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Abstract. Erlotinib and pemetrexed have been approved
for the second-line treatment of non-small cell lung cancer.
Recent reports indicated that erlotinib and pemetrexed exerted
synergistic effects against lung adenocarcinoma. The available
treatment options for lung cancer with brain metastases (BM)
are currently limited. In the present study, we investigated the
efficacy of the combined administration of erlotinib and peme-
trexed in 9 patients with epidermal growth factor receptor
(EGFR) wild-type lung adenocarcinoma with BM. Pemetrexed
(500 mg/m?) and cisplatin (20 mg/m?) were administered
on day 1 and days 1-3, respectively. Erlotinib (150 mg) was
administered daily on days 4-20. The 9 patients harbored
EGFR wild-type mutation in the primary tumor tissues. With
regard to the BM, no patients achieved complete remission,
7 patients exhibited a partial response (PR), 1 had stable
disease (SD) and 1 had progressive disease (PD). As regards
the extracranial tumors, 3 patients exhibited a PR, 2 had SD,
3 had PD and 1 was not applicable. The performance status
and the symptoms improved in 3 patients following treatment.
The median progression-free survival for intracranial and
extracranial disease control was 179 and 146.5 days, respec-
tively. The median overall survival was 197.4 days. Therefore,
erlotinib combined with pemetrexed/cisplatin, was found to
be effective in the treatment of patients with EGFR wild-type
lung adenocarcinoma.
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer-related mortality worldwide. Brain metastases (BM)
commonly occur in patients with lung adenocarcinoma and
are usually associated with a poor prognosis and poor quality
of life for the patients. A total of 30-50% of NSCLC patients
develop BM prior to or during treatment (1). The currently
available treatment options for patients with BM are limited.
Generally, the prognosis of BM is poor. The median survival
with standard treatment is 2 months, which involves expensive
and invasive procedures, such as systemic treatment with
corticosteroids and whole-brain radiotherapy, with or without
stereotactic radiosurgery (2). Thus, it is imperative to develop
additional effective therapies for patients with BM.

Erlotinib and pemetrexed were reported to be effective
in lung adenocarcinoma patients with BM. Erlotinib, as an
epidermal growth factor receptor (EGFR) tyrosine-kinase
inhibitor (TKI), is a small molecular agent that is able to cross
the blood-brain barrier. Erlotinib was reported to significantly
improve the response rate of metastatic brain tumors and
survival in lung adenocarcinoma patients with asymptomatic
synchronous BM, particularly those with EGFR-activating
mutations in exon 19 or 21 (3,4). However, EGFR wild-type
patients, compared to mutant patients, exhibited significantly
poorer BM treatment responses and a shorter survival after
BM diagnosis (5). Pemetrexed is an inhibitor of thymidylate
synthase (TS), dihydrofolate reductase and glycinamide
ribonucleotide formyltransferase (6). It was recently reported
that the combination of pemetrexed and platinum may be
particularly effective in terms of intracranial radiological
response and overall survival (OS) in NSCLC patients with
newly diagnosed BM (7). Resistance to pemetrexed may be
attributed mainly to an increased TS expression (8).

The heterogeneity of NSCLC tumors provides a strong
rationale for using combination therapy with targeted agents
that have different mechanisms of action. Moreover, different
combinations may exert synergistic effects (9). In a previous
study, erlotinib in combination with pemetrexed for treating
patients with advanced NSCLC was found to be well-tolerated
and exhibited a promising efficacy in a phase I dose-finding
study (10). In small samples, this combination regimen also
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exhibited promising efficacy in pretreated advanced lung
adenocarcinoma (11).

To build on these previously reported clinical data, we
hypothesized that erlotinib in combination with pemetrexed
and cisplatin may be more effective for the treatment of
patients with EGFR wild-type lung adenocarcinoma with BM.

Patients and methods

Patients. A total of 9 lung adenocarcinoma patients were
diagnosed and treated with a combination of erlotinib
and pemetrexed/cisplatin. The patient records between
November, 2011 and January, 2013 were reviewed in our insti-
tution. A total of 5 patients had received EGFR-TKI and/or
chemotherapy prior to developing BM and 4 of these patients
had developed progressive disease (PD) after receiving
EGFR-TKI. The study was approved by the Institutional
Review Board of the First Affiliated Hospital of Guangzhou
Medical University and written informed consent for genetic
analyses was obtained from each patient at the time of diag-
nosis or operation.

