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Objective: The phase III POLO trial demonstrated that olaparib as maintenance therapy for 
metastatic pancreatic cancer patients with a germline BRCA mutation had greater efficacy 
than placebo, but maintenance olaparib places an economic burden on patients. This study 
evaluated the cost-effectiveness of olaparib as maintenance therapy based on the POLO trial 
(NCT02184195).
Methods: A three-state Markov model (progression-free survival [PFS], progressive disease 
[PD] and death) based on data from the POLO trial was used to estimate the incremental 
cost-effectiveness ratio (ICER) of maintenance olaparib versus placebo for metastatic pan-
creatic cancer patients with a germline BRCA mutation. The cost was evaluated from the 
Chinese society’s perspective, and health outcomes were assessed in terms of quality- 
adjusted life years (QALYs). The primary outcome was the ICER gained in terms of 2019 
US$ per QALY. Model robustness was explored with one-way and probabilistic sensitivity 
analyses.
Results: Compared with placebo, maintenance olaparib increased costs by $23,544.35 while 
gaining 0.69 QALYs, resulting in an ICER of $34,122.25 per QALY. The ICER was far 
higher than the commonly accepted willingness-to-pay threshold ($28,255.55 per QALY).
Conclusion: Compared with placebo, maintenance olaparib for metastatic pancreatic cancer 
patients with a germline BRCA mutation is not cost-effective in China.
Keywords: cost effectiveness, pancreatic cancer, olaparib, BRCA, Markov model

Introduction
Worldwide, it was estimated that there were almost 458,918 new cases of pancreatic 
cancer and 432,242 associated deaths in 2018.1 The incidence of pancreatic cancer 
continued to increase from 1930 to 2017.2 The survival rates for many cancer patients 
are improving because of new treatment or early detection, but the five-year survival 
rates of pancreatic cancer patients remain very low.3,4 It is predicted that pancreatic 
cancer will become the second leading cause of cancer-related death by 2030 in the 
United States.5 Only 4 to 7% of patients with pancreatic cancer lack BRCA1 or 
BRCA2 activity because of a BRCA mutation.6–8 Olaparib is a polyadenosine dipho-
sphate-ribose polymerase (PARP) inhibitor that has been used in patients with tumors 
with BRCA mutations, and maintenance olaparib has improved progression-free sur-
vival (PFS) in patients with ovarian cancer with a germline BRCA1/2 mutation.9,10 The 
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POLO trial, which included 154 metastatic pancreatic cancer 
patients with a germline BRCA1 or BRCA2 mutation that 
had not progressed during at least 16 weeks of first-line 
platinum-based chemotherapy, demonstrated a significant 
3.6-month improvement in PFS in the olaparib group com-
pared with the placebo group (7.4 vs 3.8 months; HR = 0.53; 
P=0.004).11 Based on the POLO trial, the National 
Comprehensive Cancer Network (NCCN) recommended ola-
parib as maintenance therapy for patients with a germline 
BRCA1 or BRCA2 mutation after first-line chemotherapy.12

Although the POLO trial demonstrated a significant 
PFS benefit, olaparib is dramatically expensive for patients 
and insurance payers. As such, we sought to evaluate the 
cost-effectiveness of olaparib as maintenance therapy for 
pancreatic cancer patients with a germline BRCA1 or 
BRCA2 mutation based on the POLO trial from the per-
spective of Chinese society.

Materials and Methods
Patients and Regimens
Clinical information was derived from the multicenter, ran-
domized, phase III POLO trial.11 Adult patients with meta-
static pancreatic cancer and a germline BRCA1 or BRCA2 
mutation were recruited for the POLO trial. When patients 
finished receiving at least 16 weeks of first-line platinum- 
based chemotherapy without disease progression, they were 
randomly assigned to receive 300 mg olaparib twice daily as 
maintenance therapy or matching placebo until disease pro-
gression or the development of unacceptable toxic effects.

Markov Model
A Markov model was constructed using TreeAge soft-
ware (TreeAge, Williamstown, MA, USA) to estimate the 
cost and quality-adjusted life years (QALYs) of olaparib 
and placebo. The Markov model had three health states: 
PFS, progressive disease (PD) and death. All simulated 
patients started in the PFS state and could move to the PD 
state or remain in the PFS state, and after entering the PD 

state, patients could only stay in the PD state or move to 
death. The model diagram is shown in Figure 1. 
A 1-month cycle length was adopted based on the time 
span of disease duration and progression. The 5-year 
survival rate for pancreatic cancer patients is less than 
10%.3 Therefore, we used a 5-year time horizon in the 
Markov model. A 3% annual discount rate was used for 
costs and effectiveness.

