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Background: Lung cancer is the most common type of cancer to spread to the brain (brain
metastasis [BM]). This study assessed the effect of epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKIs) in combination with whole-brain radiotherapy (WBRT) on
EGFR-mutant non-small-cell lung cancer (NSCLC) patients with BM.

Patients and methods: Thirty-nine patients, who had receieved different EGFR TKIs plus
30 Gy WBRT until disease progression, were retrospectively analyzed between 2010 and 2014.
Treatment response was evaluated and survival data were collected and analyzed.

Results: Among the 39 patients, 18 had an EGFR exon 19 deletion and 21 had an EGFR exon 21
point mutation. After therapy, 19 (48.7%) patients had complete remission, 12 (30.8%) had partial
remission, and eight (20.5%) had stable disease in the intracranial lesions. Besides, there was no
single case of complete remission, 21 (53.8%) had partial remission, and 18 (46.2%) had stable dis-
ease of the extracranial lesions. The median progression-free survival (PFS) of intracranial lesions
and extracranial lesions was 18 and 12 months, respectively. The median overall survival (OS)
was 26 months. The univariate analysis showed that graded prognostic assessment (P=0.006) and
Karnofsky Performance Scale (P=0.045) were associated with intracranial progression-free survival
(iPFS), while recursive partitioning analysis (P=0.049) was associated with OS of patients.
Conclusion: EGFR TKIs plus concomitant WBRT controlled intracranial lesions of lung
cancer metastasis and significantly improved OS of patients. Further studies will be needed to
confirm whether this combination treatment could be used as a standard therapy for EGFR-
mutated NSCLC patients with BM.

Keywords: non-small-cell lung cancer, brain metastases, epidermal growth factor receptor,
tyrosine kinase inhibitors, whole-brain radiotherapy

Introduction

Lung cancer remains the leading cause of cancer-related deaths throughout the world.!
The 2013 China Tumor Registration Annual Report estimated that the People’s
Republic of China has ~60,000 new lung cancer cases to be diagnosed. Globally,
non-small-cell lung cancer (NSCLC) accounts for 80%—-90% of all lung cancer cases,
and adenocarcinoma is the most common histological type of NSCLC.> Most NSCLC
patients are diagnosed at the advanced stages of disease, at which point surgical resec-
tion is not a possible option. For such patients, platinum-based chemotherapy is often
used as the first-line treatment; however, such treatments may not significantly reduce
NSCLC mortality and the 5-year survival rate remains less than 5% with median
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survival of much less than 1 year.># Clinically, lung cancer
metastasizing to the brain (brain metastasis [BM]) has the
highest incidence rate, ranging between 20% and 65% in all
NSCLC cases,>® significantly contributing to a high NSCLC
mortality rate. Among patients who are initially diagnosed
with NSCLC, the prevalence rates of BM ranges from 7.4%
to 10% initially but further increases to 30%—-50% during
the course of the disease.”!! Despite therapy, the prognosis
of NSCLC patients with BM is very poor and the 1-year
survival rate is only ~20%, while the median overall survival
(OS) of such patients is ~7 months.'? Thus, further studies are
needed to develop novel treatment options to control NSCLC
and BM, which will be the key to prolong the survival of
NSCLC patients.

Over the last decade, lung cancer research has focused
on molecular target therapy; for example, epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
have been used to treat EGFR-mutated NSCLC."*2° To
date, EGFR TKIs have been successfully employed to con-
trol EGFR-mutated NSCLC with an efficacy of ~70% in
patients with EGFR mutations and only 5% in patients with
wild-type EGFR NSCLC.*'** A recent study also showed
that EGFR TKIs were able to effectively control BM in
EGFR-mutated NSCLC patients.? Other studies reported that
patients with EGFR-mutated NSCLCs were more sensitive
to radiotherapy.?*? Together, these studies indicate that the
combination of EGFR TKIs with whole-brain radiotherapy
(WBRT) could effectively control BM lesions in patients with
EGFR-mutated NSCLC. Thus, in this study, we assessed the
effect of EGFR TKIs in combination with WBRT on EGFR-
mutated NSCLC patients with BM. We expected to provide
evidence for use of this treatment combination as the standard
clinical therapy protocol for NSCLC patients.

