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Objective: The aim of this study was to investigate the cost-effectiveness of

olaparib as the maintenance therapy in patients with platinum-sensitive

relapsed ovarian cancer and a BRCA1/2 mutation in China.

Methods: A Markov model was developed to simulate the clinical course of

typical patients with ovarian cancer in the SOLO2 trial. The Weibull survival

model was employed to fit the Kaplan–Meier progression-free survival and

overall survival probabilities of the olaparib and placebo strategies, respectively.

The clinical and direct costs data were derived from randomized clinical trials

and published reports. Quality-adjusted life-years (QALYs) and incremental

cost-effectiveness ratios (ICERs) were estimated over a 10-year lifetime

horizon. Meanwhile, one-way and probabilistic sensitivity analyses were used

to explore the impact of uncertainty on the model’s outcomes.

Results:Overall, the incremental effectiveness and cost of olaparib versus placebo

were 0.56 QALYs and $43,292.92, respectively, resulting in an ICER of $77,620.56/

QALY, higher than the willingness-to-pay (WTP) threshold of China ($31,498.70/

QALY). The results were sensitive to the cost of olaparib and utility of PFS. Scenario

analyses suggested that when the cost of olaparib was reduced by 60%, ICER

decreased to $30,611.52/QALY, lower than the WTP threshold of China.

Conclusion: The findings from the present analysis suggest that olaparib with a

60% discount as maintenance therapy might be cost effective in patients with

platinum-sensitive relapsed ovarian cancer and a BRCA1/2 mutation in China.
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Introduction

Ovarian cancer is one of the most fatal gynecologic cancers

and the fifth leading cause of cancer death in women (Ferlay

et al., 2013). Each year, approximately 239,000 women are newly

diagnosed with ovarian cancer and there are 152,000 deaths,

ranking seventh in the incidence rate of female malignant cancers

(Reid et al., 2017). In China, it accounted for an estimated

52,000 new cases and 30,000 deaths, and the annual increases

in morbidity and mortality were 6.3% and 21.6%, respectively,

showing a significant upward trend (Chen et al., 2016). Due to

the absence of specific clinical symptoms in the early stages, 70%

of ovarian cancer patients are diagnosed in advanced stages.

The current initial therapy for newly diagnosed ovarian cancer is

debulking surgery combined with platinum-based chemotherapy/

neoadjuvant chemotherapy (Lawrie et al., 2015). However, 70%–

80% of advanced patients will experience a relapse within 3 years

even after a complete response to primary platinum-based

chemotherapy, with a 5-year overall survival rate for only 29%

patients (Matulonis et al., 2016; Ledermann et al., 2018; Siegel et al.,

2020). The progression-free survival (PFS) of patients with recurrent

ovarian cancer gradually shortened with each successive line of

treatment, eventually leading to drug resistance and tolerability

issues and more difficulty in treatment regimen selection, which

seriously affected the survival and quality of life of patients (Hanker

et al., 2012). Therefore, it is the common wish of clinicians and

patients to delay the recurrence time as much as possible. In recent

years, the emergence of poly ADP-ribose polymerase (PARP)

inhibitors (PARPis) has made a major breakthrough in the

maintenance therapy of ovarian cancer (Ledermann et al., 2014).

PARPis are potentially synthetic lethal effects for the

treatment of cancers characterized by specific DNA-repair

defects, such as tumor cells that contain BRCA1 and/or

BRCA2 (BRCA1/2) mutations and present defects in

homologous recombination repair (Bryant et al., 2005; Farmer

et al., 2005; Ashworth, 2008). Olaparib, the world’s first PARPi,

has been approved by the US Food and Drug Administration

(FDA) as maintenance therapy for ovarian cancer patients

(Moore et al., 2018). Clinical studies have shown that olaparib

significantly prolongs the PFS in BRCA1/2 mutant ovarian

cancer patients during both first-line maintenance therapy

and platinum-sensitive relapse (PSR) maintenance treatment

(Ledermann et al., 2016; Moore et al., 2018). In a clinical trial,

SOLO1 demonstrated that olaparib maintenance therapy

distinctly prolonged PFS for more than 3 years in advanced

ovarian cancer patients with a BRCA1/2 mutation after

complete or partial response to first-line platinum-containing

chemotherapy compared with placebo (Moore et al., 2018).

