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Background: First-line maintenance erlotinib in patients with locally advanced or metastatic 

nonsmall cell lung cancer (NSCLC) has demonstrated significant overall survival and 

progression-free survival benefits compared with best supportive care plus placebo, irrespective 

of epidermal growth factor receptor (EGFR) status (SATURN trial). The cost-effectiveness of 

first-line maintenance erlotinib in the overall SATURN population has been assessed and pub-

lished recently, but analyses according to EGFR mutation status have not been performed yet, 

which was the rationale for assessing the cost-effectiveness of first-line maintenance erlotinib 

specifically in EGFR wild-type metastatic NSCLC.

Methods: The incremental cost per life-year gained of first-line maintenance erlotinib com-

pared with best supportive care in patients with EGFR wild-type stable metastatic NSCLC was 

assessed for five European countries (the United Kingdom, Germany, France, Spain, and Italy) 

with an area-under-the-curve model consisting of three health states (progression-free survival, 

progressive disease, death). Log-logistic survival functions were fitted to Phase III patient-level 

data (SATURN) to model progression-free survival and overall survival. The first-line mainte-

nance erlotinib therapy cost (modeled for time to treatment cessation), medication cost in later 

lines, and cost for the treatment of adverse events were included. Deterministic and probabilistic 

sensitivity analyses using Monte Carlo simulation (1000 iterations) were performed.

Results: According to the model simulations, first-line maintenance erlotinib compared with 

best supportive care in EGFR wild-type stable metastatic NSCLC resulted in 4.57 months 

of life gained (17.82 months for erlotinib versus 13.24 months for best supportive care) and 

1.14 months of life without progression gained (erlotinib 4.29 versus best supportive care 3.15), 

and incremental total costs of erlotinib from €7897 (UK) to €9580 (Germany). The correspond-

ing mean incremental cost per life-year gained of erlotinib ranged between €20,711 (UK) and 

€25,124 (Germany). Sensitivity analyses confirmed these results.

Conclusion: First-line erlotinib maintenance treatment is cost-effective compared with best sup-

portive care in EGFR wild-type stable metastatic NSCLC, irrespective of the country setting.

Keywords: nonsmall cell lung cancer, erlotinib, cost-benefit analysis, epidermal growth factor 

receptor, wild-type, Europe

Introduction
Lung cancer is the most frequently diagnosed malignancy in the world, and the 

leading cause of cancer-related death.1 Based on histology, lung cancer can be broadly 

divided into small cell lung cancer and nonsmall cell lung cancer (NSCLC).2,3 The 

latter accounts for about 80% of all lung cancer cases,1 and is divided into three major 

histological subtypes, ie, squamous cell carcinoma, adenocarcinoma, and large cell 

(undifferentiated) carcinoma.2,3 About 40% of NSCLC patients present with locally 
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advanced noncurable (stage IIIb) or metastatic (stage IV) 

disease,4,5 for which the prognosis is poor. Less than 2% of 

patients with metastatic NSCLC are alive after 5 years.4,5

A biological and genetic variation of lung cancer is 

activating mutations in the tyrosine kinase domain of the 

epidermal growth factor receptor (EGFR).6 The prevalence 

of EGFR activating mutations in NSCLC varies by ethnic-

ity, with rates of 10%–20% estimated in Caucasians and 

30%–40% reported in Asian populations.2 NSCLC with 

no EGFR mutation is generally referred to as EGFR wild-

type.

