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Abstract

Introduction—Epidermal growth factor receptors EGFR and ErbB2 are overexpressed in
schwannomas and meningiomas. Preclinical and clinical data indicate that lapatinib, an EGFR/
ErbB2 inhibitor, has antitumor activity against vestibular schwannomas in neurofibromatosis type
2 (NF2) patients. Its antitumor activity against meningiomas, however, is unknown.

Methods—We conducted a retrospective review of patients with NF2 and progressive vestibular
schwannomas treated on a Phase |1 clinical trial with lapatinib (NCT00973739). We included
patients with at least one volumetrically measurable meningioma (>0.5 cm3) who received at least
five 28-day courses of treatment. Patients received lapatinib 1,500 mg daily. Meningioma response
was assessed using 3-dimensional MRI volumetrics. Progressive meningioma growth and response
were defined as +20% and —20% change in tumor volume from baseline, respectively. Off-
treatment was defined as any period >5 months without lapatinib.

Results—Eight patients (ages: 20-58 years) who met criteria had 17 evaluable meningiomas
with a combined volume of 61.35 cc at baseline, 61.17cc during treatment, and 108.86 cc
(+77.44% change) off-treatment, 2= 0.0033. Median time on-treatment and off-treatment was
15.5 and 16.7 months, respectively. On-treatment mean and median annualized growth rates were
10.67% and 1.32%, respectively. Off-treatment mean and median annualized growth rates were
20.05% and 10.42%, respectively. The best volumetric response was —26.1% after 23 months on
lapatinib. Two tumors increased >20% volumetrically on-treatment, compared to 8 tumors off-
treatment.

Conclusions—These data suggest that lapatinib may have growth-inhibitory effects on
meningiomas in NF2 patients, and support prospective studies of lapatinib for NF2 patients with
progressive meningiomas.
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Introduction

Methods

Neurofibromatosis type 2 (NF2) is an autosomal dominant disorder caused by inactivation of
the NF2 gene located on chromosome 22q. Patients with NF2 are predisposed to develop
multiple tumors in both the peripheral and central nervous systems (CNS), including
schwannomas, meningiomas and ependymomas.[1]

The epidermal growth factor receptors EGFR and ErbB2 (also known as Her2) are
transmembrane receptor tyrosine kinases that are overexpressed and/or constitutively
activated across a spectrum of cancers, and overexpressed in schwannomas and in
meningiomas. A number of studies have analyzed the expression of EGFR and ErbB2 in
meningiomas [2-9], and EGFR expression appears to be inversely correlated with
histological grade.[8] In one study, 58% of the meningiomas were positive for EGFR, with
expression of ErbB2 protein predominantly localized to the capillary endothelium.[4] A
preclinical study by Wang et al. demonstrated that regulation of ErbB2 affected the
proliferation, apoptosis, invasion of human meningioma cells in vitro.[10] However, the
precise role of EGFR and ErbB2 in the pathogenesis and progression of meningiomas
remains unclear.

In addition to NF2-associated meningiomas, inactivation of the NF2 gene has also been
demonstrated in approximately 60% of sporadic meningiomas, [11-16] with a strong
association with tumor location, i.e. frequent NF2 loss in convexity versus skull base
meningiomas. More recently, inactivation of NF2 has also been recognized as a frequent
event in radiation-induced meningiomas.[17] Loss of NF2 has been associated with
upregulation of receptor tyrosine kinases including EGFR through a variety of proposed
mechanisms [18-20]. Preclinical and clinical data indicate that lapatinib, a dual EGFR/
ErbB2 small molecule kinase inhibitor, has antitumor activity against schwannomas.[4, 21]
We therefore hypothesized that lapatinib may also have growth-inhibitory effects against
meningiomas in patients with NF2.

Using data from a previously published prospective phase 2 clinical trial with lapatinib for
progressive vestibular schwannomas in adult and pediatric patients with NF2, [22] we
retrospectively reviewed patients with at least one measurable meningioma and their
response to lapatinib.

Patient eligibility

This was a single institution, retrospective study performed at NYU Langone Health.
Patients included in this study were previously enrolled in a phase 2 trial of lapatinib in adult
and pediatric patients with NF2 and progressive vestibular schwannomas (ClinicalTrials.gov:
NCT00973739); a study that was conducted under a protocol approved by the institutional
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review board of NYU Langone Medical Center.[22] Eligibility for the trial included age
greater than 3 years with a clinical diagnosis of NF2 and progressive vestibular
schwannoma, defined as tumor growth or hearing progression within the past 12 months.
From this cohort, we included patients who had at least one volumetrically measurable
meningioma greater than 0.5 cm3, had received at least five courses of lapatinib, and
available imaging studies included at least one off-treatment evaluation time point defined as
any period of greater than 5 months after discontinuation of lapatinib.

All eligible patients were =18 years of age and received the protocol treatment dose of
lapatinib at 1,500 mg once daily in continuous 28-day courses.[22] As previously reported,
treatment was well tolerated in all trial patients, and none of the patients included in the
present study required dose reductions for toxicity or other reasons. On this study, lapatinib
was continued until disease progression of the primary target tumor (vestibular
schwannoma).

