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Background: The objective of the study was to evaluate the economics of dacomitinib and 
gefitinib in the first-line treatments for EGFR-positive advanced or metastatic non-small cell 
lung cancer (NSCLC) from a US payer perspective.
Methods: We developed the partition survival model to compare the lifetime cost and health 
outcomes of dacomitinib versus gefitinib. Transition probabilities were collected from the 
ARCHER 1050 trial. The model only considered the direct medical costs. Utility values were 
taken from published research.
Results: Compared to gefitinib, dacomitinib increased 0.706 QALY and the cost increased 
$232,359.32. The incremental cost-effectiveness ratio (ICER) was $329,120.85 per QALY in 
the base case. One-way sensitivity analysis showed that the cost of drugs and the utility had 
more influence on the results than other parameters. Probability sensitivity analysis reflected 
that the parameters had little effect on the results.
Conclusion: Dacomitinib could improve the health benefits and increase the overall costs. 
In this simulation, dacomitinib is not likely to be economical for first-line therapy of EGFR- 
mutated NSCLC.
Keywords: dacomitinib, gefitinib, cost-effectiveness, non-small cell lung cancer

Introduction
Lung cancer has a high morbidity and mortality rate worldwide, most of which are 
non-small-cell lung cancer (NSCLC).1 The early symptoms of NSCLC are not 
obvious, and the diagnosis rate is low so that most patients miss the opportunity 
for surgery.2 Compared with the first representative epidermal growth factor recep-
tor tyrosine kinase inhibitors (EGFR-TKIs), which are reversible inhibitors that 
selectively target EGFR, dacomitinib is a human EGFR family kinase activity and 
EGFR activating mutations some irreversible inhibitor.3,4 The Food and Drug 
Administration (FDA) has approved dacomitinib for the first-line treatment of 
EGFR-mutated metastatic NSCLC.5

A multicenter randomized double-blind controlled phase III clinical trial 
(ARCHER 1050) was conducted to compare the clinical efficacy and safety of 
the second-generation TKI dacomitinib with those of gefitinib in patients with EGFR- 
positive advanced or metastatic NSCLC.6 The trial demonstrated that dacomitinib has 
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significantly better progression-free survival (PFS) and over-
all survival (OS) than gefitinib, thus establishing the status 
of dacomitinib in the first-line treatment of NSCLC. The 
median PFS of patients in the dacomitinib and gefitinib 
groups were 14.7 and 9.2 months, the estimated 24-month 
PFS rates were 30.6% and 9.6%, respectively. Recently 
updated clinical studies have shown that during a median 
follow-up of 31.3 months, 45.4% and 52.0% of patients in 
the dacomitinib and gefitinib groups died, respectively. The 
HR for OS was 0.760 (0.582–0.993). The median OS rates 
of dacomitinib and gefitinib were 34.1 and 26.8 months, 
respectively.7

The cost of drug treatment for NSCLC has caused a great 
economic burden.8 The cost of second-generation EGFR- 
TKI dacomitinib drug is high, and no pharmacoeconomic 
research related to dacomitinib has been found. The present 
study aimed to evaluate the economics of dacomitinib and 
gefitinib in the first line treatment for patients with EGFR- 
positive NSCLC from a US payer perspective.

Methods
Model Approach
According to the disease development process and pub-
lished pharmacoeconomic model of NSCLC, the parti-
tioned survival model was established to simulate the 
disease process. The model analyzed the cost and output 
of the following strategies: the patients were treated 
with dacomitinib and gefitinib, respectively, and 
received dacomitinib 45mg or gefitinib 250mg daily 
until the disease progressed. The model structure 
includes three states, the patients were in a state of 
progression-free disease (PFD) when they were enrolled 
(Figure 1). The model was established by the TreeAge 
Pro 2018 software.

The assumption describing the survival benefits asso-
ciated with first-line dacomitinib versus gefitinib was accord-
ing to the outcomes from the trial. The study included stage 
IIIB/IV NSCLC diagnosed by histology or cytology, with at 
least one target lesion, and the target lesion had not received 
radiotherapy in the past. The tumor tissue was detected as 
EGFR mutation.6 In accordance with the National 
Comprehensive Cancer Network (NCCN) guidelines9 and 
random Phase III trial, patients treated with dacomitinib and 
gefitinib were assumed to continue treatment after the first 
or second-generation TKI treatment failed.6 Osimertinib was 
used for patients with EGFR T790M positive, and peme-
trexed plus cisplatin chemotherapy was used for patients 
who were T790M negative.10 The cycle period was set to 
three weeks. The average age of the patients enrolled in the 
ARCHER 1050 study was 62 years. According to the experi-
ence of clinical experts, the model running time was set to 
ten years, which could fully cover the patient’s full life cycle. 
The study only considered direct medical costs. Cost and 
utility value were discounted at a discount rate of 3%.11

