1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Thorac Oncol. Author manuscript; available in PMC 2016 August 10.

-, HHS Public Access
«

Published in final edited form as:
J Thorac Oncol. 2016 April ; 11(4): 556-565. doi:10.1016/j.jth0.2015.12.103.

Five-year survival in EGFR-mutant metastatic lung
adenocarcinoma treated with EGFR-TKIs

Jessica J. Lin, MD1:2, Stephanie Cardarella, MD1", Christine A. Lydon, BAl, Suzanne E.
Dahlberg, PhD3, David M. Jackman, MD1:24, Pasi A. Janne, MD, PhD¥24, and Bruce E.
Johnson, MD1:2:4

1Lowe Center for Thoracic Oncology, Department of Medical Oncology, Dana-Farber Cancer
Institute, Boston, Massachusetts

2Brigham and Women's Hospital, Boston, Massachusetts
3Department of Biostatistics, Dana-Farber Cancer Institute, Boston, Massachusetts

4Department of Medicine, Harvard Medical School, Boston, Massachusetts

Abstract

Introduction—Activating mutations in the epidermal growth factor receptor (EGFR) predict for
prolonged progression-free survival in patients with advanced non-small cell lung cancer
(NSCLC) treated with EGFR-tyrosine kinase inhibitors (EGFR-TKIs) versus chemotherapy. Long-
term survival outcomes, however, remain undefined. The objective of this study was to determine
the 5-year survival in these patients, and identify clinical factors associated with overall survival
(0S).

Methods—~Patients with EGFR-mutant metastatic lung adenocarcinoma treated with erlotinib or
gefitinib at Dana-Farber Cancer Institute between 2002 and 2009 were included. OS was analyzed.

Results—Among 137 patients, median PFS and OS were 12.1 months (95% CI, 10.2-13.5
months) and 30.9 months (95% CI, 28.2-35.7 months), respectively. Twenty patients (14.6%) were
5-year survivors. In multivariate analysis, exon 19 deletions (hazard ratio [HR], 0.63; 95% ClI,
0.44-0.91; £P=0.01), absence of extrathoracic (HR 0.62; 95% Cl, 0.41-0.93; £=0.02) or brain
metastasis (HR 0.48; 95% ClI, 0.30-0.77, P=0.002), and not a current smoker (HR 0.23; 95% ClI,
0.09-0.59; £P=10.002) were associated with prolonged OS. Age, gender, stage at diagnosis, liver or
bone or adrenal metastasis, specific TKI, and line of TKI therapy were not associated with OS.

Conclusions—Our data suggest that the prevalence of 5-year survival among £GFR-mutant
metastatic lung adenocarcinoma patients treated with erlotinib or gefitinib is 14.6%. Exon 19
deletions and absence of extrathoracic or brain metastasis are associated with prolonged survival.
Based on our findings, clinicians can gain an enhanced estimation of long-term outcomes in this
population.
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Introduction

Non-small cell lung cancer (NSCLC) typically presents in patients at an advanced stage,
with a poor prognosis. Combination chemotherapy in advanced NSCLC results in a median
overall survival (OS) of 8 to 12 months and a median progression-free survival (PFS) of 5 to
6 months.1-3 The development of epidermal growth factor receptor (EGFR)-tyrosine kinase
inhibitors (TKIs) gefitinib and erlotinib and the systematic identification of £EGFR mutations
heralded the advent of targeted therapy in lung cancer, transforming the landscape of its
treatment and prognosis. When used in trials as a first-line treatment for patients with
advanced NSCLC harboring activating £GFR mutations, gefitinib and erlotinib led to
response rates of 56 to 74%, median PFS of 10 to 14 months, and OS of 20 to 30 months.*8
These results propelled the TKIs into first-line use for patients with advanced £GFR-mutant
NSCLC.