In an international, multicenter, double-blind, randomized,

placebo-controlled phase 3 trial (SOLO2 trial, NCT01874353), it

was found that the median PFS assessed by the investigator in

PSR ovarian cancer with germline BRCA1 or BRCA2 mutation

(gBRCA) was significantly longer in the olaparib arm at

19.1 months, compared with 5.5 months in the placebo arm.

Olaparib reduced the risk of disease progression or death by 70%

(HR = 0.30, 95% CI: 0.22–0.41, p < 0.0001) (Pujade-Lauraine

et al., 2017). Meanwhile, the latest overall survival (OS) results of

SOLO2 published inILancet oncologyJshowed that the median

OS of the olaparib group was 51.7 months and that of the placebo

group was 38.8 months. Olaparib significantly prolonged the OS

by more than 1 year compared with placebo and reduced the risk

of death by 26% (Poveda et al., 2021). These results indicate that

olaparib provides an unprecedented extension of OS in PSR

ovarian cancer patients with BRCA1/2 mutation, which is also

the first PARPi to have an OS benefit. In China, olaparib was first

approved in August 2018 by the National Medical Products

Administration (NMPA) for maintenance therapy with PSR

ovarian cancer patients who had achieved complete remission

(CR) or partial remission (PR) after platinum-containing

chemotherapy. Subsequently, in December 2019, NMPA of

China approved olaparib for first-line maintenance therapy in

newly diagnosed advanced epithelial ovarian cancer patients with

BRCA mutations.

However, although olaparib shows obvious advantages in the

maintenance therapy for patients with PSR ovarian cancer with

BRCA1/2 mutation, its high treatment cost limits its feasibility as

a clinical treatment option. The purpose of this study was to

evaluate the cost-effectiveness of olaparib vs. placebo as a

maintenance therapy in patients with PSR ovarian cancer with

BRCA1/2 mutation from a Chinese healthcare perspective.

Methods

Model structure

A state-transition Markov model was developed to estimate

the clinical and economic outcomes of olaparib versus placebo as

a maintenance therapy in patients with PSR ovarian cancer and

FIGURE 1
Markov model simulated the three health states:
progression-free survival, progressive disease, and death.
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BRCA1/2 mutation. Three mutually exclusive health states:

progression-free survival (PFS), progressive disease (PD), and

death were included in the model, which reflected the disease

course for patients (Figure 1). The initial health state for all

patients was PFS, and patients either remained in their assigned

health state or progressed to a new health state during each

Markov cycle (Wu et al., 2018). The time horizon of the model

was 10 year and the Markov cycle length was 1 month in the

model. The primary outcomes of the study were quality-adjusted

life-years (QALYs) and cost. The future costs and benefits were

discounted at an annual rate of 3%, according to the WHO

guidelines for pharmacoeconomic evaluations (Murray et al.,

2000). All costs had been adjusted to 2020 prices according to the

local Consumer Price Index and were presented in US dollars

($1 = ¥6.9). A cost-effectiveness analysis was conducted to

evaluate the outcomes of the two strategies and was presented

as incremental cost-effectiveness ratios (ICERs). The formula

used to calculate the ICER is as follows: ICER = (Cost [Olaparib]-

Cost [placebo])/(QALY [Olaparib]-QALY [placebo]). We used

3 × the per capita gross domestic product (GDP) of China in 2020

($31,498.70) as the willingness-to-pay (WTP) threshold, in line

with the WHO recommendations. Model development and

outcomes analysis were performed in the TreeAge Pro

2019 software (Williamstown, MA, United States) and R

software (version 4.0.5, Vienna, Austria).

Clinical data

The clinical efficacy and safety data were based on the

patients in the SOLO2 trial, a randomized, double-blind,

placebo-controlled, multicenter, phase 3 trial (Pujade-Lauraine

et al., 2017; Poveda et al., 2021). Eligible patients, with PSR

ovarian cancer and BRCA1/2 mutation, were randomized in a 2:

