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Aim: Osimertinib improves progression-free survival in first-line EGFR mutation—positive non-small-cell
lung cancer. Materials & methods: A Markov cohort model including costs, utilities and disutilities, was
conducted to estimate quality-adjusted life-year (QALY) and incremental cost-effectiveness ratio when
treating with osimertinib versus standard first-line tyrosine kinase inhibitors (TKIs). Results: Osimer-
tinib presented higher QALYs (0.61) compared with standard EGFR-TKIs (0.42). Osimertinib costs were
€83,258.99, in comparison with €29,209.45 for the standard EGFR-TKIs. An incremental cost-effectiveness
ratio of €273,895.36/QALY was obtained for osimertinib. Conclusion: Osimertinib was more effective in
terms of QALYs gained than comparators (erlotinib—gefitinib). However, to obtain a cost-effectiveness
alternative, a discount greater than 60% in osimertinib acquisition cost is required.
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Epidermal growth factor receptor (EGFR) mutations are the most usual oncogenic mutation in patients with
non-small-cell lung cancer (NSCLC) with adenocarcinoma. Detection of EGFR mutations are found in about
10-15% of Western patients and 30-35% of Asian patients [1]. In Spain, the mutation detection rate in advanced
NSCLC patients was found to be 11.6% in the REASON study (82.6% presenting in-frame deletions in exon
19 and 17.4% presenting L858R mutation in exon 21) [2]. The first-generation EGFR-tyrosine kinase inhibitors
(TKIs) gefitinib and erlotinib are highly active against cancers with two EGFR common sensitizing mutations
(in-frame deletions in exon 19 or L858R mutation in exon 21) [1].

Nevertheless, more than half of the patients with NSCLC with EGFR-activating mutations develop tumor
resistance despite the initial beneficial response to first-generation TKIs (etlotinib and gefitinib), generally 9
to 14 months after treatment initiation target [3-8]. Disease progression while on therapy with first-generation
EGFR-TXKIs is associated with a T790M acquired mutation in the EGFR gene. Consequently, T790M resistance
mutation reduces binding of first and second-generation EGFR-TKIs to the target receptor and forces a change
of treatment [9-11]. Osimertinib is an oral, third generation, irreversible EGFR-TKI that is currently employed
in NSCLC EGFR T790M resistance mutations, with successful results [11-14]. Additionally, FLAURA study has
demonstrated the clinical benefit of osimertinib in EGFR-TKI-sensitizing mutations [15]. In FLAURA study, the
median progression-free survival (PFS) in patients with untreated EGFR mutated NSCLC was demonstrated to  Fytyre +»
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Figure 1. Structure of the Markov model.
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be significantly longer with osimertinib than with standard first-line EGFR-TKIs (18.9 vs 10.2 months) with a
similar safety profile and lower rates of serious adverse events [15].

To date, only two prior studies have been published evaluating the cost—effectiveness of osimertinib [16,17]. A
decision analytic model analysis over a 10-year time horizon has been published evaluating the cost—effectiveness of
osimertinib in first-line EGFR-positive NSCLC [17]. Another cost—effectiveness analysis containing a probabilistic
Markov model has been published recently, comparing osimertinib versus the first-generation employed EGFR-
TKI in Canada [16]. Therefore, a complete Markov pharmacoeconomic model analysis in a European country with
a public healthcare system including a deterministic and a probabilistic model of osimertinib in first-line EGFR
positive NSCLC adenocarcinoma could provide extremely valuable information for medical decision makers to
facilitate the optimization of healthcare resources in Europe. The aim of this study is to evaluate the incremental
cost—effectiveness ratio (ICER) of osimertinib versus standard EGFR-TKIs (erlotinib and gefitinib), in order to
determine which is the most efficient drug in first line.