Despite the data available from published trials and prospective studies on the median
survival, data on 5-year survival for metastatic NSCLC patients treated with EGFR-TKISs has
been lacking. Five-year survival serves as the traditional surrogate for cure in many cancers.®
The SEER program has reported a 5-year relative survival for unselected patients with
distant-stage NSCLC as 4.5%.10 Prior lung cancer studies available for review have
similarly suggested an estimate of <5%.11:12 To the best of our knowledge, no study to date
has defined the rate of 5-year survival among patients with metastatic lung adenocarcinoma
harboring sensitizing £GFR mutations who are then treated with EGFR-TKISs as targeted
therapy.

Furthermore, outcomes in patients treated with EGFR-TKIs vary widely, suggesting
heterogeneity in the underlying clinical or genetic parameters that may further modify
patient response and determine the ultimate course of disease. Initial studies on the clinical
predictors of EGFR-TKI responsiveness in unselected NSCLC patients identified individuals
with adenocarcinomas, non-smoking history, East-Asian origin, and female gender as those
likely to derive a greater benefit.13-16 |_ater studies elucidated that activating EGFR
mutations were predominantly present in the aforementioned patients, representing the
unifying molecular mechanism underlying their sensitivity to EGFR inhibition.17-24
Defining the clinical factors associated with the outcome within the specific EGFR-mutant
metastatic adenocarcinoma population may similarly help identify those more likely to
achieve the 5-year survival endpoint.

Herein, we sought to determine the prevalence of 5-year actual survival in patients with
EGFR-mutant metastatic lung adenocarcinoma treated with an FDA-approved EGFR-TKI,
and identify the clinical features associated with this outcome. We hypothesized based on
clinical experiences that our study would ascertain a higher percentage of 5-year survivors
than previously defined in the literature and in the SEER data for NSCLC patients.
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Materials and Methods
Study Design and Population

Patients were eligible if they had (a) stage IV lung adenocarcinoma or stage I-111 lung
adenocarcinoma with subsequent systemic relapse, diagnosed at the Dana-Farber Cancer
Institute (DFCI) between January 1, 2002 and September 31, 2009, (b) activating somatic
EGFR mutations, and (c) treatment with gefitinib or erlotinib. Afatinib was not included as it
was approved later and not routinely available to patients during this study time frame.
Patients were identified by querying two databases at DFCI that store the clinico-pathologic
information for prospectively enrolled patients (Supplemental Methods, Supplemental
Digital Content): Clinical Research Information System (CRIS) and Thoracic Oncology
Basic Assessment of Cancer and Clinical Outcomes (TOBACCO). The information from
these databases has been used for multiple prior publications.25-28

A total of 942 patients were identified who had metastatic lung adenocarcinoma within the
study period. Of these, 668 patients (71%) were tested for EGFR mutations. The proportion
of patients tested for EGFR mutations increased towards the later years of the study time
frame, as the EGFR mutation testing became more embedded in clinical practice. The never
smokers in the study cohort were also more likely to be tested than the former smokers and
current smokers (85% vs 70.1% vs 50%, respectively; P < 0.001), based on the published
literature.13-16 Among the 668 tested patients, 248 (37.1% of those tested) were found to
have an EGFR mutation. Thirty-two of the 668 patients (4.8%) failed testing. In these
patients who failed testing, the decision to pursue further diagnostic procedures to obtain
additional tissue was left at the discretion of the clinician.

Of the 248 patients found to have EGFR mutations, 60 were excluded as they had been
treated at our partner institution Massachusetts General Hospital Cancer Center rather than
at DFCI, but enrolled in our databases for other studies. Subsequently, 51 patients were
excluded because they were not eligible secondary to the following: non-sensitizing EGFR
mutations, diagnosis prior to the date cut-off on further review, presence of a concurrent
malignancy, no documented exposure to TKI or chemotherapy, seen only once in
consultation or incomplete medical records, missing identifier, or failure to meet the
requirement for a minimum 5-year follow-up if alive at the time of analysis (Supplemental
Methods, Supplemental Digital Content; Supplemental Figure, Supplemental Digital
Content). Ultimately, 137 patients were included in this analysis. All patients provided
written informed consent for the collection of baseline clinical parameters and outcome, and
collection and analysis of their tumor specimens.

