
“Pulsatile” high-dose weekly erlotinib
for CNS metastases from EGFR mutant
non-small cell lung cancer

Christian Grommes, Geoffrey R. Oxnard, Mark G. Kris, Vincent A. Miller, William Pao,
Andrei I. Holodny, Jennifer L. Clarke, and Andrew B. Lassman

Department of Neurology (C.G., J.L.C., A.B.L.); Neuro-radiology Service (A.I.H.); and Thoracic Oncology

Service (G.R.O., M.G.K., V.A.M., W.P.); and the Brain Tumor Center (C.G., A.I.H., A.B.L.); Memorial Sloan-

Kettering Cancer Center, Weill Cornell Medical College, New York, NY (M.G.K., V.A.M., A.I.H., A.B.L.)

Erlotinib is effective for epidermal growth factor receptor
(EGFR) mutant lung cancer, but CNS penetration at
standard daily dosing is limited. We previously reported
that intermittent “pulsatile” administration of high-dose
(1500 mg) erlotinib once weekly was tolerable and
achieved concentrations in cerebrospinal fluid exceeding
the half maximal inhibitory concentration for EGFR
mutant lung cancer cells in a patient with leptomeningeal
metastases; we now expand this paradigm to a series of 9
patients. We retrospectively identified patients with
EGFR mutant lung cancer treated with pulsatile erlotinib
for CNS metastases (brain and/or leptomeningeal) that
occurred despite conventional daily erlotinib or other
EGFR tyrosine kinase inhibitors. Mutations in available
lung and CNS tissue were correlated with efficacy.
Erlotinib was administered as monotherapy at a median
dose of 1500 mg weekly. Best CNS radiographic
response was partial in 67% (6/9, including 2 with iso-
lated leptomeningeal metastases), stable disease in 11%
(1/9), and progressive disease in 22% (2/9). Median
time to CNS progression was 2.7 months (range, 0.8–
14.5 months) and median overall survival was 12
months (range, 2.5 months–not reached). Treatment
was well tolerated. No acquired resistance mutations in

EGFR were identified in the CNS metastases of 4
patients, including 1 harboring T790M outside the
CNS. Pulsatile erlotinib can control CNS metastases
from EGFR mutant lung cancer after failure of standard
daily dosing. CNS disease may not harbor acquired resist-
ance mutations that develop systemically. A prospective
trial is planned.
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S
omatic mutations in the epidermal growth factor
receptor (EGFR) tyrosine kinase domain are
found in up to 25% of non-small cell lung cancers

(NSCLCs).1 Nearly 90% of these mutations occur as
deletions in exon 19 or as a single missense mutation
at position 858 on exon 21. These mutations are associ-
ated with a high rate of response to EGFR tyrosine
kinase inhibitors (TKIs), such as erlotinib (Tarceva;
OSI Pharmaceuticals/Genentech) and gefitinib (Iressa;
AstraZeneca).2–4 However, secondary mutations
during therapy lead to acquired EGFR TKI resistance.5

For example, T790M substitution in EGFR exon 20
has been reported in approximately 50% of cases with
acquired resistance to EGFR TKIs.6 In addition, MET
amplification was found after TKI treatment of
NSCLC in up to 20% of patients.7

Approximately one-third of patients develop CNS
metastases after initial response to EGFR TKIs.8–10

However, CNS metastases do not consistently harbor
acquired resistance mutations found in synchronous
disease outside the CNS.11,12 Therefore, CNS metastases
may retain EGFR TKI sensitivity if sufficient drug con-
centrations can be achieved in brain parenchyma for
brain metastases or in cerebrospinal fluid (CSF) for lepto-
meningeal metastases. We previously demonstrated that
the concentration of CSF erlotinib during standard
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daily dosing of 150 mg is inadequate to kill EGFR
mutant NSCLC cells.12 By contrast, high-dose weekly
administration of at least 2000 mg both is tolerable13

and achieves therapeutic CSF concentration.12

Moreover, such “pulsatile” kinase inhibition induces
cancer cell apoptosis as effectively as chronic inhibition
in other settings.14 Others also reported increased CSF
penetration with high-dose gefitinib,11 as well as toler-
ability of pulsatile dosing with the EGFR TKI lapatinib.15

We recently reported a single case of CNS metastases
(leptomeningeal) from NSCLC that responded to pulsed-
dose erlotinib after failure of low-dose daily treatment.12

Here, we expand our experience to a series of 9 cases with
molecular correlates of efficacy.

