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Old meet new—the path to combination treatments in
pediatric low-grade gliomas
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Pediatric low-grade gliomas (pLGGs) are the most common
brain tumor of childhood and are associated with significant
morbidity. When present in favorable locations, pLGG can be
cured with surgical resection alone. However, those tumors pre-
sent in unresectable locations or those which recur will require
additional therapy, with children commonly receiving several dif-
ferent therapies throughout the course of their childhood. While
children with these tumors have excellent overall survival,' cur-
rent standards of care, which most commonly comprise combi-
nation chemotherapy regimens, have clear limitations. Across a
variety of prospective studies investigating standard chemother
apy regimens, only 35-45% of children will be progression free
5 years after treatment.? Therefore, the majority of children with
pLGG will progress following these regimens and require further
therapy. While recent genomic profiling efforts of pLGGs have
shed tremendous insights into the genetic drivers of pLGGs,
determining how to incorporate these with current standards of
care remains a significant challenge.

In this issue of Neuro-Oncology, Poore et al investigate
a novel combination treatment regime introducing a small
molecular inhibitor, everolimus, to a traditional chemotherapy
(carboplatin) backbone.® The authors demonstrate the syner-
gistic benefit of this combinatorial approach in pLGG models
both in vitro and in vivo. They also demonstrate a biologic
basis of this effect through the depletion of glutathione.

The authors’ choice of everolimus stems from the recogni-
tion that the majority of pLGGs are associated with molecular
alterations that activate the mitogen-activated protein kinase
(MAPK) pathway.*® The most frequent of these involve the
BRAF gene and include the KIAA1549:BRAF fusion duplication
and the BRAF V600E mutation. With this knowledge, treatment
strategies have shifted toward molecular targeted approaches
aimed at interrupting MAPK hyperactivation. Mammalian
target of rapamycin (mTOR) is a downstream element of the
phosphatidylinositol 3-kinase (PI3K) pathway, and can also
be activated by MAPK signaling. Everolimus, a potent and

selective mTOR inhibitor, was the first small-molecule inhibi-
tor trialed in children with progressive/recurrent low-grade
gliomas. These trials demonstrated efficacy (tumor stability or
response) and the drug was well tolerated.” Newer agents have
sought to inhibit either BRAF or MEK directly (Fig. 1). There
are several MEK inhibitors under evaluation which have been
used in patients with both KIAA1549:BRAF fusion duplications
and BRAF V600E mutations, including selumetinib, trametinib,
MEK162, and cobimetinib. Selumetinib is the agent with the
most mature data, with a completed phase Il showing partial
response in one third of all patients and 66% =+ 11% progression-
free survival at 2 years.BThe other 3 agents are part of ongoing
phase I/ll clinical trials with results forthcoming. Clinical trial
experience with BRAF V600E inhibitors is likewise growing.
Two type | BRAF inhibitors included in ongoing pediatric phase
Il trials are dabrafenib and vemurafenib, which have encourag-
ing preliminary results in pLGG with BRAF V600E mutations.®
However, when used to treat KIAA1549:BRAF fusion positive
tumors, type | inhibitors can result in paradoxical activation of
the MAPK pathway with tumor growth. Type || BRAF inhibitors
are not associated with such paradoxical activation in preclini-
cal studies,’ and are currently undergoing phase | and Il clinical
testing. While targeted therapy shows promising preliminary
results, the durability of response is unknown. Additionally, it
is not known how these agents may behave in combination—
whether in combination with other targeted therapies or with
traditional chemotherapy agents.

A key clinical challenge is how to incorporate these
small-molecule inhibitors with combination treatments.
Combining these targeted therapies is not without risk. The
long-term toxicity profiles of individual agents are still to be
determined and the risks associated with common pathway
inhibition and potential for overlapping toxicity have not
been defined in gliomas. Combination therapies for targeted
inhibitors also pose practical challenges regarding timing of
clinical development (for example, phase | vs phase Il agents)
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Pediatric low-grade gliomas exhibit frequent genetic alterations that activate the mitogen-activated protein kinase pathway

(depicted). Small-molecule inhibitors that have been trialed (or are currently being trialed) in early-phase pediatric clinical trials are shown.
The combination of carboplatin and everolimus (shown in red) makes use of distinct mechanisms of action.

and the ability to design combination trials with small
molecule inhibitors developed by different pharmaceuti-
cal companies. Thus, the approach used by Poore et al in
this issue of Neuro-Oncology is particularly compelling.?
In using a traditional carboplatin backbone, they capi-
talize on the well-known safety profile of this long-used
agent. Carboplatin’s mechanism of action differs signifi-
cantly from their targeted agent of choice, thus minimiz-
ing a risk of overlapping toxicity. Additionally, everolimus
is a targeted agent which has well-documented antineo-
plastic properties across cancers; has safely been com-
bined with traditional chemotherapy in other cancers;
and was the first targeted inhibitor to undergo clinical
trials for children with pLGG and showed clinical effect.
The authors demonstrated that these drugs synergized
in multiple in vitro models harboring characteristic pLGG
molecular alterations.

Additional challenges remain.We do not yet know the ideal
timing of combination chemotherapy/small-molecule inhibi-
tors—at diagnosis to improve response and progression-free
survival, or at relapse/recurrence given improved effect over
single-agent therapy. Additionally, one wonders where the
newer BRAF and MEK inhibitors will fall. What is the durability
of single-agent response? When, if ever, should they be used
in combination? What is the role of traditional chemotherapy
in combination with these newer agents? These questions
remain to be answered in the next generation of clinical trials
for children with both newly diagnosed and recurrent pLGG.
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