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Abstract

Background. Pediatric low-grade gliomas (pLGGs) are the most common childhood brain tumor. Progression-
free survival (PFS) is much lower than overall survival, emphasizing the need for alternative treatments. Sporadic
(without neurofibromatosis type 1) optic pathway and hypothalamic gliomas (OPHGs) are often multiply recurrent
and cause significant visual deficits. Recently, there has been a prioritization of functional outcomes.

Methods. We present results from children with recurrent/progressive OPHGs treated on a PBTC (Pediatric Brain
Tumor Consortium) phase Il trial evaluating efficacy of selumetinib (AZD6244, ARRY-142886) a MEK-1/2 inhibitor.
Stratum 4 of PBTC-029 included patients with sporadic recurrent/progressive OPHGs treated with selumetinib at
the recommended phase Il dose (25mg/m?/dose BID) for a maximum of 26 courses.

Results. Twenty-five eligible and evaluable patients were enrolled with a median of 4 (1-11) previous therapies.
Six of 25 (24%) had partial response, 14/25 (56%) had stable disease, and 5 (20%) had progressive disease while
on treatment. The median treatment courses were 26 (2-26); 14/25 patients completed all 26 courses. Two-year PFS
was 78 = 8.5%. Nineteen of 25 patients were evaluable for visual acuity which improved in 4/19 patients (21%), was
stable in 13/19 (68%), and worsened in 2/19 (11%). Five of 19 patients (26%) had improved visual fields and 14/19
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(74%) were stable. The most common toxicities were grade 1/2 CPK elevation, anemia, diarrhea, headache,
nausea/emesis, fatigue, AST and ALT increase, hypoalbuminemia, and rash.

Conclusions.

Selumetinib was tolerable and led to responses and prolonged disease stability in children

with recurrent/progressive OPHGs based upon radiographic response, PFS, and visual outcomes.

Key Points

Importance of the Study

This study highlights that selumetinib led to both ra-
diographic responses and stable disease as well
as visual stability and improvement in patients with
recurrent and progressive, sporadic (non-NF1-
associated) optic pathway and hypothalamic gliomas
(OPHGs). These data provide a treatment alternative
for children with multiply recurrent and progressive
OPHGs. Based on these preliminary data, patients
with sporadic OPHGs are eligible for enrollment on

Pediatric low-grade gliomas (pLGG) are the most common
central nervous system (CNS) tumors in children, repre-
senting 40%-50% of all pediatric CNS tumors.” pLGG most
frequently arise in the optic pathway and hypothalamic
region (40%), followed by the cerebellum (25%), cerebral
hemispheres (17%), and brainstem (9%).2% In addition to
common morbidities such as motor deficits, neurocognitive
delay, and poor quality of life, children with optic pathway
hypothalamic gliomas (OPHGs), in particular, often suffer
from additional morbidities such as endocrine dysfunction
and visual disturbance due to tumor location.

Sporadic OPHGs can present throughout childhood, and
it is estimated that over 90% will eventually require some
type of therapeutic intervention.*This is in contrast to neu-
rofibromatosis type 1 (NF1)-associated OPHGs that most
often presentin the first 5-6 years of life and often do not re-
quire treatment.>® NF1 is a genetic predisposition disorder
caused by loss-of-function alterations in NF7, a negative
regulator of the MAPK pathway, and approximately 15%-
20% of patients with NF1 will develop pLGG, most com-
monly within the optic pathway.® Most studies show that
the progression-free survival (PFS) and response to classic
chemotherapy are superior in children with NF1-associated
pLGG versus those with sporadic pLGG.”8 Sporadic OPHGs
are more likely to progress radiographically, present with
clinical symptoms, and cause visual impairment compared
to NF1-associated OPHGs.>'°The pathophysiology behind
these differences, despite the same histology and location,

a randomized, prospective, and multi-institutional
Children’s Oncology Group (COG) phase Il study for
children with newly diagnosed and previously un-
treated pLGG comparing the standard chemotherapy
regimen, carboplatin and vincristine, to selumetinib
(NCT04166409). Finally, preliminary visual outcome
data herein prompted more detailed evaluations of
visual acuity using well-defined standardized ap-
proaches in the ongoing COG trial.

is yet unclear and assumed to be associated with the NF7
mutation.

Complete surgical resection without significant mor-
bidity is typically not feasible in children with OPHGs,
and therefore, most children will be treated with chemo-
therapy. Standard first-line chemotherapy combinations
have not historically varied based upon specific pLGG
histology, location, or molecular aberration. The com-
monly accepted first-line chemotherapies include combin-
ations of carboplatin and vincristine (CV); combinations
of thioguanine, procarbazine, lomustine, and vincristine
(TPCV); and vinblastine monotherapy.”'2 In the Children’s
Oncology Group (COG), pLGG study for previously un-
treated pLGG in all locations, CCG A9952, which com-
pared CV to TPCV, the 5-year overall survival (OS) for the
274 children without NF1, was excellent at 86% + 2%, how-
ever, the same study revealed a 5-year event-free survival
of only 45 + 3%, suggesting that alternative effective ther-
apies are needed. In the CCG A9952 study, approximately
50% of the non-NF1 patients had OPHGs.

