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ABSTRACT

Introduction: A trial-based assessment was
completed to evaluate the cost-effectiveness of
ceritinib as a first-line treatment for advanced
non-small cell lung cancer (NSCLC) with rear-
rangement of anaplastic lymphoma kinase.
Methods: Based on the disease situation of
advanced NSCLC, a Markov model was con-
structed to estimate the costs and benefits of
ceritinib and platinum-based chemotherapy.
The cost information and health utilities were
obtained from published literature. The incre-
mental cost-effectiveness ratio was calculated.

The stability of the model was verified by sen-
sitivity analyses.
Results: The base case analysis results indicated
that compared with platinum-based
chemotherapy, ceritinib therapy would increase
benefits in a 5-, 10- and 15-year time horizon,
with extra costs of $230,661.61, $149,321.52
and $136,414.43 per quality-adjusted life-year
gained, respectively. The most sensitive param-
eter in the model analysis was the cost of ceri-
tinib. Probabilistic sensitivity analysis suggested
that at the current price of ceritinib, the chance
of ceritinib being cost-effective was 0 at the
willingness-to-pay threshold of $27,142.85 per
quality-adjusted life-year (three times the per
capita gross domestic product of China).
Conclusion: As a first-line treatment for
advanced NSCLC with rearrangement of
anaplastic lymphoma kinase, ceritinib is unli-
kely to be cost-effective at the current price
from the Chinese healthcare perspective. To
meet the treatment demands of patients, it may
be a better option to reduce the price or provide
appropriate drug assistance policies.
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INTRODUCTION

Lung cancer, which has the highest incidence
among cancers, is the main cause of death
among men and women in 87 countries and 26
countries, respectively [1, 2]. In 2013, approxi-
mately 1.8 million people worldwide were
newly diagnosed with lung cancer, and
1.6 million died of lung cancer [3]. In China,
the incidence rate of lung cancer was 57.70/
100,000, the mortality was 46.92/100,000 and
both rank first [4]. Moreover, one study showed
that the average economic burden of lung can-
cer was $43,336 (US dollars throughout) per
patient in the urban areas of China; the eco-
nomic burden in the first year after diagnosis
was $30,277 per capita, which accounted for
171% of household annual income [5]. More
than 85% of patients with lung cancer have
non-small cell lung cancer (NSCLC) [6]. Gener-
ally, patients with advanced NSCLC and good
performance status benefit from chemotherapy
and usually receive platinum-based regimens
[7]. However, the clinical outcome of
chemotherapy is not particularly good, and the
response rate is only approximately 20% [8].

After anaplastic lymphoma kinase (ALK)
rearrangements were discovered, small-mole-
cule ALK tyrosine kinase inhibitors became an
active research field [9]. Crizotinib, which is an
important drug for treating ALK-rearranged
NSCLC, will eventually produce drug resistance
[10]. As a new second-generation ALK inhibitor,
ceritinib was initially used to treat advanced
NSCLC in patients after the progress of crizo-
tinib treatment [11]. Recently, a clinical trial
(ASCEND-4) from 134 centres in 28 countries
showed that compared with platinum-based
chemotherapy, ceritinib first-line treatment
significantly prolonged the deterioration time
for patients with advanced ALK-rearranged
NSCLC. The results indicated that the median
progression-free survival (PFS) was 16.6 months
after ceritinib treatment, whereas it was
8.1 months in the platinum-based chemother-
apy group [12]. Therefore, ceritinib should be
considered as a first-line treatment for ALK
rearrangement patients with advanced non-
squamous NSCLC. However, in China, the cost-

effectiveness of ceritinib in treating advanced
NSCLC is unclear.

Our study was designed to evaluate the long-
term cost-effectiveness of ceritinib versus plat-
inum-based chemotherapy for advanced ALK-
rearranged NSCLC from the perspective of
Chinese healthcare.