The main evaluation indicator of the study was incre-
mental cost-effectiveness ratio (ICER), and the main output 
indicators were quality-adjusted life years (QALYs, QALYs 
= LYs × utility value), life years (LYs), and total cost. The 
willingness-to-pay (WTP) threshold was set to $100,000 in 
accordance with the recommendations of Neumann.12 If 
ICER was less than the threshold, the dacomitinib group 
had a cost-effective advantage compared to the gefitinib 
group; if the ICER was greater than the threshold, the 
dacomitinib group had no cost-effective advantage.

Clinical Parameters
The transition probability was obtained from the Kaplan– 
Meier (K–M) curve reported by ARCHER 1050.6,7 The 

Figure 1 The Markov state transition model. 
Notes: The Markov model simulates three states of NSCLC. At the end of each cycle, patients in the progression-free disease state may still in this state or in progressed 
disease state. Patients progressed disease state may still be in this state or enter death state.
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original PFS and OS information was obtained by GetData 
Graph Digitizer software 2.26.13 Two groups of the indivi-
dual patient data of OS and PFS were reconstructed by 
R software (version 3.5.1; http://www.rproject.org). The tran-
sition probability in the model was calculated according to 
the survival data analysis process recommended by Hoyle 
et al.14 The fitted distribution functions included Weibull, 
log-logistic, exponential, log-normal and gamma.15 

According to Akaike information criterion (AIC) and 
Bayesian information criterion (BIC), combined with visual 
inspection, the optimal fitting distribution was judged and the 
distribution parameters of the fitting curve were obtained16 

The results of PFS and OS fitted by Weibull distributions 
were more accurate (Figure 2). The Weibull distribution was 
used to fit and extrapolate the K-M survival curves reported 
in the original literature, and then the transition probability of 
each time t was calculated. The survival probability at time 
t was S(t)=exp(−λtγ).17 λ was the scale parameter, and γ was 
the shape parameter. The model assumed that patients in PFD 
state only die due to natural mortality, so natural mortality 
was used as the transition probability from PFD to death.18 

By comparing the median PFS and OS of ARCHER 1050 
trial and curve simulation for internal verification, it showed 
that the fitting results are more accurate (Figure 2).

Health Utilities
Since no utility data were collected in ARCHER 1050 
study, the utility values of each state came from the utility 

values of health state reported by Dansk. The utility of 
PFD state was 0.706, and that of PD state was 0.565.19 

The effect of adverse reactions with significant difference 
above grade 3 on utility value was considered. The calcu-
lation method was the utility of reducing adverse reactions 
multiplied by the incidence of adverse reactions.20 The 
incidences of diarrhea and rash/dermatitis in the dacomi-
tinib group were 8% and 35%, respectively, and those in 
the gefitinib group were 1% and 1%, respectively.6

Cost Estimates
Direct medical costs included drug, routine follow up, salvage 
chemotherapy, supportive care, EGFR mutation testing and 
managing adverse events.21–23 The cost of dacomitinib, gefi-
tinib, and osimertinib was based on the www.drugs.com 
database.24 According to ARCHER 1050 study, the model 
assumed that 7.9% and 12.9% of the dacomitinib and gefiti-
nib groups would receive osimertinib after progression, 
respectively.6 The routine dose of osimertinib was 80 mg 
daily. The duration of pemetrexed plus cisplatin chemother-
apy was assumed to be four cycles, and the pemetrexed 
monotherapy until disease progression.10 The model only 
considered serious adverse reactions above grade 3. The 
incidences of adverse reactions above grade 3 for dacomitinib 
and gefitinib were 63% and 41%, respectively. The cost of 
grades 3 and above adverse reaction was collected from other 
articles.6,25,26 The cost details are listed in Table 1.

