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Background: The brain is a metastatic organ that is most prone to lung adenocarcinoma (LAC). However,
the prognosis of patients with brain metastasis remains very poor. In this study, we evaluated the efficacy
of icotinib plus whole brain radiation therapy (WBRT) for treating patients with brain metastasis from
epidermal growth factor receptor (EGFR)-mutated LAC.

Methods: All patients received standard WBRT administered to the whole brain in 30 Gy in 10 daily
fractions. Each patient was also instructed to take 125 mg icotinib thrice per day beginning from the first
day of the WBRT. After completing the WBRT, maintenance icotinib was administered until the disease
progressed or intolerable adverse effects were observed. Cranial progression-free survival (CPFS) and overall
survival (OS) times were the primary endpoints.

Results: A total of 43 patients were enrolled in this study. Two patients (4.7%) presented a complete
response (CR), whereas 20 patients (46.5%) presented a partial response (PR). The median CPFS and
OS times were 11.0 and 15.0 months, respectively. The one-year CPFS rate was 40.0% for the patients
harboring EGFR exon 19 deletion and 16.7% for the patients with EGFR exon 21 L858R (P=0.027).
Conclusions: The concurrent administration of icotinib and WBRT exhibited favorable effects on the
patients with brain metastasis. EGFR exon 19 deletion was predictive of a long CPFS following icotinib
plus WBRT.
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Introduction

Lung cancer is the leading cause of cancer deaths worldwide.
Non-small cell lung cancer (NSCLC) accounts for 85%
of all lung cancer cases, and 15% to 30% of patients with
NSCLC have reported developing brain metastasis (1,2).
The incidence of brain metastasis has increased over the last
decades as a result of the introduction of effective diagnostic
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methods and the promotion of public health awareness.
However, the prognosis of NSCLC patients with brain
metastasis remains poor, with the one-year overall survival
(OS) rate being 10% only (3). Whole brain radiation
therapy (WBRT) is considered the standard treatment for
patients with brain metastasis. However, the outcome of

WBRT for such patients remains poor, with a median OS
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time of three to six months (4,5). Satisfactory response rates
and long survival times have been reported among patients
who have received WBRT concomitant with temozolomide
(6,7). The inability of traditional chemotherapy agents to
cross the blood-brain barrier and their severe side effects
hinder their application in the treatment of lung cancer
patients with brain metastasis. However, wild-type patients
with asymptomatic brain metastasis can be treated with
upfront chemotherapy, the cerebral response rate of which
is slightly lower than the extracranial response rate. A meta-
analysis indicated that the concomitant use of WBRT and
chemotherapy might increase the treatment response rate
for brain metastasis with limited toxicity, but the result
failed to reveal any significant improvement in neurological
progression and OS times (8).

Epidermal growth factor receptor tyrosine kinase
inhibitors (EGFR-TKIs), such as gefitinib and erlotinib,
have been proven useful in treating EGFR-mutated patients
with brain metastasis. However, their use as radiosensitizers
has never been clearly validated in a purely wild-type
population. Welsh et al. (9) reported that erlotinib plus
WBRT could significantly improve the OS time of patients.
The median OS time of patients with the EGFR mutation
is 19.1 months. The concomitant use of WBRT and
gefitinib is well tolerated with a median OS time of 12.0 to
15.4 months (10,11). Some studies reported that the
blood-brain barrier permeability of EGFR-TKIs could
be increased in accordance with the escalated dose of
WBRT (11,12). The cerebrospinal fluid-to-plasma ratio
of NSCLC patients with brain metastasis reaches its peak
(1.87%=0.72%) at a WBRT dose of 30 Gy (11). A phase
IT study (13) investigated the efficacy of EGFR-TKIs in
treating brain metastasis among NSCLC patients with
EGFR mutations. Of the 28 patients, 23 patients (83%)
showed a partial response (PR) to the inhibitors. The
median PFS and OS times were 6.6 and 15.9 months,
respectively.