At recurrence and progression, OPHGs are typically
treated the same as recurrent pLGG in other locations with
a variety of chemotherapy options. The most common
second-line and beyond treatments include the following:
carboplatin monotherapy, vinblastine monotherapy, and
combination of bevacizumab and irinotecan.’®'® Despite
these other therapies, many children will continue to have
multiply recurrent disease throughout childhood. Also,
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although radiotherapy is an effective treatment strategy, it
increases the risks of secondary malignancies, ototoxicity,
endocrinopathies, and neurocognitive decline.’® For these
reasons, radiation therapy is usually avoided in young
children with pLGG, especially given their good OS and the
goal of minimizing morbidity."”

A greater understanding of the genetic landscape of
pLGG and the development of novel drugs that target
some of these molecular aberrations have heralded a new
focus upon treatments that are molecularly driven, with a
goal to minimize toxicity and maximize survival and func-
tional outcomes.® It is now well understood that abnormal
MAPK pathway activation is the most frequent genetic ab-
erration seen in pLGG, most commonly resulting from ac-
tivation of the BRAF oncogene.'®2°The two most common
aberrations seen are a tandem duplication resulting in
a KIAA1549-BRAF fusion and an activating point muta-
tion, BRAFV6OE, The KIAA1549-BRAF fusion can be identi-
fied in over 80% of non-NF1 pilocytic astrocytomas (PA),
the most common histology among all pLGG, whereas
BRAFV600E mutations are identified in only about 10%-20%
of all non-NF1 pLGG.'82 Historically, many OPHGs are not
biopsied, so the data detailing the presence or absence of
these aberrations in tumors in these locations is lacking,
however, the literature to date suggests the common BRAF
fusion and other abnormalities leading to MAPK activation
are frequently seen in optic nerve gliomas.?' This wealth
of new data on the molecular landscape of pLGG has led
to prospective clinical trials testing agents that target the
MAPK pathway.82223There are also numerous case reports
depicting the efficacy of these agents treating children out-
side of a clinical study, including children with OPHGs.?4-2¢

The Pediatric Brain Tumor Consortium (PBTC) has previ-
ously reported the results of our phase | study (PBTC-029),
and outcomes from stratum 1 (PA with BRAF fusion or mu-
tation) and stratum 3 (NF1-associated LGG) of the phase |l
study (PBTC-029B) utilizing selumetinib, a MEK-1/2 inhib-
itor for the treatment of recurrent and progressive pLGG.8
Here, we report the outcomes of PBTC-029B, stratum 4,
which enrolled patients with sporadic (not associated with
NF1) recurrent and progressive OPHGs.

Materials and Methods
Study Design

PBTC-029B is a multicenter, phase |l trial developed and
performed by the PBTC in collaboration with the National
Cancer Institute’s Cancer Therapy Evaluation Program
(CTEP), which sponsored and funded the study. Eligible pa-
tients were enrolled to six unique strata based upon his-
tology, tumor location, NF1 status, and BRAF aberration
status (the presence/absence of either KIAA1549-BRAF fu-
sion or BRAFV69%E mutation). Description of all strata and
the specific results from strata 1 and 3 have been previ-
ously reported.® Herein, we report findings from stratum
4, which enrolled patients with sporadic OPHGs. The differ-
ence between the previously reported stratum 1 (PA with
either BRAFV69E mutation or KIAA1549-BRAF fusion) and
the current stratum 4 is based upon both a known histology

and a known BRAF positivity, either the BRAFV600E muta-
tion or the BRAF KIAA1549 fusion. Stratum 1 was location
agnostic, but to be eligible, patients must have had a con-
firmed PA on histology and must have screened positive
for 1 of the 2 BRAF aberrations. In contrast, only patients
with OPHGs could be enrolled on the current stratum 4
with any pLGG histology, and tissue was not required for
screening for BRAF status, so in many patients, this was
unknown. In truth, our understanding of the pLGG molec-
ular landscape and its relationship to tumor location has
evolved during the lifetime of the study. When the trial
began, it was yet unclear if tumors behaved differently
based on their histology, molecular aberration, or tumor
location, so the trial separated tumor into unique strata
based on these characteristics.

Eligibility

Patients aged 3-21 years with recurrent or progressive spo-
radic OPHGs who failed at least one standard therapy other
than surgery, including chemotherapy or radiotherapy,
were eligible for inclusion in stratum 4. The last dose of
known myelosuppressive chemotherapy must have been
given at least 3 weeks before study registration; 6 weeks
before if it was a nitrosourea. The last dose of any biolog-
ical agent must have been given at least 7 days before
study registration. For biological agents with a long half-
life (>2 days) and for all monoclonal antibodies, at least
three half-lives must have elapsed before registration.
Patients must have had their last fraction of local irradia-
tion to the target tumor at least 12 months before registra-
tion. Patients with prior BRAF or MEK inhibitor treatment
were excluded. Enrollment required documentation of
progressive or recurrent disease. A Lansky or Karnofsky
functional performance score equal or greater to 60 was
required, and patients with any clinically significant unre-
lated systemic illness likely to interfere with the study pro-
cedures or results were excluded. All neurological deficits
were required to be stable for at least 7 days before regis-
tration. Patients with uncontrolled seizures were excluded.
The study required that a patient swallow capsules whole.
Patients were required to have adequate complete blood
counts, liver and renal function, left ventricular ejection
fraction of at least 55%, and QTc interval less than 450 ms.
Bi-dimensional measurable disease was required.

