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Epidermal Growth Factor 
Receptor Mutations and Tyrosine 
Kinase Inhibitor Therapy  
in Advanced Non-Small-Cell 
Lung Cancer
Executive Summary

Background
Traditional treatment options for advanced (stage IIIA/B, IV) non-small-cell lung cancer (NSCLC) 
depend on tumor stage and location at diagnosis. Outcomes are generally poor, and patients treated 
with current platinum-based chemotherapy often experience severe systemic toxicities. As a conse-
quence, targeted therapies, including those specific to the epidermal growth factor receptor (EGFR), 
have been sought to improve outcomes and reduce systemic toxicities. 

EGFR is a protein kinase involved in key cellular processes that include growth, differentiation,  
apoptosis, and morphogenesis. It is commonly overexpressed on the surface of cells in a variety 
of human epithelial cancers, including NSCLC. Genetic dysregulation in carcinogenesis has been 
associated with constitutive activation of EGFR tyrosine kinase and downstream signaling pathways. 
Anti-EGFR drugs, including the small-molecule tyrosine kinase inhibitors (TKI) gefitinib (Iressa®, 
AstraZeneca; not commercially available for new patients in the U.S.) and erlotinib (Tarceva®, 
Genentech BioOncology) inhibit EGFR activation. In the initial Phase II and Phase III monotherapy 
studies in patients with refractory NSCLC, gefitinib had no survival benefit, but improved interme-
diate outcomes; whereas, erlotinib produced a small, but statistically significant, improvement in 
survival compared to placebo. Subgroup analyses of several trials revealed consistent correlations 
between therapeutic response to TKI drugs and adenocarcinoma histology, female sex, never- 
smoking history, and East Asian ancestry.

These observations, in the context of earlier preclinical findings, led to the identification in 2004 of 
somatic gain-of-function mutations in the tyrosine kinase domain of the EGFR gene—small deletions 
in exon 19 and point mutations in exon 21 (L858R)—in tumor samples from patients who had objec-
tive response to TKI drugs. A corollary to identification of the TKI mechanism of action is that this 
also permits testing to predict response of individual patients’ tumors to these agents. The ultimate 
goal of EGFR mutation testing in this setting is to distinguish patients who would benefit from EGFR 
TKI therapy from those who would not. In the U.S., the impact of EGFR mutation testing on erlotinib 
response is the particular focus of interest.
 
A Technology Evaluation Center (TEC) Assessment on this topic was first published in November 2007 
(Vol. 22, No. 6). This Assessment used a conceptual framework that examined the analytical validity, 
clinical validity, and clinical utility of EGFR mutation analysis as a predictor of clinical response to 
either drug. As defined by the U.S. National Human Genome Research Institute, National Institutes of 
Health (http://www.genome.gov/10002404), the analytical validity of a genetic test defines its ability 
to accurately measure the genotype of interest. The clinical validity of a genetic test defines its ability 
to detect or predict the presence or absence of the phenotype, which in the case of this Assessment 
is defined as response to treatment. The clinical utility of a genetic test refers to the likelihood that 
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using the pretreatment test results to help make management decisions will lead to an improved 
outcome. The 2007 Assessment concluded that there was insufficient evidence to permit conclu-
sions about the clinical validity or utility of EGFR mutation testing to predict erlotinib sensitivity 
or to guide treatment in patients with advanced NSCLC. 

Since that analysis there have been numerous new clinical studies evaluating the relationship 
between EGFR mutations and TKI responses, as well as a large number of additional reviews,  
editorials, and perspectives on this subject. This current Assessment evaluates new information 
available on this subject and updates the analysis using the same conceptual framework applied  
in 2007.

There are now over a dozen studies linking response to erlotinib to EGFR mutation status. Most 
of these studies are either nonconcurrent-prospective designs or one-arm prospective enrichment 
studies (i.e., evaluating response to erlotinib in test-positive or –negative patients only). While 
the statistical interpretations are variable, the studies are quite uniform in suggesting patients 
with EGFR mutation-positive tumors are likely to respond favorably to erlotinib, while patients 
with wild-type tumors are not. In addition, patients with EGFR mutation-positive tumors appear 
to show better tumor response to erlotinib than to standard chemotherapy. Taken together, these 
findings indicate that patients with EGFR mutation-positive tumors are ideal candidates for erlo-
tinib treatment and have a high likelihood of responding favorably to this therapy. Patients with 
wild-type tumors are unlikely to respond to erlotinib therapy and should be considered candidates 
for alternative therapies without delay.

Objective 
The objective of this Assessment is to evaluate EGFR testing as a predictor of tumor response to 
the small-molecule TKI erlotinib (Tarceva®). This would allow for targeted and optimized selec-
tion of patients for TKI therapy based on the EGFR genetic profile of the tumor being treated. 

Search Strategy 
A MEDLINE® search (via PubMed) was performed from May 2007 to December 2010 to obtain 
references to original reports on TKI therapy and mutation analysis in NSCLC, using keywords 
or phrases “EGFR,” “epidermal growth factor receptor,” “tyrosine kinase inhibitor,” “erlotinib,” 
and “mutation.” The electronic search was limited to English-language studies of human sub-
jects. Review articles and meta-analyses provided background information. The bibliographies 
of retrieved articles were consulted to identify references that may have been overlooked by the 
electronic search. The “related articles” function was used in conjunction with key articles to 
identify other papers that may have been missed by the search process. Manufacturers and other 
vendor websites were consulted for information on commercial laboratory assays.

Selection Criteria 
Original full-length, peer-reviewed studies were selected for inclusion if they provided  
sufficient information to calculate the objective radiologic response rate, progression-free  
survival or in some cases, time to progression and/or the overall survival with erlotinib therapy  
for advanced NSCLC.

Main Results 
Thirteen publications provide data on EGFR mutations in tumor samples obtained from NSCLC 
patients in erlotinib treatment studies. Nine of these were nonconcurrent-prospective studies of 
patients treated with erlotinib and then studied for the presence or absence of mutations. Four 
were prospective one-arm enrichment studies of patients with mutation-positive (3 studies) or 
wild-type (1 study) tumors that were treated with erlotinib. 

A total of 630 patients were studied in the 9 nonconcurrent-prospective studies comparing  
erlotinib results in patients with EGFR mutation-positive versus wild-type tumors. The median 
objective radiologic response rates in patients with EGFR mutation-positive tumors was 45%  
compared to 5% in wild-type patients, median progression-free survival in patients with EGFR 
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mutation-positive tumors was 12.5 months compared to 2.5 months in wild-type patients, and 
median overall survival rate in patients with EGFR mutation-positive tumors was 21 months  
compared to 8.1 months in wild-type patients. According to the U.S. Food and Drug Administration 
(FDA) drug label, second-line treatment with erlotinib in untested patients results in a progression 
free survival of 2.8 months and an overall survival of 12 months.

In the 3 prospective studies of patients with EGFR mutation-positive tumors (n=465) treated with 
erlotinib, objective radiologic response rates ranged from 40 to 70%, progression-free survival 
times from 8 to 14 months, and overall survival times from 16 to 29 months. This performance 
was distinctly different than that observed in similarly treated patients with wild-type tumors 
who, in a small independent single-arm enrichment trial (n=30), exhibited an objective radiologic 
response of 3.3%, a progression-free survival of 2.1 months, and an overall survival of 9.2 months. 

In the largest study, EGFR mutation status was measured in 2,105 patients and erlotinib admin-
istered to 217 patients with EGFR mutation-positive advanced NSCLC. In this EGFR mutation-
positive, erlotinib-treated group, the objective radiologic response rate was 70%, median 
progression-free survival 14 months, and median overall survival 27 months. Adverse events 
were most commonly mild rashes and diarrhea. Only about 11% of patients experienced grade 
3 (severe) toxic effects. The authors concluded that using historic benchmarks of response to 
chemotherapy (estimates of objective radiologic response of 30%, progression-free response of 
5 months, and overall survival of 12 months) targeted use of erlotinib appeared to produce an 
improvement in net health outcome.

EGFR testing appears to identify a mutation-positive subset that is particularly sensitive to erlo-
tinib treatment. These patients show superior response when compared to erlotinib treatment 
in patients with wild-type tumors. They also show superior response when compared to the use 
of standard chemotherapy in patients with mutation-positive tumors. Patients whose tumors are 
EGFR mutation positive thus appear to be ideal candidates for erlotinib treatment. Patients with 
wild-type tumors are much less likely to respond to erlotinib and are better served by exploring 
other therapeutic options.

