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Abstract

Purpose We have treated patients with non-small-cell
lung cancer (NSCLC) who developed leptomeningeal
metastases (LM) during gefitinib therapy, and then found
symptomatic improvement following treatment change to
erlotinib. Based on this experience, we wondered whether
erlotinib could be detected in cerebrospinal fluid (CSF)
when it was used for NSCLC patients with LM. This study
was conducted to determine erlotinib concentrations in
CSF and assess responses to erlotinib in patients with
NSCLC developing LM during gefitinib therapy.

Methods Three advanced NSCLC patients with LM that
developed during gefitinib therapy were treated with erl-
otinib. On day 28 after the initiation of erlotinib treatment,
plasma and CSF were obtained and the concentrations of
erlotinib in these samples were measured. Eastern Coop-
erative Oncology Group (ECOG) performance status (PS)
and neurologic symptoms were determined.

Results  Erlotinib CSF penetration was 6.3% £ 6.1%
(mean £ SD). In cases 1 and 2, we observed improvements
in ECOG PS and neurologic symptoms. In case 3, cyto-
logical improvement was seen in the CSF. In each patient,
deletion of exon 19 or exon 21 L858R mutation of the
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epidermal growth factor receptor (EGFR) gene was
detected in carcinoma cells from the CSF.

Conclusions We report on 3 patients with NSCLC who
had developed LM during gefitinib treatment and showed
clinical improvements following change to erlotinib ther-
apy. In all cases, small but measurable penetration of erl-
otinib into CSF was observed. Because EGFR mutations
were detected in all cases, we suggest that erlotinib is a
therapeutic option for LM carcinoma cells with EGFR
mutations.
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Introduction

Leptomeningeal metastases (LM) occur in approximately
4-15% of all patients with cancer [1]. The median sur-
vival of patients without treatment is about 4—6 weeks [2],
and patients in general suffer from deterioration of per-
formance status (PS) [3]. The occurrence of LM is
increasing because of advances in the treatment of non-
small-cell lung cancer (NSCLC) and neuroimaging. While
radiotherapy, systemic chemotherapy, and intrathecal
chemotherapy with methotrexate, thiopeta, or cytarabine
have all been used to treat LM, standard therapy that
prolongs survival has not been established [4]. Systemic
cytotoxic chemotherapy has no efficacy against LM [5],
but there have been reports that LM of NSCLC responds
to erlotinib and gefitinib [6-9]. In particular, there are
reports observing that erlotinib was effective for LM after
the failure of gefitinib treatment [6, 7]. In our hospital, we
also treated some patients with NSCLC who had devel-
oped LM during gefitinib therapy and then showed
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symptomatic improvement following the administration of
erlotinib. Although a previous study measured the con-
centration of erlotinib in the cerebrospinal fluid (CSF) of
NSCLC patient with LM following a weekly high-dose
administration [10], the concentrations of erlotinib in such
patients during daily administration have not been inves-
tigated. Therefore, we conducted this study on NSCLC
patients with LM that occurred during gefitinib therapy,
who were then treated with erlotinib, to determine erl-
otinib concentrations in the CSF and to assess patient
responses to erlotinib.

Patients and methods
Patients

Three patients with NSCLC who had developed LM during
gefitinib therapy were treated with erlotinib in our hospital
from December 2008 to April 2010. The dose of erlotinib
was 150 mg/day for all patients, but was reduced to
100 mg/day in cases 1 and 2 because of the occurrence of
grade 3 skin rash. Written informed consent for genetic
analysis was obtained from each patient at the time of
diagnosis.

Response and survival assessment

The response of LM to treatment was assessed by ECOG
PS grading, neurologic symptoms, and CSF examination.
The overall survival duration was defined as the period
between the diagnosis of LM and death.

Mutational analysis

The specimens obtained by transbronchial lung biopsy in 2
patients and the cells collected from CSFs from all the
patients were analyzed for EGFR mutations (Mitsubishi
Chemical Medience Corporation, Tokyo, Japan). Screening
for EGFR mutations was performed by the peptide nucleic
acid-locked nucleic acid polymerase chain reaction (PNA-

Table 1 Patient characteristics

LNA PCR) clamp-based test, and if amplifications in exons
18-21 of the EGFR gene were detected, direct sequencing
of the products was performed [11].

