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Background: Platinum-doublet, first-line treatment of locally advanced or metastatic non-small 

cell lung cancer (NSCLC) is limited to 4–6 cycles. An alternative strategy used to prolong the 

duration of first-line treatment and extend survival in metastatic NSCLC is first-line mainte-

nance therapy. Erlotinib was approved for first-line maintenance in a stable disease population 

following results from a randomized, controlled Phase III trial comparing erlotinib with best 

supportive care. We aimed to estimate the incremental cost-effectiveness of erlotinib 150 mg/day 

versus best supportive care when used as first-line maintenance therapy for patients with locally 

advanced or metastatic NSCLC and stable disease.

Methods: An economic decision model was developed using patient-level data for progression-

free survival and overall survival from the SATURN (SequentiAl Tarceva in UnResectable 

NSCLC) study. An area under the curve model was developed; all patients entered the model in the 

progression-free survival health state and, after each month, moved to progression or death. A time 

horizon of 5 years was used. The model was conducted from the perspective of national health 

care payers in France, Germany, and Italy. Probabilistic sensitivity analyses were performed.

Results: Treatment with erlotinib in first-line maintenance resulted in a mean life expectancy 

of 1.39 years in all countries, compared with a mean 1.11 years with best supportive care, which 

represents 0.28 life-years (3.4 life-months) gained with erlotinib versus best supportive care. 

In the base-case analysis, the cost per life-year gained was €39,783, €46,931, and €27,885 in 

France, Germany, and Italy, respectively.

Conclusion: Erlotinib is a cost-effective treatment option when used as first-line maintenance 

therapy for locally advanced or metastatic NSCLC.

Keywords: non-small cell lung cancer, cost-effectiveness, first-line maintenance, erlotinib, 

lung cancer

Introduction
The prognosis for patients with non-small cell lung cancer (NSCLC) deteriorates 

with advancing disease stage, and only about 1% of patients with metastatic NSCLC 

are alive after 5 years.1 The most appropriate treatment for these patients is palliative, 

systemic, platinum-based chemotherapy in first line.2–5 However, platinum-based, 

first-line treatment is limited to 4–6 cycles due to cumulative toxicity and a plateau in 

effectiveness. Following discontinuation of chemotherapy, most patients will experi-

ence disease progression within 2–3 months.6,7 Previous guidelines have recommended 

withholding second-line treatment until disease progression.2,3 However, Cappuzzo et al 

suggested that 30%–50% of patients were not receiving second-line treatment due to 

rapid disease progression and decreasing performance status.8 Hence, there is a need 

for therapies that prolong the clinical benefits of first-line treatment.
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Bevacizumab has been approved for use in patients with 

metastatic non-squamous NSCLC in combination with 

platinum-based chemotherapy until disease progression.9 

However, there remains an unmet need for further treatment 

options that extend survival in patients with advanced or 

metastatic NSCLC.

An alternative treatment strategy that can be used to 

prolong duration of first-line treatment and extend survival 

in metastatic NSCLC is first-line maintenance therapy. 

Maintenance therapy is defined as the prolongation of treat-

ment duration or administration of additional treatment at 

the end of a defined number of initial chemotherapy cycles, 

after maximum tumor response has been achieved (this may 

be complete response, partial response, or stable disease). 

Erlotinib (Tarceva®, F Hoffmann-La Roche Ltd, Basel, 

Switzerland) is one of only two treatments approved for use 

as first-line maintenance therapy by the European Medicines 

Agency,10 the other being pemetrexed.11 The randomized, mul-

ticenter, Phase III SATURN (SequentiAl Tarceva in UnRe-

sectable NSCLC) study compared first-line maintenance 

therapy with either erlotinib or placebo (n = 487) following 

four cycles of platinum-based chemotherapy in patients with 

metastatic NSCLC.8 Patients who had not experienced disease 

progression after initial chemotherapy were randomized 1:1 

to receive erlotinib 150 mg/day orally + best supportive care 

or placebo + best supportive care until disease progression, 

unacceptable toxicity, or death.8 Erlotinib therapy significantly 

improved progression-free survival (hazard ratio [HR]: 0.71; 

95% confidence interval [CI]: 0.62–0.82; P , 0.0001) and 

overall survival (HR: 0.81, 95% CI: 0.70–0.95; P = 0.0088) 

in the intent-to-treat population (n = 438)8 and in a subpopu-

lation of patients (n = 252) with stable disease following 

initial first-line chemotherapy (progression-free survival 

HR: 0.68, 95% CI: 0.56–0.83; P , 0.0001; overall survival 

HR: 0.72, 95% CI: 0.59–0.89; P = 0.00198). The survival 

benefits observed following erlotinib maintenance therapy in 

patients with mutated epidermal growth factor receptor and 

patients with wild-type epidermal growth factor receptor were 

also achieved without significantly compromising tolerability 

or health-related quality of life. The objective of this analysis 

was to estimate the cost-effectiveness of erlotinib versus best 

supportive care when used as first-line maintenance therapy 

for patients with locally advanced or metastatic NSCLC and 

stable disease following first-line therapy in three European 

countries, ie, France, Germany, and Italy.