Treatment and Dosing Schedule

Selumetinib was supplied as capsules administered orally
at a dose of 25 mg/m?%dose twice daily, the recommended
phase Il dose.?? Patient adherence was measured utilizing
patient diaries and pill counts, both evaluated at the end
of each course. Each course was 28 days, and the dosing
was continuous without planned breaks between courses.
Patients could receive up to a maximum of 26 courses (ap-
proximately 2 years) in the absence of unacceptable tox-
icity or tumor progression.

A maximum of two dose reductions were allowed; dose
re-escalation was not permitted. Dose-modifying toxicities
included any adverse event at least possibly related to
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selumetinib that resulted in a delay of treatment of longer
than 7 days; any grade 3 non-hematologic toxicity with
the exceptions of grade 3 nausea and vomiting for fewer
than 5 days, grade 3 elevated alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) that returned
to required eligibility levels within 7 days of stopping
drug, grade 3 fever or infection for fewer than 5 days,
grade 3 electrolyte abnormalities that responded to oral
supplementation, and grade 3 asymptomatic elevated
creatine phosphokinase (CPK). Other non-hematologic
dose-modifying toxicities included any grade 4 non-
hematologic toxicity and any grade 2 non-hematologic tox-
icity that persisted for more than 7 days and was thought
medically significant or intolerable by the patient or phy-
sician to warrant treatment interruption, dose reduction,
or both. Hematologic dose-modifying toxicity included
any grade 4 toxicity (with the exception of lymphopenia)
and grade 3 thrombocytopenia associated with bleeding.
Toxicities were graded according to the Common
Terminology Criteria for Adverse Events version 4.0.

Required Observations and MRI Response
Criteria

The required follow-up assessments included physical ex-
amination, laboratory evaluations, ophthalmological ex-
amination, and MRI. MRIs were performed every 8 weeks
during the first year and every 12 weeks thereafter. Central
radiological review conducted at the PBTC Neuroimaging
Center was performed in patients whose tumor achieved
a radiographic response (complete response or partial
response [PR]) as assessed by the local institution. All re-
sponses were based upon two-dimensional perpendic-
ular measurements of the target lesions on MR images.
As described in our previous publications of phase | and
Il results, initial imaging response definitions were based
more heavily upon enhancement seen after administration
of gadolinium rather than on T2 and Fluid-attenuated in-
version recovery (FLAIR) sequences.?? Since modern con-
sensus has moved away from enhancement as a primary
measure of evaluating response in pLGG, the protocol was
amended to incorporate the response criteria based more
heavily uponT2 and FLAIR and as previously reported.8 All
response assessments obtained prior to the amendment
were re-reviewed by site neuroradiologists, and the results
reported here are based on these revised assessments.
Laboratory assessments, including complete blood count,
full chemistry panel, liver function tests, and CPK, were
done every 4 weeks. Echocardiograms were performed
every 12 weeks.

Outcome Measures

The primary endpoint was to determine the proportion of
patients who achieved an objective response (PR or com-
plete response) sustained for at least 8 weeks. Secondary
endpoints included PFS (defined as the time from treat-
ment initiation until disease progression or death from
any cause or time to last follow-up for patients without
these events); associations between BRAF aberrations and

treatment response and PFS in patients for whom these
data were available; MAPK aberrations by a combination
of whole-exome and RNA sequencing in patients with
these data; and description of the inter-patient and intra-
patient variability in the pharmacokinetics of selumetinib.

Assessment of Visual Acuity (VA) and Visual
Fields (VF)

VA assessment was required in all patients on stratum 4
on the same schedule as MRI; at baseline, every 8 weeks
during the first year and every 12 weeks thereafter. The
specific assessment tool utilized was at the discretion of
the treating Oncologist and Ophthalmologist, however,
all centers performed Snellen VA testing and Goldmann
perimetry testing for assessment of VA and VF at a min-
imum. VA response was determined by a comparison of
the VA at baseline to 1 year on therapy. Improvement in
vision was defined as a >0.2 logarithm of the minimum
angle of resolution (logMAR) improvement in VA; stable
vision was defined as neither >0.2 logMAR improvement
nor worsening in VA; and worsening vision was defined
as >0.2 logMAR worsening in VA. These are the same
definitions of VA response established by the Response
Evaluation in Neurofibromatosis and Schwannomatosis
Visual Outcomes Committee and later adopted by
the pLGG Response Assessment of Pediatric Neuro-
Oncology (RAPNO) international consensus panel.2’28
Comparisons of Goldmann perimetry testing at baseline
and 1 year for VF were subjective and based upon the local
Ophthalmologist’s interpretation as improved, stable, or
worsening.