METHODS

Economic Model

On the basis of the clinical trial and considering
the actual clinical situation, we established a
Markov model with TreeAge Pro 2011 to assess
the economic outcome of ceritinib versus plat-
inum-based chemotherapy for patients with
advanced ALK-rearranged NSCLC. Because our
economic evaluation was based on a mathe-
matical model to simulate the patient’s lifetime,
it did not require the approval of the indepen-
dent ethics committee. The Markov model
(Fig. 1) was utilized to predict health and eco-
nomic outcomes consisting of three states: PFS,
progressed survival and death. All patients first
entered a state of PFS with the first-line treat-
ments. Once the disease progresses, the patient
could receive second-line treatment. Patients
who experienced multiple progressions were
considered incurable, no longer received treat-
ment and remained in the state until death [13].
The model cycle was 3 weeks, consistent with
the treatment cycle. During each model cycle,
patients moved to the next health state or
stayed in the current state according to a
specific probability until a time horizon termi-
nation of 15 years. The probability of progres-
sive disease or death was calculated according to
the results of the ASCEND-4 clinical trial.

Two potential competing strategies were
compared by simulating a population with
advanced ALK-rearranged NSCLC: pemetrexed
combined with cisplatin/carboplatin followed
by pemetrexed maintenance or initial use of
targeted therapy with ceritinib. After disease
progression, docetaxel, pemetrexed, gefitinib or
erlotinib was administered. Hospice treatment
was assumed to undergo best supportive care
(BSC).
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The primary outcome measures are quality-
adjusted life-years (QALYs) and cost. The incre-
mental cost-effectiveness ratios (ICERs), which
indicate the incremental cost of each additional
QALY, were calculated. In line with the World
Health Organization (WHO) proposal [14], the
willingness-to-pay (WTP) threshold of
$27,142.85 used in the cost-effectiveness anal-
ysis was equal to three times the per capita gross

domestic product (GDP) of China in 2017. All
cost and utility values are discounted to 2017
using a 5% annual rate in accordance with
Chinese pharmacoeconomics guidelines [15].
The exchange rate is 6.594 RMB for 1 US dollar
(December 2017) [16].

This article is based on previously conducted
studies and model techniques and does not

Fig. 1 a Abbreviated decision tree and Markov model of
drug regimens used to compare two strategies for treating
advanced non-small cell lung cancer with rearrangement of
anaplastic lymphoma kinase. b Influence diagram shows a

network of three health states linked by transitional
variables. NSCLC non-small cell lung cancer
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contain any studies with human participants or
animals performed by any of the authors.

Clinical Inputs

The inputs of transition parameters and pro-
portions were based on the ASCEND-4 clinical
trial, which is displayed in Fig. 2. The ASCEND-
4 trial compared the first-line treatments of

ceritinib with platinum-based chemotherapy
followed by pemetrexed maintenance for
advanced ALK-rearranged NSCLC, and the
results indicated that the median PFS was
16.6 months and 8.1 months, respectively.

The survival rates of both treatment regi-
mens were derived from the ASCEND-4 trial
report. First, the PFS and overall survival (OS)
state probability were extracted by the GetData

Fig. 2 Survival curves for model and the phase III trial. PFS and OS were fitted with the Weibull model according to the
respective original curves shown in the clinical trial. PFS progression-free survival, OS overall survival
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Graph Digitizer software (version 2.25) from the
published Kaplan–Meier curves of PFS and OS in
the ASCEND-4 trial. Then, these data were used
to fit the survival curves with Weibull survival
models using R software (version 3.2.2). The
obtained values of scale (k) and shape (c)
parameters are demonstrated in Fig. 2. The
transition probability of disease progression and
death at cycle t in the model was estimated as
follows: P(t) = 1 - exp[k(t - 1)c - ktc].

Cost and Utility Data

Since this analysis was carried out from the
perspective of the Chinese healthcare system,
only direct costs, including drug, administra-
tion, end-of-life treatment and management of
serious adverse events (SAEs), were considered
(Table 1).

