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Introduction. Brain metastasis is a poor prognostic marker in lung cancer. However it is not known whether amongst patients
with EGFR mutation those with brain metastases have a worse outcome. Methods. We compared the survival outcomes between
EGFR mutation positive patients with and without brain metastases. In this retrospective analysis of prospective database of all
metastatic lung cancer patients at our centre between July 2009 and December 2012, patients were treated with either combination
chemotherapy or oral TKI. All patients with brain metastases received whole brain radiation. Kaplan Meier method was used for
survival analysis and compared using log rank test. Results. 101 patients with EGFR mutated, metastatic lung cancer were studied.
Fourteen had brain metastases and 87 did not. The common EGFR mutations were exon 19 deletion (61.3%) and exon 21 L858R
mutation (28.7%). Overall response was 64% in extracranial metastasis group as compared to 50% in brain metastasis group. There
was a significant worsening of median OS in the patients with brain metastases (11.6 months) compared with only extracranial
metastases (18.7 months), P = 0.029. Conclusion. Amongst patients with EGFR mutant NSCLC, the presence of brain metastases

leads to a worse outcome as compared to patients with extracranial metastases alone.

1. Introduction

Metastatic lung cancer is one of the leading causes of
cancer mortality worldwide. The presence of brain metastasis
confers an even worse prognosis [1]. The median survival
amongst patients with adenocarcinoma of the lung with brain
metastasis in one of the early reports was around 73 days
[1]. Whole brain radiotherapy (WBRT) improves median
survival to 4-6 months [2, 3]. Non-small cell lung cancer
(NSCLCQ) patients with brain metastases who have activating
mutations of epidermal growth factor receptor (EGFR) tend
to do significantly better as compared to those with wild type
EGFR (median survival of 12.9 months as compared to 3.1
months) [4], when treated with oral tyrosine kinase inhibitors
(TKIs) and cranial irradiation.

EGFR mutation positivity is a good prognostic marker
and patients with EGFR mutant lung cancer tend to have

a longer survival. However, patients with EGFR mutated
NSCLC have a predilection to develop brain metastases.
The incidence of EGFR mutation positivity among patients
with brain metastases is higher, ranging from 44 to 63%, as
compared to the usually described 10% incidence of EGFR
mutation in all patients diagnosed with NSCLC [5]. Although
the development of brain metastases in general predicts for
a poor outcome in lung cancer, it is not known whether
among patients who are EGFR mutation positive the subset
of patients who develop brain metastases have an equally
poor prognosis as compared to those EGFR mutation positive
patients who have extracranial metastasis only. Hence, we
performed a retrospective analysis to try to evaluate whether
the presence of brain metastasis amongst patients with EGFR
mutations is associated with a worse outcome as compared to
those without brain metastasis.
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2. Materials and Methods

This study was approved by the Institutional Ethics Commit-
tee of Tata Memorial Hospital.

2.1. Patients. Patients were selected retrospectively from the
database maintained prospectively in the Medical Oncology
Department of Tata Memorial Hospital, Mumbai (India). All
EGFR mutation positive patients with metastatic NSCLC,
between July 2009 and December 2012, were included in this
study. EGFR mutation test was done as published previously
[6].

The diagnosis of NSCLC was made in all patients by
means of either alung biopsy or pleural fluid cytology. Staging
workup included a CT scan or PET/CT scan as per routine
care. Brain imaging was done only if patient had symptoms or
signs suggestive of brain metastasis at the time of diagnosis.

