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Abstract

Epidermal growth factor receptor (EGFR) mutations are commonly observed in Glioblastoma
(GBM) and have long posed as a target for new therapies. Trials involving erlotinib have shown
mixed results, likely owing to a mechanism of the mutation that may instead favor other EGFR
inhibitors, such as lapatinib. We aimed to determine whether or not pulse high-dose lapatinib was
a safe and tolerable regimen in addition to standard therapy. We recruited adult patients with
newly-diagnosed GBM who had Karnofsky Performance Status =60, normal baseline
hematological, hepatic, and renal function tests, and no prior history of radiation or treatment with
EGFR inhibitor. Lapatinib was administered at 2500 mg twice daily for two consecutive days per
week on a weekly basis throughout concomitant and adjuvant standard therapy. The primary
endpoints were tolerability and safety. 12 patients were enrolled in this study over 2 years. Of the
non-hematological adverse events, there were 2 grade 3 events, fatigue and post-radiation cystic
brain necrosis. The most common adverse events in general were fatigue, rashes, and diarrhea. Of
the hematological adverse events, there were 13 grade 3 events, all of which were due to
lymphopenia and affected 6 of 12 patients. Pulse high-dose lapatinib in addition to standard
therapy for newly-diagnosed GBM is a tolerable and safe regimen, but higher rates of
lymphopenia should be noted. However, further investigations will be required to evaluate the
efficacy of this combination for the treatments of GBM.
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Introduction

Glioblastoma (GBM, World Health Organization Grade V) is the most common primary
malignant brain tumor in adults [1]. The standard treatment regimen consists of surgical
resection, followed by chemotherapy and concurrent radiotherapy (RT), with continued
adjuvant chemotherapy. Temozolomide (TMZ, Temodar®) is a well-tolerated alkylating
agent that is considered standard chemotherapy. Even with combined chemotherapy and
radiation, median overall survival is low at approximately 14.6 months [2]. New
technologies, including tumor treating fields (Optune™, formerly novoTTF™) and
immunotherapies, are emerging but there remains a strong need for greater improvement of
outcomes [3].

The Epidermal Growth Factor Receptor (EGFR) gene has been shown to be abnormal in up
to 57% of GBM, with approximately 19% showing at least low-level expression of EGFR
variant 111 (EGFRvIII), which involves a deletion of exons 2—7 [4]. EGFR overexpression
confers RT resistance and the inhibition of EGFR overexpression has been shown to
sensitize tumors to RT [5, 6]. EGFRVIII has been shown to be associated with increased cell
proliferation and decreased rates of apoptosis in vitro [7]. In addition, the overexpression of
EGFRVIII has retrospectively been shown to be a prognostic indicator of poor overall
survival in the setting of EGFR overexpression [8]. There have been clinical trials evaluating
EGFR inhibitors, mostly erlotinib, as a treatment for GBM but most have shown mixed
results. Two phase Il clinical trials of erlotinib in combination with TMZ and RT for newly
diagnosed GBM showed median overall survivals of approximately 15-19 months,
comparable to standard therapy with TMZ and RT alone [9, 10]. However, a smaller phase Il
trial showed a median overall survival of 8.6 months and was halted early due to an
excessive number of treatment-related deaths [11]. One phase Il study showed a PFS-6 of
3% for single-agent erlotinib in recurrent GBM and was considered unsuccessful [12].

The mechanism for the poor response of small molecule inhibitors of EGFR in GBMs is
likely related to site of the mutation, as well as site of inhibitor binding. The EGFRvIII
mutation common in GBMs is located in the ectodomain, while other EGFR mutations
common in lung cancer, a setting where erlotinib has proven highly efficacious, are located
in the intracellular kinase domain. Vivanco et al. showed experimentally that Type |1
(inactive conformation) EGFR inhibitors, such as lapatinib, more effectively blocked ATP
binding at the kinase domain than Type | (active conformation) EGFR inhibitors, such as
erlotinib, in cell lines with EGFR ectodomain mutations. They also showed that GBM cell
lines had higher rates of cell death when treated with lapatinib compared to erlotinib. This
work reported results from a phase Il trial where subjects received 750 mg daily of lapatinib
for 7 days prior to resection for recurrent GBM. They found that lapatinib tumor
concentrations were higher than the 1C50 for inhibition of EGFR phosphorylation but lower
than levels reported for cell death (approximately 1.5 uM) [13]. From this result, the authors
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hypothesized that a higher dose of lapatinib would be needed for better brain penetration,
and conducted an experiment treating mice with pulse dosing of lapatinib. The mice treated
with high pulse-dose lapatinib (1000 mg/kg every 5 days) had markedly greater tumor
volume reduction than those treated with daily lapatinib (200 mg/kg daily).

