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Abstract
Background: Although superior clinical benefits of first-line epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs) in the treatment of advanced non-small-cell lung cancer (NSCLC) had
been reported with different sensitivity, the sensitivity of second-line TKIs in NSCLC patients with
different EFGR mutations was unknown. The purpose of this study is to investigate the clinical outcome
of second-line EGFR-TKIs in the treatment of NSCLC patients according to different EGFR genotypes.
Methods: The treatment outcomes of 166 NSCLC patients with different EGFR mutations treated by
second-line TKIs were retrospectively reviewed. The efficacy was evaluated with Pearson chi-square or
Fisher's exact tests, Log-rank test and Cox proportional hazards model.
Results: The disease control rate (DCR) and objective response rate (ORR) of enrolled NSCLC
patients were 77.7% and 11.4%, respectively. The exon 19 deletion group had a significantly longer
median progression-free survival (PFS) (6.7 vs. 4.5 months, P=0.002) and overall survival (OS) (13.7 vs.
11.7 months, P=0.02) compared with the exon 19 L858R mutation group for NSCLC patients, as well
for patients with brain metastasis [PFS: (6.7 vs. 3.9 months, p<0.001), OS: (13.7 vs. 7.9 months,
p=0.006)]. No significant difference on PFS and OS was observed between exon 19 deletion and L858R
mutation group for patients with bone metastasis. EGFR genotype and ECOG PS were independent
predictors of PFS. Never smoking, exon 19 deletion, EGOC PS (0-1) and no brain metastasis were
correlated with longer OS. No significant difference on side effect between exon 19 and 21 mutation
group was observed.
Conclusions: NSCLC patients harboring exon 19 deletion achieved better PFS and OS than those with
L858R mutation, indicating that EGFR mutation is a significant prognostic factor for advanced NSCLC
patients with and without brain metastasis receiving second-line EGFR-TKIs treatment.
Key words: Non-small-cell lung cancer; Epidermal growth factor receptor; Tyrosine kinase inhibitors; Brain
metastasis; Bone metastasis

Introduction
Lung cancer is the leading cause of cancer
related deaths worldwide and in China.1,2
Non-small-cell lung cancer (NSCLC) accounts for
approximately 87% of all lung cancer cases.3,4 The

overall prognosis of NSCLC remains poor due to
approximately 25-30% of patients present with locally
advanced disease upon their initial diagnosis,
whereas 40-50% patients present with metastatic
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disease5. The appearance of small-molecule tyrosine
kinase inhibitors (TKIs) of epidermal growth factor
receptor (EGFR), such as gefitinib and erlotinib, have
shown antitumor activity in NSCLC patients,
especially in those with EGFR mutations. EGFR
mutational status has become the most important
determining factor of clinical response to TKIs.
Results
from
phase
II
and
phase
III
randomized-controlled trials (RCTs) demonstrated
superior clinical benefits of TKIs compared with
chemotherapy as a first-line therapy for metastatic
NSCLC patients. 6
It was found that sensitivity to EGFR TKI is
associated with somatic mutations in the EGFR genes.
The EGFR mutations were discovered in the first four
exons, i.e. exons 18-21 of the tyrosine kinase domain
of EGFR.7-9 Two major activating mutations in EGFR,
which account for almost 85% of all clinically
important mutations related to EGFR TKI sensitivity,
are an in-frame deletion of exon 19 encompassing the
amino acids from codons L747 to E749 and the single
amino acid mutation L858R in exon 21.10 Further
clinical trials revealed that the overall survival beneﬁt
of afatinib, an oral irreversible ErbB family blocker,
was driven mainly by patients with exon 19 positive
tumors (p=0.0001) as first-line therapy, whereas in
patients with EGFR L858R positive tumors, there was
no difference between groups (p=0.16).11 The result
indicated that patients with different EGFR mutations
show different sensitivities to first-line EGFR-TKIs.
However, studies reported that the significant
predictive value of EGFR mutations observed in
first-line TKI treatment has not been maintained in
Study
also
second-line
TKI
treatment.12,13
demonstrated that first-line chemotherapy may
significantly reduce EGFR mutation rate in NSCLC
patients, and the rate of tumor response to second-line
TKI therapy was lower than that to first-line therapy
in patients with EGFR mutations.14 This raises the
question: whether different EGFR mutations still
show different sensitivities to second-line EGFR-TKIs
in the treatment of advanced NSCLC?
Brain and bone metastases were common
complications in advanced NSCLC patients, with
30%–40% of patients developed brain and/or bone
metastases during the course of disease.15, 16 Studies
suggested that the prognosis of brain and/or bone
metastases patients from NSCLC may be also
associated with the status of EGFR mutations.17-20
Different EGRF mutations with different EGFR-TKI
responses have also been reported in NSCLC patients
with brain metastasis.21 So, the purpose of this study
is to investigate the clinical outcome of NSCLC
patients with and without brain and/or bone
metastases in different EGFR tumor genotypes (exon

