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Aim: To assess the cost–effectiveness of first-line treatment with dacomitinib compared with gefitinib
in patients newly diagnosed with advanced NSCLC EGFR-positive in the context of Spain. Materials &
methods: A partitioned survival model was developed including costs, utilities and disutilities to esti-
mate quality-adjusted life-year (QALY) and incremental cost–effectiveness ratio when treating with da-
comitinib versus gefitinib. Results: Dacomitinib presented higher QALYs (0.51) compared with gefitinib
(0.45). Dacomitinib costs were €33,061 in comparison with €26,692 for gefitinib arm. An incremental cost–
effectiveness ratio of €111,048 was obtained for dacomitinib. Conclusion: Dacomitinib was more effective
in terms of QALYs gained than gefitinib. However, to obtain a cost–effectiveness alternative, a discount
greater than 25% in dacomitinib acquisition cost is required.

Lay abstract: EGFR tyrosine kinase inhibitors represent the standard of care in patients with EGFR
mutation-positive (EGFRm+) non-small-cell lung cancer. The introduction of new oncology therapies can
result in financial pressure for healthcare payers. Therefore, the development of a cost–effectiveness study
for assessing the gains in health relative to the costs of different health interventions is required. In this
study, we compare dacomitinib with gefitinib as first-line treatment from a Spanish National Health Sys-
tem perspective, by estimating how much it costs to gain a unit of a health outcome, like a life year gained
or quality-adjusted life-year. Dacomitinib has been proved not to be a cost-effective alternative because
despite being more effective in terms of life year gained or quality-adjusted life-year than gefitinib, it was
also much more expensive due to the high acquisition cost of dacomitinib.
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Lung cancer is the most common cancer and the most frequent cause of cancer death worldwide [1]. In terms of
histology, non-small-cell lung cancer (NSCLC), being diagnosed in 80–85% of cases, is the most widespread type
of lung cancer [2]. EGFR mutations are reported to be associated in approximately 14–19% of Western patients and
40–48% of Asian patients with NSCLC with adenocarcinoma [3,4]. In Spain, the REASON study revealed that the
mutation detection rate in advanced NSCLC patients was found to be 11.6% (17.4% presenting L858R mutation
in exon 21 and 82.6% presenting in-frame deletions in exon 19) [5].

EGFR tyrosine kinase inhibitors (TKIs) are the standard treatment for patients with NSCLC harboring an EGFR
mutation [6]. To date, three first-line TKIs are normally used in clinical practice: erlotinib, gefitinib and afatinib.
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These TKIs have demonstrated significantly improved progression-free survival (PFS) as the first-line treatment
compared with platinum-based therapy [7–14].

Recently, based on the ARCHER 1050 study [15], the US FDA approved dacomitinib, a second-generation
EGFR-TKI, for the first-line treatment of patients with metastatic NSCLC with EGFR mutation-positive [16]. This
study showed that dacomitinib was superior to gefitinib in terms of PFS and overall survival (OS). A seven-month
improvement in OS was shown in the dacomitinib arm compared with gefitinib [17]. Nonetheless, second-generation
EGFR TKIs are frequently associated with EGFR-mediated toxicities due to the relatively potent EGFR inhibition.
Therefore, in the ARCHER 1050 study, a dose reduction was performed on the dacomitinib arm. Additionally, in
another study, tolerability guided dose modifications enabled patients to continue with dacomitinib and benefit
from PFS and OS improvement [18].

Although dacomitinib caused more side effects than gefitinib, these were considered manageable. Therefore, on
April 2019, the EMA decided that the benefits of dacomitinib are greater than its risks, and it was authorized for use
in the European Union. Consequently, dacomitinib could be considered one of the standard first-line options for
patients with advanced EGFR-mutated NSCLC. Additionally, a new network meta-analysis comparing OS have
demonstrated that treatment with dacomitinib could be considered a first-line treatment option in comparison with
other standard EGFR TKIs as afatinib (hazard ratio [HR] 0.87; 95% CI: 0.61–1.24), erlotinib (HR: 0.79; 95%
CI: 0.44–1.42), gefitinib (HR: 0.75; 95% CI: 0.59–0.95) and osimertinib (HR: 0.94; 95% CI: 0.68–1.29) [19].