Standard first-line platinum doublet chemotherapy has 

shown a median overall survival of around 8–10 months.7,8 

First-line platinum doublet chemotherapy is the current 

standard of care for first-line treatment in patients with 

EGFR wild-type, but is recommended to be stopped at dis-

ease progression, or after 4–6 treatment cycles at the latest, 

due to cumulative toxicity and a plateau in effectiveness.2,3 

Following discontinuation of chemotherapy, most patients 

experience disease progression within 2–3 months,9,10 after 

which second-line treatment is recommended.2,3 Studies have 

suggested that 30%–50% of patients do not receive second-

line treatment due to rapid disease progression, increased 

symptom burden, and decreasing performance status.10 

Hence the use of active maintenance therapy introduced 

immediately after first-line platinum doublet chemotherapy 

in patients with complete, partial, or stable disease response 

to treatment has been proposed.2,3 One maintenance treatment 

option is erlotinib, indicated in squamous and nonsquamous 

cell metastatic NSCLC after 4–6 cycles of platinum-based 

chemotherapy.11,12 Besides erlotinib, pemetrexed is the only 

other switch first-line maintenance option, but is only indi-

cated for patients with nonsquamous cell disease.

Erlotinib is an EGFR tyrosine kinase inhibitor. Its effi-

cacy as first-line maintenance therapy has been established 

in the randomized, multicenter, placebo-controlled Phase III 

SATURN trial.13 The SATURN study compared first-line 

maintenance therapy with either erlotinib or best supportive 

care plus placebo (n = 889) following four cycles of platinum-

based chemotherapy in patients with locally advanced or 

metastatic NSCLC. Patients who had not experienced disease 

progression after initial chemotherapy were randomized 1:1 

to receive erlotinib 150 mg/day orally (plus best supportive 

care) or placebo (plus best supportive care) until disease 

progression, unacceptable toxicity, or death. The results dem-

onstrated significant progression-free survival and overall 

survival benefits of erlotinib compared with placebo in the 

intention-to-treat population (progression-free survival 

hazard ratio [HR] 0.69, 95% confidence interval [CI] 0.58–

0.82, P , 0.0001; overall survival HR 0.81, 95% CI 0.70–

0.95, P = 0.0088).13 The subpopulation of patients with stable 

disease following initial first-line chemotherapy appeared 

to benefit more from erlotinib than those with a previous 

complete or partial response,13 and it is for this stable disease 

group that erlotinib is indicated as a maintenance treatment 

in the European Union.11

Subgroup analyses of the EGFR wild-type population 

showed a significant progression-free and overall sur-

vival benefit (progression-free survival HR 0.78, 95% CI 

0.63–0.96, P = 0.0185; overall survival HR 0.77, 95% CI 

0.61–0.97, P = 0.0243).13

The cost-effectiveness of first-line maintenance erlotinib 

in patients with metastatic NSCLC and stable disease, includ-

ing all patients irrespective of EGFR mutation status, has 

been demonstrated across three countries in the European 

Union in recent analyses.14 There has not yet been any 

assessment of whether the significant progression-free and 

overall survival benefit in EGFR wild-type patients observed 

in SATURN for first-line maintenance erlotinib corresponds 

to a cost-effective treatment regimen specifically in this 

patient group.

Thus, cost-effectiveness analyses were undertaken 

with the objective of determining the incremental cost-

effectiveness of first-line maintenance erlotinib compared 

with best supportive care in patients with EGFR wild-type 

metastatic NSCLC and stable disease following first-line 

therapy, in five European countries.

Materials and methods
Cost-effectiveness analysis
A cost-effectiveness analysis using standard analytic decision 

methods was undertaken to assess the incremental cost per 

life-year gained from first-line maintenance erlotinib com-

pared with best supportive care in patients with EGFR wild-

type stable metastatic NSCLC. The model was programmed 

in Microsoft Excel 2003. The perspective of the analysis was 

that of national health care payers in five European countries, 

namely the UK, Germany, France, Spain, and Italy. For the 

base case analyses, costs, and health benefits were discounted 

at a 3.5% rate per annum.

Model structure
An area-under-the-curve (AUC) model (or partitioned 

survival model) was used, consisting of three health states, 

ie, progression-free survival, progression, and death (see 

Figure  1). Patients on first-line maintenance for EGFR 
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wild-type stable metastatic NSCLC entering the model 

receive either erlotinib or best supportive care and were 

simulated over a lifetime horizon. All patients enter the 

model in the “progression-free survival” health state and 

in each month can either progress to a “worse” health state 

(ie, from “progression-free survival” to “progression” or 

“death”; or from “progression” to “death”) or remain in the 

same health state.