19 deletion vs. exon 21 L858R mutation) receiving
second-line EGFR-TKIs.

Materials and Methods
Patients and clinical characteristics
Consecutive NSCLC patients harboring either
the exon 19 deletion or the L858R point mutation of
EGFR treated at the First Affiliated Hospital of
Wenzhou Medical University between December 2010
and September 2015 were retrospectively reviewed.
The eligibility criteria for this study were as follows:
histologically
or
cytologically
confirmed
non-small-cell lung cancer; had recurrence or
progression
after
first-line
platinum
based
chemotherapy; with no brain or bone metastasis
before the disease progression; received a second-line
treatment with gefitinib, icotinib or erlotinib; Eastern
Cooperative Oncology Group performance status 0-2
(ECOG PS), with adequate organ functions (including
cardiac, hepatic, and renal function) and hematologic
functions (absolute neutrophil ≥ 1.5×109/L or platelet
count ≥100 ×109/L).
The exclusion criteria were as follows: patients
had mixed small cell histology; unknown EGFR
mutation status; without at least one measurable
lesion according to the Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1; lost to follow-up or
died within 1 month after the starting of second-line
treatment. Patients with brain metastasis who did not
receive whole brain radiotherapy (WBRT) or the dose
of WBRT less than 30 Gy were also excluded from the
subgroup analysis.
The baseline clinical characteristics of enrolled
patients were collected through retrospective chart
review, which included gender, age at progression,
tumor histology, baseline ECOG PS at the start of
treatment with second-line EGFR-TKIs, stage of the
disease at progression, the type of EGFR-TKIs
administered (icotinib, gefitinib or erlotinib).

Treatment and follow-up evaluation
Oral EGFR-TKIs with gefitinib (250 mg/d),
erlotinib (150 mg/d) or icotinib (375mg/d) were
administered to the previously treated NSCLC
patients until progression or intolerable adverse
effects. WBRT (30 Gy/10F) with concurrently oral
EGFR-TKIs were administered for patients with brain
metastasis progression. For patients with bone
metastasis progression, radiotherapy combining with
oral EGFR-TKIs or oral EGFR-TKIs alone was
conducted.
Re-evaluation was performed at the beginning of
oral EGFR-TKIs treatment and then monthly.
Evaluation included physical examination, a complete
blood count measurement, liver function test, and
http://www.jcancer.org
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chest computed tomography (CT) scan. Brain CT with
and without contrast, abdominal CT, or bone scan, as
well as magnetic resonance images if necessary, were
performed when there were relevant symptoms in
patients.

