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Objectives: To establish the cost-effectiveness of dacomitinib compared to gefitinib from
the Chinese healthcare system perspective.

Patients: Advanced non-small cell lung cancer (NSCLC) harbouring epidermal growth
factor receptor (EGFR) mutations.

Methods: Partitioned survival analysis was undertaken to examine the cost-effectiveness
of dacomitinib utilising individual patient data (IPD) from the pivotal randomised controlled
trial (RCT) (ARCHER 1050). The three health states modelled were progression-free, post-
progression, and death. Parametric survival distributions were fitted to IPD against the
Kaplan-Meier survival curves corresponding to progression-free survival (PFS) and overall
survival (OS) outcomes by randomised groups. Costs included drug acquisition and
administration, outpatient management (outpatient consultation and examinations), and
best supportive care costs. Utility weights were sourced from the pivotal trial and other
published literature. The incremental cost-effectiveness ratio (ICER) was calculated with
costs and quality-adjusted life years (QALYs) discounted at an annual rate of 5%. Both
deterministic and probabilistic sensitivity analyses were undertaken.

Results: In the base case, dacomitinib (CNY 265,512 and 1.95 QALY) was associated
with higher costs and QALY gains compared to gefitinib (CNY 247,048 and 1.61 QALYs),
resulting in an ICER of CNY 58,947/QALY. Using the empirical WTP/QALY threshold,
dacomitinib is a cost-effective treatment strategy for patients with EGFR-mutation-positive
advanced NSCLC. The probabilistic sensitivity analysis suggested that dacomitinib had a
97% probability of being cost-effective.
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Conclusions: Dacomitinib is a cost-effective treatment strategy in treating patients with
EGFR-mutation-positive NSCLC from the Chinese healthcare system perspective. The
uncertainty around the cost-effectiveness of dacomitinib could be reduced if long-term
survival data become available.

Clinical Trial Registration: NCT01024413
Keywords: epidermal growth factor receptor (EGFR) mutations, NSCLC, cost-effectiveness analysis (CEA),
partitioned survival analysis, economic model
INTRODUCTION

With more than 2.1 million new cases and 11.6% of the total cancer
incidence in 2018, lung cancer is the leading cause of cancer-related
mortality (1.8 million deaths, 18.4% of the total) worldwide (1).
Among these patients, more than a third of all newly diagnosed lung
cancers were from China, constituting a substantial burden for
patients, families, and society as a whole (2). In 2014, the China
annual cancer report revealed that there were 782,000 patients with
newly identified lung cancer (3), including 521,000 male and
261,000 female patients, which represented a significant increase
(20%) from 651,053 total new cases in 2011 (4). It was estimated
that the total national medical cost attributable to lung cancer was
US$10.31 billion, accounting for 2% of the total medical cost in
China in 2015 (5).

Of all lung cancer cases, approximately 85% are non-small cell
lung cancer (NSCLC), and the majority of these patients are
diagnosed at the advanced or metastatic stage, losing their
opportunities for surgery. Epidermal growth factor receptor
(EGFR) mutations are observed in approximately 50% of Asian
and 20% of non-Asian patients (6). EGFRmutations occurred more
frequently in patients who had never smoked, women,
adenocarcinomas, and Asian patients (7–9).

First-line treatment options of NSCLC patients harbouring
EGFR-mutation include the EGFR tyrosine kinase inhibitors
(TKIs), gefitinib, erlotinib, and afatinib all demonstrating
improvements in progression-free survival (PFS) and quality of
life, compared with platinum-based doublet chemotherapy.
There are approved second (treating NSCLC harbouring
activating EGFR mutations) and third (i.e., osimertinib,
targeting NSCLC carrying EGFR-TKI–sensitising and EGFR
p.Thr790Met (T790M) resistance mutations) (10) generation
EGFT-TKIs in China. Dacomitinib is a second-generation,
irreversible EGFR TKI that was approved in China in 2019. It
is a pan-HER irreversible inhibitor that has activity against all
three kinase-active members of the ErbB family (EGFR/HER1,
HER2, and HER4). The FDA and China Food and Drug
Administration (CFDA) granted dacomitinib market access
based on a randomised, multicentre, open-label trial (ARCHER
1050). This trial evaluated the efficacy and safety of dacomitinib
versus gefitinib as a first-line therapy in patients with advanced
EGFR-mutation-positive NSCLC. The outcome from this phase
III trial showed that dacomitinib significantly improved PFS
compared to gefitinib in first-line treatment of patients with
EGFR-mutation-positive NSCLC, with median PFS of 14.7 vs 9.2
months, respectively (hazard ratio 0.59, 95% confidence interval,
2

CI: 0.47-0.74, p<0.0001). also showed clinically meaningful
improvement in overall survival (OS) with dacomitinib (11).

