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Objective  Treatment of brain metastases from non-small cell lung cancer (NSCLC) is a challenge
because of the poor prognosis. Icotinib is a new type of oral epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor (TKI) used in the treatment of advanced NSCLC. The aim of this study was to
evaluate the efficacy of icotinib in NSCLC patients with brain metastasis.

Methods  This study reviewed records of 51 NSCLC patients with brain metastases who took icotinib 125
mg, 3 times a day. Response rate, progression free survival, and overall survival were analyzed. SPSS
software version 17.0 was used for univariate analysis, and Cox regression analysis to analyze factors
affecting survival.

Results  Thirty-six cases had partial response, 6 cases had stable disease, and 10 cases had progressive
disease. In 31 cases, EGFR gene mutation test were performed. EGFR was mutated in 26 cases and was
with wild-type in 5 cases. In patients with EGFR mutations, 23 patients responded to icotinib [the disease
control rate (DCR) was 88.5%), significantly higher than in patients with wild-type EGFR (1 patient, DCR
20%) (P = 0.005). The overall median progression-free survival (PFS) was 7.6 months. PFS was longer
in the patients with EGFR mutations than in those with wild type EGFR (7.8 months vs 1.2 months, P =
0.03). The overall median overall survival (OS) time was 10.7 months. OS was longer in patients with
EGFR mutations than in those with wild type EGFR (15.1 months vs 6.7 months, P = 0.003). The main
side effects of the treatment were skin rash and diarrhea; no stage 3 or 4 toxic effects occurred. Univariate
analysis demonstrated that OS was related to sex, Eastern Cooperative Oncology Group performance
status (ECOG PS), smoking history, and EGFR mutation. Multivariate analysis showed that OS was
independently related to sex, ECOG PS, and EGFR mutations.

Conclusion Icotinib has a favorable effect on NSCLC patients with brain metastases harboring EGFR
mutations. Icotinib can be a new choice of treatment for brain metastases in patients with NSCLC harboring
EGFR mutations.

Key words: non-small cell lung cancer (NSCLC); brain metastases; icotinib; epidermal growth factor
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Lung cancer is the most common type of cancer and is
the leading cause of cancer death in China !"l. Non-small
cell lung cancer (NSCLC) cases constitute approximately
80% of all lung cancer cases . NSCLC is the most
common type of cancer with brain metastases and at least
25-40% of patients develop brain metastases at some
point during their disease .

The prognosis of NSCLC patients with brain metastasis
is poor with a median overall survival (OS) of less than
3 months without treatment . The quality of life of
these patients is also very poor Pl The standard treatment
options for patients with brain metastasis include surgery,
whole-brain radiation therapy (WBRT), stereotactic
radiosurgery (SRS), or a combination of these (.
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Chemotherapy has not been a standard treatment
for these patients because drugs cannot penetrate
the blood-brain barrier effectively. However,
chemotherapy is an option for NSCLC with brain
metastasis, with reports of response rates of 15-30%
and an OS of 6-8 months "L

Recent studies showed the effectiveness of pemetrexed
treatment in NSCLC patients with brain metastasis
[10-121 Bevacizumab, the most widely used drug in anti-
angiogenic therapy, has also been shown to improve
response rates, progression-free survival (PFS), and OS
compared to chemotherapy alone in NSCLC patients
with brain metastasis .. However, because of concerns
about tumor-related intracranial hemorrhage ™, the
use of bevacizumab to treat NSCLC patients with brain
metastasis has remained limited.

In the last 10 years, several clinical studies showed
EGFR-tyrosine kinase inhibitor (TKI) significantly
prolonged PFS and OS of advanced NSCLC patients with
sensitive EGFR mutations !*7® and it is used for the
treatment of patients with brain metastases "2, Most
of these reports are about gefitinib and erlotinib, both
known to cross the blood-brain barrier 24,

Icotinib is a new type of oral EGFR-TKI developed
in China (Conmana, Zhejiang Beta Pharma, China). A
phase III trial (ICOGEN) ! demonstrated that icotinib
was non-inferior to gefitinib in terms of PFS in NSCLC
patients and this result led icotinib to be approved by the
China Food and Drug Administration in August 2011.
Icotinib was reported to have a beneficial effect on brain
metastases of NSCLC in some case reports 227,

The aim of this study is to evaluate the efficacy of
icotinib in NSCLC patients with brain metastases.