Definitions and statistical analyses
Pearson chi-square or Fisher's exact tests (when
there were fewer than 5 expected counts in the
contingency table) were applied to compare the
baseline characteristics of parents between EGFR
genotype groups and to evaluate each potential
influential factors. Tumor response to EGFR-TKIs was
assessed according to the Response Evaluation
Criteria in Solid Tumors 1.1. OS was defined as the
interval from the date of first EGFR-TKIs treatment to
the date of death. PFS was defined as interval between
the date of first EGFR-TKIs treatment and the date of
confirming disease progression or death from disease
progression. PFS and OS were estimated by using
Kaplan-Meier method. Differences between the
groups were compared using the log-rank test. The
Cox proportional hazard model was used to identify
multivariate analyses. The statistical analysis was
computed using SPSS (version 17.0, SPSS Inc.,
Chicago, IL). A p-value < 0.05 was considered
statistically significant.

Results
As shown in figure 1, of 355 NSCLC patients
received EGFR-TKIs as second-line treatment from
December 2010 to September 2015, 72 patients due to
insufficient information for EGFR mutational analysis
or lost to follow-up, 81 patients due to brain and/or
bone metastases at their first hospital visit were
excluded. Nine patients died within one month after
starting the second-line TKIs, 15 had other types of
EGFR mutations (not exon 19 and L858R mutation),
and 12 patients with brain metastasis without whole
brain radiotherapy were also excluded. There were
166 patients enrolled finally.
Table 1 presents the baseline characteristics of
enrolled 166 patients with a median age of 60 years
(range, 37-87 years). The EGRF mutation types of exon
19 deletion and exon 21 L858R mutation were 51.8%
(86/166) and 48.2% (80/166), respectively. Table 2
shows the characteristics of NSCLC patients with
brain (75 patients) and bone metastasis (76 patients).
The percentage of brain and bone metastases patients
with exon 19 deletion and exon 21 L858R mutation
were 50.7%, 49.3%, and 44.7%, 55.3%, respectively.
The enrolled patients were well balanced and
matched in clinical characteristics.
The responses of all these 166 patients to
EGFR-TKIs treatment with a disease control rate

(DCR) of 77.7% (129/166), and objective response rate
(ORR) of 11.4% (19/166), respectively. The ORR and
DCR for exon 19 deletion and L858R mutation were
12.8% vs. 10.0% (p=0.61), and 81.4% vs. 73.8%
(p=0.64), respectively. The overall DCR and ORR of
brain and bone metastases were 76% (57/75), 10.7%
(8/75), and 68.4% (52/76), 3.9% (3/76), respectively.
The ORR and DCR for exon 19 deletion and L858R
mutation of brain metastasis patients were 13.2% vs.
8.1% (p=0.48), and 78.9% vs. 73.0% (p=0.31),
respectively. The ORR and DCR for exon 19 deletion
and L858R mutation of bone metastasis patients were
5.9% vs. 2.4% (P=0.44), and 70.6% vs. 66.7% (P=0.72),
respectively.

Table 1. Baseline characteristics of all 166 non-small-cell lung
cancer patients with EGFR exon 19 deletion and L858R mutation.
Characteristics

Total (%)

All patients
166 (100)
Gender
Female
105 (63.3)
Male
61 (36.7)
Smoking
Never
91 (54.8)
Current/former
75 (45.2)
Age at disease progress
≤60
66 (38.9)
>60
100 (60.2)
Histology
Adenocarcinoma
153 (92.2)
Non-adenocarcinoma 13 (7.8)
EGOC PS at disease progress
EGOC 0-1
138 (83.1)
EGOC 2-3
28 (16.9)
Stage at disease
progress
III
9 (5.4%)
IV
157 (94.6)
Type of EGFR-TKIs
Erlotinib
41 (24.7)
Gefitinib
72 (43.4)
Icotinib
53 (31.9)
Control by first-line chemotherapy
Control
139 (83.7)
NO
27 (16.3)
Brain metastasis
No
91 (54.8)
Yes
75 (45.2)
Bone metastasis
No
90 (54.2)
Yes
76 (45.8)
Subsequent systemic
therapy
No
50 (30.1)
Yes
116 (69.9)