Pharmacokinetics

Pharmacokinetic studies evaluated the disposition of
selumetinib and its active metabolite N-desmethyl-
selumetinib on day 1 of course 1 in consenting patients.
Blood samples were collected before a selumetinib dose
and 1, 3, and 8 + 1-h post-dose. A non-compartmental ap-
proach was used to determine the maximum concentra-
tion (C,,,), time to maximum concentration (7, ), area
under the plasma concentration-time curve from 0 to 8 h
(AUC, ), and the apparent oral clearance.

Tumor Tissue Screening and Biologic Correlates

Tumor BRAF testing for BRAFY69F mutation and KIAA 1549-
BRAF fusion was not required for enrollment onto stratum
4, but they were performed in patients with available tissue
who agreed to screening consent. These tests were per-
formed as previously described.®

Statistical Design and Data Analysis

All data were analyzed by the PBTC Operations
Biostatistics and Data Management Core. The protocol
was approved by CTEP as well as each local site’s insti-
tutional review board. All patients or legal guardians
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provided written, informed consent, and assent when ap-
plicable based on local institutional guidelines. Identical
Simon’s Minimax designs were used to determine the
sample size for each stratum; an unacceptable response
proportion was 10% and a desirable response proportion
was 30%, leading to a sample size of 25 with 10% type
1 error and 90% power. Interim analyses were planned
after 16 patients; at least two responses were required to
expand beyond the first stage to a total accrual of 25 pa-
tients. Five or more responses were required to declare
the treatment promising. Responses had to be sustained
for at least 8 weeks to be counted.

The initial study design used the first 10 cycles of therapy
as the response evaluation window, thus only responses
during this interval were counted toward the primary suc-
cess criterion. However, at the time of the interim anal-
ysis, based on the observed disease stabilization rate as
well as efficacy in the other strata, the response evalua-
tion window was extended to include the entire duration
of treatment (26 cycles, approximately 2 years) following
discussions with the PBTC Data Safety Monitoring Board
(DSMB) and CTEP.

All eligible patients who started therapy were evaluable
for efficacy and toxicity analyses.The Kaplan-Meier method
was used for PFS calculations. Log-log transformation
was applied to the survival function to obtain confidence
intervals. Logistic regression was used to investigate pos-
sible associations of response with age, gender, and base-
line tumor size. All statistical analyses were done in SAS
(version 9.4). Also, as an exploratory, unplanned analysis,
log-rank tests were used to compare the PFS distribution
observed in this stratum to matched cohorts from PBTC-
029, stratum 3 (NF1-associated pLGG) as well as from
PBTC-022 (bevacizumab and irinotecan), stratum E for re-
current pLGG.814

Results
Patient Characteristics

Table 1 shows the patients’ tumor and demographic in-
formation. Between July 17, 2013 and May 31, 2017, 25 el-
igible and evaluable patients were enrolled onto stratum
4. The median age at study entry was 9.4 years (3.7-17.6);
13/25 (52%) patients were female. Among the 25 patients,
16 (64%) patients had tumors in the optic pathway, 7 (28%)
patients had tumors in the hypothalamus, and 2 (8%) had
tumors in the thalamus that involved the hypothalamus.
The distinction between optic pathway/chiasm and hypo-
thalamic location was made by the local treating institution
and was not centrally reviewed. All 25 patients had pre-
vious chemotherapy, 3/25 patients had received previous
radiotherapy, and 19/25 had a previous surgical resection
or biopsy. The median number of previous therapies was
4 (1-11). The pathology was known from previous or recent
surgeries in 19 of 25 patients; 18/19 (94.7%) were PA and
1/19 (5.3%) was a ganglioglioma. The 6 patients without
a known tissue histology were generically classified as
glioma not otherwise specified (NOS) (Table 1). Only 6/25
patients were screened on study for 3 BRAF tandem

Table1 Patientand Tumor Demographic Data
N =25
Age
Median = 9.4 years Range (3.7-17.6)
Sex
Female 13 (52%)
Male 12 (48%)
Race
Asian 2 (8%)
Black 4 (16%)
White 18 (72%)
Unknown 1(4%)
Tumor location
Hypothalamus 7 (28%)
Optic pathway 16 (64%)

Thalamic and involving the 2 (8%)
hypothalamus

Pathology
Ganglioglioma 1(4%)
Glioma (NOS) 6 (24%)
Pilocytic astrocytoma 18 (72%)
Previous therapy
Median number (range) 4(1-11)
Chemotherapy 25 (100%)
Surgery 19 (76%)
Radiation 3(12%)

duplication leading to KIAA1549-BRAF fusion and for the
BRAFV60E mutation. Three of 6 (50%) were positive for the
3’ BRAF duplication, 2/6 (33%) were negative, and 1/6 (17%)
had inadequate tissue for a successful test. All 6 (100%)
were negative for the BRAFV6°0E mutation.