Icotinib is a new oral selective EGFR-TKI that has been
approved for treating advanced NSCLC. Zhang ez al. (14)
recently investigated a patient with lung adenocarcinoma
(LAC) and brain metastasis who received icotinib treatment.
The EGFR mutation status showed a point mutation at
exon 21 (L858R). The patient survived for one year and
is still living. In our study, we retrospectively analyzed
43 patients with brain metastasis from LAC, as well as
EGFR mutations. These patients were treated with icotinib
and WBRT simultaneously. This study aims to assess
the survival of these patients and identify the prognostic
factors.
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Methods
Patients

From February 2011 to December 2013, 43 LAC patients
(Jiaxing First Hospital) with EGFR mutations that
developed into brain metastasis were enrolled in this
retrospective study. This study was approved by the Ethical
Committee of the Jiaxing First Hospital. Informed consents
were obtained from all patients or their next of kin (if the
patient died). The eligibility criteria included histologically
or cytologically confirmed LAC with the EGFR mutation,
newly diagnosed brain metastasis based on contrast-
enhanced MRI, suitability for brain metastasis treatment
response evaluation, Karnofsky performance score (KPS)
>60, no history of using EGFR-TKISs, aged above 18 years,
no previous cranial radiotherapy, and normal hematologic,
renal, and hepatic functions seven days before the protocol
treatment. The age, sex, smoking status, KPS, tumor cell
differentiation, and metastatic brain tumor characteristics
were recorded for each patient by reviewing their medical
charts and radiological images. Non-smokers were defined
as those who had smoked less than 100 cigarettes in
their lifetime. KPS was recorded on the first day of the
WBRT. The brain metastasis characteristics, including the
presence of cerebellar metastasis, extracranial metastasis,
number of brain metastases, and maximum diameter of
brain metastasis, were recorded a week before the WBRT.
The patients were grouped by age (=60 and <60 years),
tumor cell differentiation (high, moderate, and poor), KPS
(270 and <70), smoking status (active/formerly active and
negative), number of brain metastases (1, 2 to 4, and >4),
maximum diameter of brain metastasis (<2 and >2 cm),
cerebellar metastasis (yes and no), extracranial metastasis
(yes and no), and EGFR mutation (Ex19 deletion, Ex21
L858R, and others).

EGFR mutation examination

EGFR gene mutations were examined in paraffin-embedded
surgical tissue sections from the primary LAC. The
mutational analyses of the EGFR gene exons 18, 19, 20, and
21 were performed via polymerase chain reaction-based
direct sequencing (15).

Treatment

After their enrollment in the study, all the patients received
standard WBRT administered in 30 Gy to the whole
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brain in 10 daily fractions. The treatment was performed
with a linear accelerator with an energy of 6 MV photons.
Meanwhile, each patient took 125 mg icotinib thrice a
day beginning from the first day of the WBRT. After
completing the WBRT, maintenance icotinib (also at
125 mg thrice a day) was administered until the disease
progressed or intolerable adverse effects were observed. To
evaluate the clinical response of these patients to WBRT
and icotinib, whole brain MRI and extracranial CT were
performed four weeks following the completion of the
WBRT and every three months thereafter or at the onset
of neurological symptom deterioration. To evaluate their
treatment response, those patients who underwent post-
treatment brain MRI or CT were assessed according to
the RECIST criteria (16). The toxicities were documented
according to the Common Terminology Criteria for
Adverse Events Version 3.0 once a week during treatment
and then every three months during follow-up visits. The
toxicities were recorded as the highest grade experienced
during the whole treatment.

Statistical analysis

The primary endpoints of this study were cranial
progression-free survival (CPFS) and OS. CPEFS referred
to the period starting from the first day of the WBRT
to the progression of brain disease. OS referred to the
period starting from the first day of the WBRT to death
or censoring. The secondary endpoints included safety
and treatment response. The Kaplan-Meier method was
used to calculate survival rate while the log-rank test was
performed to determine statistically significant differences.
All statistical analyses were performed using SPSS 18.0 (Inc,
Chicago, IL, USA). The P values of <0.05 indicate statistical
significance.

Results
Characteristics of patients

Forty-three patients who developed brain metastasis
between February 2011 and December 2013 and followed-
up for at least six months were considered eligible for the
brain metastasis treatment response evaluation. Tuble 1
summarizes the demographic and clinical characteristics
of these patients. The median age at the time of brain
metastasis was 62 years (range: 41 to 78 years), whereas
the median follow-up duration was 16 months. EGFR
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mutations were determined in all 43 patients, including
30 cases of exon 19 mutation, 12 cases of exon 21 L858R
mutation, and 1 case of exon 20 S768I mutation. At the last
follow-up visit, 30 patients (69.8%) had died and 13 patients
(30.2%) were still living.

