the lifetime horizon. National Institute for Health 
and Care Excellence (NICE) Decision Support Unit (DSU) 
guidelines were followed in fitting six parametric distri-
butions to the KM data: exponential, Weibull, Gompertz, 
log-logistic, lognormal, and generalised gamma [24]. The 
best-fitting distribution was selected based on the low-
est Akaike Information Criterion (AIC) and Bayesian 

(1)

b

∫
a

f (x)dx = (b − a)
f (a) + f (b)

2
.

Table 1   Analyses undertaken in the model

RS routine surveillance

gBRCA​mut Non-gBRCA​mut

● An analysis comparing niraparib with RS data from the ENGOT-
OV16/NOVA study [13]

● A cost-minimisation analysis comparing niraparib with olaparib 
assuming equal efficacy such that efficacy data from the ENGOT-
OV16/NOVA study used for both treatments [13, 19]

● An analysis comparing niraparib with rucaparib considering a naïve 
side-by-side comparison of results from the ENGOT-OV16/NOVA 
study for niraparib and the ARIEL3 study for rucaparib [13, 17]

● An analysis comparing niraparib with RS data from the ENGOT-
OV16/NOVA study [13]

● An analysis comparing niraparib with olaparib considering a naïve 
side-by-side comparison of results from the ENGOT-OV16/NOVA 
study for niraparib and Study 19 for olaparib [13, 15, 16]

● An analysis comparing niraparib with rucaparib considering a naïve 
side-by-side comparison of results from the ENGOT-OV16/NOVA 
study for niraparib and the ARIEL3 study for rucaparib [17]

PFD

Dead

PD
Mean PFS

Mean OS Mean OS –
Mean PFS

Fig. 1   Model states and transitions. OS overall survival, PD pro-
gressed disease, PFD progression-free disease, PFS progression-free 
survival
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Information Criterion (BIC) (see the electronic supple-
mentary material), visual inspection of the fitted distribu-
tions on the KM plots and validation by an external OC 
clinical expert. KM and parametric distributions for PFS, 
OS, and TTD by treatment are presented in Fig. 2, and 
mean PFS, OS, and TOMT by treatment are presented in 
Table 2. 

2.5.1 � Progression‑Free Survival

PFS data sources by model analyses are presented in the elec-
tronic supplementary material. PFS KM data for niraparib 
and RS were from the ENGOT-OV16/NOVA trial. A con-
servative efficacy assumption was made whereby gBRCA​mut 
olaparib PFS efficacy was assumed equal to niraparib. PFS 

data for olaparib in the non-gBRCA​mut population were from 
Study 19 BRCA​wt data. All rucaparib PFS data were from the 
ARIEL3 trial, with the non-gBRCA​mut population from com-
bined BRCA​wt data with high and low loss of heterozygosity.

The generalised gamma distribution had the lowest AIC 
and BIC. Visual inspection of the plots confirmed this was 
the best-fitting distribution for the PFS KM data for every 
population and comparison.

Upon advice from a clinical expert in OC, the long tails of 
certain distributions which suggested patients may be progres-
sion-free beyond 40 years were deemed unrealistic and were, 
therefore, capped at a recommended 20 years, such that patients 
could not be progression-free after 20 years. A rule was also 
applied to RS such that the proportion of patients progression-
free cannot be greater than the proportion of patients alive.

Fig. 2   KM plots and parametric distributions for PFS, OS and TTD. 
Left: gBRCA​mut (a PFS; b OS; c TTD). Right: non-gBRCA​mut (d 
PFS; e OS; f TTD). KM Kaplan–Meier, OS overall survival, PFS pro-

gression-free survival, RS routine surveillance, TTD time to treatment 
discontinuation
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Table 2   Clinical inputs and 
utilities

Value 95% CI Distribution Source

Mean PFS, OS, TOMT (years)
 gBRCA​mut
  Niraparib
   Mean PFS 4.14 2.25–7.20 Generalised gamma [13]
   Mean OS 10.22 6.45–16.35 Varies based on PFS estimates Calculation
   Mean TOMT 2.00 1.60–2.40 Log-logistic [13]
  RS
   Mean PFS 0.91 0.51–1.95 Generalised gamma [13]
   Mean OS 3.77 2.57–5.56 Lognormal [25]
   Mean TOMT 0.63 0.63–0.67 Log-logistic [13]
  Olaparib
   Mean PFS 4.14 2.25–7.20 Assumed equal to niraparib [13]
   Mean OS 10.22 6.45–16.35 Assumed equal to niraparib [13]
   Mean TOMT 2.00 1.60–2.40 Assumed equal to niraparib [13]
  Rucaparib
   Mean PFS 2.99 1.75–5.25 Generalised gamma [17]
   Mean OS 8.40 6.33–11.88 Varies based on PFS estimates Calculation
   Mean TOMT 2.99 1.75–5.25 Assumed equal to PFS estimate [17]

