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INTRODUCTION

Over the past several decades, chemotherapy has been the main 
treatment option for advanced non-small cell lung cancer (NSCLC). 
In metastatic disease, chemotherapy improves treatment outcomes 
with a median overall survival time of 9 to 12 months [1,2]. How-
ever, despite continuous advances in the treatment of NSCLC, the 
involvement of brain metastases remains a grave complication that 

results in shorter survival and marked deterioration in quality of 
life [3]. For therapeutic approach to patients with brain metastases, 
whole brain radiotherapy (WBRT) has been a cornerstone treat-
ment for decades [4,5]. Recently, local therapies such as surgical 
resection and stereotactic radiosurgery (SRS) have been improv-
ing prognosis and survival of these patients [6-8]. On the other 
hand, systemic therapy also remains an essential part of treatment 
for disseminated disease [5,9]. 
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There have been conflicting reports on the continuation of epidermal growth factor recep-
tor-tyrosine kinase inhibitors (EGFR-TKIs) in patients with newly developed or progressive 
brain metastasis of non-small cell lung cancer (NSCLC). Patients with newly developed or 
progressive intracranial lesions, but who maintained well-controlled extracranial disease 
during erlotinib treatment, were enrolled in this study. The proposed therapy included ste-
reotactic radiosurgery (SRS), whole brain radiotherapy (WBRT), and/or surgical resection 
for intracranial lesions. Erlotinib treatment was continued simultaneously unless extracra-
nial disease progressed. The evaluation of both extra- and intra-cranial lesions was performed 
every 3 months. From October 2009 to June 2012, 14 patients were enrolled in this pilot 
study. For intracranial disease, 4 patients received SRS alone, 7 patients received both SRS 
and WBRT, 2 patients received SRS, WBRT and surgical resection, and 1 patient received no 
local therapy due to the presence of asymptomatic lesions. Of the patients with extracra-
nial disease who were placed on continued erlotinib therapy, 6 patients (42.9%) showed 
partial response (PR), while 7 patients (50.0%) remained in stable disease (SD). The progres-
sion-free survival (PFS) of extracranial and intracranial disease was 11.1 (range 1.6-34.6) and 
10.2 (range 1.5-34.6) months, respectively. In 5 cases, brain lesions relapsed before the pro-
gression of extracranial disease. Overall survival (OS) was 22.6 (range 2.1-50.4) months. For 
NSCLC patients with progression of only intracranial disease during erlotinib treatment, 
the continuation of erlotinib in combination with local therapy to brain metastases can be 
an effective treatment option. 
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The epidermal growth factor receptor (EGFR) is a transmem-
brane receptor expressed at high levels in a variety of solid tumors, 
including NSCLC. EGFR has been implicated in the control of cell 
survival, proliferation, metastasis, and angiogenesis [10]. Erlotinib 
is an oral epidermal growth factor receptor-tyrosine kinase inhibi-
tor (EGFR-TKI) that has demonstrated efficacy in patients with 
advanced NSCLC harboring activating EGFR mutations [11,12]. 
In addition, erlotinib prolongs survival in NSCLC patients with 
wild type EGFR even after the failure of at least one prior chemo-
therapy regimen [13,14]. However, the penetration rate of erlotinib 
into the cerebrospinal fluid (CSF) is relatively low, 2.77% to 4.4% 
of plasma level [15,16]. Indeed, several retrospective studies have 
revealed a high incidence of disease recurrence in the brain and 
leptomeninges after an initial response to EGFR-TKIs [17]. Inter-
estingly, however, the majority of patients who had disease recur-
rence in the central nervous system (CNS) had achieved good con-
trol of other disease sites [18]. This discrepant response between 
the brain and extracranial sites has been a challenging clinical 
problem because of the lack of effective therapies. Systemic che-
motherapy is largely unsuccessful for two main reasons: drugs 
cannot effectively penetrate the blood-brain barrier, and NSCLC 
is only poorly to moderately sensitive to systemic treatment [9]. In 
spite of this, even in the presence of multiple metastases, some pa-
tients can be effectively treated by surgical resection, SRS or WBRT, 
although the median survival after WBRT is only 3-4 months [6-
8]. Recently, the use of erlotinib in combination with WBRT and 
other local therapies has demonstrated favorable outcomes in pa-
tients [19]. 

Thus, we conducted this pilot study to determine whether the 
continuation of erlotinib treatment can maintain controlled extra-
cranial disease, as long as cranial lesions are controlled separately 
by conventional treatment modalities such as surgical resection, 
SRS, and WBRT.