Clinical response and toxicity

All patients underwent WBRT. During the first evaluation
(four weeks after the completion of WBRT), 2 patients
(4.7%) presented a complete response (CR), whereas
20 patients (46.5%) presented a PR. Nineteen patients
showed stable disease (SD), whereas two patients showed
progressive disease (PD). The disease control rate,
calculated as CR + PR + SD, was 95.3%.

All 43 patients with brain metastasis could tolerate the
combination of icotinib and WBRT. The most common
type of toxicity was a grade 1-2 skin rash, which occurred
among 26 patients (60.5%). A grade 1 or 2 headache
was observed in 18 patients and could be relieved using
mannitol. No grade 4 or 5 treatment-related toxicities were
observed (Tuble 2).

Association between clinical variables and patient prognosis
by univariable and multivaviable analysis

The median CPFS and OS times were 11.0 and 15.0 months,
respectively. The six-month, one-year, and two-year CPFS
rates were 81.4%, 32.6%, and 16.7%, respectively (Figure 14),
whereas the six-month, one-year, and two-year OS rates
were 95.3%, 74.0%, and 29.0%, respectively (Figure 1B).

In the univariate analysis, improved CPFS was associated
with KPS >70 (P<0.001) and EGFR exonl9 deletion
mutation (P=0.027). The median CPFS time was shorter
among the patients with KPS <70 than among those with
KPS >70 (12.0 vs. 7.0 months, P<0.001, Figure 24). The
one-year CPFS rate was 40.0% for the patients harboring
EGFR exonl9 deletion and 16.7% for the patients with
EGEFR exon 21 L858R (P=0.027, Figure 2B). The patients
whose brain metastases showed the maximum diameter of
<2 and >2 cm demonstrated similar CPFS times (12.0 vs.
10.0 months, P=0.668) as those patients with or without
cerebellar metastasis (12.0 vs. 10.0 months, P=0.430) and
extracranial metastasis (9.0 vs. 12.0 months, P=0.121). A
borderline significant difference was observed in the OS of
the patients harboring EGFR exon 19 deletion and those
with EGFR exon 21 L858R (median OS time: 21.0 vs.
15.0 months, P=0.071, Figure 3A4). Similarly, the patients
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Table 1 Univariate analysis of CPFS and OS among 43 patients with EGFR mutated lung adenocarcinoma with brain metastasis

CPFS 0os
Characteristics n %
Median  1-year rate P Median  1-year rate P
Gender 0.139 0.872
Female 26 60.5 12.0 53.8 19.0 76.9
Male 17 39.5 10.0 29.4 18.0 69.0
Age (years) 0.989 0.533
>60 25 58.1 11.0 50.0 18.0 41.5
<60 18 41.9 11.0 48.0 20.0 56.0
Differentiation 0.334 0.422
High 5 11.6 10.0 14.3 24.0 71.4
Moderate 24 55.8 12.0 55.6 19.0 741
Poor 14 32.6 10.0 33.3 15.0 63.5
KPS <0.001 0.022
<70 19 44.2 8.0 10.5 21.0 72.6
>70 24 55.8 12.0 50.0 15.0 52.2
Smoking status 0.372 0.416
Active and former 11 25.6 10.0 27.3 16.0 63.6
Negative 32 74.4 11.0 34.4 21.0 77.8
Number of brain metastasis 0.126 0.671
1 19 44.2 12.0 47.4 15.0 77.8
2-4 9 20.9 12.0 66.7 21.0 66.7
>4 15 34.9 10.0 33.3 17.0 73.3
Maximum diameter of brain metastasis 0.668 0.700
<2cm 27 62.8 12.0 51.9 19.0 73.3
>2 cm 16 37.2 10.0 43.8 17.0 75.0
Cerebellar metastasis 0.430 0.645
No 33 76.7 12.0 51.6 19.0 69.0
Yes 10 23.3 10.0 40.0 15.0 56.5
Extracranial metastasis 0.121 0.129
No 20 46.5 9.0 43.5 23.0 73.9
Yes 23 53.5 12.0 20.0 15.0 73.7
EGFR mutation 0.027 0.071
Ex19 deletion 30 69.8 12.0 40.0 21.0 76.7
Ex21 L858R 12 27.9 7.0 16.7 15.0 63.6
Others 1 2.3

CPFS, cranial progression-free survival; OS, overall survival; EGFR, epidermal growth factor receptor; KPS, Karnofsky performance score.
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with extracranial metastasis had a shorter OS time than
those without extracranial metastasis. However, the P value
was marginal (P=0.129, Figure 3B). Table 1 summarizes the
univariate analysis results.