Therapy was administered according to the treating
physicians discretion. All patients who were willing to wait
for the results of the EGFR analysis report and were not
severely symptomatic were started on treatment after the
results of the EGFR analysis report were available. The oral
tyrosine kinase inhibitor (TKI) used was either gefitinib
250 mg once daily or erlotinib 150 mg once daily, based
on the treating physicians preference. Patients with a good
performance status (PS), that is, ECOG 1 or 2 but who
were very symptomatic because of disease-related symptoms,
were started immediately on 1Ist line chemotherapy with
pemetrexed and platinum, prior to obtaining the results
EGEFR report. Patients who had a poor PS (ECOG 3 or 4) were
initially started on oral TKIs, without waiting for the results
of EGFR analysis. All patients with brain metastasis received
WBRT. Patients were evaluated 1 week after starting oral TKI
and then once every 1-3 months to evaluate for side effects.
Response evaluation was done every 2-3 months. Response
was assessed by using RECIST criteria. Patients who were
diagnosed with symptomatic brain metastases were treated
with WBRT followed by either chemotherapy (pemetrexed-
platinum) or oral TKI, based on their performance status
and/or EGFR mutation status. For the purpose of this study,
the outcome of patients with brain metastases at diagnosis
was compared to that of patients without brain metastases.

2.2. Variables. The following demographic and clinical
details were captured from the prospective patient database-
age, gender, baseline performance status, addictions, histo-
pathology, sites of metastases, type of EGFR mutation, first
line therapy, and toxicities to TKIs. Treatment details were
collected for these patients. Patient outcome data were col-
lected for response to therapy, progression free survival, and
overall survival. All toxicities were graded according to the
common terminology criteria for adverse events (CTCAE),
version 4.0. Patients who had complications such as febrile
neutropenia and skin reactions were managed according
to standard protocols as per the discretion of the treating
physician.

2.3. Statistics. Statistical Package for the Social Sciences
(SPSS), version 15.0, was used for compilation of the data as
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well as for statistical calculation. Frequencies and descrip-
tive statistics were obtained. The categorical variables were
compared using chi square method and the Fisher exact test.
Overall survival (OS) was defined as the time from date of
start of TKI to death. Progression free survival (PFS) was
defined as the interval between the date of start of TKI to
progression or date of stopping of treatment due to any cause.
The OS and PFS were estimated using the Kaplan Meier
method and were compared using the log rank test.

3. Results

101 EGFR positive patients were included in this study. 14 had
brain metastasis. The baseline demographic data are provided
in Table 1.

The male to female ratio was equal in patients with
brain metastasis but was 0.81 in patients with extracranial
metastasis. Extracranial sites of metastases included pleural
effusion in 36 patients, bones in 21 patients, and liver in 4
patients. Addictions, both tobacco chewing and smoking,
were more common in patients without brain metastases as
compared to those with brain metastases (36% versus 28%),
although this was not statistically significant.

All patients were exposed to TKI, 70 patients in the first
line, 30 in the second line, and one patient received oral
TKI as third line therapy. Amongst the patients with brain
metastases, TKI was used as 1st line systemic therapy in 6
patients (42.85%), and as 2nd line in 7 patients (50%), while
amongst those with extracranial mets, TKI was used as first
line in 64 patients (73.5%) and as 2nd line in 23 patients
(26.43%).

The most common EGFR mutation seen was exon 19
deletion, which was seen in 62 patients (61.38%), followed by
exon 21 L858R mutation in 29 patients (28.71%), and exon
18 G719X in 4 patients. For 3 patients, the EGFR mutation
locus was not known as the EGFR mutation testing was done
outside our institution: 1 patient had exon 19 mutation and 2
patients had exon 20 mutations.

3.1. Outcome. In the patients with brain metastases, the
overall response rate to first line therapy in the metastatic
setting was 50% (all partial responses). In the patients without
brain metastases (n = 87), the overall response (complete
and partial response) rate was 64%. The median PFS was
10.9 months for the patients without brain metastasis as
compared to 8.67 months for those with brain metastasis (P =
0.237) (Figure 1). However, there was a statistically significant
difference between median OS amongst the patients without
brain metastases (18.7 months) compared to 11.6 months in
the patients with brain metastases, P = 0.029 (Figure 2).

4. Discussion

Metastatic lung cancer patients with EGFR mutations have
a better prognosis as compared to EGFR mutation negative
patients. The median survival of EGFR positive patients is
around 3 years as compared to 1.6 years in EGFR negative
patients, when adjusted for age, gender, and stage. The
median survival of lung cancer patients with brain metastasis
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TABLE 1: Baseline demographic data.

