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Abstract

Purpose NF2-related schwannomatosis (NF2) is characterized by bilateral vestibular schwannomas (VS) often causing
hearing and neurologic deficits, with currently no FDA-approved drug treatment. Pre-clinical studies highlighted the poten-
tial of mTORCI inhibition in delaying schwannoma progression. We conducted a prospective open-label, phase II study
of everolimus for progressive VS in NF2 patients and investigated imaging as a potential biomarker predicting effects on
growth trajectory.

Methods The trial enrolled 12 NF2 patients with progressive VS. Participants received oral everolimus daily for 52 weeks.
Brain imaging was obtained quarterly. As primary endpoint, radiographic response (RR) was defined as >20% decrease in
target VS volume. Secondary endpoints included other tumors RR, hearing outcomes, drug safety and quality of life (QOL).
Results Eight participants completed the trial and four discontinued the drug early due to significant volumetric VS progres-
sion. After 52 weeks of treatment, the median annual VS growth rate decreased from 77.2% at baseline to 29.4%. There
was no VS RR and 3 of 8 (37.5%) participants had stable disease. Decreased or unchanged VS volume after 3 months of
treatment was predictive of stabilization at 12 months. Seven of eight participants had stable hearing during treatment except
one with a decline in word recognition score. Ten of twelve participants reported only minimal changes to their QOL scores.
Conclusions Volumetric imaging at 3 months can serve as an early biomarker to predict long-term sensitivity to everolimus
treatment. Everolimus may represent a safe treatment option to decrease the growth of NF2-related VS in patients who have
stable hearing and neurological condition. TRN: NCT01345136 (April 29, 2011).

Keywords Vestibular schwannoma - NF2 - Everolimus - Mammalian target of rapamycin (mTOR) inhibitors - Clinical
trial - Quantitative imaging biomarkers

Introduction

NF2-related schwannomatosis (NF2) (formerly Neurofibro-
matosis type 2) is a rare autosomal-dominant tumor predis-
position syndrome, with an incidence of 1 case in 33,000
live births [1-3]. NF2 patients develop multiple tumors
including bilateral vestibular schwannomas (VS), associ-
ated with possible bilateral hearing loss, tinnitus, and/or bal-
ance disturbances, as well as schwannomas on other cranial
and spinal nerves, meningiomas and ependymomas. The
tumor burden usually presents early in life, but clinical man-
agement can be variable between different patients because

Extended author information available on the last page of the article

of disease heterogeneity in clinical manifestations such as
hearing loss and VS growth [4]. Standard management of
NF2 includes conservative observation and microsurgical
resection of growing and/or symptomatic tumors. However,
surgical resection of VS is associated with a significant rate
of hearing loss and carries risks for facial function deficits.
While radiotherapy is an alternative therapeutic option in
sporadic VS, it is generally not recommended as an early
treatment modality for NF2 patients because of a small pos-
sible risk of malignant transformation [5]. Targeted agents
have been used for the medical management of NF2-related
VS [6-8]. Bevacizumab treatment is associated with high
rates of hearing (70%) and tumor (89%) stability [9-11].
However, these VS will almost invariably progress and
long-term side effects such as hypertension and proteinuria
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have been reported [12, 13]. Other targeted therapies for VS
treatments, such as the endothelial growth factor receptor
(EGFR) family kinase inhibitors, lapatinib and erlotinib
have been used with limited success [14, 15].

Merlin, the NF2 protein, has been identified as a novel
negative regulator of mammalian target of rapamycin com-
plex 1 (mTORC1), with functional loss of merlin yielding
activation of mTORCI1 signaling in NF2-related tumors
[16, 17]. Our previous study in NF2 mouse schwannoma
models showed that long-term inhibition of mTORCI1 by
rapamycin inhibited tumorigenesis without significant tox-
icity [18]. Concomitant with these preclinical studies, we
administered everolimus to an index patient with growing
VS over a prolonged period resulting in a clinically mean-
ingful growth delay [18]. Meanwhile, the rapalog everoli-
mus was approved by the FDA for subependymal giant cell
astrocytomas associated with tuberous sclerosis, another
tumor predisposition syndrome with multiple benign tumors
requiring long-term tumor treatment [19]. Two phase II
clinical trials have further evaluated the efficacy of everoli-
mus for progressive VS but only found the best response to
be tumor stability [20, 21]. Altogether, these data led us to
conduct this dual institution open-label phase II clinical trial
to evaluate radiographic, hearing and quality of life (QOL)
outcomes following everolimus treatment for NF2 patients
with progressive VS. The results of the study performed in
France were previously published [20]. Here, we report the
results of the US study. In addition to response, we also per-
formed a post-hoc analysis to evaluate whether imaging can
serve as an early signature of tumor stabilization.

