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ARTICLE INFO ABSTRACT

Purpose: Tyrosine kinase inhibitors (TKI) of the epidermal growth factor receptor (EGFR) are becoming the
standard treatments for Chinese patients with advanced non-small cell lung cancer (NSCLC) harboring an EGFR
mutation. However, the economic impact is unclear yet in China.

Materials and methods: A decision-analytic model was developed to simulate 1-month patient transitions in a 10-
year time horizon from Chinese heath care system perspective. The health and economic outcomes of four first-
line strategies (pemetrexed plus cisplatin [PC], gefitinib, erlotinib, and afatinib) among NSCLC patients har-
boring EGFR mutations were estimated and assessed via indirect comparisons. Costs in the Chinese setting were
estimated by using local hospital data and literatures. A 5% annual discount rate was applied to both costs and
outcomes. The primary outcome was the incremental cost-effectiveness ratio (ICER). Sensitivity analyses were
performed.

Results: Afatinib achieved additional 0.382, 0.216 and 0.174 quality-adjusted life-years (QALYs) with marginal
$7930, $3680 and $2818 costs in comparison with PC, gefitinib and erlotinib, which resulted in the ICERs of
$20,758, $17,693 and $16,197 per QALY gained, respectively. The hazard ratios (HR) of overall survival (OS) of
afatinib against gefitinib, erlotinib and PC strategy had substantial influential parameters.

Conclusions: First-line afatinib is cost-effective compared with gefitinib, erlotinib and PC treatment for Chinese
patients with EGFR mutation-positive NSCLC.
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1. Introduction traditional chemotherapy reaches a plateau with a nearly 1-year

median overall survival (OS) [5-7]. Thus, novel treatments for ad-

Lung cancer is the most incident malignant cancer and is the leading
cause of cancer-related death in males and in particular, females in
developed countries [1]. Based on the Chinese Cancer Registry Annual
Report, lung cancer also showed the highest incidence (48.32 per
100,000) and mortality (39.27 per 100,000) in China in 2011 [2]. Non-
small cell lung cancer (NSCLC) represents approximately 85% of all
lung cancers, and approximately 46% of NSCLCs are locally advanced
or metastatic at the time of diagnosis [3,4]. Four to six cycles of first-
line, platinum-based, doublet chemotherapy have been recommended
for patients with advanced NSCLC [3]. However, the efficacy of
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vanced NSCLC are necessary to improve the poor clinical outcomes of
patients.

Tyrosine kinase inhibitors (TKI) of the epidermal growth factor re-
ceptor (EGFR) is a standard treatment for patients with advanced non-
small cell lung cancer (NSCLC) harboring an EGFR mutation [8]. The
most common mutations in EGFR include exon 19 deletion mutations
and L858R (exon 21) substitution mutations [9]. The first-generation
reversible EGFR tyrosine kinase oral inhibitors gefitinib and erlotinib
specifically target the EGFR receptor and have efficacy in patients with
EGFR mutations, while the resistance to these agents can occur most
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commonly through the acquisition of a secondary mutation such as
T790M, which is found on exon 20 [10,11]. Afatinib is a second-gen-
eration anilinoquinazoline that irreversibly binds to an intracellular
tyrosine kinase domain, subsequently inhibiting members of the ErbB
receptor family [12]. Afatinib’s irreversible binding properties may also
be an advantage in inhibiting mutant cell lines, including EGFR L858R/
T790M mutations, which are often resistant to gefitinib and erlotinib
[13]. Currently, afatinib has been approved as a first-line treatment for
patients with advanced non-small cell lung cancer with EGFR mutations
[14].

For decision makers, the selection between TKIs or chemotherapy
ultimately depends on their comparative costs and effectiveness. The
primary objective of this study is to compare the cost-effectiveness of
afatinib with traditional chemotherapy and other EGFR-TKIs (gefitinib
and erlotinib) for the first-line treatment of advanced NSCLC from the
perspective of Chinese health care system.

2. Materials and methods
2.1. Analytical overview and model structure

A mathematical model was constructed to project the ten-year
clinical and economic outcomes of first-line treatments for patients with
newly diagnosed advanced NSCLC. The following four potential com-
peting strategies were evaluated: four-cycle chemotherapy based on
pemetrexed plus cisplatin (PC), gefitinib, erlotinib and afatinib
(Fig. 1A). After the disease progressed, salvage chemotherapy or sup-
portive care was administered. Health and economic outcomes were
measured with a Markov model (Fig. 1B) including three exclusive
health states: progression-free survival (PFS), progressed survival (PS)
and death. The Markov cycle length was one month, and the initial
health state for all patients was assumed to be PFS. The risk of disease
progression or death was determined based on the published litera-
tures. Given the good tolerability of the four alternatives [15-18], the
impact of tolerability was not considered in simplifying the model.