1 ratio to receive olaparibmaintenance monotherapy (n = 196) or

matching placebo (n = 99). Patients received either olaparib

(300 mg in two 150 mg tablets, twice daily) or placebo (twice

daily) until disease progression or unacceptable toxicity. The

median OS was 51.7 months (95% CI:41.5–59.1) in the olaparib

group and 38.8 months (95% CI: 31.4–48.6) in the placebo

group. The median PFS was 19.1 months (95% CI:16.3–25.7)

in the olaparib group and 5.5 months (95% CI: 5.2–5.8) in the

placebo group. The transition probabilities of each health state

were estimated from Kaplan–Meier survival curves which were

obtained from the SOLO2 trial. In order to get the individual

patient data, the Kaplan–Meier curves of PFS and OS for the two

groups were extracted by the GetData Graph Digitizer software

(Version 2.26), which digitized data points from an image file. To

extrapolate the probability of survival beyond the observation

period, theWeibull distribution was fitted to the data for PFS and

OS curves using R statistical software (version 4.0.5, Vienna,

Austria). The estimated scale (λ) and shape (γ) parameters,

standard error, and 95% confidence interval were presented in

Table 1. The survival probability at time t was calculated using

the following formula: S(t) = exp (-λtγ), and the transition

probability at a given cycle t was calculated using the

following formula: P(t) = 1-exp [λ(t-1)γ-λtγ] (Diaby et al.,

2014; Liu et al., 2019). The transition probability from PFS to

death state is derived from the natural death rate of the Chinese

population in 2020 (0.707%) (National Bureau of Statistics,

2020). The survival curve simulation results are shown in

Figure 2.

Costs and utilities

The cost data were estimated from the perspective of the

Chinese healthcare system. The following direct medical cost

components were included in the model: the cost of olaparib,

BRCA1/2 mutation testing, radiological examinations,

management of treatment-related grade 3–4 serious adverse

events (SAEs), cost of salvage therapy, routine follow-up, and

terminal care at end-of-life (Table 2). Once the disease

progressed, salvage chemotherapy was available. To

simplify the model, the subsequent therapy was assumed to

be paclitaxel and carboplatin on the basis of the NCCN guide.

To estimate the dosage of chemotherapeutic agents (Zhang

et al., 2020), it was assumed that a typical patient weighed

65 kg and had a height of 1.64 m, resulting in a body surface

area (BSA) of 1.72 m2. The costs related to SAEs were

calculated by multiplying the incidence of the SAEs by the

cost of managing the SAEs per event. The most common

adverse events, including anemia, neutropenia, nausea, fatigue

or asthenia, and the incidence rates of adverse events that

occurred in two groups were obtained from the SOLO2 trial.

Finally, the cost of BRCA1/2 mutation testing and the cost of

terminal care during the final month of life were also included.

All costs were derived from local hospitals or previously

published studies (Wu et al., 2012; Chen et al., 2020; Li

et al., 2020; Zhang et al., 2020; Cheng et al., 2021). Health

utility values for each health stage were derived from a

recently published study that used the EuroQol five-

dimension five-level (EQ-5D-5L) health status

questionnaire to assess the quality of life in the

SOLO2 trial (Friedlander et al., 2018; Cheng et al., 2021).

Disutility due to SAEs was not included in the model as the

effect of AEs was assumed to be captured in the utility values

collected from the SOLO2 trial. Furthermore, a half-cycle

correction was implemented, according to the TreeAge Pro

2019 manual.

Sensitivity analyses

To explore the impact of uncertain model parameters on

the outcomes, one-way and probabilistic sensitivity analyses
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TABLE 1 Weibull parameters of the model estimated for progression-free and overall survival curves.

Group Parameter Mean SE 95% CI

Low Up

Olaparib PFS Scale (λ) 0.015753 0.005225 0.008223 0.030178

Shape (γ) 1.255852 0.104899 1.066202 1.479237

OS Scale (λ) 0.001509 0.000779 0.000549 0.041519

Shape (γ) 1.543080 0126463 1.314099 1.811960

Placebo PPS Scale (λ) 0.078114 0.020234 0.047016 0.129781

Shape (γ) 1.083484 0.093435 0.914994 1.282999

OS Scale (λ) 0.002097 0.001341 0.000599 0.007343

Shape (γ) 1.534778 0158965 1.252801 1.880221

Abbreviations: PFS, progression-free survival; OS, overall survival; SE, standard error; 95% CI, 95% confidence interval.