One important final observation is that patients with EGFR mutation-positive tumors and who are 
treated with either erlotinib or with standard chemotherapy appear to exhibit better outcomes 
than patients with wild-type tumors with the same treatments. This suggests part of the predictive 
behavior of mutational testing is attributed to an underlying prognostic signal. Based on the infor-
mation gathered so far, it is impossible to determine the relative magnitude of prognostic versus 
predictive effect observed as a result of testing.

Discussion 
The studies of tumor-cell EGFR gene tyrosine kinase domain mutations consistently demonstrate 
an association between the presence (or absence) of a mutation and therapeutic response (or 
nonresponse) to erlotinib. Patients with EGFR mutation-positive tumors are also likely to show 
better response when treated with erlotinib than with standard chemotherapy and to exhibit an 
improved prognosis, regardless of therapy.
 
While to date there have been no prospective, randomized clinical trials specifically looking at 
how EGFR-directed therapy affects patient outcomes, there is strong evidence that response to 
erlotinib can be predicted based on EGFR mutation status. In evaluating patients with NSCLC,  
a serious disease with a poor overall prognosis, use of EGFR mutation testing appears to be a 
valuable tool in assisting physicians in making optimal treatment choices and improving their  
ability to identify patients likely to benefit or not benefit from erlotinib treatment.

Based on the available evidence, the Blue Cross and Blue Shield Association Medical Advisory 
Panel made the following judgments about whether use of EGFR mutation analysis to predict 
response to erlotinib (Tarceva®) meets the Blue Cross and Blue Shield Association Technology 
Evaluation Center (TEC) criteria. 



Technology Evaluation Center

4 ©2011 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

1. The technology must have final approval from the appropriate governmental  
regulatory bodies.

EGFR mutation analysis is commercially available at both academic medical centers and commer-
cial laboratories. The tests available are being offered as laboratory-developed tests, and at the 
current time, the FDA is not actively regulating these as a matter of enforcement discretion. The 
laboratories performing these tests must meet quality standards as prescribed under the Clinical 
Laboratory Improvement Amendments (CLIA).
  
2. The scientific evidence must permit conclusions concerning the effect of the technology 

on health outcomes.

Evidence compiled from nonconcurrent-prospective studies and one-arm prospective enrich-
ment studies is sufficient to conclude that a gain-of-function somatic mutation in the tumor-cell 
EGFR gene tyrosine kinase domain identifies a population subset (patients with mutation-positive 
tumors) with advanced NSCLC who exhibit improved objective radiologic response, progression-
free survival, and overall survival when treated with erlotinib compared to the same treatment 
in patients with wild-type tumors or to standard chemotherapy in patients with EGFR mutation-
positive tumors. 

Data are strongest for demonstrating differences in objective radiologic response, is less con-
sistent, but strong, for progression-free survival, and is less consistent, but strong, for overall 
survival. Radiologic response is not generally viewed by itself as a meaningful endpoint, since 
its ability to predict standard and more established outcomes such as progression free survival, 
overall survival, or quality of life is not reliable. However, there is a published meta-analysis 
suggesting objective radiologic response is strongly associated with median overall survival in 
patients with NSCLC treated with TKIs. There is also growing discussion that overall survival may 
be a compromised endpoint for NSCLC due to the fact that NSCLC is a particularly aggressive 
disease with an increasing number of treatment choices, many specifically available for cross-over 
use in patients demonstrating resistance to earlier therapies. These cross-over therapies are likely 
to make evaluation of overall survival a challenging, and perhaps impossible, study endpoint.

3. The technology must improve the net health outcome.

Recent prospective and retrospective studies have shown convincing evidence that EGFR muta-
tions can identify disease likely to respond to erlotinib. There is growing evidence that this 
information affects the net health outcome by identifying patients who are likely to exhibit good 
outcomes with this treatment with minimal toxicity. Recent reports suggest EGFR mutations 
also identify patients more likely to respond to erlotinib than to standard chemotherapy. In these 
patients, use of erlotinib therapy may be much more effective than alternative drug choices.

There is also growing information demonstrating that EGFR status can help physicians identify 
wild-type tumors in patients who are unlikely to respond to erlotinib. In these patients, alternative 
treatment choices should be considered. It is therefore prudent for physicians to evaluate patients 
with wild-type tumors carefully, considering the unique patient-specific variables and preferences 
at hand, to discuss these with the patient, and to use this information to make patient-informed, 
collaborative personalized treatment choices.
 
4. The technology must be as beneficial as any established alternatives.

Alternatives—in particular, use of empiric therapy—appear to be less reliable at estimating likely 
objective response and progression-free and overall survival than testing using EGFR mutation 
analysis to select patients for erlotinib therapy. The role for use of clinical risk features (female 
sex, adenocarcinoma histology, nonsmoking history, or Asian heritage) requires further study to 
determine how this information might help in making accurate testing or treatment choices.
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5. The improvement must be attainable outside the investigational settings.

EGFR mutation testing is now widely available commercially, and studies have indicated that  
it is possible to utilize testing for improved decision making at multiple clinical sites. Testing is 
recognized to be of value in centers of oncology excellence, and the only impediment is the need 
for increased access to testing (an ongoing process) and introduction of more wide-scale use of 
tests with rapid turnaround time.

Based on the available evidence, use of tumor-cell EGFR mutation analysis to predict response to 
erlotinib (Tarceva®) in patients with advanced non-small-cell lung cancer meets the TEC criteria.
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of patients with NSCLC present with meta-
static disease (Fathi et al. 2008). When treated 
with standard platinum-based chemotherapy, 
patients with advanced NSCLC have a median 
survival of 8 to 11 months and a 1-year survival 
of 30 to 45% (Martoni et al. 2005; Rudd et al. 
2005). These treatments are typically accompa-
nied by significant toxicities, most commonly 
severe neutropenia and thrombocytopenia. 

New, improved, and targeted treatment alterna-
tives are being sought. Among the alternative 
agents of particular interest have been those 
that target the EGFR signaling pathway (Dei Tos 
and Ellis 2005; Giaccone and Rodriguez 2005; 
Fruehauf 2006; Metro et al. 2006; Sharma et al. 
2007; Toschi and Cappuzzo 2007). EGFR is a 
transmembrane receptor found on the surface 
of normal epithelial cells. It consists of an extra-
cellular ligand-binding domain, a transmem-
brane domain, and an intracellular cytoplasmic 
protein with tyrosine kinase activity. EGFR has 
a number of endogenous ligands that upon 
binding with the receptor, initiate a complex 
signaling cascade that is involved in several 
normal cellular processes including growth,  
differentiation, apoptosis, and morphogenesis.

Laboratory and animal experiments have 
shown that therapeutic interdiction of the EGFR 
pathway could be used to halt tumor growth 
in solid tumors that express EGFR (Fruehauf 
2006). These observations led to the develop-
ment of two main classes of anti-EGFR agents 
for use in various types of cancer: small  
molecule TKIs and monoclonal antibodies 
(MAbs) that block EGFR-ligand interaction 
(Heymach et al. 2006). 

Two orally administered EGFR-selective small 
molecules (quinazolinamine derivatives) were 
identified for use in treating NSCLC: gefitinib 
(Iressa®, AstraZeneca) and erlotinib (Tarceva®, 
Genentech BioOncology). While gefitinib is 
available in Europe, Canada, and Asia, as noted 
(see Assessment Objective), only erlotinib is 
available for use in new patients in the U.S. 

Identifying Candidates for  
Tyrosine Kinase Treatment
During Phase II trials with both erlotinib and 
gefitinib, it was noted that clinical responses 
observed were usually seen in a subset of the 
population characterized by unique clinical and 
pathologic features. These unique characteris-
tics included female sex, adenocarcinoma  
histology, Asian ethnicity and never-smoker 

Assessment Objective

The objective of this Assessment is to evalu-
ate EGFR gene mutation analysis as a means 
to select (or deselect) patients with advanced 
non-small-cell lung cancer (NSCLC) for therapy 
with the small-molecule, tyrosine kinase inhibi-
tor (TKI) erlotinib (Tarceva®). 

