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Abstract

Purpose Several cases have been reported in which
central nervous system (CNS) metastases of non-small cell
lung cancer (NSCLC) resistant to gefitinib were improved
by erlotinib. However, there has been no study in which
cerebrospinal fluid (CSF) concentrations of gefitinib and
erlotinib are directly compared. Thus, we aimed to compare
them.

Methods We examined 15 Japanese patients with NSCLC
and CNS metastases with epidermal growth factor receptor
gene mutations who received CSF examinations during
epidermal growth factor receptor-tyrosine kinase inhibitors
treatment (250 mg daily gefitinib or 150 mg daily
erlotinib). Plasma and CSF concentrations were determined
using high-performance liquid chromatography with
tandem mass spectrometry.

Results  The concentration and penetration rate of gefitinib
(mean =+ standard deviation) in the CSF were 3.7 £ 1.9 ng/mL
(8.2 +4.3nM) and 1.13 & 0.36 %, respectively. The con-
centration and penetration rate of erlotinib in the CSF were
28.7 £ 16.8 ng/mL (66.9 £ 39.0 nM) and 2.77 £ 0.45 %,
respectively. The CSF concentration and penetration rate of
erlotinib were significantly higher than those of gefitinib
(P =0.0008 and <0.0001, respectively). The CNS response
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rates of patients with erlotinib treatment were preferentially
(but not significantly) higher than those with gefitinib treat-
ment. (1/3 vs. 4/7, respectively). Leptomeningeal metasta-
ses in one patient, which were refractory to gefitinib,
dramatically responded to erlotinib.

Conclusions This study suggested that higher CSF
concentration could be achieved with erlotinib and that
erlotinib could be more effective for the treatment for CNS
metastases, especially leptomeningeal metastases, than
gefitinib.

Keywords Non-small cell lung cancer - Epidermal
growth factor receptor gene mutation - Gefitinib - Erlotinib -
Cerebrospinal fluid - Leptomeningeal metastases

Introduction

Somatic activating mutations of the epidermal growth fac-
tor receptor (EGFR) gene (EGFR mutations) were first dis-
covered in 2004 [1, 2]. Patients with non-small cell lung
cancer (NSCLC) with EGFR mutations generally respond
to EGFR-tyrosine kinase inhibitors (EGFR-TKIs; for
example, gefitinib and erlotinib) and achieve long-term pro-
gression-free survival (PES) [1, 2]. Nevertheless, the major-
ity of these patients experience eventual disease
progression, despite an initial dramatic response to treat-
ment. The CNS is a common site of recurrence, and this is
thought to be due to the penetration of the agents into the
CNS [3, 4]. A report described refractory CNS metastases
of NSCLC that were improved by high-dose gefitinib treat-
ment [5]. Several cases in which intermittent, high-dose erl-
otinib improved CNS metastases that were resistant to
continuous, normal-dose erlotinib has also been reported
[6-9]. These observations suggest the hypothesis that high
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Fig. 1 Brain magnetic
resonance imaging (MRI) of
case 15. a Contrast
(gadolinium)-enhanced coronal
T1 MRI during gefitinib
treatment demonstrated
leptomeningeal metastases
(arrowheads). His performance
status (PS) had deteriorated to 4.
b Two weeks after the initiation
of erlotinib treatment, the
leptomeningeal metastases had
improved and his PS also
improved to 2

cerebrospinal fluid (CSF) concentrations can be achieved
by the high-dose administration of EGFR-TKIs. In addi-
tion, there have been several cases in which CNS metasta-
ses resistant to gefitinib were improved by erlotinib,
suggesting that higher CSF concentrations can be achieved
with erlotinib than with gefitinib [10]. Although some
reports have shown the CSF concentration of each agent
[S, 11-14], the CSF concentrations of gefitinib and erlotinib
have never been directly compared. Thus, in the present
study, we investigated the plasma and CSF concentrations
of gefitinib and erlotinib in patients with NSCLC and CNS
metastases with EGFR mutations.

Patients and methods
Patients

We examined 15 Japanese patients with NSCLC and CNS
metastases with EGFR mutations who received CSF exam-
inations during EGFR-TKI treatment (250 mg daily gefiti-
nib or 150 mg daily erlotinib) between April 2010 and
March 2012 at Kyoto University Hospital. Two of the
15 patients received gefitinib and erlotinib treatment; there-
fore, we analyzed 17 plasma and 17 CSF samples from
15 patients. Before the collection of samples and analyses,
we obtained written informed consent from all patients.
This study was approved by the Ethics Committee of Kyoto
University Graduate School and Faculty of Medicine.