At the time of data freeze for this manuscript (July 23,
2020), all patients in this stratum were off treatment.

Responses and Survival

As per the original Simon Stage 2 design, 16 patients were
initially enrolled and evaluated for response. At the time
of the interim analysis, the response definition still re-
quired that the responses occur within the first 10 cycles
to be counted. Based on this criterion, among the first 16
patients, there was only 1 sustained PR reported by the
treating institution. Therefore, per the original design, the
number of responses was not sufficient to continue onto
Simon Stage 2 which required a minimum of 2 centrally
confirmed sustained responses that occurred within the
first 10 cycles of therapy. However, 3 additional patients
with SD at course 10 achieved greater than 50% tumor re-
duction on imaging as assessed locally which met the ra-
diographic criteria for a PR at later courses (course 21, 22,
and 26). The 2-year PFS estimate for these 16 patients was
64 + 13%.
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The PBTC DSMB and CTEP, as the study sponsor, carefully
reviewed all of the data, including radiographic responses,
PFS, and the waterfall plot on these first 16 patients as well
as the efficacy data available from the other strata at that
time and judged these data as promising. This was based
on the late responses seen after cycle 10, prolonged SD in
the majority of patients in this stratum, the high number
of responses and stable disease seen in the other cohorts,
and early PFS that was thought to be promising compared
to historical cohorts of recurrent OPHG patients. Therefore,
the protocol was amended and approved by all regula-
tory groups (PBTC Scientific Committee, the PBTC DSMB
and CTEP) to expand accrual to 25 patients in an effort to
provide patients with a potentially beneficial treatment
and evaluate further responses, toxicities, and survival in
a descriptive fashion. Shortly thereafter, the amendment
counting response at any point (not just within the first 10
cycles) as part of the primary aim was also approved.

With the amendment that defined response at any time
point, among all 25 eligible and evaluable patients en-
rolled, 6/25 (24%) patients had a PR, 14/25 (56%) had SD,
and 5/25 (20%) had progressive disease (PD) while on
treatment as assessed by the local enrolling institutions.
Median time to response was 19.7 months (3.7-24.3). Four
of the 6 PRs were confirmed by the PBTC Neuroimaging
Center upon central review. The 2 PRs that were not con-
firmed had shrinkage of 23% and 49%, respectively, upon
central review which did not meet the 50% threshold

necessary to qualify as a centrally reviewed PR. Of the
6 local PRs, 2/6 had BRAF screening performed; one of
the patients had a 3 BRAF duplication which leads to
the KIAA1549-BRAF fusion and tested negative for the
BRAFV60E mutation, and the second patient had inad-
equate tissue for 3’ BRAF duplication testing and tested
negative for the BRAFV69%E, Data were too limited to make
any statistical assessment on the relationship between
BRAF aberration status and response or survival. The me-
dian number of treatment courses received in the study
was 26 (2-26) and 14/25 (56%) of patients received all 26
courses of therapy. Among the patients who did not re-
ceive all 26 course, 4 developed PD (one additional PD
during course 26), 3 discontinued therapy due to patient
or physician choice, and 4 patients came off study due to
adverse events. The 2-year PFS and OS of all 25 eligible
and evaluable patients were 73.8 + 9.3% and 100%, respec-
tively (Figure 1). Figure 2 depicts the waterfall plot of the
maximum percentage change associated with smallest
tumor size recorded in two dimensions as assessed by
T2-FLAIR images at the local institution, and BRAF status
when available. This reveals that most patients had some
shrinkage of tumor, though, often less than the 50% reduc-
tion necessary to qualify as a PR. There was no statistical
association between response and age, sex, or tumor size
at baseline. A separate post-hoc analysis compared the
PFS of the patients with NF1-associated optic pathway and
hypothalamic tumors enrolled on stratum 3 (n = 15) to all
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of the non-NF1 patients enrolled on this current stratum 4
(n =25) and revealed no statistical differences (Figure 3).

Nine of 25 patients have experienced PD, 5 while on
treatment, and 4 after stopping treatment. Among the
5 patients who experienced PD while on treatment, the
median time to PD was 1.8 months (1.7-23.9). Among the
4 patients who have progressed since stopping therapy,
the median time off-treatment to PD was 16.0 months (0.7-
35.4). Sixteen of 25 (64%) patients remain progression-free
at the time of last follow-up. Among these 16 patients who
remain progression-free, the median time from starting
therapy to last follow-up is 38 months (5.5-63), and the
median time since the end of therapy to last follow-up is
15.7 months (0-38.8).

Visual Outcomes

Nineteen of 25 patients had baseline VA and VF deficits and
underwent VA assessments utilizing Snellen charts and
had VF assessed by Goldmann confrontation at both base-
line and at 1 year on therapy. The remaining 6 patients ei-
ther progressed prior to the visual assessments at 1 year or
did not have both the baseline and 1-year timepoints per-
formed. VA improved in 4/19 patients (21%), was stable in
13/19 (68%), and worsened in 2/19 (11%). Of the 2 patients
with worsening VA, one had stable disease and one had
progressive disease on imaging. Five of 19 patients (26%)
had improved VF and 14/19 (74%) had stable VF.