Erlotinib was approved by the U.S. Food and 
Drug Administration (FDA) in November 
2004 for use in locally advanced or metastatic 
NSCLC after failure of at least one prior chemo-
therapy regimen 

Another TKI, gefitinib (Iressa®, AstraZeneca), 
received accelerated FDA marketing approval 
in May 2003 based on intermediate outcomes 
in Phase II studies. However, following a report 
of unanticipated poor results with gefitinib in 
a subsequent Phase III monotherapy trial (the 
Iressa Survival Evaluation in Lung Cancer 
trial–ISEL), the FDA revised its labeling to 
restrict use to patients already on this drug. As 
a result, gefitinib is no longer commercially 
available for use in newly diagnosed patients 
in the U.S., although this drug is widely used 
in Asia, Europe, and Canada. Therefore, evi-
dence supporting EGFR gene mutation analysis 
for selecting advanced NSCLC patients for 
gefitinib therapy will be reviewed only in the 
Background section of this Assessment.

Background

Lung Cancer Therapy
Lung cancer is the most frequently diagnosed 
major cancer in the world and the leading 
cause of worldwide cancer mortality. In 2009 in 
the U.S. alone, there were an estimated 219,000 
cases and more than 159,000 deaths (Jemal et 
al. 2010). Lung cancer is classified by the World 
Health Organization into two major types: 
small-cell lung cancer (SCLC) and NSCLC.  
The latter accounts for approximately 85% of 
cases and exhibits unique biologic, therapeutic, 
and prognostic features (U.S. Cancer Statistics 
Working Group 2009). 

Treatment options for NSCLC depend on 
disease stage and include various combinations 
of surgery, radiation therapy, chemotherapy, 
and best supportive care. Unfortunately, in up 
to 85% of cases, the cancer has spread locally 
beyond the lungs at diagnosis, precluding 
surgical eradication. In addition, up to 40% 



Technology Evaluation Center

©2011 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.	 7

EGFR Mutations and Tyrosine Kinase Inhibitor Therapy in Advanced Non-Small-Cell Lung Cancer

will lead to an improved outcome. The 2007 
Assessment concluded that there was insuf-
ficient evidence to permit conclusions about 
the clinical validity or utility of EGFR mutation 
testing to predict erlotinib sensitivity or to guide 
treatment in patients with NSCLC.

The study of the association between changes 
in EGFR gene status and tumor response was 
noted in 2007 to be complicated by the fact 
that there are alternative EGFR gene mutation 
measurement techniques including evalua-
tion of gene copy number, most commonly 
measured by fluorescent in-situ hybridization 
(FISH) (Cappuzzo et al. 2005; Hirsch et al. 
2005; Tsao et al. 2005), and protein expression, 
measured by standard immunohistochemistry 
staining (IHC) (Clark et al. 2006; Cappuzzo et 
al. 2005; Hirsch et al. 2005; Parra et al. 2004; 
Perez-Soler at al. 2004). To date these meth-
odologies appear poorly standardized (Lee et 
al. 2010; Mathieu et al. 2009), and associations 
with drug response have been confusing and 
unpredictable (Hirsch et al. 2006; Dziadziuszko 
et al. 2006; Bell et al. 2005). For the sake of this 
Assessment update, as was true in the original 
2007 Assessment, only mutational analysis 
(using sequencing or nucleic acid amplification 
methodologies) will be considered. 

National Comprehensive Cancer  
Network Guidelines 
The National Comprehensive Cancer Network 
(NCCN; 2010) in the V2.2010 guidelines on 
NSCLC makes several explicit recommenda-
tions or general comments with regard to 
EGFR testing and subsequent treatment  
including:

Systemic Therapy for Advanced or  
Metastatic Disease:
 First line therapy: “Erlotinib for EGFR  

mutation positive patients.” Charts  
indicate use of the drug in patients of  
any performance status: 0–4.

 Erlotinib is listed as a potential drug  
for recurrence or metastasis or third  
line therapy but without reference to  
EGFR testing.

In a section labeled “Principles of Pathologic 
Review—Molecular Diagnostic Studies in Lung 
Cancer,” they retain language in the 2009 
guideline “There is a significant association 
between EGFR mutations, especially exon 19 
deletions and response to TKIs.” 

status (Govidan 2010). Because highly dispa- 
rate clinicopathologic characteristics were 
associated with similar clinical response to  
TKI therapy in the pivotal trials, investigators 
surmised a possible genetic basis for these 
associations (Pao and Miller 2005). 

The centrality of the EGFR pathway in regulat-
ing cellular proliferative processes made this 
pathway a logical target. This idea was sup-
ported by observations in transgenic animal 
models that demonstrated tumors could 
become dependent for growth and maintenance 
on signaling from aberrant tyrosine kinases 
and other oncogenes and that such mutated 
enzymes could be effectively targeted in cancer 
therapy (Weinstein 2002). Consequently, 
several groups sought genetic correlates to  
TKI sensitivity, with the aim of using such 
markers to predict which patients would 
respond and which would not respond to  
anti-EGFR therapies 

Two publications (Lynch et al. 2004; Paez et 
al. 2004) demonstrated that the underlying 
molecular mechanism underpinning dramatic 
responses in these favorably prognostic groups 
was the presence of activating somatic muta-
tions in the tyrosine kinase domain of the 
EGFR gene. The most reliable markers for 
this change appeared to be the presence of 
the mutations themselves detected by direct 
sequencing or polymerase chain reaction tech-
nologies. The two most frequently observed 
changes are small deletions in exon 19 and 
point mutations in exon 21 (L858R) (Giaccone 
and Rodriguez 2005).

A Technology Evaluation Center (TEC)
Assessment on this topic was first published 
in November 2007 (Vol. 22, No. 6). This 
Assessment used a conceptual framework that 
examined the analytical validity, clinical validity, 
and clinical utility of EGFR mutation analysis as 
a predictor of clinical response to either drug. 
As defined by the U.S. National Human Genome 
Research Institute, National Institutes of Health 
(http://www.genome.gov/10002404), the analyti-
cal validity of a genetic test defines its ability 
to accurately measure the genotype of interest. 
The clinical validity of a genetic test defines 
its ability to detect or predict the presence or 
absence of the phenotype, which in the case of 
this Assessment is defined as response to treat-
ment. The clinical utility of a genetic test refers 
to the likelihood that using the pretreatment 
test results to help make management decisions 
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and progression-free survival ranging from 8  
to more than 15 months.

An update of the gefitinib data first sum-
marized in 2007 is presented in Table 1. The 
median objective radiologic response is virtu-
ally unchanged since 2007––72% in patients 
with mutations and 12% in patients with the 
wild-type gene. Progression-free survival in 
gefitinib-treated patients with EGFR mutation-
positive tumors ranged from 6 to 21.7 months 
(median of 12.5) and in patients with wild-
type tumors from 1.7 to 5.5 months (median 
of 2.4) Overall survival in patients with EGFR 
mutation-positive tumors ranged from 4.5 to 
30.4 months (median of 17.1) and in patients 
with wild-type tumors from 1.3 to 15 months 
(median of 7.4).

Of particular interest is the publication since 
2007 of 5 separate reports (2 nonconcurrent-
prospective and 3 single-arm enrichment 
studies) (Table 2) indicating that patients with 
EGFR mutation-positive tumors are likely to 
show a significantly improved objective radio-
logic response and improved progression-free 
survival when treated with gefitinib compared 
to standard chemotherapy. Improvements 
were not observed in overall survival, but as 
was noted in several cases, reasons for lack of 
improvement may have been that the data were 
immature (data collection was on-going) or 
that extensive post-study cross-over treatments 
were employed.

In 2 of the studies, response to TKI versus stan-
dard chemotherapy was evaluated in patients 
with wild-type tumors, as well as patients with 
mutation-positive tumors (Table 3). The study 
by Mok et al. (2009) was performed in Asian 
patients treated with first-line gefitinib; the 
study by Douillard et al. (2010) in predomi-
nantly non-Asian patients receiving second-line 
gefitinib. Both studies suggested EGFR muta-
tions provided both prognostic and predictive 
information on patient response. In virtually 
all categories of analysis, outcome results 
(objective radiologic response, progression-
free survival, overall survival) were superior 
in patients with EGFR mutations compared 
to wild-type patients. The Mok et al. study 
strongly suggested that the use of gefitinib in 
wild-type patients was largely inneffective; 
only 1.1% of patients showed a pharmacologic 
response in this setting compared to 23% of 
patients treated with standard chemotherapy. 
Although it is unclear how well this observation 

There is a section in this guideline on prognos-
tic and predictive studies of EGFR testing, but 
no further explicit recommendations are made.