 Non-gBRCA​mut
  Niraparib
   Mean PFS 2.59 1.59–3.82 Generalised gamma [13]
   Mean OS 5.82 4.29–8.74 Varies based on PFS estimates Calculation
   Mean TOMT 1.45 1.16–1.74 Log-logistic [13]
  RS
   Mean PFS 1.14 0.65–2.02 Generalised gamma [13]
   Mean OS 2.94 2.26–3.89 Lognormal [25]
   Mean TOMT 0.65 0.65–0.67 Log-logistic [13]
  Olaparib
   Mean PFS 1.65 1.23–3.87 Generalised gamma [16]
   Mean OS 3.95 3.11–8.40 Varies based on PFS estimates Calculation
   Mean TOMT 1.65 1.23–3.87 Assumed equal to PFS estimate [16]
  Rucaparib
   Mean PFS 1.74 1.15–2.60 Generalised gamma [17]
   Mean OS 5.26 4.30–6.51 Varies based on PFS estimates Calculation
   Mean TOMT 1.74 1.15–2.60 Assumed equal to PFS estimate [17]

AE incidence rates (%)
 Niraparib
  Anaemia 25.34 16.09–35.87 Beta [13]
  Thrombocytopenia 33.79 21.25–47.60 Beta [13]
  Neutropenia 19.62 12.53–27.84 Beta [13]
  Fatigue 8.17 5.26–11.65 Beta [13]
  Hypertension 8.17 5.26–11.65 Beta [13]
  Nausea 3.00 1.94–4.28 Beta [13]
  Vomiting 1.91 1.23–2.72 Beta [13]

 RS
  Anaemia 0.00 0.00–0.00 Beta [13]
  Thrombocytopenia 0.56 0.36–0.80 Beta [13]
  Neutropenia 1.68 1.08–2.39 Beta [13]
  Fatigue 0.56 0.36–0.80 Beta [13]
  Hypertension 2.23 1.44–3.19 Beta [13]
  Nausea 1.12 0.72–1.60 Beta [13]
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It was assumed that the mean non-gBRCA​mut PFS ben-
efit of olaparib from Study 19 versus RS in Study 19 was 
the same as the mean PFS benefit of olaparib from Study 
19 versus RS from the ENGOT-OV16/NOVA trial (Eq. 2).

Olaparib PFS benefit

(2)
Olaparib PFS benefit = (Study 19 mean olaparib PFS

− Study 19 mean RS PFS)

+ ENGOT-OV16/NOVA mean RS PFS.

Similarly, it was assumed that the mean PFS benefit of 
rucaparib from ARIEL3 versus RS in ARIEL3 was the 
same as the mean PFS benefit of rucaparib from ARIEL3 
versus RS from the ENGOT-OV16/NOVA trial (Eq. 3).

Rucaparib PFS benefit

(3)
Rucaparib PFS benefit = (ARIEL3 mean rucaparib PFS

− ARIEL3 mean RS PFS)

+ ENGOT-OV16/NOVA mean RS PFS.

AE adverse event, CI confidence interval, OS overall survival, PD progressed disease, PFD progression-
free disease, PFS progression-free survival, RS routine surveillance, TOMT time on maintenance treatment

Table 2   (continued) Value 95% CI Distribution Source

  Vomiting 0.56 0.36–0.80 Beta [13]
 Olaparib
  Anaemia 5.14 3.49–7.71 Beta [26]
  Thrombocytopenia 0.00 0.00–0.00 Beta [26]
  Neutropenia 4.05 2.62–5.78 Beta [26]
  Fatigue 6.76 4.36–9.63 Beta [26]
  Hypertension 0.00 0.00–0.00 Beta [26]
  Nausea 1.35 0.87–1.93 Beta [26]
  Vomiting 2.70 1.75–3.86 Beta [26]