As observed in the supplementary appendix
of the ASCEND-4 trial, ceritinib was adminis-
tered to patients with ALK-rearranged NSCLC at
750 mg per day before disease progression.
However, the ASCEND-8 trial indicated that
relative to 750 mg, ceritinib at a dose of 450 mg
had consistent efficacy and less gastrointestinal
toxicity [17, 18]. Based on the results of the
ASCEND-8, the recommended daily dose of
ceritinib has been changed to 450 mg in the
USA, European Union and other countries
worldwide [19, 20]. Therefore, drug-treatment
costs for the ceritinib arm in the state of PFS
were based on the recommended dose of
450 mg daily with food. Platinum-based
chemotherapy, which is pemetrexed (500 mg/
m2) combined with cisplatin (75 mg/m2) or
carboplatin (AUC 5–6), was given every 3 weeks.
After four cycles of combination chemotherapy,
if there was no disease progression, patients
would undergo maintenance treatment (peme-
trexed 500 mg/m2). As a result of the lack of a
detailed clinical trial plan, the cost of follow-up
treatment was derived from our previous study,
which is an empirically assessed cost of treating
NSCLC in China [21].

All costs related to chemotherapy, BSC and
management of SAEs are derived from the
published literature in China [22–25]. SAEs
included in the model were considered only

grade 3 or 4 toxicity with an incidence rate
greater than 5% and significant differences
between the two groups (Table 1) [26]. The
management cost of SAEs is the unit cost of
each SAE multiplied by its corresponding
occurrence rate. We assumed that the body
surface area was 1.72 m2 to estimate the anti-
neoplastic agent dosage [22].

The health utility was obtained from pub-
lished literature (Table 1) [27]. QALYs were
obtained by combined life years with utility. We
used utilities of 0.71 and 0.67 for patients in the
disease progression-free state and disease pro-
gression state, respectively.

Sensitivity Analyses

One-way and probabilistic sensitivity analyses
were performed by setting the upper and lower
limits and a specific distribution for each
parameter to reflect the influence of the uncer-
tainty of the model parameters on the results of
the study. One-way sensitivity analyses fixed
other parameter values and changed only one
parameter to explore the effect of this parameter
on the results. In order to consider uncertainty,
we set a range of ± 30% for all parameters,
except for the discount rates, the range of which
is derived from the Chinese guideline on phar-
macoeconomic evaluations [15]. In the proba-
bilistic sensitivity analysis, parameters were set
in a distribution (Table 1), and the Monte Carlo
method was used to simulate 1000 random
times. The probability and utility used the beta
distribution; and lognormal distribution was
adopted for all input costs (Table 1). The cost-
effectiveness acceptability curves and the scatter
plot obtained by probabilistic sensitivity analy-
sis describe the sensitive range of WTP and the
cost-effective probability of ceritinib therapy
compared with platinum-based chemotherapy.

RESULTS

Base Case Analysis

Weibull models were used to fit the survival
curves of PFS and OS from the ASCEND-4 trial
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(Fig. 2) and show that the decision analysis
model established in this study can reflect the
clinical effects very well. The base case results
(Table 2) suggested that compared with
chemotherapy, the ceritinib therapy would add
an extra 0.33, 0.59 and 0.65 QALY in a 5-, 10-
and 15-year time span, and the ICERs were
$230,661.61, $149,321.52 and $136,414.43 per
QALY, respectively.

Uncertainty Analyses

Figure 3 presents the results of one-way sensi-
tivity analyses. The price of ceritinib had the
greatest influence on the result, and then the
utility of PFS, cost of pemetrexed, body surface

area and the discount rate. The other parame-
ters did not significantly modify the ICER. All of
these parameters that differ in scope did not
cause ICER to be lower than the WTP threshold
($27,142.85).

The probability sensitivity analysis reflects
the influence of the overall change of all
parameters on the results. The ICER scatter plot
(Fig. 4) of 1000 simulations showed that all
ICERs were distributed above the WTP thresh-
old ($27,142.85/QALY) line, so the probability
that ceritinib was cost-effective was 0.