FIGURE 2
(A) Kaplan–Meier curve of progression-free survival from the SOLO2 trial. (B) Simulate progression-free survival curve for the olaparib and the
placebo group. (C) Kaplan–Meier curve of the overall survival from the SOLO2 trial. (D) Simulate overall survival curve for the olaparib group and the
placebo group. Abbreviations: OS, overall survival; PFS, progression-free survival.
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(PSA) were performed in this research. In the one-way

sensitivity analysis, relevant parameters were changed

one-by-one to their respective upper and lower

boundaries, with a range of ± 20% of the base case value,

in order to identify the parameters that most significantly

influenced the economic outcomes. The results of the one-

way sensitivity analysis were plotted in tornado diagrams

according to the extent of the parameter’s impact on the

ICER. The PSA was performed to assess the effects of

uncertainty in all model parameters simultaneously. The

model was run 1,000 times through random sampling, in

which the parameters were changed with assigned

probability distributions (triangle distribution for costs,

beta distribution for the probability parameters and

utilities). The results of the PSA were presented as a cost-

effectiveness acceptability curve and a probabilistic scatter

TABLE 2 Model economic parameters and the range of the sensitivity analysis.

Variables Base case (rang) Distribution Source

Costs ($)

Olaparib per 150 mg 14.78 (11.82–17.74) Triangle Local charge

BRCA1/2 mutation testing 507.25 (405.80–608.70) Triangle Local charge

Routine follow-up tests per cycle 35.63 (28.50–42.76) Triangle Chen et al. (2020)

Radiological examinations per cycle 64.73 (51.78–77.68) Triangle Chen et al. (2020)

Salvage therapy per cycle 270.20 (216.16–324.24) Triangle Local charge

Terminal care in end-of-life 2,212.80 (1770.24–2,655.36) Triangle Cheng et al. (2021)

Costs of serious adverse events ($)

Anemia per unit 531.70 (425.36–638.04) Triangle Wu et al. (2012)

Neutropenia per unit 530.80 (424.64–636.96) Triangle Wu et al. (2012)

Nausea per unit 40.00 (32.00–48.00) Triangle Li et al. (2020)

Fatigue or asthenia per unit 110.30 (88.24–132.36) Triangle Zhang et al. (2020)

Risks of serious adverse events in Olaparib group (grade 3 or 4) %

Anemia 19 (15.2–22.8) Beta Pujade-Lauraine et al. (2017)

Neutropenia 5 (4–6) Beta Pujade-Lauraine et al. (2017)

Nausea 3 (2.3–3.6) Beta Pujade-Lauraine et al. (2017)

Fatigue or asthenia 4 (3.2–4.8) Beta Pujade-Lauraine et al. (2017)

Risks of serious adverse events in Placebo group (grade 3 or 4) %

Anemia 2 (1.6–2.4) Beta Pujade-Lauraine et al. (2017)

Neutropenia 4 (3.2–4.8) Beta Pujade-Lauraine et al. (2017)

Nausea 0 (0–0) Beta Pujade-Lauraine et al. (2017)

Fatigue or asthenia 2 (1.6–2.4) Beta Pujade-Lauraine et al. (2017)

Utility value

PFS 0.81 (0.729–0.891) Beta (Friedlander et al., 2018; Cheng et al., 2021)

PD 0.74 (0.666–0.814) Beta (Friedlander et al., 2018; Cheng et al., 2021)

Body surface area (m2) 1.72 (1.38–2.06) Triangle Zhang et al. (2020)

Discount rate (%) 3 (0–8) Fixed in PSA Murray et al. (2000)

Abbreviations: PFS, progression-free survival; PD, progressive disease; PSA, probabilistic sensitivity analyses.
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TABLE 3 Cost and outcome results of the cost-effectiveness analysis.

Parameters Olaparib group Placebo group

Costs ($)

PFS state 46,880.78 1,610.31

PD state 9,434.82 11,412.37

Total Cost 56,315.60 13,022.68

Incremental costs ($) 43,292.92 —

Effectiveness (QALYs)

PFS state 1.66 0.69

PD state 1.76 2.17

Total effectiveness 3.42 2.86

Incremental effectiveness (QALYs) 0.56 —

ICER ($/QALY) 77,620.56 —

Abbreviations: PFS, progression-free survival; PD, progressive disease; QALYs, Quality-adjusted life-years; ICER, incremental cost-effectiveness ratios.