A B

Figure 2 The Kaplan–Meier curves of PFS and OS. 
Notes: Weibull PFS cure fits to the Kaplan-Meier (K-M) trial data (A); Weibull OS curve fits to the K-M trial data (B). The smooth line represented the survival curve of 
Weibull distribution. The other lines indicated the survival curves in the ARCHER 1050 trial. 
Abbreviations: OS, overall survival; PFS, progression-free survival.
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Sensitivity Analysis
One-way sensitivity analysis was performed to determine the 
influence of different parameters on ICER when changing 
within a certain range, and the results were presented in the 
form of tornado diagram. The upper and lower limits of the 
95% CI of the parameter value were derived from the litera-
ture. For some data that cannot get the 95% CI, the value of 
the parameter was floating by ± 20% on the basis value. In the 
probability sensitivity analysis, the parameters were set as 
random variables with specific distribution, and 10,000 
Monte Carlo simulation was used to run the model to evalu-
ate the overall robustness of the research results. It was 
assumed that the cost parameters have an gamma distribution, 
the incidence and health utility value parameters have beta 
distributions.27 The results of probability sensitivity analysis 
were presented by cost-effectiveness acceptable curve.

Results
The cumulative QALY was 1.507 QALY and 0.801 QALY 
in the dacomitinib group and the gefitinib group, respec-
tively. The QALY in the dacomitinib group was 0.706 
higher than those in the gefitinib group. The total cost of 
patients in the dacomitinib group was $361,331.16, which 
was $232,359.32 higher than that in the gefitinib group. 
Overall, dacomitinib demonstrated an ICER of 
$329,120.85 per QALY compared with gefitinib. 
Dacomitinib also showed an ICER value higher than the 
WTP, which could be considered a uneconomic option. 
The results of basic analysis are shown in Table 2.

The tornado diagram is shown in Figure 3. The results 
of one-way sensitivity analysis showed that the most influ-
ential model parameters were the cost of dacomitinib, 
followed by the utility of PD, the proportion of second- 

Table 1 Model Parameters

Variable Baseline Value Range Reference

Minimum Maximum

Weibull PFS survival model

Dacomitinib λ= 0.02688, γ=1.2036 – – [6,7]
Gefitinib λ=0.01872, γ=1.5507 – – [6,7]

Weibull OS survival model
Dacomitinib λ= 0.005303, γ=1.3785 – – [6,7]

Gefitinib λ= 0.002802, γ=1.6133 – – [6,7]

Utility

PFD 0.706 0.620 0.815 [19]

PD 0.565 0.470 0.688 [19]
Diarrhoea −0.32 −0.256 −0.384 [20]

Rash or Dermatitis −0.15 −0.12 −0.18 [20]

Cost (US $)

Drug per day

Dacomitinib 453.41 362.73 544.10 [24]
Gefitinib 271.37 217.10 325.64 [24]

Osimertinib 529.57 423.66 635.49 [24]

Pemetrexed plus cisplatin per cycle 5,916 4,436 7,394 [21]

Pemetrexed maintenance per cycle 5,797 2,898 8,695 [21]

Follow up per unit 437 328 546 [22]

Supportive care per cycle 8,770 6,578 10.963 [22]

EGFR mutation testing 966 714 2,521 [23]

AEs cost
Diarrhea 16,510 13,208 19,812 [25]

Rash or Dermatitis 4,482.32 4,156.95 4,807.69 [26]

Abbreviations: PFD, progression-free disease; OS, overall survival; AE, adverse event; PD, progressed disease.
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line osimertinib and the cost of gefitinib. Other model 
parameters, such as cost of follow-up, rash, and EGFR 
mutation testing, had little influence on the results.

The cost-effectiveness acceptability curve is shown in 
Figure 4. The probabilistic sensitivity analysis showed that 
the probability that dacomitinib has a cost-effectiveness 
advantage over gefitinib was 0% when the WTP threshold 
was $170,000, the probability that dacomitinib has a cost- 

effectiveness advantage over gefitinib was 59.1% when the 
WTP threshold was $310,000. The economic probability of 
dacomitinib increased with the increase in the average 
social WTP.

Discussion
The NCCN guidelines recommended osimertinib, erloti-
nib, afatinib, gefitinib, and dacomitinib as the first-line 

Table 2 Cost-Effectiveness Analysis

Strategies Life Years QALYs Total Costs 
(US$)

ICER(US$/QALY) 
(Dacomitinib versus Gefitinib)

Dacomitinib 2.545 1.507 361,331.16 329,120.85

Gefitinib 1.247 0.801 128,971.84
Incremental 

(dacomitinib versus gefitinib)

1.298 0.706 232,359.32

Abbreviations: QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratio.