Materials & methods
Cost—effectiveness analysis (CEA): Markov model
Design & perspective analy;z‘s

A Markov model was adopted to estimate the costs, the quality-adjusted life-years (QALYs) and ICER of two differ-
ent treatment strategies (osimertinib vs standard EGFR-TKIs) in two hypothetical cohorts of patients with EGFR-
positive sensitizing mutations advanced NSCLC. The model was developed from the Spanish National Health
System perspective. The threshold for determining whether a strategy is cost effective was €24,000/ QALY [18]. All
the costs were estimated in euros (€) 2018, and a discount rate of 3% was used for costs and effects throughout the
model. The Markov model was developed in Microsoft Excel 2011 (Microsoft Corp., WA, USA), using a 15-year
time horizon. The results were presented in terms of costs (€), QALYs gained and ICER.

Markov model structure

The model included three mutually exclusive health states: stable disease (SD), progressive disease (PD) and death.
Each health state was associated with costs, health effects and the probability of moving to any other state. The
structure and transitions allowed in the model are shown in Figure 1. Initially, all patients were on SD and received
one of the two treatment strategies. On each 28-day simulation cycle, the hypothetical cohort of patients could
remain on SD, experience PD or death. Patients in SD continued treatment with the initial TKIs until progression
occurred. When progression occurred, patients were changed to a second-line regimen. After PD occurred, patients
could remain in this state or die. PD was simulated until all patients died. Death of patients from any cause were
included in this state.

Treatment alternatives

Each cohort was treated with osimertinib (at a dose of 80 mg once daily) or a standard oral EGFR-TKI (gefitinib
at a dose of 250 mg once daily or erlotinib at a dose of 150 mg once daily), according to FLAURA clinical trial [15].
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Figure 2. Overall survival and progression-free survival Kaplan-Meier plot and selected fitted curves.
OS: Overall survival; PFS: Progression-free survival; TKI: Tyrosine-kinase inhibitor.

Transitional probability data

Transition rates between different states were estimated based on progression of disease and survival values estimated
from FLAURA clinical trial 15]. The method of Guyot ez /. was employed to recreate the patient level data [19]. Due
to the short follow-up of FLAURA trial, Overall survival (OS) and PFS were not fully observed, therefore, results
were extrapolated by using survival functions. In order to determine the most appropriate parametric survival curve,
a goodness-of-fit analysis was conducted based on the best fit model among gamma, log-logistic, Weibull, lognormal,
Gompertz, exponential, Royston—Parmar, generalized F and generalized gamma parametric distributions. These
analyses were assessed using parametric plots, long-term projections and statistical tests (Akaike Information
Criterion [AIC] and Bayesian Information Criterion [BIC]) (Supplementary Figure 1 & 2 and Supplementary
Table 1). We used visual inspection of the Kaplan-Meier curves, goodness-of-fit statistics and clinical plausibility
to determine the optimal parametric distribution with the best fit. The OS data is still immature (only complete in
25%). For this reason, a single parametric model (gamma) has been selected for all the treatment arms.

Transition probabilities from SD and PD to death were obtained based on OS and PFS as shown in Figure 2.
Finally, the difference between the OS and PFES curves was employed to calculate the probability of the patient
remaining on PD state.

Cost estimation

Only direct medical costs were calculated (drugs, disease management, adverse events [AE] and second-line
treatment). The cost of erlotinib, gefitinib and osimertinib were calculated according to the officially notified
listed prices ([drug price - 7.5% official discount in Spain] x Value added tax [VAT]) (Table 1) [20,21]. Disease
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Table 1. Model input parameters.

Management of non-small-cell lung cancer Cost per 28-day cycle and patient Ref.
- Erlotinib/gefitinib €1,836,48 [20,21]
- Osimertinib €5447.36

Second-line cost of osimertinib €9294 [20,21]
- Scheme (29% of total patients)

- EGFR-TKI scheme erlotinib/gefitinib (21%)

- Platinum-based chemotherapy schemes (36%)

- Non platinum-based chemotherapy schemes (35%)

- Others therapies (8%)

Second-line cost of standard EGFR-TKIs €15,310 [20,21]
- Scheme (47% of total patients)

— EGFR-TKI scheme treated with osimertinib (46%)

- Platinum-based chemotherapy schemes (13%)

- Non platinum-based chemotherapy schemes (12%)

— Others therapies (4%)