The AUC model calculates the likelihood of patients 

remaining in either progression-free survival or overall sur-

vival without discrete transitions using individual parametric 

survival curves fitted to the Kaplan–Meier curves from the 

SATURN study. The difference in the proportion of patients 

with overall and progression-free survival at any time is 

assumed to be the proportion of patients in the “progression” 

health state; death is calculated as the residual of the overall 

survival curve. Because an event (“progression” and “death”) 

can occur at any time and not just at the end of each month, 

a half-cycle correction was applied which assumed that both 

costs and effects occur half way through a model cycle.

Survival data
Progression-free and overall survival data from the EGFR 

wild-type stable metastatic NSCLC patients in SATURN 

were fitted with parametric functions to extrapolate the data 

beyond the trial period over patients’ lifetimes. Log-logistic 

functions [1/(1 +  t × α)β] were used to simulate the time-

dependent (t = time in months) probabilities of staying in the 

progression-free survival health state (erlotinib, α = 0.097, 

β = 2.151; best supportive care, α = 0.019, β = 2.151) and 

in the overall survival health state (erlotinib, α  =  0.009, 

β  =  1.901; best supportive care, α  =  0.017, β  =  1.901), 

respectively. These log-logistic functions provided the best fit 

to the data (assessed by the AUC statistic and log-likelihood 

ratio test) when testing various parametric functions (eg, log 

normal, exponential, gamma).

Cost input
For estimation of the erlotinib medication costs it was 

assumed that, as per the SATURN protocol, patients received 

a single daily dose of 150 mg of erlotinib orally (dispensed 

in packs of 30 tablets). Drug costs were modeled on the basis 

of current ex-factory prices. As in any trial, some patients 

in SATURN cease treatment prior to disease progression 

because of treatment-related toxicities; withdrawal due to 

adverse events occurred in 20 patients (5%) in the erlotinib 

group versus seven patients (2%) in the best supportive care 

group.13 In the base case, erlotinib treatment was assumed for 

the time from when patients enter the model until treatment 

cessation, based on information from the SATURN trial. The 

potential costs of administering the oral drug erlotinib was 

considered to be small, with negligible total cost impact, and 

were thus not taken into account.

The costs of treating adverse events associated with 

erlotinib were modeled on the basis of incidence rates of 

adverse events $ grade 3 with a frequency $ 1% observed 

in the SATURN stable disease population prior to dis-

ease progression, ie, diarrhea (1.6%) and rash (5.2%). All 

adverse events $ grade 3 occurred in the erlotinib arm; in 

the placebo arm, no grade 3 or higher events were observed 

and thus adverse event costs were not considered for best 

supportive care. Incidence rates were multiplied with unit 

cost per adverse event episode to derive an average adverse 

event treatment cost, which was applied in the first model 

cycle (see Table 1).

For patients experiencing disease progression during 

the simulation, it was assumed that 73% received active 

second-line treatment which was the proportion seen in the 

SATURN trial. Active treatment with docetaxel for 90 days 

was assumed (reflecting the median therapy duration in major 

randomized controlled Phase III trials15–17), the costs of which 

were assessed on the basis of current ex-factory prices.

Sensitivity analyses
Model inputs and assumptions for the base case analysis 

were tested in both deterministic and probabilistic sensitivity 

analyses that investigated the impact of changes in key input 

parameters. Univariate deterministic sensitivity analyses 

were undertaken varying the following cost variables one 

Figure 1 Health state transitions simulated in the cost-effectiveness model.
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by one, ie, administration costs, second-line treatment costs, 

discount rates for effects, and costs (see Table 1 for parameter 

values tested). The base case setting on treatment duration of 

erlotinib (until treatment cessation) was tested by assuming 

treatment until disease progression (during the whole period 

of progression-free survival).

