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Background: The clinical benefit of erlotinib in treating epidermal growth factor receptor (EGFR) 
wildtype non-small cell lung cancer (NSCLC) has been questioned. We examined the impact of erlotinib in 
confirmed EGFR wildtype patients in two placebo-controlled phase III trials: the National Cancer Institute 
of Canada Clinical Trials Group BR.21 (BR.21) and Sequential Tarceva in Unresectable Non-Small Cell 
Lung Cancer (SATURN) trials.
Methods: Combined re-analysis of progression-free survival (PFS) and overall survival (OS) in patients 
with known wildtype EGFR, estimated by Kaplan-Meier curves and compared by two-sided log-rank test. 
Cox proportional hazards model was used to estimate hazard ratios (HR) adjusted for potential confounders. 
Additional analyses assessed comparability of patients with known and unknown EGFR mutation status to 
determine generalizability of the two study populations.
Results: Mutation status was known in 25% (n=184 of 731) of the BR.21, and 49% (n=437 of 889) of 
the SATURN populations, of which 82% (n=150) and 89% (n=388) respectively had wildtype EGFR. HR 
for PFS was 0.71 (95% CI, 0.59-0.85; P<0.01) and for OS was 0.72 (95% CI, 0.59-0.88; P<0.01). Baseline 
characteristics and outcome (PFS and OS) distributions were similar for patients with known and unknown 
EGFR status, suggesting generalizability of the EGFR wildtype data. Erlotinib benefit was sustained in all 
clinical subsets.
Conclusions: Erlotinib provided a consistent and significant improvement in survival for patients with 
EGFR wildtype NSCLC in both studies, individually and in combination. The benefit of erlotinib does not 
appear to be limited to patients with activating mutations of EGFR.
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Introduction

The aggregate 5-year survival rate of patients with non-
small cell lung cancer (NSCLC) is 16%. Almost half of 
all patients present at diagnosis with stage IV disease, 
which has a 5-year survival rate of 4% (1). Majority of 
patients who present with earlier stage disease will die 
with relapsed or metastatic disease, even after curative-
intent treatment (2). Although usually incurable, stage IV 
NSCLC can be treated with the expectation of a modest, 
but significant, improvement in life expectancy and quality 
of life. Unfortunately, all patients with advanced NSCLC 
will develop progressive disease at some point even after 
effective first line systemic therapy.

The median progression-free survival (PFS) after second 
line therapy for NSCLC is about 2-3 months (3,4). The 
landmark clinical trial National Cancer Institute of Canada 
Clinical Trials Group BR.21 (BR.21), demonstrated the 
superiority of the epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor (TKI) erlotinib over placebo in 
controlling disease, delaying progression and prolonging 
survival in patients whose disease had progressed after 
one or two prior lines of chemotherapy (5). Erlotinib also 
delayed the onset of disease progression and prolonged 
survival in the Sequential Tarceva in Unresectable Non-
Small Cell Lung Cancer (SATURN) trial, a placebo-
controlled trial of a modified strategy in which patients who 
had responded to a pre-determined number of platinum 
doublet chemotherapy cycles were immediately started, and 
continued until treatment failure, on second-line (‘switch 
maintenance’) therapy prior to evident failure of first line 
therapy (6).

The striking response of patients with activating 
mutations of EGFR to TKI therapy has raised the possibility 
that the benefit of erlotinib in the switch maintenance 
and post-first-line therapy setting may be predominantly 
attributable to benefit in subsets of patients with activating 
mutations of EGFR. This notion is supported by data in the 
frontline setting, where the use of a different EGFR TKI 
in patients with wildtype EGFR was associated with worse 
outcomes than the use of conventional chemotherapy (7).  
Because activating mutations of EGFR are present in 
only 10-16% of NSCLC patients in Western populations 
absence of benefit in wild-type patients would imply that 
the use of EGFR TKI therapy is futile in the majority 
of patients (8,9). Unfortunately, because of the timing of 
discovery, neither BR.21 nor SATURN prospectively tested 
the relationship between mutation status and treatment 

effects, leaving open the possibility that the observed benefit 
is limited to patients with activating mutations of EGFR.