The National Drug Reimbursement List (NDRL) has four first-
line EGFR TKIs (i.e., gefitinib, erlotinib, icotinib, and afatinib)
currently registered to treat patients with EGFR-mutation-positive
NSCLC dating back to 2016. However, given that the marked gap in
the health outcome for patients with EGFR-mutation-positive
NSCLC still exists and the availability of more effective treatment
options, the next critical question to address is whether more
effective treatment (i.e., dacomitinib) represents value-for-money,
in other words, whether the increased benefits justify the increased
costs. This is pivotal for the Chinese government since there is
always a constraint between ever-increasing healthcare demand and
the already stretched healthcare budget. In response, we aimed to
undertake a modelled economic evaluation of dacomitinib in
treating patients with EGFR-mutation-positive NSCLC from the
Chinese healthcare system perspective using the ARCHER 1050
trial and local costing data.
METHODS

Model Structure
Partitioned survival analysis was utilised to model the long-term
cost-effectiveness of dacomitinib versus gefitinib. A proportion of
patients can move among progression-free (PF), post-progression
(PP), and death states. The progressed patient cannot return to the
PF health state. This modelling approach was chosen because it is
most widely used to summarise the overall impact of treatments on
survival and health-related quality of life (HRQoL) in the context of
clinical trials (12–15). The survival curves of progression-free
survival (PFS) and overall survival (OS) were used independently
to derive the proportion of the cohort at PF and PP (i.e., the
difference in survival at the same timepoint from PFS and OS
curves) health states by various timepoints. Thus, the proportion of
patients in each modelled health state are time-dependent.

Population
Patients diagnosed with EGFR-mutation-positive advanced NSCLC
(stages IIIB/IV or recurrent) and at least one documented EGFR
mutation (exon 19 deletion or the Leu858Arg mutation, with or
without the Thr790Met mutation) were modelled. The baseline
characteristics were defined as per the published clinical trial.
Briefly, the modelled cohort had a median age of 62 years, with
female participants overrepresented (>50%) and predominantly
December 2021 | Volume 11 | Article 564234
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stage IV cancer (81%). Exon 19 deletion (59%) and Leu858Arg
(41%) are the key EGFR mutation types.

Long-Term Extrapolation
Treatment-specific PFS and OS curves from the pivotal trial were
used to track the proportion of patients who stayed in the PF, PP, and
death health states. Since the median duration of follow-up was 22.1
versus 23.0 months in the dacomitinib and gefitinib-treated patients,
respectively, extrapolation of survival curves observed from the trial is
necessary to assess the long-term cost-effectiveness of dacomitinib.

The ARCHER 1050 patient-level data were analysed to generate
the within-trial Kaplan-Meier survival curves for PFS (assessed by
the independent review committee) and OS by randomised groups.
The recommended parametric survival distributions, including
exponential, Weibull, log-normal, log-logistic, generalised-gamma,
and Gompertz, were fitted to the within-trial Kaplan-Meier curves
(16). The best fit curve for long-term extrapolation was selected
based on the goodness-of-fit statistics (AIC and BIC values), visual
inspection (17), and clinical validation. Input from clinical experts
was sought to assess the plausibility of the extrapolation.

Treatment Protocol
Hypothetical patients started either dacomitinib or gefitinib
treatment in the first cycle of the partitioned survival analysis
(PartSA) model. It was assumed that patients only discontinued
the dacomitinib/gefitinib treatment (i.e., first-line treatment) upon
disease progression (i.e., transition from PF to PP state). Those who
progressed are eligible for second- and third-line treatment
incorporating gefitinib, erlotinib, afatinib, osimertinib, and other
standard chemotherapy (i.e., pemetrexed, and platinum-based
chemotherapy). Around 71% of patients underwent the second-
Frontiers in Oncology | www.frontiersin.org 3
line treatment since the disease progression, and a further 48% of
them received the third-line anti-cancer treatment. The duration of
second-, third-, and subsequent treatment are summarised in
Supplementary Table 1. The dosing regimen for each treatment is
supplied in Table 1.

Costs
Since the healthcare system perspective was adopted to measure the
cost and benefits, only direct medical costs were considered in the
modelled economic analysis. Primary cost components included
first-line treatment (drug acquisition and administration cost
relating to dacomitinib and gefitinib), second- and third-line
treatment, outpatient visit, and costs due to adverse events. The
costs related to the treatment of commonly reported adverse events
are included: for example, diarrhoea (56%), alanine aminotransferase
increase (39%), and aspartate aminotransferase increase (36%)
(details summarised in Supplementary Table 2). A 28-day cycle
was adopted to estimate the costs according to the treatment
regimen. The costs are expressed in Chinese yuan (CNY) valued
in the year 2018. EGFR-TKIs drug cost used in the model is the
national reimbursement price. All the unit costs of treatment are
listed in Table 1.

Utility Weights
The utility weights associated with being in the PF health states were
sourced from the pivotal trial. For the PF state, patients who received
dacomitinib (0.783) reported lower quality of life compared to those
who were treated with gefitinib (0.828); using this, differentiated
utility weights by treatment status are considered not favouring the
intervention. Different utility weights were assigned for patients
TABLE 1 | Unit cost of healthcare resources included in the analysis.