Exon 19
deletion (%)

L858R
P
mutation (%)

86 (100)

80 (100)

58 (67.4)
28 (32.6)

47 (58.8)
33 (41.3)

0.57

47 (54.7)
39 (45.3)

44 (55.0)
36 (45.0)

0.96

37 (43.0)
49 (57.0)

29 (36.3)
51 (63.7)

0.37

81 (94.2)
5 (5.8)

72 (90.0)
8 (10.0)

0.32

75 (87.2)
11 (12.8)

63 (78.8)
17 (21.3)

0.15

6 (7.0)
80 (93.0)

3 (3.8)
77 (96.3)

0.36

16 (18.6)
45 (52.3)
25 (29.1)

25 (31.3)
27 (33.8)
28 (35.0)

0.21

74 (86.0)
12 (14.0)

65 (81.3)
15 (18.8)

0.4

48 (55.8)
38 (44.2)

43 (53.8)
37 (46.3)

0.79

52 (60.5)
34 (39.5)

38 (47.5)
42 (52.5)

0.09

24 (27.9)
62 (72.1)

26 (32.5)
54 (67.5)

0.52

Abbreviations: EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase
inhibitors; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Figure 1. Flow Diagram of all patients.

Table 2. Baseline characteristics of non-small-cell lung cancer patients with brain and bone metastases with EGFR exon 19 deletion and
L858R mutation.
Brain metastasis
Characteristics
Number
Total patients
75(100)
Gender
Female
47(62.7%)
Male
28(37.3)
Smoking
Never
44(58.7)
Current/former
31(41.3)
Age at disease progress
≤60
31(41.3)
>60
44(58.7)
Histology
Adenocarcinoma
71(94.7)
Non-adenocarcinoma
4(5.3)
EGOC PS at disease progress
EGOC 0-1
60(80.0)
EGOC 2-3
15(20.0)
Type of EGFR-TKI
Erlotinib
18(24.0)
Gefitinib
30(40.0)
Icotinib
27(36.0)
Control by first-line chemotherapy
Control
61(81.3)
No
14(18.7)
Number of BM
1
21(28.0)
>1
54(72.0)
Extracranial metastases
No
27(36.0)
Yes
48(64.0)
Subsequent systemic therapy
No
19(33.9)
Yes
56(66.1)

Bone metastasis
Number
76(100)

Exon 19 (%)
34(44.7)

Exon 21(%)
42(55.3)

0.3

48(63.2)
28(36.8)

24(70.6)
10(29.4)

24(57.1)
18(42.9)

0.2

21(56.8)
16(43.2)

0.74

45(59.2)
31(40.8)

22(64.7)
12(35.3)

23(54.8)
19(45.2)

0.4

19(50.0)
19(50.0)

12(32.4)
25(67.6)

0.12

28(36.8)
48(63.2)

14(41.2)
20(58.8)

14(33.3)
28(66.7)

0.5

36(94.7)
2(5.3)

35(94.6)
2(5.4)

0.98

69(90.8)
7(9.2%)

33(97.1)
1(2.9)

36(85.7)
6(14.3)

0.1

31(81.6)
7(18.4)

29(78.4)
8(21.6)

0.77

65(85.5)
11(14.5)

29(85.3)
5(14.7)

36(85.7)
6(14.3)

1

8(21.1)
17(44.7)
13(34.2)

10(27.0)
13(35.1)
14(37.8)

0.68

16(21.1)
39(51.3)
21(27.6)

4(11.8)
22(64.7)
8(23.5)

12(28.6)
17(40.5)
13(31.0)

0.1

31(81.6)
7(18.4)

30(81.1)
7(18.9)

0.96

65(85.5)
11(14.5)

30(88.2)
4(11.8)

35(83.3)
7(16.7)

0.6

12(31.6)
26(68.4)

9(24.3)
28(75.7)