PATIENTS AND METHODS

1. Patients

The patients enrolled in this study had newly developed or pro-
gressive brain lesions while in good control of extracranial NSCLC 
lesions during erlotinib treatment. Eligible patients were 18 years 
or older, with histologically or cytologically proven NSCLC, and 
were receiving erlotinib as a salvage therapy (i.e. second line). En-
try criteria included: Eastern Cooperative Oncology Group (ECOG) 

performance status ≤2; at least one unidimensionally measurable 
or evaluable systemic lesion (brain lesion with a diameter >10 mm 
using brain magnetic resonance imaging (MRI); adequate hema-
tologic function (Hgb ≥9 g/dL, platelet ≥100,000/μL, absolute 
neutrophil count ≥1,500/μL); adequate hepatic function (serum 
bilirubin ≤1.5×upper normal limit (UNL), AST (SGOT) and 
ALT (SGPT) ≤2.5×UNL), alkaline phosphatase ≤5×UNL 
(except in case of bone metastasis without any liver disease); and 
adequate renal function (serum creatinine ≤1×UNL or calcu-
lated creatinine clearance ≥60 mL/min).

Patients who had leptomeningeal metastases, acute severe infec-
tion requiring antibiotic therapy, significant cardiovascular disease, 
uncontrolled diabetes mellitus, or severe ophthalmologic disease 
were ineligible for this study. 

All patients gave written informed consent prior to study-spe-
cific screening procedures, with the understanding that the patient 
had the right to withdraw from the study at any time, without prej-
udice. This study was approved by the Institutional Review Board.

2. Procedure

Erlotinib was administered at a dose of 150 mg/day, from day 1 
to day 28. However, if the patient was already receiving a dose of 
100 mg/day before the enrollment, we continued treatment using 
this dose. Each cycle was repeated every 4 weeks. Erlotinib was ad-
ministered continuously unless the disease progressed, or drug 
toxicity reached unacceptable levels, or by a patient’s refusal. A 
baseline scan was performed at the beginning of treatment, fol-
lowed by subsequent scans every 12 weeks (3 cycles) of treatment. 
Chest computed tomography (CT) and brain MRI scans were per-
formed in order to identify extracranial and intracranial lesions, 
respectively. As noted, treatment was continuous unless progres-
sive disease (PD) was evident. For extracranial lesions, an addi-
tional CT scan was performed after the first cycle. Only when dis-
ease progression was suspected were follow-up assessments done 
before the scheduled time point. If stable disease was maintained 
for greater than 1 year, then follow-up office visits were scheduled 
for once every 3 months. 

The primary objective of this treatment regimen was to attain 
progression-free survival (PFS) of extracranial disease with good 
control of intracranial lesions. This would be achieved separately 
by using conventional treatment modalities including surgical re-
section, SRS, or WBRT. The secondary objectives were PFS of in-
tracranial disease and enhanced overall survival (OS). All the treat-
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ment procedures for intracranial disease were authorized by the 
principal investigator, upon consultation with therapeutic radiolo-
gists and neurosurgeons. Tumor response, progression, and sur-
vival information recorded in the clinical database was based on 
the assessment of the principal investigator managing the patient. 
Response and progression measurements were evaluated using 
the Response Evaluation Criteria in Solid Tumors (RECIST) ver-
sion 1.1 guidelines. Estimates of objective tumor response rates and 
response category frequencies were computed within 95% confi-
dence intervals.

Toxicity was graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0 guidelines. If de-
emed too toxic, treatment was delayed for 1 week, and then follow-
ed by a 50 mg daily dose reduction of erlotinib (depending on the 
schedule). If toxicity resulted in a dosing delay or interruption of 
study drug for more than 3 weeks, then the patient was withdrawn 
from the study for toxicity reasons.

3. Statistical analysis

Response rates and clinical characteristics were evaluated using 
the chi-square test or the Fisher’s exact test for categorical variables. 
The PFS and OS were calculated using the Kaplan-Meier method. 
The progression-free survival of extracranial disease (PFSed) and 
intracranial disease (PFSid) were calculated as the period from the 
first day of erlotinib reinitiation after study enrollment to the date 

of extracranial and intracranial disease progression, respectively, 
or the date of last follow-up. The OS was calculated as the period 
from the first day of erlotinib reinitiation after study enrollment to 
the date of death, or the date of last follow-up.