Methods

Using departmental databases from Memorial
Sloan-Kettering Cancer Center, we retrospectively ident-
ified patients with EGFR mutant lung cancer treated
with pulsatile erlotinib for CNS metastases that devel-
oped or worsened following prior therapy with an
EGFR TKI at standard dosing. Patients who received
at least 1 pulsatile erlotinib dose and underwent at
least 1 follow-up CNS imaging study to assess response
were included. Patients who did not have a documented
EGFR TKI sensitizing mutation in pretreatment tissue
were excluded. There was no maximum age or
minimum performance status required.

Brain and/or spine MRI scans to assess CNS radio-
graphic response were reviewed by 2 neuro-oncologists
(C.G., A.B.L.) and a neuroradiologist (A.I.H) using
Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1.16 In patients treated previously with
stereotactic radiosurgery (SRS), we evaluated
SRS-naive lesion(s) to avoid the potential for mislabel-
ing improved radionecrosis as a response. Time to pro-
gression and survival were calculated by the Kaplan–
Meier method. Clinical data were updated as of May

19, 2011. Testing for EGFR sensitizing mutations was
performed on all available tissue, using previously
described methods.4,17 Acquired resistance specimens,
when available, were tested for the EGFR exon 20
T790M mutation using a highly sensitive locked
nucleic acid assay developed at our institution. MET
amplification was evaluated by fluorescence in situ
hybridization in acquired resistance specimens when
adequate tissue was available, using previously
described methods.7 This study (including molecular
analyses of tissue and clinical annotation) was approved
by the institutional review board of Memorial
Sloan-Kettering Cancer Center.

Results

Patients

We studied 7 women and 2 men (Table 1) with a median
age of 57 years at the start of pulsatile erlotinib (range,
44–76 years) and a median KPS of 80 (range, 50–90).
Pulsatile erlotinib was started for newly diagnosed
CNS metastases in 3 patients and for recurrent/progress-
ive CNS disease in 6 (Table 1). Five had coexistent brain
and leptomeningeal metastases, 1 isolated brain metas-
tases, and 3 isolated leptomeningeal metastases. Six
patients had additional metastases outside the CNS,
while 3 had isolated CNS metastases. Pulsatile erlotinib
was administered as monotherapy to all patients at
a median dose of 1500 mg once per week (range,
900–1500 mg).

Efficacy

By formal RECIST evaluation, best CNS radiographic
response was partial in 4 (44%), noncomplete
response/nonprogressive disease in 2, stable disease in
1, and progressive disease in 2 (Table 2). However, we

Table 1. Baseline characteristics at start of pulsatile erlotinib

Patient Gender Age KPS Therapy for CNS disease before Pulsatile Erlotinib Type of CNS
disease

Metastases
Outside the
CNS

Prior
EGFR TKI

1 Woman 44 70 Resection; SRS; WBRT; docetaxel + cisplatin + daily
erlotinib

Brain Yes Erlotinib

2 Woman 76 70 WBRT Brain + lepto Yes Afatinib

3 Woman 57 80 None Lepto No Erlotinib

4a Woman 57 80 None Lepto Yes Erlotinib

5 Woman 69 50 Daily erlotinib + pemetrexed Lepto No Erlotinib

6 Man 49 60 WBRT Brain + lepto Yes Gefitinib

7 Woman 58 90 Daily erlotinib Brain + lepto Yes Erlotinib

8 Woman 49 80 None Brain + lepto No Erlotinib

9 Man 60 90 Pemetrexed + bevacizumab + carboplatin, then
pemetrexed + bevacizumab + daily erlotinib, then
daily erlotinib

Brain + lepto Yes Erlotinib

Abbreviations: SRS, stereotactic radiosurgery; WBRT, whole brain radiation therapy; Brain, parenchymal brain metastases; Lepto,
leptomeningeal metastases; TKI, tyrosine kinase inhibitor.
aReported previously.12
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also noted significant radiographic improvement in both
patients with isolated leptomeningeal disease (Fig. 1,
Table 2). Including these patients, the response rate
was 67% (6/9). In all patients the dose of corticosteroids
was stable or decreasing at the time of best response
assessment. Median time to best response was 3.3
months (range, 0.7–6.0 months) for patients without
progressive disease as best response.