0.48

15(19.7)
61(80.3)

7(20.6)
27(79.4)

8(19.0)
34(81.0)

0.9

12(31.6)
26(68.4)

15(40.5)
22(59.5)

0.42

39(51.3)
37(48.7)

18(52.9)
16(47.1)

21(50.0)
21(50.0)

0.8

12(31.6)
26(68.4)

7(18.9)
30(81.1)

0.21

24(31.6)
52(68.4)

11(32.4)
23(67.6)

13(31.0)
29(69.0)

0.9

Exon 19 (%)
38(50.7)

Exon 21(%)
37(49.3)

26(68.4)
12(31.6)

21(56.8)
16(43.2)

23(60.5)
15(39.5)

p

p

Abbreviations: EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; ECOG PS, Eastern Cooperative Oncology Group performance status;
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The median progression-free survival (PFS) and
overall survival (OS) of enrolled NSCLC patients was
5.8 months (95% Cl, 4.9-6.7 months) and 12.4 months
(95% Cl, 10.6-14.1 months), respectively. The
estimated 6-month and 1-year PFS rates were 57.6%,
13.1% in the exon 19 deletion arm, and 38.8%, 6.7% in
the L858R mutation arm, respectively. Figure 2
presents the median PFS and OS of NSCLC patients
after second-line EGFR-TKIs treatment for exon 19
deletion and L858R mutation. The exon 19 deletion
group had a significantly longer median PFS
compared with the L858R mutation group (6.7 vs. 4.5
months, P=0.002) as shown in figure 2A. The
estimated 6-month and 1-year OS rates were 97.4%,
61.6%, and 87.3%, 46.6% for exon 19 deletion and
L858R mutation group, respectively. The exon 19
deletion group had a longer median OS compared
with the L858R mutation group (13.7 vs. 11.7 months,
P=0.02), as shown in figure 2B.
The median PFS and OS were 4.7 months (95%
Cl, 3.9-5.5 months) and 10.3 months (95% Cl, 8.2-12.5
months) for NSCLC patients with brain metastasis,
respectively. As shown in figure 3A, the probabilities
of PFS at 6 months and 1 year were 61.9% and 12.9%
in the exon 19 deletion, 20% and 0% in L858R
mutation arms, respectively. Exon 19 deletion group
had a longer median PFS than the L858R mutation
group (6.7 vs. 3.9 months, p<0.001). The OS was
shown in figure 3B, in which the probabilities of OS at
6 months and 1 year were 93.8% and 54.5% for the
exon 19 deletion arm, and 81.6% and 18.5% for L858R
mutation arm, respectively. The exon 19 deletion arm
had a longer median OS compared with the L858R

mutation arm (13.7 vs. 7.9 months, p=0.006).
The median PFS and OS for NSCLC patients
with bone metastasis were 4.8 months (95% Cl, 4.0-5.6
months) and 12.9 months (95% Cl, 8.7-17.1 months),
respectively. The estimated 6-month and 1-year DFS
rates for exon 19 deletion and the L858R mutation
groups were 46.9%, 16.3%, and 31.0%, 10.7%,
respectively. There was no significant difference on
median PFS (5.9 vs. 4.4 months; P=0.17) and median
OS between patients with exon 19 deletion and L858R
mutation, as shown in figure 4B. The estimated
6-month and 1-year OS rates were 96.0%, 63.1%, and
91.9%, 45.6% for patients with exon 19 deletion and
L858R mutation, respectively.
Univariate and multivariate analysis on PFS and
OS for all NSCLC patients and for patients with brain
and bone metastases were shown in table 3. EGFR
genotype and ECOG PS were independent predictors
of PFS for both NSCLC patients with and without
brain metastasis. Never smoking (P=0.001), exon 19
deletion (P=0.03), EGOC PS (0-1) (P<0.001) and no
brain metastasis (p=0.01) were correlated with longer
OS for all NSCLC patients. For patients with brain
metastasis, age at disease progression (p=0.009),
genotype (p=0.02) and EGOC PS (p<0.001) were
independent predictors of OS. For patients with bone
metastasis, EGOC PS (p<0.001) was an independent
predictor for both PFS and OS. Female (P=0.01), never
smoking (P=0.005), number of bone metastases
(P=0.03) and EGOC PS (0-1) (P=0.002) were related to
a longer PFS. EGOC PS (0-1) (P<0.001) was associated
with a longer OS.