Treatment Unit price Dosing regimen Frequency per 28-day Cost per cycle Reference

First-line
Dacomitinib ¥88/15 mg 45 mg/day 1 ¥7,418 Local charge
Gefitinib ¥236/25mg 25 mg/day 1 ¥6,608 Online resource (16)
Second- & third-line
Erlotinib ¥195/150mg 150mg/day 1 ¥5,460 Online resource (16)
Afatinib ¥200/40mg 40mg/day 1 ¥5,600 Online resource (16)
Osimertinib ¥510/80mg 80mg/day 1 ¥14,280 Online resource (16)
Docetaxel* ¥97/20 mg 120 mg 1.33 ¥5082.40 Zeng et al 2012 (17)
Pemetrexed^ ¥321/200 mg 850 mg 1.33 ¥11212.71 Zeng et al 2012 (17)
Platinum-based therapy 1.33 ¥18,174.39 Zeng et al 2012 (17)
Docetaxel+ platinum-based – 120 mg+ 120 mg 1.33 ¥13,282.55 Zeng et al 2012 (17)
Chemotherapy drug
Cisplatin ¥64.31 128 mg 1.33 ¥10,932.70 Zeng et al 2012 (17)
Docetaxel ¥39.86 128 mg 1.33 ¥6,776.20 Zeng et al 2012 (17)
Pemetrexed ¥26.79 500 mg 1.33 ¥17,861.33 Gu et al 2019 (18)
Chemotherapy administration
Platinum-based ¥596.74/day 1.33 Zeng et al 2012 (17)
Single drug ¥270.87/day 1.33 Zeng et al 2012 (17)
Management
Outpatient consult ¥382.68 – 1 ¥382.68 Zeng et al 2012 (17)
CT ¥484.92 – 0.5 ¥242.46 Zeng et al 2012 (17)
MRI ¥1101.34 – 0.5 ¥550.67 Zeng et al 2012 (17)
Ultrasound ¥402.73 – 0.5 ¥201.37 Zeng et al 2012 (17)
Best support care ¥1902.33 – 1 ¥1902.33 Zeng et al 2012 (17)
Terminal care ¥17,423.00 – 1 ¥17,423.00 Lu S et al, 2017 (19)
December 2021 | Volume
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receiving second- or third-line TKI treatment, chemotherapy, or best
supportive care to account for the different profiles associated with
treatment-related adverse events post-progression. The utility
weights applied in the modelled economic analysis are outlined in
Supplementary Table 3.

Cost-Effectiveness Analysis
The primary outcome measure was the quality-adjusted life year
(QALY), which combines morbidity and mortality. Gefitinib was
selected as the sole comparator since it has been reimbursed inChina
and adopted as the comparator for the economic evaluation of
osimertinib in Australia that underpinned the reimbursement
decision-making (18). In addition, there was no significant
difference in effectiveness between erlotinib and gefitinib (and other
first-line EGFR TKIs (19)). The incremental cost-effectiveness ratio
(ICER)was calculated as the ratio between the incremental costs and
incrementalQALYs.All thecosts andQALYswereaccruedovera15-
year time period, given the relatively poor prognosis of the modelled
population. In theabsenceofanofficialwillingness-to-pay (WTP)per
QALY threshold in China, three times the Gross Domestic
Production (GDP) per capita (CNY 64,644×3) (20) from 2018 was
adopted toexamine thecost-effectivenessofdacomitinib.All thecosts
and benefits were discounted at a 5% rate per year (21).

Sensitivity Analysis
Deterministic and probabilistic sensitivity analyses (DSA and PSA)
were undertaken to test the robustness of base care results. In the
DSA, a series of one-way sensitivity analyses were performed to
examine the variation in ICER by varying one key parameter within
a range at a time. The results were presented in the form of a
Tornado diagram. In the PSA, the distribution of key uncertainty
parameters was incorporated. The second-order Monte Carlo
simulation technique was adopted to sample 1000 iterations from
each distribution to parameterise the model and calculate the
average across these 1000 iterations (and the 95% confidence
interval). The results from the PSA were plotted in the
incremental cost-effectiveness plane. The parameters that varied
in the DSA and PSA are shown in Supplementary Table 4. Further,
the various WTP/QALY thresholds were tested.
RESULTS

Long-Term Extrapolation
In consultation with clinical experts and the AIC/BIC values and
visual inspection, for PFS, Weibull and generalised gamma
Frontiers in Oncology | www.frontiersin.org 4
distribution were considered most plausible, while for OS,
Weibull, Gompertz, and generalised gamma distribution were
deemed reasonable. Following the NICE DSU recommendations,
the same type of distribution for both arms of each endpoint is
preferred. The different distributions have differential tail
characteristics and therefore, utilising the same distribution
could potentially avoid bias in the comparison generated by
these differences. Moreover, the two treatment modalities
compared are both TKIs, which have a similar mode of action.
Hence, the Weibull distribution was chosen to extrapolate the
PFS and OS curve regardless of treatment groups. Extrapolation
of PFS and OS curves by alternative parametric survival
functions is shown in Supplementary Figures 1, 2.

