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Abstract
The management of low-grade gliomas (LGGs) and other neuroglial tumors in children with neurofibromatosis type 1 (NF1) has
not changed over the past 2–3 decades. With the widespread utilization of chemotherapy for younger children with progressive
LGGs, outcomes have been good for most patients who have required treatment. However, somemay progress after the initiation
of chemotherapy and others, although radiographically responding or with stable disease, may develop progressive neurologic
and visual deterioration. Molecular-targeted therapy has become an option for patients who have progressed after receiving
chemotherapy and the mTOR inhibitors and bevacizumab have already shown some degree of efficacy. However, the greatest
impact has been the introduction of the MEK inhibitors. A variety of different MEK inhibitors are in clinical trials and have
already demonstrated the ability to result in radiographic tumor shrinkage in the majority of children with NF1 and progressive
LGGs. Because of this efficacy, the MEK inhibitors have moved rapidly from phase I studies to ongoing phase III studies
comparing their benefit directly to that of chemotherapy. The long-term ability of these agents to not only control disease, but
improve visual and/or neurological function, as well as their short- and long-term safety, are open questions that can only be
answered by well-constructed prospective, often randomized, clinical trials.
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Introduction

The treatment of childhood low-grade gliomas (LGGs) has
been essentially unchanged over the past 25 years [1, 2].
After initial decisions concerning the need for treatment, ther-
apy has conventionally consisted of attempts of gross total
removal of the tumor, if considered feasible, and subsequent
consideration of radiation or chemotherapy dependent on a
variety of different factors including age of the child, extent
of the lesion, and the risk of impeding neurologic or visual

compromise. For many young children and increasingly for
those who are older, especially pre-pubertal patients, chemo-
therapy has been increasingly utilized instead of radiation
therapy in attempts to delay, and in many cases, obviate the
need for radiotherapy [1, 2]. The decision to replace or delay
radiotherapy with chemotherapy was often successful, but at
times resulted in deleterious outcomes, especially as regards
functional neurologic status [1, 2]. As more focused radiation
therapy techniques became available, its earlier use has be-
come a somewhat greater option.

In children with neurofibromatosis type 1 (NF1), the ratio-
nale to delay, or if possible, eliminate the need for radiation
therapy was even stronger [3–5]. Retrospective reviews have
suggested that radiotherapy in children with NF1 is associated
with a higher likelihood of development of secondary high-
grade tumors [3, 4]. In addition, since many of the NF1-
associated LGGs which require treatment arise deep in the
brain, especially in the chiasmatic/hypothalamic region, the
use of radiotherapy has been associated with risk of the devel-
opment of vascular damage, includingMoyamoya disease [5].
Furthermore, many children with NF1 have intellectual chal-
lenges which can be worsened by the deleterious effects of
radiation therapy on the developing nervous system.
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The use of chemotherapy clearly changed outcome for
many patients with NF1-associated LGGs. As will be
discussed in detail, many patients benefited with stability
and often shrinkage of disease and for the majority, relatively
long-term disease control. However, chemotherapy was not as
successful in improving neurologic or visual function and for
those with visual pathway gliomas and visual dysfunction [1,
2, 6]. One-third of those with NF1 and LGGs experience tu-
mor progression within 5 years of stopping chemotherapy [6].
There is a general consensus that more effective treatment
approaches are needed.

Molecular-targeted therapy has over the past 2 decades
become an alternative modality of treatment for children with
LGGs including those with NF1 [7]. Bevacizumab and the
mTOR inhibitors have demonstrated some degree of utility,
as will be discussed [8]. Clearly the greatest advance has been
the introduction of agents which inhibit the increased aberrant
RAS-MAPK signaling underlying the pathogenesis of NF1-
related LGGs [9–11]. The MEK inhibitors have quickly
moved from phase I studies to ongoing prospective phase III
studies: studies comparing their efficacy to conventional che-
motherapy for children with progressive NF1-related LGGs.
In addition, the studies that are now being performed not only
assess the ability of the agent chosen to halt or shrink disease
but also to determine the effectiveness of the therapy
employed to improve or at least stabilize neurologic and/or
visual function.

