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abstract

PURPOSE Patients with progressive or recurrent meningiomas have limited systemic therapy options. Focal
adhesion kinase (FAK) inhibition has a synthetic lethal relationship with NF2 loss. Given the predominance of
NF2 mutations in meningiomas, we evaluated the efficacy of GSK2256098, a FAK inhibitor, as part of the first
genomically driven phase II study in recurrent or progressive grade 1-3 meningiomas.

PATIENTS AND METHODS Eligible patients whose tumors screened positively forNF2mutations were treated with
GSK2256098, 750 mg orally twice daily, until progressive disease. Efficacy was evaluated using two coprimary
end points: progression-free survival at 6 months (PFS6) and response rate by Macdonald criteria, where PFS6
was evaluated separately within grade-based subgroups: grade 1 versus 2/3meningiomas. Per study design, the
FAK inhibitor would be considered promising in this patient population if either end point met the corresponding
decision criteria for efficacy.

RESULTS Of 322 patients screened for all mutation cohorts of the study, 36 eligible and evaluable patients with
NF2mutations were enrolled and treated: 12 grade 1 and 24 grade 2/3 patients. Across all grades, one patient
had a partial response and 24 had stable disease as their best response to treatment. In grade 1 patients, the
observed PFS6 rate was 83% (10/12 patients; 95% CI, 52 to 98). In grade 2/3 patients, the observed PFS6 rate
was 33% (8/24 patients; 95% CI, 16 to 55). The study met the PFS6 efficacy end point both for the grade 1 and
the grade 2/3 cohorts. Treatment was well tolerated; seven patients had a maximum grade 3 adverse event that
was at least possibly related to treatment with no grade 4 or 5 events.

CONCLUSIONGSK2256098 was well tolerated and resulted in an improved PFS6 rate in patients with recurrent or
progressive NF2-mutated meningiomas, compared with historical controls. The criteria for promising activity
were met, and FAK inhibition warrants further evaluation for this patient population.

J Clin Oncol 41:618-628. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Meningiomas are the most common primary brain tu-
mor, representing 38% of all primary brain tumors.1

Although most meningiomas can be managed primar-
ily with surgery or radiation, a subset of meningiomas
recur. Patients with progressive or recurrent meningio-
mas have limited treatment options after failure of surgery
and radiation.2 Furthermore, recurrent meningiomas are
more aggressive with shorter progression-free survival
(PFS) and higher likelihood of being refractory to
treatment.3-5 Historically, there have been multiple
negative trials of systemic therapies in meningiomas.2

Many prior trials were small and underpowered and

based on a limited understanding of the molecular
drivers of meningiomas.

In the 1990s, frequent inactivating mutations in NF2
were discovered in sporadic meningiomas.6-8 NF2 is the
most commonly mutated gene in meningioma, and
progressive meningiomas are enriched for NF2
mutations.9-11 Recent advances in sequencing technol-
ogies have led to a number of seminal papers that further
defined the genetic landscape of meningiomas.9,12-16

Recurrent genetic alterations have now been de-
scribed in a number of genes including AKT1, PIK3CA,
and SMO, in addition to the well-established NF2
gene.9,13 The recurrent mutations in AKT1, PIK3CA, and
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SMO offer potential for therapeutic targets,17,18 as they are
hotspot mutations typical of oncogenic drivers19 and are
mutually exclusive from NF2 alterations.

On the basis of these data, we initiated a national genom-
ically guided National Cancer Institute–supported Cooper-
ative Group Trial (Alliance A071401) in patients with
progressive or recurrent meningioma harboring specific
mutations. The arms of the study include an AKT inhibitor for
AKT- or PIK3CA-mutated meningiomas, a SMO inhibitor for
SMO-mutated meningiomas, a focal adhesion kinase (FAK)
inhibitor for NF2-altered tumors, and a cyclin-dependent
kinase (CDK) inhibitor for CDK pathway altered tumors. We
now report the results from the NF2-altered cohort and the
other study arms are ongoing.