FIGURE 3
Tornado diagram of one-way sensitivity analysis. It summarized the results of one-way sensitivity analysis, which listed influential parameters in
descending order according to their effect on the ICER over the variation of each parameter value. (A) The base case analysis. (B) 60% discount of
olaparib. Abbreviations: ICER, incremental cost-effectiveness ratios; PFS, progression-free survival; PD, progressive disease; SAEs
serious adverse events.
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plot, to estimate the WTP threshold for an incremental unit

of effectiveness.

Results

Base case analysis

Over a 10-year time horizon, the olaparib group gained

3.42 QALYs at a cost of $56,315.60. In the placebo group, the

effectiveness was 2.86 QALYs while the cost was $13,022.68.

Compared with placebo, the mean incremental effect and cost

were 0.56 QALYs and $43,292.92 for the olaparib. The ICER for

olaparib versus placebo was $77,620.56/QALY (Table 3). At the

Chinese cost-effectiveness WTP threshold of $31,498.70/QALY,

olaparib was not a cost-effective treatment strategy compared

with placebo.

Sensitivity analyses

Results of the one-way sensitivity analysis were shown with

tornado diagrams (Figure 3). The most influential variables were

the cost of olaparib per 150 mg and the utility of PFS. However,

FIGURE 4
A probabilistic scatter plot of the ICER between the olaparib and placebo group. Each dot represents the ICER for one simulation. An ellipse
means 95% confidence interval. Dots that are located below the ICER threshold represent cost-effective simulations. (A) The base case analysis. (B)
60% discount of olaparib. Abbreviations: WTP willingness-to-pay.

FIGURE 5
Cost-effectiveness acceptability curve. (A) The base case analysis. (B) 60% discount of olaparib. Abbreviations: WTP, willingness-to-pay.

Frontiers in Pharmacology frontiersin.org07

Shu et al. 10.3389/fphar.2022.818579

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.818579


altering these parameters could not invert the economic

outcomes of the model, $61,932.03-$93,309.08/QALY and

$66,050.44-$94,105.02/QALY, respectively. Other parameters

had a moderate or mild impact on the economic outcomes,

and none of the variables could reduce the ICER value below the

thresholds. Nevertheless, the ICER could be lower than the

threshold in China ($31,498.70) if the cost of olaparib per

150 mg was reduced by 60%, with an ICER of $30,611.52/

QALY (Figure 3B). The probabilistic scatter plot and cost-

effectiveness acceptability curve were shown in Figures 4, 5,

respectively. In the base case analysis, the probabilistic

sensitivity analysis demonstrated that there was approximately

no cost-effective probability at a threshold of $31,498.70. When

the price of olaparib per 150 mg was reduced by 60%, there was a

nearly 55% likelihood that olaparib would become cost-effective

(Figure 4B). Correspondingly, the acceptability curves showed

that the probability of cost-effectiveness also increased with an

increase in the WTP threshold, which was sensitive to the

thresholds from approximately $60,000 to $120,000 in the

base case analysis and from approximately $25,000 to

$40,000 in the 60% discount of olaparib (Figure 5B).

Discussion

Over the past several decades, cytoreductive surgery,

chemotherapy, or antiangiogenic agents such as paclitaxel

and bevacizumab have been commonly used as therapies

for newly diagnosed and relapsed ovarian cancer

(Markman et al., 2003; Perren et al., 2011; Gallotta et al.,

2019; Gallotta et al., 2020). However, frequent intravenous

administration limits their utility, and bevacizumab benefits

only in PFS prolonged by 3–4 months (Markman et al., 2003;

Perren et al., 2011; Coleman et al., 2017). Recently, PARPis

have shown excellent success in delaying the progression of

ovarian cancer. Olaparib maintenance treatment significantly

prolonged PFS of BRCA mutant ovarian cancer patients with

primary treatment and PSR by more than 3 years (56 vs.

13.8 months) and 13.6 months (19.1 vs. 5.5 months),

respectively (Pujade-Lauraine et al., 2017; Moore et al.,

2018). Olaparib has been recommended in China as

maintenance therapy for BRCA mutant and recurrent

ovarian cancer in complete or partial response to primary

therapy. All previous studies on PARPi took PFS as an

evaluation indicator (Ledermann et al., 2012; Moore et al.,

2018). In the latest SOLO2 trial, we obtained the world’s first

OS data of PARPi used in the treatment of PSR ovarian cancer

(Poveda et al., 2021). Exhilaratingly, olaparib as maintenance

therapy for PSR ovarian cancer with BRCA mutations

significantly extended OS by 12.9 months (51.7 vs.