Life year (LY), quality-adjusted life-years (QALYs) and cost were
measured. Cost and QALYs were discounted at an annual rate of 5%, in
line with Chinese guidelines for pharmacoeconomic evaluations [19].
Incremental cost-effectiveness ratios (ICERs), presented as cost per
additional QALY gained, were estimated for judging cost-effectiveness.
Three times of the per capita gross domestic product (GDP) of China in
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Fig. 1. The framework of the decision tree (A) and the Markov state transition
model (B).
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2016 (US $ 23,815/QALY) was used as the cost-effectiveness threshold
according to the Chinese guidelines for pharmacoeconomic evaluations
[19].

2.2. Clinical data

Indirect comparisons of the four strategies were conducted using the
survival rate for afatinib from the LUX-Lung 3, 6 and 7 trials. In LUX-
Lung 6 trial [20,21], afatinib was compared with PC chemotherapy,
which found afatinib gained a 4.2 and 13 months improvement in PFS
and OS compared with PC strategy, respectively. In comparison with
gefitinib, afatinib significantly improved PFS in newly diagnosed pa-
tients with advanced NSCLC and harboring EGFR mutation (median
PFS time: 11.0 vs 10.9 months, HR = 0.73; 95% CI: 0.57-0.95) [18].

Weibull survival models were fitted to the Kaplan-Meier curves of
survival data for the PC and afatinib strategy according to data from the
LUX-Lung 3 trials, which showed the best goodness of fit to the
Kaplan-Meier survival data according to the adjusted RZ. The estimated
Weibull scale (\) and shape (y) parameters are shown in Table 1. The
survival probability at time t was calculated using the following for-
mula: S(t) = P(T = t) = exp(—At"). The transition probability from PFS
to PS at a given cycle t was calculated by using the following formula: P
(®) pis—ps = 1 — exp[A(t — 1)* — At'], where A and y are the Weibull
parameters of PFS. The Weibull survival curves of the three alternative
strategies were derived using the adjusted Weibull scale (Agiernative
strategy = A‘canlrol stra[egyXHRnetwork meta-analysis) and Shape (Yal[emative strategy
= Ycontrol strategy) Parameters, as previously described in published stu-
dies [22,23]. However, given the absence of head-to-head clinical trial
data, the HRs of PFS and OS for the gefitinib and erlotinib strategies
relative to the afatinib strategy considered in the economic model were
generated using network meta-analysis based on fixed-effects model
because of the low heterogeneity (I2 < 25%). This network meta-ana-
lysis was performed with a graph-theoretical methodology im-
plemented in the R package netmeta [24,25]. The HRs of PFS from each
clinical trial were derived from the previously published 11 studies,
including the LUX-Lung 3, 6 and 7, First-SIGNAL, OPTIMAL, EURTAC,
ENSURE, WJTOG, IPASS, NEJ0O2 and WJTOG3405 trials [26]. The
details of the network meta-analysis could be found in the appendix file
1. All NMA-based hazard ratios included in the cost-effectiveness model
were presented in Table 1. After the disease progressed, patients en-
tered the PS health states. The entire PS duration was estimated ac-
cording to the basis of the difference between the OS and PFS derived
from the parametric survival models. The transition probability from PS
to death at a given cycle t was calculated using the following formula: P
® ps—death = [S(®)os — S(t)pfs]/s(t)pfs-

2.3. Cost and utility data

The analysis was conducted from the Chinese Health care system
perspective. The direct medical costs were considered in the model
only, including the cost of detection of EGFR mutations, first and
second-line chemotherapy (including prescription, preparation, and
administration), concomitant medication during therapy, managing
treatment-related sever adverse events (SAEs, grade =3), routine
follow-up, and laboratory tests (Table 2). The costs are shown as US
dollars ($). All the costs were adjusted to 2017 prices with the local
Consumer Price Index and were shown as US dollars (1 US dollar =
CNY ¥ 6.8).

