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Brain tumors constitute about 21% of pediatric cancers,
and of these low-grade tumors occur most frequently and
account for 45% of tumors in the central nervous system (1)
or approximately 1,400 cases diagnosed per year in the US.
These are indolent tumors that are non-invasive and may
be cured through complete surgical resection. For patients
where complete resection is not an option or have progressed
or recurred additional therapies are often necessary. With
current therapies 5-year overall survival is ~95% (2),
however, this statistic does not convey that many patients
who receive chemotherapy may have multiple relapses or
progressions and worsening functional decline (3). For older
patients, intensive treatment may include chemotherapy and
X-radiation. The latter modality may cause these relatively
benign tumors to transform into higher grade malignancies,
and can be associated with cognitive decline that can be
progressive (4). Long-term adverse outcomes include
blindness, hormonal imbalance, and hearing loss which
occur with frequencies between 18-25%. The incidence
of obesity exceeds 50%, and approximately one-third of
patients have an intelligent quotient (IQ) below average.
The most common cause of death is progressive disease (PD)
that is resistant to chemo-radiation therapy (5).

Genomic studies have shown that in low-grade tumors
(grades 1 and 2, including pilocytic astrocytoma and
ganglioglioma), ~85% have a tandem duplication involving

the KIAA1549 locus and BRAF genes that generate
constitutively active KI4A41549::BRAF fusions that eliminate
the N-terminal regulatory domain of BRAF leading to
constitutive activation (6,7). Some low-grade gliomas
have activating mutations such as the V600E variant,
although activating mutations are more frequent in higher-
grade tumors such as diffuse astrocytomas and pediatric
glioblastomas. The highest rate of BRAF activating
mutations is found in pleomorphic xanthoastrocytoma
(70%). BRAF-point mutations also occur in ganglioglioma,
epithelial glioblastomas.

The characteristic of these tumors is activation of the
mitogen activated protein kinase (MAPK) signal transduction
pathway that stimulates tumor cell proliferation (8). First
generation BRAF inhibitors are not active against tumor
cells with the KIAA1549::BRAF fusion (9), whereas selective
antitumor activity of the MEKI1-2 inhibitor, selumetinib

. . V600E
was active in a BRAF

mutant astrocytoma (10)
preclinical data that led to development of the Pediatric
Brain Tumor Consortium phase 1 trial (11) that showed
significant antitumor activity that was largely replicated
in a subsequent phase 2 clinical trial (12). These results
suggested that targeting MEK in low-grade glioma may be
an alternative to conventional chemo-radiation treatment.
Two phase 3 trials comparing standard chemotherapy to

selumetinib in newly diagnosed children with low-grade
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glioma are ongoing. However, although overall survival in
this population is good, disease often recurs with a relapse
rate after chemotherapy or MEK inhibitors of 50-70%. In
the selumetinib clinical studies, a majority of patients with
BRAF" mutant tumors either progressed on treatment
(i.e., became drug resistant), or progressed rapidly when
selumetinib was dose-reduced or terminated. Thus, single
agent MEK inhibitor therapy was of clinical value, but
not curative, particularly in patients harboring BRAF""
mutations that historically have shown lower response rates
to chemotherapy than unselected patients with low-grade
glioma (13,14).

In patients with metastatic melanoma ‘vertical targeting’
of the MAPK pathway through combination of trametinib,
a potent allosteric MEK1-2 inhibitor, with dabrafenib, a
direct inhibitor of BRAF, extended progression-free survival
(PFES) from 5.8 months for trametinib monotherapy to
9.4 months (15), reduced toxicity as shown in preclinical
studies (16) and subsequently improved 5-year outcomes in
patients with metastatic melanoma (17). The mechanistic
basis for superior activity of this vertical targeting approach
is complex. Firstly, targeting BRAF and its downstream
target MEK1-2 would be anticipated to reduce the
signaling flux through the MAPK pathway. However, in
melanoma and other cancers inhibition of MEK1-2 alone
leads to activation of other RAF isoforms, most commonly
CRATF, that leads to reactivation of the MAPK pathway and
maintained tumor cell proliferation or survival. Dabrafenib
is equally potent as an inhibitor of BRAF and CRAF (16),
thus potentially suppresses reactivation of the MAPK
pathway and retards the emergence of trametinib resistance.