Published economic evaluations for similar EGFR TKIs were
also reviewed. In the CEA of afatinib vs. gefitinib by Chouaid
et al. (2017) (based on the LUX-Lung 7 trial), the authors used
the Weibull distribution for both PFS and OS based on the AIC
(22). Gefitinib was a common comparator between the LUX-
Lung 7 and ARCHER 1050 trials, and afatinib and dacomitinib
have analogous mechanisms of action. As a result, it is reasonable
to assume that their long-term survival curves would follow a
similar distribution. It is acknowledged that the LUX-Lung 7 trial
had a complete follow-up period (i.e., 27.3 months) (23), which is
more informative for model selection in lieu of long-term
extrapolation. It is considered as an external data point
justifying the selection of the Weibull distribution in the
current economic evaluation.

The goodness-of-fit statistics for fitting PFS and OS curves are
provided in Table 2, and fitted parametric curves are shown in
Figure 1. The PFS results based on the independent review
committee (IRC) were used for the modelled cost-
effectiveness analysis.

Cost-Effectiveness Analysis
Over a 15-year time period, dacomitinib (CNY 265,512 and 1.96
QALY) was associated with higher costs and QALY gains
compared to gefitinib (CNY 247,048 and 1.61 QALY), resulting
in an ICER of CNY 58,947/QALY. Using the empirical WTP/
QALY threshold, it is considered that dacomitinib is a cost-
effective treatment strategy for patients with EGFR-mutation-
positive advanced NSCLC. The key cost components included
costs related to first-line medications (CNY 108,795 and 83,414),
outpatient care (CNY 81,944 and 73,215), second- and third-line
medications (CNY 59,446 and 74,699), terminal care (CNY15,290
and 15,690), and AE (CNY 37 and 30) in dacomitinib and gefitinib
groups, respectively (Table 3).
TABLE 2 | Goodness-of-Fit Statistics for the PFS and OS by treatment groups.

Treatment Curve (Weibull) AIC BIC Mean (month) Median (month)

Dacomitinib PFS (IRC) 545.20 552.04 18.67 14.74
PFS (INV) 530.36 537.21 19.06 15.70
OS 465.03 471.88 38.92 33.36

Gefitinib PFS (IRC) 514.46 521.29 11.80 10.25
PFS (INV) 513.42 520.25 13.25 11.60
OS 461.29 468.12 32.01 28.55
December 2021 | Volume 11
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Sensitivity Analyses
The DSA identified that drug acquisition cost for dacomitinib and
gefitinib, dacomitinib OS extrapolation, second-line treatment
duration and probability of receiving second-line treatment post-
gefitinib, and second-line treatment duration post-dacomitinib are
the key determinants for the ICER. At the same time, probability of
receiving third-line treatment post-dacomitinib, the medical
resource use (i.e., outpatient care) cost per cycle for both
Frontiers in Oncology | www.frontiersin.org 5
dacomitinib and gefitinib, and gefitinib/dacomitinib PFS
extrapolation are less determinant for the ICER (Figure 2).

The base case ICER was moderately sensitive to the parametric
survival distributions adopted (i.e., for extrapolating survival curves
for gefitinib); for example, if the generalised gamma distribution was
selected for the PFS curve while Gompertz distribution was used for
the OS curve, the ICER increased to CNY 70,152/QALY
(Supplementary Table 4).

The PSA showed that most of the results demonstrated that
dacomitinib contributed to greater costs and QALYs, suggesting a
probability of 97% of being cost-effective compared to gefitinib
(Figure 3). The cost-effective acceptability curve is shown in
Figure 4, which shows that when the WTP/QALY was over three
times the GDP/Capita in China, dacomitinib becomes highly likely
to be cost-effective (over 90%). Lowering the WTP/QALY to two or
one times the GDP/Capita and reducing cost-effective probability to
89% and 54%, respectively (Supplementary Figures 3, 4).
DISCUSSION

The modelled cost-effectiveness analysis of dacomitinib as a first-
line treatment for patients with locally advanced or metastatic
EGFR-mutation-positive NSCLC in China was associated with an
ICER of CNY 58,947/QALY compared with gefitinib over a 15-year
time period. The incremental cost and QALYs were CNY 18,463
and 0.3132, respectively. Using the empiricalWTP/QALY threshold
in China, dacomitinib is considered a cost-effective treatment
modality in this population from the Chinese healthcare
payer’s perspective.