However, the EGFR pathway is activated in NSCLC 
with wild-type EGFR lacking the excessive kinase activity 
of the mutant EGFR receptor, which accounts for the 
oncogenic effect of driver mutations of EGFR (8,10). 
This more modest activation of the EGFR pathway 
is nevertheless cancer-promoting by stimulating cell 
proliferation, inhibiting apoptosis, stimulating angiogenesis, 
cellular motility and invasiveness (10). Therefore, we 
hypothesized that erlotinib therapy benefits patients with 
EGFR wild type NSCLC after prior platinum doublet 
chemotherapy. We examined the subset of patients in BR.21 
and SATURN who were documented to have wildtype 
EGFR. Our objective was to quantify the survival impact of 
erlotinib therapy in these patients.

Patients and methods

Sources of data

We obtained patient-level information from BR.21 and 
SATURN, which are both large double-blind prospective 
randomized, placebo-controlled clinical trials of erlotinib 
therapy in patients who had already received conventional 
platinum-doublet chemotherapy. Majority of patients 
enrolled in BR.21 were from North and South America. 
Patients with Eastern Cooperative Oncology Group 
(ECOG) performance status 0 to 3, who had progressed 
after first or second line therapy (including a platinum 
doublet), were eligible. Key eligibility criteria and other 
details of this study have been published (5). In the 
SATURN trial, patients with ECOG performance status 0-1 
who had stable or responsive disease after up to 4 cycles of 
platinum doublet chemotherapy were randomized to early 
second line therapy (now referred to as switch maintenance 
therapy) with either erlotinib or placebo. The SATURN 
trial enrolled patients from multiple sites around the world, 
but predominantly from Europe (6).

Algorithm for mutation testing

The predictive and prognostic value of EGFR mutations 
was first reported in 2004, well after enrollment of patients 
into BR.21, but during enrollment for SATURN (11-13).  
There was no mandate for submission of tissue with 
enrollment into BR.21 and all available information on 
the mutation status of patients on this study has been 
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obtained retrospectively (14). Tissue submission was 
mandated in the SATURN trial, however, the hierarchy 
of testing placed greater emphasis on EGFR expression 
testing by immunohistochemistry (IHC) and fluorescent 
in-situ hybridization (FISH) in that order, with testing for 
EGFR mutation third in priority and only performed when 
sufficient tissue remained (15). Consequently, only 25% of 
the BR.21, and 49% of the SATURN population had their 
EGFR mutation status available.

Statistical analyses

We compared PFS and overall survival (OS) outcomes 
between the erlotinib and placebo treatment groups within 
the EGFR wild-type subpopulation according to the 
intention-to-treat principle. PFS was measured from the 
date of randomization until investigator-assessed disease 
progression or death from any cause. OS was measured 
from the date of randomization until death from any 
cause. The PFS and OS distributions were estimated by 
Kaplan-Meier curves and compared using the two-sided 
log-rank test. The Cox proportional hazards regression 
model was used to estimate hazard ratios (HR) (erlotinib 
vs. placebo) adjusted for potential baseline confounders 
(ECOG performance status, age, race, sex, smoking history, 
histology, and duration of time from initial diagnosis of 
NSCLC to study randomization). Analyses of combined 
data further stratified by study (SATURN vs. BR.21) when 
comparing erlotinib vs. placebo.

We analyzed the BR.21 and SATURN studies separately, 
and also performed a pooled analysis, in which we 
combined patient-level data across the EGFR wild-type 
BR.21 and SATURN study populations. We performed 
additional analyses to evaluate the comparability of baseline 
characteristics and survival outcomes between the patients 
with known and unknown EGFR status information in 
order to assess the generalizability of the BR.21 (25% 
known) and SATURN (49% known) EGFR wild type study 
subpopulations. Because post-study therapy was initiated 
at the discretion of the investigator, we also performed 
additional analyses using a Cox proportional hazards model 
to adjust for the impact of post-study therapies on OS 
comparisons.

Results

In BR.21, 184 of 731 (25%) enrolled patients had their 
mutation status determined; in SATURN, 437 of 889 

(49%) were determined. The key clinical and demographic 
characteristics of patients were similar between erlotinib 
and placebo treated patients known to have wild-type 
EGFR in both trials (Table 1). In the BR.21 study, which 
used a 2:1 randomization schema, 102 of 117 (87%) patients 
randomized into the erlotinib treatment arm and 48 of 67 
(72%) patients randomized into the placebo arm are known 
to have wild-type EGFR. The median PFS was 2.2 months 
for patients treated with erlotinib, compared to 1.8 months 
in patients who received placebo [HR 0.55; 95% CI, 0.37-
0.81; P<0.005 (Figure 1A)]. The median OS was 8.1 months 
with erlotinib therapy, compared to 3.4 months with 
placebo therapy [HR 0.68; 95% CI, 0.45-1.02; P=0.144 
(Figure 1B)].