A probabilistic sensitivity analysis was also conducted 

to determine the overall influence of uncertainty within the 

model. Distributions around point estimates of key variables 

were defined that reflect parameter uncertainty. A second-

order Monte Carlo simulation with 1000 iterations was run, 

drawing random values simultaneously from the predefined 

distributions. One thousand iterations were chosen because 

these provide a sufficiently high number to produce stable 

probabilistic health and economic outcomes, comparable 

with results of deterministic analyses. The following types of 

distributions were defined: gamma distributions that account 

for the impossibility of negative costs and which simulate 

potential high cost outliers (for cost of administering erlotinib, 

adverse event costs, and costs of second-line treatment), beta 

distribution generally used to describe proportions (for the 

proportion of patients receiving second-line treatment), and 

using Cholesky decomposition of the variance-covariance 

matrix within log-logistic survival functions (for progression-

free survival and overall survival models).

Results
In patients with stable EGFR wild-type metastatic NSCLC, 

the model simulations showed that first-line maintenance 

erlotinib compared with best supportive care, resulted in 

4.6 months of life gained (17.8 months for erlotinib versus 

13.2 months for best supportive care); and 1.1 months of 

life without progression gained (4.3  months for erlotinib 

versus 3.2 months for best supportive care). The analyses 

showed total costs of erlotinib ranging from €10,542 (Italy) 

to €13,203 (Germany) and total costs of best supportive care 

from €2393 (Italy) to €3623 (Germany), resulting in total 

incremental costs ranging from €7897 (the UK) to €9580 

(Germany). Mean incremental costs per life-year gained 

with first-line maintenance erlotinib compared with best 

supportive care in stable EGFR wild-type metastatic NSCLC 

ranged between €20,711 (the UK) and €25,124 (Germany); 

all well within ranges typically considered as cost-effective 

(Table 2).

Sensitivity analyses results did not vary much because of 

changes in input values. The most sensitive variables were 

the discount rate for effects and duration of treatment. Lowest 

incremental cost-effectiveness ratios were found when lower-

ing the discount rate for the treatment effect to 0%, highest 

values when assuming erlotinib treatment until progression 

and not until treatment cessation (Table 2).

The cost-effectiveness acceptability curves resulting from 

probabilistic sensitivity analyses show that erlotinib would 

be considered cost-effective across the range of possible 

willingness-to-pay thresholds (see Figure 2). Looking exem-

plarily at a cost per life-year gained threshold of €50,000, 

the probability that erlotinib is cost-effective is 93.6% in the 

UK, 91.0% in Germany, 91.7% in France, 92.1% in Spain, 

and 92.9% in Italy.

Discussion
This analysis is the first to assess the cost-effectiveness of 

erlotinib as first-line maintenance treatment in patients with 

stable EGFR wild-type metastatic NSCLC. The results of the 

modeled analyses demonstrate an incremental costs per life 

year gained ranging between €20,711 and €25,124 comparing 

first-line maintenance erlotinib with best supportive care in 

five European countries (UK, Germany, France, Spain and 

Italy), and thus well within a range generally considered as 

cost-effective. Deterministic and probabilistic sensitivity 

Table 1 Input values used in the cost-effectiveness model analyses for the five European countriesa

Input value UKb Germany France Spain Italy

Erlotinib cost (30 × 150 mg pack)c €1902 €2309 €2129 €2.045 €1963
Administration erlotinib/month €0 (€0; €50) €0 (€0; €50) €0 (€0; €50) €0 (€0; €50) €0 (€0; €50)
Diarrhead €305 €186 €2632 €264 €394
Rashd €150 €191 €214 €14 €8
Mean erlotinib adverse event costse €13 €13 €54 €5 €7
Cost of second-line treatmentf €3803  

(€3043; €4184)
€5193  
(€4154; €5712)

€4638  
(€3710; €5102)

€3656  
(€2925; €4022)

€3431  
(€2745; €3774) 

Discount rate costs and effects 3.5% (0%, 6%) 3.5% (0%, 6%) 3.5% (0%, 6%) 3.5% (0%, 6%) 3.5% (0%, 6%)