FAK inhibition with GSK2256098 for NF2-mutant menin-
gioma was evaluated because preclinical work in meso-
thelioma demonstrated a strong synthetic lethal relationship
with loss of merlin, the protein product of NF2.20 FAK is a
protein tyrosine kinase that regulates cellular proliferation,
invasion, and stem-cell renewal through integrating signals
from growth factor receptors and integrins.20 Preclinical
studies have shown that low merlin expression is predictive
of sensitivity to FAK inhibition, likely because of the dis-
ruption of the weak cell-extracellular matrix or cell-cell ad-
hesions in merlin-negative cells.20 The role of FAK inhibition
in meningiomas has not previously been evaluated clinically.
Herein, we present the results of the FAK inhibitor arm of
Alliance for Clinical Trials in Oncology trial A071401, which
has now completed accrual and met the primary end point.

PATIENTS AND METHODS

Study Oversight

The study was designed by the principal investigators and
conducted in accordance with the provision of the Decla-
ration of Helsinki and Good Clinical Practice guidelines. The
Central Institutional Review Board approved the Protocol
(online only). All patients provided signed informed consent.

Patients

Eligible patients had histologically proven intracranial me-
ningioma as documented by central pathology review, and
measurable disease as defined by bidimensionally mea-
surable enhancing lesions with a minimum diameter of
10 mm in both dimensions. A tumor sample from each
patient underwent central genetic testing for arm determi-
nation. Presence of anNF2 alteration in the tumor tissue was
required for the GSK2256098 treatment arm of the study.
Patients must have had progressive or residual disease as
defined by the following: residual measurable disease im-
mediately after surgery for WHO grade 2 or 3 disease,
progressivemeasurable disease as defined by an increase in
the size of themeasurable primary lesion on imaging by 25%
or more in 12 months, or progressive disease after com-
pletion of radiation. For patients with residual measurable
grade 1 disease immediately after surgery, progression
preoperatively needed to be documented with an increase in
size of the primary lesion on imaging by 25% or more in 12
months. Additional details regarding eligibility criteria are
provided in the Data Supplement (online only).

Study Design, Treatment, and End Points

GSK2256098 was administered orally at 750 mg orally
twice daily for a 28-day cycle until disease progression,
excessive toxicity, symptomatic neurologic deterioration, or
study consent withdrawal. Details regarding dose reduc-
tions are provided in the Data Supplement.

Contrast-enhanced brain magnetic response imaging was
obtained every 8 weeks for restaging using a consensus
magnetic response imaging protocol.21 The coprimary end
points were 6-month progression-free survival (PFS6) and
response rate (RR) as determined using Macdonald criteria22

by local investigator review. PFS6 was defined as the number
of patients not having progressive disease or death within
6 months of the first day of treatment divided by the total
number of evaluable patients. RR was defined as the number
of responses divided by the total number of evaluable patients.

CONTEXT

Key Objective
Patients with recurrent or progressive meningiomas have limited therapeutic options once surgery and radiation fail. The

objective of this study was to evaluate the efficacy of focal adhesion kinase (FAK) inhibition in meningiomas, as part of the
national genomically driven phase II study in meningiomas.

Knowledge Generated
We demonstrated that FAK inhibition with GSK2256098 resulted in an improved 6-month progression-free survival

compared with historical controls in patients with meningiomas harboring somatic alterations in NF2. Furthermore,
treatment with GSK2256098 was well tolerated, with no grade 4 or 5 events.

Relevance
As this study met its overall trial end point, FAK inhibition is worthy of further exploration for patients with recurrent or

progressive meningiomas.
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A patient was deemed to have a response if they had a
confirmed partial response (PR) or complete response.