It is acknowledged that the parametric survival models for long-
term extrapolation play a key role in determining the cost-
effectiveness of the intervention. Sensitivity analyses were thus
undertaken by varying the model parameters and testing the
alternative distributions (i.e., generalised gamma). Not
surprisingly, the sensitivity analyses indicated that the OS
parameters for dacomitinib and gefitinib were critical drivers for
FIGURE 2 | Tornado diagram for the one-way sensitivity analysis. MRU, medical resource use; tx, treatment; OS, overall survival; PFS, progression-free survival;
PPS, post-progression survival. The lower values were not tested for the dacomitinib OS parameters and its unit cost due to the negative ICER generated.
FIGURE 1 | Parametric Fitting (Weibull) Compared to Observed KM Data:
PFS (based on independent review committee) and OS for dacomitinib
(upper) and gefitinib (lower). PFS, progression-free survival; OS, overall
survival; KM, Kaplan-Meier.
December 2021 | Volume 11 | Article 564234
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the ICER. The sensitivity analyses by adopting alternative
parametric distribution showed that even after adopting
alternative distribution to extrapolate the within-trial observation,
dacomitinib was still a cost-effective treatment strategy compared
to gefitinib.

The patient-level data were utilised to derive the long-term
extrapolation, which captured all the possible covariates that
might have influenced the OS and PFS over the trial duration and
reflected the time dependence. The PartSA approach directly
applies the primary outcomes from the pivotal trial (i.e., PFS and
OS) and derivation of the state membership from the survival
function directly. As the OS curve was utilised directly to
Frontiers in Oncology | www.frontiersin.org 6
estimate the proportion of patients in the death state over
time, the OS from the PartSA was a perfect match to the
observed OS within-trial in this approach. In a 2017 NICE
DSU review of NICE oncology technology appraisals, 73% (22/
30) of the appraisal for cancer interventions adopted the PartSA
to assess the long-term cost-effectiveness of the intervention. It is
believed that this is an appropriate modelling technique in this
case as well.

Of particular importance, the base case cost-effectiveness results
were based on the PFS outcome assessed by the independent review
committee, which is considered conservative. The pivotal trial
showed median PFS was 14.7 (95%CI: 11.1-16.6) vs 9.2 months
FIGURE 4 | Cost-effectiveness acceptability curve.
FIGURE 3 | Incremental cost-effectiveness plane: Dacomitinib vs. gefitinib. The probability of dacomitinib being cost-effective is 97%.
TABLE 3 | Base case results of the cost-effectiveness analysis.

Treatment Cost (CNY) QALYs Incremental Cost (CNY) Incremental QALYs ICER

Dacomitinib 265,512 1.9548
Gefitinib 247,048 1.6067 18,463 0.3132 58,947
D
ecember 2021 | Volume 11 | Article
CNY, Chinese Yuan; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio.
564234

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yu et al. CEA in Treating EGFR-Mutation-Positive NSCLC
(95%CI: 9.1-11.0) from the independent review committee (HR
0.59, 95% CI: 0.47-0.74), while the same outcome was 16.6 (95%CI:
12.9-18.4) vs 11.0 months (95%CI: 9.4-12.1) from the investigators’
judgement (HR 0.62, 95%CI: 0.50-0.78).

The QALY outcome of dacomitinib from the current study (i.e.,
when a 10-year time period was adopted, the QALY gain was 1.938
and 1.629 in dacomitinib and gefitinib groups) was similar to other
published cost-effectiveness analyses concerning similar therapies.
The modelled economic analysis of afatinib versus gefitinib
reported a QALY of 1.857 and 1.687, respectively, which also
extrapolated the OS and PFS curves using the Weibull distribution
whereas they adopted a shorter time frame (i.e., 10 years) and a 4%
discount rate (22). Another report had slightly lower QALY gains
for the assessed TKIs conducted in the United States (i.e., 1.50
QALY for afatinib, 1.51 QALY for erlotinib, and 1.47 QALY for
gefitinib), compared with the current results. However, since the
US study did not have access to the individual-level patient data,
the long-term extrapolation may be less accurate than this
presented study which extrapolated the within-trial data based
on individual patient data. In terms of the incremental costs, the
previous studies reported €7,700 and $7,714 respectively in the base
case scenarios. With the simple currency conversion, incremental
costs were similar across these modelled economic evaluations.
Another economic analysis that compared afatinib with
pemetrexed-cisplatin in the same population reported an ICER
of SG$137,648/QALY (24) (the QALY gain was 1.69 in the afatinib
treatment group) based on the PartSA technique. A French study
compared afatinib versus erlotinib as a second-line treatment
(patient failed platinum-based therapy) for NSCLC, the QALY
gain was lower than those in the first-line treatment setting (0.94
versus 0.78 in these patients with more advanced disease), but
concluded it was highly likely to be cost-effective over a 10-year
time period with a corresponding ICER of €30,277/QALY (25).

The empirical WTP/QALY is established using the WHO
recommendation of one to three times of GDP/Capita, and we
also examined the cost-effectiveness conclusion by varying such a
threshold in the sensitivity analyses. Three times the GDP/Capita is
usually adopted for non-developed countries, and this threshold is
consistent with prior published economic evaluation in China
(26–28).