Notes: aCost data given in brackets shows low and high values used in deterministic sensitivity analyses; bBritish pounds were converted into Euros using the European 
Central Bank reference exchange rate 2010 (1.1657); cCountry-specific ex-factory prices; UK, British National Formulary (BNF 58); Germany Lauertaxe May 15, 2010; 
France, email communication; Spain, General Spanish Council of Pharmacists BOT database of pharmaceutical prices; Italy, L’informatore farmaceutico 2010; dCosts were 
assessed by expert interviews; eCalculated on the basis of the incidence of $grade 3 event frequencies for diarrhea and rash and the unit costs above; f90-day treatment with 
docetaxel, based on ex-factory prices December 2010 (France August 2010), high/low values are +10%/–20%.
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Table 2 Results of cost-effectiveness analyses: base case and sensitivity analyses for five European countries

Country UK Germany France Spain Italy

Comparators ERL BSC ERL BSC ERL BSC ERL BSC ERL BSC

Base case: mean overall survival and costs
Mean years without  
progression (months)

0.36  
(4.29)

0.26  
(3.15)

0.36  
(4.29)

0.26  
(3.15)

0.36  
(4.29)

0.26  
(3.15)

0.36 
(4.29)

0.26  
(3.15)

0.36  
(4.29)

0.26  
(3.15)

Mean life-years (months) 1.49  
(17.82)

1.10  
(13.24)

1.49  
(17.82)

1.10  
(13.24)

1.49  
(17.82)

1.10  
(13.24)

1.49  
(17.82)

1.10  
(13.24)

1.49  
(17.82)

1.10  
(13.24)

Mean total cost, € 10,551 2653 13,203 3623 12,109 3236 11,039 2551 10,542 2393
ICER – cost per life year gained of erlotinib versus BSC, €
Base case 20,711 25,124 23,271 22,261 21,368
Deterministic SA: ICER – cost per life year gained of erlotinib versus BSC, €
Discount rate effect 0% 19,111 23,184 21,474 20,542 19,718
Treatment duration: PFS 23,132 28,064 25,981 24,865 23,867

Abbreviations: ERL, erlotinib; BSC, best supportive care; ICER, incremental cost-effectiveness ratio; SA, sensitivity analyses; PFS, progression-free survival.
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Figure 2 Results of probabilistic sensitivity analyses: cost-effectiveness acceptability curves for all five countries.

analyses confirmed these findings, indicating that erlotinib 

first-line maintenance in stable EGFR wild-type metastatic 

NSCLC translates into improved overall survival and cost-

effectiveness across jurisdictions in Europe. These analyses 

are based on empiric progression-free and overall survival 

data from the SATURN trial, and several parametric survival 

models were tested to identify the model with the best fit to 

the data.

In the SATURN trial, biomarker analyses for EGFR status 

showed that first-line maintenance erlotinib was efficacious 

irrespective of the EGFR status.13 However, for the EGFR 

activating mutation-positive stable metastatic NSCLC 

population, patient numbers in SATURN were too small 

(n = 20) to fit survival models around the data reliably, and 

hence model the cost-effectiveness.

The cost-effectiveness of first-line maintenance erlotinib 

versus best supportive care stable metastatic NSCLC popu-

lation, including all patients irrespective of EGFR mutation 

status, throughout European countries has recently been dem-

onstrated in modeled analyses by Vergnenegre et al.14 This 

analysis found that first-line maintenance erlotinib resulted 

in incremental costs per life year gained of between €27,885 
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and €39,783. Survival in this analysis was also modeled 

on the basis of the SATURN data. However, as the overall 

SATURN stable disease population showed a lower overall 

survival treatment effect than the stable EGFR wild-type sub-

population, the incremental cost-effectiveness ratios reported 

by Vergnenegre et al were higher than in our analyses. The 

lower survival in the overall stable disease population could 

potentially be explained by the fact that 50% of patients 

in SATURN were of either “indeterminate” or “missing” 

EGFR mutation status, with 44% being wild-type and only 

6% having EGFR activating mutations. This low proportion 

of patients tested for EGFR status may explain the observed 

variations in results.