The recent study by Bouffet et /. (18), that is the
focus of this commentary, focused on developing more
effective targeted therapy for BRAF'*"-driven low-
grade glioma, through vertical targeting of the MAPK
pathway by combining trametinib with a BRAF inhibitor,
dabrafenib, shown to be effective in metastatic melanoma.
This complex, pharmacokinetically guided clinical trial
(ClinicalTrials.gov identifier: NCT2124772) was sponsored
by Novartis the pharmaceutical company that provided
trametinib, and dabrafenib. Whereas the tolerability of
dabrafenib had been established in children with BRAF-
mutant solid tumors (19), trametinib had not been used in
children. Thus the objective of part A of the study, which did
not require BRAF™" mutation, was to evaluate the tolerability
of trametinib in low-grade glioma with either BRAF"*" or
KIAA1549::BRAF fusions, BRAF-wild type or unknown status
and a single patient with neuroblastoma. Inclusion of fusion
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positive low-grade glioma was based on the published efficacy
of selumetinib in these patients (12). Part A explored a range
of trametinib doses (0.025-0.04 mg/kg) once daily by oral
administration and part B was a disease specific expansion
cohort. Part C evaluated toxicity and efficacy of trametinib
[0.025 mg/kg + dabrafenib 50% of the recommended
phase 2 dose (RP2D), or dabrafenib 100% of the RP2D]
in patients with BRAF""" mutant low-grade glioma, or
BRAF"™-mutant Langerhans cell histiocytosis. In addition,
two BRAF"™’ mutant high grade glioma patients were
entered. Part D was an expansion for patients only with
BRAF"™ mutant disease. The study enrolled 25 patients
with fusion-positive low-grade glioma to trametinib
monotherapy, but efficacy for this cohort was not presented,
hence it is not possible to compare the phase II efficacy of
selumetinib (12) with trametinib in the current trial.

In part A, the daily dose of 0.04 mg/kg was not tolerated,
but pharmacokinetic data predicted that a significant
population of patients under the age of 6 years would not
achieve the target exposure (10 ng/mL steady state) at
the 0.025 mg/kg dose, necessitating an additional dose
(0.032 mg/kg) to be evaluated. This dose had acceptable
toxicity and achieved the planned drug exposure.
Trametinib monotherapy was associated with grade 3 dose
limiting toxicities (DLTs), mainly at the 0.04 mg/kg dose
level and included mucosal inflammation (n=3), grade 4
hyponatremia and hypotension at the higher dose level. No
DLTs were observed at the 0.032 mg/kg dose level or in part
C (dabrafenib + trametinib). For combination studies, the age
adjusted dose of trametinib determined in part A and 50%
or 100% of the age adjusted RP2D for dabrafenib were used
(4.5 mg/kg for patients 12 years or older and 5.35 mg/kg
for patients less than 12 years old). Dabrafenib was divided
into two equal doses and administered orally daily. No
DLTs were observed in part C (dabrafenib + trametinib),
thus reaffirming both preclinical and adult clinical
results that indicated the combination was less toxic than
trametinib monotherapy. However, neither monotherapy
nor trametinib + dabrafenib lack toxicity. In the trametinib
monotherapy cohort, 54% of patients discontinued
treatment primarily because of toxicity whereas in the
combination treatment group the discontinuation rate due
to toxicity was 22%. For trametinib, the most frequently
reported treatment related adverse event (TRAE) was
paronychia (inflammation of the skin around the nail),
diarrhea and dry skin. For the combination group the most
frequent TRAE’s were pyrexia and dry skin. Ocular, cardiac
and skin-related adverse effects were usually mild and not
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dose limiting for any therapy.

For parts A and B (trametinib monotherapy) 2 of 13
(15%) patients with BRAF"™ mutant low-grade glioma had
objective partial responses (PRs) and 46% had stable disease
(SD) for at least 12 weeks from treatment initiation. For
BRAF"™ mutant low-grade glioma treated with dabrafenib
+ trametinib 9 of 36 (25%) had objective PRs and 23
(64%) had SD, significantly better than monotherapy. The
median duration of response (DOR), which includes only
responders (n=2), was not reached in the monotherapy
arm as both patients had ongoing responses at the time of
data cutoff. For the combination group the median DOR
was 33.6 months with seven responses ongoing at data
cutoff. By independent assessment, PFS was 16.4 months
for the trametinib alone group and 36.9 months in the
dabrafenib + trametinib cohort. Of note, patients in both
the monotherapy and combination treatment cohorts
remained on treatment after tumor progression, in part
a consequence of the definition of PD which was defined
as 25% increase in tumor area [by Response Assessment
in Neuro-Oncology (RANO 2017) criteria] from the
tumor nadir. Thus, for those patients that had marked
tumor volume reduction early in the treatment course
the assessment of PD was determined at a time when
the tumor volume was still smaller than prior to starting
therapy. Consequently, patients remained on treatment
as they were still demonstrating benefit. Also of note, is
that in both groups the earlier responses (PR <20 weeks
of treatment) appeared to be associated with a trend for
longer duration of treatment (130 to >200 weeks) with
two exceptions. In contrast, those patients achieving PR
later in their course of treatment tended to have shorter
treatment history after achieving PR. Of importance is
that five patients remained on combination treatment for
greater than 200 weeks. In terms of best percentage change
in tumor perpendicular diameters all but one patient in the
monotherapy arm had SD or some reduction in tumor area,
and similarly with the combination treatment only a single
patient had PD without initial tumor shrinkage.