The standard dosing in most studies of lapatinib ranges from 1250 to 1500 mg daily dosing.
A phase | study of a 2-day pulse dosing of lapatinib prior to nab-paclitaxel infusion for solid
tumors showed a maximum tolerated dose (MTD) of 5250 mg/day, given in twice daily
dosing. The incidence of grade 1 and 2 toxicities was proportional to MTD but were
generally manageable [14]. To date, there is no clinical trial evaluating the safety of pulse-
dosing in patients with newly diagnosed or recurrent GBM. To evaluate whether pulse high
dose lapatinib would be tolerable in combination with TMZ and RT, we conducted a pilot
phase Il open-label trial to evaluate the tolerability and safety of 2-day pulse dose lapatinib
in addition to standard treatment in patients with newly-diagnosed GBM. This manuscript
describes the safety data seen in this pilot study, and with limited number of patients,
survival outcome data will be addressed at the conclusion of the larger phase I1 study.

Materials and methods

The pilot study was an open-label, phase Il single-arm, single center study for safety
evaluation. Patients were treated and enrolled between November 7, 2012 and July 8, 2014.
Inclusion criteria included recent diagnosis of biopsy-proven GBM, age =18 years old,
Karnofsky Performance Score (KPS) =60, normal baseline hematological, hepatic, and renal
function tests. Exclusion criteria included prior chemotherapy or radiation for GBM, prior
use of any EGFR inhibitors, and concurrent use of any enzyme-inducing antiepileptic drugs.
All patients were evaluated with a baseline echocardiogram and electrocardiogram. EGFR
mutation or amplification status were not required inclusion criteria in this trial, but all
patients did receive routine evaluation of EGFR amplification through Fluorescent in situ
hybridization at our institution. Per institutional common practice, only patients with EGFR
amplification were recommended this study by the investigators. Each patient provided
informed consent prior to enroliment. The trial and consent were reviewed and approved by
the institutional review board.

All patients underwent surgical resection, followed by standard protocol concomitant
radiotherapy and daily TMZ for 6 weeks. Patients were subsequently treated with adjuvant
chemotherapy, which consisted of standard TMZ dosing administered in a 5/28 day dose-
dense schedule for up to 12 cycles. Lapatinib was administered weekly at the beginning of
concomitant therapy, continued along with standard adjuvant therapy, and continued as
monotherapy until progression. Lapatinib was administered at 2500 mg twice daily for two
consecutive days of each week (Fig. 1). Patients were followed with brain MRI at least every
8 weeks to monitor for progression of disease. Imaging evaluation was measured using the
Modified Levin’s scale. Functional status was measured using the Karnofsky Performance
Scale (KPS) [15].

Adverse events (AEs) were recorded at each clinical appointment. The treating oncologist
graded each event in accordance with the grading scale by the National Cancer Institute’s
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Common Terminology Criteria for Adverse Events, version 4 [16] AEs were grouped into
three distinct time periods: (1) concomitant therapy, (2) 4 weeks post-radiation therapy, and
(3) maintenance therapy. For the pilot phase, if no more than 4 out of 10 patients developed
persistent grade 3/4 events that were deemed related to study drugs, we would than expand
the study to complete all enrollments. AEs were categorized into hematological and non-
hematological events. Temozolomide dose reduction was based on the package insert [17].
Lapatinib would be dose reduced up to 2 levels, as per supplementary data 1. The primary
endpoint was to evaluate safety, including frequency of grade 3/4 adverse events.