Statistical Analysis

This is a prospective, one-stage, multiarm phase II study
evaluating the efficacy of targeted therapies in patients with
specificmutations. Each of the mutation groups in this trial is
evaluated in parallel with a separate phase II study design.
Herein we are reporting the results of the FAK inhibitor
treatment arm. Within each arm defined by tumor mutation
and inhibitor, there are two different patient cohorts included
on the basis of histology: grade 1 versus 2/3 meningiomas.
Efficacy was evaluated using two coprimary end points: RR
and PFS6. To accommodate these two coprimary end points
and their simultaneous evaluation for a given treatment arm,
a Bonferroni correction23 was used to further constrain the
one-sided type I error (bounded at 5% per arm). The RR end
point was powered and evaluated across all patients re-
gardless of grade for the given study arm (a 5 .012). The
PFS6 end point was calculated and powered as a proportion
and evaluated within each grade cohort (nested within each
arm; grade 1: a 5 .014, grade 2/3: a 5 .020). Power
calculations were performed with EAST v6.3 and PASS
15.01. Per study design, the treatment would be considered
promising in the mutation group for this patient population if
the decision criteria for either end point were met.

For the GSK2256098 treatment arm reported here, a total of
36 evaluable patients were required to provide at least 94%
power to detect a true RR of at least 20%, with a significance
level of 0.013 against the null hypothesis of a true RR of
2.5%. For this end point, the agent would be considered
worthy of further testing in this mutation-defined treatment
arm if at least four responses (ie, $ 11.1%) were observed
among the 36 evaluable patients. For the PFS end point
within the grade 2/3 cohort of the GSK2256098 treatment
arm, a total of 24 evaluable patients provided at least 85%
power to detect a true PFS6 rate of at least 41.5%, with a
significance level of 0.02 against the null hypothesis that the
true PFS6 rate was 15%. If at least 8 of these 24 evaluable
patients (at least 33.3%) were progression-free and alive at
6 months, the agent would be considered worthy of further
testing in this mutation-defined grade 2/3 cohort. Within the
grade 1 cohort, a total of 12 evaluable patients provided at
least 79% power to detect a true PFS6 rate of at least 65%,
with a significance level of 0.014 against the null hypothesis
of 25% PFS6 rate. Here, if at least 7 of the 12 evaluable
patients (at least 58%) demonstrated PFS6, the agent would
be considered worthy of further testing in this mutation-
defined grade 1 cohort. The null hypotheses for each of the
grade-based subgroups described above were based on
historical benchmark data obtained from a systematic review
of prior published reports of medical therapies in meningi-
omas,2 where PFS6 was 23%-29% in grade 1 meningioma
and 0%-29% in trials of grade 2/3 meningiomas, with 14%
as the median across most trials of grade 2/3 meningioma.
The first 12 (grade 1 cohort) and 24 (grade 2/3 cohort)

patients who met the eligibility criteria, signed the consent
form, and began treatment were considered evaluable for
the safety end points as well as secondary and exploratory
end points. Patients also had to have had evaluable imaging
data unless they died within the first 6 months of study entry
to be included in the primary end point analysis.

The secondary end points, overall survival and progression
free-survival, were summarized for each cohort within each
treatment arm with Kaplan-Meier24 curves and estimates.
PFS is a time-to-event outcome defined as the time from
initiation of treatment to the time of progression and/or
death. Patients who were alive and progression-free at the
time of their last evaluation were censored at that time
point. No formal comparisons were made between the
grade cohorts. An additional secondary end point was the
rate of adverse events (AEs) in each cohort. AEs were
graded by the site investigators according to CTCAE Version
4.0 and were summarized as the number and graded
severity of each AE by type as well as aggregated and
summarized by incidence of any AE, any AEs grade 3 or
greater, and any AEs grade 4 or greater. Additional details
regarding data collection, monitoring, and analysis are
provided in the Data Supplement.