Survival Estimates and Utilities
Kaplan–Meier survival curves and other clinical infor-
mation were obtained from the POLO trial. Efficacy and 
grade 3–4 adverse events (AEs) related to costs col-
lected from the POLO trial are shown in Table 1. The 
time and survival probabilities were obtained by digitiz-
ing the Kaplan–Meier curves of PFS and overall survi-
val (OS) from the POLO trial using Web-Plot Digitizer. 
The Weibull distribution was fitted to the Kaplan–Meier 
data for PFS or OS and the detailed method described 
by Hoyle and Henley.13 The input parameters of the 
Weibull distribution are shown in Table 2. The survival 
curve simulation results are presented in Figure 2. We 
used the formula S(t)=P(T≥t)=exp(-λtγ) to estimate the 
survival probability at time t and the formula P(t)=1-exp 
[(λ(t-1)γ-λtγ] to estimate the transition probability at 
a given cycle t. There was no significant difference 
between the olaparib group and the placebo in terms 
of health-related quality of life in the POLO trial,14 and 
we assumed that the health utility values were the same 
in both groups. Health utility values were adopted from 
a recently published study. The utility values of the PFS 
state, PD state and death were 0.81, 0.73 and 0, 
respectively.15 In the Markov model, QALY¼

∑
cycle number

1
∑

statenumber

1
utilityðstateÞ � probability stateð Þ:

Cost Estimates
Costs were estimated from the perspective of Chinese 
society. Total costs in our analysis included costs for 

Figure 1 The Markov model simulated three health states: PFS, PD and death. 
Abbreviations: PFS, progression-free survival; PD, progressive disease.
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treatment and AEs. The treatment costs included drugs, 
tests, and registration fees. The costs of drugs and tests 
were based on the 2019 fee standards of West China 
Hospital, Sichuan University. When olaparib is part of 
the treatment of pancreatic cancer, the donation policy is 
not applicable, so we did not consider donations when 
calculating the cost of olaparib. Only grade 3 or higher 
AEs that occurred in at least 1% of any group from the 
POLO trial were used to calculate the costs of AEs. We 
calculated the costs of hospitalization and absenteeism 
fees if the management of AEs required hospitalization. 
Details of the cost information are provided in Table 3. All 
costs were converted into US dollars, with an exchange 
rate of $1 =￥6.8635 (19 July 2019). We used the formula 

cost ¼ ∑
cycle number

1
∑

state number

1
cost ðstateÞ�probability stateð Þ

to calculate the total cost in the Markov model.

Sensitivity Analysis
One-way sensitivity analysis was conducted by varying key 
parameters within ±20% of their baseline value individually 
to examine their impact on the results. A probabilistic sen-
sitivity analysis was also performed to evaluate overall 
uncertainty in the optimal treatment strategies at different 
hypothetical willingness-to-pay (WTP) thresholds.

We set WTP at three times the gross domestic product 
(GDP) per capita, which was $28,255.55 in China based 
on the World Health Organization (WHO) data.16 If the 
ICER was below $28,255.55/QALY, interventions were 
defined as cost-effective.

Results
Base Case Analysis
In the base case (Table 2), the total costs of the olaparib group 
were $54,402.18, and the total costs of the placebo 
group were $30,857.83. The overall QALYs in the olaparib 
group were higher than those in the placebo group (1.91 
QALYs vs 1.22 QALYs). The ICER of the olaparib group 
compared with the placebo group was $34,122.25 per QALY, 
which was almost 2.7 times higher than the commonly 
accepted threshold for cost-effectiveness ($28,255.55 per 
QALY in China).

Sensitivity Analysis
In the one-way sensitivity analysis, the cost after PD for both 
groups and the cost of olaparib were the most influential 
parameters in the model. The cost after PD in the placebo 
group had the highest impact on the ICER. In the placebo 
group, when the cost after PD varied from 1521.89 to 
2282.83, the ICER ranged from $25,797.76 per QALY to 
$42,370.06 per QALY. In addition, when the cost after PD in 
the olaparib group or the cost of olaparib was reduced by 
20%, the ICER was below WTP. However, changing other 
parameters, such as the utilities of PD or PFS, the duration of 
PFS or the costs of tests or AEs, did not decrease the ICER of 
olaparib into a range that would be considered cost-effective 
(Figure 3). The probabilistic sensitivity analysis showed that 
0% of simulations showed olaparib to be cost-effective until 
WTP increased to above $35,000 per QALY (Figure 4).

Discussion
In this study, we found that olaparib was not cost-effective 
as maintenance therapy for metastatic pancreatic cancer 
patients with a germline BRCA mutation compared with 
placebo. Seven patients in the placebo group received 

Table 2 Key Model Input Parameters

Parameter

Weibull survival model of 

PFS of the Olaparib group

Intercept 2.2734 Lambda 0.0964
Log (scale) 0.0287 Gamma 1.0291

Weibull survival model of 

PFS of the Placebo group

Intercept 1.6354 Lambda 0.0609
Log (scale) 0.5375 Gamma 1.7117

Weibull survival model of 

OS of the Olaparib group

Intercept 3.3695 Lambda 0.0158
Log (scale) 0.2076 Gamma 1.2308

Weibull survival model of 

OS of the Placebo group

Intercept 3.0509 Lambda 0.0046
Log (scale) 0.5689 Gamma 1.7663

Abbreviations: PFS, progression-free survival; OS, overall survival.