Sample analysis

Blood and CSF samples were obtained just before the
administration of EGFR-TKIs when their plasma concen-
tration had achieved a steady state, that is, after day 8.
Plasma and CSF concentrations of gefitinib and erlotinib
were determined using high-performance liquid chroma-
tography with tandem mass spectrometry, as previously
reported [15-18].

@ Springer

EGFR mutational analysis

Formalin-fixed, paraffin-embedded tissue blocks or cyto-
logical samples were used for DNA analysis. No CNS
lesions were used for DNA analysis. We adopted the
peptic nucleic acid-locked nucleic acid (PNA-LNA)
polymerase chain reaction (PCR) clamp method, accord-
ing to the previously described protocol [19]. Briefly,
PNA clamp primers inhibit the amplification of the wild-
type sequence, and LNA probes are used to specifically
detect mutant sequences in the presence of wild-type
sequences. The synergistic effect of these primers causes
the specific PCR amplification of mutant sequences. Spe-
cific PNA-LNA probe sets to each mutation were devel-
oped to cover >95 % of EGFR mutations previously
reported in Japan [20].

Response evaluation

Except for case 7 and 11, the response of CNS disease was
assessed using magnetic resonance imaging (MRI) and the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 [21]. However, RECIST defines leptomeningeal
metastases as ‘“nontarget” lesions, and a clear but incom-
plete response is designated as a “noncomplete response/
nonprogressive disease” rather than either a partial
response or stable disease. Thus, the patient with clearly
improved leptomeningeal disease (Fig. la, b) was desig-
nated as a partial responder.

Statistical analysis

Continuous variables were analyzed using the ¢ test, and
the results were expressed as the mean =+ standard devia-
tion. Dichotomous variables were analyzed using
Fisher’s exact test. All analyses, performed by using
JMP 8 software (SAS Institute, Cary, NC, USA), were
two-tailed, and P values less than 0.05 were considered
statistically significant.
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Table 1 Patient characteristics

Case Age (year) Sex PS Histology EGFR

Smoking CSF cytology EGFR-TKI Previous

Previous EGFR-TKI Previous

status CTx (Iength of PFS) WBRT
1 74 F 0 NSCLC Ex2I1;L858R Never Negative Gefitinib 1 No Yes
2 56 F 3 Ad Ex 19 deletion Never Negative Gefitinib 0 No Yes
3 74 F 2 Ad Ex 19 deletion Never Negative Gefitinib 1 No No
4 56 M 1 Ad Ex 19 deletion Never Negative Gefitinib 1 No No
5 62 F 3 Ad Ex 21; L858R Never Negative Gefitinib 0 No No
6 74 F 1 Ad Ex 19 deletion Never Negative Gefitinib 0 No Yes
7 39 F 3 Ad Ex 19 deletion Never Positive Erlotinib 5 Erlotinib Yes
(16.4 months)
8 69 F 2 Ad Ex 19 deletion Never Negative Erlotinib 0 No Yes
9 55 M Ad Ex 19 deletion Former  Negative Erlotinib 0 No No
10 51 M 1 Ad Ex 19 deletion Former  Negative Erlotinib 5 Gefitinib No
(16.9 months)
11 61 F 3 Ad Ex 21; L858R Never Positive Erlotinib 1 No No
12 65 F 0 NSCLC Ex 19 deletion Never Negative Erlotinib 1 No No
13 77 F 2 Ad Ex 19 deletion Never Negative Erlotinib 1 No No
14 76 M 1 Ad Ex 19 deletion Former  Negative Gefitinib 1 No No
76 M 2 Ad Ex 19 deletion Former  Negative Erlotinib 2 Gefitinib Yes
(6.4 months)
15 69 M 2 Ad Ex 21; L858R Former Positive Gefitinib 1 No No
69 M Ad Ex 21; L858R Former Positive Erlotinib 2 Gefitinib Yes

(1.6 months)

Ad adenocarcinoma, CSF cerebrospinal fluid, CTx chemotherapy, EGFR epidermal growth factor receptor gene, EGFR-TKI epidermal growth
factor receptor-tyrosine kinase inhibitor, Ex exon, F female, Former former smoker, M male, NE not evaluated, Never never smoked, NSCLC
non-small cell lung cancer, PFS progression-free survival, PS performance status, WBRT whole-brain radiotherapy

Results

The clinical characteristics of all patients (n = 15) are sum-
marized in Table 1. Six patients received CSF examinations
during gefitinib treatment (cases 1-6), 7 patients during erl-
otinib treatment (cases 7-13), and 2 patients during both
treatments (cases 14 and 15). In addition to cases 14 and 15,
case 10 received gefitinib treatment before erlotinib treat-
ment, but he did not receive a CSF examination during gefi-
tinib treatment. Cases 1 and 14 did not have CNS
metastases before the initiation of gefitinib, but they had
subsequent CNS metastases and received a CSF examina-
tion. Cases 7, 11, and 15 had leptomeningeal metastases as
determined by CSF cytology.