Materials and methods
To estimate the incremental cost-effectiveness of erlotinib, 

an economic decision model was developed using patient 

data on progression-free survival and overall survival for 

erlotinib and best supportive care as first-line maintenance 

therapy from the SATURN trial.8

Model structure
An area under the curve (or partitioned survival) model was 

developed consisting of three health states, ie, progression-

free survival, progression, and death (Figure 1). Survival 

data from the trial were used to follow patients from the 

 progression-free survival to the progression and death states, 

and allowed for extrapolation of the data beyond the trial 

period. The model uses the stable disease population, as indi-

cated in the European Union label,12 to calculate efficacy and 

the same dose as was used in the trial, ie, erlotinib 150 mg/day 

orally + best supportive care or placebo + best supportive care. 

The area under the curve model works by assuming that, at 

any discrete time point, the difference between the proportion 

of patients in overall survival and the proportion of patients 

in progression-free survival determines the proportion of 

patients who have experienced disease progression. At the 

start of the analysis, it was assumed that all patients were in the 

progression-free survival health state. A half-cycle correction 

is used to account for events that occur during each monthly 

cycle. The time horizon of 5 years can be considered to be a 

lifetime perspective in this patient population (after 5 years, 

virtually all patients will have died).

The model was developed from the perspective of the 

national health care payer in three European countries, 

ie, France, Germany, and Italy; therefore, indirect costs, 

including travel costs, and costs to other public agencies were 

not included. Costs and health benefits were discounted by 

3.5% for each country.

Probabilistic sensitivity analyses were performed to 

investigate the impact of changes in the key input parameters 

and assumptions on the results of the base-case analysis. 

Distributions around the following parameters were used 

Progression-free
survival

Progression

Death

Figure 1 Cost-effectiveness model structure.
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to reflect uncertainty in the model (ie, the probability of 

erlotinib being cost-effective): estimates for the parametric 

progression-free survival and overall survival functions, and 

cost and frequency of adverse events. No distributions were 

applied for drug prices and administration costs.

Adverse events were selected for inclusion in the model 

by grade of severity and frequency of occurrence by event 

and treatment arm, according to the following rules: all 

treatment-related adverse events grade 3–4, and adverse 

events that occurred from the start of the study and 28 days 

after the last cycle of first-line treatment inclusively. The 

frequency of each event was further categorized into the 

number of patients experiencing at least one adverse event. 

The maximum number of adverse event episodes was also 

calculated. These values were used for calculating the aver-

age number of each adverse event per patient (eg, probability 

of a specified adverse event per patient × average number of 

episodes of adverse event per patient).

The model does not include post-progression-free survival 

treatments (following disease progression) once maintenance 

therapy is stopped, because it was not designed to incorporate 

this information. Therefore, second-line and further-line treat-

ment costs, capturing the various treatment strategies used 

following progression, were not accounted for within the 

model. This was due to the variation in second-line treatment 

observed in the SATURN study; uncontrolled patients received 

multiple therapies after disease progression, which included 

taxanes (eg, docetaxel), antimetabolites (eg, pemetrexed), anti-

neoplastic agents, epidermal growth factor receptor tyrosine 

kinase inhibitors (eg, erlotinib), and platinum compounds. In 

addition, insufficient data were reported in the SATURN study 

on second-line treatment dosing and duration.

Model inputs
Survival curves were fitted parametrically to the Kaplan–

Meier progression-free survival and overall survival curves to 

facilitate extrapolation beyond the clinical trial period. Each 

parametric function was assessed for its goodness of fit to the 

data. The gamma function13,14 provided the best fit for overall 

survival, whereas for progression-free survival the Gompertz 

distribution14 was shown to be the best fit for the stable dis-

ease population. Therefore, these functions were used in all 

analyses to estimate and extrapolate progression-free survival 

and overall survival beyond the clinical trial period.