Mutation Analyses

The EGFR mutation status for each patient was obtained using tumor specimens from
diagnostic or surgical procedures. Patients were prospectively genotyped in CLIA laboratory
starting in 2004. Those starting treatment between 2002 and 2004 were sequenced when the
technology became available later in their clinical course. Sequencing of exons 18 to 21 was
performed per the institutional pathology lab protocol by Sanger technique as described.22
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Sensitizing EGFR mutations were defined as exon 19 deletions and missense mutations of
L858R or involving L861 or G719 as previously reported.28

Statistical Methods

Results

From the information collected in CRIS and TOBACCO (Supplemental Methods,
Supplemental Digital Content), the following baseline patient or tumor parameters were
analyzed for this study: age at the diagnosis of metastatic disease, gender, race, self-reported
smoking status prospectively collected, initial staging, presence of extrathoracic tumor at the
diagnosis of metastatic disease, metastatic site(s) (characterized at up to 1 month within start
of systemic therapy to the liver, adrenals, bone, brain, and leptomeninges), type of
sensitizing EGFR mutation, and line of EGFR-TKI therapy. Smoking status was classified as
never (<100 lifetime cigarettes), former (quit =1 year before start of therapy), and current
(active or quit within 1 year prior to start of therapy).

OS was calculated from the date of start of the first-line systemic treatment for metastatic
disease until death from any cause. Patients still alive were censored at their last follow-up
visit. PFS was defined as months from the date of initiation on TKIs to clinically determined
disease progression or death, whichever occurred first. Here, the date of “clinically
determined disease progression” was defined as the date of radiographic imaging which
demonstrated progression deemed clinically significant by the physician—whether due to
resultant patient symptoms, or due to a radiographic change that was significant enough to
warrant a discussion of change in therapy.29-30 Patients who remained alive and progression-
free at the time of analysis were censored at the date of their last disease assessment.
Kaplan-Meier curves were utilized to estimate survival distributions. Time-to-event
comparisons were made using log-rank tests. Univariate and multivariate analyses were
performed using the Fisher's exact test or Kruskal-Wallis test and Cox's proportional hazards
regression models. All reported Pvalues are two-sided and no adjustments have been made
for multiple comparisons. All analyses were performed using R version 2.10.0 (R Found Stat
Comput).

Patient Characteristics

We identified 137 patients who developed EGFR-mutant metastatic lung adenocarcinoma
and were treated with gefitinib or erlotinib within the study period. Table 1 summarizes the
baseline characteristics of these patients. Consistent with observations in major randomized
trials of EGFR-mutant advanced NSCLC patients, most of our patients were female with a
median age of 60 years, and more than half of the cohort were never-smokers.*-8 The
distribution of activating EGFR mutations was also similar to what was reported in prior
studies.*8 The most predominant activating mutation was the exon 19 deletion, followed by
the L858R mutation. In comparison, the L861Q/R and G719X mutations were relatively less
common (Table 1). Notably, a tumor harboring coexisting sensitizing mutations in L861 and
G719 were diagnosed in two patients, and a tumor bearing concomitant L858R and T790M
mutations in the pre-TKI treatment specimen was diagnosed in another patient. Finally,
approximately 68% of the cohort received an EGFR-TKI as the first-line therapy, and 28%
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as second-line (Table 1). The information on salvage therapies administered after
progression on an EGFR-TKI was not consistently collected in the databases, and therefore,
this was not analyzed in the study.

Five-Year Survivors

The median PFS and OS for the cohort were 12.1 months (95% CI, 10.2-13.5 months) and
30.9 months (95% CI, 28.2-35.7 months), respectively (Figure 1). Ninety-one patients
(66.4%) survived for =2 years, and 20 (14.6%) survived for =5 years (range, 5.0-7.7 years).
The 95% CI for the 5-year survivor rate (14.6%) ranged from 9.7-21.9%. Ten of the 5-year
survivors (50.0%, or 7.3% of the entire cohort) remained alive at the data collection cut-off
date, and the median duration of follow-up on these patients was 89.8 months (range,
60.1-91.6 months). Notably, the patient whose tumor harbored both the L858R and T790M
mutations in the pre-treatment specimen demonstrated evidence of rapid disease progression
after only 44 days of treatment with erlotinib and had a short OS of 7.7 months, consistent
with the observation that T790M renders resistance to EGFR inhibition.31