Grade IlI-IV adverse events Median cost/cycle [23]
- Diarrhea €924.11

— Decreased appetite €1375.31

- Dry skin €26.2

- Paronychia €341.41

- Stomatitis grade 3 €2,332.14

- Stomatitis grade 4 €5,325.7

- Pruritus €341.41

- Fatigue €106.78

- Anemia €992.22

- Vomiting €681.51

- Rash €341.41

— AAT elevation grade 3 €559.91

— AAT elevation grade 4 €1799.09

— AAT elevation €559.91

Utilities scenario Value [24]
- On treatment with no side effects 0.84

- Diarrhea 0.32

- Vomiting 0.25

- Rash 0.15

- Stomatitis 0.25

- Dry skin 0.15

- Decreased appetite 0.41

- Paronychia 0.15

- Anemia 0.41

- Fatigue 0.41

- Disease progression 0.17

TKI: Tyrosine-kinase inhibitor.

management costs were estimated according to an expert panel’s advice. Disease management cost per patient
and cycle was calculated multiplying the cost of healthcare resources employed by the unit cost of each resource
consumed over a 15-year time horizon.

The second-line therapy regimens were obtained from Supplementary Table 3 of FLAURA study [15] as is shown
in Table 1. In osimertinib second-line arm, 21% of the patients were re-challenged with standard EGFR-TKI
(erlotinib—gefitinib), 36% with platinum-based chemotherapy, 35% with non-platinum-based chemotherapy and
8% with other therapies (PD-1/PD-L1, ant-VEGF and others targeted therapies). In standard EGFR-TKIs
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second-line arm, 46% of the patients were treated with another EGFR-TXKI including osimertinib, 13% with
platinum-based chemotherapy, 12% with non-platinum-based chemotherapy and 4% with others therapies (PD-
1/PD-L1, anti-VEGF and others targeted therapies). To calculate second-line costs, 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 m?. As PFS second-line
treatment curves were not available in FLAURA clinical trial, we employed AURA3 clinical trial PFS2 curves to
calculate second-line treatment duration [14]. We estimated the Area under the curve (AUC) in the PFS AURA3
trial curve comparing osimertinib versus platinum-pemetrexed in NSCLC patients who had disease progression
after first-line EGFR-TKI therapy to obtain second-line treatment duration. We employed Guyot ez /. method
to simulate the best survival curve [191. In order to obtain the best adjusting method, this survival curve was fitted
with a Weibull distribution.

Unit costs were obtained from an official database published in Spain [22). Side effects management costs in
Spain (Table 1) were obtained from an internal database [23]. Adverse effect (grade III-IV events) frequencies
associated with osimertinib and gefitinib—erlotinib treatments were obtained from FLAURA study [15]. Model costs
are presented in Euros (€) 2018 (Table 1).

Utilities estimation

Health state udility inputs and disutility values for the base case were obtained from recent data published from
UK [241. Different utilities values were applied considering the different health states (SD and PD) and are
summarized in Table 1. A health utility of zero was applied to the health state of death.

Disutilities estimation

Only disutility values associated with grade III-IV were addressed. To calculate the disutility values associated with
grade III-IV in SD, disutilities parameters of each AE extracted from Nafees ez /. was multiplied by the relative
frequency of the corresponding event obtained from FLAURA trial to calculate a weighted average disutility value
for each event profile. Disutility values calculated for each grade III-IV AE were subtracted from udility values
while patients remained in SD.

Univariate sensitivity analysis

A deterministic univariate sensitivity analysis (DUSA) was performed to address the uncertainty of the ICER
estimated value. In DUSA a single parameter in the model (drug costs, utilities or discounts) was modified to
examine the effect on the ICER result. Drug costs were modified in three different ranges (£20%, £40% and
£60%). Utilities values were varied in a range of £15%. The 2008 utility value (0.473) in progression disease
employed in previous article of quality of life [25], was used in order to determine if the ICER value is modificated.
Discount values in the DUSA model were varied in a percentage of 0 and 6%.

Probabilistic sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted to assess the uncertainty of the estimated results in the
DUSA. The analysis was performed using 10,000 Monte Carlo simulations. Different parameters (side effects
managements costs, disease management cost, second-line treatment costs, acquisition drug costs, utilities and
transition probabilities) of the model were varied to determine the robustness of the model. In addition, the PSA
was employed to obtain acceptability curves, showing the probability of each alternative being cost-effective across
a range of possible values of willingness to pay for an additional QALY [26].