 Rucaparib
  Anaemia 16.67 10.67–23.68 Beta [17]
  Thrombocytopenia 18.01 11.52–25.58 Beta [17]
  Neutropenia 6.99 4.50–9.96 Beta [17]
  Fatigue 12.37 7.94–17.60 Beta [17]
  Hypertension 0.00 0.00–0.00 Beta [17]
  Nausea 15.05 9.65–21.40 Beta [17]
  Vomiting 9.41 6.05–13.40 Beta [17]

Health state utilities
 Niraparib
  PFD 0.849 0.843–0.855 Beta [13]
  PD 0.793 0.772–0.813 Beta [13]

 RS
  PFD 0.820 0.809–0.831 Beta [13]
  PD 0.775 0.748–0.800 Beta [13]

 Olaparib
  PFD 0.769 0.749–0.788 Beta [26]
  PD 0.718 0.698–0.737 Beta [26]

 Rucaparib
  PFD 0.849 0.843–0.855 Assumed equal to niraparib [13]
  PD 0.793 0.772–0.813 Assumed equal to niraparib [13]

AE disutilities
 Anaemia 0.000 0.000–0.000 Beta [27]
 Thrombocytopenia 0.000 0.000–0.000 Beta [27]
 Neutropenia 0.000 0.000–0.000 Beta [27]
 Fatigue 0.170 0.030–0.398 Beta [28]
 Hypertension 0.000 0.000–0.000 Beta Assumption
 Nausea 0.230 0.056–0.479 Beta [28]
 Vomiting 0.230 0.056–0.479 Beta [28]
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2.5.2 � Overall Survival

Study 19 was the only available source of mature OS data 
and therefore the only appropriate study to explore the 
PFS:OS relationship. The ITT population in Study 19 was 
used to assess this relationship. The relationship based on 
the restricted means of KM data from Study 19 was esti-
mated to be greater than 1:2.24 between mean PFS and OS 
benefit, with the relationship based on means from paramet-
ric distributions being greater than 1:4.63. Therefore, under 
a conservative assumption, the mean OS increment was 
assumed to be twice the mean PFS increment for all MTs.

Thus, the mean OS for these treatments was calculated as 
two times their PFS benefit plus the mean OS for RS from 
Study 19 (used as an anchor for the BRCA​mut and BRCA​wt 
population). Olaparib OS gBRCA​mut was assumed equal to 
the gBRCA​mut niraparib population.

2.5.3 � Time on Maintenance Treatment

Time to treatment discontinuation (TTD) KM data were 
reported in the ENGOT-OV16/NOVA trial, and were 
extrapolated over a lifetime horizon using the aforemen-
tioned parametric distributions to obtain mean TOMT for 
niraparib and RS. Olaparib gBRCA​mut TOMT was assumed 
equal to niraparib gBRCA​mut. For olaparib non-gBRCA​mut 
and rucaparib in both gBRCA​mut and non-gBRCA​mut, mean 
TTD was assumed the same as mean PFS. The log-logistic 
distribution was fitted to all TTD KM data.

2.5.4 � Adverse Event Rates

The model included treatment-related adverse events 
(AEs) ≥ grade 3 reported in ≥ 10% of patients in either treat-
ment arm in the ENGOT-OV16/NOVA trial, or with ≥ 1% 
difference between the niraparib and RS rate. Correspond-
ing incidence rates for olaparib in the gBRCA​mut and non-
gBRCA​mut populations were from Study 19. The AE rates 
for rucaparib were from the ARIEL3 study (Table 2).

2.6 � Quality‑of‑Life Inputs

2.6.1 � Utilities

Utility data were collected in ENGOT-OV16/NOVA from 
patients completing the EuroQol–five dimensions–five levels 
(EQ-5D-5L) questionnaire and were mapped onto the US 
EQ-5D-3L (three levels) valuation set using a ‘cross-walk’ 
algorithm [29]. This mapping was performed to match the 
EQ-5D-3L utility data available for olaparib [26].

Using these mapped data, EQ-5D-3L treatment-specific 
utilities (TSUs) were derived for each HS for the ITT popu-
lation. Corresponding TSUs for olaparib were sourced from 
the olaparib NICE technology appraisal (TA) 381 [26]. 
ARIEL3 did not present utility data for rucaparib; there-
fore, utilities for rucaparib were assumed equal to those for 
niraparib (Table 2).

2.6.2 � Disutilities

AE disutility data were identified as part of the SLR for the 
following symptomatic AEs: fatigue, nausea, and vomiting 
(Table 2). Other AEs were assigned zero disutility due to 
being asymptomatic and no negative effect on quality-of-life 
being reported in published literature [27].