Factors Associated with Prolonged Survival

The 137 patients were categorized into 3 subsets based on their OS (<2 years vs =2 to <5
years vs =5 years). Among these groups, clinical parameters associated with the prolonged
survival category were intrathoracic disease (2= 0.01) and the absence of bone (P=0.02)
and brain (P = 0.003) metastasis at the time of diagnosis of metastatic disease (Table 2). The
type of EGFR mutation additionally showed a marginal association with OS (= 0.06).
There were no significant differences in OS according to age, gender, smoking status, initial
staging, liver or adrenal metastasis, specific EGFR-TKI (erlotinib or gefitinib), line of
EGFR-TKI therapy, or specific EGFR mutation at the amino acid level.

The univariate analyses of OS were estimated using the Kaplan-Meier methodology. The
presence of an EGFR mutation in exon 19, vs 18 or 21, was associated with longer survival
(HR 0.55; 95% Cl, 0.38-0.79; £=0.001). The absence of extrathoracic (HR 0.52; 95% ClI,
0.36-0.75; £P=0.001), brain (HR 0.37; 95% Cl, 0.24-0.57; < 0.001), and bone (HR 0.66;
95% Cl, 0.47-0.95; P=0.02) metastasis was also associated with extended survival (Figure
2). Finally, the former or never (vs current) smoking status was correlated with prolonged
OS (HR 0.27; 95% Cl, 0.11-0.66; £ = 0.005). By comparison, there was no significant
survival difference between former vs never smokers (HR 0.96; 95% CI, 0.67-1.37; P=
0.81). No difference in survival was seen among patients who received EGFR-TKI treatment
as first-, second-, or third- or greater-line (median OS, 30.9 months, 30.9 months, 37.2
months, respectively; P=0.74).

In multivariate analysis after adjusting for all of the factors above, the variables
independently associated with prolonged survival were the exon 19 £GFR mutation, absence
of extrathoracic metastasis, absence of brain metastasis, and non-current smoking status
(Table 3). Bone metastasis was no longer statistically significantly associated with OS.
Interestingly, 20 of the 30 patients with brain metastasis at the time of diagnosis also had
bone metastasis, suggesting a statistically significant association (£ = 0.004). Adrenal or
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liver metastasis was not associated with brain metastasis (= 0.21 and P= 0.40,
respectively).

Discussion

We analyzed the 5-year survival among £GFR-mutant metastatic lung adenocarcinoma
patients treated with an EGFR-TKI and determined the rate of 14.6% (95% Cl, 9.7-21.9%),
in contrast to the <5% that has previously been reported for unselected patients with distant-
stage NSCLC.10-12.32-38 Tq our knowledge, this is the first published study reporting on the
outcome of 5-year survival within this patient population. Our center initiated systematic
genotyping of patients with advanced NSCLC in 2004 (including those started on treatment
between 2002 and 2004), allowing for prospective characterization of a cohort of patients
with a minimum of a 5-year follow-up. Thus far, the median duration of follow-up in the
major randomized clinical trials addressing the first-line use of erlotinib or gefitinib in
EGFR-mutant advanced NSCLC has ranged 13-19 months.4-8:39