38.8 months).

To our knowledge, this is the first economic analysis

conducted to evaluate the cost-effectiveness of olaparib

maintenance therapy versus placebo in PSR ovarian cancer

patients with BRCA mutations in China. Our study showed

that olaparib achieved an incremental cost of $77,620.56 per

QALY compared with placebo, which was far above the

Chinese WTP threshold of $31,498.70/QALY, suggesting

that olaparib may not be a cost-effective treatment option

as a maintenance strategy for PSR ovarian cancer with BRCA

mutations. This finding was supported by the one-way

sensitivity analysis as variations in model estimates by ±

20% and probabilistic sensitivity analysis.

In the one-way sensitivity analysis, the cost of olaparib per

150 mg and the utility of PFS had the greatest impact on ICER.

Other costs in the medical process, including examination and

treatment for grade 3 ~ 4 adverse reactions, had little influence

on the results. The probability sensitivity analysis showed that

the probability of the ICER value in the olaparib group was

lower than the WTP threshold ($31,498.70/QALY) which was

0%. As WTP ranges from $0 to $120,000/QALY, the

probability of olaparib being cost-effective increases with

the augmentation of WTP. Although the WTP thresholds

in different regions have different cost-effectiveness, ICER

values in the olaparib group are still above the threshold

recommended by rich developed countries, such as

£20,000–30,000 per QALY, proposed by the UK’s National

Institute for Health and Care Excellence (NICE) (National

Institute for Health and Care Excellence, 2013). Moreover,

even in the more economically developed regions of China, for

example, Beijing (WTP = $72,886.96/QALY), Shanghai

(WTP = $69,297.83/QALY), Jiangsu (WTP = $55,341.30/

QALY), Fujian (WTP = $48,046.09/QALY) QALY), and

Zhejiang (WTP = $48,021.74/QALY), olaparib maintenance

therapy is not cost-effective as well. However, olaparib

maintenance treatment for PSR ovarian cancer with a

BRCA mutation became cost-effective with an ICER

($30,611.52/QALY) value lower than the WTP threshold

when the average price of olaparib was reduced by 60%

from $14.78 to approximately $5.91 per 150 mg.

Additionally, the utility of PFS had a high influence on the

model results, but even if the utility of PFS changed from

0.81 to 1, the ICER value ($55,015.13 ~ 77,620.56 per QALY)

was always higher than WTP, which did not lead to the

inversion of economic outcomes.

The results of this study are consistent with similar

previous studies (Smith et al., 2015). An economic study in

the United States showed that for PSR ovarian cancer patients

with gBRCA mutation, maintenance therapy with olaparib is

also not cost-effective with an ICER of $258,864 per

progression-free life-year saved (PF-LYS) (Smith et al.,

2015). However, olaparib was cost-effective in the first-line

maintenance therapy for BRCAmutant ovarian cancer in both

the United States and Singapore (Muston et al., 2020; Tan

et al., 2021). From the US third-party payer perspective, the

incremental cost per QALY gained for olaparib was $51,986,
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which had a 52.1% probability of being cost-effective vs.

surveillance at a WTP threshold of $50,000 per QALY

gained (Muston et al., 2020). In Singapore, olaparib

maintenance therapy versus routine surveillance (RS)

resulted in an ICER of Singapore dollar (SGD) 19,822 per

QALY gained, which had a 87% probability of being cost-

effective at a WTP of SGD 60,000 per QALY gained (Tan et al.,

2021). Furthermore, ICER values for olaparib as the first-line

maintenance therapy were lower than those of second-line or

higher maintenance treatment with PSR ovarian cancer.

Olaparib might be a more cost-effective strategy for the

first-line use than the second-line given a longer PFS

benefit as shown in SOLO1 (median PFS gain of

approximately 3 years) and SOLO2 (median PFS gain of

13.6 months) (Pujade-Lauraine et al., 2017; Moore et al.,

2018). Due to the long PFS with a low risk of recurrence, it

may be inappropriate to continue using parametric models

after a certain time point. Different parameter models could

be used for piecewise fitting, and it is a very good time node

when most patients stopped receiving olaparib in a clinical

trial. Nevertheless, regardless of molecular signature,

currently available first-line maintenance therapies for

primary and advanced ovarian cancer, such as olaparib,

olaparib-bevacizumab, bevacizumab, and niraparib, are not

cost-effective at a WTP threshold of $100,000/PF-LYS in the

United States as compared to observations (Penn et al., 2020).