Clinical aspects of NF1 low-grade gliomas

LGGs are found in approximately 20% of children with neu-
rofibromatosis type 1 (NF1) [12–15]. The vast majority are

diagnosed based on radiographic features without histological
confirmation. When histological confirmation has been ob-
tained, pilocytic astrocytomas have been found to make up
the vast majority of tumors, although a recent retrospective
pediatric study suggested that gangliogliomas are more com-
mon than conventionally thought [2]. The majority of NF1-
related LGGs arise in the visual pathway, involving one or
both optic nerves, the chiasm and contiguous structures such
as the hypothalamus, optic tracts, and optic radiations [12–15]
(Fig. 1). These lesions, although at times isolated to one or
both optic nerves, may also notoriously infiltrate the optic
tracks and radiations. Because of the occurrence of vacuola-
tion in the myelin sheaths of pediatric NF-1 patients, which
presents as areas of abnormal signal intensity (FASI) seen on
MRI throughout the brain in children with NF1, separation of
LGGs from these FASI can be difficult and often arbitrary
[12–15]. NF-related FASI are encountered throughout the
brainstem and cerebellar white matter, the basal ganglia, thal-
ami, and the central white matter tracks of the cerebrum.
These FASI never enhance, and are usually round in shape;
their T1 signal tends to be higher than that of LGG, and they
have little of no mass effect. Lesions that cause significant
mass effect enhance with MRI contrast agents and/or cause
neurologic deficits; they are usually considered to be true gli-
omas (Fig. 2). Also, when the lesions radiographically en-
large, they are often considered to be LGGs, although FASI
can increase in size in the early childhood years and may not
regress until puberty (Fig. 2). The FASI in the posterior fossa
tend to appear and evolve ahead of those in the diencephalon;
it is common to see lesions enlarge in the basalganglia/thalami
while lesions in the cerebellum are receding.

The second most common site of NF1-associated gliomas
is the brainstem and once again distinction between true

Fig. 1 Infiltrative optic pathway glioma in a 2-year-old, illustrating the
difficulty in separating infiltrative tumor from vacuolation. Axial images
through the chiasm reveals T2 hyperintense tumor infiltrating of the
chiasm, the optic tracts, the medial temporal lobes and the cerebral
peduncles (a); only a small portion of the chiasmatic component

enhances on postcontrast axial T1 image (b). Axial T2-weighted image
at the level of foramen of Monroe (c) shows tumor infiltrating of the
bilateral internal capsules (right more than left); the rounded T2 hyperin-
tense lesions in the left globus pallidus and in the posterior left thalamus
represented vacuolation
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brainstem “growing” gliomas and FASI which may expand
the brainstem, but not cause neurologic deficits, can be diffi-
cult [16]. As the child enters puberty and the teenage years,
gliomas may spontaneously stop growing or regress, probably
due to biologically driven senescence. In the case of visual
pathway gliomas, growth after age 6 is unusual, as is progres-
sive visual loss. LGGsmay occur all throughout the brain well
into adulthood; however, it is now recognized that NF1-
related LGGs in young adults are often more aggressive and
may be transformed “piloid astrocytomas” [17, 18].

Since the majority of pediatric NF1-related LGGs are not
biopsied or operated on, molecular information on most are
not available at the time of diagnosis or treatment. In the case
of more aggressive tumors occurring in the teenager and in
adults, biological investigations have demonstrated that such
“transformed piloid astrocytomas,” in addition to harboring
inactivating alterations in both NF1 alleles, have acquired oth-
er mutations, such as CDKN2A/B mutations and ATRX mu-
tations [17, 18]. For these reasons, it is now recommended that

most adults with presumed NF1-associated gliomas undergo
at least biopsy to identify the histologic and molecular genetic
subtype of the tumor. Occasionally, even in childhood, addi-
tional genetic aberrations can be seen children with presumed
LGGs which act more “aggressively” and biopsy may be in-
dicated [3, 17, 18].

A major clinical aspect of the care of children with LGGs
and NF1 is the decision of when to institute treatment. The
majority of patients now are identified on the basis of screen-
ing evaluations. The need and yield of such “screening” eval-
uations are controversial, but are performed in many centers.
Patients identified in screening evaluations are often asymp-
tomatic or have static deficits, such as previously unappreci-
ated mild proptosis or strabismus. Children with presumed
NF1-LGGs usually have to demonstrate both clinical and ra-
diographic progression to warrant treatment, but the threshold
to begin treatment varies greatly among investigators. For
some investigators and clinicians growth of a lesion on MRI
without clinical worsening is an indication to initiate treatment