Materials and methods

Patients

Thisstudy enrolled 51 consecutive NSCLC patients with
a confirmed pathological diagnosis, advanced stage (IIIb
or IV), brain metastasis, and received icotinib treatment
at the Beijing Chest Hospital between October 2011 and
April 2014. The brain metastasis was confirmed using
magnetic resonance imaging or computed tomography.
The patients’ information was collected, including age, sex,
Eastern Cooperative Oncology Group performance status
(ECOG PS), pathology, smoking history, neurological
symptoms, numbers of brain metastasis foci, presence of
an EGFR mutation, and previous treatment. All patients
took icotinib 125 mg, 3 times a day, until their disease
progressed, death, or the development of unacceptable
toxic effects. This retrospective study obeyed all the rules
and regulations of clinical studies with respect to human
subject protection and was approved by the independent
ethics committee.
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Assessments

Tumor assessment was performed within 2 weeks
before icotinib treatment and first reassessed after 4
weeks of medication. Afterward, an assessment was
performed every 2 months during treatment according to
the Response.

Evaluation Criteria in Solid Tumors (RECIST) version
1.1, which is divided into complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD). Adverse reactions were evaluated based on
the Common Terminology Criteria for Adverse Events
(CTCAE version 3.0) once a week during treatment and
then every 8 weeks at follow-up visits.

Progression-free survival (PFS) was calculated as the
duration of time from the start of icotinib to progression
of the disease. OS was calculated as the duration of time
from the start of icotinib to date of death. EGFR mutations
were detected by the use of an amplification refractory
mutation system or Sanger sequencing.

Statistical analysis

All data were analyzed using SPSS (Chicago, IL, USA)
version 17.0. Baseline characteristics between groups
were compared using the Chi-square test or Fisher’s exact
test. The Kaplan—Meier method and log-rank test were
used for survival analysis. The Cox regression model was
used to identify independent prognostic factors. A P-value
of 0.05 was considered to be statistically significant.

Follow-up

All patients were followed up until December 31, 2014
and during this time period 37 patients died, 12 survived,
and 2 cases were lost.

Results

Baseline characteristics

A total of 51 cases were analyzed. The detailed patients’
characteristics were summarized in Table 1. The ages
ranged from 34 to 78 years old, and the median age was
59 years old. There were 22 (43.1%) men and 29 (56.9%)
women. Thirty (58.8%) cases were ECOG PS score 0-1,
while 21 (41.2%) cases were 2-3. There were 17 (33.3%)
smokers and 34 (66.7%) non-smokers. The majority
of patients had adenocarcinoma (48 cases, 94.1%), and
3 cases (5.9%) were non-adenocarcinoma. Twenty-
six (51%) cases had EGFR mutations, among them 19
(37.3%) cases harboring exon 19 deletion mutations and
7 (13.7%) cases with L858R mutations. Five (9.8%) cases
had wild type EGFR and 20 (39.2%) cases were unknown.
Twenty-eight (54.9%) cases were concomitantly treated
for brain metastases with icotinib and WBRT while the
other 23 (45.1%) cases used icotinib alone to control their
disease. The numbers of cases using icotinib for first-line,
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Table 1 Characteristics of the cases

Features n %
Sex

Male 22 43.1

Female 29 56.9
Median age (years)

> 65 13 255

<65 38 74.5
ECOG PS

0-1 30 58.8

2-3 21 41.2
Smoking history

Never smoked 34 66.7

Former smoker 17 33.3
Histologic feature

Adenocarcinoma 48 94.1

Other 3 59
Neurological symptom

Yes 31 60.8

No 20 39.2
Number of brain metastasis

Single 10 19.6

Multiple 4 80.4
EGFR mutation

Wild type 5 9.8

Exon 19 deletion 19 373

L858R 7 13.7

Unknown 20 39.2
|cotinib treatment

First line 19 37.3

Second line 20 39.2

Third line 8 15.7

Fourth line 4 7.8
WBRT

Yes 28 54.9

No 23 451

second-line, third-line, and fourth line treatment were 19
(37.3%), 20 (39.2%), 8 (15.7%), and 4 (7.8%), respectively.