Cytological analysis of cells in CSF

CSF was collected under sterile conditions by allowing free
flow of CSF under gravity. Between 0.5 and 5.0 ml of CSF
was obtained from each procedure. Two cytospin smears
from each sample were prepared, and one was stained with
Papanicolaou stain and the other with Peppenheim stain.
The stained smears were examined by light microscopy for
morphological details and to count the number of carci-
noma cells.

Plasma and CSF erlotinib sampling and bioanalysis

Once appropriate consent was obtained, blood and CSF
were collected simultaneously 24 h after intake of erl-
otinib on day 28 of therapy. Concentrations of erlotinib
in plasma and CSF were determined by a validated high-
performance liquid chromatography method, as described
previously [12].

Results
Patient characteristics

Patient characteristics and clinical courses are summarized
in Table 1. Their ages ranged from 42 to 58 years at the
time of LM diagnosis. All of them had metastatic disease in
the brain parenchyma before LM developed and had
received whole brain radiotherapy (WBRT). Two patients
had been treated with 2 or 3 regimens of systemic che-
motherapy before the occurrence of LM. All patients
developed LM while taking gefitinib. Disease outside the
central nervous system had been well controlled in all
patients during gefitinib therapy. The interval from the
diagnosis of NSCLC to the occurrence of LM ranged from
10 to 65 months, with a mean of 32.3 months.

Case Agelsex Histology WBRT Prior CTx Initial response EGFR mutation in EGFR mutation
to gefitinib TBLB sample in CSF cells

1 42/Male Ad Yes Yes PR Exon 19 deletion Exon 19 deletion

2 53/Male Ad Yes Yes PR Nt Exon 19 deletion

3 58/Male Ad Yes No PR Exon 21 L858R Exon 21 L858R

Ad adenocarcinoma; TBLB transbronchial lung biopsy; Nt not tested; CSF cerebrospinal fluid; PR partial response; LM leptomeningeal

metastases; CTx chemotherapy; WBRT whole brain radiotherapy
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Table 2 Response to erlotinib in patients, analysis of CSF (before and on day 28 after initiation of erlotinib), concentrations of erlotinib in CSF

and plasma
Case  Change in PS  Neurologic  No. of carcinoma cells (/ml) before day28 Survival after Plasma  CSF Penetration (%)
symptoms start of E (nM) (nM)
Before Day 28
1 4 -1 Improved 60 93 1,396 186 13.3
2 31 Improved Nt 165 1,163 34.7 3.0
3 4 -4 Unchanged 640 11 73 3,210 81.4 2.5

CSF cerebrospinal fluid; PS performance status; No number; E erlotinib; Nt not tested

Clinical outcomes

Assessments on day 28 after the initiation of erlotinib
demonstrated improvements in PS and neurologic symp-
toms in cases 1 and 2 (Table 2). In case 1, improvement in
CSF cytology was also observed. In case 2, cytological
analysis of CSF before erlotinib treatment was not per-
formed; therefore, changes in CSF cytology could not be
evaluated. In case 3, erlotinib did not improve PS or neu-
rologic symptoms; however, it reduced the number of
carcinoma cells in CSF. Patient survival time ranged from
73 to 165 days (Table 2).

EGFR mutation analysis

In case 1, deletion in EGFR exonl9 (E746-A750) was
detected in both a lung specimen and CSF carcinoma cells
(Table 1). In case 2, a deletion in exon19 (E746-A750) was
also detected in cells from CSF specimens (Table 1). In
case 3, a point mutation in exon 21 (L858R) was detected
in both specimens obtained from the lung and CSF
(Table 1). There were no second mutations, including exon
20 (T790M), observed.

Concentrations of erlotinib in plasma and CSF

The trough concentrations of total (free and protein-bound)
erlotinib in plasma and CSF were 1,396 and 186 nM in case
1 (erlotinib 100 mg/day), 1,163 and 34.7 nM in case 2
(erlotinib 100 mg/day), 3,210 and 81.4 nM in case 3 (erl-
otinib 150 mg/day), respectively (Table 2). Erlotinib CSF
penetration ranged from 2.5 to 13.3% (Table 2).