Targeted Molecular Profiling

Molecular profiling was carried out as described in the Data
Supplement.25-29

RESULTS

Patients

A total of 322 patients were screened for all mutation co-
horts of the study; 101 patients were preregistered to the
study while the GSK2256098 treatment arm was open and
38 patients were enrolled to the GSK2256098 arm. Be-
tween August 28, 2015, and May 18, 2016, and between
April 14, 2017 and July 19, 2017, 12 patients were enrolled
to the WHO grade 1 cohort and 26 to the WHO grade 2/3
cohort (Fig 1). One grade 2/3 patient was deemed ineligible
upon centralized review. Another patient received one
cycle of therapy and went off study treatment because of
grade 3 AST and grade 3 ALT (both deemed probably
related to study treatment). Since no scans beyond
baseline were available on this patient for the first year, they
were not considered evaluable for the primary end points;
this patient is still included in safety and baseline char-
acteristic summaries. Thus, there were 12 grade 1 and 24
grade 2/3 patients evaluable for the coprimary end points
(Table 1). Across all 37 eligible patients who received
treatment on this study, the median age at study enrollment
was 64 years (range, 22-76 years) and 18 were male
(48.6%; Table 1). Themajority of patients (33/375 89.2%)
had an Eastern Cooperative Oncology Group performance
status of 0 or 1 at study entry. All patients had received
surgery related to their meningioma, 29 patients (78.4%)
had received radiation therapy for their tumor, and 12
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patients (32.4%) had received prior systemic therapy
(Table 1). Twenty-eight patients (75.7%) received at least
two prior treatment modalities.

Efficacy

In the grade 1 cohort, patients received a median of 11
treatment cycles and in the grade 2/3 cohort, four cycles
(Data Supplement). At 6 months, 10 of 12 grade 1 patients
(83%) and 8 of 24 (33%) grade 2/3 patients were
progression-free and alive (Table 2). The best response was
stable disease in 10 (83%) grade 1 and 14 (58%) grade 2/3
patients and PR in one grade 2/3 (4%) patient (Table 3). The
decision rule was not met for RR, with only one PR observed
in a grade 2/3 cohort patient with a 5.5-month duration of
response. The PFS6 efficacy end point criteria were met for
both grade-based cohorts and thusmet the overall criteria for
the FAK inhibitor to be considered promising in each of the
cohorts. One patient still remains on treatment 4 years after

starting on study. The median overall survival has not yet
been reached for grade 1, and was 21.5 months (95% CI,
14.8 to 38.0) for grade 2/3 patients (Fig 2A). The median
PFS was 12.8 months (95%CI, 9.2 to not reached) for grade
1 patients and 3.7 months (95% CI, 3.6 to 7.2) for grade 2/3
patients (Fig 2B). In a secondary analysis, the Alliance
Imaging Central Lab centrally reviewed all images for 33
patients, where the remaining three patients did not have
films available for central review (Data Supplement).

Toxicity

Five patients across both cohorts (13.9%) had dose modifi-
cations in at least once cycle (Data Supplement). Four pa-
tients were taken off study because of AEs, side effects, or
complications (Data Supplement). Fifteen patients had grade
3 events regardless of attribution and seven patients had
treatment-related grade 3 events (Data Supplement). Grade 3
AEs at least possibly related to treatment included proteinuria,
pain, lymphopenia, rash, nervous system disorder, ALT/AST
elevation, cholecystitis, and hypertriglyceridemia (Table 4).

Exploratory Analyses

In an exploratory analysis, when data were available
(n 5 10), we calculated pretreatment growth rates (Data
Supplement). Those patients who were progression-free
and alive at 6 months had an observable decline in their
tumor growth rates in relation to the tumor growth rates
observed in the 6 months before study entry. Changes in
tumor size on treatment were also evaluated across all
patients (Data Supplement). Seven patients with grade 1
tumors had observed reductions in tumor areas that did not
meet criteria for PR, and nine with grade 2/3 tumors had
observed reductions in tumor area, one of which met cri-
teria for PR (Data Supplement). We did not detect a sta-
tistically significant difference in baseline tumor area
measurements between those patients who were classified
as progression-free and alive at 6 months and those who
progressed at 6 months (Data Supplement).