According to the characteristics of each variable, different types of probability distributions were employed to
variate the model parameters [27]. Gamma distributions were applied for costs, beta for utilities and Dirichlet
distributions for transition probabilities.

Results

Under base-case assumptions, the total QALYs were 0.61 and 0.42, for osimertinib and standard EGFR-TKIs,
respectively. Osimertinib provided a 0.20 increase in QALYs compared with the standard EGFR-TKIs. For
osimertinib arm, the mean costs of the intervention were €83,258.99 discounted over the 15-years horizon,
in comparison with the €29,209.45 for the standard EGFR-TKIs. These costs and QALY values yielded an
incremental ICER of €273,895.36/QALY for osimertinib compared with standard EGFR-TKIs. The results of

the baseline scenario analysis are shown in Table 2. Additionally, the net gain in life-years (LYG) in osimertinib
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Osimertinib cost+60% [€46,918.69; €500,872.71]
Osimertinib cost+40% [€122,577.58; €425,213.13]
Osimertinib cost+20% [€198,236.47; €349,554.24]

Utility on treatment with no side effects+15% [0.71; 0.97]

Utility in progression disease + 15% [0.14; 0.19]

Aguilar-Serra, Gimeno-Ballester, Pastor-Clérigues et al.

Table 2. Cost-effectiveness results.

Variable Strategy

Standard EGFR-TKIs Osimertinib
Total cost/pt €29,209.45 €83,258.99
- Treatment cost/pt €19,214.00 €74,651.43
- Disease management/pt €2307.05 €2638.15
— Adverse events costs/pt €35.30 €55.01
- 2L cost /pt €7653.10 €5914.40
QALY gained /pt 0.42 0.61
ICER (€/QALY)
Osimertinib vs Erlotinib-Gefitinib €273,895.36/QALY

2L: Second-line pt: patient; ICER: Incremental cost-effectiveness ratio; QALY: Quality-adjusted life year; TKI: Tyrosine-kinase inhibitor.

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

T T T T T T T
0 100.000 200.000 300.000 400.000 500.000 600.000 700.000

Incremental cost—effectiveness ratio (€)

Figure 3. Tornado diagram (deterministic sensitivity analysis).

group compared with standard EGFR-TKI group was 0.25 (1.05 life-years vs 0.80 life-years for osimertinib and
standard EGFR-TKIs, respectively).

The DUSA showed significant changes in the ICER after modifying osimertinib costs, utilities and discount
values as is shown in Tornado diagram (Figure 3) and Supplementary Table 2. Hence, the results of the DUSA
showed that discounts greater than 60% in drug acquisition cost produced an ICER value below the threshold of
24,000€ per QALY gained fixed in Spain.

Furthermore, the PSA results were consistent with the base-case analyses. According to the cost—effectiveness
plane shown in Figure 4, standard EGFR-TKIs were more effective and less costly in 62.28% of the iterations
in the simulation. Only in 37.72% of the iterations, osimertinib was more effective and less costly than standard
EGFR-TKIs.

Finally, the likelihood of osimertinib being considered cost effective was determined for a range of acceptability
ratios, as shown in the acceptability curve. At the base-case scenario, there is a 42.94% probability of osimertinib
being cost-effective at a threshold of €24.000/QALY (Figure 5).