To our knowledge, no prior incremental cost–effectiveness analysis (ICER) has been performed comparing
dacomitinib versus gefitinib in Spain. This study aims to evaluate the cost–effectiveness of first-line treatment with
dacomitinib compared with gefitinib in patients newly diagnosed with advanced NSCLC EGFR-positive in the
context of Spain. Our study could help clinicians and policymakers in the decision-making process to promote the
sustainability of the Spanish National Health System.

Material & methods
Cost–effectiveness analysis: partitioned survival model
Design & perspective analysis

A partitioned survival model model was constructed using clinical data from the ARCHER 1050 randomized
study [15]. The quality-adjusted life-years (QALYs), the costs, and ICER of two different treatment strategies
(dacomitinib vs gefitinib) were estimated in two hypothetical cohorts of patients with newly diagnosed advanced
NSCLC and one EGFR mutation (exon 19 or Leu858Arg). We modeled the health states of patients with similar
criteria to those enrolled in the ARCHER 1050 study: patients in IIIB/IV stage, with new or recurrent diagnosis,
and histological or cytopathological confirmation. The presence of at least one documented EGFR mutation (exon
19 deletion or the Leu858Arg mutation, with or without the Thr790Met mutation) was required. The model
was developed from the perspective of the Spanish National Health System. The threshold for determining the
cost–effectiveness of a strategy was €24,000/QALY [20]. All the costs were estimated in euros (€) 2019, and a
discount rate of 3% was used for costs and effects throughout the model. The partitioned survival model was
developed in Microsoft Excel 2011 (Microsoft Corp., WA, USA) using a 15-year time horizon, which was selected
because it was sufficient to collect all the costs and benefits generated in the model. The results were presented in
terms of costs (€), QALYs gained and ICER.

Partitioned survival model structure

The model included three mutually exclusive health states: stable disease, progressive disease and death. As shown in
Figure 1, all patients were initially on stable disease and received one of the two treatment strategies (dacomitinib or
gefitinib). On each 28-day simulation cycle, the model redistributes the hypothetical cohort of patients among the
three health states according to the transition probabilities. On progressive disease, the patients received a second-
line regimen, and after the occurrence of progressive disease, they could remain in this state or die. Progressive
disease was simulated until all the patients died. A half-cycle correction was applied.

Treatment alternatives

The model cycle length was 28 days (4 weeks), consistent with the labeled dose frequency of the two treatments.
Patients in the dacomitinib group were treated with oral dacomitinib 45 mg once daily in 28-day cycles. Of the
patients in this group, 66% experienced a dose reduction, 38% received the lowest dose of 30 mg/day and 28%
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Stable disease

Death

Progressive disease

Figure 1. Structure of the partitioned
survival model. Partitioned survival model
health states.

received the lowest dose of 15 mg/day, according to the ARCHER 1050 trial [15]. The patients in the gefitinib
group received gefitinib 250 mg orally once daily in 28-day cycles.

Transitional probability data

The clinical effectiveness data of PFS and OS were obtained from the ARCHER 1050 trial [15,17], via the techniques
outlined in Guyot et al. [21]. WebPlotDigitizer was used to recreate Kaplan–Meier graphs to project outcomes to
the end of the 15-year time horizon using Flexurv, an R package for the fully parametric modeling of survival
data [22,23] (R version 3.3.3). The following parametric distributions were considered to determine the most
appropriate parametric survival curve as recommended by the NICE Decision Support Unit [24]: gamma, log-
logistic, Weibull, lognormal, Gompertz, exponential, generalized F and generalized gamma. The distributions
were selected based on statistical tests (Akaike Information Criterion [AIC] and Bayesian Information Criterion
[BIC]), visual inspection of fit to Kaplan–Meier plots, goodness-of-fit statistics and clinical plausibility. (Figure 2
& Supplementary Table 2).