Molecular profiling of all tumor samples using targeted next-
generation sequencing was also carried out, which included
genes implicated as being frequently altered and/or prog-
nostic in meningioma including alterations in CDKN2A, TERT
promoter, SMARCB1, SMO, AKT, PIK3CA, and PTEN (Fig 3
and Data Supplement). We evaluated whether specific ge-
netic mutations correlated with clinical outcomes. Notably, we
did not detect an association between PFS6 and mutational
status ofCDKN2A or TERT promoter (Data Supplement), both
of which have been described to correlate with poor prognosis
and progression in meningiomas.5,30-33

DISCUSSION

Approximately 33,000 meningiomas are diagnosed each
year.1 The management of recurrent and progressive
meningioma represents an enormous unmet need in
neuro-oncology. Recurrent meningiomas can have signif-
icant morbidity andmortality, and have no effective medical

Total preregistered
(N = 322; n = 

101 while the NF2 arm
was opena)

Total enrolled for the
NF2 – GSK2256098 arm

(n = 38)

Grade 1 cohort
(n = 12)

Grade 2/3 cohort
(n = 26)

Primary end point
analysis population

(n = 12)

Primary end point
analysis population

(n = 24)

Deemed ineligible     (n = 1)
Not evaluable for      (n = 1)
   primary end pointb

FIG 1. CONSORT diagram of patient population. aEighty-nine patients
were identified as havingNF2mutation while the NF2 armwas opened to
accrual and 12 were allowed to be registered while the NF2 arm was
closed to accrual as they were already in preregistration. From May 8,
2016 to April 14, 2017 (when the NF2 arm closed to accrual for grade
2/3 tumors), NF2 mutation testing was performed if the patient had a
grade 1 tumor. bBecause of having resection after registration and tumor
was multifocal. cOne grade 2/3 cohort patient received only one cycle of
treatment, then went off study treatment because of grade 3 AST and
grade 3 ALT (both deemed probably related to study treatment). This
patient had a baseline scan and no other scans until 1 year from study
entry (because of patient follow-up visits cancellations) and was ex-
cluded from primary end point analysis. End of study treatment reasons
(all enrolled patients): 1 grade 1 cohort patient and 3 grade 2/3 cohort
patients withdrew/refused further treatment, 3 grade 1 cohort patients
and 1 grade 2/3 cohort patient ended study treatment because of ad-
verse events/side effects/complications, and 8 grade 1 cohort patients
and 21 grade 2/3 cohort patients ended study treatment because of
disease progression. One grade 2/3 cohort patient remains in study
treatment 4 years from study initiation.

Journal of Clinical Oncology 621

Activity of FAK Inhibition in Meningioma



TABLE 1. Patient Characteristics

Characteristic
Grade 1
(n 5 12)

Grade 2/3
(n 5 25)

Total
(N 5 37)

Age, years, No. (%)

Mean (SD) 54.6 (16.1) 60.2 (14.5) 58.4 (15.1)

Median 50.5 64.0 64.0

Q1, Q3 45.0, 69.5 55.0, 70.0 46.0, 70.0

Range 22.0-75.0 23.0-76.0 22.0-76.0

Sex, No. (%)

Female 8 (66.7) 11 (44.0) 19 (51.4)

Male 4 (33.3) 14 (56.0) 18 (48.6)

Race, No. (%)

White 10 (83.3) 21 (84.0) 31 (83.8)

Black or African American 1 (8.3) 3 (12.0) 4 (10.8)

Asian 0 (0.0) 1 (4.0) 1 (2.7)

American Indian or Alaska Native 1 (8.3) 0 (0.0) 1 (2.7)

Ethnicity, No. (%)

Hispanic 2 (16.7) 0 (0.0) 2 (5.4)

Non-Hispanic 9 (75.0) 24 (96.0) 33 (89.2)

Unknown 1 (8.3) 1 (4.0) 2 (5.4)

ECOG performance status, No. (%)

0 3 (25.0) 8 (32.0) 11 (29.7)

1 9 (75.0) 13 (52.0) 22 (59.5)

2 0 (0.0) 4 (16.0) 4 (10.8)

Status of tumor at registration, No. (%)

Progressive measurable disease 7 (58.3) 14 (56.0) 21 (56.8)

Residual measurable disease 4 (33.3) 6 (24.0) 10 (27.0)

Both 1 (8.3) 5 (20.0) 6 (16.2)