2.7 � Cost and Resource Use Inputs

Cost inputs included drug acquisition, administration, moni-
toring, AE, subsequent chemotherapy (SC), and terminal 
care costs (Table 3). These costs were informed by the eco-
nomic SLR, supplemented with targeted searches. Where 
required, costs were updated to US dollars 2017/2018 val-
ues using US Bureau of Labor Statistics inflation data [30]. 
Drug acquisition and HS-dependent monitoring costs were 
calculated based on a 30-day cycle.

2.7.1 � Drug Acquisition Costs

MT drug costs are presented in Table 3. This analysis uses 
the 30-count bottle quantity to determine the 30-day bottle 
cost since expert opinion has suggested the 30-count bottle 
quantity will be prescribed more commonly across the US.

2.7.2 � Administration Costs

As niraparib, olaparib, and rucaparib are all administered 
orally, it was assumed that there were no administration 
costs. SC regimen drugs that are administered orally were 
also assumed to have no administration costs.

All other SC was administered intravenously with a unit 
administration cost (Table 3). This cost was multiplied by 
the resource use rates for each of the MTs at different stages 
of the SC (cycles 1–3, 4, 5, 6) to obtain the administration 
costs of each treatment during SC.
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Table 3   Unit costs and cycle 
costs

Cost (US$) 95% CI Distribution Source

Unit costs
 Drug acquisition
  Niraparib
   Bottle of 30 100-mg capsules 6584 N/A N/A [31]
   One 100-mg capsule 219.47 N/A N/A Calculation
   Olaparib
   Pack of 120 150-mg tablets 13,886 N/A N/A [31]
   One 150-mg tablet 115.72 N/A N/A Calculation
  Rucaparib
   Pack of 120 300-mg tablets 14,702 N/A N/A [31]
   One 300-mg tablet 122.52 N/A N/A Calculation

 Drug administration
  Oral drugs 0 N/A N/A Assumption
  Intravenous subsequent chemotherapy 

drugs
143 93–204 Gamma [32]

 Monitoring
  Outpatient visit 78.09 50.54–111.55 Gamma [33, 34]
  CT scan 541.70 350.56–773.77 Gamma [33, 34]
  Blood test 15.23 9.85–21.75 Gamma [33, 34]

 Adverse event
  Anaemia 755.92 489.19–1079.76 Gamma [35]
  Thrombocytopenia 732.30 473.90–1046.02 Gamma [35]
  Neutropenia 867.98 561.71–1239.83 Gamma [35]
  Fatigue 0.00 0.00–0.00 Gamma [36]
  Hypertension 215.37 139.38–307.64 Gamma [35, 36]
  Nausea 678.24 438.92–968.80 Gamma [35]
  Vomiting 678.24 438.92–968.80 Gamma [35]

 Terminal care
  Terminal care 85,904 55,592–122,705 Gamma [37]

 Cycle costs
  Drug acquisition
  Niraparib (200 mg QD) 13,168 N/A N/A Calculation
  Olaparib (600 mg QD) 13,886 N/A N/A Calculation
  Rucaparib (1200 mg QD) 14,702 N/A N/A Calculation

 Monitoring
  gBRCA​mut
   Niraparib
    PFD 10,952 N/A N/A Calculation
    PD 1539 N/A N/A Calculation
   RS
    PFD 2772 N/A N/A Calculation
    PD 833 N/A N/A Calculation
   Olaparib
    PFD 10,906 N/A N/A Calculation
    PD 1539 N/A N/A Calculation
   Rucaparib
    PFD 8209 N/A N/A Calculation
    PD 1428 N/A N/A Calculation
  Non-gBRCA​mut
   Niraparib
    PFD 7208 N/A N/A Calculation
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2.7.3 � Monitoring Costs

Unit costs of three monitoring methods were identified for 
use in the model (Table 3). Monitoring resource use rates 
were separated by HS. The PFD resource use rates were split 
by cycle (cycle 1, 2–14, and 15 +). The resource use rates 
were multiplied by the unit monitoring costs to calculate 
the comparative monitoring costs for each intervention. The 
resource use by cycle is summarised in the electronic supple-
mentary material, and the subsequent total HS monitoring 
costs/cycle per treatment are presented in Table 3.

2.7.4 � Adverse Event Costs

AE management costs were sourced from literature (Table 3). 
These costs were multiplied by the AE incidence rates in Table 2 
to evaluate the total costs associated with AEs by treatment.