ASCO Publication Recommendations
In a 2009 publication by the American Society 
of Clinical Oncology (ASCO; Azzoli et al. 2009) 
on chemotherapy for stage IV NSCLC, there 
is a specific suggestion (Recommendation A7) 
that “The first-line use of gefitinib may be rec-
ommended to patients with known epidermal 
growth factor receptor (EGFR) mutation; for 
negative or unknown EGFR mutation status, 
cytotoxic chemotherapy is preferred.” There  
is a second suggestion (Recommendation D1) 
that states 

“Evidence is insufficient to recommend the 
routine use of molecular markers to select 
systemic treatment in patients with meta-
static NSCLC.” A Provisional Clinical Opinion 
regarding the use of EGFR mutation testing 
in patients with advanced NSCLC is pending 
(ASCO 2010).

International Regulatory Approvals 
In 2009, the European Medicine Agency (EMEA) 
and Health Canada both approved use of gefi-
tinib for treatment of patients with advanced-
stage EGFR mutation-positive NSCLC.

Test Performance in Patients Treated  
with Gefitinib
In the 2007 Assessment, the overwhelming 
majority of studies identified to establish dif-
ferential performance in EGFR-positive versus 
wild-type tumors (20 of 23) used gefitinib as  
the drug of choice. Only 3 studies were entirely 
or partially composed of patients receiving 
erlotinib. 

It was noted at this time that while these drugs 
have a strikingly different regulatory status in 
the U.S., they are in many ways remarkably 
alike. As a result the impact of EGFR mutations 
on tumor response in patients treated with 
gefitnib was used as a surrogate for patients  
receiving erlotinib. 

In the 2007 Assessment in studies of 1,471 
patients treated with gefitinib, a mean objec-
tive radiologic response was observed in 72% 
of patients with mutations but only 11% of 
patients with the wild-type gene. Six prospec-
tive one-arm trials of gefitinib in patients with 
EGFR mutation-positive tumors demonstrated 
an objective radiologic response of 75 to 90% 
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Table 1. Studies Evaluating Outcomes According to EGFR Mutation Status in Patients with Advanced NSCLC* Treated with Gefitinib  
(Note: cases in bold represent new reports since 2007)

Study

Tissue Available in 
Treated Patients/
Total Patients 
Treated (%)

Mutation 
Prevalence 
(%)

Objective Radiologic 
Response (%) in 
Mutation-positive 
Patients

Objective Radiologic 
Response (%) in  
Wild-type Patients

Median Progression-
free Survival/Time to 
Progression (months) in 
Mutation-positive/ 
Wild-type Patients

Median
Overall Survival
(months) in  
Mutation-positive/ 
Wild-type Patients

Nonconcurrent-Prospective*

Bell et al. (IDEAL) 2005 119/425 (28) 18 46 10
p<0.0005

6
2
NS

8
6
NS

Bell et al. (INTACT) 2005 312/1422 (22) 11 72 55
NS

Not reached
5.5
NS

14.6
9.3
NS 

Douillard et al.  
(INTEREST) 2010

297/1446 (70) 15 42 7
NR

NR 14.2
7.4
NS

Hirsch et al. (ISEL) 2006 215/1129 (19)
 

11 38 3
p<0.001

NR NR

Mok et al. 2009
(IPASS)

437/1038 (41) 60 71 1
NR

Longer PFS
p<0.001

Overall survival 
NS

Retrospective Trials (tissue availability)

Cappuzzo et al. 2005 89/102 (87) 17 53 5
NR

10
3
p<0.02

20.8
8.4.
NS

Chou et al. 2005 54/145 (37) 64 71 31
NR

7.6
1.7
p<0.01

14.7
4.7
p<0.046

Cortes-Funes et al. 2005 83/220 (38) 12 60 9
p<0.001

12.3
3.6
p<0.002

13
4.9
p<0.02

* This refers to studies in which treatment information has been collected in a standardized manner at some point in the past and mutation status is determined at the time a study of the interaction between  
these two elements is initiated.
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Table 1. Studies Evaluating Outcomes According to EGFR Mutation Status in Patients with Advanced NSCLC* Treated with Gefitinib 
(Note: cases in bold represent new reports since 2007) (cont’d)

Study

Tissue Available in 
Treated Patients/
Total Patients 
Treated (%)

Mutation 
Prevalence 
(%)

Objective Radiologic 
Response (%) in 
Mutation-positive 
Patients

Objective Radiologic 
Response (%) in  
Wild-type Patients

Median Progression-
free Survival/Time to 
Progression (months) in 
Mutation-positive/ 
Wild-type Patients

Median
Overall Survival
(months) in  
Mutation-positive/ 
Wild-type Patients

Retrospective Trials (tissue availability) (cont’d)

Dongiovanni et al. 2008 43/147 (29) 17 100 12
p<0.001

NR 14.9/5
p<0.05

Han et al. 2005 90/219 (41) 19 65 14
NR

21.7/1.8
p<0.001

30.5/6.6
p<0.001

Huang et al. 2004 16/16 (100) 50 88 25
p<0.012

NR 5.4/1.3
NR

Kim et al. 2005 22/98 (23) 27 100 10
p<0.001

12.7/2.8
p<0.003

18.9/4.8
p>0.008

Kondo et al. 2005 12/12 (100) 33 100 0
NR

NR NR

Mitsudomi et al. 2005 50/75 (66) 28 83 10
p<0.001

NR Not reached/
15
p<0.005

Mu et al. 2005 22/22 (100) 45 70 0
p<0.0004

NR NR

Niho et al. 2006 13/40 (32) 31 100 0
NR

NR 15.6/9.7
NR

Rosell et al. 2006 34/34 (100) 23 86 12
p<0.0003

NR 15/2.3
p<0.04

Sasaki et al. 2007 54/54 (100) 48 73 21
p<0.0001

NR NR
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Table 1. Studies Evaluating Outcomes According to EGFR Mutation Status in Patients with Advanced NSCLC* Treated with Gefitinib 
(Note: cases in bold represent new reports since 2007) (cont’d)

Study

Tissue Available in 
Treated Patients/
Total Patients 
Treated (%)

Mutation 
Prevalence 
(%)

Objective Radiologic 
Response (%) in 
Mutation-positive 
Patients

Objective Radiologic 
Response (%) in  
Wild-type Patients

Median Progression-
free Survival/Time to 
Progression (months) in 
Mutation-positive/ 
Wild-type Patients

Median
Overall Survival
(months) in  
Mutation-positive/ 
Wild-type Patients

Retrospective Trials (tissue availability) (cont’d)

Satouchi et al. 2007 91/22 (41) 31 71 11
p<0.001

NR 24.9/7.4
p<0.001

Sone et al. 2007 59/101 (58) 28 59 14
p<0.0005

7.3/1.8
p<0.003

18.9/6.4
p<0.0092

Takano et al. 2007 66/279 (24) 41 84 11
p<0.0001

12.6/1.7
p<0.0001

20.4/6.9
p<0.0001

Taron et al. 2005 68/68 (100) 25 94 12
p<0.0001

NR Not reached/9.9
p<0.001

Tokumo et al. 2005 21/21 (100) 43 89 17
p<0.01

NR 25.1/14
NS

Tomizawa et al. 2005 20/82 (24) 53 100 33
NR

NR NR

Xu et al. 2009 106/106 (100) 30 72 13
NR

15/3
p<0.0001

18.5/6
p<0.0001

Yang et al. 2006 37/196 (12) 52 68 39
NR

NR 14/9.7
p=0.29

Median (range) 72 
(46–100)

12
(1–39)

12.5 
(6–21.7)
2.4
(1.7–5.5)

17.1 
(4.5–30)
7.4
(1.3–15)

*Stage IIIA/B or IV metastatic or recurrent NSCLC
Abbreviations: NR: Not reported; NS: Not significant
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Table 2. Clinical Trials Assessing EGFR Mutations as Predictors of Efficacy of Gefitinib Compared to Standard Chemotherapy

Study

Gefitinib
Objective Radiologic 
Response (%)

Chemo
Objective Radiologic 
Response (%)

Gefitinib
Progression-free 
Survival (months)

Chemo
progression-free 
Survival (months)

Gefitinib
Overall Survival 
(months)

Chemo  
Overall Survival  
(months)

Douillard et al. 2010
n=297
Randomized by therapy,  
second-line therapy

42 21
p=0.040

Hazard ratio 
– gefitinib to 
docetaxel 0.16 with 
95% CI (0.04 to 0.49)