Multifocal disease, No. (%)

Yes 4 (33.3) 10 (40.0) 14 (37.8)

No 8 (66.7) 15 (60.0) 23 (62.2)

Tumor grade, No. (%)

1 12 (100.0) 0 (0.0) 12 (32.4)

2 0 (0.0) 19 (76.0) 19 (51.4)

3 0 (0.0) 6 (24.0) 6 (16.2)

Corticosteroid therapy
at study entry, No. (%)

No 11 (91.7) 20 (80.0) 31 (83.8)

Yes 1 (8.3) 5 (20.0) 6 (16.2)

Previous surgery related to this tumor (biopsies, resections, etc), No. (%)

Yes 12 (100.0) 25 (100) 37 (100)

Prior radiation therapy for this tumor, No. (%)

Yes 10 (83.3) 19 (76.0) 29 (78.4)

No 2 (16.7) 6 (24.0) 8 (21.6)

(continued on following page)
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therapy when surgery and radiation have failed. There has
been a paucity of trials for meningiomas, which has further
limited our ability to investigate the efficacy of therapeutic
agents in this disease. The advent of improved sequencing
technologies has led to an enhanced understanding of the
molecular underpinnings driving meningiomas. We now
know that meningiomas are characterized by distinct,
mutually exclusive genetic subgroups.9,12-16,30,34-36 To that
end, to our knowledge, we conducted the first national
genomically guided trial for this disease under the auspices

of Alliance for Clinical Trials in Oncology. We demonstrated
that this study design is feasible in a multicenter setting for
this patient population. Importantly, FAK inhibition with
GSK2256098 was well tolerated, with no grade 4 or 5
toxicities, and was associated with an improvement in PFS6
compared with historical controls.

Historically, targeting tumor suppressors, such asNF2, has
been therapeutically challenging. Inhibition of FAK in NF2-
mutated meningiomas clinically leveraged the concept of
synthetic lethality, whereby loss of a tumor suppressor

TABLE 1. Patient Characteristics (continued)

Characteristic
Grade 1
(n 5 12)

Grade 2/3
(n 5 25)

Total
(N 5 37)

Prior systemic (cancer) therapy for this tumor, No. (%)

Yes 4 (33.3) 8 (32.0) 12 (32.4)

No 8 (66.7) 17 (68.0) 25 (67.6)

No. of prior systemic (cancer) therapy for this tumor, No. (%)

1 3 (75.0) 5 (62.5) 8 (66.7)

2 1 (25.0) 1 (12.5) 2 (16.7)

3 0 (0.0) 2 (25.0) 2 (16.7)

Unknown 0 1 1

No. of prior systemic (cancer) therapies, No. (%)

Mean (SD) 1.3 (0.5) 1.6 (0.9) 1.5 (0.8)

Median 1.0 1.0 1.0

Range (1.0-2.0) (1.0-3.0) (1.0-3.0)

No. of prior therapy modalities, No. (%)

1 2 (16.7) 7 (28.0) 9 (24.3)

2 6 (50.0) 10 (40.0) 16 (43.2)

3 4 (33.3) 8 (32.0) 12 (32.4)

No. of prior therapies (any modality), No. (%)

Mean (SD) 5.2 (1.6) 5.6 (3.1) 5.5 (2.7)

Median 5.0 6.0 5.0

Range 2.0-8.0 1.0-12.0 1.0-12.0

Any prior cancer diagnosis, No. (%)

Yes 5 (41.7) 5 (20.0) 10 (27.0)

Spine 1 1 2

Acute lymphoid leukemia 0 1 1

Anal 1 0 0

Pediatric cystic tumor 1 0 1

Prostate 0 1 1

Vestibular schwannoma 1 0 0

Leukemia 1 0 0

Petroclival meningioma 0 1 1

Skin, basal cell 0 1 1

No 7 (58.3) 20 (80.0) 27 (73.0)