Table 3. Multivariate analysis results for progression-free survival and overall survival in non-small-cell lung cancer patients according to
clinicopathologic characteristics.
N

All NSCLC patients
Gender (Female/Male)
104/62
Smoking (Never /Current or former) 91/75
Age at disease progression (≤60/>60) 66/100
EGOC PS at disease progression
138/28
(EGOC 0-1/2-3)
Genotype (exon 19/21)
86/80
Brain metastases (No/Yes)
91/75
Patients with brain metastasis
Age at disease progression (≤60/>60)
31/44
EGOC PS at disease progression (EGOC 60/15
0-1/2-3)
Genotype (exon 19/21)
38/37
Patients with bone metastasis
Gender (Female/Male)
48/28
Smoking (Never /Current or former)
45/31
EGOC PS at disease progression (EGOC 65/11
0-1/2-3)
Number of bone metastasis (<1/>1)
15/61

PFS
Univariate
p

Multivariate
HR
95%CI

p

0.03
0.35
0.20
<0.001

1.25

0.23

3.67

2.24-6.01

<0.001

0.002
0.07

1.54

1.08-2.20

0.02

0.87-1.82

Univariate
p

OS
Multivariate
HR
95%CI

p

0.44
0.02
0.07
<0.001

2.34
1.72
11.86

1.33-4.09
0.94-3.15
5.55-25.36

0.003
0.08
<0.001

0.02
0.02

1.94
2.02

1.09-3.48
1.17-3.50

0.03
0.01

0.34
<0.001

3.1

1.58-6.05

0.001

0.004
<0.001

3.38
5.59

1.35-8.47
2.34-13.36

0.009
<0.001

<0.001

2.60

1.51-4.48

0.001

0.006

2.67

1.17-6.05

0.02

0.01
0.005
0.002

2.07
1.75
2.83

1.16-3.73
0.96-3.19
1.30-6.19

0.02
0.07
0.009

0.80
0.02
<0.001

1.99
7.79

0.77-5.13
2.52-24.09

0.16
<0.001

0.03

1.69

0.82-3.50

0.16

0.004

4.29

0.850-21.72

0.08

Abbreviations: NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; TKIs, tyrosine kinase inhibitors; ECOG PS, Eastern Cooperative Oncology
Group performance status; PFS, The disease-free survival; OS, the overall survival.
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Figure 2. Kaplan–Meier PFS (A) and OS (B) curves for the all NSCLC patients between exon 19 and with 21 mutation. Abbreviations: PFS, The disease-free survival;
OS: the overall survival; NSCLC: non-small-cell lung cancer.

Figure 3. Kaplan–Meier PFS (A) and OS (B) curves for the NSCLC patients with brain metastasis between exon 19 and with 21 mutation. Abbreviations: PFS, The
disease-free survival; OS: the overall survival; NSCLC: non-small-cell lung cancer.

Figure 4. Kaplan–Meier PFS (A) and OS (B) curves for the NSCLC patients with bone metastasis between exon 19 and with 21 mutation. Abbreviations: PFS, The
disease-free survival; OS: the overall survival; NSCLC: non-small-cell lung cancer.
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Rash (47/166), fatigue (46/166), and anorexia
(25/166) were the three most frequent side effects
observed for NSCLC patients treated with second-line
EGFR-TKIs. The common toxicities of grade III/IV
were rash (9/166) and fatigue (7/166). Most patients
tolerated well with the side effects after symptomatic
treatments, except for a dose reduction of EGFR-TKIs
for 15 patients. There was no significant difference on
side effects between NSCLC patients with exon 19
and 21 mutations.