Materials and methods
Patient selection

Patients age 16 or older who met diagnostic criteria for NF2
(NIH 1988) and had progressive VS not requiring surgi-
cal resection or radiation therapy were eligible for the trial.
We defined progressive VS as >20% volumetric increase
on MRI in the prior 12 months. We excluded patients with
prior radiation therapy within the past 60 months to elimi-
nate delayed radiation treatment effects, as well as patients
currently undergoing or having received anti-tumor therapy
in the past 4 weeks. The full list of eligibility criteria is in
Supplementary Information. All participants gave writ-
ten informed consent before enrollment. Monitoring was
assured by the Data Safety Monitoring Board DSMB of
the UCLA Jonsson Comprehensive Cancer Center. Data,
safety monitoring and results were subject to review by the
FDA, UCLA IRB, and Novartis who provided the study
drug. We received FDA approval for our protocol using
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RADOO1 (everolimus) as an Investigational New Drug
(IND #111195) in NF2.

Drug administration and safety

Adult participants (18 and older) were started on everolimus
at 10 mg/day while adolescents aged 16—17 were started on
3 mg/day. All participants could receive study drug once
daily continuously for 52 weeks or until unacceptable toxic-
ity as per investigator’s judgment or patient’s preference.
Adverse events were delineated through the National Can-
cer Institute Common Toxicity Criteria (CTCAE 3.0) [22].
For adult participants who experienced grade 3 or higher or
intolerable toxicity, everolimus could be reduced to 5 mg/
day. To assess compliance and trend plasma levels, we per-
formed pharmacokinetic drug studies at the University of
California, Los Angeles.

Radiologic measurement of tumor volume

Imaging was performed using a 3T clinical MRI scanner
(Philips Healthcare, Los Angeles California). Tumor vol-
ume was determined using three-dimensional gradient echo
T1-weighted post-gadolinium sequences with 1-mm slice
thickness, no gap, by manual segmentation in OsiriX 4.1.2
software (OsiriX, Geneva, Switzerland) and MEDx 3.44
software (Medical Numerics, Inc., Germantown, MD), and
independently measured by three investigators (ED, AS and
MGQG). If volumes deviated by more than 5%, investigators
jointly reviewed images for agreement. Pre-study enroll-
ment tumor growth was determined using MRI within 12
months of baseline and a baseline MRI obtained within 28
days of treatment start. MRI was then performed every three
months during treatment and three months after last dose.
Study primary endpoint was change in the target VS vol-
ume by MRI from baseline to 12 months. RR was defined
as tumor volume reduction of >20% from baseline, while
progression was defined as tumor volume increase of >20%
from baseline. Tumors that had < 20% volumetric increase
or reduction were considered stable [23]. Time to tumor pro-
gression (TTP) was defined as the interpolated time needed
for the tumor to increase 20% in volume before and during
treatment [23]. To allow for a direct comparison of tumor
growth rate among patients with pre-enrollment MRIs
acquired at different time intervals, we calculated the annual
growth rate (AGR) [11]. For consistency this measure was
also applied to the different time points during the trial
period. The annual growth rate (AGR) was calculated as the
percentage change in tumor volume normalized to one year
(%l/year), using the formula: AGR = [((Vol,-Vol,;)/Vol,) x
100]/(Date,-Date,) x 365, where Vol, and Vol, are the tumor
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volumes measured at current (Vol;) and previous (Vol,)
MRI at dates Date, and Date,, respectively.

Hearing evaluation

Hearing outcomes were assessed using pure tone aver-
ages (PTA) and word recognition scores (WRS). PTA was
defined as the average of individual threshold frequencies
at 500, 1000, 2000 and 4000 Hz for each ear. Hearing dete-
rioration was defined as an increase of more than 10 dB in
PTA from baseline to the 12-month evaluation, while hear-
ing improvement was categorized as a decrease of more
than 10 dB in PTA. Per prior studies, WRS was evaluated
using a 50 item recorded Central Institute for the Deaf CID-
W22 monosyllable word list [21, 24, 25]. In addition to
PTA, we also considered hearing deterioration as a decrease
in WRS >20% from baseline to last everolimus treatment,
while hearing improvement was defined as an increase in
WRS >20%.