14.2 16.6

Maemondo et al. 2010
n=230
Randomized by therapy,  
first-line therapy

74 31
p<0.001

10.8 5.4
p<0.001

30.5 23.6
p=0.31

Mitsudomi et al. 2010 WJTOG3405
n=172
Randomized by EGFR, first- and  
second-line therapy

62 32
p<0.0001

9.2 6.3
p<0.001

Follow-up 
incomplete

Mok et al. 2009 (IPASS)
n=261
Selected by clinical features, 
randomized by therapy,  
first-line therapy

71 47
p≤0.001

9.5 6.3
p<0.001

~20 ~20
NS

Morita et al. 2009 
n=148
Nonrandomized pooled analysis,  
first- and second-line therapy

79 25
p=0.001

10.7 6
Reported as 
significantly 
different

27.7 25.7
NS
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Table 3. Clinical Trials Assessing EGFR Mutation-positive versus Wild-type Tumors as Predictors of Efficacy of Gefitinib (G) Compared to Standard Chemotherapy (CH) 

Study

Mutation-Positive 
Objective Radiologic 
Response (%)

G	 CH

Wild-Type
Objective Radiologic 
Response (%)

G	 CH

Mutation-Positive
Progression-free 
Survival (months)

G	 CH 

Wild-Type 
Progression-free 
Survival (months)

G	 CH

Mutation-Positive
Overall Survival 
(months)

G	 CH

Wild-Type 
Overall Survival 
(months)

G	 CH

Douillard et al. 2010
n=297
Randomized by therapy,  
second-line therapy 

42 21 6.6 9.8 7 4.1 1.7 2.6 14.2 16.6 6.4 6

Mok et al. 2009 (IPASS)
n=261
Selected by clinical features, 
randomized by therapy,  
first-line therapy

71 47 1.1 23 G significantly 
longer than CH in 
mutation-positive

G significantly 
shorter than CH in 
wild type

NS NS
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Medical Advisory Panel Review
This Assessment was reviewed by the Blue 
Cross and Blue Shield Association Medical 
Advisory Panel (MAP) on September 30, 2010. 
In order to maintain the timeliness of the scien-
tific information in this Assessment, literature 
searches were performed subsequent to the 
Panel’s review (see “Search Methods”). If the 
search updates identified any additional studies 
that met the criteria for detailed review, the 
results of these studies were included in the 
tables and text where appropriate. There were 
no studies that would change the conclusions  
of this Assessment.

Formulation of the Assessment

Patient Indications
Individuals with locally advanced or metastatic 
(stage IIIA/B or IV) NSCLC are the target popu-
lation for treatment with erlotinib. The drug 
is approved by the FDA for use after failure of 
at least one prior chemotherapy regimen. The 
studies evaluated in this Assessment contained 
a mix of both treatment-naïve patients and 
patients who had failed previous therapy.

Technologies to be Compared
The technology of interest in this Assessment is 
EGFR mutation testing as a predictor of tumor 
response to the small-molecule tyrosine kinase 
inhibitor (TKI) erlotinib (Tarceva®). This will 
allow for targeted selection of the best alterna-
tive treatment of each patient based on the 
EGFR genetic profile of the tumor. 
 
The key comparison is the clinical response 
to erlotinib observed in patients whose tumor 
samples carry somatic EGFR gene TK domain 
mutations versus the clinical response in 
patients with tumors that have the wild-type 
EGFR gene. 

Health Outcomes
The health outcomes of primary interest were 
objective radiologic response and progression-
free survival. Most studies have been focused 
on comparisons of these outcomes in patients 
with classic EGFR mutations versus patients 
with wild-type genes treated with a TKI. To the 
extent that EGFR mutations are able to predict 
tumor response to a TKI, testing for these 
mutations can be used to optimize treatment 
choices in patients with advanced NSCLC.

in gefitinib would translate to use of erlotinib, 
this is the reference cited in the recent National 
Comprehensive Cancer Network (NCCN)  
recommendation to utilize EGFR testing to 
select patients for treatment with erlotinib.

FDA Status. Genzyme Genetics holds exclu-
sive diagnostic rights to the discovery of EGFR 
gene mutations in NSCLC tumors (Genzyme 
Genetics 2006). However, EGFR gene muta-
tion analysis is currently commercially offered 
by a growing number of academic and com-
mercial laboratories as a laboratory-developed 
test under Clinical Laboratory Improvement 
Amendments (CLIA) regulation.  As a matter 
of enforcement discretion, premarket approval 
and clearance is currently not required by 
U.S. Food and Drug Administration (FDA) for 
laboratory-developed tests.

Methods

Search Methods
A MEDLINE® search (via PubMed) was per-
formed from May 2007 (the date of the previous 
Assessment) through December 2010 to obtain 
references to original reports on TKI therapy 
and mutation analysis in NSCLC, using key-
words or phrases “EGFR,” “epidermal growth 
factor receptor,” “tyrosine kinase inhibitor,” 
“erlotinib,” and “mutation.” The electronic 
search was limited to English-language studies 
of human subjects. Review articles and meta-
analyses provided background information. 
The bibliographies of retrieved articles were 
consulted to identify references that may have 
been overlooked by the electronic search.  
The “related articles” function was used 
in conjunction with key articles to identify 
other papers that may have been missed by 
the search process. Manufacturers and other 
vendor websites were consulted for information 
on commercial laboratory assays.

Study Selection
Original full-length, peer-reviewed studies 
were selected for inclusion if they provided 
sufficient information to calculate the radio-
logic objective response rate, progression-free 
survival or in some cases time to progression 
and/or the overall survival with erlotinib for 
advanced NSCLC. Several published abstracts 
at international cancer meetings were also 
included in this analysis. 



Technology Evaluation Center

©2011 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.	 15

EGFR Mutations and Tyrosine Kinase Inhibitor Therapy in Advanced Non-Small-Cell Lung Cancer

assess the overall value of tumor cell EGFR 
gene mutation analysis as a means to select 
patients who have a high likelihood of response, 
and vice versa, to identify those unlikely to 
respond to TKI therapy with erlotinib. 

Key Question 1. What is the analytical 
validity of EGFR gene mutation analysis to 
predict response to erlotinib in advanced 
NSCLC?

Key Question 2. What is the clinical validity 
of EGFR gene mutation analysis to predict 
response to erlotinib in advanced NSCLC?

Key Question 3. (a) What is the clinical 
utility of EGFR gene mutation analysis to 
predict response to erlotinib in advanced 
NSCLC? (b) What populations benefit from 
testing for EGFR?

Review of Evidence

In this section, we evaluate the evidence sup-
porting the use of tumor-cell EGFR gene muta-
tion analysis to identify patients with advanced 
NSCLC most likely to respond (or not respond) 
to erlotinib therapy. 

Key Question 1. What is the analytical  
validity of EGFR gene mutation analysis  
to predict response to TKI erlotinib in 
advanced NSCLC?

As noted in the previous Assessment, sequenc-
ing is a well-described method often referred 
to as a “gold standard.” In an effort to expe-
dite and improve the generation of testing 
results, a number of investigators have begun 
using rapid, polymerase chain reaction (PCR) 
assays targeted at the major identified muta-
tions. These alternative techniques have been 
reported to have varying performance (Zhu et 
al. 2008; Gow et al. 2009). To date, no test for 
mutation analysis has been cleared or approved 
by the FDA, and there are no proficiency testing 
materials available to compare performance of 
mutation analysis across laboratories. Archival 
tissues can be used for testing in patients being 
considered for second- or third-line treatment if 
sufficient tissue is available.

A rapid response report on EGFR mutation 
analysis has recently been published by the 
Canadian Agency for Drugs and Technologies 
in Health (Mujoomdar et al. 2010). Based on an 

The decision to utilize objective radiologic 
response as a co-primary endpoint is based 
on a meta-analysis evaluating data from more 
than 6,000 patients in 24 Phase II and 4 Phase 
III trials (Tsujino et al. 2009), which suggests 
that the association between objective radio-
logic response and median overall survival in 
patients with advanced lung cancer treated 
using TKI is very strong (area under the 
receiver-operating characteristic [ROC] curve  
of 0.92, where 0.5 is random performance and 
1.0 is perfect performance). 