Discussion

The brain is a metastatic organ that is prone to LAC. About
25% of patients develop brain metastasis within two years

Table 2 Treatment related toxicities

Grade
Toxicity
1 2 3 4 5
Fatigue 3 2 0 0 0
Weight loss 6 0 0 0 0
Skin rash 16 10 0 0 0
Headache 13 5 0 0 0
Nausea 4 4 1 0 0
Vomiting 3 1 0 0 0
Diarrhea 1 1 0 0 0
Anemia 4 3 0 0 0
Anorexia 2 4 0 0 0
Somnolence 0 1 1 0 0
A
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after their diagnosis. However, the outcome of patients with
brain metastasis remains very poor, and these patients only
have a median survival time of four weeks to seven weeks
without treatment (17). The efficacy of most potential agents
for brain tumors is often limited by the presence of the
blood-brain barrier. WBRT with a 20 to 30 Gy dosage may
increase the permeability of this barrier (18) and prolong
the median OS time to three months to five months (19,20).
Concurrent WBRT and cisplatin-based chemotherapy can
prolong the median OS time to 9.7 months (21). The LAC
patients with brain metastasis who received a combination
of pemetrexed and cisplatin/carboplatin reported a median
OS of 11.0 months (22). The overexpression of EGFR
is related to radiation resistance. The blockade of EGFR
can reduce radiation resistance by reducing DNA repair,
proliferation, and antiapoptosis (23). EGFR-TKIs, which
are small molecular inhibitors of the EGFR pathway,
have been proven much more effective than cisplatin-
based chemotherapy in the progression-free survival of
NSCLC patients (24). WBRT can also increase the blood-
brain barrier permeability of gefitinib (11). Therefore,
EGFR-TKIs are effective in the management of NSCLC
patients with brain metastasis. Several reports recently
demonstrated that NSCLC patients with brain metastasis
can benefit from EGFR-TKI concurrent with or without
WBRT. Park et al. (13) found that 23 of the 28 patients with
NSCLC brain metastasis who were treated with erlotinib
or gefitinib showed a PR. The median PFS and OS times

1.0 4
0.8

0.6

OS rate

0.4

0.2

0.0

T T T T T
0 5 10 15 20
Months

Figure 1 Overall survival (A) and cranial progression-free survival (B) for patients with brain metastasis from lung adenocarcinoma

harboring EGFR mutation after treatment of icotinib plus WBRT. EGFR, epidermal growth factor receptor; WBRT, whole brain radiation

therapy.
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Figure 2 The CPFS survival curves of patients with KPS <70 and KPS >70 (A), with harboring EGFR exon 19 deletion and EGFR exon 21
L858R (B), as described by the Kaplan-Meier method and compared using the log-rank test. CPFS, cranial progression-free survival; KPS,

Karnofsky performance score; EGFR, epidermal growth factor receptor.

A
104 -o-o----- a s
_I'1 Ex19 deletion
0.8 _7vEx21L858R
o 0.6
© F
8 '
0.4 — .
P=0.71 =9
0.2
0.0
T T I T T
5 10 15 20 25

Months

B
104 ------- .-
0.8 - _I"] Without extracranial metastasis
_+ With extracranial metastasis
o 0-6
®
38
0.4 oL
P=0.129 i
0.2 ,
H
0.0
T T T T 1
5 10 15 20 25
Months

Figure 3 The OS survival curves of patients with harboring EGFR exonl19 deletion and EGFR exon 21 L858R (A), with extracranial

metastasis and without extracranial metastasis (B), as described by the Kaplan-Meier method and compared using the log-rank test. OS,

overall survival; EGFR, epidermal growth factor receptor.