Quality of life

We assessed QOL using three questionnaires [26—30] at
baseline, and at 6-month and 12-month follow-ups. The
SF-36 reports different domains of Health Related Qualify
of Life (HRQOL) in the previous month, including physi-
cal limitations and general health perceptions [29]. The NF2
impact on QOL (NFTI-QOL) was specifically designed
for NF2 patients [27, 31]. The tinnitus handicap inventory
(THI) reports on tinnitus with three subscales on functional,
emotional, and catastrophic responses [30, 32, 33].

Statistical analysis

Baseline patient demographics and characteristics were
summarized using descriptive statistics. TTP was calcu-
lated before treatment (reference to baseline time point) and
during treatment (from initial date of everolimus to date of
volumetric tumor progression) and represented using the
Kaplan-Meier method. A Mann-Whitney test was used to
compare AGR.

Results

Patient demographics, target tumor characteristics
and response to treatment

A total of twelve participants (9 F/3 M) were enrolled with
an average age at start of study of 25.8 years (range: 16.3—
45.6), including three < 18. Eight participants (1, 2, 6, 7,
8,9, 10 and 11) completed the 12-month study treatment
period (Table 1). Four participants (3, 4, 5, 12) were taken
off study early because of significant tumor progression dur-
ing treatment based on investigator’s evaluation, or patient’s
preference (Fig. 1). At baseline, the median volume of the
target VS was 5.7 cm? (IQR 1.1 to 7.8). The median annual
growth rate between the pre-baseline and baseline MRI
was 77.2% (IQR 50.4 to 113.1), measured at a median time
interval of 8.5 months (IQR 5.8 to 10.8). After 12 months
of treatment, the median volume was 2.6 cm® (IQR 1.1 to
6.4) and the median annual growth rate decreased to 29.4%/
year (IQR 21.8 to 57.2) (Table 2). Overall, the best tumor
response seen in all participants was -14% during the first

Table 1 Demographics and clinical characteristics of the 12 patients participating in the everolimus phase II trial

Participant No. Institution Sex Age at drug Final evero- Other Spinal Com- Stable® Bevaci-
treatment limus dosage intracranial tumors pleted tumor zumab
(years) (mg) lesions trial volume

1 HRI F 25.7 10 Yes No Yes Yes -

2 HRI F 21.8 7.5 Yes No Yes No -

3 HRI F 30.9 10 Yes No No No -

4 HRI F 18.0 10 Yes Yes No No -

5 HRI F 20.2 15 Yes No No No -

6 HRI F 16.3 10 Yes No Yes No -

7 HRI F 45.6 10 Yes No Yes Yes -

8 HRI M 16.8 10 Yes No Yes No -

9 UCLA F 30.6 10 No No Yes Yes Pre-trial

10 UCLA M 43.1 10 No No Yes No Post-trial

11 UCLA F 18.1 12.5 Yes No Yes No Pre-trial

12 UCLA M 223 10 Yes Yes No No Post-trial

Total or mean 9 F (75%) 25.8 10.4 10 2 8 3

(% or range) 3 M (25%) (16.3-45.6) (7.5-12.5) (83%) (17%) (67%) (25%)

HRI House Research Institute; UCLA University of California, Los Angeles; *defined as tumors with less than a 20% volumetric increase or

reduction
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Fig. 1 Volumetric change of target VS for the 12 participants before,
during and after the clinical trial. Background color codes represent
treatment periods for everolimus (pink) and bevacizumab (gray). The
horizontal dotted lines represent +/-20% of each individual tumor

Table 2 Target tumor volumetric analysis and annual growth rates

Time (months)

volume compared to baseline tumor volume at the start of the trial.
Four participants (3, 4, 5, 12) were taken off study. Two had surgical
removal of target VS (S), one was lost to follow-up (L) and bevaci-
zumab was started in another one

Participant Tumor target side  Volume at baseline AGR at baseline AGR at AGR at AGR at AGR at AGR at

No. (cm®) (%/year) 3 months 6 months 9 months 12 months 15 months
(%/year)  (%lyear) (%lyear)  (%lyear) (%/year)