Gefitinib at a dose of 250 mg per day, erlotinib at a dose of 150 mg
per day, or afatinib at a dose of 40 mg per day was assumed to be ad-
ministered to patients positive for an EGFR mutation until disease
progression. Chemotherapy (pemetrexed, 500 mg/m? of body surface
area (BSA), plus cisplatin, 75 mg/m?) was administered every 21 days
for six cycles. It was assumed that a typical patient had a body surface
area (BSA) of 1.72m? (a weight of 65kg and a height of 1.64m) to
calculate the dosage of agents. Because generic pemetrexed was widely
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Table 1

Key clinical inputs.
Parameters Values Ranges Source
Weibull parameters of PFS for PC A = 0.0599; y = 1.247 Fixed [20]
Weibull parameters of PFS for Afatinib A =0.062; y = 1.2128 Fixed [20]
Weibull parameters of OS for PC A = 0.0033; y = 1.6009 Fixed [21]
Weibull parameters of OS for Afatinib A = 0.0037; y = 1.5034 Fixed [21]
HR of afatinib versus erlotinib for PFS 0.660 0.44-0.96 Network meta-analysis
HR of afatinib versus erlotinib for OS 0.930 0.64-1.3 Network meta-analysis
HR of afatinib versus gefitinib for PFS 0.700 0.55-0.88 Network meta-analysis
HR of afatinib versus gefitinib for OS 0.860 0.58-1.21 Network meta-analysis

Abbreviation: PFS = Progression free survival; PC = Cisplatin; OS = Overall survival; HR = Hazard ratio.

Table 2
Key cost and utility inputs.
Parameters Values Ranges Source
Cost data (US $)
Gefitinib per day 29 Fixed Local charge
Erlotinib per day 35 Fixed Local charge
Afatinib per day 48 Fixed Local charge
Pemetrexed per 500mg 1970 441-1970 Local charge
Cisplatin per 100mg 21 16-16 Local charge
Salvage therapy after disease 293 220-366 [28]
progression
Outpatient visit and intervention 2180 1635-2725 Estimated
per cycle
Supportive care per cycle 274 220-366 Estimated
Diarrhea per event 293 220-366 Estimated
Rash/Acne per event 3719 2790-4649 Estimated
Anemia per event 6434 2435-10438 Estimated
Neutropenia per event 466 0-1384 Estimated
Febrile Neutropenia per event 953 715-1191 Estimated
Utility of health states per event
PFS 0.784 0.766-0.802 [29]
PS 0.58 0.5-0.66 [29]
Disutility of toxicities
Diarrhea —0.047  —0.016 to [27]
-0.077
Rash/Acne —0.032 —0.01 to —0.055 [27]
Anemia -0.073 —0.037 to —0.11  [27]
Neutropenia —-0.090 —0.059to —0.12 [27]
Febrile Neutropenia —0.090 —0.058 to [27]
-0.122

Abbreviation: PFS = Progression free survival; PS = Progressed survival.

used in Chinese clinical practice, the cost of generic pemetrexed was
used as the lower boundary in the one-way sensitivity analysis. After
the disease progression, salvage therapy and supportive care were
prescribed; in this model, the published median second-line PFS dura-
tions was used to estimate the portion of the PD period undergoing
active salvage therapies, and the rest of the time in the PD phase would
undergo BSC, which was estimated by subtracting the time of active
salvage therapy from the total PD time.

The utility values used in the model were derived from the LUX-
Lung trials in the base case analysis. Utility values from literatures were
also tested within the model. The reported disutility caused by SAEs

Table 3

was also considered [27]. The incidence and duration of SAE during
first-line treatment could be found in appendix file 2. The health re-
source consumption and disutilities associated with adverse events
were shown in Table 2.

2.4. Sensitivity analyses

Sensitivity analyses included univariate and probabilistic sensitivity
analyses. One-way sensitivity analysis was conducted to test the var-
iance of underlying parameter values and assumptions within the
models. The parameters and values used in the one-way sensitivity
analysis were showed in Tables 1 and 2, which were derived from lit-
eratures and collected data.

Probabilistic sensitivity analysis (PSA) was conducted with a Monte
Carlo simulation. For the Monte Carlo simulation, probability dis-
tributions related to natural history parameters, relative risks and odds
ratios, costs, and utilities were incorporated into the analysis. The
analysis adopted standard methods for defining uncertainty around
parameters. Estimates of incremental costs and QALYs were obtained
by re-running of the model employing values from the related prob-
ability distributions. Based on the recommendation of ISPOR-SMDM
Modeling Good Research Practices Task Force in conducting PSA [30],
a beta distribution was assigned to transition probability, proportion
and utility parameters, normal distribution to HR parameters, and a
gamma distribution to costs. In this study, 1000 replications were
conducted; that was, a set of 1000 outcome estimates were obtained.
Cost-effectiveness acceptability curves (CEAC) that presented the
probability that each treatment was optimal given different values of
willingness-to-pay for an additional QALY were derived.