For PFS and OS, a log-logistic distribution was selected. This distribution has the best visual and statistical fit; the
hazards consistent with the observed hazards in the ARCHER 1050 trial [15], do not yield implausible projections
with the survival curves for the two arms crossing (Supplementary Material & Figures 1–4). For each TKI, the
probability that patients remain in stable disease at each time is determined by the values of the PFS curve at that
time. In addition, the probability of patients to achieve the death state is determined as 1 minus the OS curve at
that time. From this, the probability of patients in progressive disease follows, as the three states together should
always add up to 100%.

Cost estimation

Table 1 outlines the calculated costs. Direct medical costs include treatment costs, disease management costs,
end-of-life care costs, adverse events costs and second-line treatment costs. The cost of gefitinib and dacomitinib
were calculated according to the officially notified listed prices ([drug price – 7.5% official discount in Spain]
x Value added tax [VAT]) [25,26]. The cost of dacomitinib can be considered part of the problem because up to the
date of publication of this article, an official Spanish price for this drug has not been published, and it has been
obtained from NICE guidance [27].

Disease management costs were estimated according to an expert panel’s advice. Disease management cost per
patient and cycle was calculated by multiplying the cost of healthcare resources employed by the unit cost of each
resource consumed over a 15-year time horizon. The unit costs were obtained from an official database published
in Spain [32].

End-of-life care costs were applied to each patient entering the death state and were obtained from an article
published in Spain [28].
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Figure 2. Overall survival and progression-free survival Kaplan–Meier plot and selected fitted curves.
PFS: Progression-free survival; OS: Overall survival.

The costs of side effects management from the perspective of the Spanish National Health System (Table 1) were
obtained from published articles [29,30]. Adverse effect (grade 3/4 events) frequencies associated with dacomitinib
and gefitinib treatments and reported in at least 3% of patients were obtained from the ARCHER 1050 study [15].

The second-line therapy regimens were obtained from Supplementary Table 1 ARCHER 1050 study [15] as is
shown in Table 1. In dacomitinib second-line arm, 23.8% of the patients were treated with pemetrexed, 13.7%
with carboplatin, 13.2% with cisplatin and 7.9% with osimertinib. In gefitinib second-line arm, 25.9% of the
patients were treated with pemetrexed, 13.8% with carboplatin, 17.9% with cisplatin and 12.9% with osimertinib.
The patients were assumed to have a body height of 170 cm and a weight of 70 kg, resulting in a body surface area
of 1.73 m2.

All cost inputs from prior years were inflated to 2019 Spanish values using the Consumer Price Index. The model
costs are presented in Euros (€) 2019 (Table 1).

Utilities estimation

The ARCHER 1050 study has not reported health state utilities. Thus, utility inputs and disutility values for the
base case were estimated from the recent data published in the literature [30,31]. In order to estimate QALYs, utility
and disutility values were applied considering the different health states (stable disease and progressive disease) and
are summarized in Table 1. A health utility of zero was applied to the health state of death.

Disutilities estimation

The disutility values associated with grade 3/4 adverse events while the patients remained in stable disease were
adopted from a recently published international study that evaluated the disutilities and complications for advanced
NSCLC in different countries like the UK, France, Australia and Republic of China by employing a time trade-off
technique [33]. To calculate the disutility values associated with grade 3/4 in stable disease, the disutility parameters
of each adverse event extracted from Nafees et al. were multiplied by the relative frequency of the corresponding
event obtained from the ARCHER 1050 trial to calculate a weighted average disutility value for each event profile
as is shown in Supplementary Table 1. The disutility values calculated for each grade 3/4 adverse event were
subtracted from the utility values while the patients remained in stable disease.
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Table 1. Model input parameters.
Management of NSCLC Cost per 28-day cycle and

patient
Distribution Ref.