1 R 6.34 48.01 -58.94 56.30 4.16 22.87 130.62

2 R 1.62 118.17 29.86 47.16 15.66 63.87 118.67

3 R 16.34 50.23 37.14 60.34 44.08

4 L 8.08 232.78 23.38

5 R 12.28 71.86 57.49 105.54

6 L 0.7 155.48 18.40 52.94 47.13 21.49 62.03

7 L 6.63 30.46 -58.15 19.86 40.17 31.83 281.74

8 L 1.93 93.16 33.90 6.09 58.38 52.70 60.91

9 R 5.09 79.69 0.71 -7.40 0.00 14.31 298.79

10 L 0.5 74.62 13.15 8.26 63.43 26.92 33.42

11 L 0.87 97.86 47.50 -30.72 87.65 58.72 115.89

12 L 6.79 50.83 2481 51.83

Median 5.7 77.2 24.1 472 44.1 29.4 117.3

(IQR) (1.1-7.8) (50.4-113.1) (3.8-36.3) (6.11-56.3) (9.9-60.9) (21.8-57.2) (61.2-244)

AGR Annual Growth Rate compared to previous scan; IQR Interquartile Range
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3 months of treatment for participant 7. Thus, the study did
not reach the RR primary endpoint.

During the 52-week treatment, 3 participants (1, 7 and 9;
25%) had stable disease with an average target VS volume
increase of 5.7% at 12 months, compared to 38% increase at
baseline (Fig. 2a). Participant 1 experienced rapid decreased
hearing in the contralateral ear and balance deterioration
one month after everolimus discontinuation, associated with
marked growth of the target VS (30% in 3 months, 8.7 cm®) and
non-target VS (23% in 3 months, 13.5 cm®) (Supp. Figure 1).
The non-target VS was subsequently surgically removed. Par-
ticipant 7 whose target VS was stable under treatment, showed
a markedly rapid increase in tumor volume of 64%, 3 months
after treatment discontinuation. The VS was subsequently sur-
gically removed. Target VS of participant 9 was stable during
treatment: MRIs at 3, 6, 9 and 12 months showed no increase
in VS volume compared to the baseline. About two weeks
after stopping the drug treatment, the patient noticed increased
symptoms with hearing drum-like sounds without other com-
plaints (all mouth ulcers had resolved within a few days after
stopping the drug). After MRI confirmed tumor progression
(26% in 1 month), the patient was rechallenged with everoli-
mus treatment on a compassionate-use basis. After resuming
everolimus treatment, the target VS showed growth stabiliza-
tion (+6% compared to previous MRI) and WRS improved
from 96 to 100 at month 15. Eventually, the tumor progressed
(+20% compared to volume at rechallenge) 26 months after
restarting drug treatment. Two patients (10 and 12) who
had continuous tumor growth on everolimus subsequently
received bevacizumab alone with some tumor shrinkage and
overall tumor stability.

An unplanned secondary analysis showed that the inter-
polated TTP for target VS was 4.9 months before treat-
ment and improved to 8 months during study treatment
(Fig. 2b, c), indicating that the TTP evolution slowed dur-
ing treatment. Remarkably, early reduction of VS volume
by everolimus was predictive of tumor stabilization at drug

-
o
o

©
o

EN
o

N
o

Change in tumor volume from baseline (%) o
, - o O
Proportion of VS without progression (%)
o)
o

o

1 2 5 8 6 3 1012 7 1 4 9
Participant

Fig. 2 Volumetric change and time to progression of target VS for the
12 participants. (a) Change in target VS volume between the baseline
and the end of the 12-month everolimus treatment or time when partic-
ipant removed (#) from trial because of tumor progression (3, 5, 12) or
voluntary withdrawal (4). Green bars show patients with stable disease

trial completion. Three participants (1, 7, 9) with no tumor
growth and/or tumor reduction at 3 months (Fig. 3a, b) dem-
onstrated stable disease at 12 months. In contrast, patients
who exhibited any increase in tumor volume, even insig-
nificant growth (<20%), at 3 months showed tumor pro-
gression (>20%) at the 12-month MRI follow-up (Fig. 3a).
Retrospective analysis of tumor growth data from a French
study of everolimus [20] also corroborated this observa-
tion, showing that participants with stable VS at the 12
month MRI showed a volume reduction or no growth at the
3-month MRI (Fig. 3b). Thus, the absence of tumor growth
at 3 months of continuous everolimus treatment was predic-
tive of stable response at 12 months.