In the SATURN study, 199 of 221 (90%) patients 
randomized to treatment with erlotinib and 189 of 216 
(88%) randomized to placebo therapy had wild-type EGFR. 
The median PFS was 2.8 months with erlotinib therapy 
and 2.0 months with placebo [HR 0.76; 95% CI, 0.62-0.94; 
P=0.018 (Figure 2A); the median OS was 11.3 months from 
the time of randomization for patients who were assigned 
to the erlotinib maintenance arm, vs. 10.2 months in the 
placebo maintenance cohort (HR 0.72; 95% CI, 0.57-
0.91; P=0.024 (Figure 2B)]. The SATURN study evaluates 
survival over a longer period in part because patients were 
enrolled into the trial shortly after completing 4 cycles of 
first line platinum doublet therapy, before they had any 
evidence of disease progression.

The comparison of PFS, when patients on both trials 
were combined, revealed a significant improvement in 
patients treated with erlotinib, compared to those who 
received placebo [HR 0.71; 95% CI, 0.59-0.85; P<0.01 
(Figure 3A,B)]. Analysis of key clinical and demographic 
subgroups in the combined population reveals that the 
benefit of erlotinib was maintained in all groups of patients 
(Figure 3C). The OS comparison in the combined study 
population similarly revealed a significant benefit in 
recipients of erlotinib therapy [HR 0.72; 95% CI, 0.59-
0.88; P<0.01 (Figure 4)]. Sensitivity analyses of OS (in 
the combined trial population) which adjust for post-
study therapy also suggested a benefit of erlotinib therapy 
compared to placebo (HR 0.75; 95% CI, 0.61-0.92; 
P=0.005).

Figure 5 displays the Kaplan-Meier curves comparing 
PFS and OS distributions between patients whose EGFR 
status was known vs. unknown in the SATURN and BR.21 
studies. The log-rank P values for each comparison are 
all >0.14 suggesting that the PFS and OS distributions do 
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not differ according to whether EGFR status was known. 
In addition, baseline characteristics were generally well 
balanced between known and unknown EGFR status in 
both studies (data not shown). These results suggest that 
while the EGFR status was known for only a subset of the 
‘intention-to-treat’ population (25% for BR.21 and 49% 
for SATURN), analyses based on the study population with 
known EGFR status may be representative of the overall 
study population.

Discussion

Optimizing survival of patients with metastatic NSCLC 
entails effective use of currently available systemic therapy. 
Virtually all recipients of first line chemotherapy for stage 
IV NSCLC will experience disease progression at some 
point. At that time, the therapeutic options for further 
extension of life are limited to a few drugs. Erlotinib is 

one of the few drugs currently approved by regulatory 
agencies, such as the US Food and Drug Administration 
and the European Medicines Agency, for use in this setting. 
Optimization strategies have gone from conventional line-
of treatment-directed therapy, to a switch maintenance 
strategy which is essentially a strategy of early second 
line therapy with the putative advantage of guaranteeing 
exposure to effective drugs before clinical events, such as 
worsening performance status, preclude the possibility of 
treatment (6,16-18).

The dramatic responses and remarkable improvement 
in PFS seen in patients with activating mutations of EGFR 
naturally raise questions about whether the survival benefits 
found in unselected populations might have been due 
primarily to the benefit in the minority population with 
these mutations (19,20). We need to know if EGFR TKIs 
do not provide demonstrable benefit in patients with EGFR 
wild-type NSCLC, in order to avoid exposing such patients 

Table 1 Baseline characteristics of wild-type populations from NCIC CTG BR.21 and SATURN

Parameter
BR.21 SATURN

Placebo, n=48 Erlotinib, n=102 Both, n=150 Placebo, n=189 Erlotinib, n=199 Both, n=388

Age

Median [range] 61 [54-68] 61 [55-69] 61 [54-69] 59 [53-66] 60 [54-67] 60 [54-67]