Gefitinib €2045 Gamma [25–27]

Dacomitinib €3023 Gamma

Second-line cost gefitinib

– Scheme (43.8% of total patients) €1233 Triangular [15,25,26]

– Permetrexed (25.9%)

– Carboplatin (13.8%)

– Cisplatin (17.9%)

– Osimertinib (12.9%)

– Median number of postprogression systemic treatments per patients in
gefitinib arm

1 (1–6) [15]

Second-line cost dacomitinib

– Scheme (59% of total patients) €1854 Triangular [15,25–27]

– Permetrexed (23.8%)

– Carboplatin (13.7%)

– Cisplatin (13.2%)

– Osimertinib (7.9%)

– Median number of postprogression systemic treatments per patients in
dacomitinib arm

2 (1–5) [15]

End-of-life care cost €12,909 Gamma [28]

Grade III–IV adverse events (frequency �3%) Median cost/cycle [29,30]

– Diarrhea €1552 Gamma

– Dermatitis acneiform €2.11 Gamma

– Stomatitis €1352 Gamma

– Rash €2.11 Gamma

– Maculopapular rash €2.11 Gamma

– Postular rash €2.11 Gamma

– ALT elevation €68 Gamma

– AST elevation €68 Gamma

Utilities scenario Value [30,31]

– On treatment with no side effects 0.65 Beta

– Diarrhea 0.32 Beta

– Dermatitis acneiform 0.15 Beta

– Stomatitis 0.25 Beta

– Rash 0.15 Beta

– Maculopapular rash 0.15 Beta

– Postular rash 0.15 Beta

– ALT elevation 0 Beta

– AST elevation 0 Beta

– Disease progression 0.47 Beta

NSCLC: Non-small-cell lung cancer.

Univariate sensitivity analysis

Deterministic sensitivity analysis (DSA) was performed to explore the impact of the essential variables on the ICER
estimated value. Thus, a single parameter in the model (drug costs, utilities or discounts) was varied to test the
effect on the ICER result. The utilities values were varied in a range of ±20%. The drug acquisition costs were
modified in three different ranges (±15, ±20 and ±25%). The end-of-life care costs were varied in two different
ranges (±10 and ±20%), and the discounts values in the DSA were modified in a percentage of 0 and 6%. The
transition probability values of PFS and OS were varied in a range of ±5. The results of the DSA were presented
in a tornado diagram.
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Table 2. Cost–effectiveness results.
Variable Strategy

Gefitinib Dacomitinib

Total cost/pt €26,692 €33,061

Treatment cost/pt €11,120 €22,833

Disease management/pt €2,219 €1,869

Adverse events costs/pt €63 €87

Ee end-of-life care cost €12,785 €7,229

2L cost/pt €505 €1,043

QALY gained/pt 0.45 0.51

ICER (€/QALY)
Dacomitinib vs gefitinib €111,048/QALY

pt: Patient; 2L: Second-line; ICER: Incremental cost–effectiveness ratio; QALY: Quality-adjusted life year.

Incremental cost effectiveness ratio (€)

25,0000 50,000 75,000 225,000100,000 125,000 150,000 175,000 200,000

Dacomitinib cost ±25% [€11,524.25; €210,572.44]

Dacomitinib cost ±20% [€31,428.27; €190,668.41]

Dacomitinib OS ±5%

Utility on treatment with no side effects ±20% [0.52; 0.78]

Dacomitinib cost ±15% [€51,334.94; €170,763.06]

Utility in progression disease ±20% [0.38; 0.57]

End-of-life care cost [€91,675.77; €130,420.89]

Dacomitinib PFS ±5%

Discount value [0%; 6%]
High input values
Low input values

Figure 3. Tornado diagram (deterministic sensitivity analysis).
OS: Overall survival; PFS: Progression-free survival.

Probabilistic sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted to assess the influence of parameter uncertainties using
10,000 Monte Carlo simulations. Different parameters (side effects management costs, disease management costs,
second-line treatment costs, acquisition costs, end-of-life care costs, utilities and transitions probabilities) of the
model were varied to determine the robustness of the model. The results of the PSA was employed to obtain the
cost–effectiveness acceptability curves, showing the probability of each alternative being cost-effective across a range
of possible values of willingness-to-pay (WTP) for an additional QALY [34].