The decision to utilize progression-free survival 
as a co-primary endpoint instead of overall 
survival was based on the aggressive nature of 
NSCLC and the recent shift to more aggressive 
therapy. Cross-over treatments of patients fol-
lowing clinical trial failures are the norm. As a 
result, overall survival is not a particularly reli-
able endpoint. This has been a topic of recent 
editorial interest (Govidan 2010; Shepherd and 
Tsao 2010). As a matter of research practice, 
progression-free survival has begun to appear 
as a regularly chosen endpoint in planned treat-
ment trials of patients with NSCLC (Douillard 
et al. 2010; Mok et al. 2009; Mitsudomi et al. 
2010). FDA published an abstract at the 2010 
American Society of Clinical Oncology Annual 
Meeting (Malik et al. 2010) expressing the view 
that “an improvement in overall survival in 
randomized controlled trials has been the stan-
dard for establishing clinical benefit for drug 
approvals in advanced NSCLC.” The abstract 
noted that criteria for disease progression and 
tumor response can be difficult to evaluate and 
may not correlate with overall survival.

Specific Assessment Questions
This Assessment uses a conceptual evalua-
tion framework that examines the analytical 
validity, the clinical validity, and the clinical 
utility of genetic tests, as defined by the U.S. 
National Human Genome Research Institute, 
National Institutes of Health (http://www.
genome.gov/10002404). The analytical validity 
of a genetic test defines its ability to accurately 
and reliably measure the genotype of interest 
in blood or tissue samples. The clinical validity 
of a genetic test defines its ability to detect or 
predict the presence or absence of the pheno-
type, which in the case of this review is defined 
as clinical response to TKI treatment. The clini-
cal utility of a genetic test refers to the likeli-
hood that using the test results to help make 
management decisions will lead to an improved 
health outcome. This framework is used to 
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Key Question 2. What is the clinical validity 
of EGFR gene mutation analysis to predict 
response to erlotinib in advanced NSCLC?

The evidence consists of 13 publications provid-
ing data on EGFR mutations in tumor samples 
obtained from NSCLC patients in erlotinib 
treatment studies. Nine of these (Table 4) were 
nonconcurrent-prospective studies of patients 
treated with erlotinib and then studied for the 
presence or absence of mutations. Four (Table 
5) were prospective one-arm enrichment 
studies of mutation-positive (3 studies) or wild-
type (1 study) patients treated with erlotinib. 

Data comparing erlotinib results in EGFR 
mutation-positive versus wild-type patients 
has been reported in 9 studies of 630 patients 
(Table 4). In studies of treatment with erlo-
tinib, objective radiologic response rates in 
patients with EGFR mutation-positive tumors 
ranged from 0 to 83% (median 45%) com-
pared to objective radiologic response rates 
in patients with wild-type tumors of from 0 to 
18% (median 5.5%). In the 5 studies statisti-
cally evaluating results, patients with EGFR 
mutation-positive tumors always demonstrated 
statistically significant increases in objective 
radiologic response. 

Progression-free survival in patients with  
EGFR mutation-positive tumors ranged from 
6.8 to 13.1 months (median 12.5) and in wild 
type tumors ranged from 1.4 to 5 months 
(median 2.5). In all cases in which these data 
were reported, EGFR mutation-positive tumors 
showed a trend or a statistically significant 
increase in progression-free survival rate.

Overall survival in patients with EGFR 
mutation-positive tumors ranged from 10 to 35 
months (median 21) and in wild-type tumors 
ranged from 3 to 12 months (median 8.1) In all 
cases in which these data were reported, EGFR 
mutation-positive tumors showed a trend or a 
statistically significant increase in survival rate.

In the 3 prospective studies of EGFR mutation-
positive patients, objective radiologic response 
rates were 40 to 70%, progression-free survival 
times were 8 to 14 months, and overall survival 
times were 16 to 29 months. This performance 
was distinctly different than that observed in 
wild-type patients who exhibited an objective 
radiologic response of 3.3%, a progression-free 
survival of 2.1 months, and an overall survival 
of 9.2 months. 

analysis of 11 observational studies evaluating 
the use of PCR-based strategies to detect muta-
tions in the EGFR gene, this report concluded 
PCR-based approaches are capable of identify-
ing mutations in the EGFR gene with a sensitiv-
ity equivalent to that of direct sequencing. 

Test analysis is complicated by the fact there is 
currently no single standardized technique for 
tissue processing with some studies based on 
use of samples with varying amounts of tumor 
cells present, others based on use of microdis-
section techniques, and others silent on tumor 
collection procurement methods or criteria. It 
is possible that some inconsistencies in EGFR 
predictive behavior observed in the literature 
may be a result of differing signals being gen-
erated by nonstandardized sampling or testing 
methodologies. Tumor heterogeneity has been 
reported as a potential confounder in patients 
undergoing mutational testing for EGFR 
(Nakano et al. 2008).

Of additional interest in understanding the 
relationship between EGFR mutation results 
and clinical outcomes is a recent publication 
by Gow et al. (2009). These investigators noted 
that mutational results from paired primary 
and metastatic tumors (each sampled in dupli-
cate to minimize the impact of underlying 
tumor heterogeneity) did not always match. 
Discordant results were observed in 27% of the 
patients with changes from primary to meta-
static tumor demonstrating both development 
and loss of relevant EGFR mutations. 

A recurrent problem in evaluating patients for 
EGFR mutational status is difficulty in obtain-
ing adequate samples. In both research studies 
and the clinical use of this marker, it may be 
necessary to rebiopsy patients in order to obtain 
adequate material. This obviously requires 
careful discussion with the patients about the 
benefits and risks of such an added procedure.

As suggested in the 2007 Assessment, analyti-
cal validity is ultimately reflected in the evi-
dence gathered to support clinical validity and 
utility. While Mujoomdar et al. (2010) do note 
method- specific differences in test sensitiv-
ity and specificity, they clearly conclude PCR 
assays may be useful in selecting a popula-
tion of patients with NSCLC who are likely to 
respond to treatment with a TKI.
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Table 4. Studies Evaluating Outcomes According to EGFR Mutation Status in Patients with Advanced NSCLC* Treated with Erlotinib  
(Note: cases in bold represent new reports since 2007)

Study

Tissue Available in 
Treated Patients/Total 
Treated Patients (%)

Mutation 
Prevalence (%)

Objective Radiologic 
Response (%) in 
Mutation-Positive 
Patients (responders/
total evaluated)

Objective
Radiologic Response 
(%) in Wild-Type 
Patients (responders/ 
total evaluated)

Median Progression-
free Survival or Time to 
Progression
in Patients with 
Mutation/Wild-Type 
(months)

Median
Overall Survival in 
Patients with Mutation/
Wild-Type (months)

Nonconcurrent-prospective 

Ahn et al. 2008
Prospective one-arm study 
of erlotinib; previous 
chemotherapy and 
chemotherapy naïve

92/120 (77) 15 58
14/24

16
11/68 
p<0.001

8.6/2.5
p<0.003

Not reached/10.8
p<0.023

Amann et al. 2010
Prospective one-arm  
study of erlotinib; 
chemotherapy naïve

41 patients with tissue 7.3 0
0/3

2.6
1/38
NR

13.1/1.8
p<0.052

35/6
p<0.054

Eberhard et al. (TRIBUTE) 
2005
Prospective randomized 
study of chemotherapy 
plus placebo versus 
chemotherapy plus erlotinib; 
chemotherapy naïve

114/539 (21) 13 53
8/15

18
18/99 
p<0.01

12.5/5
p<0.01

Not reached/10
p<0.01

Felip et al. 2008
Prospective one-arm study 
of erlotinib; previous 
chemotherapy

39/71(55) 13 40
2/5

3
1/34
NR

205 days/43 days
p(log rank) =0.0878

205 days/113 days
p(log rank)=0846

Giaccone et al. 2006
Prospective one-arm study 
of erlotinib; previous 
chemotherapy

27/53(51) 18 80
4/5

4.5
1/22
NR

NR >627 days/377 days
p<0.15
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Table 4. Studies Evaluating Outcomes According to EGFR Mutation Status in Patients with Advanced NSCLC* Treated with Erlotinib  
(Note: cases in bold represent new reports since 2007) (cont’d)

Study

Tissue Available in 
Treated Patients/Total 
Treated Patients (%)

Mutation 
Prevalence (%)

Objective Radiologic 
Response (%) in 
Mutation-Positive 
Patients (responders/
total evaluated)

Objective
Radiologic Response 
(%) in Wild-Type 
Patients (responders/ 
total evaluated)