Response evaluation

Volumetric assessments were performed using 3-dimensional tumor volumetrics with
postcontrast, T1-weighted magnetization-prepared rapid acquisition with gradient echo
sequences at 1-mm slice thickness, and no gap, using semi-automated segmentation software
(Vitrea® platform), as previously described.[22, 23] We defined volumetric response or
progression as a 220% decrease or increase, respectively, in meningioma volume compared
to the baseline measurement. These criteria are consistent with consensus recommendation
for response assessments in neurofibromatosis trials.[23] Tumor volume measurements were
taken pre-treatment, on-treatment, and off-treatment. Measurements taken 1 year after the
start of lapatinib were used to assess on-treatment tumor volume. Follow-up measurements
to evaluate off-treatment tumor volume were collected. Patients with multiple post-therapy
measurements allowed for longitudinal tumor volume assessments and were standardized as
an average annual growth rate (annualized growth rate) to compare tumors at 1-year off-
treatment.

Statistical methods

Results

Data analysis was primarily descriptive. Meningioma volume was analyzed at the tumor-
level. A nonparametric Wilcoxon Signed-Rank test was used to explore differences in tumor
volume and growth from baseline between on- and off-treatment measurements. All analyses
were performed using the R statistical program (R Foundation for Statistical Computing,
Vienna, Austria. https://www.R-project.org/).

All patients were previously consented to participate in the Phase 2 trial (NCT00973739).
All patients remained on 1500 mg of lapatinib daily during the duration of their therapy
without any dose reductions due to toxicities. Of the 17 patients from the original Phase 2
trial, 14 patients had at least one meningioma, eight of which were eligible for this
retrospective study. Reasons for exclusion were insufficient meningioma size at baseline in
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one patient, no volumetrically measurable meningioma on-treatment or off-treatment in four
patients, and two patients with imaging studies that precluded volumetric measurements due
to technical reasons. One of the eligible patients had a total of nine meningiomas, two of
which were volumetrically measurable. Baseline patient characteristics, meningioma
locations and relevant treatment time points are summarized in Table 1. Of the eight patients
who met eligibility criteria all were adults (age range 20-58 years) with a total of 17
evaluable meningiomas. The median time on-treatment was 15.5 months (range 5-21.9
months) and the median time off-treatment was 16.7 months (range 7.8-29.5 months). All of
the tumors included in this study were diagnosed on imaging, and did not undergo biopsy or
resection.

Volumetric responses

Meningioma volumes are summarized in Table 2. The total volume for all 17 meningiomas
combined was 61.35 cm?3 at baseline, 61.17 cm3 while on-treatment and 108.86 cm? off-
treatment. The calculated tumor growth by total volume was +77.4% off-treatment. Total
percent change from baseline while on-treatment was —0.29% and +77.4% once off-
treatment. Tumor volume differences were significant (p=0.003).

Therapy received before study

None of the patients had undergone any therapy or medication for their meningiomas prior
to study enrollment.

On-treatment response evaluation

There were 8 (47%) tumors that demonstrated volumetric decrease while on-treatment with
26.1% as the best volumetric response after 23 months on-treatment compared to baseline
measurement. There were 7/17 (41%) tumors that had <20% volumetric increase and only
2/17(12%) tumors that increased >20% volumetrically (PD) while on-treatment. Concurrent
therapies received by these patients while on the original trial were surgical or radio-
therapeutic strategies (ie: focal radiation or gamma-knife) directed towards their vestibular
schwannomas only.

Off-treatment response evaluation

The tumor volumes measured off-treatment demonstrated that 3/17 (18%) tumors had
volumetric decrease, 6/17 (35%) tumors had volumetric increase of <20%, and 8/17 (47%)
had volumetric increase >20% (PD) compared to their baseline measurements.

Therapy received off-study

There were two patients who received therapy during their off-treatment response
evaluations. One patient received bevacizumab until everolimus was added 4 months later,
accounting for the only patient whose meningiomas demonstrated a continued response off-
treatment at —16.4% and —32.4%, 12-months off-treatment. The other patient received
bevacizumab for 6 weeks , subsequently transferred care to a different institution, and was
lost to follow up. His tumor demonstrated a 20.8% increase in tumor size on his last follow-
up, 15 months off-treatment.
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We created two figures to demonstrate changes in individual tumor size over time. Figure 1
demonstrates individual tumor size percent changes over time relative to their baseline.
Figure 2 shows waterfall plots demonstrating the annualized growth rates while on-treatment
versus off-treatment. The on-treatment data shows that the majority of meningiomas
sustained annualized growth rates of <20% change in volume, one meningioma >20%
annualized tumor shrinkage, and only two meningiomas with a >20% annualized increase in
volume. In contrast, the off-treatment data shows eight meningiomas with >20% annualized
increase in volume, three of which with a >40% increase. One meningioma showed >20%
annualized tumor shrinkage. The on-treatment mean and median annualized growth rates
were 10.67% and 1.32%, respectively. In contrast, the off-treatment mean and median
annualized growth rates were 20.05% and 10.42%, respectively. The difference was
statistically significant with a p-value of 0.004.