Treatment and response evaluation. Combination therapy
with erlotinib and pemetrexed/cisplatin was administered.
Pemetrexed (500 mg/m?) and cisplatin (20 mg/m?) were
administered on day 1 and days 1-3, respectively. Erlo-
tinib (150 mg) was administered daily on days 4-20. The
combination regimen was repeated every 21 days. Prior to
pemetrexed treatment, the patients were treated with folic
acid and vitamin B12. The patients received at least 1 cycle
of chemotherapy. In case of tumor regression or stable disease
(SD), no more than 6 cycles were administered. If the disease
became stable after the combination therapy, the patients
continued receiving erlotinib treatment as a maintenance
therapy until eventual disease progression or the develop-
ment of intolerable toxicities. The patients were followed
up using brain magnetic resonance imaging (MRI) prior to
the second cycle initially and after every 2 cycles thereafter.
Image scanning for extracranial lesions was repeated every
2 cycles after the first treatment. The tumor responses were
evaluated according to the Response Evaluation Criteria In
Solid Tumors (RECIST) 1.1, using computed tomography or
MRI (12). Treatment-related toxicity was evaluated according
to the National Cancer Institution Common Terminology
Criteria for Adverse Events 3.0.

EGFR mutation analysis. Genomic DNA was extracted from
formalin-fixed, paraffin-embedded (FFPE) primary lung
tumor tissues prior to treatment, using the QlIAamp DNA FFPE
Tissue kit (Qiagen, Hilden, Germany). EGFR mutations were
detected using the commercially available AmoyDx® Human
EGFR Gene 29 Mutations Fluorescence PCR Diagnosis kit
(Amoy Diagnostics Co., Ltd, Xiamen, China). This EGFR kit
detects 29 mutations in exons 18-21, including T790M, L858R,
L861Q, S7681, G719S, G719A, G719C, three insertions in exon
20 and 19 deletions in exon 19.

Statistical analysis. Progression-free survival (PFS) was
measured from the day of the first treatment of BM, until
radiologically confirmed tumor progression or death. OS was

Table I. Patient characteristics.

Previous Initial response

EGFR

mutation status

Neurological

No. of brain
metastases

Age
(years)

Patient
no.

to Irresa®

treatment

Extracranial lesions

symptoms

Smoking status

Gender

Wild-type

Lung, bone
Lung

Absent

Multiple
One

Non-smoker

Smoker
Smoker

68

Female

Male

Erlotinib

Wild-type

Absent

54
61

Wild-type

Lung, bone

Polyopia
Absent

Multiple
Two

Male

PD

S, GP, 1,

Wild-type

Lung, pleural effusion

Lung, bone

Non-smoker
Non-smoker
Non-smoker
Non-smoker

73
Smoker

Male

Wild-type

Absent

Multiple

Female

Wild-type

Lung, bone
Bone

Facial nerve paralysis

Absent

Multiple

Female

Male

NA
PD
PD

S,1,DP

Wild-type

Multiple
One

70
49

NP, GP, DP, 1
DP, 1

Wild-type

Lung, bone, pleural effusion

Lung

Absent

Male

Wild-type

Dizziness

Multiple

Non-smoker

72

Female

*Gefitinib. EGFR, epidermal growth factor receptor; S, surgery; GP, gemcitabine plus cisplatin; I, irressa; DP, docetaxol plus cisplatin; NP, navelbine plus cisplatin PD, progressive disease; NA, not applicable.
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Table II. Tumor response and disease control.
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Intracranial Extracranial Intracranial Extracranial  Interval between therapy
Patient Chemotherapy tumor  Neurological tumor disease control disease control and death or last
no. cycles response symptoms response  (survival, days) (survival, days) follow-up (days)
1 6 PR - PR 179 179 179
2 5 PR - PR 206 114 236
3 3 PR Improved PD 92 51 109
4 3 SD - PD 107 59 107
5 4 PR - PR 287 287 287
6 1 PR Improved SD 144 201 232
7 5 PR - NA 212 - 212
8 1 PD - PD 23 23 141
9 6 PR Improved SD 189 274 274

PR, partial response; PD, progressive disease; SD, stable disease; NA, not-applicable. Patient no. 6 achieved a complete remission of the cranial

tumor after cranial radiotherapy.

Figure 1. MRI imaging of brain metastasis. MRI imaging from a male patient (patient no. 3, Tables I and II). The cranial tumor exhibited a partial response
(PR) after receiving one cycle of erlotinib plus pemetrexed/cisplatin. Left panel, prior to treatment. Right panel, image after one treatment cycle. MRI, magnetic

resonance imaging.

measured from the first treatment of BM until death or the last
follow-up. The last follow-up was in August, 2013.

Results

Patient characteristics. The patient characteristics are
summarized in Table I. The 9 patients included 4 women and
5 men, aged 37-73 years at the time of diagnosis of BM. Six of
the patients were non-smokers and 3 patients had neurological
symptoms. The patients had received at least 1 platinum-based
chemotherapy regimen. All the patients had extracranial
disease progression and the emergence of BM, except patient 7.
We confirmed the presence of EGFR wild-type mutations in
the primary tumor of all the patients, indicating that the EGFR
mutation was acquired during tumorigenesis.