Median Progression-
free Survival or Time to 
Progression
in Patients with 
Mutation/Wild-Type 
(months)

Median
Overall Survival in 
Patients with Mutation/
Wild-Type (months)

Nonconcurrent-prospective 

Jackman et al. 2007
Prospective one-arm  
study of erlotinib; 
chemotherapy naive patients 
age 70 or more

43/80 (54) 21% 33
3/9

6
2/34
NR

NR >15/8.1
p<0.012

Miller et al. 2008
Prospective one-arm 
study of erlotinib; 75% of 
patients chemotherapy 
naïve; bronchoalveolar cell 
histology

88/101 (87) 22 83
15/18

7
4/63
p<0.01

13/2
p<0.01

23/17
Trend but p=0.24

Schneider et al. 2008
Prospective one-arm study 
or erlotinib; previous 
chemotherapy

72/393 (18) 40 50
2/4

3
2/68
p<0.014

~12.5/~2.5
p=<0.009**

~17.5/~4.3
p=<0.025**

Zhu et al. 2008
(BR.21)
Prospective study of erlotinib 
versus placebo in patients 
with previous chemotherapy

204/731 (28) 13 27
4/15

7
7/101
p<0.035

NR 10./7.9
p=0.47

*Stage IIIA/B or IV metastatic or recurrent NSCLC; **Based on comparative hazard ratio
Abbreviations: NR: Not reported; NS: Not significant
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Table 5. Outcomes in Patients According to EGFR Mutation Status in Response to Treatment with Erlotinib

Endpoint Overall Radiologic Response Rate 
Median (range), %

Progression-Free Survival 
Median (range), months

Overall Survival 
Median (range), months

Patients with EGFR-Positive Tumors 45 (0–83) 12.5 (6.8–13.1) 21 (10–35)

Patients with Wild-Type Tumors 5.5 (0–18) 2.5 (1.4–5 months) 8.1 (3–12)

Untested Patients (Intent to Treat) – FDA Label 2.8 months 12 months
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While a true-positive result identifies patients 
who would benefit from erlotinib treatment and 
a true-negative result indentifies patients who 
would be better served by immediately using an 
alternative therapy; the inevitable occurrence 
of incorrect results (both false positives and 
negatives) has the potential to confound treat-
ment choices and result in harmful outcomes. 
In the case of false-positive results, patients will 
be treated with erlotinib when they are in fact 
not likely to be responsive to the drug. In the 
case of false-negative results, erlotinib may be 
withheld and benefit denied a patient who actu-
ally would be sensitive to the drug (Table 7).

Current techniques for analyzing diagnostic test 
performance make it relatively easy to define 
predictive values of testing in patients based on 
objective radiologic response rates. Based on 
the composite data in Table 4, it is estimated 
that results of EGFR testing (using tumor 
response as a gold standard) are:

Predictive value of a positive – 45%
True-positive – 45%
False-positive – 55%
Predictive value of a negative – 94.5%
True-negative – 94.5%
False-negative –5.5%

Results of both positive and negative testing 
have been corroborated in prospective enrich-
ment studies, although to date no reports on 
randomized clinical trials evaluating the associ-
ation between EGFR status and tumor response 
to erlotinib have been published. Fortunately, 
two are in progress (Paz-Ares et al. 2010). 

Summary endpoints such as median progres-
sion-free survival or overall survival are more 
difficult to capture using traditional diagnostic  
parameters. However, in the context of patients 
being treated for advanced NSCLC, the 

Of note, EGFR mutations appear to provide 
prognostic as well as predictive information 
about the behavior of tumors. In the study 
by Eberhard et al. (2005) improved outcome 
parameters were observed in patients with 
EGFR positive tumors compared to wild-type 
tumors for the population as a whole (standard 
chemotherapy and standard chemotherapy with 
erlotinib) in all measurement categories with 
objective radiologic response of 38% versus 
23% (p=0.01), time to progression of 8 months 
versus 5 months (p<0.001) and overall survival 
(not reached versus 10 months (p<0.001). 
Similar enhanced outcomes in patients with 
EGFR-positive tumors were observed regard-
less of treatment using gefitinib versus stan-
dard chemotherapy by Mok et al. (2010) and 
Douillard et al. (2009) (Table 3). To date no 
formal study has been performed evaluat-
ing the relative prognostic versus predictive 
effects. Given proven efficacy of a variety 
of both first- and second-line treatments, it 
is not clear a study to evaluate prognosis in 
untreated patients to determine the natural 
course of tumor progression will be performed. 
Nevertheless, EGFR mutations appear to dem-
onstrate improved patient outcomes for patients 
treated with erlotinib as compared to standard 
chemotherapy. Patients with EGFR mutations 
appear to be ideal candidates for treatment with 
erlotinib, whereas wild-type patients appear to 
derive little detectable benefit from erlotinib.

Identification of patients likely to respond or to 
fail to respond to erlotinib treatment leads to 
tailored choices of treatment likely to result in 
predictable and desirable outcomes.

However, as is true for all tests, testing is likely 
to result in both false-positive and -negative 
results (the latter most likely a result of sam-
pling or sensitivity of analytical methods) with 
the following results (Table 6).

Table 6. Potential Impact of False-positive and False-negative Results in Responders and Nonresponders  
Based on Mutation Status

EGFR Mutation-Positive Tumors Wild-Type Tumors

Patients responding to erlotinib True positive – Patients benefit 
from erlotinib treatment

False negative – Patients would 
respond to erlotinib; however 
treatment deferred based on test 
results

Nonresponders False positive – Patients receive 
erlotinib but shows no benefit; 
alternative better drug choices are 
delayed

True negative – Patients expected 
to show poor response to 
erlotinib; alternative therapies are 
considered/used



T
ech

n
ology E

valu
ation

 C
en

ter

©
2011 B

lu
e C

ross an
d B

lu
e Sh

ield A
ssociation

. R
eprodu

ction
 w

ith
ou

t prior au
th

orization
 is proh

ibited.	
21

E
G

F
R

 M
u

tation
s an

d
 T

yrosin
e K

in
ase In

h
ib

itor T
h

erap
y in

 A
d

van
ced

 N
on

-Sm
all-C

ell L
u

n
g C

an
cer

Table 7. Clinical Response in Prospective Studies of Erlotinib Therapy in Patients with EGFR Gene Mutation-Positive Advanced NSCLC*

Study
(Year)

No. Mutated/
No. Tested (%)

Mutation-Positive Objective 
Radiologic Response (%)

Median Progression-free 
Survival (months)
[95% CI]

Median Overall Survival 
(months)
[95% CI]

Jackman et al. 2009
Prospective one-arm treatment of patients  
with EGFR-positive tumors with erlotinib, 
chemotherapy naïve

84 enrolled 70 13 28.7

Rosell et al. 2009
Prospective one-arm treatment of patients  
with EGFR-positive tumors with erlotinib in 
treatment failure and chemotherapy naïve

350/2105
(16.6)

70 14
[11.3-16,7]

27
[24.9-33.1]

Sun et al. 2010
Prospective one-arm treatment of patients  
with EGFR-positive tumors with erlotinib in 
treatment failures

144/164
(32)

40 8 15.8

Yoshioka et al. 2010
Prospective one-arm treatment of patients  
with EGFR wild-type tumors with erlotinib in 
treatment failures

30 enrolled Mutation negative
3.3

2.1 9.2

* all patients had stage IIIA/IV NSCLC
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benefit from treatment with erlotinib and to 
distinguish these patients from those who 
should be considered for alternative treatment 
choices. Of note, while the FDA does not cur-
rently recommend use of erlotinib therapy for 
first-line treatment of advanced NSCLC and 
does not recommend use of EGFR mutational 
analysis as a prerequisite for second-line treat-
ment with this drug, EGFR mutational analysis 
does appear to identify patients likely to show 
improved performance (EGFR mutation- 
positive tumors) versus suboptimal perfor-
mance (wild-type tumors). In light of these 
striking differences in treatment response, the 
test appears to have value in making decisions 
about erlotinib use.

Key Question 3 (b). What populations benefit 
from testing for EGFR?