2.7.5 � Subsequent Chemotherapy Costs

The unit drug costs associated with the SC regimens were 
combined into relevant regimens to calculate the mean cost/
cycle. These costs were then multiplied by the different regi-
men usage rates for each MT (see the electronic supplemen-
tary material).

2.7.6 � Terminal Care Costs

The costs associated with terminal care are one-off and were 
equal for all interventions (Table 3).

2.8 � Sensitivity Analyses

2.8.1 � One‑Way Sensitivity Analyses

One-way sensitivity analyses (OWSAs) were performed to 
assess the impact of individual parameters on the model. 

OWSA considered upper and lower confidence intervals of 
pre-specified probabilistic distributions assigned to each 
parameter. Where the standard error was unavailable, this 
was assumed to be 20% of the mean value.

2.8.2 � Probabilistic Sensitivity Analyses

Probabilistic sensitivity analyses (PSAs) were conducted 
to explore uncertainty around key model inputs by vary-
ing them simultaneously using assigned distributions 
and recording the mean model results; 1000 PSA itera-
tions were run to obtain a stable estimate of the mean 
model results. The variation of parameters is presented in 
Tables 2 and 3.

Mean PSA results were illustrated through an incremen-
tal cost-effectiveness plane (ICEP) and a cost-effectiveness 
acceptability curve (CEAC).

2.8.3 � Scenario Analyses

Scenario analyses were conducted to assess alternate model 
settings and structural uncertainty of the model (Table 4).

2.9 � Model Validation

The model underwent internal and external validation. The 
model was developed internally by two independent health 
economists. An external health economist reviewed and 
provided suggestions for improvement of the approach and 
methodology of modelling mean OS based on mean PFS 
and conducting scenario analyses using flexible survival 
curves. Clinical trial data underpinning the model structure 
and assumptions were ratified by an external clinical expert. 
All feedback obtained by internal and external ratification 
went into the final model and this publication.

CI confidence interval, CT computed tomography, PD progressed disease, PFD progression-free disease, 
QD per day, RS routine surveillance

Table 3   (continued) Cost (US$) 95% CI Distribution Source

    PD 894 N/A N/A Calculation
   RS
    PFD 3514 N/A N/A Calculation
    PD 528 N/A N/A Calculation
   Olaparib
    PFD 4817 N/A N/A Calculation
    PD 662 N/A N/A Calculation
   Rucaparib
    PFD 5090 N/A N/A Calculation
    PD 992 N/A N/A Calculation
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3 � Results

3.1 � Base‑Case Results

For gBRCA​mut, niraparib was associated with an ICER of 
US$68,287/QALY versus RS, with US$301,174 incremental 
costs and 4.410 incremental QALYs. Niraparib dominates 
olaparib and rucaparib, with −US$8799 and −US$198,708 
incremental costs and 0.679 and 1.162 incremental QALYs, 
respectively (Table 5). For non-gBRCA​mut, niraparib was 
associated with an ICER of US$108,287/QALY versus RS, 
with US$232,598 incremental costs and 2.148 incremental 
QALYs. Niraparib dominates olaparib and rucaparib, with 
−US$22,236 and −US$73,561 incremental costs and 1.623 
and 0.432 incremental QALYs, respectively (Table 6). Dis-
aggregated results are presented in the electronic supple-
mentary material. 

3.2 � Sensitivity Analyses

3.2.1 � One‑Way Sensitivity Analyses

Tornado diagrams illustrate the impact of the five most 
sensitive parameters on the model. ICERs are presented 
for niraparib versus RS, and incremental net monetary 
benefit (NMB) results are presented for niraparib versus 
olaparib and rucaparib. NMB was reported where the 
base-case ICER was dominating to allow graphical repre-
sentation with a willingness to pay (WTP) of US$150,000/
QALY (Fig. 3) [38–40]. Across the analyses, the ICERs 
and NMBs were most sensitive to the estimates of mean 
PFS of the treatments, RS OS, niraparib TOMT, and PD 
HS utilities.