Efficacy

Among all 51 cases, for the brain metastatic lesion,
35 (68.6%) cases had a PR, 6 (11.8%) cases SD, and 10
(19.6%) cases PD, and no CR case was observed. The
objective response rate (ORR) was 35 (68.6%) and the
disease control rate (DCR) was 41 (80.4%) in the entire
population. Among EGFR mutated cases, the ORR was 21
(80.8%) and the DCR was 23 (88.5%). There was 1 patient
with EGFR wild type who showed PR. The difference in
DCR between the group with EGFR mutated and wild
type was statistically significant (P = 0.005). DCR had
no correlation with sex, age, smoking status, ECOG
PS, number of brain metastases (single or multiple),
radiotherapy used or not, which line of icotinib was used,
and having neurological symptoms or not (P > 0.05).

http://otm.tjh.com.cn

Survival

The overall median PFS was 7.6 months. Univariate
analysis showed that PFS for patients with EGFR
mutations was 7.8 months vs 1.2 months for EGFR wild
type (P = 0.03). Women had a PFS of 8.3 months vs 5.2
months for men (P=0.02). PFS for patients with 19 exon
deletion mutations was significantly longer than wild
type (8.1 months vs 1.2 months, P=0.03). PFS of patients
with an L858R mutation was longer than for wild type,
but the difference was not statistically significant (4.6
months vs 1.2 months, P=0.61). However, age, smoking
status, number of brain metastases, WBRT, neurological
symptoms, and which line for use of icotinib were not
significant (P> 0.05). ECOG PS had a close to significant
influence on PFS (P = 0.06; Table 2).

The median OS was 10.7 months. OS for patients
with EGFR mutations was 15.1 months vs 6.7 months
for EGFR wild type (P = 0.003). Women had an OS of
15.6 months vs 8.3 months for men (P = 0.001). OS of
patients with exon 19 deletion mutations was statistically
significantly longer than wild type (15.6 months vs 6.7
months, P=0.004). OS of patients with L858R mutations
was not significantly longer than wild type (10.3 months
vs 6.7 months, P = 0.082). ECOG PS was significantly
correlated with OS (P = 0.01). However, OS was not
significantly related to age, number of brain metastases,
WBRT, neurological symptoms, or the line of icotinib use
(P> 0.05; Table 2).

Multivariate analysis showed that EGFR gene mutation
(P=0.002), sex (P=0.018), and ECOG PS (P=0.013) were
independently correlated with OS.

Safety

The most common toxic effects of icotinib treatment
were diarrhea and skin rashes. There were no stage 3 or
4 toxic events.

Discussion

The survival time for patients receiving therapy
is limited and brain metastasis from NSCLC is still a
challenge. The treatment options for patients with brain
metastasis include surgery, WBRT, SRS, or a combination
of these [© Encouragingly, with the development of
molecular biology, targeted therapy has become an
important tool in the treatment of NSCLC through
studies such as IPASS, OPTIMAL, NEJ002, W]JTOG3405,
EURTAC, LUX-Lung 3, and LUX-Lung 6 [ 1> 2832, These
studies showed that ORR can reach 60-80% and the
median PFS can be 8-13 months with few toxic effects
after targeted therapy. Additionally, EGFR-TKIs have a
favorable efficacy on brain metastasis in advanced NSCLC
patients harboring EGFR sensitive mutations '"-*?. These
EGFR-TKIs can achieve a median PFS of 6.6-14.5 months
and a median OS of 8-20 months in patients with brain
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Table 2 Univariate analysis of PFS and OS to icotinib for NSCLC
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Median PFS