Cost of dacomitinib per day

Utility of PS

Proportion of second line osimertinib in dacomitinib

Proportion of second line osimertinib in gefitinib

Cost of gefitinib per day

Cost of pemetrexed maintenance per cycle

Utility of PFD

Discount rate

Proportion of rash and dermatitis in dacomitinib

Utility of rash and dermatitis

Proportion of diarrhoea in dacomitinib

Cost of support care per cycle

Cost of diarrhea

Cost of follow up per cycle

Utility of diarrhoea

Cost of rash

Cost of osimertinib per day

Proportion of diarrhoea in gefitinib

Proportion of rash and dermatitis in gefitinib

Cost of pemetrexed and cisplatin per cycle

Cost of EGFR mutation testing

270000 280000 290000 300000 310000 320000 330000 340000 350000 360000 370000 380000 390000 400000

Figure 3 Tornado diagram. 
Notes: The horizontal bar in the figure represents a parameter. The larger the span of the horizontal bar, the greater the influence of the parameter on the estimated value. 
Abbreviations: PD, progressed disease; PFD, progression-free disease.
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treatment for EGFR sensitive mutations.9 Relevant phar-
macoeconomic studies on osimertinib, erlotinib, afatinib, 
and gefitinib as the first-line treatment of NSCLC were 
found. Aguiar et al28 developed a Markov model based on 
the clinical data of the FLAURA clinical trial29 and eval-
uated the cost-effectiveness of osimertinib in the first-line 
treatment of patients with EGFR-mutant NSCLC. The 
study hypothesized that the clinical outcomes of afatinib 
were the same as those of gefitinib or erlotinib. In the US, 
the lifetime cost of osimertinib was $333,334, and the 
lifetime utility gain was 2.122 QALY. In comparison to 
erlotinib, gefitinib and afatinib, the osimertinib ICERs 
were $226,527, $231,123, and $219,874, respectively. 
The first-line treatment of osimertinib was not economical. 
Wu et al30 developed a Markov model to compare the 
economics of osimertinib with that of gefitinib or erlotinib 
as the first-line treatment of NSCLC. Osimertinib could 
provide more health benefits, and its mean cost and QALY 

as first-line treatment were $511,415 and 2.316, respec-
tively. Compared with gefitinib or erlotinib, osimertinib 
was not a favorable first-line treatment based on 
American public payer’s perspective. Ting et al31 devel-
oped a Markov model on the basis of the data from a large 
phase III clinical trial of EURTAC and LUX-Lung 3 to 
compare the cost-effectiveness of erlotinib and afatinib as 
first-line treatment of advanced EGFR-mutant NSCLC. 
Erlotinib had an ICER of $61,809/QALY. Erlotinib was 
the preferred first-line treatment for advanced EGFR muta-
tion-positive NSCLC in the United States. However, these 
studies did not involve the second-generation TKIs, and 
economic comparison between the second-generation 
TKIs and the first and third-generation TKIs was not clear.

To our knowledge, this study was the first to evaluate 
the economics of dacomitinib for NSCLC through eco-
nomic modeling methods and latest evidence. The second- 
generation TKI dacomitinib has achieved significant 

Figure 4 Cost-effectiveness acceptability curves (CEAC). 
Note: CEAC shows the percentage of cost-effectiveness of each treatment at different thresholds.
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clinical benefits. This study used a partitioned survival 
model to compare the cost-effectiveness of dacomitinib 
and gefitinib on the basis of the clinical data of 
ARCHER 1050. Dacomitinib had an ICER higher than 
the WTP of $100,000, which was not economical at the 
current price. The price of dacomitinib was an important 
determinant of its economy.

The study did not compare the cost-effectiveness of 
the second and third generation TKIs. The population 
included in FLAURA and ARCHER 1050 was heteroge-
neous, and no head-to-head studies comparing dacomitinib 
with osimertinib are available. The ARCHER 1050 study 
did not include patients with central nervous system (CNS) 
metastasis, and it did not provide data on the treatment of 
patients with CNS metastases with dacomitinib. The pre-
sent study was not applied to patients with CNS 
metastasis.

There are some deficiencies in the study. First, the 
currently analyzed data may need to be updated with the 
release of future data because the trials are still in progress. 
Second, the parameter distribution was used to fit and 
extrapolate the K-M survival curves of PFS and OS 
reported in the ARCHER 1050 trial. Although the result 
was verified, it could still lead to the uncertainty of the 
model output. Third, different chemotherapy regimens 
may be given when the disease progressed. The proportion 
of second-line treatment using osimertinib was referred to 
the data of clinical trials, which may be inconsistent with 
the real world. Despite these limitations, sensitivity analy-
sis showed that the parameters did not affect the economic 
results. Each parameter in the model did not affect the final 
result.

Conclusion
When the WTP threshold is $100,000/$150,000 per 
QALY, there is no cost-effective advantage of dacomitinib 
as a first-line treatment for patients with locally advanced 
or metastatic NSCLC with EGFR mutations.
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