>65 years, n [%] 21 [44] 40 [39] 61 [41] 56 [30] 67 [34] 123 [32]

Male sex, n [%] 30 [62] 70 [69] 100 [67] 150 [79] 161 [81] 311 [80]

Race, n [%]

Asian 1 [2] 5 [5] 6 [4] 20 [11] 11 [6] 31 [8]

Caucasian 42 [88] 89 [87] 131 [87] 164 [87] 185 [93] 349 [90]

Other 5 [10] 8 [8] 13 [9] 5 [3] 3 [2] 8 [2]

ECOG PS, n [%]

0 9 [19] 13 [13] 22 [15] 69 [37] 64 [32] 133 [34]

1 26 [54] 52 [51] 78 [52] 120 [63] 135 [68] 255 [66]

2 10 [21] 27 [26] 37 [25]

3 3 [6] 10 [10] 13 [9]

Smoking history, n [%]

Current 40 [83] 78 [76] 118 [79] 110 [58] 116 [58] 226 [58]

Past Unknown Unknown Unknown 57 [30] 58 [29] 115 [30]

Never 6 [12] 21 [21] 27 [18] 22 [12] 25 [13] 47 [12]

Histology, n [%]

Adenocarcinoma 23 [48] 51 [50] 74 [49] 76 [40] 83 [42] 159 [41]

Squamous 18 [38] 35 [34] 53 [35] 96 [51] 95 [48] 191 [49]

Other 7 [15] 16 [16] 23 [15] 17 [9] 21 [11] 38 [10]

ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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Figure 1 Survival of patients with documented wildtype EGFR non-small cell lung cancer in BR.21. (A) Progression-free survival (PFS); (B) 
overall survival (OS). EGFR, epidermal growth factor receptor; HR, hazard ratios.

Figure 2 Survival of patients with documented wildtype EGFR in SATURN. (A) Progression-free survival (PFS); (B) overall survival (OS). 
EGFR, epidermal growth factor receptor; HR, hazard ratios.
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Figure 3 Progression-free survival (PFS) analysis of patients 
with documented wildtype EGFR in the BR.21 and SATURN 
intention-to-treat populations. (A) PFS for the combined BR.21 
and SATURN wildtype sub-populations; (B) forest plot of PFS 
hazard ratios (HR) for the individual and combined (BR.21 and 
SATURN) wildtype sub-populations; (C) forest plot of PFS for the 
combined (BR.21 and SATURN) wildtype sub-populations where 
we estimate the HR’s within baseline sub-populations. EGFR, 
epidermal growth factor receptor; Erl, erlotinib; PBO, placebo; 
ECOG, Eastern Cooperative Oncology Group; PS, performance 
status.

Figure 4 Overall survival (OS) analysis of patients with 
documented wildtype EGFR in the BR.21 and SATURN 
intention-to-treat populations. (A) OS for the combined BR.21 
and SATURN wildtype sub-populations; (B) forest plot of OS 
hazard ratios (HR) for the individual and combined (BR.21 and 
SATURN) wildtype sub-populations; (C) forest plot of OS for the 
combined (BR.21 and SATURN) wildtype sub-populations where 
we estimate the HR’s within baseline sub-populations. EGFR, 
epidermal growth factor receptor; Erl, erlotinib; PBO, placebo; 
ECOG, Eastern Cooperative Oncology Group; PS, performance 
status.
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to futile therapy. The temporal evolution of knowledge 
about EGFR mutations came too late for prioritization of 
prospective mutation testing in the two landmark clinical 
trials of erlotinib therapy. We have therefore performed a 
combination analysis using patient level data to quantify 
the benefit of erlotinib therapy in the EGFR wildtype 
population.

We found a consistent and clinically meaningful risk 
reduction of approximately 30% in patients with wildtype 
EGFR who were treated with erlotinib in the individual 

studies, and in the combination of studies. Our analysis 
suggests that patients with wildtype EGFR who have 
disease control after initial platinum doublet chemotherapy 
(SATURN), and those with disease progression after first 
line platinum doublet chemotherapy (BR.21), benefit from 
erlotinib therapy (Figure 4C). However, the unplanned, 
retrospective nature of this analysis raises the possibility of 
imbalance in key prognostic factors between the groups. 
For example, only a minority of patients enrolled into both 
studies are known to be EGFR wild-type because a large 

Figure 5 Progression-free survival (PFS) and overall survival (OS) of patients in BR.21 and SATURN, based on knowledge of epidermal 
growth factor receptor (EGFR) status. (A) BR.21 PFS; (B) BR.21 OS; (C) SATURN PFS; and (D) SATURN OS.
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proportion of patients were never tested. Although our 
additional analyses suggest that the results in the subset 
we have analyzed can be generalized to the whole enrolled 
population (Figure 5), we cannot directly confirm this.