3. Results
3.1. Base-case analysis

From the perspective of health system, afatinib gained additional
0.382, 0.216 and 0.174 QALYs in comparison with PC, gefitinib and
erlotinib strategies with incremental cost of $7,930, $3680 and $2818,
respectively, which led to the incremental cost of $20,758, $17,693 and
$16,197 per QALY gained, respectively (Table 3). The results showed
that given Chinese cost-effectiveness threshold of $23,815/QALY,

Cost-effectiveness of afatinib, erlotinib, and cisplatin-pemetrexed as first-line treatment of advanced EGFR mutation-positive NSCLC.

Strategies QALY LY Cost(US $) Incremental QALY" Incremental LY* Incremental cost(US $)* ICER" (US $/QALY)
Pemetrexed/Cisplatin 1.415 2.457 35,700 0.382 0.388 7930 20,758 (cost-effective)
Gefitinib 1.589 2.621 39,949 0.208 0.224 3680 17,693 (cost-effective)
Erlotinib 1.623 2.726 40,811 0.174 0.119 2818 16,197 (cost-effective)
Afatinib 1.797 2.845 43,629 NA NA NA NA

Abbreviation: EGFR = Growth factor receptor; NSCLC = Non-small cell lung cancer; QALY = Quality adjusted life year; LY = Life year; ICER = Incremental cost-

effectiveness ratio.
@ Afatinib comparing other strategies. NA: not applicable.
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Parameters

Lower limit of parameters

Upper limit of parameters

Values of parameters

ICERs (US $/QALY) Values of parameters ICERs (US $/QALY)

Afatinib vs Erlotinib

HR for OS 0.640
Cost of outpatient visit and intervention per cycle $67
Cost of best supportive care per cycle $194
HR for PFS 0.440
Afatinib vs Gefitinib

HR for OS 0.580
Cost of outpatient visit and intervention per cycle $67
Cost of best supportive care per cycle $194
HR for PFS 0.550
Afatinib vs PC

Cost of outpatient visit and intervention per cycle $67
HR for OS 0.577
HR for PFS 0.361
Chemotherapy cycles 3
Cost of best supportive care per cycle $194

25,509 1.300 36,224
13,694 $2341 78,154
18,992 $2395 —28,831
9885 0.960 52,343
26,272 1.210 46,672
15,341 $2341 58,346
11,600 $2395 23,717
15,341 0.880 58,346
18,500 $2341 59,456
23,192 1.056 11,510
12,701 0.675 31,210
43,330 6 20,758
21,340 $2395 5373

Abbreviation: ICER = Incremental cost-effectiveness ratio; QALY = quality adjusted life year; HR =Hazard ratio; OS = Overall survival; PFS = Progression free

survival; PC = Cisplatin.

afatinib was a cost-effective treatment strategy comparing with tradi-
tional chemotherapy, and a dominant alternative against gefitinib and
erlotinib.

3.2. Sensitivity analyses

One-way sensitivity analyses showed the HR of OS, the cost of
outpatient visit and intervention per cycle, the HR of PFS and the cost of
best supportive care per cycle were the most influential parameters.
These parameters might yield substantial changes in the ICER by ad-
justing their values (Table 4). The impact of adverse events had a
paucity of impact on the model outcomes.

Afatinib VS. Pemetrexed/Cisplatin
Afatinib VS. Erlotinib

1.004

0.804

0.60

Probabilities of afatinib being cost-effective

0.204

The cost-effectiveness acceptability curve (Fig. 2) showed that afa-
tinib was the optimal treatment in approximately 90% of the iterations
at Chinese willingness-to-pay threshold, compared with other three
competing alternatives.

4. Discussion

There was great interest in the oncologist and patients after the
report of a clinical benefit from targeted therapies. However, with the
widespread use of the EGFR-TKIs, the subsequent dramatic increase of
health care costs was concerned by clinicians and administrators.
Economic evaluation of the EGFR-TKIs in this clinical setting is

Afatinib VS. Gefitinib
ffffffff 3xper Capita of GDP (2016 in China)

T
0 10,000

T 1
20,000 30,000

Willingness-to-pay threshold value (US $ per QALY)

Fig. 2. Cost-effectiveness acceptability curves of afatinib versus other three strategies.