Table 4   List of scenario analyses

AE adverse event, k knotts, OS overall survival, PFS progression-free survival, RS routine surveillance, TTD time to treatment discontinuation

Scenario Purpose

1.5% discount rate To assess the impact of varying the discount rate applied to costs and outcomes on the results of the 
model6% discount rate

10-year time horizon To assess the impact of varying the time horizon on the results of the model
20-year time horizon
30-year time horizon
Lognormal distribution for PFS To assess the impact of varying the parametric distribution for PFS on the model results
Log-logistic curve for PFS
Spline normal k = 1 distribution for PFS
Spline odds k = 3 distribution for PFS
Log-logistic distribution for RS OS anchor To assess the impact of varying the parametric distribution for OS on the model results
Lognormal distribution for TTD To assess the impact of varying the parametric distribution for TTD on the model results
No cap on TTD and PFS To assess the impact of varying the time cap applied to PFS and TTD within the model
15-year cap on TTD and PFS
PFS:OS = 1:3 To assess the impact of varying the mean PFS and OS difference relationship on the model results
PFS:OS = 1:1
PFS:OS = 1:1.5
PFS:OS = 1:2.5
AE disutilities not included To assess the impact of removing AE disutilities from the model on the results

Table 5   Base-case results for niraparib, RS, olaparib and rucaparib gBRCA​mut

ICER incremental cost-effectiveness ratio, LYG life-years gained, QALYs quality-adjusted life-years, RS routine surveillance

Total costs (US$) Total LYG Total QALYs Incremental 
costs (US$)

Incremental LYG Incre-
mental 
QALYs

ICER (US$) versus 
baseline (QALYs)

ICER (US$) 
incremental 
(QALYs)

RS 95,628 3.564 2.801 – – – – –
Niraparib 396,802 8.824 7.212 301,174 5.259 4.410 68,287 68,287
Olaparib 405,601 8.824 6.532 8799 0.000 −0.679 83,078 Dominated
Rucaparib 595,510 7.437 6.050 198,708 − 1.387 − 1.162 153,866 Dominated
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3.2.2 � Probabilistic Sensitivity Analyses

PSA results for gBRCA​mut and non-gBRCA​mut are similar 
to the base-case results (see the electronic supplementary 
material). The ICEP and CEAC for both populations are pre-
sented in Fig. 4. At a WTP threshold of US$150,000/QALY, 
niraparib had a 93% and 64% probability, RS had a 4% and 
31% probability, rucaparib had a 3% and 5% probability, and 
olaparib had a 0% and 0% probability of being cost-effective 
for gBRCA​mut and non-gBRCA​mut, respectively.

3.2.3 � Scenario Analyses

The results of the scenario analyses are presented in the elec-
tronic supplementary material.

gBRCAmut: Niraparib versus RS results were most 
sensitive to changing the PFS:OS relationship to 1:1 and 

using the lognormal distribution for PFS, resulting in 
increased ICERs of $126,500 and $111,527, respectively.

Niraparib dominated olaparib and rucaparib in all sce-
narios, with results for olaparib most sensitive to apply-
ing no cap on TTD and PFS (increased incremental costs: 
−US$9931) and results for rucaparib most sensitive to 
modelling PFS with the lognormal distribution (reduced 
incremental costs: −US$68,890).

Non-gBRCAmut: For all comparisons, results were most 
sensitive to changing the PFS distribution to lognormal, 
where niraparib no longer dominated olaparib and ruca-
parib. ICERs were US$206,388/QALY, US$113,628/
QALY, and US$122,654/QALY for niraparib versus RS, 
olaparib, and rucaparib, respectively, higher than those in 
the base case. Niraparib dominated olaparib and rucaparib 
in the majority of other scenarios.

Table 6   Base-case results for niraparib, RS, olaparib and rucaparib non-gBRCA​mut

ICER incremental cost-effectiveness ratio, LYG life-years gained, QALYs quality-adjusted life-years, RS routine surveillance

Total costs (US$) Total LYG Total QALYs Incremental 
costs (US$)

Incremental LYG Incre-
mental 
QALYs

ICER (US$) versus 
baseline (QALYs)

ICER (US$) 
incremental 
(QALYs)

RS 100,724 2.816 2.231 – – – – –
Niraparib 333,322 5.351 4.379 232,598 2.535 2.148 108,287 108,287
Olaparib 355,558 3.727 2.756 22,236 − 1.623 − 1.623 485,304 Dominated
Rucaparib 406,883 4.868 3.948 73,561 − 0.483 − 0.432 178,382 Dominated

Fig. 3   One-way sensitivity analysis: tornado diagrams for the ICER 
or NMB of the following comparisons: gBRCAmut: a niraparib ver-
sus RS, b niraparib versus olaparib, c niraparib versus rucaparib; 
non-gBRCAmut: d niraparib versus RS, e niraparib versus olaparib, f 

niraparib versus rucaparib. ICER incremental cost-effectiveness ratio, 
NMB net monetary benefit, OS overall survival, PD progressed dis-
ease, PFS progression-free survival, RS routine surveillance, TOMT 
time on maintenance treatment
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4 � Discussion