Tumor response and disease control. All the patients received
1-6 cycles of chemotherapy (median, 4 cycles). The 3 patients
with neurological symptoms exhibited an overt clinical

response to the combination regimen for BM after the first
cycle of treatment, with improvement of the metastasis-related
neurological symptoms (Table II). According to RECIST, no
patient with BM achieved a complete remission, 7 patients
exhibited a partial response (PR), 1 had SD and 1 had PD. The
objective response rate (ORR) was 77.8% (7/9). As regards the
extracranial tumors, 3 patients exhibited a PR, 2 had SD, 3 had
PD and 1 was not applicable (NA). The ORR was 37.5% (3/8).
One patient's cranial MRI revealed tumor regression after
treatment (Fig. 1).

At the last follow-up, 4 patients remained alive. The intra-
cranial and extracranial median PFS were 179 and 146.5 days,
respectively, and the median OS was 197.4 days (Fig. 2).
The intracranial and extracranial disease of patient no. 5
has remained stable for 287 days after the first combination
therapy and the patient remains alive to date.

Toxicity and side effects. A grade 1-2 rash developed in
7 patients, grade 2 oral mucositis in 1 patient and grade 2
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Figure 2. Progression-free and overall survival of 9 patients by extracranial or intracranial disease control.

diarrhea in 1 patient. The combination regimen was relatively
well-tolerated by the patients, with only grade 1-2 hemato-
logical toxicity.

Discussion

Approximately half of lung adenocarcinoma cases in Eastern
Asia are encountered in patients harboring wild-type EGFR
mutations and 46% of the lung adenocarcinoma patients
reportedly respond to pemetrexed chemotherapy as first-line
treatment (13-15). A Korean study on a small patient sample
reported that non-smoking adenocarcinoma patients with
asymptomatic BM achieved an ORR of 69.6% when treated
with EGFR-TKI as first-line regimen (3). Another study
reported an ORR of 58.3% in Chinese adenocarcinoma patients
harboring EGFR-activating mutations with asymptomatic BM
when treated with erlotinib as second-line therapy (16). EGFR
wild-type patients exhibited significantly poorer BM treatment
responses and shorter survival after BM diagnosis compared
to EGFR-mutant patients (5).

The present study demonstrated that the intracranial
treatment response was 77.8% (7/9). This may be due to the
synergistic effects of erlotinib and pemetrexed, as supported
by previous in vitro preclinical studies (17,18). The TS
inhibitor 5-fluorouracil may increase EGFR phosphorylation,
thus potentially enhancing EGFR-TKI activity (19). Moreover,
in vitro studies demonstrated that EGFR-TKIs may decrease
TS expression and activity, undermining its synergistic inter-
action with 5'-deoxy-5-fluorouridine (20-21). Hence, erlotinib
combined with pemetrexed may be a feasible and effective
alternative for the treatment of lung adenocarcinoma concur-
rent with BM in the clinical setting.

There was a question whether the new regimen, erlotinib
combined with pemetrexed and platinum, achieved superior
responses in intracranial compared to extracranial disease.
Our study demonstrated that the ORR of intracranial and
extracranial treatment was 77.8 and 37.5%, respectively. More-
over, we observed that intracranial disease control exhibited
a trend to be superior to extracranial disease control (179 vs.

146.5 days, respectively). The patients tolerated the regimen
well, albeit with the development of grade 1-2 rash, oral muco-
sitis or diarrhea. The preliminary results from small patient
samples appear to be promising; however, further large-scale
studies are required to confirm these findings.

The results of this study may provide a new clinical
application for the treatment of EGFR wild-type lung
adenocarcinoma patients with BM. However, there are
several limitations to our study. First, although a recent study
reported that heterogeneous distribution of EGFR mutations
is extremely rare in lung adenocarcinoma (22), the possi-
bility of discrepancies between the EGFR mutation status
of primary lung cancer and synchronous or metachronous
BM could not be excluded and may affect our results. This
limitation arises from the difficulties of performing addi-
tional biopsies of the BM in each patient. Second, the patient
number in the present study was limited and not every patient
was eligible for evaluation of the treatment response. Third,
the imaging response may be miscalculated by RECIST, as
this set of criteria has well-known limitations in the assess-
ment of brain lesions, including only linear measurement
of the tumor size, mere evaluation of target lesions =10 mm
and lack of monitoring of biological tumor response (23).
Moreover, the majority of the patients received more than
one treatment modality for either BM or primary lung cancer
after diagnosis of BM in our clinical practice, which may
affect treatment response and survival.

In conclusion,erlotinib combined with pemetrexed/cisplatin
was found to be effective and well-tolerated for the treatment
of EGFR wild-type lung adenocarcinoma patients with BM.
However, further clinical trials are required to confirm our
results.
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