The cost of erlotinib was incorporated into the model 

using the country-specific list price of a pack of 30 × 150 mg 

tablets (€2130.00, €2928.24, and €1864.57 for France, 

 Germany, and Italy, respectively) and was applied in the 

base-case analysis for the average treatment duration during 

the clinical trial (Table 1). As per the study protocol, patients 

received a single daily dose of erlotinib 150 mg orally. In 

order to calculate the monthly cost of erlotinib, the cost per 

150 mg tablet (€71.00, €83.63, and €49.10, respectively) 

was multiplied by the average number of days per month 

(30.4 days, Table 1). To estimate the resource use associated 

with administration of erlotinib, the appropriate reference 

costs associated with administration of oral medication in the 

pharmacy were used (Table 1). Administration costs were 

obtained from France,15 Germany,16 and Italy.17 Country-

specific estimates of the most likely minimum and maximum 

costs of treatment-related adverse events were employed to 

propagate the gamma distribution to express uncertainty in 

the cost of treating the event.18 The cost values were then 

applied to the frequency of adverse events.19–21

Table 1 Treatment costs for erlotinib

France Germany Italy

Cost of treatment, 150 mg, € 71.00 83.63 49.10
Monthly cost, 30 × 150 mg, € 2130.00 2928.24 1864.57
Total administration cost/month, € 0.00 13.50 20.66
Discount, %a 3.5 3.5 3.5

Note: aDiscount is for both cost and effectiveness.

Table 2 Cost-effectiveness of erlotinib versus placebo over patient lifetime: base-case and probabilistic analysis in patients with stable 
disease (3.5% discounted)

France Germany Italy

Erlotinib Placebo Erlotinib Placebo Erlotinib Placebo

Base-case Mean life-years 1.39 1.11 1.39 1.11 1.39 1.11
Mean total cost, € 11,163 23 13,164 23 7831 23
Cost per LYG, € 39,783 46,931 27,885

Probabilistic Mean life-years (95% CI) 1.39  
(1.23–1.55)

1.11  
(0.98–1.25)

1.40  
(1.24–1.55)

1.11  
(0.98–1.26)

1.4  
(1.24–1.55)

1.12  
(0.99–1.26)

Mean total cost (95% CI), € 11,107  
(8225–14,335)

23  
(17–29)

13,205  
(9617–17,082)

23  
(18–28)

7830  
(5936–10,025)

23  
(18–29)

Cost per LYG, € 39,214 46,816 27,864

Abbreviations: LYG, life-year gained; CI, confidence interval.
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Results
Comparison of the total average costs of alternative therapies 

for first-line maintenance shows that erlotinib was more costly 

than best supportive care in all three countries. Treatment 

with erlotinib in first-line maintenance resulted in a mean 

life expectancy of 1.39 years (16.7 months) in all countries, 

compared with a mean 1.11 years (13.3 months) with best sup-

portive care, which represents 0.28 life-years (3.4 life-months) 

gained with erlotinib versus best supportive care.

Results of the base-case and probabilistic analyses, pre-

sented as mean values and corresponding 95% CI for the 

latter are shown in Table 2. In the base-case analysis, the cost 

per life-year gained was €39,783, €46,931, and €27,885 in 

France, Germany, and Italy, respectively. In the probabi-

listic analysis, the cost per life-year gained was €39,214, 

€46,816, and €27,864, respectively. The variation in cost 

per life-year gained between countries was due to the differ-

ence in the total monthly cost of erlotinib, which comprises 

administration costs, acquisition costs, and costs of adverse 

events (Table 3).22–25 A cost-effectiveness acceptability curve 

for each country, generated from the probabilistic analysis, 

is presented in Figure 2. These curves show that there is a 

50% chance that erlotinib would be cost-effective in first-

line maintenance with a willingness to pay approximately 

€50,000 in France and Germany and €40,000 in Italy.

Discussion
Treatment of advanced or metastatic NSCLC is often con-

sidered costly; however, the value of a new treatment should 

incorporate the clinical benefit it provides compared with 

current treatment options, and the incremental cost of fund-

ing the new therapy versus the unmet need. In view of the 

current poor survival outcomes in metastatic NSCLC, it is of 

interest to consider the cost per life-year gained with a new 

therapy. An increase in health care expenditure in cancer 

care makes cost-effectiveness analysis an important tool for 

national health care payers.26 This is the first analysis of its 

kind to present a cross-market analysis of cost per life-year 

gained for first-line maintenance therapy in patients with 

locally advanced or metastatic NSCLC.

In each country, erlotinib resulted in a survival gain 

when compared with best supportive care. The difference 

0.0
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Figure 2 Cost-effectiveness acceptability curves for erlotinib versus best supportive care in first-line maintenance therapy.

Table 3 Comparison of efficacy, costs, and cost-effectiveness of erlotinib and pemetrexed in three European markets

Median OS, months (95% CI)23 Erlotinib Pemetrexed

13.9 (10.9–16.8) 13.4 (11.9–15.9)

France Germany Italy France Germany Italy US

Total monthly per-patient treatment costs, €a 2140 2732 1518 3453 5534 2921 –
Cost per LYG, € 39,783 46,931 27,885 – – – $122,371b

Notes: aMonthly treatment costs, comprising administration, acquisition, and adverse event costs, are derived from a manuscript in press28 (published in part at a recent 
scientific conference24,25); bcost per LYG for pemetrexed is based on a cost per LYG from the US market,22 which is €86,869 based on an average exchange rate for July 
2009 of 0.7098.
Abbreviations: OS, overall survival; CI, confidence interval; LYG, life-year gained.
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between highest and lowest cost per life-year gained across 

the three countries was €19,000 for both base-case and 

probabilistic results. Figure 2 demonstrates that the chance 

of erlotinib being cost-effective versus best supportive care 

in first-line maintenance is relatively stable across the three 

countries, although slightly higher in Italy given the same 

willingness to pay.