The different types of probability distributions were applied to variate the model parameters according to the
characteristics of each variable [35]. Gamma distributions were employed for costs, beta for utilities and Dirichlet
distributions for transitions probabilities. The number of postprogression systemic treatments per patient were
assumed to follow a triangular distribution.

Results
The base-case cost–effectiveness results for dacomitinib and gefitinib are reported in Table 2. The total QALYs
were 0.51 and 0.45 for dacomitinib and gefitinib, respectively. The incremental number of QALYs gained with
dacomitinib compared with gefitinib was 0.06. The number of incremental life-years gained in the base case was
0.06 (0.86 life-years vs 0.80 life-years for dacomitinib and gefitinib, respectively). The mean costs for dacomitinib
arm were €33,061 discounted over the 15-years horizon and €26,692 for the gefitinib arm, resulting in an additional
cost of €6369. These costs and QALY values yielded an incremental ICER of €111,048 for dacomitinib compared
with gefitinib.

The results from the DSA showed significant changes in the ICER after modifying dacomitinib acquisition costs,
end-of-life care costs, utilities and discount values as shown in the Tornado diagram (Figure 3) and Supplementary
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Figure 4. Scatter plot of Monte Carlo probabilistic sensitivity analysis for dacomitinib versus gefitinib.
ICER: Incremental cost–effectiveness ratio; QALY: Quality-adjusted life year.

Table 3. The model outcome was sensitive to the drug acquisition cost of dacomitinib, showing that discounts
greater than 25% produced an ICER value below the threshold of 24,000€ per QALY gained fixed in Spain.

As shown in Figure 4, the PSA results were consistent with the base-case analyses. Dacomitinib was non cost-
effective in 46.63% of the simulations, dominated in 17.84%, cost-effective in 16.11% and dominant in 19.42%.

Finally, the results plotted in a cost–effectiveness plane (Figure 4) were used to construct the cost–effectiveness
analysis curve, which shows the probability that dacomitinib becomes cost-effective for different WTP thresholds.
Therefore, in the base-case scenario, there is a 35.53% probability of dacomitinib being cost-effective and dominant
at a threshold of €24.000/QALY (Figure 5).

Discussion
Recently, the European Commission has approved dacomitinib for the frontline treatment of adult patients with
locally advanced or metastatic NSCLC [36]. Dacomitinib has demonstrated superiority over gefitinib in both
PFS and OS in Phase III head-to-head comparison study [15,17]. Additionally, a recent network meta-analysis
demonstrated treatment with dacomitinib versus gefitinib (HR: 0.75; 95% CrI: 0.59–0.95), afatinib (HR: 0.87;
95% CrI: 0.61–1.24), erlotinib (HR: 0.79; 95% CrI: 0.44–1.42) and osimertinib (HR: 0.94; 95% CrI: 0.68–1.29)
trended directionally toward improved OS, in patients with advanced or metastatic EGFR+ NSCLC [19]. However,
the published meta-analysis is not showing a significant difference, CrIs are very wide due to the low number of
studies included.

The lack of comparative long-term efficacy data can pose challenges for health technology appraisals. Therefore,
we developed a complete cost–effectiveness analysis to compare dacomitinib versus gefitinib in patients with newly
diagnosed advanced NSCLC and one EGFR mutation based on the ARCHER 1050 study [15]. Over a 15-year time
horizon, we demonstrated that dacomitinib is considered slightly more effective in comparison with gefitinib in
terms of QALYs gained (0.06). Nonetheless, our study showed that dacomitinib was not cost-effective compared
with EGFR-TKIs because the ICER (€111,048/QALY) was higher than the commonly accepted threshold in
Spain of €24,000/QALY [20]. Thus, the base case results indicate that discounts greater than 25% are crucial for
the dacomitinib acquisition costs to be considered cost-effective.
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At the time of the investigation, this is the first cost–effectiveness analysis to contribute a direct comparison of
dacomitinib against the first-generation EGFR-TKI (gefitinib) for patients with newly diagnosed advanced NSCLC
EGFR-mutated.