The analyses presented are based on robust and 

transparent modeling and costing methods. Ex-factory 

drug prices were assumed for both erlotinib and second-

line treatment (docetaxel), without considering potential 

pricing schemes available in the countries included. 

Administration costs were not considered for the base 

case analysis because they were regarded as negligible, 

given that erlotinib is administered orally. Sensitivity 

analyses varying administration costs have confirmed 

this assumption, because this parameter was not found to 

influence the results significantly. Costs of best supportive 

care were not considered in either the erlotinib or the best 

supportive care comparison group, because these costs 

are likely to be similar in both and thus their exclusion 

should not greatly affect the differences in costs and in the 

incremental cost-effectiveness ratios observed.

Assumptions on second-line treatment had to be made 

(for patients experiencing disease progression in the course 

of the simulation), whereby 90 days of docetaxel treatment 

was assumed for a proportion of patients. Other more expen-

sive second-line agents such as pemetrexed are increasingly 

being utilized in first-line treatment, which was the reason 

for using docetaxel to estimate second-line treatment costs. 

Even higher second-line treatment costs would probably not 

affect incremental cost-effectiveness ratios, because these 

costs are likely to be comparable between the erlotinib and 

the best supportive care groups.

In addition, given that patients receiving erlotinib might 

progress later than patients in best supportive care, discount-

ing costs might actually lead to higher overall second-line 

costs accrued in the best supportive care arm than in the 

erlotinib arm. This effect can be observed in the model, 

where second-line costs are spread pro rata across the pro-

gressive disease period. In order to test the impact on results 

of uncertain variables, all uncertain input parameters were 

tested in deterministic and probabilistic sensitivity analyses 

that demonstrated the robustness of base case results.

Besides erlotinib, other first-line maintenance options 

include targeted agents, such as bevacizumab, added to 

first-line platinum doublet chemotherapy and then con-

tinued until disease progression (continuous maintenance 

therapy).2,3 Besides erlotinib, pemetrexed is the only other 

switch first-line maintenance option, but it is only indicated 

for nonsquamous cell patients,18 whereas erlotinib is indicated 

in both nonsquamous and squamous cell patients.11

A recent population-matched indirect comparison of 

erlotinib and pemetrexed considering the intention-to-treat 

population of the SATURN and JMEN trials has found 

both treatments to be similarly efficacious.19 In addition, 

Nuijten et al have demonstrated that erlotinib is less costly 

than pemetrexed.20 Further considering other demonstrated 

advantages of erlotinib in terms of tolerability, administra-

tion, and patient convenience,19 erlotinib appears to be the 

preferred treatment option over pemetrexed. Considering 

this, and taking into account that pemetrexed is only indicated 

in nonsquamous patients, whereas most EGFR wild-type 

patients are squamous, we did not regard pemetrexed as an 

appropriate comparator and therefore focused our analysis 

on comparing erlotinib with best supportive care.

In first-line NSCLC therapy, the choice of therapy accord-

ing to EGFR mutation status has been proposed as a way to 

target treatment to the patient group that is most likely to 

benefit from erlotinib therapy. For example, somatic muta-

tions in the EGFR gene have been proposed as the most 

robust biomarkers for EGFR-targeted choice of therapy in 

first-line NSCLC therapy.21 However, for first-line mainte-

nance, second-line and third-line therapy, there is no evidence 

supporting such an EGFR biomarker-based patient selection 

scheme for erlotinib.21,22 According to the clinical perspective 

shown above, our health economic analyses do not provide 

any indication for using EGFR activating mutation status 

as a predictor of more or less cost-effective subgroups for 

treatment with erlotinib, because patients with wild-type 

EGFR appear to benefit from first-line maintenance erlotinib 

at reasonable cost.

Conclusion
First-line erlotinib maintenance treatment is efficacious and 

represents good value for money compared with best sup-

portive care, regardless of country setting, in patients with 

metastatic NSCLC and stable wild-type EGFR according to 

a cost-effectiveness model based on the Phase III SATURN 

trial data.
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