Non-target tumors

In addition to target VS, we analyzed volumes for six con-
tralateral VS, eight intra-cranial meningiomas, one C1 root
schwannoma and one ependymoma. We did not observe any
imaging responses, and 11 of 15 these non-target tumors
were stable during the study period (Supp. Figure 1). How-
ever, participant 6 showed a 6.7% volumetric reduction in
the ependymoma, and participant 8 a 6.2% reduction in
the contralateral non-target VS, with concurrent hearing
recovery in the associated ear. A non-target meningioma in
participant 12 was reduced by 9.6% in volume at 6 months
compared to baseline.

Hearing response

PTA remained stable or improved in all target ears of the 8
participants who completed the 12-months study treatment
(1,2,6,7,8,9,10, 11) and WRS remained stable or improved
for 7 of these 8 participants (Supp. Figure 2). Despite target
VS stabilization, participant 7 experienced marked hear-
ing deterioration from 58 to 20% WRS over the drug treat-
ment period, decreasing to 0% after drug withdrawal at the

(o]
€100,
kS
(7]
8 80
g
o
5 60
£
E
© 40
5
s
§ 20
o
3
g 0
3 6 9 12 0 3 6 9 12

Time (months) Time (months)

and red bars patients with progressive disease. Time to progression of
target VS before (b) and during (c¢) everolimus treatment. The median
interpolated time to progression was 4.9 months before treatment and
8 months during everolimus treatment
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Fig.3 Change in tumor size

over time and early prediction
of sensitivity to everolimus.

(a) Measurement of target VS
volumes relative to baseline
before, during (pink background)
and after everolimus treatment
showing participants with stable
(green lines) or progressive (red

Q

lines) disease. The horizontal
dotted lines represent +/-20% of
tumor volume compared to base-

line tumor volume. (b) Median
of tumor growth rate after 3
months of continuous everolimus
treatment statistically predicts the
overall tumor volume response

Tumor volume relative to baseline (%)

after 12 months of treatment in N
both UCLA (circles) and Pitié- v
Salpétriere Hospital (triangles)
participants. Error bars represent

the interquartile range

Participant

15-month time point. Participant 8 showed stabilization of
the non-target VS of -6% at 12 months, which coincided
with improvement in hearing outcomes from PTA of 60dB
at baseline to 52.5dB at 12-month follow-up.

Drug toxicity

All enrolled patients underwent toxicity and safety moni-
toring. No participants withdrew from the study due to
drug toxicity (Supp. Table 1). However, participant 4 had a
grade 3 related adverse event of pneumonia, which required
hospitalization and antibiotic therapy. Participant 10 expe-
rienced a severe grade 4 elevated triglycerides and conse-
quently treated with statin. One patient had a dose reduction
for intolerable grade 2 oral ulcers. The most common side
effects included: mouth ulcers (n=9), fatigue (n=06), acne
(n=06), skin rashes (n=35), and headache (n=5).

Quality of life

All 12 participants completed the HRQOL questionnaire at
baseline with 10 and 8 responses at six and twelve months,
respectively. At baseline before the trial, patients with NF2
tended to have lower baseline QOL than literature normal
values, which can be attributed to the effect of tumor bur-
den interfering with daily functional activities [26-28]. The
SF-36 questionnaire revealed that participants endorsed dif-
ficulty with fatigue (score=58.3) and general health (69.2)
(Supp. Figure 3a). In the NF2-specific QOL questionnaire
(NFTI-QOL) participants most frequently reported problems
with dizziness (score =1.41), hearing (1.41), and vision (1.17)
at initial evaluation (Supp. Figure 3b). The THI questionnaire
showed that 10 of 12 participants (91.7%) experienced “no
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or very mild handicap” from their tinnitus (Supp. Figure 3c).
While on clinical trial with everolimus, participants reported
minimal worsening of SF-36 QOL over 12 months in most
domains, except in emotional role (mean change = -19.4),
fatigue (-10.2), social function (-11.5), pain (-11.5) and gen-
eral health (-19.2). After 52 weeks of treatment, participants
had negligible changes in their QOL scores, except for 2 par-
ticipants. Participants 1 and 8 showed significant changes in
their domain score for the SF36 questionnaire, but it is unclear
if tumor progression was responsible for QOL decline, rather
than the trial drug itself. Similarly, the NFTI-QOL question-
naire also demonstrated minimal impairment during the trial.
The THI questionnaire detected higher grade tinnitus in a
maximum of only 3 participants over the 12 months of treat-
ment, likely responsible for their overall lower QOL scores,
including in the THI subscales (Supp. Figure 3d) and NFTI-
QOL hearing domain (Supp. Figure 3b).