A strength of the model is its transparency, given that the 

discrete health states closely match the end points measured 

in the clinical trial. The methods of extrapolation are also 

similar to those commonly suggested by the health economic 

community,18 as well as the modeling methods widely 

reported in peer-reviewed publications.

Despite the strengths of the model, it is important to rec-

ognize any associated limitations. The model was developed 

to estimate the cost-effectiveness of treatment in the first-line 

maintenance setting only. Therefore, second-line treatment 

costs were not accounted for within the model. This was 

due to a variety of second-line and further-line treatments 

reported in the SATURN trial and insufficient data reported 

on treatment dosing and duration.

Pemetrexed, a multitargeted antifolate chemotherapeutic 

agent, is the only other therapy approved by the European 

Medicines Agency for use in first-line maintenance for meta-

static NSCLC (in patients with non-squamous disease).11 In 

the JMEN trial,27 pemetrexed was associated with similar 

efficacy benefits versus best supportive care (progression-

free survival HR: 0.50, 95% CI: 0.42–0.61; P , 0.0001)27 as 

erlotinib versus best supportive care in the SATURN trial.

In a population-matched, indirect comparison analysis 

comparing erlotinib and pemetrexed as first-line mainte-

nance therapy in metastatic NSCLC, both treatments were 

found to be similarly efficacious (Table 3).23 An economic 

analysis of pemetrexed versus best supportive care in the 

US market showed that the cost per life-year gained using 

pemetrexed first-line maintenance therapy versus best 

supportive care in patients with advanced, non-squamous 

NSCLC was US$122,371 (€86,869).22 The analysis sug-

gests that pemetrexed is not cost-effective compared with 

best supportive care, given the cost-effectiveness ratios for 

medication typically reimbursed in the US, while our analysis 

shows that erlotinib is cost-effective when compared with 

best supportive care (Table 3). However, it is difficult to 

compare the cost-effectiveness of erlotinib and pemetrexed 

using the results of these three analyses. Pemetrexed was 

only efficacious in a non-squamous population and erlotinib 

was efficacious in both the intent-to-treat and stable disease 

populations. Patient distributions of key characteristics 

between the SATURN and JMEN studies were not balanced. 

The adenocarcinoma population varied by 3%, the number 

of patients with stage IIIb and IV disease varied by 8% 

between the two trials for both disease stages, and Eastern 

Cooperative Oncology Group  performance status varied by 

9% for both 0 and 1. Patients in the JMEN trial had a better 

prognosis at baseline.8,27  Furthermore, drug costs in the US 

and Europe are different.

If a cost-effectiveness analysis of erlotinib versus pemetrexed 

were to be performed, the comparable efficacy of erlotinib and 

pemetrexed derived from the indirect comparison analysis23 

would make drug costs the key driver. Monthly costs of erlo-

tinib and pemetrexed comprising administration, acquisition, 

and adverse event costs (Table 3) derived from a manuscript in 

press28 (published in part at a recent scientific conference24,25) 

show erlotinib has lower monthly per-patient treatment costs. 

Based on these costs, a cost-effectiveness analysis of erlotinib 

versus pemetrexed might be expected to show that erlotinib 

is as efficacious as pemetrexed but less costly. However, 

the results would need to be interpreted with caution, given 

the imbalance in the key characteristics of patient popula-

tions between the SATURN and JMEN trials.8,27

Given that erlotinib is cost-effective versus best support-

ive care based on this economic analysis, and has efficacy 

similar to that of pemetrexed at a lower cost, it could become 

the new standard of care in first-line maintenance therapy in 

locally advanced and metastatic NSCLC. In addition to the 

clinical similarity and economic advantages of erlotinib over 

pemetrexed, erlotinib may also have other advantages due to 

a lower incidence of adverse events and an oral, as opposed 

to intravenous, formulation.8 Oral treatment is often consid-

ered more convenient and is not usually associated with any 

administration costs. In contrast, intravenous administration 

can cost more than €500 in France and Germany.16,29

Conclusion
Erlotinib is a cost-effective treatment option versus best 

supportive care when used as first-line maintenance therapy 

for locally advanced or metastatic NSCLC in patients with 

stable disease. This study suggests that, in conjunction with 

toxicity and efficacy data, economic analyses are useful 

in defining the best maintenance strategy for patients with 

locally advanced or metastatic NSCLC.
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