Patients and methods

Patients

In this study, we retrospectively enrolled and analyzed
39 EGFR-mutated NSCLC patients with BM after they
received EGFR TKIs (icotinib, gefitinib, or erlotinib) plus
WBRT between 2010 and 2014 at Zhejiang Cancer Hospital
(Hangzhou, People’s Republic of China). All patients were
histologically diagnosed with NSCLC, and EGFR mutations
were detected by the amplification refractory mutation sys-
tem analysis, which identified tumor lesions that had EGFR
mutations (exon 19 deletion or exon 21 point mutation).
BM in these patients was confirmed by computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). Patient
follow-up by telephone was done until April 2015 and the

median follow-up time was 25 months (ranged between 7
and 55 months). This study was approved by The Ethics
Committee of Zhejiang Cancer Hospital and all patients or
guardians signed informed consent forms before participa-
tion in this study.

Clinicopathological data, including sex, age, history of
tobacco smoking, histology, number of brain metastatic
lesions, active extracranial metastases at baseline, interval of
BM, prior chemotherapy before BM, EGFR mutation type,
EGFR TKIs treatment, data on recursive partitioning analysis
(RPA),* graded prognostic assessment (GPA),** Karnofsky
Performance Scale (KPS),’! and treatment responses, were
retrieved from patients’ medical records.

Treatment and evaluation of treatment

responses

All patients received oral administration of EGFR TKIs
(125 mg/day, three times a day: icotinib; 250 mg gefitinib;
150 mg erlotinib) until there was detectable progressive
disease (PD), symptomatic deterioration (SD), or unaccept-
able toxicity. The dose of concomitant WBRT was 30 Gy
administered in ten fractions (3 Gy fractions once a day,
5 days a week).

Treatment responses were assessed using chest CT and
brain MRI every 2 or 3 months until disease progression.
Tumor response was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1,
including complete remission (CR), partial remission (PR),
SD, and PD of the intracranial lesions. The objective
response rate (ORR) included the combination of CR and
PR, and the disease control rate (DCR) included CR, PR, and
SD.* Treatment outcome was OS defined as the time from
starting EGFR TKIs treatment until death from any cause
or last follow-up day. Progression-free survival (PFS) was
defined as the time from starting EGFR TKIs to occurrence of
either clinically symptomatic BM (intracranial progression-
free survival [iPFS]) or confirmed morphologically proven
intracranial PD (presence of at least one key symptom in
combination with radiologic evidence including CT or
MRI of PD in the brain on follow-up) or extracranial PD
(extracranial progression-free survival [ePFS]). Systemic
PD was defined as disease progression based on RECIST
version 1.1.%

Evaluation of treatment toxicity
Treatment toxicity was evaluated based on the National
Cancer Institute Common Toxicity Criteria (NCICTC)
version 2.0* and was assessed every month.
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Statistical analysis

The impact of the potential variables affecting PFS and OS
was assessed by univariate analysis with the log-rank test.
The Cox regression method was used to identify the most
important independent prognostic factors and estimate the
hazard ratio (HR). In a multivariate analysis, the following
variables were included: sex, age, tobacco smoking his-
tory, KPS, tumor histology, numbers of BM lesions, active
extracranial metastasis at the baseline, interval of BM, prior
chemotherapy before BM, types of EGFR mutations, EGFR
TKIs, RPA, and GPA. All tests and confidence intervals
(CIs) were two—sided, and the significance level of statisti-
cal analysis was set at P<<0.05. All statistical analyses were
performed using SPSS software, version 20.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Baseline characteristics of patients

There were 39 patients who had histologically confirmed
NSCLC and radiographically diagnosed with BM. More-
over, all NSCLC lesions had an EGFR mutation (Table 1).
The median age of these patients was 56 years (ranged
between 39 and 73 years); 15 patients were male and 24
were female. Thirteen patients were tobacco smokers and 26
were nonsmokers. These NSCLC cases included 36 adeno-
carcinomas and three nonadenocarcinoma cases, 28 of which
had KPS =70, eleven had KPS <70. Twelve patients had a
single intracranial lesion, while seven had two lesions and 20
had three or more lesions. EGFR exon 19 deletion mutation
occurred in 18 patients and exon 21 point mutation in 21
patients. RPA showed that 13 patients were in RPA class I, 22
in class 11, and four in class III. GPA showed that 14 patients
were between scores 0 and 1.0, 15 between 1.5 and 2.0, six
between 2.5 and 3.0, and four between 3.5 and 4.0.