Rosell et al. (2009) reported mutations in 
16.6% of the total patients studied but noted 
these were found more frequently in women 
(69.7%), in patients who had never smoked 
(66.6%), and in patients with adenocarcinomas 
(80.9%). Based on these findings, Rosell et al. 
recommended EGFR mutation screening in 
women with lung cancer with nonsquamous 
cell tumors who have never smoked. Other 
reports on the frequency of mutations have also 
revealed a higher prevalence in East Asians 
when compared to other ethnicities (38% 
versus 15%) (Zhu et al. 2008). An increased 
incidence of mutations is clearly seen in these 
special populations (women, patients with 
adenocarcinoma, nonsmokers, and/or Asians); 
however, it does appear that a substantial 
number of patients without these selected 
demographics still exhibit EGFR mutations and 
would benefit from erlotinib treatment. 

In a comprehensive analysis of 14 studies 
involving 2,880 patients, Mitsudomi et al. (2006) 
noted mutations were observed in 10% of 
men, 7% of non-Asian patients, 7% of current 
or former smokers, but in only 2% of patients 
with nonadenocarcinoma histologies. While 
histology appears to be the strongest discrimi-
nating factor, results are diverse across studies. 
Eberhardt et al. (2005) observed mutations in 
6.4% of patients with squamous cell carcino-
mas and Rosell et al. (2009) in 11.5% of patients 
with large-cell carcinomas. Given the value in 
treatment decision making, it does not appear 
that testing should be reserved for patients with 
unique demographic characteristics.

increases in survival times observed between 
EGFR-positive and wild-type tumors (10-month 
increase for progression-free survival and  
13-month increase for overall survival) appear 
to be clinically meaningful.

The largest of 4 prospective enrichment studies 
is that performed by Rosell et al. (2009) in 
Spain. EGFR was measured in 2105 patients 
and erlotinib administered to 217 patients with 
advanced EGFR mutation-positive NSCLC. 
Patients received a mixture of first- and second-
line therapy. Although no efforts at enrich-
ment were made, patients referred for study 
appeared to include increased numbers of 
women and nonsmokers. Prevalence of muta-
tion in the population referred was 16.6%. 

In the EGFR mutation-positive, erlotinib-treated 
groups the objective radiologic response rate 
was 70%, median progression-free survival 
14 months, and median overall survival 27 
months. Adverse events were most commonly 
mild rashes and diarrhea. Only about 11% of 
patients experienced grade 3 (severe) toxic 
effects. The authors concluded that using 
historic benchmarks of response to chemo-
therapy (using estimates of objective radiologic 
response of 30%, progression-free response of 
5 months, and overall survival of 12 months) 
targeted use of erlotinib appeared to produce 
an improvement in net health outcome.

Key Question 3 (a). What is the clinical 
utility of EGFR gene mutation analysis to 
predict response to erlotinib in advanced 
NSCLC?

The detection of EGFR gene mutations identi-
fies patients who are likely to benefit from 
use of erlotinib and who, therefore, represent 
ideal candidates for treatment with this drug. 
Performance of erlotinib is likely to be supe-
rior to that observed in wild-type patients. 
Performance is also likely to be superior to 
that observed with treatments using standard 
chemotherapy providing superior performance 
with relatively little toxicity. Patients who are 
found to have wild-type tumors are unlikely 
to respond to erlotinib. They should be con-
sidered candidates for alternative therapies 
and benefit from testing by avoiding non-
beneficial therapy and proceeding directly to 
better alternatives. EGFR mutation testing can 
be performed to identify patients who would 
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that a gain-of-function somatic mutation in 
the tumor-cell EGFR gene tyrosine kinase 
domain identifies a population subset (patients 
with mutation-positive tumors) with advanced 
NSCLC who exhibit improved objective radio-
logic response, progression-free survival, and 
overall survival when treated with erlotinib 
compared to the same treatment in patients with 
wild-type tumors or to standard chemotherapy 
in patients with EGFR mutation-positive tumors. 

Data are strongest for demonstrating differ-
ences in objective radiologic response, is less 
consistent, but strong, for progression-free 
survival, and is less consistent, but strong, for 
overall survival. Radiologic response is not 
generally viewed by itself as a meaningful end-
point, since its ability to predict standard and 
more established outcomes such as progression 
free survival, overall survival, or quality of life 
is not reliable. However, there is a published 
meta-analysis suggesting objective radiologic 
response is strongly associated with median 
overall survival in patients with NSCLC treated 
with TKIs. There is also growing discussion 
that overall survival may be a compromised 
endpoint for NSCLC due to the fact that NSCLC 
is a particularly aggressive disease with an 
increasing number of treatment choices, many 
specifically available for cross-over use in 
patients demonstrating resistance to earlier 
therapies. These cross-over therapies are 
likely to make evaluation of overall survival 
a challenging, and perhaps impossible, study 
endpoint.

3. The technology must improve  
the net health outcome.

Recent prospective and retrospective studies 
have shown convincing evidence that EGFR 
mutations can identify disease likely to respond 
to erlotinib. There is growing evidence that this 
information affects the net health outcome by 
identifying patients who are likely to exhibit 
good outcomes with this treatment with 
minimal toxicity. Recent reports suggest EGFR 
mutations also identify patients more likely 
to respond to erlotinib than to standard che-
motherapy. In these patients, use of erlotinib 
therapy may be much more effective than  
alternative drug choices.

There is also growing information demon-
strating that EGFR status can help physicians 
identify wild-type tumors in patients who 
are unlikely to respond to erlotinib. In these 

Summary and Conclusions

While to date there have been no prospective 
randomized, clinical trials specifically looking 
at how EGFR mutation-directed erlotinib 
therapy has an impact on patient outcomes, 
there is strong evidence in nonconcurrent-  
prospective and one-arm enrichment pro-
spective studies demonstrating an interaction 
between EGFR gene mutation test results  
and erlotinib responses. 

In evaluating patients with NSCLC, a serious 
disease with a poor overall prognosis, use of 
EGFR mutation testing appears to be a valuable 
test in assisting physicians to make optimal 
treatment choices and to improve their ability 
to select patients likely to benefit from use 
of erlotinib as a treatment for patients with 
advanced NSCLC. Patients not likely to benefit 
from erlotinib would also receive the best  
alternative without delay.

Summary of Application of the 
Technology Evaluation Criteria

Based on the available evidence, the Blue Cross 
and Blue Shield Association Medical Advisory 
Panel made the following judgments about 
whether use of EGFR mutation analysis to 
predict response to erlotinib (Tarceva®) meets 
the Blue Cross and Blue Shield Association 
Technology Evaluation Center (TEC) criteria. 

1. The technology must have final  
approval from the appropriate 
governmental regulatory bodies.

EGFR mutation analysis is commercially avail-
able at both academic medical centers and 
commercial laboratories. The tests available 
are being offered as laboratory-developed tests 
and at the current time, the FDA is not actively 
regulating these as a matter of enforcement 
discretion. The laboratories performing these 
tests must meet quality standards as prescribed 
under the Clinical Laboratory Improvement 
Amendments (CLIA).
  
2. The scientific evidence must permit 

conclusions concerning the effect of  
the technology on health outcomes.

Evidence compiled from nonconcurrent-
prospective studies and one-arm prospective 
enrichment studies is sufficient to conclude 
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patients, alternative treatment choices should 
be considered. It is therefore prudent for  
physicians to evaluate patients with wild-type 
tumors carefully, considering the unique 
patient-specific variables and preferences at 
hand, to discuss these with the patient, and to 
use this information to make patient informed, 
collaborative personalized treatment choices.
 
4. The technology must be as beneficial as 

any established alternatives.

Alternatives—in particular, use of empiric  
therapy—appear to be less reliable at estimat-
ing likely objective response and progression-
free and overall survival than testing using 
EGFR mutation analysis to select patients for 
erlotinib therapy. The role for use of clinical 
risk features (female sex, adenocarcinoma  
histology, nonsmoking history, or Asian  
heritage) requires further study to determine 
how this information might help in making 
accurate testing or treatment choices.

5. The improvement must be attainable 
outside the investigational settings.

EGFR mutation testing is now widely available 
commercially and studies have indicated that it 
is possible to utilize testing for improved deci-
sion making at multiple clinical sites. Testing is 
recognized to be of value in centers of oncology 
excellence and the only impediment is the need 
for increased access to testing (an ongoing 
process) and introduction of more wide-scale 
use of tests with rapid turnaround time.

Based on the available evidence, use of  
tumor-cell EGFR mutation analysis to predict 
response to erlotinib (Tarceva®) in patients  
with advanced non-small-cell lung cancer 
meets the TEC criteria.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments  
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the  
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any 
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans  
and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other  
parties without the express written consent of the Blue Cross and Blue Shield Association.
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