Discussion

Recently, osimertinib has demonstrated a clinically meaningful benefit in patients with EGFR T790M mutation who
have developed acquired resistance to TKIs [12-14). Additionally, FLAURA study has demonstrated the clinical benefit
of osimertinib in EGFR-TKI-sensitizing mutations. Therefore, we developed a complete cost—effectiveness analysis
to compare osimertinib versus standard first-line EGFR-TKIs (erlotinib—gefitinib) in patients with previously
untreated, EGFR mutation—positive advanced NSCLC, based on FLAURA study [15]. We demonstrated that
osimertinib is considered more effective in comparison with standard TKIs in sensitizing EGFR mutations, in
terms of QALYs gained (0.20). However, our study showed that osimertinib was not cost-effective compared with
EGFR-TXKIs because the ICER (€273,895.36/QALY) was higher than the commonly accepted threshold in Spain
of €24,000/ QALY [18). In addition, in our study, we established that discounts greater than 60% are crucial in the
osimertinib acquisition costs to be considered a cost-effective alternative.
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Figure 4. Scatter plot of Monte Carlo probabilistic sensitivity analysis for osimertinib versus first-line epidermal
growth factor receptor-tyrosine kinase inhibitors (erlotinib-gefitinib).
ICER: Incremental cost-effectiveness ratio; QALY: Quality-adjusted life year.
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Figure 5. Cost-effectiveness acceptability curve osimertinib versus first-line epidermal growth factor
receptor-tyrosine kinase inhibitors (erlotinib—gefitinib). Graph plot willingness to pay scenario (x-axis) versus the
likelihood in percentage that the treatment would be considered cost-effective (y-axis).

ICER: Incremental cost-effectiveness ratio; TKI: Tyrosine-kinase inhibitor.

To date, only four different studies have compared the cost—effectiveness of osimertinib [16,17,28,29]. However,
two of these studies are not comparable because they only compare osimertinib versus pemetrexed-platinum based
chemotherapy in patients with demonstrated T790M mutation [28,29]. In the study published by Wu ez a/. [29] they
estimated that osimertinib was not cost—effectiveness in the USA due to the high acquisition cost of osimertinib
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drug as we demonstrated. In addition, we can conclude that ICER value obtained (scenario 3 patients without
metastasis) in USA by Wu et al. [29] is really approximate to ours with $222,030/QALY. In the recently published
article by Aguiar et al. (17), the authors performed an innovative decision analytic-model over a 10-year time horizon
to evaluate the cost—effectiveness of osimertinib from data collected from FLAURA study. The authors compared
two different strategies: the first one comparing osimertinib in second-line in patients who harbor T790 mutation
versus chemotherapy or immunotherapy in patients without this mutation; the second strategy they addressed
in the aim of the study was similar to our purpose and consisted of the comparison of osimertinib in first-line
continued by a standard second-line therapy at disease progression. The results obtained in the USA by Aguiar ez al.
are really in concordance with ours in Spain, obtaining an approximate ICER of $230.000/QALY, a QALY value
for osimertinib of 2.12 and a 0.594 incremental number of QALY gained compared with the standard EGFR-TKIs
(gefitinib—erlotinib—afatinib) in first line. However, in the study recently published by Aguiar et al., the authors
only performed a DUSA over a 10-year time horizon. Generally, to reinforce the results obtained in the DUSA
a PSA is frequently performed (30]. Therefore, in our study, the deterministic results obtained are complemented
with a PSA to demonstrate the robustness of the ICER values obtained and to indicate accurately the osimertinib
cost—effectiveness thresholds. Additionally, to improve the quality of the analysis, we changed the lifetime horizon
in our study from the classical 10-year to a 15-year lifetime horizon analysis. Nonetheless, Aguiar ez al. conclude
that high cost of the drug makes osimertinib a not so cost-effective alternative, unlike the superior values of PFS or
OS obtained.

To our knowledge, this is the first complete economic study in Europe to provide a direct comparison of
osimertinib against the first-line standard of care (gefitinib—erlotinib) for the patients with EGFR mutated NSCLC.
To reinforce our obtained results, another recently published Markov analysis by Ezeize ¢t a/. in Canada showed
a similar non cost—effectiveness analysis with an incremental gain of 0.79 QALYs and an incremental ICER of
223.133%/QALY 116]. Therefore, our findings show that the choice of treatment in this study should be essentially
determined by the drug acquisition cost. Considering the efficacy and the quality of life, osimertinib should be
the treatment of choice. Osimertinib is expected to provide an incremental 0.20 QALYs gained in the study.
However the acquisition cost was higher compared with the cost of standard EGFR-TXKI, resulting in a difference
of €55,437.43 per patient.