RESULTS

1. Patient demographics and disease characteristics

From October 2009 to June 2012, 14 patients were enrolled in 
the Samsung Medical Center, Seoul. Patient demographics and 
baseline characteristics are listed in Table 1. The median age of all 
patients was 61 years. There were 9 male and 5 female patients. The 
histology of 13 patients was adenocarcinoma while 1 patient had 
adeno-squamous carcinoma. All patients had received platinum-
based doublet chemotherapy before erlotinib treatment. Of the 14 
patients, 12 had pre-existing brain lesions, while 2 were newly di-
agnosed with brain metastases. Eleven of 12 patients with pre-ex-
isting brain metastases had received local treatments before study 
enrollment, SRS in 11, WBRT in 5, and surgical resection in 3 pa-
tients. Sequencing analysis of the EGFR gene from the DNA of 
primary lung tumor tissue was performed in 11 of 14 patients. Six 
of them had activating EGFR mutations; 4 had an exon 19 dele-
tion, and 2 had an L858R mutation. One of the patients with an 
L858R mutation also had a T790M mutation. At the time of study 
enrollment, the median duration of erlotinib treatment for all pa-

Table 1. Patient demographics and baseline characteristics

Case Sex Age Smoking 
history Histology ECOG PS CNS lesion Other metastatic site EGFR mutation Response to 

erlotinib
Duration of erlo-
tininb (months)a

  1 F 61 - Adeno 1 Existing (-) Wild type SD 11.9
  2 M 69 + Adeno 1 Existing Adrenal gland, bone Wild type PR 3.9
  3 M 42 + Adeno 1 Existing Lung, lymph nodes L858R PR 9.1
  4 M 55 + Adeno 1 Existing Bone Not performed PR 6.5
  5 M 71 + Adeno 1 Existing Lymph nodes L858R, T790M PR 13.2
  6 M 71 + Adeno 1 Existing Adrenal gland, bone Wild type PR 2.2
  7 F 44 - Adeno-squamous 1 Existing Bone, lung, lymph nodes Del exon 19 PR 8.4
  8 F 73 + Adeno 1 New Lung Wild type PR 26.4
  9 M 71 + Adeno 2 New Bone Not performed PR 3.1
10 F 54 - Adeno 1 Existing Liver, lung Del exon 19 PR 11.0
11 F 51 - Adeno 1 Existing (-) Del exon 19 PR 5.8
12 M 73 - Adeno 2 Existing (-) Del exon 19 PR 4.2
13 M 68 - Adeno 1 Existing (-) Not performed PR 28.5
14 M 52 + Adeno 1 Existing Bone, lung Wild type PR 38.2

ECOG, Eastern Cooperative Oncology Group; PS, performance status; CNS, central nervous system; EGFR, epidermal growth factor receptor; Del, deletion; SD, stable disease; 
PR, partial response. 
aDuration of erlotinib= the period of erlotinib use before study enrollment. 
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tients was 12.3 (range 2.2-38.2) months, and 13 patients showed 
partial responses to erlotinib. For intracranial disease, 4 patients 
received SRS alone, 7 patients received both SRS and WBRT, 2 pa-
tients received both SRS and WBRT with surgical resection, and 1 
patient received no therapy to the brain due to asymptomatic le-
sions.

2. Treatment outcomes

The disease control rate (DCR) for combined extracranial and 
intracranial disease was 92.9%: 6 patients (42.9%) showed partial 
response (PR) and 7 patients (50%) remained stable disease (SD). 
For extracranial disease, 12 patients (85.7%) remained in SD and 
one patient showed PR. The progression-free survival of extracra-
nial disease (PFSed) and intracranial disease (PFSid) was 11.1 (range 
1.6-34.6) and 10.2 (range 1.5-34.6) months, respectively. The PF-
Sed in each patient is shown in Fig. 1. In five cases, intracranial dis-
ease progressed earlier than extracranial disease. After confirm-
ing the progression of intracranial disease, SRS was performed as 
a salvage therapy in all but one patient. The median overall sur-
vival time was 22.6 (range 2.1-50.4) months (Fig. 2). There was no 
significant difference in PFS according to the presence of activat-
ing EGFR mutations. 

DISCUSSION

In this pilot study, we found that continuation of erlotinib can 
maintain controlled extracranial disease without change to che-
motherapy as long as brain metastasis is controlled by local thera-
py in NSCLC patients who developed brain only progression. The 

median extracranial PFS was 11.1 months (range 1.6-34.6) with 
continuation of erlotinib. Some of the patients can continue erlo-
tinib receiving multiple local therapies for brain metastasis while 
extracranial lesion remains stable (Fig. 1).