The plasma and CSF concentrations of EGFR-TKIs are
summarized in Table 2. The CSF concentration and pene-
tration rate of gefitinib were 3.7+ 1.9 ng/mL (8.2 +
4.3 nM) and 1.13 % 0.36 %, respectively. The CSF concen-
tration and penetration rate of erlotinib were 28.7 &
16.8 ng/mL (66.9 £ 39.0 nM) and 2.77 £ 0.45 %, respec-
tively. The CSF concentration and penetration rate of erloti-
nib were significantly higher than those of gefitinib (¢ test,
P =0.0008 and <0.0001, respectively) (Fig. 2).

By formal RECIST evaluation, the response rate of CNS
disease was 38 % (3/8). However, case 15 achieved a clear

radiographic response with erlotinib treatment (Fig. 1a, b).
Although case 7 could not receive the brain MRI, her
symptoms, performance status (PS), and CSF cytology
improved following the initiation of erlotinib treatment.
Although case 11 also could not receive the brain MRI, her
symptoms, PS, and CSF cytology got worsened in spite of
erlotinib treatment. Including these patients, there was no
significant difference between gefitinib and erlotinib (1/3
vs. 4/7, Fisher’s exact test, P = 1.00).

The leptomeningeal metastases of case 15, which were
refractory to gefitinib, dramatically responded to erlotinib
(Fig. 1a, b). The CSF concentration of gefitinib was 7.2 nM
and that of erlotinib increased to 68.2 nM. His PS, which
had deteriorated to 4 due to leptomeningeal metastases dur-
ing gefitinib treatment, improved to 2 after the initiation of
erlotinib treatment.

Discussion

This study demonstrated that the CSF concentration and
penetration rate of erlotinib were significantly higher than
those of gefitinib. Although these results were similar to
those of previous reports [5, 11-14], to the best of our
knowledge, this is the first report in which the CSF
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Table 2 Plasma and cerebrospinal fluid concentrations and response of the central nervous system metastases

EGFR-TKI Case Plasma concentration CSF concentration Penetration =~ CNS response
rate (%)

Gefitinib 1 234 ng/ml (524 nM) 1.7 ng/ml (3.8 nM) 0.73
2 364 ng/ml (814 nM) 1.7 ng/ml (3.8 nM) 0.47 Partial response
3 452 ng/ml (1,011 nM) 4.8 ng/ml (10.7 nM) 1.07 NE
4 430 ng/ml (962 nM) 6.1 ng/ml (13.6 nM) 1.42 NE
5 238 ng/ml (533 nM) 2.7 ng/ml (6.0 nM) 1.13 Stable disease
6 181 ng/ml (405 nM) 2.6 ng/ml (5.8 nM) 1.44 NE
14 471 ng/ml (1,054 nM) 6.6 ng/ml (14.8 nM) 1.39
15 235 ng/ml (526 nM) 3.2 ng/ml (7.2 nM) 1.35 Stable disease
Mean £ SD 326 £ 116 ng/ml 3.7 £ 1.9 ng/ml 1.13+0.36 1/3

(729 £ 260 nM) (8.2 +4.3nM)

Erlotinib 7 716 ng/ml (1,666 nM) 22.9 ng/ml (53.3 nM) 3.20 Partial response®

8 463 ng/ml (1,077 nM) 14.3 ng/ml (33.3 nM) 3.09 Partial response
1134 ng/ml (2,638 nM) 33.3 ng/ml (77.5 nM) 2.94 NE

10 508 ng/ml (1,182 nM) 15.8 ng/ml (36.8 nM) 3.11 Stable disease
11 3361 ng/ml (7,818 nM) 58.6 ng/ml (136.3 nM) 1.74 Progressive disease®
12 482 ng/ml (1,121 nM) 11.5 ng/ml (26.8 nM) 2.39 Partial response
13 1802 ng/ml (4,192 nM) 52.5 ng/ml (122.1 nM) 291 NE
14 728 ng/ml (1,693 nM) 20.5 ng/ml (47.7 nM) 2.82 Progressive disease
15 1069 ng/ml (2,487 nM) 29.3 ng/ml (68.2 nM) 2.74 Partial response®
Mean + SD 1140 % 937 ng/ml (2652 £ 2178 nM) 28.7 &£ 16.8 ng/ml (66.9 £39.0 nM) 2.77 £0.45 4/7

CNS central nervous system, CSF cerebrospinal fluid, EGFR-TKI epidermal growth factor receptor-tyrosine kinase inhibitor, NE not evaluated,
SD standard deviation

# Although case 7 could not receive the brain magnetic resonance imaging (MRI), her symptoms, performance status (PS), and CSF cytology

improved following the initiation of erlotinib treatment

b Although case 11 could not receive the brain MRI, her symptoms, PS, and CSF cytology got worsened in spite of erlotinib treatment

¢ Case 15 had clear response of leptomeningeal metastases with erlotinib treatment, designated by RECIST as noncomplete response/nonprogres-

sive disease

Fig. 2 Cerebrospinal fluid
(CSF) concentrations (a) and
penetration rates (b) with
interquartile ranges. The CSF
concentration and penetration
rate of erlotinib were signifi-
cantly higher than those of gefi-
tinib (66.9 £ 39.0 vs.