Efficacy of treatment and survival
Survival analysis showed that the median iPFS was
18 months (95% CI, 16.1-19.9 months) and the median
ePFS was 12 months (95% CI, 9.07-14.93 months). The
median OS was 26 months (95% CI, 22.8-29.3 months). We
evaluated brain tumor variables by dividing EGFR mutations
into exon 19 and exon 21, but found no statistical difference
in OS between the groups (Figure 1A). All patients had a
similar OS after being treated with different EGFR TKIs in
combination with the same WBRT dose (Figure 1B).
Taking into account intracranial lesions, 19 patients
(48.7%) had CR, 12 had (30.8%) PR, and eight had (20.5%)
SD. The ORR and DCR were 79.5% and 100.0%, respectively

Table | Patient baseline characteristics (n=39)

Characteristics Patients, n (%)

Median age, years (range) 56 (39-73)
Age, years, n (%)

<56 19 (48.7)

=56 20 (51.3)
Sex, n (%)

Male 15 (38.5)

Female 24 (61.5)
Smoking status, n (%)

Never 26 (66.7)

Former or current 13 (33.3)
ECOG PS, n (%)

KPS =70 28 (71.8)

KPS <70 I1(28.2)
Histology, n (%)

Adenocarcinoma 36 (92.3)

Squamous carcinoma 1 (2.6)

Other 2 (5.1)
Number of brain metastases, n (%)

| 12 (30.8)

2 7 (17.9)

=3 20 (51.3)
Extracranial metastases, n (%)

No 16 (41.0)

Yes 23 (59.0)
Interval of brain metastases, n (%)

Synchronous 21 (53.8)

Heterochronous 18 (46.2)
Prior chemotherapy before brain metastases, n (%)

Yes 13 (33.3)

No 26 (66.7)
EGFR mutation, n (%)

Exon 19 18 (46.2)

Exon 21 21 (53.8)
TKls type, n (%)

Erlotinib 23 (59.0)

Gefitinib 7 (17.9)

Icotinib 9 (23.1)
RPA class, n (%)

Class | 13 (33.3)

Class Il 22 (56.4)

Class Il 4(10.3)
GPA grade, n (%)

01 14 (35.9)

1.5-2.5 15 (38.4)

3 6 (15.4)

3.54 4(10.3)

Abbreviations: KPS, Karnofsky Performance Scale; ECOG PS, Eastern Cooperative
Oncology Group performance status; EGFR, epidermal growth factor receptor;
TKls, tyrosine kinase inhibitors; RPA, recursive partitioning analysis; GPA, graded
prognostic assessment.

(Table 2). At the last follow-up, 18 patients were deceased
and 21 were alive. The 6-month, 1-year, and 2-year survival
rates were 97.4%, 89.7%, and 33.3%, respectively.

The univariate analysis data showed that GPA (P=0.006)
and KPS (P=0.045) were significantly associated with
iPFS, but not with ePFS. RPA (P=0.049) was significantly
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Figure | Kaplan—Meier curve analyses of overall survival (OS) of patients after EGFR TKI and WBRT.
Notes: (A) Kaplan—Meier curve was stratified by EGFR mutation types (exon 19 vs exon 21). (B) Kaplan-Meier curves were stratified by different EGFR TKI treatments.
Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; WBRT, whole-brain radiotherapy.

associated with OS (Table 3). The multivariate analysis did
not show any statistically significant associations with OS
of these patients.

Toxicity and safety

All 39 patients were included in the toxicity analysis. The
combination of EGFR TKIs with WBRT was well tolerated.
There was no radiation-enhanced EGFR TKIs related rash in
the portal treatment area. During the concurrent EGFR TKIs
with combination WBRT phase, none of the patients required
areduction in the dose of EGFR TKIs, although skin toxicity
did occur in 33.3% of patients. Other toxicities included
diarrhea in 5.1% of patients, constipation in one patient, and
hepatotoxicity in 7.7% of patients. The long-term follow-up
showed that some patients developed neurotoxicity that was
deemed possibly related to treatment. Alopecia occurred
in 82.1% of patients, headache in 30.8%, and vomiting in
46.2%. However, nausea and fatigue were rarely observed.
There was no grade 5 treatment-related toxicity in this cohort
of patients (Table 4).

Table 2 Treatment response of the intracranial lesion (n=39)

Response TKI + WBRT, n (%)
CR 19 (48.7)

PR 12 (30.8)

SD 8 (20.5)

PD 0(0)

ORR 31 (79.5)

DCR 39 (100.0)

Abbreviations: CR, complete remission; PR, partial remission; SD, stable disease;
PD, progressive disease; ORR, objective response rate; DCR, disease control rate;
TKI, tyrosine kinase inhibitor; WBRT, whole-brain radiotherapy.