Toxicity

The most common attributable toxicities included grade
1 and 2 CPK elevation, anemia, diarrhea, headache,
nausea, emesis, fatigue, AST increase, ALT increase,
hypoalbuminemia, and rash, all similar to what has been
previously reported.®?? Rare grade 3 toxicities included
CPK elevation, emesis, weight gain, hyponatremia, abdom-
inal pain, diarrhea, mucositis, limb edema, lymphopenia,
weight loss, anorexia, maculopapular rash, and skin ulcer-
ation (Table 2). Four patients on the current trial developed
hyponatremia, which has been reported with other MEK
inhibitors; none of these patients had baseline diabetes
insipidus or panhypopituitarism.?%3°There were three spe-
cific grade 4 toxicities reported among the 25 patients; one
“optic nerve disorder,” one serum amylase increased, and
three CPK elevations (Table 2). Patients who developed
grade 4 CPK elevations did not have any associated renal
impairment or any subjective complaints of muscle pain
documented. Holding drug and reducing dose as per pro-
tocol was successful in resolving these grade 4 toxicities.
No patient came off study due to CPK elevation. Upon fur-
ther scrutiny, the grade 4 “optic nerve disorder” was the
development of VA worsening that occurred 14 days after
selumetinib was stopped and thought most likely due to
progressive disease. This decreased to a grade 3 toxicity
2 days after the initial grade 4 was reported. The treating
physician felt attribution to selumetinib was at least pos-
sible. Eleven patients had dose reductions due to toxicities,
6 patients had one dose reduction, and 5 patients had 2
dose reductions (Table 3). Only four patients discontinued
selumetinib due to toxicity including a grade 3 weight loss,

Table2 Grade 3 and 4 Attributable Toxicities. Number of Events
(Number of Patients)

Toxicity Grade 3 Grade 4
CPK elevation 5 (5) 3(3)
Emesis 2(2)

Weight gain 2(2)

Hyponatremia 2(2)

Abdominal pain 1(1)

Diarrhea 1(1)

Mucositis 1(1)

Limb edema 1(1)

Lymphopenia 1(1)

Weight loss 1(1)

Anorexia 1(1)

Maculopapular rash 1(1)

Skin ulceration 1(1)

Serum amylase increased 1(1)
Optic nerve disorder 1(1)

Abbreviation: CPK, creatine phosphokinase.

a grade 2 retinal detachment, a grade 3 amylase, and one
patient with both a grade 3 emesis and “visual changes.”

Pharmacokinetics

Optional pharmacokinetic studies were performed in 7
of 25 patients enrolled on stratum 4. Median (range) C

max

was 1296 nM (range 813-2971), T__ was 2.0 h (1.0-3.0), and
AUC, ; was 4148 h-nM (3859-7424). Median apparent oral
selumetinib clearance was 13.0 L/h (5.65-19.5), and me-
dian AUC ; for the N-desmethyl-selumetinib was 333 h-nM
(213-410). Selumetinib apparent oral clearance tended to
linearly increase with age (Spearman’s correlation coeffi-

cient; r=0.71; P=0.13).

Discussion

Despite not meeting the initial Simon Stage 1 criterion for
expansion, an amendment allowing for additional accrual
was approved given the observed prolonged disease sta-
bility, encouraging PFS, tumor shrinkage noted in the first
16 patients, and the promising efficacy data from other
strata in this trial. This was a decision recommended by
the PBTC DSMB and approved by CTEP as well as PBTC
scientific leadership in an effort to provide potential ben-
eficial treatment to patients and document response, PFS,
and visual outcomes in a descriptive fashion.The observed
outcome measures in this cohort compare favorably to his-
toric trials of children with recurrent OPHG. 31431

A phase Il study of bevacizumab and irinotecan con-
ducted by the PBTC enrolled 35 eligible and evaluable
children with recurrent pLGG in any location (PBTC-022,
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Table3 Dose Reductions

Patient Assigned Selumetinib Course when the
Dose (mg/m?/Dose BID) Reduction Occurred
1 25 7
25 9
25 3
3 25 1
25 23
4 25 2
25 9
5 25 2
25 6
6 25 6
7 25 1
25 13
25 2
25 13
10 25 2
" 25 2

Abbreviation: CPK, creatine phosphokinase.

stratum E). There were 2 PRs (5.7%) and the 2-year PFS
for all patients was 47.8 + 9.34%."* Of the 35 eligible and
evaluable patients, 12 were optic tract tumors, 8 were
hypothalamic, and 3 were thalamic. To match PBTC-29B
stratum 4, these 23 patients were included in explora-
tory survival analyses and comparison. The 2-year PFS
was 37.20% (+10.83) for the included PBTC-022, stratum E
patients and 73.76% (+9.31) for PBTC-29B, stratum 4, re-
spectively, which was a statistically significant difference
(P =0.0074) (Figure 4). There was no statistical difference
noted in OS. Also, there was no statistical difference be-
tween the median age at time of enrollment on the 2 trials
(8.23 years [range 0.62-17.63] on PBTC-022 vs 9.43 years
[range 3.69-17.61] on the current study). Although the
numbers are small and this was a non-randomized and a
post-hoc comparison, these data suggest that selumetinib
may be more effective than bevacizumab and irinotecan at
treating multiply recurrent and previously treated OPHGs
as measured by PFS outcomes. Visual outcome measures
were not part of the PBTC-022 study.