Table 1 Clinical Efficacy and Grade 3–4 Adverse Events

Variables Base Case Value

The Olaparib 
Group

The Placebo 
Group

Clinical efficacy
OS (Months) 18.9 18.1

PFS (Months) 7.4 3.8

Probability of grade 3–4 AEs (%)

Fatigue or asthenia 5 2

Nausea 0 2
Anemia 11 3

Abdominal pain 2 2

Decreased appetite 3 0
Vomiting 1 2

Back pain 0 2

Arthralgia 1 0

Abbreviations: OS, overall survival; PFS, progression-free survival; AEs, adverse event.
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olaparib after PD as a subsequent therapy, so the price of 
olaparib had an impact on the cost of not only the PFS 
state but also the PD state. The price of olaparib decreased 

from $7739.7 per month to $2954.76 per month at the 
beginning of 2020, and the ICER decreased from 
$97,416.84 per QALY to $34,122.25 per QALY. 
However, the ICER was still higher than WTP.

In addition to pancreatic cancer, olaparib was also not 
cost-effective when used in patients with ovarian cancer in 
the USA or breast cancer in Japan.17,18 In 2015, Smith built 
decision analysis models and found that the ICER was 
$258,864 per progression-free life-year saved for olaparib 
maintenance therapy in ovarian cancer patients with 
a BRCA mutation. Drug cost had the highest impact on 
the ICER; to achieve an ICER of less than $50,000, the cost 
of olaparib would have had to decrease to $2500 or less per 
month. In addition, for wild-type BRCA1/2 patients, the 
ICER was $600,552 per progression-free life-year saved. 
In 2019, Saito created a Markov cohort model and found 
that the ICER for olaparib monotherapy in metastatic breast 
cancer patients with BRCA1/2 mutations was $131,047/ 
QALY compared with standard chemotherapy alone.

Because of the assistance programs for olaparib in ovar-
ian cancer, patients with ovarian cancer can buy a one-month 
supply of olaparib and obtain a one month supply for free. 

Figure 2 (A) Simulate overall survival curve for the Olaparib group and the Placebo group. (B) Simulate progression-free survival curve for the Olaparib group and the 
Placebo group. (C) Kaplan–Meier curve of overall survival from the POLO study. (D) Kaplan–Meier curve of the progression-free survival curve from the POLO study.

Table 3 Results of the Cost-Effectiveness Analysis

Parameters The 

Olaparib 

Group

The 

Placebo 

Group

Costs ($)

PFS state ($) 31,172.57 2238.29

cOlaparib ($/month) 2954.76 0.00

cAEs ($/month) 8.08 0.56

cTest ($/month) 362.33 487.39

PD state ($) 23,229.61 28,619.53

Total Cost ($) 54,402.18 30,857.83

Incremental costs ($) 23,544.35 /

Effectiveness (QALYs)

PFS state (QALYs) 0.63 0.30

PD state (QALYs) 1.28 0.92

Total effectiveness (QALYs) 1.91 1.22

Incremental effectiveness (QALYs) 0.69 /

ICERs compared with PC alone ($/QALY) 34,122.25

Abbreviations: PFS, progression-free survival; PD, progressive disease; AE, adverse 
event; QALY, quality-adjusted life years; ICER, incremental cost-effectiveness ratio.
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When we calculated the cost of olaparib according to the 
donation plan, the ICER decreased to $14,563.22 per QALY, 
which was less than WTP. Due to the drug price negotiation 

mechanism in China, the prices of many effective, albeit 
expensive, treatments have decreased dramatically, espe-
cially those of anticancer drugs. In addition, these medicines 

Figure 3 Tornado diagram of one-way sensitivity analysis. This summarizes the results of one-way sensitivity analysis, listing influential parameters in descending order 
according to their effect on the ICER over the variation of each parameter value. 
Abbreviations: c, cost; PFS, progression-free survival; PD, progressive disease; AE, adverse event.

Figure 4 Cost-effectiveness acceptability curves. Cost-effectiveness acceptability curves show the probability of each treatment strategy being cost-effective at different 
WTP thresholds.
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for serious diseases, such as cancer, can be included in 
China’s medical insurance reimbursement list after negotia-
tions. Olaparib was included in the list of drugs for national 
drug negotiation in 2019, but olaparib for pancreatic cancer 
patients has not been added to the medical insurance list 
because of off-label use. We assumed that the fees for ola-
parib paid by metastatic pancreatic cancer patients with 
a germline BRCA mutation could be reimbursed up to 
approximately 70%. The ICER of olaparib is estimated to 
be $6754.95 per QALY and $22,371.50 per QALY from the 
perspectives of patients and medical insurance, respectively.