With brain

Without brain

; . Total, n = 101 (%) P value
metastasis, n = 14 (%) metastasis, 1 = 87 (%)
Median age (+SD years) 54 (+19.09) 59 (+10.2) 60 (+10.39)
Gender
Male 7 (50) 39 (44.82) 46 (45.54) P = 013 (chi square)
Female 7 (50) 48 (55.17) 55 (54.45)
Performance status
ECOG PS 0-1 5(35.714) 55 (63.21) 60 (59.4) P = 0.05 (chi square)
ECOG PS 2-3 9 (64.28) 32 (34.48) 41 (40.6)
Smoking
Ever 4(28.57) 32(36.78) 36 (35.64) P = 0.39 (Fisher exact)
Never 10 (71.42) 55 (63.21) 65 (64.35)
Histology
Adenocarcinoma 14 (100%) 82(94.25) 96 (95.04) P = 0.34 (Fisher exact)
Squamous 0 2(2.29) 2(1.98)
Not determined 0 3(3.44) 3(2.97)
1.0 H 1.0
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 - 0.0 -
T T T T T T T T T T T T
0.00 5.00 10.00  15.00 20.00 25.00 30.00 0.00 10.00 20.00 30.00 40.00

Progression free survival (months)

Brain metastasis
—11 Absent
11 Present

FIGURE 1: Progression free survival of EGFR positive patients with
brain metastases as compared to EGFR positive patients without
brain metastases.

is 4.5 months when treated with standard WBRT. Patients
with brain metastases and EGFR mutations have a higher
response rate to WBRT compared to those with wild-type
EGFR (7, 8]. However most of the trials evaluating the prog-
nostic role of EGFR have either excluded newly diagnosed
symptomatic brain metastasis from their study [9, 10] or
included only those with stable and completely treated brain
metastases, that is, those who had completed brain irradiation
more than 3 weeks prior to enrollment and those who were
oft corticosteroids [11]. In our study, amongst the EGFR
positive patients, survival for those with brain metastasis was

Overall survival (months)

Brain metastasis
—11 Absent
11 Present

FIGURE 2: Overall survivals of EGFR positive patients with brain
metastases as compared to EGFR positive patients without brain
metastases.

significantly worse than those with extracranial metastases
alone.

Chemotherapy was believed to have a limited role in
patients with brain metastases, due to the general perception
that chemotherapy does not cross the blood brain barrier.
However, trials have shown that chemotherapy improves
median survival in patients with brain metastases [12]. TKIs
have also been shown to be effective in the treatment of
brain metastases with improvement in OS and PFS [13, 14].
TKIs have also been used upfront without WBRT in patients
who are asymptomatic for brain metastases [15-18]. In one



of the largest retrospective series examining the effect of
EGFR mutations on brain metastasis, it was found that extra
cranial progression rather than progression of intracranial
metastases was more common in EGFR mutant tumors
and these patients were more likely to die from systemic
causes rather than brain metastasis when treated with TKIs
[13]. Thus the behavior of brain metastatic disease in EGFR
mutant patients is different from that of wild type tumors.
In our study we found that the overall survival in patients
with EGFR mutant NSCLC with extracranial metastases was
significantly better than that in patients with brain metastases
(18.7 months versus 11.6 months). The overall survival of
patients with EGFR mutant NSCLC with brain metastases
was similar to that reported in other studies [19]. Although
brain metastasis confers a poorer prognosis in lung cancer,
this has never been documented in EGFR mutant tumors in
the TKI era. In our study, we show that even in EGFR mutant
patients treated with TKIs the presence of brain metastasis
still leads to worse outcomes as compared to those without
brain metastasis.

5. Conclusion

Amongst patients with metastatic EGFR mutation positive
lung cancer, the patients with brain metastases have a worse
outcome as compared to those without brain metastasis at the
time of diagnosis.
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