Discussion
The efficacy of second-line EGFR-TKIs in the
treatment of advanced NSCLC patients with and
without brain and bone metastases, and the effects of
different genotype mutations on PFS and OS were
investigated in this study. Advanced NSCLC patients
with and without brain metastasis with an exon 19
deletion showed a better PFS and OS compared with
those with L858R mutation receiving second-line
EGFR-TKIs treatment. No significant difference on
PFS and OS between exon 19 and 21 mutations was
observed for patients with bone metastasis.
Studies demonstrated that advanced NSCLC
patients underwent first-line platinum-based doublet
chemotherapy need EGFR-TKIs as second-line or
third-line treatment to maximize the survival
benefit.22 The ORR of our patients was 11.4%, which
was similar to the reported 11.3% from a phase II
study on the EGFR wild type NSCLC patients treated
with second-line EGFR-TKIs, while the DCR in this
study was much higher (76.5% vs. 28.3%).23 This may
be due to the intrinsic sensitivity differences for
different type of EGFR mutations. The ORR and DCR
in our study were a bit inferior to the reported 26.7%
and 81.6% in the TRUST study with Chinese
subpopulation.24 However, no specific EGFR
mutation types was reported, and the results of
second-line and third-line treatment were mixed in
that study. The median PFS in our study was close to
that of TRUST study with Chinese subpopulation (5.8
vs. 6.4 months). The median OS in our study was 12.4
months (95% Cl, 10.6-14.1 months), which was close to
the reported 11.5 months in a phase III study and 13.3
months in a phase II study using TKIs as a second-line
in the treatment of advanced NSCLC,25,26 but much
shorter than reported 27 months in the study of Rosell
R et al. 27 The difference may be due to a higher
percentage (45.2%) of NSCLC patients with brain
metastasis were enrolled in our study, and due to
other patients’ characteristics discrepancies in
different studies.
It has been reported that more than 25 % patients
with lung cancer developed brain metastasis during
the disease courses despite systemic treatment and/or
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local radiotherapy.28, 29 There was limited data for the
response of brain metastasis to EGFR-TKIs. Recently,
Park et al reported a median PFS and OS of 6.6
months (95% CI, 3.8-9.3 months) and 15.9 months
(95% CI, 7.2-24.6 months), respectively, in a phase II
study in NSCLC patients with brain metastasis.30
These results of first-line EGFR-TKIs treatment were
better than the results of our second-line TKIs
treatment on brain metastasis (4.7 and 10.3 months for
PFS and OS, respectively). Next to brain, bone is a
frequent site of metastasis in NSCLC exerting a
negative impact on quality of life.31,32 Bone metastasis
was an independent negative predictive factor for OS
in patients with mutated and wild-type EGFR.33 In
this study, we achieved a median PFS and OS of 4.8
and 12.9 months for NSCLC patients with bone
metastasis, respectively. The median OS was longer
than reported 8 months of bone metastasis NSCLC
with wild-type EGFR.34
Several previous studies had investigated the
relationship between EGFR mutation status and
prognosis of NSCLC patients. Some studies
demonstrated the superiority of exon 19 deletion over
exon 21 point mutation in NSCLC patients treated
with erlotinib and/or gefitinib,27, 35, 36 while other
studies did not.37, 38 The NCT00344773 study
demonstrated that ORR and DCR were higher in
patients with exon 19 deletion than those with L858R
mutation (ORR: 62.1% vs 33.3%; P=0.07; DCR: 96.6%
vs 66.7%; p=0.006).39 Sun JM et al reported that
patients with exon 19 deletion (n = 58) had a
significantly longer PFS than patients with L858R
mutation (n = 19) (9.5 vs. 7.7 months; p = 0.03) in the
treatment of 77 patients with EGFR-TKI. 40 While,
Igawa S et al demonstrated that there was no
significant difference between patients with the exon
19 deletion and L858R point mutation on ORR