Acceptability curves (Fig. 5) indicated that
the cost-effectiveness likelihood of ceritinib arm
increased with increasing WTP thresholds, and
the sensitive range was about $90,000 to

Table 1 Expected values, ranges and distributional assumptions of variables

Parameter Expected values (ranges) Distribution References

Cost of ceritinib, $/150 mg 67.46 (47.22–87.70) Lognormal [23]

Cost of pemetrexed, $/500 mg 1030.00 (721.00–1339.00) Lognormal [22]

Cost of platinum drugs, $/cycle 518.40 (362.88–673.92) Lognormal [24]

Cost of BSC, $/cycle 1415.40 (990.78–1840.02) Lognormal [22]

Cost of progressive disease, $/year 14,519.00 (10,163.30–18,874.70) Lognormal [21]

Cost of SAEs, $/unit

Nausea, vomiting 39.60 (27.72–51.48) Lognormal [25]

Liver-protecting therapy 57.78 (40.45–75.11) Lognormal [22]

Risk of SAEs in ceritinib group

Nausea, vomiting 0.02 (0.01–0.03) Beta [18]

Liver-protecting therapy 0.47 (0.33–0.61) Beta [18]

Risk of SAEs in chemotherapy group

Nausea, vomiting 0.11 (0.08–0.14) Beta [12]

Liver-protecting therapy 0.08 (0.06–0.10) Beta [12]

BSA (m2) 1.72 (1.20–2.24) Normal [22]

Discount rate 0.05 (0.00–0.08) Fixed in PSA [15]

Utility values

Progression-free survival 0.71 (0.50–0.92) Beta [27]

Progressed survival 0.67 (0.47–0.87) Beta [27]

BSC best support care, SAEs serious adverse events, BSA body surface area, PSA probabilistic sensitivity analysis
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$300,000. It suggested that if the WTP exceeded
$138,000 (per capita GDP $46,000), more than
50% of advanced ALK-rearranged NSCLC, with
first-line treatment of ceritinib therapy, could
achieve cost-effectiveness. At WTPs exceeding
$300,000, the cost-effectiveness likelihood of
first-line treatment with ceritinib was almost
100%.

DISCUSSION

In the past few years, cancer treatment has
improved greatly [28]. However, the ensuing
problems have also raised people’s concern,
such as the cost of certain new anti-tumour
drugs, which involve the value of the drug, the
economic level of the people, the funds that the
healthcare system provides for them and so on

Table 2 Results of the base case analysis

Strategy Total cost ($) Total QALYs ICER/QALY

5-year

Chemotherapy 63,587.95 1.83

Ceritinib 140,333.12 2.17 230,661.61

10-year

Chemotherapy 68,303.65 2.09

Ceritinib 155,949.79 2.68 149,321.52

15-year

Chemotherapy 68,640.29 2.12

Ceritinib 157,721.80 2.77 136,414.43

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year

Fig. 3 One-way sensitivity analyses for ceritinib therapy compared with PC chemotherapy. PC pemetrexed plus cisplatin or
carboplatin, EV expected value, QALY quality-adjusted life-year
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[29]. The high cost of treatment and the rapid
rise in the prices of anticancer drugs have cre-
ated a heavy burden and raised issues with

regard to the long-term sustainability of
patients and healthcare systems [30]. For
example, in the USA, the costs of cancer

Fig. 4 Probability sensitivity analysis scatter plot comparing ceritinib and platinum-based chemotherapy. PC pemetrexed
combined with cisplatin or carboplatin, WTP willingness-to-pay, QALY quality-adjusted life-year

Fig. 5 Cost-effectiveness acceptability curves comparing two strategies. PC/PE pemetrexed combined with cisplatin or
carboplatin chemotherapy with pemetrexed maintenance, QALY quality-adjusted life-year
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treatment have increased more than 10 times
per year from 2000 ($5000–10,000) to 2012
([$100,000), while the average income of
American households has decreased by 8% over
the last 10 years [31]. Therefore, it is necessary
to ensure the affordability and accessibility of
cancer drugs [32].

Our study is the first economic evaluation of
ceritinib for the first-line treatment of patients
with advanced ALK-positive NSCLC from the
perspective of China. The base case analysis
showed that ICERs for ceritinib versus plat-
inum-based chemotherapy were $230,661.61,
$149,321.52 and $136,414.43 per QALY at 5, 10
and 15 years, respectively. The results of the
Monte Carlo simulation showed that all ICERs
were above the WTP threshold (Fig. 4), and
ceritinib was not cost-effective at the current
cost. However, one-way sensitivity analysis
results revealed that the price of ceritinib was
the most significant parameter to the evalua-
tion results, so the best option is to lower the
price of ceritinib.