These analyses sought to evaluate the cost-effectiveness of 
niraparib versus RS, olaparib and rucaparib for the MT of 
patients with ROC. A decision-analytic model estimated 
the costs and QALYs for each intervention; this approach 
has been used before in OC (NICE TA91 [41]). Base-case 
results versus RS found that niraparib was associated with 
ICERs of US$68,287/QALY and US$108,287/QALY for 
gBRCA​mut and non-gBRCA​mut, respectively. Further-
more, niraparib dominated olaparib and rucaparib, accru-
ing cost savings/patient of US$8799 and US$22,236 versus 
olaparib and US$198,708 and US$73,561 versus rucaparib 
for gBRCA​mut and non-gBRCA​mut, respectively.

As there is no set WTP threshold in the US, a threshold 
of US$150,000/QALY was decided upon based on thresh-
olds used in relevant literature [38–40].

In every comparison, treatment with niraparib led to 
increased OS versus the comparator treatment (except 
versus olaparib gBRCA​mut, where a conservative equal 
efficacy assumption was adopted), and in turn, increased 
QALYs. This was driven by niraparib treatment leading 
to longer PFS compared to other comparators, which 

translated into longer OS based on the PFS:OS relation-
ship established by Study 19.

OWSAs showed that the main driver of the model was the 
mean PFS estimates. Other key drivers included the mean 
RS OS, niraparib TOMT and PD HS utilities. The incremen-
tal NMB was only negative when the mean PFS for niraparib 
and RS Study 19 were varied in the non-gBRCA​mut popula-
tion versus rucaparib. PSA results were similar to those in 
the base case, showing that results were robust to variation 
in model inputs. At a WTP threshold of US$150,000/QALY, 
niraparib had a 93% and 64% probability of being cost-
effective for gBRCA​mut and non-gBRCA​mut, respectively. 
Scenario analyses mainly showed similar results to the base 
case, and were sensitive to alternative PFS distributions and 
the PFS:OS ratio.

Validation of the model included reviews by clinical 
experts on the choice of parametric distributions and the 
clinical data used, lending plausibility to the model results. 
Additionally, Study 19 reports that 14% of BRCA​wt patients 
were still progression-free at 5-years, and of the parametric 
distributions evaluated, the chosen generalised gamma mod-
els this the closest (12.12%) [42].

Although the initial starting dose of niraparib is more 
costly than olaparib or rucaparib, 73% of patients are 

Fig. 4   Probabilistic sensitivity analysis: a cost-effectiveness accepta-
bility curve for gBRCA​mut, b incremental cost-effectiveness plane for 
gBRCA​mut, c cost-effectiveness acceptability curve for non-gBRCA​

mut, d incremental cost-effectiveness plane for non-gBRCA​mut. 
QALY quality-adjusted life-year
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titrated to a lower dose within the first three cycles, and 
thus, the cycle cost is less (Table 3). Due to these dose 
reductions, the most commonly used dose for niraparib in 
ENGOT-OV16/NOVA was 200 mg rather than the indi-
cated starting dose of 300 mg [43], leading to lower costs. 
Olaparib and rucaparib are flat priced, however, so are 
more expensive than niraparib, even if a lower dose is 
used [31].

CEAs have previously considered olaparib for MT in 
ROC patients from a US perspective [44, 45]. However, 
ICERs were not reported, and niraparib was not specified as 
a comparator, so no meaningful comparisons can be made.

The main strength of the analysis is that it is relevant 
and generalisable to clinical practice in the US. Firstly, the 
populations evaluated fall within the niraparib’s US licence. 
Secondly, the clinical evidence base is representative of 
US patients with ROC as US patients were enrolled in all 
three trials: ENGOT-OV16/NOVA, Study 19 and ARIEL3. 
Finally, all costs and resource use in the model were from 
US sources, where available.

There are several limitations with the analysis which 
lead to uncertainty in the results. Firstly, the use of naïve 
side-by-side comparisons between MTs disregards the ran-
dom nature of the trials and may lead to biased results. A 
feasibility assessment was conducted which concluded that 
formal indirect comparisons were not feasible, due to mul-
tiple significant confounding factors causing a great degree 
of heterogeneity in the study design, patient population and 
PFS outcomes of the RCTs. Based on this assessment, a 
naïve side-by-side comparison was conducted. The authors’ 
acknowledge the limitations with this approach and empha-
sise that caution must be exercised in interpreting the study 
results as a consequence.