Another phase Il study of vinblastine monotherapy for
children with recurrent pLGG included 34/41 (83%) pa-
tients with hypothalamic/chiasmatic tumors. There was a
36% response rate, however, these also included “minor
responses,” which was defined as shrinkage between
25% and 49%, which would be considered SD in the cur-
rent study. The 5-year PFS for patients with tumors in all
locations was 42.3 + 7.2%." Finally, a Pediatric Oncology
Group phase Il study evaluated carboplatin monotherapy
specifically in children <5 years old with recurrent optic
pathway tumors. Among the 50 eligible children enrolled,
there were 2 PRs (4%), and 37 (74%) had SD with a 5-year

Reason for Dose Reduction

Reduced Selumetinib Dose

(mg/m?Dose BID)

20 Grade 4 CPK elevation

15 Grade 3 CPK elevation

20 Grade 3 CPK elevation

20 Grade 3 hyponatremia

15 Grade 3 CPK elevation

20 Grade 3 mucositis

15 Grade 3 CPK elevation

20 Grade 4 CPK elevation

15 Grade 3 CPK elevation

20 Grade 2 intolerable acneiform
rash

20 Grade 3 abdominal pain

15 Grade 3 skin ulceration

20 Grade 4 CPK elevation

20 Grade3 skin rash

20 Grade 2 intolerable rash

20 Ejection fraction decrease re-

quiring drug hold for >7 days

event-free survival of 51.7 + 12.7%.%" In the current trial,
selumetinib treatment led to 4 centrally confirmed, sus-
tained PRs (16%) and prolonged stability (PR or SD) in 21/25
(84%) of children with a 2-year PFS of 78 + 8.5%.These data
suggest that selumetinib is effective at treating recurrent
and progressive OPHGs as measured by PFS outcomes,
especially given the historic refractory nature of disease in
this population. We recognize, however, that a direct com-
parison to historic trials is difficult and such comparisons
should be interpreted with caution given the evolving pa-
tient management practices, varying tumor locations, age
differences, inclusion of children with NF1, imaging tech-
nique differences, response measure differences, and lack
of visual outcome data.

An exploratory PFS comparison between the OPHG
subset of stratum 3 (NF1-associated pLGG) and the OPHG
patients enrolled on stratum 4 (sporadic) of PBTC-029
did not reveal statistically different outcomes (Figure 3),
however, there were many more centrally confirmed PRs
among those patients with NF1-associated tumors.® In
general, the literature suggests that NF1-associated pLGG
have superior response and survival outcomes compared
to sporadic OPHG.” Although our data seem promising,
we recognize that the numbers are small, and the anal-
ysis is post-hoc, so it is difficult to make any definitive
conclusions about whether the lack of difference in PFS is
meaningful. Analyses in larger prospective studies using
molecularly targeted agents, such as selumetinib, may fur-
ther clarify these findings.

A limitation of the current data is that tumor location
was designated by the local institution and not cen-
trally verified. This is particularly important because it is
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Product-Limit Survival Estimates
With Number of Subjects at Risk
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Fig.4 Kaplan-Meir comparison of PFS between PBTC-022, stratum E (limited to the 23 patients with OPHG and thalamic tumors; n = 23) to PBTC-
029, stratum 4 (all eligible and evaluable patients; n = 25). Abbreviations: OPHG, optic pathway and hypothalamic glioma, PBTC, Pediatric Brain

Tumor Consortium, PFS, progression-free survival.

often difficult to distinguish chiasmatic optic pathway tu-
mors from hypothalamic tumors. It is possible that this
could impact outcomes, however, in the current study,
this distinction was not standardized across institutions
and these tumors were all considered together for the
purpose of survival and response assessments. In the
current study, there was no distinction made based on
specific location within the optic pathway (optic nerve,
optic chiasm, optic tracts, or optic radiations), which
has shown prognostic value in a previous study.3? Also,
since the standard assessments of VA evolved over the
study lifetime, currently accepted standard measures of
VA such asTeller Acuity Cards (TAC) and HOTV were not
utilized. Other limitations included the small number of
patients, the lack of molecular testing which precluded
statistical analyses, and the somewhat short follow-up
period. Finally, patients were required to swallow cap-
sules; and therefore, very young children less than
3 years old were excluded which may have resulted in a
selection bias.