NOTE. Excludes ineligible patient.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; Q1, quartile 1; Q3, quartile 3; SD, standard deviation.
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increases the efficacy of pharmacologically inhibiting an-
other gene product.20 This is analogous to poly(adenosine
diphosphate-ribose) polymerase inhibition in tumors har-
boring mutations inBRCA1 orBRCA2.37,38 We demonstrate
for the first time, to our knowledge, that this is a promising
therapeutic approach in meningiomas. These data com-
plement analogous results suggesting that GSK2256098
has clinical activity in patients with mesothelioma with
merlin loss.39

We chose PFS6 and RR as coprimary end points because an
improvement in either of these end points would be clinically
meaningful for this patient population as there are no
standard medical therapies. As such, the type I error for this
study was tightly controlled to limit the likelihood of false-
positive results and to further support our ability to evaluate
the two clinical outcomes of interest for this patient pop-
ulation. One of the major challenges with designing trials in
meningiomas is that previously conducted trials do not use
consistent end points or uniform response criteria. A re-
sponse assessment in neuro-oncology (RANO) systematic
review of 47 prior studies of medical therapy in meningioma
composed of 164 patients was conducted to carefully define
the clinical course and benchmarks for overall survival, PFS,
and PFS6; on the basis of recommendations from this
systematic review, we chose PFS6 as one of the end points.2

The null hypotheses for each of the grade-based subgroups
were based on the historical data obtained from this pre-
viously publishedRANO review,2 where PFS6was reportedly
23%-29% in grade 1 meningioma and 0%-29% in trials of
grade 2/3 meningiomas, with 14% as the median across
most trials of grade 2/3meningioma. Since the publication of
this RANO review, recent clinical trials for patients with
meningiomas have used PFS6 as a primary end point with
similar null hypotheses as used in A071401.40,41 The null
hypothesis for RR was selected because RR has been close
to 0% in the majority of studies of systemic therapies in

recurrent or progressive meningiomas.2 We demonstrated
that the clinical benefit of GSK2256098 was primarily ac-
complished through stabilization of the meningioma and
inhibition of growth: disease stability is clinically meaningful
for this heavily pretreated patient population.

Toxicity of medical therapy is an important consideration for
patients with meningioma who potentially could stay on
therapy for prolonged periods of time. GSK2256098 was
well tolerated with only seven patients experiencing grade
3 treatment-related AEs and none having grade 4 or 5 AEs.
As the effect of long-termmedical therapies on quality of life
in meningiomas is an understudied area, future studies
could benefit from more detailed neurocognitive evalua-
tions and patient-reported outcomes to evaluate the impact
of GSK2256098 on neurocognition and quality of life.

The study has some limitations. First, this was a small
phase II study comparing to historical controls and not a
randomized controlled trial. However, given the possible
accrual challenges frequently encountered in trials for
uncommon brain tumors, our goal was to limit the sample
size, while powering the study to detect a promising signal.
Before this study, there was no precedent for a national
precision medicine trial in rare primary brain tumors using
an umbrella approach where patients are assigned to
treatment arms on the basis of molecular characteristics. In
addition, the majority of prior meningioma trials of medical
therapy have had very small patient numbers. Our objective
was to design a trial that could be conducted within a
reasonable time frame to demonstrate both that a
genomically guided trial was feasible in this patient pop-
ulation and that this approach could swiftly guide the
development of effective novel therapies for meningioma.
To this end, we used the end point of PFS6 and historical
control data as recommended by the recent RANO sys-
tematic review, which is becoming standard for the field of

TABLE 2. PFS at 6 Months

PFS at 6 Months
Grade 1 Cohort (N 5 12),

No. (%) (95% CI)
Grade 2/3 Cohort (N 5 24),

No. (%) (95% CI)
Total (N 5 36),
No. (%) (95%CI)

Progression-free and alive 10 (83) (52 to 98) 8 (33) (16 to 55) 18 (50) (33 to 67)

Progression or death 2 (17) (2 to 48) 16 (67) (45 to 84) 18 (50) (33 to 67)

Abbreviation: PFS, progression-free survival.