It has been reported that brain metastasis is a frequent site of dis-
ease recurrence or progression in patients after an initial response 
to EGFR-TKI, regardless of disease control in extracranial disease 
[17]. It can be hypothesized that the discrepant response between 
the brain and extracranial sites is due to several reasons; low pene-
tration rate of EGFR-TKIs to CSF, longer survival and oligoclonal-
ity of the tumor; whereby some subclones are sensitive to EGFR-
TKIs, while others harbor modified genes that confer resistance to 
EGFR-TKIs. 

The routine clinical practice for NSCLC patients treated with 
EGFR-TKI who developed brain progression is discontinuation of 
EGFR-TKI and change to systemic chemotherapy. However, sev-
eral studies have reported on the rapid progression of systemic 
disease after the discontinuation of EGFR-TKIs [20]. In general, 
the prognosis of patients with brain progression who initially re-
sponded to EGFR-TKI is poor. Omuro et al reported that the me-
dian overall survival for those patients with or without CNS me-
tastases was 15 months and 23 months, respectively [17]. The ma-
jority of studies performed in the past were concerned primarily 
with the initial management of brain metastases in NSCLC, while 
studies to determine the treatment strategy for recurrent/progres-
sive CNS disease with targeted therapy were lacking [19-22]. 

There is gradually accumulating evidence showing the clinical 

Fig. 1. Progression-free survival (PFS) of extracranial disease. PFS of 
extracranial disease calculated as the period from the first day of er-
lotinib reinitiation after study enrollment to the date of extracranial 
disease progression or the date of last follow-up. *EGFR mutation 
positivity.
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Fig. 2. Kaplan-Meier curve of overall survival (OS). OS calculated as 
the period from the first day of erlotinib reinitiation after study en-
rollment to the date of death or the date of last follow-up.
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benefits of continuing EGFR-TKIs beyond disease progression. 
Riely et al. reported on a prospective trial of 10 patients who had 
previously responded to erlotinib or gefitinib, and who benefited 
from continued EGFR-TKI treatment despite disease progression 
as evaluated by RECIST [23]. Several strategies were applied in this 
situation: switching from gefitinib to erlotinib, retrial of the same 
EGFR-TKI after a drug ‘holiday’, and high-dose therapy of gefi-
tinib or erlotinib [24-27]. It seems that gefitinib failed to show any 
benefit after disease progression compared to erlotinib treatment 
because the recommended daily dose of erlotinib is much nearer 
to the maximum tolerated dose (MTD) than that of gefitinib [28]. 
Shukuya et al reported that retrospective analysis of continuous 
EGFR-TKI administration following radiotherapy for NSCLC pa-
tients with isolated CNS failure showed 41% of response rate and 
76% of disease control rate of CNS lesions with 403 days of overall 
survival, which correlates well with the results of the present study 
[29]. Currently, study of first-line erlotinib until and beyond RE-
CIST progression in Asian patients with EGFR mutation-positive 
NSCLC (ASPIRATION; NCT01310036) is ongoing. In this study, 
the PFS1 (time to RECIST progression or death) and PFS2 (time to 
off-erlotinib progression if erlotinib was extended beyond RECIST 
progression) will be assessed. The results of continuation of erlo-
tinib especially in CNS progression are awaiting. 

The present prospective study showed a higher disease control 
rate (DCR) and prolonged survival time with continued erlotinib 
treatment plus local control of brain metastases. Notably, the me-
dian overall survival time was 22.6 months, which is much higher 
than that reported in previous studies using EGFR-TKIs in NSCLC 
patients with CNS disease, where the median overall survival was 
6 to 12 months [19,30]. 

This study has several limitations. This study was designed as a 
single-arm study because an appropriate control group was hard 
to establish, as there is no proven effective alternative treatment 
strategy for this setting. Only 14 patients were investigated, mak-
ing it difficult to obtain statistically significant results from the 
subgroup analysis. Nevertheless, this is the first prospective obser-
vational study of NSCLC patients with progressive brain metasta-
ses who are undergoing targeted therapy. 

In conclusion, for patients with progression of only intracranial 
disease during erlotinib treatment, the continuation of erlotinib in 
combination with local therapy to brain metastases can be an ef-
fective treatment option. 
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