Among them, in patients with BRCA mutations, olaparib was

considered the most cost-effective. However, for homologous

recombination deficient patients without a BRCA mutant,

olaparib-bevacizumab was the most cost-effective therapy.

Therefore, the FDA has approved a maintenance therapy

for a specific molecular subgroup of ovarian cancer. On

19 December 2018, olaparib was used in patients with

BRCA mutations, and on 8 May 2020, olaparib combined

with bevacizumab was used to treat patients with homologous

recombination deficiency (US Food and Drug Administration,

2018; US Food and Drug Administration, 2020). Another

clinical study has suggested that assessing germline and

somatic BRCA mutation status can help recurrent ovarian

cancer patients choose a more appropriate treatment strategy

(Gallotta et al., 2019).

From the perspective of the Chinese healthcare system,

the therapeutic schedule in our study was derived from RCT

and Chinese guidelines. The treatment costs come from local

large public hospitals, and the drugs are priced by the

National Development and Reform Commission.

Currently, Chinese measures to control drug prices mainly

include volume-based procurement (VBP) and inclusion in

medical insurance (Diao et al., 2021; Yuan et al., 2021). In this

model, we take into account, direct costs as much as possible.

Our study will provide Chinese policymakers with a

reasonable reference price for olaparib maintenance

treatment of ovarian cancer.

Similarly, outcomes-based contract (OBC), performance-

based agreement (PBA), and risk sharing agreement (RSA)

have emerged as promising avenues for payers to improve

health outcomes and reduce the risk of cost and finance in

Western countries (Navarria et al., 2015; Nazareth et al., 2017;

Vreman et al., 2020; Zaric, 2021), even though they are inherently

more complex to evaluate and to implement than standard

discounts (Bohm et al., 2022). According to the real world

data from the European Medicines Agency, it is a feasible

method to calculate the probability of death in first-line

therapy, the probability of second-line treatment, and the

incidence of adverse events (Breccia et al., 2020; Olimpieri

et al., 2020; Breccia et al., 2021), which is worthy of reference

in the pharmacoeconomic evaluation of various countries.

Our study inevitably had some limitations that warrant

discussion. First, the most commonly used two-parameter

Weibull survival to extrapolate the tails of survival beyond the

follow-up duration of the trial is an inevitable limitation of this

study. The survival distributions include Weibull, Log-logistic,

Log-normal, Gamma, and Exponential, which may not

accurately reflect the real world condition. However, thanks to

the good fitness of the model, the model uncertainty surrounding

the long-term survival rates is small. Second, our model did not

evaluate the impact of different chemotherapies after disease

progression, which may not reflect the current Chinese clinical

practice situation precisely. However, the result of the sensitivity

analysis supported that the costs associated with disease

progression did not have an important impact on economic

outcomes. Third, we only considered the most common grade 3/

4 SAEs in the model. We hypothesized that low-probability

adverse events would not change the final conclusions of the

study, and the sensitivity analysis showed that the result was not

sensitive to SAEs-related parameters. Fourth, utility scores in the

study were derived from previously published literature, which

might lead to biased model outcomes. Finally, due to the

unbalanced economic development in various regions of

China, the applicability of this study may be limited.

However, because the findings of this evaluation reflected the

general clinical conditions of managing patients with PSR

ovarian cancer and BRCA1/2 mutation, this study might be a

valuable reference for decision makers.

Conclusion

Olaparib as maintenance therapy for PSR ovarian cancer

with BRCA mutations is not considered to be cost effective,

compared with placebo from the perspective of the Chinese

healthcare system. However, our results support the use of

olaparib as maintenance therapy for PSR ovarian cancer

patients with a BRCA1/2 mutation as olaparib is not only

highly effective but also has strong potential to become a cost-

effective treatment option when the cost is reduced by 60% in
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China. This would significantly improve the outcomes of ovarian

cancer patients. Although the results are reported in the setting of

the People’s Republic of China, we believe they can easily be

generalized to other developing regions and are potentially

helpful to healthcare system decision-making.
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