TABLE 3. Best Response (Macdonald criteria)

Best Response

Grade 1 Cohort (n 5 12) Grade 2/3 Cohort (n 5 24) Total (N 5 36)

No. (%) (95% CI) No. (%) (95% CI) No. (%) (95% CI)

CR 0 0 0

PR 0 1 (4.2) (0.5 to 26.1) 1 (2.8) (0.4 to 18.7)

SD 10 (83.3) (55.2 to 95.3) 14 (58.3) (34.6 to 78.8) 24 (66.7) (46.3 to 82.3)

PD 2 (16.7) (4.7 to 44.8) 9 (37.5) (18.2 to 61.8) 11 (30.6) (15.7 to 50.9)

NOTE. Simultaneous CIs for multinomial proportions using the Quesenberry and Hurst (1964) method.
Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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FIG 2. KM curves of OS and PFS for patients treated with GSK2256098. (A) KM curve of OS (note that a total
of 13 censors were observed after month 30). The median OS for the grade 1 cohort was not yet reached and
for the grade 2/3 cohort was 21.5 months. (B) KM curve of PFS. The median PFS was 12.8 months for the
grade 1 cohort and 3.7 months for the grade 2/3 cohort. KM, Kaplan-Meier; NE, not evaluable; OS, overall
survival; PFS, progression-free survival.
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meningiomas.2,40-42 Second, given the requirement for
tissue, all patients needed a surgical intervention before this
study. Future studies can benefit from the identification of
noninvasive biomarkers such cell-free DNA for the de-
tection of clinically actionable mutations,43 as this would
also enable a neoadjuvant approach in meningiomas as
well as facilitate assessment of response to treatment.

In conclusion, we present the results of an umbrella,
genomically driven clinical trial design for patients with
meningioma focusing on the investigation of the efficacy
of FAK inhibition in patients with NF2-mutated menin-
giomas. The trial met its overall trial end point, confirming
that FAK inhibition is worthy of further exploration in patients
with meningioma both in preclinical and clinical studies.
Further investigation to evaluate FAK inhibition in combi-
nation with other compounds is also warranted. Trials
evaluating the efficacy of agents such as dual mTOR in-
hibitors inNF2-drivenmeningioma are also being conducted
and are preliminarily showing encouraging results.42 Data
from these trials may pave the way for promising combi-
natorial approaches for the management of patients with
meningioma.

Additional arms of this novel genomically guided clinical trial
are actively accruing. As more data emerge from this and
other trials, precision medicine approaches are expected to
be integrated into meningioma treatment paradigms.

TABLE 4. Listing of Grade 31 AEs Max Grade per Patient per Event at Least
Possibly Related Number of Evaluable Patients: 37

AE

Grade of AE

3-Severe,
No. (%)

4-Life-Threatening,
No. (%)

5-Lethal,
No. (%)

Hematologic AEs

Blood/bone marrow

Lymphopenia 1 (3) 0 (0) 0 (0)

Nonhematologic AEs

Nervous system
disorders

1 (3) 0 (0) 0 (0)

Rash maculopapular 1 (3) 0 (0) 0 (0)

Hepatic

ALT, SGPT 1 (3) 0 (0) 0 (0)

AST, SGOT 1 (3) 0 (0) 0 (0)

Cholecystitis 1 (3) 0 (0) 0 (0)

Metabolic/laboratory

Triglyceride, serum-high 1 (3) 0 (0) 0 (0)

Pain

Pain 1 (3) 0 (0) 0 (0)

Renal/genitourinary

Proteinuria 2 (5) 0 (0) 0 (0)

Abbreviation: AE, adverse event.

Deletion, n = 9
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Splice site, n = 4

Truncating, n = 41
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FIG 3. Mutational landscape in meningioma trial patients. CoMut plot displaying grade, genetic variants, and best response at 6 months. The top and
side histograms (green) represent total number and fraction of reported variants per sample or gene, respectively. For a detailed list of variant
annotations, see the Data Supplement. CoMut plot, Comutation plot; PD, progressive disease; PFS, progression-free survival; PR, partial response;
SD, stable disease.
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