Thirteen patients were enrolled in this study between November 2012 and July 2014. One
patient failed initial screening and was excluded from this report. Twelve patients were
included in the final enrollment of the pilot phase of the study (Table 1), and to date, all
patients have progressed and only 2 patients are still alive. Of the 12 patients, 9 were male
and 3 were female. Median age at diagnosis was 58 years old. Median KPS was 90 (range
90-100). The median time from diagnosis to treatment was 34.5 days. All patients
completed their 6-week concomitant therapy phase. Following concomitant therapy, the
median number of completed adjuvant TMZ cycles was 5.5 (range 1-12). One patient only
underwent 1 cycle of adjuvant TMZ before opting to withdraw consent due to abdominal
pain which continued after lapatinib was stopped. All other patients stopped chemotherapy
upon evidence of disease progression.

Of the non-hematological AEs, there were 64 grade 1, 21 grade 2, and 2 grade 3 events
(Table 2). There were no grade 4 AEs reported. The most commonly involved systems were
gastrointestinal (35.6%) and skin (20.7%). The three overall most common non-
hematological AEs were fatigue (n = 18) and diarrhea (n = 15), followed by rash (n = 8). Of
the grade 1 AEs, 27 occurred during the concomitant phase, 12 during the post-radiation
phase, and 25 during the maintenance phase. The most common of these were diarrhea,
fatigue, a papular rash, and nausea. Grade 1 diarrhea was observed in 10 of our 12 patients
and grade 1 fatigue was observed in 7 of our 12 patients. Two patients suffered from grade 1
radiodermatitis during the concomitant therapy phase. Of the grade 2 AEs, 6 occurred during
the concomitant phase, 5 during the post-radiation phase, and 10 during the maintenance
phase. The most common grade 2 AEs were consistent with the most common grade 1 AEs,
with the addition of dehydration (n = 4). There were only 2 non-hematological grade 3 AEs,
both occurring during the maintenance phase. One was fatigue and the other was
enlargement of a cyst due to brain necrosis post-concomitant treatments.

The hematological AEs consisted of lymphopenia, and thrombocytopenia (Table 3). Of these
hematological AEs, there were 24 grade 1, 14 grade 2, and 13 grade 3 (lymphopenia n = 13).
Lymphopenia accounted for 88% of all hematological AEs and affected 75% of patients. Of
the grade 1 and 2 events, the vast majority occurred either in the concomitant therapy phase
or the maintenance phase. Of the grade 3 lymphopenia events, 3 occurred during the
concomitant therapy phase, 2 during the post-radiation phase, and 8 during the maintenance
phase. 6 of our 12 patients experienced grade 3 lymphopenia.
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Three patients had delays in their TMZ dosing. Two of these patients also received dose
reductions in their TMZ, one due to fatigue (during cycle 3 when a TMZ dose was increased
from 150 to 200 mg/m?) and one due to weight loss. The patient who suffered fatigue also
received a dose reduction for lapatinib to 2000 mg twice a day. This patient completed five
cycles of adjuvant chemotherapy, with the last cycle consisting of only lapatinib; the TMZ
was held due to severe fatigue. There were no other patients with lapatinib dose changes.
One patient developed thrombocytopenia and the next TMZ cycle was accordingly delayed.
Another patient developed enlargement of a necrotic cyst after radiation, for which they
required surgical resection after five cycles of adjuvant chemotherapy. Pathology of this
resection was consistent with radiation necrosis.