Discussion

Most current studies for progressive NF2-associated VS
define success of a treatment based on tumor shrinkage.
However, in a syndrome where tumors are slow growing and
neurological and hearing deficits can take years to manifest,
treatment with a low toxicity agent, which can inhibit tumor
growth and induce prolonged tumor stabilization, may be as
desirable as agents promoting tumor shrinkage. Concordant
with prior trials, our results corroborate the cytostatic effect
of everolimus on tumor growth [21, 34]. Because of its con-
venient oral administration and safety profile, everolimus
should be considered for treatment-naive patients or perhaps
for those patients with difficulty traveling to a certified NF2
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center offering clinical trial options. Practically, everolimus
can serve as another therapeutic modality to delay time to
bevacizumab or surgical intervention, temporarily avoiding
their associated morbidities.

Vestibular schwannoma growth patterns can vary during
progression [35, 36]. Currently, the recommended endpoint
for NF2 clinical trials is to assess the percentage change in
tumor growth over time based on patients’ natural history of
tumor growth before starting the trial [8]. Our study shows that
seven patients had reduced VS growth rate after 12 months
of treatment. Overall, the TTP also improved with everoli-
mus treatment by 3.1 months, comparing TTP before and
during treatment. We found that an unchanged or decreased
VS volume with an annualized VS growth rate of < 1% at 3
months into treatment was predictive of VS stabilization at 12
months. That is, imaging at 3 months allowed identification
of patients displaying stable tumor growth along the entire
treatment course up to 12 months. Moreover, in non-respond-
ers the risk of rebound growth following treatment cessation
is less severe [34]. Thus, tumor response or tumor growth rate
at 3 months can then serve as an early prognostic marker for
prolonged sensitivity to everolimus, eventually allowing for
rapid transition to an alternative therapeutic strategy.

Though it is unclear why everolimus response is variable,
this may be attributed to the VS genomic and cellular het-
erogeneity potentially affecting drug distribution and target
modulation [37—41]. Recent observations highlighted the
potential for intrinsic schwannoma heterogeneity to influ-
ence the microenvironment and consequent multifaceted
impact of everolimus [42]. We found that everolimus may
also stabilize non-target tumors in NF2 patients. Overall, 11
of 15 non-target tumors were stable during treatment, likely
due to their low or non-proliferative status. These non-target
tumor results are corroborated by Karajannis et al. in their
initial phase II trial of everolimus for NF2, noting a volume
decrease in a cervical nerve root tumor [21].

Treatment with everolimus did not significantly alter
QOL and hearing remained stable during treatment, except
one participant with a decline in word recognition score. The
therapy is tolerable in our patient population with minimal
side effects. In general, our patients experienced the common
and manageable side effects of stomatitis and fatigue, but
we did not see severe adverse events such as non-infectious
pneumonitis, wound healing issues, renal failure, or meta-
bolic issues as reported in other studies of everolimus [43].

In summary, everolimus should be considered as an
early treatment for NF2 patients with VS progression in the
absence of significant symptoms or deficits requiring sur-
gical or medical interventions (i.e. bevacizumab). Longer
follow-up time and larger patient cohorts will be necessary
for studies aimed to explore the effect of drug treatments on
tumor growth and hearing trajectories.

Conclusions

Although everolimus did not lead to a sustained RR in pro-
gressive NF2-associated VS in our study, we confirmed its
growth rate inhibitory effects in a subset of patients. This
effect can be predicted by MR imaging and volumetric anal-
ysis just after the first 3 months of treatment. As a result,
everolimus may best serve as a first-line agent for treatment
of naive NF2 patients presenting with progressive VS but
otherwise stable clinical symptoms due to its oral advantage
and tolerable adverse event profile.

SupplementaryInformation The online version contains supplementary
material available at https://doi.org/10.1007/s11060-024-04596-4.
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