8.2 + 4.3 nM, ¢ test, P = 0.0008
and 2.77 &+ 0.45 vs.

1.13 £ 0.36 %, t test,

P <0.0001, respectively)
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concentration and penetration rate of both agents were
analyzed and directly compared.

Patients with NSCLC who have EGFR mutations gener-
ally respond to EGFR-TKISs [1, 2]. Although systemic che-
motherapy for CNS metastases has been thought to play a
limited role because the brain is believed to be a pharmaco-
logic sanctuary site [22], several reports have documented
the effectiveness of EGFR-TKIs in the treatment for CNS
metastases of NSCLC with EGFR mutations. Although
these patients dramatically respond to the treatment, the
majority of them eventually undergo disease progression.
The CNS is a common site of recurrence, which is thought
to be due to the poor penetration of the agents into the CNS
[3, 4]. Therefore, considering the higher CSF concentration
of erlotinib, patients may achieve longer PFS with erlotinib
treatment than with gefitinib treatment. Indeed, one pooled
analysis showed such results [23].

Gefitinib and erlotinib are similar anilinoquinazoline
compounds. Although it seems that erlotinib has a slightly
broader spectrum of kinase inhibition than gefitinib [24],
they are essentially EGFR-specific TKIs. The most promi-
nent difference between these two drugs is the dose setting.
The approved daily dose of erlotinib (150 mg) is equal to
the maximum tolerated dose (MTD) of erlotinib. In con-
trast, the daily dose of gefitinib was set at 250 mg, approxi-
mately one-third of the MTD of gefitinib [25-28]. This
difference seemed to have a great influence on our results.
In addition, there seems to be differences in the penetration
rates of gefitinib and erlotinib. A major protein constituent
of the blood-brain barrier (BBB) is P-glycoprotein (P-gp),
which pumps chemotherapy drugs and toxins out of the
CNS [29, 30]. The penetration differences of gefitinib and
erlotinib may be dependent on their affinity for P-gp.

The CNS response rates of patients with erlotinib treat-
ment were preferentially (but not significantly) higher than
those with gefitinib treatment. But this result is debatable
because the number of patients examined was very small
and there were several differences in their backgrounds. In
fact, the CNS metastases of case 2 responded to gefitinib
even though its CSF concentration was lower than its
median inhibitory concentration [31]. Several studies have
suggested that chemotherapeutic agents can reach paren-
chymal brain metastases [32, 33]. The observed contrast
enhancement of parenchymal brain metastases on com-
puted tomography and MRI also suggests that the BBB is at
least partially disrupted in such patients [34]. In addition, a
recent report demonstrated that [''C]-erlotinib positron
emission tomography showed accumulation in parenchy-
mal brain metastases [35]. In contrast, leptomeningeal
metastases can be distinguished from parenchymal brain
metastases since they are associated with the spread of
malignant cells throughout the subarachnoid space [36, 37].
Some cases have been reported in which leptomeningeal

metastases refractory to gefitinib responded to erlotinib, as
observed in case 15 [10]. In this case, an approximately 10
times higher CSF concentration of erlotinib (68.2 nM) was
achieved than with gefitinib (7.2 nM). Therefore, erlotinib
can be more effective for leptomeningeal metastases than
gefitinib due to its higher CSF concentration.

Patients with leptomeningeal metastases have a reduced
PS and very poor prognosis [36, 37]. While most clinicians
evaluate CSF cytology together with MRI and clinical
examinations, underdiagnosis is a major problem [36, 37].
Therefore, even if a definite diagnosis is not made, consid-
ering the CSF concentration, erlotinib should be adminis-
tered prior to gefitinib when patients are suspected of
having leptomeningeal metastases.

In conclusion, the CSF concentration and penetration
rate of erlotinib are higher than those of gefitinib, which
supports the view that patients can achieve longer PFS with
erlotinib treatment than with gefitinib and that erlotinib can
be more effective for the treatment for CNS metastases,
especially leptomeningeal metastases, than gefitinib. How-
ever, it is debatable whether erlotinib is more effective for
parenchymal brain metastases than gefitinib. In order to
confirm these findings, large prospective studies should be
performed.
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