In addition, the acceptability curve of WTP obtained in our study shows a range of threshold values, as an
aid for context-dependent decision making. We demonstrated that with standard WTP thresholds, osimertinib
may be considered not cost-effective in Spain due to the high price of drug acquisition. Currently, the defined
cost—effectiveness threshold in the Spanish setting is €24,000/QALY [18].

Nowadays, the establishment of different innovative purchasing algorithms such as pay-for-performance (P4P)
are increasingly implemented in developed healthcare systems. These algorithms have demonstrated promoting
improvements in healthcare quality and to reduce the acquisition costs of different innovative therapies [31,32].
To facilitate physician prescribing decision, different institutions such as European Society for Medical Oncology
(ESMO) 133 or American Society of Clinical Oncology (ASCO) [34] have recently created pharmacoeconomic
tools. Therefore, these results may be useful for health administrators and policy-makers in negotiations of prices
with drug manufacturers, as also by the drug manufacturers themselves to consider reducing prices of this drug to
encourage adoption of new generation of TKIs regimens.

There are some limitations in our study. First, common to all Markov models, there is the implicit uncertainty
from combination of data from numerous sources and assumptions. Second, the result of the model could be
impacted by the assumptions around curve extrapolation. Nonetheless, the algorithm used for extrapolation,
Guyot et al. [19], provides excellent accuracy for the calculation of survival probabilities.

Thirdly, we only contemplate the payers’ perspective of Spanish National Health System and not indirect costs
(absenteeism, changes of individual productivity, unpaid assistance from a family member). In addition, the utility
values considered in the model were extracted from a validated study published in the population of UK [24] but
not from our own country, Spain, since these data were not available. The utility values of 0.17 assigned to disease
progression could be lower than the utility values obtained in 2008 by Nafees ez a/. (0.473) (25]. This difference
is due to the change of methodology employed to calculate these utilities values. In Nafees ez a/. study 2008 [25)
authors employed a standard gamble method, while in 2017 study a time-trade-off method was employed by the
authors [24]. Different authors as Stiggelbout ez a/. [35] conclude that these two methods are not equal estimating
utility values, therefore producing the time-trade-off method lower utilities values. In order to determine the
influence of utility values in definitive ICER results in our model, we included the 2008 utility value employed
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in Nafees ez al. study (0.473) [25] in the DUSA, to determine if the ICER value is modificated by different utility
values and we concluded that there was no difference (€273,895.36 vs. €264,691.25) Fourth, individual data from
erlotinib and gefitinib patients cannot be extracted from the supplementary data of the FLAURA study, therefore
a combined arm is evaluated in this study. Fifth, when disease progression while on therapy with first-generation
EGFR-TXK]I, a second generation TKI, afatinib, is normally prescribed [36]. However, we did not include an afatinib
arm in the economic analysis, because in the FLAURA study a direct comparison between afatinib and osimertinib
is not evaluated.

Conclusion

From Spanish National Health System perspective, treatment with osimertinib was more effective in terms of QALY
gained than treatment with standard EGFR-TKIs erlotinib—gefitinib. However, osimertinib has been proved not
to be a cost-effective alternative in first-line therapy for advanced EGFR-mutated NSCLC patients, compared with
etlotinib-gefitinib due to the high acquisition costs of the drug. Additionally, our study could also be applied to
other TKIs treatments with similar efficacy rates that become available in the future.

Summary points

e In FLAURA study, the median progression-free survival in patients with untreated EGFR mutated non-small-cell
lung cancer was demonstrated to be significantly longer with osimertinib than with standard first-line epidermal
growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) (18.9 vs 10.2 months).

e Osimertinib presented higher quality-adjusted life years (QALYs) (0.61) compared with standard EGFR-TKIs (0.42).

e Osimertinib total costs of the intervention were €83,258.99, in comparison with the €29,209.45 for the standard
EGFR-TKIs.

e An incremental cost-effectiveness ratio of €273,895.36/QALY was obtained for osimertinib compared with
standard EGFR-TKIs.

e From Spanish National Health System perspective, osimertinib has been proved not to be a cost-effective
alternative in first-line therapy for advanced EGFR-mutated NSCLC patients, compared with erlotinib-gefitinib
due to the high acquisition costs of the drug.

e A discount greater of 60% in osimertinib 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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