This study is not without limitations. First, only the PartSA
modelling technique was utilised to simulate the long-term costs and
QALY associated with dacomitinib treatment. Because the primary
assumption underlying the PartSA approach (i.e., PFS and OS are
independent, so PFS is not predictive of OS), this assumption cannot
hold sometimes. Second, the treatment with dacomitinib/gefitinib
was discontinued upon disease progression in themodel; however, in
actual clinical practice, patients may continue such treatment with
the treating physician’s discretion. Third, the patients recruited in the
trial may not be the same as the characteristics of patients in China.
For example, ARCHER 1050 had more women and non-smokers
and patients with less advanced NSCLC compared to the real-world
patients (29). Therefore, the cost-effectiveness analysis based on the
trial population may not be directly applicable for the Chinese
patient population (30). Nevertheless, this is the first published
economic evaluation of dacomitinib in treating patients with
Frontiers in Oncology | www.frontiersin.org 7
EGFR-mutation-positive NSCLC, which was performed based on
the individual patient data that can maximise the accuracy of the
long-term extrapolation for the OS and PFS curves, which bears
important implications for policy decision-making. The economic
evaluation was performed from the Chinese healthcare system
perspective; however, the results may be helpful for other countries
with similar economic status.
CONCLUSIONS

Dacomitinib is a cost-effective treatment strategy in the first-line
treatment of patients with EGFR-mutation-positive NSCLC
from the Chinese healthcare payer’s perspective. The
uncertainty around the cost-effectiveness of dacomitinib could
be reduced if long-term survival data become available.
DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: The data used for the current study can be
requested on a reasonable basis. Requests to access these datasets
should be directed to shunlu@sjtu.edu.cn.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the institutional review board of Shanghai Chest
Hospital, Shanghai, China. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

Y-FY, LL, F-FZ, PD, L-HM, L-TL, LG, and SL contributed to the
conception and design of the study. LL undertook the analysis.
All the authors contributed to the result interpretation and
critically reviewed the manuscript.
FUNDING

This work was funded by the National Key R&D Program of China
(2016YFC1303300), the National Natural Science Foundation of
China (81672272), and Shanghai Municipal Science & Technology
Commission Research Project (17431906103).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
564234/full#supplementary-material
December 2021 | Volume 11 | Article 564234

https://www.frontiersin.org/articles/10.3389/fonc.2021.564234/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.564234/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yu et al. CEA in Treating EGFR-Mutation-Positive NSCLC
REFERENCES

1. World Health Organisation. Latest Global Cancer Data: Cancer Burden Rises
to 18.1 Million New Cases and 9.6 Million Cancer Deaths in 2018. Available at:
https://www.who.int/cancer/PRGlobocanFinal.pdf. 2018.

2. Hong QY, Wu GM, Qian GS, Hu CP, Zhou JY, Chen LA, et al. Prevention and
Management of Lung Cancer in China. Cancer (2015) 121(Suppl 17):3080–8.
doi: 10.1002/cncr.29584

3. ChenW, Sun K, Zheng R, Zeng H, Zhang S, Xia C, et al. Cancer Incidence and
Mortality in China, 2014. Chin J Cancer Res (2018) 30(1):1–12. doi: 10.21147/
j.issn.1000-9604.2018.01.01

4. Chen WQ, Zheng RS, Zeng HM, Zhang SW, He J. Annual Report on Status of
Cancer in China, 2011. Chin J Cancer Res (2015) 27:2–12. doi: 10.1186/
s40880-015-0001-2

5. Fan S, Mao Z, Lee AH, Teh-wei H. Economic Costs of Lung Cancer in China.
Int J Oncol Res (2018) 1:007. doi: 10.23937/ijor-2017/1710007

6. Ha SY, Choi S-J, Cho JH, Choi HJ, Lee J, Jung K, et al. Lung Cancer in
Never-Smoker Asian Females Is Driven by Oncogenic Mutations, Most
Often Involving EGFR. Oncotarget (2015) 6(7):5465–74. doi: 10.18632/
oncotarget.2925

7. Rosell R, Moran T, Queralt C, Porta R, Cardenal F, Camps C, et al. Screening
for Epidermal Growth Factor Receptor Mutations in Lung Cancer. N Engl J
Med (2009) 361(10):958–67. doi: 10.1056/NEJMoa0904554

8. Ettinger DS, Wood DE, Akerley W, Bazhenova LA, Borghaei H, Camidge DR,
et al. Non-Small Cell Lung Cancer, Version 6.2015. J Natl Compr Canc Netw
(2015) 13(5):515–24. doi: 10.6004/jnccn.2015.0071

9. Sandelin M, Berglund A, Sundstrom M, Micke P, Ekman S, Bergqvist M,
et al. Patients With Non-Small Cell Lung Cancer Analyzed for EGFR:
Adherence to Guidelines, Prevalence and Outcome. Anticancer Res (2015)
35(7):3979–85 Available at: https://ar.iiarjournals.org/content/anticanres/
35/7/3979.full.pdf.