Discussion
To date, treatment of patients with advanced stages of NSCLC
and BM remains a significant clinical challenge. Therapeutic
modalities to control BM include WBRT, stereotactic radio-
surgery (SRS), surgery, and chemotherapy, but efficacy of
these treatments remains poor and prognosis of such patients
with BM is still poor. Specifically, SRS or surgery is only
used to alternatively treat a small subset of NSCLC patients
with oligopolistic BM lesion and palliative systemic chemo-
therapy may not cross the blood—brain barrier (BBB), making
this treatment less effective. Thus, WBRT has been used as
a standard treatment in NSCLC patients with BM resulting
in an OS ranging between 3 and 6 months.*** Our current
study evaluated the efficacy of EGFR TKIs plus WBRT on
controlling BM of patients with EGFR-mutant NSCLC. Our
data showed that 48.7% had CR, 30.8% had PR, and 20.5%
had SD in the intracranial lesions. The median PFS of intrac-
ranial lesions and extracranial lesions was 18 and 12 months,
respectively, and the median OS was 26 months. In the univari-
ate analysis, the GPA and KPS data were associated with iPFS
and RPA was associated with OS, whereas the multivariate
analysis did not show any independent indicator for OS of
these patients. Our current study did indicate that EGFR TKIs
plus concomitant WBRT could effectively control intracranial
lesions in NSCLC patients and significantly improve OS of
these patients. After further confirmation by a future prospec-
tive clinical trial, this treatment regimen could be used as a
standard therapy for EGFR-mutated NSCLCs with BM.

It has been previously demonstrated that systemic che-
motherapy failed to control BM lesions,*® because most
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Median 95% ClI

ePFS

Log rank
(P-value)

Median iPFS 95% CI

(months)

Log rank
(P-value)

95% ClI

Median OS
(months)

Table 3 (Continued)
Clinical variables

(P-value)

0.34

8.65-16.34
6.15-17.84

6.56—13.43
8.85-17.14

13.0°

12.5
12.0’
10.0”
6.5

0.70

13.48-20.51
18.89-27.10
9.63-24.36
17.20-18.79
2.20-21.80

17.0
23.0
17.0
18.0

0.049

18.09-33.90
21.60-28.38
22.75-29.24
3.10-20.82

27.0
26.0
25.0
26.0

13
22

Gefitinib
Icotinib
Class |
Class Il

RPA class, n (%)

0.00-14.83

12.0

12.0

Class I
GPA grade, n (%)

0.73

0.006

0.39

5.92-16.07
8.41-15.58
1.59-18.40

1.0’
12.0

3.554-24.44

14.0’

12.21-32.78
19.57-34.42
20.56-26.44

22.5

14
15

0-1

17.50-18.49
5.69-15.30

18.0"

27.0

1.5-2.5

10.0"
8.5

Abbreviations: KPS, Karnofsky Performance Scale; EGFR, epidermal growth factor receptor; TKiIs, tyrosine kinase inhibitors; RPA, recursive partitioning analysis; GPA, graded prognostic assessment; Cl, confidence interval; OS, overall

survival; iPFS, intracranial progression-free survival; ePFS, extracranial progression-free survival; —, not available.

10.5

235

13.19-38.80

26.0°

26.0

3.5-4

Table 4 Treatment toxicities (n=39)

Adverse events Grade 1/2, Grade 3/4, Total,
n (%) n (%) n (%)
Skin toxicity 12 (30.8) | (2.6) 13 (33.3)
Diarrhea I (2.6) I (2.6) 2 (5.1)
Constipation 1 (2.6) 0(0) | (2.6)
Hepatotoxicity 2 (5.1) | (2.6) 3(7.7)
Nausea 0 (0) 0(0) 0 (0)
Vomiting 18 (46.2) 0 (0) 18 (46.2)
Neuropathy 0 (0) 0(0) 0(0)
Fatigue 3(7.7) 0(0) 3(7.7)
Leukopenia 0 (0) 0(0) 0(0)
Alopecia 24 (61.5) 8 (20.5) 32 (82.1)
Headache 10 (25.6) 2 (5.1) 12 (30.8)