Other potential sources of bias in this study include the 
heterogeneity of the study populations. For example, BR.21 
included patients undergoing salvage second- and third-
line systemic therapy for relapsed disease and expanded 
eligibility to patients with relatively poor performance 
status and the results therefore reflect the predominance 
of patients with poorer prognosis than those enrolled into 
SATURN. However, we felt justified in combining these 
two studies because they were both double-blind and 
placebo controlled, enabling us to test the primary question 
of efficacy of erlotinib. Although we performed statistical 
modeling to control for the impact of subsequent therapy 
on the OS analysis, this is still theoretically a source of bias.

In the SATURN trial, patients randomized to the 
erlotinib arm technically received salvage third-line therapy 
at the time of progression, compared to second-line 
therapy in the placebo arm and whereas all patients on the 
erlotinib arm were exposed to potentially effective second-
line therapy (erlotinib), 34% of the patients randomized 
to placebo never received second line therapy at the time 
of progression (6). Because of the technical structure of 
placebo-controlled switch maintenance therapy trials, post-
progression therapy was actually third-line therapy for the 
60% of patients on the erlotinib arm who went on to post-
study therapy upon progression, vs. second-line therapy for 
the 66% of patients randomized to placebo who went on 
to post-study therapy. However, the consistency between 
the PFS and OS data in our analysis suggests a significant 
independent benefit from erlotinib therapy.

The relevance of our analysis to contemporary practice 
may be questioned. After all, in today’s practice, no one 
would offer placebo therapy to patients after first line 
systemic therapy for stage IV NSCLC. Therefore, a more 
relevant question might be the comparative efficacy of 
erlotinib or conventional salvage chemotherapy in this 
setting. Although multiple studies have shown equivalence 
in all end-points of interest including response rates and 
survival when second line therapy with EGFR TKI’s 
has been compared to chemotherapy, these studies have 
included an unselected population (21,22). Therefore the 
question of comparative efficacy in patients with EGFR 
wild-type NSCLC has been open to debate. One attempt 
to address the comparative effectiveness question, the 
TAILOR trial, suggested that Docetaxel therapy was 

associated with superior disease control, and PFS, and 
OS in comparison to erlotinib in the second line therapy 
setting (23,24). Unfortunately, this open-labeled study had 
major methodologic problems, which have left the question 
open to debate (25-27). Furthermore, it is worthwhile 
to point out that up to 40% of patients who receive first 
line systemic chemotherapy for NSCLC never proceed 
to second-line therapy, even in clinical trials (6,16-18). 
Poor understanding of the state of the evidence might lead 
clinicians to believe that erlotinib has no benefit in patients 
with wildtype EGFR. This report clearly points out the 
error of that belief. Until curative therapy for stage IV lung 
cancer becomes available, quantifying the incremental value 
of relatively well tolerated therapy over placebo will remain 
relevant in contemporary practice.

A more interesting challenge is to distinguish subsets 
of EGFR wildtype NSCLC patients who do, and do not, 
benefit from EGFR TKI therapy. Several investigators have 
tackled this problem with some success, including the use of 
proteomic signatures to predict the probability that EGFR 
wildtype patients would, or would not, respond to erlotinib 
therapy. One such study retrospectively applied a proteomic 
signature to the BR.21 wildtype subset (28). The use of this 
test was subsequently validated in a clinical trial (25,29).  
EGFR copy number, protein expression, and micro-RNA 
120b expression have also been reported to help predict 
NSCLC response to TKI therapy (30-33). We are unable 
to address this question in the current data analysis.

In summary, we have demonstrated that the benefit of 
erlotinib therapy in BR.21 and SATURN was not limited 
to patients with activating mutations of EGFR. Significant 
clinical benefit was achieved in patients with EGFR wild-
type NSCLC. Therefore erlotinib remains a viable option 
for treating EGFR wildtype patients with NSCLC after 
prior frontline systemic chemotherapy.
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