Discussion

In this pilot study of pulse high dose lapatinib with radiation therapy and temozolomide
chemotherapy, we found that this combination seemed tolerable and safe. The vast majority
of AEs observed from our study were Grade 1 and 2 toxicities. The most common classes of
non-hematological and hematological AEs remained consistent with those seen in studies of
standard TMZ and radiation therapy. Fatigue, gastrointestinal events, and dermatological
events were the most common classes of AEs in our study. In our study, grade 2 and 3
fatigue were seen at rates consistent with those seen in standard therapy. We observed grade
2 fatigue in 33% (4 of 12) of patients and grade 3 fatigue in 8.3% (1 of 12), compared to 38
and 13%, respectively, in Stupp 2005. Our study also showed 3 of 12 patients (25%) were
affected by grade 2 dermatological AEs, compared to 12% in Stupp 2005. The rashes
reported ranged from papular to diffuse macules, pruritic to non-pruritic, and often affected
the forehead and trunk, consistent with typical rash caused by EGFR inhibitors. The rashes
also often improved with topical steroids and are likely caused by the addition of lapatinib. 4
of 12 (33%) patients experienced some grade Il gastrointestinal AEs, also consistent with the
rate of nausea/vomiting (28%) seen by Stupp 2005 [2]. One gastrointestinal AE related to
lapatinib, diarrhea, was mostly a grade 1-2 toxicity and was well-controlled with
loperamide. The rate of diarrhea in our study is slightly higher than that reported in a phase
1 study of pulse-dose lapatinib at 5250 mg/day in conjunction with paclitaxel (83 vs.
approximately 60%). The other notable non-hematological grade 3 AE was a necrotic brain
cyst that grew following radiation and ultimately required surgical resection, but there is no
current evidence to suggest this was due to the addition of lapatinib. Overall, the rates of
non-hematological AEs with the addition of pulse-dosing lapatinib appear largely consistent
with that seen with current standard of care except for the increase in diarrhea. Lapatinib has
received a FDA black box warning for severe hepatotoxicity. No grade 3/4 elevated ALT or
AST AEs were observed during our study. Also, no patient developed cardiac toxicity when
evaluated by repeat echocardiogram at 6 months.

Of the hematological AEs, lymphopenia was the most common. 7 of 12 patients (58%)
experienced grade 2 lymphopenia; 6 of those 7 patients also developed grade 3 lymphopenia
at some point during treatment. In comparison to current standard radiation and
chemotherapy, the addition of pulse high dose lapatinib showed no stark differences in non-
hematological events but did show higher rates of grade 3 lymphopenia. For example, the
Gilbert 2013 phase 111 trial showed a grade 3 lymphopenia rate of 12% [18]. Prados 2009, a
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phase I trial of TMZ/RT/erlotinib for upfront treatment of GBM, also found their
predominant adverse event to be grade 111 lymphopenia (they reported 29 events from their
65 patients), which they attributed to TMZ [10]. Karavasilis 2013 performed a phase | study
of TMZ and lapatinib 1000-1500 mg daily for recurrent high-grade gliomas and found
hematological AEs to be both the primary dose-limiting toxicity and overall most common
side effect, but at overall lower rates than seen in our study [19]. Our observed higher rates
of lymphopenia are consistent with our higher dosages of lapatinib.

Our pilot study is the first known trial to evaluate pulse-dosing of high dose lapatinib in
upfront treatment of newly-diagnosed GBM. The strengths of our study included strong
adherence to the trial protocol and regular long-term follow up. The primary limitation of
our study is a relatively small cohort size, which can make it difficult to compare our rates of
AEs to those of other larger studies. This pilot trial was not designed to fully demonstrate
efficacy of pulse-dosing lapatinib.

Conclusions

Through our study we have demonstrated that the addition of pulse high dose lapatinib to
standard therapy for newly-diagnosed GBM is largely well tolerated and safe. The rates of
fatigue, Gl, and dermatological AEs are consistent with standard therapy, but the incidence
of lymphopenia and diarrhea appears to be elevated. Since this study reports only a small
number of patients, further studies would be needed to evaluate the efficacy of this
combination in the treatment of glioblastoma. Because of the higher rate of diarrhea, we
would recommend use of prophylactic loperamide in any patients with loose stools from the
first treatment of lapatinib. Also because of the lack of cardiac toxicity, we did not require
follow-up cardiac echo in this population unless a patient developed evidence of cardiac
problems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient Characteristics

Table 1

Characteristics

N median (range)

Number of patients
Gender
Male
Female
Age
KPS
Days from diagnosis to treatment
Extent of resection
Gross total resection
Subtotal resection

Biopsy

12

9
3

58 (37-71)
90 (90-100)
34.5 (25-42)

KPS Karnofsky performance status
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Table 3
Hematologic adverse events
Adver se event Concomitant therapy 4 weeks post RT Maintenance phase
Gradel Grade2 Grade3/4 Gradel Grade2 Grade3/4 Gradel Grade2 Grade3/4
Lymphopenia 5 6 3 3 2 2 10 6 8
Thrombocytopenia 2 0 0 0 0 0 4 0 0

RT radiation therapy
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