Median time to CNS progression was 2.7 months
(range, 0.8–14.5 months) and median overall survival
was 12.0 months (range, 2.9 months–not reached)
after initiation of pulsatile erlotinib (Table 2). Best
response of disease outside the CNS was assessable in
5 patients; 3 showed stable disease and 2 progressed.

Toxicity

Major observed toxicities included rash (grades 1–2,
n ¼ 2), fatigue (grade 1, n ¼ 2), diarrhea (grade 1,
n ¼ 1), nausea (grade 1, n ¼ 1), hair thinning (grade 1,
n ¼ 1), and asymptomatic intratumoral CNS hemor-
rhage (grade 1, n ¼ 3, none receiving therapeutic
anticoagulation) that did not affect treatment; no
grade ≥3 toxicities were observed (Table 2).

EGFR Mutations and MET Amplification

Tumor specimens were submitted for EGFR genotyping,
and all patients were found to have tumors harboring
mutations: exon 19 deletion (n ¼ 3), exon 19 insertion
(n ¼ 1), exon 21 L858R substitution (n ¼ 4), and com-
bined exon 18 G719S/exon 21 L861Q substitutions
(n ¼ 1) (Table 3). Following acquired resistance to
standard dosing of EGFR TKIs, non-CNS tissue was
obtained in 3 patients, all of whom harbored exon 20
T790M.

Sensitizing EGFR mutations in CNS specimens
(1 brain, 3 CSF) were found in all 4 cases with available
material for analysis. Three had an exon 21 L858R sub-
stitution, and 1 an exon 19 deletion. T790M was not
detected in any of these 4 cases, and MET amplification
was not observed in the single case tested. In the remain-
ing cases, obtaining additional CNS samples was either
impractical or not clinically indicated, precluding
further analysis.

Discussion

We report 9 patients with EGFR mutant NSCLC with
CNS (brain and/or leptomeningeal) metastases treated
with pulsatile erlotinib weekly as a single agent. All
developed CNS disease as part of progression following
initiation of standard daily dosing of EGFR TKIs. We
used RECIST for evaluating radiographic changes
during therapy because, to our knowledge, no other
response criteria are widely accepted for evaluation of
brain metastases from solid tumors such as NSCLC.
For example, the traditional Macdonald criteria18 and
the newly published criteria of the Response
Assessment in Neuro-Oncology working group19 are
intended for evaluation of primary brain tumors
(especially glioblastoma) rather than brain metastases.

By formal RECIST evaluation, response of CNS
disease was observed in 44% (4/9) of patients.
However, 2 of 3 patients with isolated leptomeningeal
metastases (without coexistent parenchymal brain
metastases) achieved clear partial radiographic
responses (Fig. 1). RECIST defines leptomeningeal
metastases as “nontarget” lesions, and clear but incom-
plete responses, such as those we observed, are desig-
nated as “noncomplete response/nonprogressive
disease” rather than either partial response or stable

Table 2. Response, time to progression, and survival following pulsatile therapy

Patient Best CNS
response

Best response
outside CNS

CNS TTP (mo) OS (mo) Major toxicity during
Pulsatile Erlotinib (grade)

Treatment(s) after Pulsatile
Erlotinib

1 SD SD 3.2 5.9 Rash (2), CNS hemorrhage
(1)

Pemetrexed, paclitaxel

2 PR NE 2.7 2.9 None None

3 PRa SD 14.5 .25.4 None WBRT, daily erlotinib

4 PRa NE 1.8 15.3 Diarrhea (1) WBRT, cetuximab, daily
erlotinib, gemcitabine,
everolimus

5 PD PD 0.8 6.2 Fatigue (1) Daily erlotinib

6 PR NE 9.5 12.0 CNS hemorrhage (1) None

7 PR SD 7.6 17.5 Rash (1) Added bevacizumab,
pemetrexed

8 PR NE 2.4 .11.3 CNS hemorrhage (1),
nausea (1), hair thinning
(1)

Pemetrexed

9 PD PD 1.2 3.4 Fatigue (1) Cetuximab, afatinib

Abbreviations: TTP, time to progression; OS, overall survival; SD, stable disease, PR, partial response; CR, complete response; NE, not
evaluable; PD, progressive disease; ., patient alive (censored for survival) at time of analysis.
aPatient had clear partial response of isolated leptomeningeal metastases, designated by RECIST as non-CR/non-PD.
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disease. Therefore, if the 2 patients with clearly
improved leptomeningeal disease (Fig. 1) were desig-
nated as partial responders, then the response rate
would increase to 67% (6/9) (Table 2). Increased corti-
costeroids did not account for responses.20