Median

(month) 95% Cl P 0S (month) 95% CI P
Sex 0.02 0.001
Male 5.2 2.7-713 8.3 2.0-13.9
Female 8.3 6.3-9.7 15.6 6.0-23.9
Age (years) 0.59 0.92
> 65 8.2 3.5-12.5 8.4 2.9-13.0
<65 7.0 52-8.8 10.2 7.2-12.8
ECOG PS 0.06 0.01
0-1 7.8 5.8-10.2 15.6 10.1-19.9
2-3 54 3.9-6.0 7.8 4.4-96
Smoking history 0.12 0.03
Never smoked 52 3.7-6.3 8.4 4.1-119
Former smoker 71 5.6-8.4 135 8.2-17.7
Neurological symptom 0.23 0.38
Yes 5.2 2.0-7.9 8.4 3.8-12.1
No 7.1 45-9.5 12.2 8.6-15.3
Number of BM 0.48 0.29
Single 7.5 0-15.3 20.6 12.2-27.5
Multiple 7.2 4.9-9.0 10.3 8.8-11.2
EGFR mutation 0.03 0.003
Wild type 12 6.7 0-14.6
Mutated 7.8 41-9.9 15.1 10-19.1
Exon 19-del 8.1 45-11.4 0.03 15.6 8.6-21.4 0.004
L858R 4.6 1.4-6.6 0.61 10.3 3.8-16.2 0.082
WBRT 0.79 0.54
Yes 6.1 2.5-9.5 13.4 9.1-16.9
No 7.0 4.6-9.3 10.6 6.8-13.1
[cotinib treatment 0.89 0.46
First line 71 5.6-8.4 10.2 4.3-15.6
Second line 7.0 45-9.5 12.6 8.4-15.6
Third line 2.8 0-7.2 8.8 2.8-13.1
Fourth line 1.0 24

metastasis from advanced NSCLC. Most of these reports
are on gefitinib and erlotinib, which are known to cross
the blood-brain barrier >4, Icotinib is a new type of
oral EGFR-TKI developed in China. A randomized,
double-blind, multicenter, controlled, and head-to-head
(icotinib vs gefitinib) phase III trial of icotinib (ICOGEN)
demonstrated that icotinib was non-inferior to gefitinib
in terms of PFS (7.8 months vs 5.3 months, P=0.32) and
OS (20.9 months vs 20.2 months, P = 0.76) in NSCLC
patients with mutated EGFR %!, Patients harboring active
EGFR mutations have a better response to icotinib than
those without EGFR mutations. Additionally, icotinib has
shown a higher liposolubility and can pass through the
blood brain barrier easier as compared with gefitinib %3,
Previous reports showed that icotinib has a good
effect on brain metastasis %! and leptomeningeal
carcinomatosis ®¥ in NSCLC. Additionally, Icotinib
shows efficacy in preventing brain metastases 3. In the
current study, 51 patients with advanced NSCLC with
brain metastases received icotinib treatment. The overall

median PFS was 7.6 months and OS was 10.7 month.
PFS and OS for patients with EGFR mutations were
significantly longer than those with EGFR wild type. The
ORR and DCR among patients with EGFR mutations were
also significantly higher than those with EGFR wild type.
These results indicated that icotinib has good efficacy for
NSCLC patients with brain metastases harboring EGFR
mutations.

For the different EGFR mutations, PFS and OS in
patients with exon 19 deletions were significantly
longer than those with EGFR wild type (8.1 months vs
1.2 months, P = 0.03 and 15.6 months vs 6.7 months, P
= 0.004). However, PFS and OS in patients with L858R
mutations were not statistically different than those with
EGFR wild type (4.6 months vs 1.2 months, P=0.61 and
10.3 months vs 6.7 months, P = 0.082). It appears that
survival in patients with exon 19 deletions is different
compared with that in patients with L858 mutations.