10. Ramalingam SS, Vansteenkiste J, Planchard D, et al. Overall Survival With
Osimertinib in Untreated, EGFR-Mutated Advanced NSCLC. New Engl J Med
(2019) 382:41–50. doi: 10.1056/NEJMoa1913662

11. Wu YL, Cheng Y, Zhou XD, Lee KH, Nakagawa K, Niho S, et al. Dacomitinib
Versus Gefitinib as First-Line Treatment for Patients With EGFR-Mutation-
Positive Non-Small-Cell Lung Cancer (ARCHER 1050): A Randomised,
Open-Label, Phase 3 Trial. Lancet Oncol (2017) 18(11):1454–66. doi:
10.1016/S1470-2045(17)30608-3

12. Cole BF, Gelber RD, Anderson KM. Parametric Approaches to Quality-
Adjusted Survival Analysis. International Breast Cancer Study Group.
Biometrics (1994) 50(3):621–31. doi: 10.2307/2532777

13. Goldhirsch A, Gelber RD, Simes RJ, Glasziou P, Coates AS. Costs and Benefits
of Adjuvant Therapy in Breast Cancer: A Quality-Adjusted Survival Analysis.
J Clin Oncol (1989) 7:36–44. doi: 10.1200/JCO.1989.7.1.36

14. Glasziou PP, Cole BF, Gelber RD, Hilden J, Simes RJ. Quality Adjusted Survival
Analysis With Repeated Quality of Life Measures. Stat Med (1998) 17:1215–29.
doi: 10.1002/(SICI)1097-0258(19980615)17:11<1215::AID-SIM844>3.0.CO;2-Y

15. Glasziou PP, Simes RJ, Gelber RD. Quality Adjusted Survival Analysis. Stat
Med (1990) 9:1259–76. doi: 10.1002/sim.4780091106

16. NICE DSU Technical Support Document 14. Undertaking Survival Analysis for
Economic Evaluations Alongside Clinical Trials - Extrapolation With Patient-
Level Data (2011). Available at: http://www.nicedsu.org.uk.

17. Williams C, Lewsey JD, Mackay DF, Briggs AH. Estimation of Survival
Probabilities for Use in Cost-Effectiveness Analyses: A Comparison of a
Multi-State Modeling Survival Analysis Approach With Partitioned Survival
and Markov Decision-Analytic Modeling. Med Decis Making (2017) 37:427–
39. doi: 10.1177/0272989X16670617

18. Pharmaceutical Benefits Advisory Committee Australia. Public Summary
Pharmaceutical Benefits Advisory Committe (PBAC) Meeting. Osimertinib
(2018). Available at: https://www.health.gov.au/sites/default/files/document-
pbac-meeting-for-medicines-relating-to-astrazeneca.pdf.

19. Krawczyk P, Kowalski DM, Ramlau R, et al. Comparison of the Effectiveness
of Erlotinib, Gefitinib, and Afatinib for Treatment of Non-Small Cell Lung
Frontiers in Oncology | www.frontiersin.org 8
Cancer in Patients With Common and Rare EGFR Gene Mutations. Oncol
Lett (2017) 13:4433–44. doi: 10.3892/ol.2017.5980

20. National Bureau of Statistics of China. National Data 2018 (2018).
21. Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-Effectiveness in Health

and Medicine. New York: Oxford University Press (1995).
22. Pignata M, Luciani L, McConnachie C, Chouaid C, Roze S, Lay KLE. Cost-

Effectiveness of Afatinib Versus Erlotinib for the Treatment of Squamous
Non-Small Cell Lung Cancer in France After a First-Line Platinum Based
Therapy. Eur Respir J (2017) 50. doi: 10.1183/1393003.congress-2017.PA2795

23. Park K, Tan EH, O’Byrne K, Zhang L, Boyer M, Mok T, et al. Afatinib Versus
Gefitinib as First-Line Treatment of Patients With EGFR Mutation-Positive
Non-Small-Cell Lung Cancer (LUX-Lung 7): A Phase 2B, Open-Label,
Randomised Controlled Trial. Lancet Oncol (2016) 17:577–89. doi: 10.1016/
S1470-2045(16)30033-X

24. Tan PT, Aziz MIA, Pearce F, Lim WT, Wu DB, Ng K. Cost Effectiveness
Analysis of Afatinib Versus Pemetrexed-Cisplatin for First-Line Treatment of
Locally Advanced or Metastatic EGFR Mutation Positive Non-Small-Cell
Lung Cancer From the Singapore Healthcare Payer's Perspective. BMC Cancer
(2018) 18:352. doi: 10.1186/s12885-018-4223-y