Conclusions

Meningiomas represent a major source of morbidity and mortality in NF2 patients, and
effective, non-surgical treatment options are urgently needed, especially in patients with a
large tumor burden including multiple meningiomas in surgically challenging or inaccessible
locations. While bevacizumab has emerged as an effective treatment option for a subset of
NF2 patients with progressive vestibular schwannomas, meningiomas generally do not
respond to this therapy.[24] Everolimus, a mammalian target of rapamycin complex 1
(mTORCY) inhibitor, has also been studied in NF2 patients,[25, 26] and one study analyzed
six meningiomas from NF2 patients treated with everolimus. In this cohort, everolimus
treatment did not induce meningioma shrinkage, but appeared to delay the volumetric
growth, with median time-to-progression for mengiomas increasing on treatment.
Annualized growths rates, however, were not calculated and statistical significance was not
determined in this small sample.

Our retrospective analysis shows significantly lower annualized growth rates of
meningiomas on-treatment with lapatinib compared to off-treatment with lapatinib,
suggesting that lapatinib may have growth-inhibitory effects on meningiomas in NF2
patients.

In reporting our original Phase Il study for vestibular schwannomas and lapatinib; it was
stated that we had not observed any imaging responses in meningiomas, and that these
tumors continued to progress in many of our patients during the study period.[22] However,
this observation was based on routine clinical measurements, but not on a systematic or
volumetric analysis.

Although prior clinical trials with EGFR inhibitors for patients with sporadic meningiomas
have been unsuccessful,[27] lapatinib, a combined EGFR/ErbB2 inhibitors has not been
previously tested in patients with meningiomas. In adult and pediatric patients with
malignant, intra-axial brain tumors, conventional daily dosing of lapatinib is generally not
sufficient to achieve therapeutic concentrations or target inhibition.[28, 29] However, extra-
axial brain tumors including meningiomas and vestibular schwannomas are considered to be
outside of the blood brain barrier. Correspondingly, intratumoral concentrations of lapatinib
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were found to be significantly higher in vestibular schwannoma tissue from NF2 patients,
with mean intratumoral lapatinib concentrations >4-fold of mean plasma levels,[30]
although target inhibition of EGFR and ErbB2 was incomplete. As we do not have on-
treatment meningioma tissue samples available from our patient cohort, it is unknown what
drug levels were achieved in tumor tissue and whether target inhibition was complete.
Accumulating clinical and pre-clinical data indicate that pulse high-dose administration of
EGFR and/or ErbB2 inhibitors may be superior to standard dose administration,[28, 31, 32]
and pulse high-dose lapatinib administration at doses up to 5,250 mg per day for two
consecutive days per week is feasible in cancer patients.[32-34] Therefore, alternative
dosing regimens using lapatinib could also be explored in NF2 patients.

Our present study has several limitations, including, but not limited to the retrospective
design. We do not have information about the EGFR or ErbB2 status of the meningiomas
observed on this study, and we had a limited number of time points available for analysis,
especially prior to lapatinib therapy, restricting our ability to assess the pre-treatment growth
velocity in all meningiomas. The evaluation of off-treatment growth could have led to a bias
in interpretation of growth kinetics, and the reasons for discontinuing lapatinib were not
random, but driven by progression in a different tumor type.

In summary, we observed differences in kinetics of meningioma growth during and after
therapy with lapatinib, suggesting that treatment with lapatinib may have the potential to
arrest or reduce the growth of NF2 related meningiomas in a subset of NF2 patients.
Lapatinib at the standard dosing schedule is well-tolerated in NF2 patients[22], and
alternative dosing regimens such as pulse-dosing could be considered. Based on our data, we
believe that prospective clinical trials with lapatinib for NF2 patients with progressive
meningiomas, are warranted, ideally using a randomized design. If successful, lapatinib
could also be explored for the treatment of patients with progressive and inoperable NF2
mutant sporadic meningiomas.[35]
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Figure 1.
Changes in individual tumors over time relative to their baseline.
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Fig. 2.

Waterfall plot depicting the annualized meningioma growths rate on-treatment with lapatinib
compared to off-treatment. Tumor annualized growth rate differences were statistically
significant (p=0.004).
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Table 2

Summary of meningioma tumor volumes [cm?3].

Patient | Meningioma Baseline On-treatment | Off-treatment
Number Combined | Meningioma Meningioma
Volumes Volumes Volumes

1 1 1.79 4.72 2.62
2 1.27 1.30 1.67

2 3 1.76 1.30 1.19
4 0.61 0.63 0.51

3 5 10.05 9.63 10.30
6 0.71 0.68 0.80

4 7 5.73 5.55 7.30
8 17.79 14.18 52.03
9 2.55 3.40 8.94

5 10 0.72 0.85 0.87

6 11 2.23 2.40 3.80

7 12 4.63 521 5.32
13 2.76 2.67 341
14 151 1.53 1.75

8 15 3.29 3.17 3.85
16 2.39 221 2.38
17 1.56 1.74 2.12

TOTAL 61.35 61.17 108.86
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