Previously, the SEER Program published a relative 5-year survival rate of 4.5% for
unselected patients with distant-stage NSCLC.® A few prior studies in the literature also
examined long-term survival in advanced NSCLC patients,11-12:32-38 yet these patients were
predominantly treated with chemotherapy and not exposed to an EGFR-TKI. Although
Nishino et al. analyzed 5-year survival among advanced NSCLC patients treated with
gefitinib (reporting a rate of 8.4%),33 they also did not restrict the analysis to patients with
sensitizing EGFR mutations, such that the presence of an activating £GFR mutation alone
(in 37.9% of all patients and 14.3% of the 5-year survivors) emerged as a variable affecting
survival.33 Our literature review, in sum, identified 8 published studies since 2000 that
reported on long-term survivors with advanced NSCLC; of these, 6 specified the % of 5-year
survivors (Supplemental Table, Supplemental Digital Content).11-12:32-38 Analysis of the 6
studies revealed that, in aggregate, 3.9% of patients (or 46 of a total of 1176) with advanced
or metastatic NSCLC have been reported as 5-year survivors (Supplemental Table,
Supplemental Digital Content).11-12.32-38 The analysis is certainly limited by the caveat that
the studies were not controlled for disparate patient demographics. Furthermore, although
the analysis attempted to be comprehensive and capture all relevant studies, it is likely that
some studies were inevitably overlooked because the information was not readily available
in the title or the abstract. Despite these limitations, the ~4% is an estimate for the
historically reported % of 5-year survivors in advanced NSCLC, and is consistent with the
rate presented by the SEER Program.10

We speculate that the 2-year survival rate of 66.4% and 5-year survival rate of 14.6%
observed in our study (vs 7-16% and <5%, respectively, reported for unselected advanced
NSCLC patients in the literature; Supplemental Table, Supplemental Digital Content) likely
reflects both the patient characteristics and the early and now prevalent use of EGFR-TKIs.
Although clinicians generally acknowledge that TKIs have transformed the outcome of some
patients with NSCLC, there has been a paucity of data to objectively demonstrate the impact
of EGFR-TKIs on the long-term survival of patients with sensitizing mutations treated with
these agents. Multiple studies previously showed a marked PFS benefit delivered by EGFR-
TKIs,4-8:39-42 byt data on OS advantage was absent until the recent LUX-Lung 3 and LUX-
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Lung 6 trials with afatinib, in which median survival was prolonged by 12-13 months versus
with chemotherapy for patients with exon 19 deletions (but not for the entire populations in
the trials).3%-45 It has been proposed that this lack of OS advantage in pertinent clinical trials
might be attributable to high crossover rates from chemotherapy to EGFR-TKIs.41-43 Qur
findings provide support for this notion and suggest that the proportion of patients surviving
beyond 5 years is significantly higher compared to that observed in unselected patients prior
to the discovery of EGFR mutations.

We additionally demonstrated here that outcomes in our examined population remain
heterogeneous despite the mutual presence of both major activating £EGFR mutations and
adenocarcinoma histology, highlighting the importance of elucidating other reliable
predictors of survival. In our multivariate analysis, the clinical factors independently
associated with prolonged OS were the presence of an exon 19 mutation in £GFR, absence
of extrathoracic or brain metastasis, and absence of current smoking status. The association
between exon 19 deletions and prolonged survival in advanced NSCLC patients treated with
EGFR-TKIs (including the more recently approved afatinib) has been reported by several
groups.5:23:24.43-45 Bjo|ogical mechanisms to explain the apparent differences in outcome
rendered by these EGFR mutations remain an area of investigation. /n vitro, growth of cell
lines harboring exon 19 deletions or L858R is inhibited similarly by erlotinib or

gefitinib, 1746 urging the question of whether, in vivo, tumors with discrete sensitizing EGFR
mutations bear unique propensities to acquire concomitant resistance mutations within
EGFR (such as T790M) or other driver mutations beyond those in EGFR which then
ultimately alter disease behavior and clinical outcomes. The association between
extrathoracic metastasis and survival has been suggested by Park et al. and Lee et al.4748
Both groups examined clinical features associated with survival in EGFR-mutant advanced
NSCLC patients treated with an EGFR-TKI and identified tumor burden as one such
feature.*”48 However, these studies defined tumor burden as the number of metastatic sites
(1-2 vs =3), whereas our study instead analyzed the dichotomous variable of the presence of
extrathoracic metastasis. Notably, brain metastasis in particular was associated with
shortened OS in our study. The central nervous system involvement of lung cancer has long
been recognized as a factor predictive of worse outcome.4950 This association may be due to
the incomplete penetration of the blood-brain barrier by the EGFR-TKIs which, nonetheless,
have induced improved partial treatment responses compared to that achieved by
chemotherapy.25:26