Similar results have been reported in LUX-Lung 3 and
LUX-Lung 6 . Yang found that OS was significantly
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longer for patients with deletion 19-positive tumors in
the afatinib group than in the chemotherapy group in
both trials. In LUX-Lung 3 the OS was 33.3 months vs
21.1 months, P=0.0015 and in LUX-Lung 6, it was 31.4
months vs 18.4 months, P=0.023. In contrast, there were
no significant differences in the OS of different treatment
groups of patients with EGFR L858R-positive tumors in
either trial. In LUX-Lung 3, the OS was 27.6 months vs
40.3 months, P = 0.29), and in LUX-Lung 6 it was 19.6
months vs 24.3 months, P=0.34). Therefore, we speculate
that EGFR deletion 19-positive disease might be different
from L858R-positive disease. Further study is needed to
confirm this conclusion.

This study did not show that icotinib plus concomitant
WBRT had a higher response rate to brain metastasis than
icotinib alone. Moreover, PFS or OS was not improved
using WBRT compared to icotinib alone in the treatment
of brain metastases from NSCLC. A phase II study
indicated that the combination of icotinib and WBRT
was well-tolerated and median PFS was 7.0 months #°..
This is similar to our results, but it was a single-arm study
and therefore whether patients can benefit from the
combination of icotinib with WBRT is still unknown.

Whether concomitant WBRT with EGFR-TKI
is beneficial for NSCLC patients is still unclear. A
retrospective study showed that gefitinib plus concomitant
WBRT had a higher response rate of brain metastases and
significant improvement in time to progression (10.6 vs
6.57 months, P< 0.001) and OS (23.40 vs 14.83 months, P
= 0.002) compared with gefitinib alone in the treatment
of brain metastases from NSCLC #7..

Van reported that radiation therapy might disrupt
the blood-brain barrier ¥ and the addition of WBRT
might increase the concentration of gefitinib in the CNS.
However, a prospective phase 3 trial showed that the
addition of temozolomide or erlotinib to WBRT plus SRS
in NSCLC patients with 1 to 3 brain metastases did not
improve survival and possibly had a deleterious effect ..
Further studies are needed to harmonize targeted therapy
and WBRT in NSCLC patients with brain metastases
harboring EGFR mutations.

We conducted univariate analysis and found that
patients’ PFS and OS were related to EGFR mutation
status, sex, and ECOG PS. Among EGFR mutated patients,
the disease progressed in 3 patients after administration
of icotinib. All these patients had adenocarcinoma and
two harbored deletions in exon 19 and one had a L858R
mutation. We found that one patient had elevated
carcinoembryonic antigen (CEA), neuron-specific
enolase, and pro-gastrin-releasing peptide levels; one
had elevated CEA and CYFRA 21-1 levels; the other
patient’s tumor markers were normal but his brain lesion
progressed, while he had stable disease in his lung lesion.
We concluded that tumor heterogeneity affects the
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response to icotinib.

Tanaka ™ found that EGFR-mutated NSCLC patients
with a high CYFRA 21-1 level have significantly shorter
PFS than those with normal CYFRA 21-1 level. The
authors speculated that the serum CYFRA 21-1 level was
associated with the proportion of squamous component in
the NSCLC. There are also reports “'~*¥ on heterogeneity
between the primary lesion and metastatic lesion,
with a discrepancy that can vary from 6.3%-26.9%.
These findings indicated that heterogeneity influences
the efficacy of EGFR-TKIs. Therefore, we speculated
that there may be small cell lung cancer components
in the metastatic lesion in the first patient, squamous
components in the second patient, and differences
between the primary and metastatic lesions in the third
patient.

The most common adverse events of icotinib in
NSCLC with brain metastases were rash and diarrhea,
and no patients had grade 3 or 4 toxic effects. This result
is consistent with those of previous studies on icotinib use
(.44 and confirms the safety and good quality of life with
icotinib treatment.

In summary, icotinib shows favorable efficacy in
NSCLC patients with brain metastases harboring EGFR
mutations. Icotinib was well tolerated and patients
showed significantly improved survival. The effect of
icotinib may be different between patients with exon 19
deletions and L858R mutations. Concomitant WBRT did
not show any beneficial effect and further prospective
studies are needed to optimize treatment strategies.
Moreover, tumor heterogeneity can influence the efficacy
of EGFR-TKIs.
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