WTP is a critical parameter in determining whether 
a drug is cost-effective. The National Institute of Health 
and Clinical Excellence (NICE) increased the cost- 
effectiveness threshold for life-extending treatments for 
terminally ill patients.19 However, China did not specify 
which diseases could have the highest WTP, and many cost- 
effectiveness studies among Chinese payers set WTP 
according to GDP per capita. Whether WTP needs to be 
adjusted for pancreatic cancer, which lacks effective treat-
ment and has a low survival rate, is a question that needs to 
be considered. The ICERs associated with novel anticancer 
drugs may be unacceptably high in China.20–22 Given that 
there are no other effective drugs for the maintenance treat-
ment of pancreatic cancer and the proportion of pancreatic 
cancer patients with BRCA mutations is very low, PFS 
improvement derived from maintenance olaparib can be 
viewed as a major therapeutic advance. Some measures 
should be taken to improve the cost-effectiveness of these 
novel anticancer drugs. Pharmaceutical companies or cha-
rities may provide assistance programs. Recently, China has 
introduced a series of legislative and policy reforms to relax 
administrative control over drug prices, and a national drug 
negotiations mechanism has been established. After 
national drug negotiations, olaparib will have an appropriate 
price discount and be included in medical insurance. The 
fees for olaparib paid by ovarian cancer, salpingocarcinoma 
or primary peritoneal cancer patients will be reimbursed in 
2020. Although olaparib treatment for pancreatic cancer 
patients with BRCA mutations is off label in China, ola-
parib was approved as maintenance treatment in adult 
patients with deleterious or suspected deleterious germline 
BRCA-mutated metastatic pancreatic adenocarcinoma by 
the United States Food and Drug Administration as an 
orphan drug in 2019. Due to the lack of an effective treat-
ment for the small number of pancreatic cancer patients 
with BRCA mutations, olaparib (Lynparza) has been 
granted an orphan drug designation in Japan and the 

United States. The economic evaluation of orphan drugs is 
significantly different from that of ordinary drugs. Drug 
evaluation committees in some countries, such as NICE 
committees, approve orphan drugs with high WTP because 
of their social welfare value.23,24 Therefore, the government 
can consider including olaparib in medical insurance for this 
small patient population. Both the application of donation 
policy and increasing WTP can improve the economy of 
olaparib. Governments could try to work together with 
pharmaceutical companies and charities to alter olaparib’s 
affordability.

Our study inevitably has weaknesses because our model 
relied on a phase III trial rather than real-world practice. The 
POLO trial is a large-sample and high-quality phase III trial, 
but maintenance olaparib was not a standard treatment for 
pancreatic cancer before the POLO trial. Therefore, we can-
not conduct a cost-effectiveness analysis based on real-world 
research at present. There is no health utility value of pan-
creatic cancer for Chinese patients, and the POLO trial did 
not report health utility values of the PFS and PD states. 
Maintenance olaparib did not compromise the quality of life 
compared with placebo in the POLO trial,11,14 so we assumed 
the utility scores to be similar between the two groups in the 
same health state and used the health utility value of non- 
Asian patients from published studies in our model. In addi-
tion, the POLO trial did not provide enough detailed infor-
mation on sequential therapy, and we assumed that the costs 
for AEs and testing in the PD state were the same and did not 
include these costs when calculating the cost of the PD state. 
According to the sensitivity analysis, the cost for the PD state 
for both groups had a major impact on the ICER. We esti-
mated the cost of the PD state based mainly on the price of 
anticancer drugs. With the pilot reform policy of centralized 
drug procurement, the prices of an increasing number of 
drugs can be reduced in China. According to the one-way 
sensitivity analysis, a reduction in the cost of the PD state and 
olaparib could change olaparib’s affordability. In other 
words, a reduction in drug prices would alter our result, so 
we need to update the cost-effectiveness analysis according 
to the fluctuation in drug price over time.

To our knowledge, this is the first study to evaluate the 
cost-effectiveness of olaparib as maintenance treatment for 
metastatic pancreatic cancer. Because of the high price of 
olaparib, maintenance olaparib for BRCA-mutated metastatic 
pancreatic cancer was not cost-effective compared with pla-
cebo. Assumptions are inevitable in the model method, and 
many factors influenced the ICER, but sensitivity analysis 
was conducted to reduce uncertainty. The present results are 
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potentially useful for health-care decision-making. After 
more patients with BRCA-mutated metastatic pancreatic can-
cer use olaparib as maintenance treatment, real-world studies 
are needed to verify its efficacy, safety and economy.
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