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Abstract: Epidermal growth factor receptor (EGFR) mutations are the most frequent targetable genetic

abnormality observed in non-small cell lung cancer (NSCLC). More than a decade after EGFR mutations

were shown to predict sensitivity to EGFR-tyrosine kinase inhibitors (EGFR-TKI), retrospective cohort

studies are now identifying and characterizing 5-year survivors. While these studies indicate subsets of

patients achieving long-term survival, there is paucity of data pertaining to the long-term survival benefits of

these targeted therapies at a population level. Improving access to molecular testing and treatment are key to

maximizing the survival benefits at a population level.
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Lin et al. recently estimated and identified factors associated
with the 5-year survival rate among patients with epidermal
growth factor receptor (EGFR)-mutant metastatic lung
adenocarcinoma treated with an EGFR-tyrosine kinase
inhibitor (TKI) (1). In order to appreciate the relevance of
the results, we will briefly review the evolving lung cancer
treatment landscape and previous survival estimates. We
will then provide our perspective on the necessary next steps
to maximize the population-wide survival of this historically
recalcitrant cancer.

Lung cancer, the majority of which is non-small cell lung
cancer (NSCLC), is the leading cause of cancer death for
both men and women in the United States (2). According
to the latest data, more than half (55%) of the NSCLC
diagnosed in the United States presents at an advanced
stage, wherein the 5-year survival rate is only 4.9% (3).
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Until the early-2000s, platinum-based chemotherapy
was the standard of care for patients with newly
diagnosed advanced NSCLC (4). However, responses to
chemotherapy were modest at best with randomized clinical
trials indicating response rates between 17% and 22% and
median overall survival (OS) between 7 and 8 months (4-6).
Starting in the mid-2000s, identification of actionable
oncogenic driver mutations and mechanisms of resistance to
targeted therapeutics have become increasingly important
in the management of NSCLC.

The most extensively studied gene in this context is
EGFR, which has a high prevalence of mutations (10-28%)
among NSCLC patients (7). Tumors harboring EGFR
mutations tend to be highly sensitive to orally active EGFR-
TKIs: erlotinib, gefitinib and afatanib (8-12). In patients
with advanced disease, randomized clinical trials have
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consistently demonstrated improved response rates (56-83%)
and progression free survival (9—14 months) with EGFR-
TKIs than with standard chemotherapy (9,12,13). The
impact of EGFR-TKIs on long-term outcomes has been less
consistent. Although several clinical trials have also shown
longer OS among patients with EGFR-mutant tumors
treated with EGFR-TKIs compared to chemotherapy alone,
a significant improvement in median OS has only been
reported for afatinib (31-33 vs. 18-21 months) (14,15). The
lack of an OS advantage has been attributed largely to the
crossover design of the clinical trials, indicating that these
drugs may be similarly active regardless of line of treatment
(12,13,16). Moreover, most of the previous studies have
had limited follow-up and/or have not reported long-term
survival stratified by EGFR-TKI exposure status. Thus, it
has been difficult to determine the true effectiveness of these
agents, particularly outside of a clinical trial setting.

With these knowledge gaps in mind, Lin ez 4/. sought
to estimate and identify factors associated with 5-year
survival among patients treated with erlotinib or gefitinib.
Briefly, 137 patients from the Dana-Farber Cancer Institute
who were diagnosed with EGFR-mutant metastatic lung
adenocarcinoma between 2002 and 2009, treated with an
EGFR-TKI and had completed follow-up for at least 5 years
were included in the study. The median OS for these
patients was 30.9 months and 20 patients (14.6%) were
S-year survivors. In multivariate analysis, exon 19 deletions,
absence of extrathoracic or brain metastasis and non-current
smoking status were associated with 5-year survival.

The results from this study are promising and finally
indicate that a sizable subset of metastatic NSCLC patients,
who can be readily identified, are attaining the previously
elusive 5-year survival mark. These results also appear to
be in agreement with the reported outcomes from a much
larger (n=1,657) multicenter Japanese cohort that included
patients with advanced or recurrent EGFR-mutant NSCLC
who received EGFR-TKI treatment between 2008 and
2012 (17). Briefly, Inoue ef al. reported a median OS of
30.8 months and an estimated 5-year survival rate of just
over 20%. Although there was not complete agreement on
which factors were associated with survival, EGFR mutation
type was again found to be associated with survival.

An important caveat in interpreting the results of these
two studies is that the presence of the EGFR mutation
in itself may be a favorable prognostic marker. Previous
studies have shown superior outcomes for patients with
EGFR-mutant tumors compared to patients without these
mutations, irrespective of stage and treatment (18,19).
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Thus, restricting studies to EGFR-mutant positive patients
who are treated with an EGFR-TKI makes it impossible
to determine if the survival benefit is due to tumor
characteristics and/or treatment.

Although the agreement between these two studies is
encouraging, we would advise caution be taken before
generalizing the 5-year survival estimates to the population
level. In a random sample of over 1,300 NSCLC patients
from the National Cancer Institute’s Surveillance
Epidemiology and End Results (SEER) program, we found
that only 16.8% patients overall and 22.6% of stage IV
adenocarcinoma patients underwent EGFR testing (20).
In striking contrast to our series which included patients
diagnosed in 2010, the frequency of EGFR testing in the
Lin et al. study was 71%, which again included patients
diagnosed between 2002 and 2009. Further, roughly 63% of
the patients with EGFR mutations received an EGFR-TKI
in the Lin et 4/. series compared with only 48% of patients
from our series. Although we did not have sufficient follow-
up time to estimate 5-year survival, the estimated median
OS among the EGFR-mutant positive lung adenocarcinoma
patients who received an EGFR-TKI in our series was only
23 months. Thereby, although the survival estimates from
our population level data also indicate improved outcomes
among EGFR-mutant positive patients who receive
EGFR-TKIs compare to NSCLC patients as a whole, the
magnitude of the observed improvement at a population
level was attenuated. Variations in observed median OS
likely reflect differences in patient demographic, tumor and
health characteristics and/or the quality of care received at
select institutions compared to the national experience.

Ultimately, access to molecular testing and treatment
are key to realizing the benefits of precision oncology—
the premise that treatment choices tailored to individual
patients using personalized cancer genomic data may
markedly improve outcomes—at a population level. Given
the profusion of potentially targetable molecular alterations
and the complexities of obtaining tissue samples and that of
testing, it is important to have a national strategy to facilitate
widespread and uniform implementation of molecular
profiling. Such nationwide efforts have been reported
both from the Europe and the United States. The French
Cooperative Thoracic Intergroup study involved over
3,500 clinicians and 28 certified molecular genetics centers
covering the whole of France and conducted molecular
analyses on tumors from over 17,000 NSCLC patients over
a l-year period (21). In the United States, the Lung Cancer
Mutation Consortium analyzed samples using multiplex
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genotyping from 700 patients with adenocarcinoma at 14
centers, identifying a targetable driver mutation in over
60% (22). These studies underscore the feasibility of large-
scale utilization of molecular profiling in lung cancer.
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