of these patients were 6.6 and 15.9 months, respectively.
No differences in survival were observed according to the
used agents. Tuchi ez a/. (25) reported a treatment response
rate of 87.8% when gefitinib without radiation therapy was
used for patients with brain metastasis from EGFR-mutant
LAC. The median PFS and OS times of these patients were
14.5 and 21.9 months, respectively. No patient experienced
grade >4 toxicity. In another study (9), the concomitant
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use of WBRT and erlotinib for NSCLC brain metastasis
was well tolerated by patients, with a median OS time of
11.8 months. Icotinib is a new type of highly selective
EGFR-TKI that was approved by the Chinese Food and
Drug Administration in 2011. A randomized double-blind
phase 3 clinical trial demonstrated that icotinib and gefitinib
had similar median PFS times of 4.6 and 3.4 months,
respectively (P=0.13) (26). In our study, 43 LAC patients
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with brain metastasis and EGFR mutation were treated
with WBRT plus icotinib. The median CPFS and OS times
of these patients were 11.0 and 15.0 months, respectively.
In a prospective study, Welsh ez a/. (9) found that the
concomitant use of WBRT and erlotinib for NSCLC
brain metastasis was well tolerated by the patients, with an
overall treatment response rate of 86% and a median OS
time of 11.8 months. Additionally, among the 17 patients
with EGFR status, those with the EGFR mutations
demonstrated a median OS time of 19.1 months, whereas
those with wild-type EGFR mutations had a median OS
time of 9.3 months. Similarly, in the retrospective study of
Hsiao et al. (27), 139 LAC patients, including 89 EGFR
mutant and 50 EGFR wild-type patients, were treated with
EGFR-TKIs, and around 85% of these patients received
radiotherapy. Among the EGFR-mutant patients, those who
were treated with WBRT and EGFR-TKIs showed a higher
treatment response rate than those who were only treated
with EGFR-TKIs. The authors hypothesized that EGFR
could regulate DNA repair dynamics and that NSCLC-
harboring patients with the EGFR mutation might be more
sensitive to radiotherapy than those with wild-type EGFR.
Consistent with our study, the retrospective study of Gong
et al. (28) showed that those patients with leptomeningeal
metastasis from EGFR-mutated NSCLC who were treated
with icotinib had a median OS time of 10.1 months.

Those patients with exon 19 deletion demonstrated a
longer CPFES than those who harbored exon 21 L858R after
the treatment with icotinib plus WBRT. The median CPFS
time of those patients with exon 19 deletion was substantially
increased to 12.0 months. In a meta-analysis (29),
those patients with exon 19 deletion showed a longer PFS
than those with exon 21 L858R mutations (HR =0.75,
95% CI, 0.65 to 0.85; P<0.001). Li et /. (30) reviewed 106
NSCLC patients with brain metastasis from NSCLC. The
median OS time was shorter among the patients with the
exon 21 point mutation than among those with the exon 19
deletion (10.4 vs. 15.0 months). However, only 42 patients
(39.6%) in this study received the EGFR-TKI treatment.
Although the roles of the exon 19 deletion and exon 21
L858R mutation in EGFR mutation remain controversial,
our results, which are in line with those of previous studies
(29,30), show that NSCLC with exon 19 deletions or
NSCLC with exon 21 L858R are two types of malignancies
with different clinical characteristics and pathogenesis. The
exact mechanisms for achieving satisfactory outcomes in
exon 19 deletion remain unclear. These outcomes may be
attributed to the fact that the crystal structure of exon 21
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L858R is more stable than that of the exon 19 deletion (31).
Moreover, exon 21 L858R may be significantly related to
the EGFR T790M mutation, which is associated with the
acquired resistance to EGFR-TKIs (32).

This study has several limitations. First, our study
included a comparative homogeneous population whose
treatment response can be evaluated, thereby causing
selection bias. Second, this retrospective study only included
patients from one center, thereby allowing selection bias. A
prospective study must be performed to validate our results
and to confirm the efficacy of icotinib in controlling brain
metastases.

In summary, this clinical study shows that the concurrent
administration of icotinib and WBRT for treating brain
metastasis from EGFR-mutated LAC is safe and tolerable.
After the treatment, the patients with the EGFR exon 19
deletion demonstrated a longer CPFS than those with
the exon 21 L858R mutation. Large-scale multi-center
randomized trials must be performed to validate these
results.
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