87



X. Gu et al.

becoming urgent need. The main findings suggested that the afatinib
strategy is a cost-effective option in comparison with the PC che-
motherapy due to the favorable ICER, and a dominant strategy in
comparison with gefitinib and erlotinib strategies due to additional
health benefits with lower costs. The probabilistic sensitivity analysis
(PSA) also found the highest probabilities of cost-effectiveness of afa-
tinib compared with gefitinib, erlotinib and PC strategy at a threshold
of $23,815. Our findings are helpful for determining the preferred 1st-
line initial treatments that should be adopted for NSCLC cases.

One recently published French study found that the ICER of afatinib
over gefitinib for first-line treatment was €45,211/QALY (0.170 QALY
gained for an incremental cost of €7697) [31]. Afatinib also had 100%
probability to be cost-effective at a willingness-to-pay threshold of
€70,000/QALY. Their conclusion was inherent with our finding that
afatinib was a cost-effective option. However, we found that afatinib
might be a dominant strategy due to the lower cost and higher health
outcomes. The potential reason might be the afatinib’s donation pro-
gram for Chinese patients, which could notably decrease the economic
burden of afatinib treatment. Another economic evaluation determined
the cost-effectiveness of erlotinib or afatinib, or chemotherapy cis-
platin-pemetrexed for first-line treatment of advanced EGFR mutation-
positive in the United States reported by Ting et al. [32], which found
erlotinib had an incremental $6722 costs with incremental 0.11 QALY
that resulted in the incremental cost-effectiveness ratio of $61,809/
QALY compared with afatinib. Thus, they showed that erlotinib was the
optimal treatment at a willingness-to-pay threshold of $100,000/QALY
in the United States, which was opposite with ours. The inconsistency of
the study findings might result from the different source of clinical data
inputs. In the present analysis, an indirect comparison by employing
network meta-analysis was performed by pooling published literatures,
which showed the more favorable adjusted HRs of PFS and OS in afa-
tinib arm than erlotinib arm. Ting and colleagues’ study directly used
the clinical data from LUX-Lung 3 and EURTAC without adjusting HRs
of PFS and OS in different trials, which might lead to the more favorable
outcomes in erlotinib than afatinib in their study.

The potential ability of afatinib, the first second-generation EGFR-
TKI for advanced NSCLC, to improve survival was a major determinant
of clinical and economic outcomes. One-way sensitivity analysis
showed that the HR of PFS and OS of afatinib against gefitinib, erlotinib
and PC strategy was the considerably influential parameter with respect
to the robustness of the model. As Table 4 shows, when the HRs of PFS
and OS of afatinib against gefitinib, erlotinib and PC strategy were in-
creased or decreased using the upper or lower boundaries, the ICERs
increased or decreased dramatically. The one-way sensitivity analysis
found that adverse events had a paucity of impact on the model out-
comes. One recent real-world observational study found healthcare
costs during afatinib and erlotinib appeared to be similar and were
largely attributed to hospitalization and anti-cancer therapy [33].

This study has several limitations. First, due to no clinical data
evaluating these four first-line alternatives in one trial, a network meta-
analysis was performed in this study for an indirect comparison, where
the patient characteristics were assumed to be similar although the
moderate heterogeneity was detected. Second, a Weibull survival model
was used to simulate the lifetime outcomes. This approach was another
limitation of this study, although the results of the sensitivity analysis
suggested that the model outcome was not sensitive to the variables
related to HR of PFS. Third, some key clinical inputs, such as the sur-
vival data for the gefitinib and erlotinib strategies, were extracted from
distinct RCTs with different study designs conducted on the different
population. To minimize potential bias and uncertainty in outcomes,
the impact was tested by sensitivity analyses. Fourth, the analysis did
not fully examine other potentially competing alternatives for advanced
NSCLC, such as bevacizumab, because these agents were not licensed as
first-line treatments in China at the time when this study was conducted
[34]. Finally, the utility data was not Chinese-specific, which might
lead to bias in the model outcomes. However, the sensitivity analyses
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showed only minor impacts of utility.

In summary, from the perspective of Chinese health care system,
afatinib therapy for newly diagnosed advanced NSCLC harboring EGFR
mutations is a cost-effective alternative to traditional chemotherapy
and first generation EGFR-TKIs.
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