What have we learned from this trial? Firstly, in patients
with BRAFV*”’ mutant low-grade glioma, combination
therapy with trametinib and dabrafenib is better tolerated
than trametinib monotherapy, consistent with adult data.
Several patients remained on combination therapy for
over 4 years without reports of excessive or cumulative
toxicity. Combination therapy is effective in inducing
tumor shrinkage in a subset (25%), and leads to prolonged
tumor stasis, but is not curative. As noted by the authors,
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the response rate to combination treatment is similar to
that reported for single agent BRAF inhibitors, dabrafenib
and vemurafenib. Thus, although addition of dabrafenib
enhances the activity of trametinib, it is unclear that
trametinib adds to the efficacy of dabrafenib. Further studies
comparing single agent BRAF inhibitors with combinations
will be required to determine the most effective treatments.
These future studies should have clear criteria for defining
tumor progression. In the current study, PD was defined
using RANO 2017 criteria that assessed increase in tumor
area from the nadir and not relative to the pretreatment
tumor dimensions. Whether this PD represents drug-
resistant tumor is questionable, as assessments made
by independent review and by investigator assessment
(presented in Data Supplement) frequently varied. In this
study, patients considered to be benefitting from each
treatment at the time of data cutoff were eligible to enter a
rollover trial (Clinicaltrials.gov identifier NCT03975829).
Entry into the rollover trial was higher from parts C and D
(44% and 77%, respectively) than from parts A and B (26%
and 17% respectively) consistent with the superiority of
combination treatment controlling disease progression.

An important question is how quickly, and with what
frequency, does drug resistance emerge in this population
treated with combination therapy versus monotherapy with
BRAF inhibitors, and such studies will need uniform criteria
for defining drug resistance. This trial enrolled patients
<18 years with relapsed or refractory malignancies although
prior treatment was not provided, except for the two high-
grade glioma patients entered in part C, one of whom had
prolonged SD and the other had PD. Thus, whether prior
chemotherapy or radiation therapy would influence the
efficacy of molecularly targeted therapies will require other
clinical trials.

Treatment of patients with low-grade glioma relies on
surgical resection as the primary curative modality. For
those patients where complete excision is not possible
traditional chemotherapy with addition of radiation
treatment in older patients has been used. A report
published after the current study (20) directly compared
trametinib-dabrafenib combination therapy with standard
of care chemotherapy (carboplatin/vincristine) in pediatric
patients with low-grade BRAF"*"
to receive first-line therapy. In this randomized trial,
patients were assigned to receive targeted therapy (2:1), 73

mutant glioma scheduled

patients received trametinib-dabrafenib and 37 received
standard chemotherapy. MAPK-targeted therapy was
statistically significantly better than standard chemotherapy
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with respect to objective response rate (P<0.001) and PFS
(P<0.001). Median follow-up was 18.9 months. In the
trametinib-dabrafenib arm, the overall response rate was
47% and clinical benefit was observed in 86% of patients. The
objective response rate in the chemotherapy cohort was 11%
and clinical benefit was 46%. Median PFS for trametinib-
dabrafenib was 20.1 months compared to 7.4 months
with chemotherapy. Further the incidence of grade 3 or
higher adverse events (AEs) were lower in the targeted
therapy cohort compared to the chemotherapy cohort (47 %
versus 94%).

In part, this study answers one of the questions
remaining from the study of trametinib-dabrafenib in
patients at relapse. In relapse or previously treated patients
the objective response was 25%, whereas in the first line
setting the objective response rate was 47%, suggesting
that prior therapy compromises the response rate for
targeted therapies. The response rates and clinical benefit
where trametinib-dabrafenib was administered in therapy-
naive children definitively shows that molecularly targeted
therapy directed at inhibiting MAPK signaling is now the

V600 .
F mutation-

new standard of care for low-grade BRA
driven glioma. This therapeutic approach, developed
relatively rapidly following the molecular characterization
of these tumors, now forms the template for building
more efficacious and curative therapies for these patients.
Despite significant advances in treatment of these patients
through use of MAPK-targeted therapy that focuses on the
oncogenic driver, challenges remain. The treatment causes
tumor shrinkage but is largely cytostatic and not curative.
We don’t know the long-term toxicities that may be
observed after years of treatment, and clearly some patients
progress on the current combination treatment. Thus, the
challenge remains to integrate molecular therapy with other
modalities that may enhance the cure rate without returning
to therapies that have devastating sequelae.
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