25. Pignata M, Le Lay K, Luciani L, McConnachie C, Gordon J, Chouaid C, et al.
Cost-Effectiveness of Afatinib Versus Erlotinib for the Treatment of
Squamous Non-Small Cell Lung Cancer in France After a First-Line
Platinum Based Therapy. Ann Oncol (2017) 28. doi: 10.1183/
1393003.congress-2017.PA2795

26. Lu S, Ye M, Ding L, Tan F, Fu J, Wu B. Cost-Effectiveness of Gefitinib,
Icotinib, and Pemetrexed-Based Chemotherapy as First-Line Treatments for
Advanced Non-Small Cell Lung Cancer in China. Oncotarget (2017) 8:9996–
10006. doi: 10.18632/oncotarget.14310

27. Li X, Li W, Hou L. A Trial-Based Cost-Effectiveness Analysis of Bevacizumab
and Chemotherapy Versus Chemotherapy Alone for Advanced
Nonsquamous Non–Small-Cell Lung Cancer in China. Value Health
Regional Issues (2019) 18:1–7. doi: 10.1016/j.vhri.2018.05.001

28. Peng Z, Hou X, Huang Y, Xie T, Hua X. Cost-Effectiveness Analysis of
Fruquintinib for Metastatic Colorectal Cancer Third-Line Treatment in
China. BMC Cancer (2020) 20:990. doi: 10.1186/s12885-020-07486-w

29. Liang H, Song X, Zhang Y, Zhang S, Li F, Fang J, et al. Real-World Data on
EGFR/ALK Gene Status and First-Line Targeted Therapy Rate in Newly
Diagnosed Advanced Non-Small Cell Lung Cancer Patients in Northern
China: A Prospective Observational Study. Thorac Cancer (2019) 10:1521–
32. doi: 10.1111/1759-7714.13090

30. Soo RA, Loh M, Mok TS, Ou SH, Cho BC, YeoWL, et al. Ethnic Differences in
Survival Outcome in Patients With Advanced Stage Non-Small Cell Lung
Cancer: Results of a Meta-Analysis of Randomized Controlled Trials. J Thorac
Oncol (2011) 6:1030–8. doi: 10.1097/JTO.0b013e3182199c03

Conflict of Interest: LL, F-FZ, PD, and L-HM are employees of Pfizer China. L-TL
was employed by Shanghai PalanDataRx Co., Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yu, Luan, Zhu, Dong, Ma, Li, Gao and Lu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
December 2021 | Volume 11 | Article 564234

https://www.who.int/cancer/PRGlobocanFinal.pdf. 2018
https://doi.org/10.1002/cncr.29584
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1186/s40880-015-0001-2
https://doi.org/10.1186/s40880-015-0001-2
https://doi.org/10.23937/ijor-2017/1710007
https://doi.org/10.18632/oncotarget.2925
https://doi.org/10.18632/oncotarget.2925
https://doi.org/10.1056/NEJMoa0904554
https://doi.org/10.6004/jnccn.2015.0071
https://ar.iiarjournals.org/content/anticanres/35/7/3979.full.pdf
https://ar.iiarjournals.org/content/anticanres/35/7/3979.full.pdf
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1016/S1470-2045(17)30608-3
https://doi.org/10.2307/2532777
https://doi.org/10.1200/JCO.1989.7.1.36
https://doi.org/10.1002/(SICI)1097-0258(19980615)17:11%3C1215::AID-SIM844%3E3.0.CO;2-Y
https://doi.org/10.1002/sim.4780091106
http://www.nicedsu.org.uk
https://doi.org/10.1177/0272989X16670617
https://www.health.gov.au/sites/default/files/document-pbac-meeting-for-medicines-relating-to-astrazeneca.pdf
https://www.health.gov.au/sites/default/files/document-pbac-meeting-for-medicines-relating-to-astrazeneca.pdf
https://doi.org/10.3892/ol.2017.5980
https://doi.org/10.1183/1393003.congress-2017.PA2795
https://doi.org/10.1016/S1470-2045(16)30033-X
https://doi.org/10.1016/S1470-2045(16)30033-X
https://doi.org/10.1186/s12885-018-4223-y
https://doi.org/10.1183/1393003.congress-2017.PA2795
https://doi.org/10.1183/1393003.congress-2017.PA2795
https://doi.org/10.18632/oncotarget.14310
https://doi.org/10.1016/j.vhri.2018.05.001
https://doi.org/10.1186/s12885-020-07486-w
https://doi.org/10.1111/1759-7714.13090
https://doi.org/10.1097/JTO.0b013e3182199c03
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Modelled Economic Analysis for Dacomitinib–A Cost Effectiveness Analysis in Treating Patients With EGFR-Mutation-Positive Non-Small Cell Lung Cancer in China
	Introduction
	Methods
	Model Structure
	Population
	Long-Term Extrapolation
	Treatment Protocol
	Costs
	Utility Weights
	Cost-Effectiveness Analysis
	Sensitivity Analysis

	Results
	Long-Term Extrapolation
	Cost-Effectiveness Analysis
	Sensitivity Analyses

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