Sixty-four percent of patients (16/25) remained
progression-free at the time of data freeze for this publica-
tion. Among these patients, the median time from starting
therapy to last follow-up is 38 months (5.5-63) and the me-
dian time since stopping therapy is 15.7 months (0-38.8).
These data suggest that prolonged PFS can be achieved
in some patients with recurrent and progressive non-NF1
OPHGs even after selumetinib therapy is completed.

There was a group of patients (n = 5) with progressive
disease (20%) despite selumetinib therapy at a median of
1.8 months (1.7-23.9). It is unclear if these tumors harbored
unique unidentified molecular aberrations which may have
contributed to their resistance and more aggressive clin-
ical behavior.

The visual outcomes seen in the current trial also
compare favorably to historic reports of visual out-
comes in patients with OPHG treated with chemo-
therapy. However, a direct comparison is difficult as
there are limited available data, particularly for spo-
radic OPHG. In 2010, a systematic review and meta-
analysis of the literature, which included 174 patients,
reported visual outcomes in children with optic pathway
tumors after receiving chemotherapy. Approximately,
a third of patients had NF1. Twenty-five of 174 (14.4%)
had improved vision, and 82/174 (47.1%) had stable vi-
sion. The authors concluded that in most children with
optic pathway tumors, chemotherapy does not im-
prove vision.3® Another retrospective study evaluating
visual outcomes of sporadic optic pathway gliomas at
final follow-up (median follow-up = 5.2 years) and re-
ported that among the 54 patients who received che-
motherapy, 40/54 (74%) had evidence of progression
necessitating a change in therapy. Twenty-four percent
progressed with visual changes alone, 54% had MRI
progression alone, and another 22% had both vision
and MRI changes. Taken together, 46% of the patients



Fangusaro et al. Selumetinib therapy in optic pathway/hypothalamic glioma

had a component of visual worsening, and the ma-
jority of patients had significant long-term visual im-
pairment.* Finally, an International Society of Pediatric
Oncology (SIOP) multicenter, prospective cohort study
reported VA outcomes among 155 children (both with
and without NF1) with optic pathway tumors treated
with chemotherapy (CV or CV + etoposide). In patients
with sporadic optic pathway glioma, VA improved in
18%, was stable in 43%, and worsened in 39%.34 In the
current study, VA improved in 21%, was stable in 68%,
and worsened in 11%; 26% had improved VF and 74%
had stable VFE

The common side effects of the classic
chemotherapeutic agents used in many historic trials
include myelosuppression, fever with neutropenia, al-
lergic reactions, peripheral neuropathy, constipation,
secondary malignancies, infertility, hypertension, fa-
tigue, epistaxis, hypertension, and proteinuria.”’* The
toxicity profile of selumetinib as previously reported
and seen in the current trial is well tolerated with very
few grade 3/4 toxicities.®?? Also, selumetinib is an oral
agent that does not require intravenous access or a cen-
tral line and requires less frequent clinic visits. On the
current protocol, patients were seen monthly, whereas
most classic chemotherapy regimens require weekly or
every other week clinic visits."'2'4 Marrow suppression
was infrequent and only grade 1 or 2 when it occurred,
and no patients required blood or platelet transfusions.
Neutropenia was rare and only grade 1 or 2 with no re-
ports of neutropenic fever or infections associated with
neutropenia. Skin rash is commonly seen in patients on
selumetinib as seen in the current strata and as previ-
ously reported.®?? This toxicity can be more severe in
some patients, though with aggressive skin manage-
ment, dose interruptions, and dose reductions, it usu-
ally improves. Although 11/25 (44%) of patients required
dose reductions due to toxicity, the majority were able
to continue on therapy. Also, dose reductions did not
appear to impact responses which suggest that the ef-
fective dose may be lower than the RP2D.

We hypothesize that these selumetinib toxicities, fewer
clinic visits, and the absence of a central line/intravenous
access would impact favorably on a patient’s quality of life
as compared to standard chemotherapy. However, quality
of life was not evaluated in the current study. A mentioned
previously, one potential limiting factor of selumetinib is
that, currently, patients must be able to swallow capsules
whole which is often difficult in young children, those with
swallowing dysfunction or developmental delays. A more
“child-friendly” formulation of selumetinib is currently
under development. Also, the late effects of selumetinib
are yet unknown. It will be important to follow patients who
have received selumetinib long term to document any late
adverse events.

Not only do the results of our study provide support for
an alternative treatment option for patients with recurrent
OPHGs, based on imaging and visual outcomes, but the
data herein also led to the inclusion of patients with spo-
radic OPHG on the current COG large prospective phase
Il clinical trial for children with non-NF1, non-BRAFV600E,
newly diagnosed or previously untreated pLGG
(NCT04166409). This study will compare selumetinib to

CV in a randomized fashion, evaluating PFS, visual out-
comes, neuropsychological outcomes, and quality of life
measures. Tissue will be required, even for patients with
sporadic OPHG, to assess for MAPK aberrations, and if
confirmed, determine whether specific aberrations cor-
relate with response, vision, and survival outcomes.
The outcomes of this ongoing COG study could impact
the future accepted standard of care in treating children
with pLGG.
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