Discussion

In this report, we presented 3 patients who had developed
LM during gefitinib (250 mg/day) therapy and demon-
strated clinical or cytological improvements following a
change to erlotinib (100 or 150 mg/day). In a previous
study, Katayama et al. reported that 6 of 7 patients with

gefitinib-resistant brain metastases or LM responded to
erlotinib [6]; however, they did not determine the con-
centrations of erlotinib in CSF. In this study, we deter-
mined the concentrations of erlotinib in plasma and CSF
and confirmed that there was a small but measurable pen-
etration of erlotinib into CSF (penetration, 6.3% + 6.1%:
mean £ SD). The amount of erlotinib CSF penetration was
similar to the amount reported in a recent study [13]. These
observations suggest that erlotinib may be a therapeutic
option for LM developing during gefitinib treatment.

The differences in LM responses to gefitinib and erl-
otinib may be explained by the higher erlotinib CSF con-
centrations than gefitinib CSF concentrations. The trough
concentration of gefitinib in CSF was reported to be
6.2 nM under high-dose administration (500 mg/day) [14],
and it was much lower than the trough concentration of
erlotinib (ranging from 34.7 to 186 nM under administra-
tion of 100 or 150 mg/day) in this study. To our best
knowledge, there has been only 1 case report of carcino-
matous meningitis, in which gefitinib penetration was
determined to be less than 1% [8]. This value is much
lower than the penetration of erlotinib measured in this
study (ranging from 2.5 to 13.3%). Although the oral
bioavailabilities are reported as almost equal between erl-
otinib and gefitinib [15, 16], the standard doses for gefitinib
(250 mg/day) and erlotinib (150 mg/day) are known to be
not biologically equivalent. For daily administration of
erlotinib at 150 mg in two groups consisting of 3 or 10
subjects, the maximum concentration (Cmax mean £ SD)
and area under the curve (AUC mean £+ SD) were reported
to reach 2,120 + 1,520 ng/ml and 38,420 £ 29,550 ng/h/
ml in the former group and 1,737 & 777 ng/ml and
26,500 £ 12,780 ng/h/ml in the latter group, respectively
[17]; as reported in a previous study [18], administration of
700 mg is probably needed for gefitinib to gain similar
Cmax and AUC levels (mean £ % coefficient of variation
(CV): 2,146 ng/ml &+ 34% and 36,077 ng/h/ml + 43%,
respectively), although the relationships between dose and
Cmax, or AUC are found not to be linear. In addition, the
half maximal inhibitory concentration (ICsy) values of
erlotinib were reported to be significantly lower than those
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of gefitinib for both wild-type and mutant EGFR [19-21],
suggesting a difference in inhibitory effects on NSCLC
cells between erlotinib and gefitinib. Actually, high-dose
administration of gefitinib (1,250 mg/day) was reported to
be effective for LM in a patient with NSCLC harboring an
EGFR mutation [14]. Taken all these observations toge-
ther, we can speculate that the CSF concentrations of
gefitinib must have been lower compared with those of
erlotinib determined in the studied patients and this caused
the difference in responses to LM between gefitinib and
erlotinib.

Although the CSF erlotinib concentration was much
lower than the concentration in plasma, treatment with
erlotinib yielded symptomatic and/or cytologic improve-
ments in the LM patients of this study. This outcome may
be explained by the difference in the amounts of erlotinib
bound to proteins in CSF and plasma. In plasma, approx-
imately 93% of erlotinib is bound to proteins such as
albumin or alpha-1 acid glycoprotein [22]. The protein
concentration in the CSF of our patients was about
100 times lower than the concentration in plasma; there-
fore, we can speculate that the CSF concentration of free
erlotinib was sufficient to control LM in our patients. On
the other hand, the protein-bound proportion of gefitinib in
plasma is reported as approximately 97% [23], similar to
but a little higher than that of erlotinib. The lower con-
centration under administration of the standard dose and a
little higher protein-bound proportion in plasma may also
explain the lower penetration of gefitinib into CSF than
erlotinib.

In conclusion, we reported on 3 NSCLC patients who
had developed LM during gefitinib treatment and who
showed clinical improvements following the change to
erlotinib. In all cases, a small but measurable penetration of
erlotinib into CSF was observed. The fact that EGFR
mutations were detected in CSF carcinoma cells in all the
patients indicates that erlotinib is a therapeutic option for
LM with EGFR mutations.
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