chemotherapeutic agents are unable to cross the BBB.
However, EGFR TKIs, especially EGFE TKIs plus WBRT,
can better penetrate the brain parenchyma.’*3” Furthermore,
gefitinib sensitized tumor cells to radiation in vitro.?’ Huang
et al reported that the combined treatment of radiation with
gefitinib synergistically inhibited tumor growth in lung cancer
xenografts of nude mouse.?> Van et al showed that radiation
was able to disrupt the BBB,*” which improved penetration
of chemotherapeutic agents or molecular targeted drugs into
the brain. Zeng et al demonstrated that gefitinib increased
the BBB permeability after an escalated dose of WBRT,
which was consistent with that of other previous studies.*®*
Compared to chemotherapy, previous studies showed that
EGFR-mutated NSCLC patients with BM who received
EGFR TKIs alone had an ORR of 60%—-88% and a median OS
of 6.6—18.9 months.?33%4-4 Other studies reported that after
the failure of radiotherapy, ORR and DCR of patients with
EGFR-mutated NSCLC and BM, who received EGFR TKIs,
were found to be 20%—89% and 80%—89%, respectively.*!
In our current retrospective study, the ORR and DCR of
intracranial lesions reached 79.5% and 100.0%, respectively,
which is consistent with the previous studies. In addition,
Luo et al reported that 125 NSCLC patients with BM who
underwent WBRT and 12% of patients with intracranial
tumors had CR, 68% had PR, 10% had SD, and 10% had
PD, and the median OS was 7.1 months.”> Another study
assessed nine patients with EGFR-mutated NSCLC and BM
after erlotinib and WBRT treatment, and the data showed a
19.1-month median OS, and the 6-month, 1-year, and 2-year
cumulative survival rates were 88.9%, 55.6%, and 44.4%,
respectively.’ Zeng et al reported that the ORR and DCR
of seven patients with EGFR-mutated NSCLC and BM who
had gefitinib and WBRT treatment reached 71.4% and 85.7%,
respectively, with a median OS of 23.4 months.”' In our
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current study, the median PFS and median OS of patients
treated with EGFR TKIs plus WBRT reached more than
10 and 26 months, respectively, which were significantly
better than those obtained for chemotherapy, EGFR TKIs, or
WBRT alone and better than the values reported in previous
similar studies.**!*3 These results may be due to the fact that
high proportion of our patients received fully individualized
treatments.

Furthermore, our current study demonstrated that patients
tolerated the combined treatment of EGFR TKIs and WBRT
well. Specifically, there was no radiation-enhanced EGFR
TKIs related rash in the portal treatment area. No adjust-
ments were needed in EGFR TKIs or WBRT doses given
to the patients. One-third of the patients did develop skin
toxicity, but other toxicities were rare, although the long-
term follow-up data showed that alopecia occurred in 32
patients, headache in 12, and vomiting in 18. Welsh et al
also showed that erlotinib and radiation therapy of BM in
NSCLC patients was safe and well tolerated.”” We assumed
that the addition of WBRT might increase the concentration
of TKIs in the patients with BM. However, WBRT may
induce neurotoxicity and lead to leukodystrophy. Thus,
SRS or routine surgery could be used to remove a single
metastatic brain NSCLC lesion followed by molecular
target or chemotherapy. This strategy is proposed because
intracranial lesions usually progress in a short period of time
after SRS or routine surgery. Further studies are needed to
reduce side effects and increase treatment efficacy to control
BM in NSCLC patients.

Limitations

Our current study does have some limitations; for example,
this was a single-arm study and retrospective in nature. BM
was not confirmed pathologically or genetically. EGFR muta-
tion status was evaluated only in primary tumor specimens.
However, discordance of EGFR mutation status between the
primary and metastatic sites has been reported and reached up
to 28%.3%% Thus, future studies are needed to evaluate EGFR
mutation status in BM. Moreover, WBRT and EGFR TKI
was not precisely determined and controlled in this retrospec-
tive study. Shukuya et al showed that this kind of therapy was
effective when continuous EGFR TKIs were administered
following WBRT in NSCLC patients with isolated central
nervous system failure.’® To date, there are no clinical trials
to compare concomitant and sequential therapy of EGFR
TKIs and WBRT. Future clinical trials should investigate the
optimal regimen of EGFR TKIs in combination with WBRT
in NSCLC patients with BM.

Conclusion

In conclusion, the current retrospective study of concur-
rent EGFR TKIs and WBRT for control of EGFR-mutated
NSCLC with BM showed that this combination was safe
and well tolerated. Survival rate of the patients exceeded
that of those treated with EGFR TKIs or WBRT alone from
historical controls. However, a large prospective randomized
clinical trial is needed to validate our current findings.
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