Although the median time to progression was only
2.7 months, the median overall survival was 12.0
months. In context, median survival after whole brain
radiotherapy for brain metastases is 4.9 months.21

However, the natural history of EGFR mutant disease
is often more favorable than for EGFR wild-type
disease. For example, Eichler et al. reported median sur-
vival of 14.5 months from diagnosis of brain metastases
from EGFR mutant lung cancer.10 In addition, some of
the responses we observed were not durable.

Moreover, all patients in our series had worsening
CNS metastases during or following treatment with an
EGFR TKI at standard dosing, which was not addressed
in the Eichler series.10 Heon et al. reported median sur-
vival of approximately 5 months among patients with
EGFR mutant NSCLC following the development of
new or worsening CNS metastases after conventional
EGFR TKI therapy.8 In addition, all but 1 (89%, 8/9)
of our patients had leptomeningeal metastases, which
is generally considered more refractory to treatment
than isolated parenchymal brain metastases, and this
issue was not analyzed in detail in the Eichler10 or
Heon8 series.

We identified an EGFR TKI sensitizing mutation in
all tested CNS tissue and acquired resistance mutations
in none. Three patients had T790M in disease outside
the CNS (cases 4, 8, and 9; Table 3), including one
without T790M in the CNS (case #4). Therefore, we
did not address whether pulsatile therapy could over-
come molecular resistance mechanisms in the CNS.
However, the available data suggest it cannot. For
example, no patient had a response outside the CNS,
although only 1 (case #9) had both documented
T790M and was re-evaluated systemically following
pulsatile therapy. Best response in this case was progress-
ive disease (Table 2).

There are several limitations to our study, including
the small size, the retrospective design, the difficulty of

Table 3. Molecular analyses

Patient Baseline EGFR mutation
outside-CNS

Sensitizing mutation in CNS at time
of acquired resistance

Acquired resistance
mutation outside CNS

Acquired resistance
mutation in CNS

1 Exon 19 deletion Exon 19 deletion Undetermined No exon 20 T790M, no
MET amplification

2 Exon 19 insertion Undetermined Undetermined Undetermined

3 Exon 21 L858R Exon 21 L858R Undetermined No exon 20 T790M

4 Exon 21 L858R Exon 21 L858R Exon 20 T790M No exon 20 T790M

5 Exon 19 deletion Undetermined Undetermined Undetermined

6 Exon 21 L858R Exon 21 L858R Undetermined No exon 20 T790M

7 Exon 18 G719S, L861Q Undetermined Undetermined Undetermined

8 Exon 19 deletion Undetermined Exon 20 T790M, no MET
amplification

Undetermined

9 Exon 21 L858R Undetermined Exon 20 T790M, no MET
amplification

Undetermined

Fig. 1. Response of CNS metastases to pulsatile erlotinib in 3

patients. Contrast (gadolinium)-enhanced axial T1 MRI sequences

in patient #3 with leptomeningeal metastases (arrows) before (A)

and after (B) 6 months of therapy. Patient #6 with coexistent

brain (large arrow) and leptomeningeal metastases (not shown)

before (C) and after (D) 5 months of therapy. Patient #8 with

coexistent brain (arrow heads) and leptomeningeal metastases

(not shown) before (E) and after (F) 2 months of therapy.
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determining response of isolated leptomeningeal disease,
and limited availability of tissue for molecular analysis
in some cases.

However, our results suggest that pulsatile erlotinob
at approximately 1500 mg per week is safe and has
activity in patients with CNS disease from EGFR
mutant NSCLC even when systemic resistance has
developed and been confirmed. Poor penetration of
erlotinib when administered at standard low doses
daily may explain in part the failure to achieve
control of CNS metastases, rather than acquired resist-
ance mutations such as T790M.8,11,12,22 A prospective
trial is planned.
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