(p=0.44), PFS (p=0.81) and OS (p=0.95) in a study of
124 NSCLC patients harboring active EGFR mutations
(exon 19 deletion: 68 patients, L858R mutation: 56
patients). 41
Studies also demonstrated that the significant
predictive value of EGFR mutations observed in
first-line TKI treatment has not been maintained in
second-line TKI treatment 14. According to a
randomized phase III trial, the qualitative difference
in response seen in the first line was not demonstrated
in second-line settings.42 In this study, although no
significant difference on ORR and DCR between exon
19 deletion and L858R mutation groups were
observed, the exon 19 deletion arm showed a
significant higher PFS and OS than L858R mutation
arm in advanced NSCLC patient with and without
brain metastasis receiving second-line EGFR-TKIs.
This was similar to the results of a second-line TKI
http://www.jcancer.org
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treatment with erlotinib for patients with brain
metastasis, in which patients with exon 19 deletion
showed longer OS than those with exon 21 point
mutation (p = 0.02). 21 This indicated that EGFR
mutations are good prognostic factors, as well as have
potential significant predictive value, for advanced
NSCLC patients receiving second-line TKIs.
In this study, multivariate analysis indicated that
EGFR genotype and ECOG PS were independent
predictors of PFS for both NSCLC patients with and
without brain metastasis. Never smoking status
(P=0.001), exon 19 deletion (P=0.03), EGOC PS (0-1)
(P<0.001) and no brain metastasis (p=0.01) were
correlated with longer OS for all NSCLC patients. For
patients with brain metastasis, age at disease
progression (p=0.009), genotype (p=0.02) and EGOC
PS (p<0.001) were independent predictors of OS.
Similarly, studies reported that the favorable
prognostic factors for NSCLC patients with brain
metastasis were EGFR mutations, stable extracranial
disease at the time of brain metastasis diagnosis, and
EGOC PS.43,44 WBRT has been regarded as the
standard treatment for brain metastases and applied
to all the patients with brain metastasis in this study.30
Reports demonstrated a favorable clinical effect of the
combination of WBRT and gefitinib or erlotinib
therapy with an excellent intracranial disease control
rate, which suggested that WBRT might serve as some
form of sensitizer for EGFR-TKI therapy.21
For NSCLC patients with bone metastasis in this
study, no-smoking (P=0.005), number of bone
metastases (P=0.03) and ECOG PS (0-1) (P=0.002)
were related to a longer PFS. EGOC PS (0-1) (P<0.001)
was associated with a longer OS. However, EGFR
mutations were not significant predictors for NSCLC
patients with bone metastasis, although it had been
reported in previous study that epidermal growth
factor (EGF) signaling was an important mediator of
bone metastasis in many cancers, as well as in NSCLC
patients.45, 46
One limitation of current study is that it is a
retrospective methodology from a single-institution
experience. The impact of various treatments related
outcome could not be fully evaluated. The number of
patients enrolled may be not sufficient enough and
the follow-up duration of the study may be not long
enough. External validation by using other large
database for evaluating the prognostic effect
second-line EGFR-TKIs in the treatment of NSCLC
would be of value to further explore the benefit of
EGFR mutations.
In a conclusion, with the advancements in the
treatment of NSCLC, many patients may be
candidates for further systemic therapy using
chemotherapy and/or EGFR-TKIs as second-line and

third-line treatments. Our study demonstrated
NSCLC patients harboring exon 19 deletion achieved
better PFS and OS than those with L858R mutation,
indicating that EGFR mutations are significant
prognostic predictors for advanced NSCLC patients
with and without brain metastasis receiving
second-line EGFR-TKIs treatment.
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