Fig. 2 Temporal evolution of vacuolation and development of a pilocytic
astrocytoma within an area of vacuolation.Axial T2 FLAIR images at age
5 years (a and b) reveal typical hyperintense NF-related vacuolation
within the deep cerebellar white matter and middle cerebellar peduncles
(a); and within the globus pallidus and thalamus (b). 4 years later (c and

d), a large pilocytic astrocytoma has developed in the deep right cerebel-
lar hemisphere while vacuolation in the deep left cerebellar hemisphere is
slightly decreased (c); vacuolation has increased within the bilateral basal
ganglia and thalamus (d)
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especially, if the tumor involves a “critical” portion of the
brain. Most will not recommend treatment in patients who
have static lesions, even if in eloquent areas of brain.
Weighing the risk of treatment versus the likelihood of neu-
rologic or visual deterioration if no treatment is undertaken
can be a difficult quandary. The selection of which patients
should be treated is of major importance in interpreting clini-
cal trial results, as patient selection clearly can impact the
results. Making the situation even more complicated is that
NF1-related LGGs, especially those of the visual pathway,
tend to be diagnosed in children between the ages of 1 and 4
with NF1; an age where neurologic and especially visual as-
sessments can be quite difficult and often unreliable. This is
especially true in children who may have some degree of
behavioral, attentional, or developmental challenges, as is of-
ten the case in those with NF1. The noted tendency for NF1-
associated LGGs to spontaneously stop growing and even
involute makes study assessment additionally problematic.

Chemotherapy experience

To appropriately evaluate the potential benefit of new
molecular-targeted therapies in the management of NF1-
related gliomas, the results of therapy have to be compared
to the experience with the use of chemotherapy. In a recent
consensus conference publication discussing pediatric LGGs,
the outcomes after chemotherapy use for both non-NF1 and
NF1 LGGs were reviewed [1, 2]. Since the early 1980s, pro-
spective trials have been undertaken and published including
nearly 2000 patients with treatment of naïve LGGs, over 550
of whom were patients with NF1 [2]. A variety of different
chemotherapeutic agents have been utilized in these prospec-
tive trials; in general, trials have avoided the use of alkylator
agents and the most common approach has been the use of the
combination of carboplatin and vincristine. Comparison
among the trials is difficult because different eligibility criteria
were used to determine trial entry, including whether the pa-
tient had to have documented progressive disease before ini-
tiation of treatment and age. However, despite this variability
in study design, results across trials were remarkably similar,
as approximately 70% of patients treated with the carboplatin
and vincristine regimen had at least stable disease three years
following initiation of treatment (treatment varied but usually
was undertaken for 12–15 months) and at 5 years, 2 out of
every 3 children still did not require any other form of treat-
ment [1, 2, 6]. Overall survivals were also consistent across
studies and essentially 100% of patients were alive 5 years
from diagnosis. This seeming plateau in the trajectory of loss
of disease control between 3 and 5 years of age in children
with NF1 may either be due to effectiveness of treatment or to
the natural tendency of NF1-associated LGGs to cease growth
after 5 to 6 years of age [1, 3, 6]. This tendency to

spontaneously cease growth is seen most commonly in dien-
cephalic tumors, including those of the visual pathway. The
natural history of brainstem lesions and lesions arising in other
parts of the nervous system are less well delineated [1, 2].
Radiographic response rate in these studies was also encour-
aging, as objective response rate (greater than 50% reduction
in the bidirectional diameters of NF1-associated gliomas) was
approximately 40% and up to 70% demonstrated some degree
of tumor shrinkage.

Since the vast majority of these studies were designed with
either progression-free survival or radiographic response as
the primary outcome measure, conclusions concerning the
efficacy of chemotherapy to improve neurologic or visual
function or even to stabilize them are difficult to make.
Retrospective visual evaluation was complicated by the young
age of many of the patients entered on these studies, the lack
of detailed baseline ophthalmologic assessments, and the need
to change ophthalmology measures of visual acuity as the
child grows [1, 2]. Furthermore, none of the studies prospec-
tively included visual field assessment as an outcome measure
[3]. In one retrospective multi-institution review of patients
with NF1 and LGGs, it was found that visual outcomes were
much more problematic and as less than one-third of patients
had improved vision after chemotherapy and approximately
another one-third had declining vision despite apparent radio-
graphic stability [19].