Multiple studies have been conducted to
assess the cost-effectiveness of ceritinib in
treating patients with ALK-positive NSCLC.
A Canadian study demonstrated that ceritinib
was cost-effective compared with pemetrexed,
BSC and historical control as second-line treat-
ment [23]. A Mexican study revealed that ceri-
tinib was a cost-effective therapy compared
with current therapies for chemotherapy-expe-
rienced patients [33]. A UK-based analysis
showed that ceritinib would be a cost-effective
option compared with other alternatives
(crizotinib, docetaxel and pemetrexed) for pre-
viously treated patients [34]. A study by Zhou
et al. demonstrated that ceritinib was cost-ef-
fective compared with crizotinib and platinum
doublet chemotherapy among previously
untreated patients with metastatic NSCLC from
the perspective of US payers [35].

Because each country’s healthcare system,
costs and models used are different, the con-
clusions drawn are different. Ceritinib has been
recommended as a first-line treatment for
advanced ALK-rearranged NSCLC in the 2019
National Comprehensive Cancer Network
(NCCN) guidelines [7]. However, as a new
treatment option, ceritinib places a heavy

burden on patients ($67.46/150 mg). Therefore,
it is necessary to make an economic assessment
of ceritinib, especially in developing countries,
such as China, where the population is more
than 13.9 billion and the resources of the
healthcare system are insufficient [5, 36, 37].
With the gradual development of pharma-
coeconomics, it is becoming more and more
widely used in the medical field. The relevant
documents in China have proposed to use
pharmacoeconomic evaluation in drug pricing
[38]. Drug pricing based on the evidence-based
basis of pharmacoeconomics will help to con-
trol the excessive growth of drug costs.
According to the theory, methods and research
results of pharmacoeconomics, evidence-based
evidence can be provided for the selection of
medical insurance catalogue drugs, which is
conducive to reducing medical expenses and
optimizing the allocation of health resources.
Use of a formulary is a widely accepted method
for the management of drugs for medical
insurance in China. Drugs selected in the for-
mulary must satisfy some criteria, including
being clinically needed, safe, effective, conve-
nient to use and reasonably priced [39]. In
recent years, pharmacoeconomic evaluation
data are also listed as required documents in
selection of the National Basic Medical Insur-
ance Drug Formulary List, which is a primary
reimbursement formulary in China [40].
Although the pharmacoeconomics has attracted
great interest from the Chinese government, it
is not implemented nationwide in China [41].

There are several limitations in this study.
First, subsequent therapy costs after disease
progression are estimated on the basis of the
ASCEND-4 trial, NCCN guidelines and expert
opinion, which may be different from clinical
practice in China. However, the sensitivity
analyses indicated that they did not have much
effect on the outcome. Second, we did not
consider the costs for all adverse events (AEs);
because some of the AE costs were negligible,
there was little impact on the results. Thirdly,
what we mean by progression of first-line
treatment is progression-free disease on second-
line treatment. According to a study by Chouaid
et al. [27], while there is a slight numerical dif-
ference between the utility of progressive
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disease on first-line treatment and the utility of
progression-free disease on second-line treat-
ment, differences in utility values were consid-
ered clinically irrelevant. During the course of
disease progression, the health state utility may
go well below 0.70. Therefore in the current
study, we used the utility of 0.67 for patients in
the disease progression state. In order to address
the uncertainty of utilities, we have set a wider
range (± 30%) to perform sensitivity analyses.
Although the utility of PFS impacted the results
greatly, all of the parameters did not cause ICER
to be lower than the WTP threshold. Finally, as
a result of the lack of a clear WTP threshold in
China, according to the recommendation from
the WHO [14], the current study used triple the
per capita GDP of China as the WTP threshold,
which might vary with different factors. How-
ever, with long-term follow-up of these events,
the uncertainty of these parameters would be
further reduced.

CONCLUSION

From the Chinese healthcare perspective, ceri-
tinib, as the first-line treatment for advanced
NSCLC with ALK rearrangement, is unlikely to
be cost-effectiveness according to our analysis.
To meet a broad range of treatment demands for
a vast number of patients, the medical decision-
making department should consider making
appropriate price cuts or require the enterprises
to provide appropriate drug donation policies.
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