The limitations of our study include: the retrospective design wherein undefined biases may
have existed and influenced clinical outcomes; the relatively small number of patients (for
example, only 5 patients belonging to the active smoker group in our analysis); the data
collection and analysis performed at a single tertiary academic center imposing a possible
selection bias; and the restriction of the analysis to clinical parameters as well as exclusion
of certain clinical parameters that may be relevant to survival, such as salvage therapies or
performance status (due to inconsistent collection of this information in our database). The
findings reported herein will therefore need validation in larger patient cohorts. A follow-up
study is warranted to elucidate genetic alterations that may co-occur with the sensitizing
EGFR mutations and further impact survival. In this regard, our group is working to retrieve
tumor samples of the long-term vs short-term survivors, in order to characterize these at a
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molecular level and identify genetic predictors of survival beyond the activating somatic
mutations in EGFR. As the sample number is limited to allow for meaningful analysis, we
will be working to form a consortium to study this further.

In summary, our findings estimate a 5-year survival rate of 14.6% in patients with EGFR-
mutant metastatic lung adenocarcinoma treated with erlotinib or gefitinib. We demonstrated
through multivariate analysis that exon 19 deletions are independently associated with
prolonged OS, whereas the presence of extrathoracic or brain metastasis and current
smoking status are associated with shortened OS. These observations help delineate subsets
of patients who might benefit from EGFR inhibition to reach a 5-year survival endpoint.
Future studies designed to investigate the molecular and genetic factors that impact survival
should help further tailor our understanding of heterogeneous outcomes in these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier plot of (A) progression-free survival and (B) overall survival for all patients in

the study cohort. Median survivals are annotated in months.
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Kaplan-Meier plots of overall survival according to the parameters of: the (A) exon of EGFR
mutation (exon 19: n = 76; exon 21: n = 54; exon 18: n = 4), (B) presence of extrathoracic
metastasis (yes: n = 79; no: n = 58), (C) presence of brain metastasis (yes: n = 30; no: n =
107), and (D) smoking status (never: n = 77; former: n = 55; current: n = 5). Median survival
values are annotated in months. Hazard ratio (HR) according to the univariate analysis is as
listed. For (A), HR is calculated for exon 19 vs either exon 18 or 21 £GFR mutation.
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Baseline Patient Characteristics

Characteristic n %
Gender

Men 31 22.6

Women 106 7.4
Race

White 118 86.1

Asian 13 9.5

Black 4 2.9

Hispanic 0 0.0

Other/Unknown 2 15
Smoking status

Never 7 56.2

Former 55 40.1

Current 5 3.6
Median age? (range), years 60 (35-84)
Stageb

Relapsed® 31 226

IVAD 42 30.7

IvBY 64 46.7
Presence of Extrathoracic M etastasis

Yes 79 57.7

No (without/with pleural effusion) 58 (29/29) 42.3
Involved Metastatic Sites

Liver 21 15.3

Adrenal 4 2.9

Bone 59 43.1

Brain 30 219
EGFR Mutation

Exon 19 Deletion 76 55.5

L858R 47 34.3

L861 7 5.1

G719 4 29

L861+G719 2 15

L858R+T790M 1 0.7
EGFR-TKI

Erlotinib 121 88.3

Gefitinib 16 117
Lineof EGFR TKI

First-Line 93 67.9
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Characteristic n %
Second-Line 38 27.7
Third- or Greater-Line 6 4.4

aAge at diagnosis of metastatic disease.
b . . . . .
American Joint Committee on Cancer (AJCC) Staging System, 7th edition.

Patients with stages I-111 with systemic relapse following definitive therapy.
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Table 3
Multivariate Cox Regression Analysis of OS
Characteristic oS
HR 95% CI P Value

Exon 19 Deletion 0.63 0.44-0.91 0.01
No Extrathoracic Metastasis 0.62 0.41-0.93 0.02
No Brain Metastasis 0.48 0.30-0.77 0.002
Not a Current Smoker 0.23  0.09-0.59 0.002
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