NICE has recommended dacomitinib for locally advanced or metastatic EGFR mutation-positive in adults. The
evidence review group of NICE constructed a fixed-effects network meta-analysis using data from the ARCHER
1050 for dacomitinib and from LUX-Lung 7 for afatinib [37,38]. The results of this study showed that PFS and
OS might be better for dacomitinib than afatinib, although there was no significant difference between the two
treatments (PFS, HR: 0.80; 95% CI: 0.57–1.12; OS, HR: 0.88; 95% CI 0.61–1.29).

In our study, the small difference in the incremental QALY values (0.06) is mainly attributable to the differences
in efficacy between the two drugs. The decrease in utility values due to adverse reactions does not have a relevant
impact on the model. This fact can be seen in the DSA, where the drug is not able to be cost-effective, despite the
decrease of 20% in the utility value of dacomitinib in stable disease.

In our study, dose modifications are needed to reduce the incidence and severity of treatment-related adverse
events [18]. However, adjustment to dose reduction is not expected to have a large impact on the cost–effectiveness
results since the price of the different doses of dacomitinib are uniformly based on NICE guidance [27].

In addition, a cost–effectiveness acceptability curve was constructed based on the results plotted in a cost–
effectiveness plane to obtain the probability that dacomitinib is cost-effective compared with gefitinib for a
different WTP threshold. We demonstrated that, with the defined cost–effectiveness threshold in Spain of
€24,000/QALY [20], dacomitinib may be considered not cost-effective due to the high price of drug acquisition.

Lung cancer morbidity and mortality have a significant economic impact on the healthcare system and society.
The poor long-term prognosis and high healthcare cost highlight the need to balance patient access to best
treatment with healthcare sustainability and societal burden, particularly in the advanced NSCLC setting [39].
Economic evaluations, like the present cost–effectiveness analysis, are widely used to inform policymakers and
health administrators about which treatment innovations should be reimbursed or promoted and to consider
reducing prices in the drug acquisition cost.

Our study has some limitations. First, we employed a partitioned survival model, a theoretical model which,
by definition, constitutes a simplified simulation of reality. Second, the utility values in the analysis model were
extracted from a verified study published in the population of UK [31] but not from Spain because, to date, these
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data are not available. Third, until the publication of this article, the acquisition cost of dacomitinib has not yet been
approved in Spain. Therefore, the value obtained by NICE was selected [27]. Fourth, patients with brain metastases
were excluded from participation in the ARCHER 1050 study because the brain penetration of dacomitinib was
not known at the time of the study and this could affect the final QALY values [40].

Conclusion
This study showed that, from Spanish National Health System perspective, treatment with dacomitinib was more
effective in terms of QALYs gained than treatment with gefitinib. However, dacomitinib has been proved not to be
a cost-effective alternative in first-line therapy for advanced EGFR-mutated NSCLC patients in Spain because the
ICER (€111,048/QALY) appears to be too high given the Spanish threshold. The price of dacomitinib should be
reduced by 25% to become a cost-effective alternative.

Summary points

• In ARCHER 1050 study, the median progression-free survival in patients with newly diagnosed advanced
non-small-cell lung cancer (NSCLC) and one EGFR mutation (exon 19 deletion or Leu858Arg) was demonstrated to
be significantly longer with dacomitinib than with gefitinib (14.7 vs 9.2 months).

• Dacomitinib presented higher quality-adjusted life years (QALYs; 0.51) compared with gefitinib (0.45).
• Dacomitinib total costs of the intervention were €33,061, in comparison with the €26,691.88 for gefitinib arm.
• An incremental cost–effectiveness analysis of €111,048/QALY was obtained for dacomitinib compared with

gefitinib.
• Dose modifications are needed to reduce the incidence and severity of treatment-related adverse events.
• From Spanish National Health System perspective, dacomitinib has been proved not to be a cost-effective

alternative in first line therapy for advanced EGFR-mutated NSCLC patients, compared with gefitinib due to the
high acquisition costs of the drug.

• A discount greater of 25% in dacomitinib acquisition cost could produce an incremental cost–effectiveness ratio
value below the established threshold of €24,000 per QALY gained in Spain to result a cost–effectiveness
alternative.
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