In addition, since there are two studies evaluating the 
gBRCAmut population for olaparib (Study 19 and SOLO2), 
at different doses, a naïve side-by-side comparison of nira-
parib and olaparib was not feasible. Therefore, the conserva-
tive assumption was made to assume equal efficacy between 
niraparib and olaparib to avoid over or under-estimation of 
incremental benefits with niraparib; a methodology previ-
ously accepted during a NICE TA of niraparib [21].

Secondly, clinical benefits beyond the duration of the 
clinical trials were assumed through the fitting of parametric 
distributions to the KM data to estimate mean PFS, OS, and 
TOMT over a lifetime horizon. This assumption may have 
led to uncertainty in the efficacy results, but was appropri-
ate due to the inherent limitation of short-term trial dura-
tions, and was modelled following NICE DSU guidelines 
with validation by an external OC expert. Scenario analyses 
considered alternative parametric distributions and shorter 
time horizons, which found that results were sensitive to 
alternative PFS distributions, but less sensitive to shorter 
time horizons.

Thirdly, a 20-year PFS and TTD cap was required. 
While it is unrealistic that real-life KM data would match 
these capped curves, based upon clinical recommenda-
tions, they were more realistic than uncapped curves, 
which modelled some patients still being progression-free 
at 40 years. Scenario analyses were undertaken consider-
ing a 15-year cap, no cap, and, given the need for a cap 
within standard parametric models, a flexible approach for 
PFS. When a 15-year cap or the flexible curves for PFS 
were used, the ICER increased compared to RS regardless 
of BRCA​ mutation status (except spline odds knotts = 3 
PFS distribution for gBRCA​mut), and when there was no 
cap, the ICER decreased against RS regardless of BRCA​ 
mutation status. Niraparib dominated olaparib and ruca-
parib in all scenarios and populations except for the non-
gBRCA​mut population with a lognormal PFS distribution, 
log-logistic or spline normal knotts = 3.

Fourthly, a lack of mature OS data meant that a 1:2 
PFS:OS relationship was assumed to produce OS data for 
the MTs, which may have led to uncertainty in the efficacy 
results. This assumption was, however, clinically appropri-
ate and plausible, as any relationship lower than 1:2 would 
assume niraparib has far worse OS benefit than olaparib. 
Furthermore, SLR evidence found no studies evaluating 
this relationship for MT in OC. Therefore, Study 19 was 
the only available evidence to derive this relationship. It 
is not surprising that at least a 1:2 PFS:OS relationship 
was observed in Study 19. By extending time to progres-
sion after PBC, MT will in turn increase the number of 
patients who are considered for retreatment with PBC in 
the next treatment line. By increasing PFS and the likeli-
hood of consideration for retreatment with PBC, studies 
have shown that effective MT can extend OS to a greater 
extent than already gained through PFS [15, 46]. ENGOT-
OV16/NOVA data showed that more niraparib patients 
retain their platinum-sensitive status compared to placebo, 
partially justifying the extension of niraparib OS in this 
analysis. Scenario analyses modelled the effects of apply-
ing 1:1 and 1:3 PFS:OS relationships. The 1:3 relationship 
decreased the ICERs against RS, while the 1:1 relationship 
nearly doubled the ICERs against RS. Niraparib domi-
nated olaparib and rucaparib in both scenarios.

Finally, the HS and TSU data used for niraparib patients 
was in the EQ-5D-3L form, which was mapped from EQ-
5D-5L data to allow comparison to the olaparib EQ-5D-3L 
TSU. This was necessary as there was only one source of 
olaparib utility data available. In addition, due to a lack of 
data from ARIEL3, utilities for rucaparib were conserva-
tively assumed equal to those for niraparib. This reduced 
bias by assuming no quality-of-life benefit for niraparib, 
while also increasing uncertainty in the results.
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In the future, consideration should be given to furthering 
this research by including mature OS data when available to 
validate the results presented in this publication.

5 � Conclusion

These estimates indicate that at a WTP threshold of 
US$150,000/QALY, niraparib was cost-effective compared 
to RS, olaparib and rucaparib from a US payer perspec-
tive. However, mature OS data is required to validate these 
results.
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