Patients with NF1-related LGGs have been treated with
agents other than the carboplatin and vincristine alone. A
single-agent vinblastine was used in 54 patients with LGGs
including 13 with NF1 [20]. A 5-year progression-free surviv-
al in the vinblastine study was of similar to that seen in the
carboplatin and vincristine trials and radiographic response
seemed somewhat less; however, it is difficult to draw any
real conclusions given the small sample size [1, 2, 20]. A
single-agent temozolamide has also been used, but overall
has infrequently resulted in objective response in those treated
and also has the drawback that it is an alkylator (alkylators are
generally avoided in children with NF1 because of the risk of
mutagenesis) [2].

mTOR Inhibitors

The mTOR inhibitors were the first molecularly targeted class
of agents utilized in LGGs; however, overall few childrenwith
NF1 have been treated [21]. Rapamycin was demonstrated to
be effective in giant-cell astrocytomas and pilocytic astrocy-
tomas in children with tuberous sclerosis [21]. Given evidence
in one animal model that aberrant signaling of PI3-K pathway
was present in NF1 LGGs, a prospective phase II trial of
RAD001, a TORC1/TORC2 inhibitor, was undertaken by
the Department of Defense Neurofibromatosis Clinical Trial
Consortium (DoDNFCTC). This trial was run concurrently
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with an industry sponsored trial evaluating RAD001 in non-
NF1 patients with LGGs. The early results in the non-NF1
patient population demonstrated some activity, as the majority
of children had relatively prolonged stable disease while on
drug. Objective radiographic responses were seen in approx-
imately 20% [7]. The results of the non-NF1 LGG study sug-
gested that mTOR inhibitors had some degree of efficacy, but
probably less than that of chemotherapy or other molecularly
targeted agents. Results of the NF1-associated LGG study are
accepted for publication and are similar to those seen in the
non-NF1 LGG study.

Because of the toxicity of mTOR inhibitors is usually rel-
atively non-overlapping with many of the agents presently
under study, there has been interest in combining them with
other agents. A study combining rapamycin with the EGFR
inhibitor, tarceva, demonstrated that of the 10 children with
NF1 treated, 9 had stable disease for greater than a year while
on treatment, and one had a dramatic near total response [22].

Bevacizumab

A somewhat surprising drug which has significant activity in
progressive LGGs, including those with NF1, is the
antiangiogenic drug bevacizumab. Bevacizumab, approved
for use in adults with glioblastoma multiforme, did not dem-
onstrate benefit for childrenwith high-grade gliomas [23]. The
biologic rationale for its use in LGGs of childhood, whether in
children with NF1 or those without, is questionable; one un-
published study demonstrated increased vascular endothelial
growth factor receptor expression in the majority of pediatric
LGGs. It was with this limited background that bevacizumab
was used in combination with irinotecan in a series of 10
children with LGGs including those with NF1, who had failed
multiple other forms of therapy including carboplatin and vin-
cristine and even radiotherapy (as essentially a desperation
approach) [8]. Five of the initial 10 patients treated demon-
strated a greater than 50% radiographic response, based on the
T2-weighted images not just the enhanced images, and clini-
cal improvement in was documented 6 of those treated. This
clinical improvement included visual improvement and in two
patients this improvement occurred despite long standing loss
of both acuity and visual field. A subsequent national study
performed by the Pediatric Brain Tumor Consortium (PBTC)
demonstrated a near 40% partial response rate in children with
LGGs, including those with NF1 [24].

Bevacizumab can be associated with significant toxicities
including growth plate damage, the development of ovarian
cysts, proteinuria, and hypertension. Usually prolonged use is
limited by either the proteinuria or hypertension, although
some patients will tolerate the bevacizumab for well over a
year in schedules other the 10 mg/kg dosing every 2 weeks
which is used at initiation of treatment. Prolonged use is better

tolerated at one-half doses, especially when given every 3
weeks.

A major limitation of bevacizumab is “rebound” or at least
relapse within weeks (usually 6–12) after stopping the drug.
Interestingly, such “rebound” may be associated with contin-
ued stabilization of the visual or neurologic improvement de-
spite apparent partial regrowth of the tumor [25]. One of the
most important findings of the bevacizumab experience has
been that some of the conventional thoughts concerning the
ability of therapy to result in clinical improvement, especially
in patients with relatively longstanding neurologic or visual
compromise, were likely incorrect.

Bevacizumab remains a useful drug in the armamentarium
of treatment of NF1-related LGGs, primarily when there is
impending or documented acute neurologic dysfunction or
visual loss. How best to integrate bevacizumab into treatment
regimens remains under study. There is an ongoing clinical
trial comparing vinblastine to vinblastine and bevacizumab in
newly diagnosed patients with LGGs, including with those
with NF1. This study is utilizing co-primary outcome mea-
sures of vision and/or neurologic function and progression-
free survival. There is also interest in coupling bevacizumab
with the MEK inhibitors, although there are concerns of over-
lapping toxicities, especially hemorrhage and other vascular
complications.

The MEK Inhibitors

Of all the molecular-targeted therapies being utilized in pa-
tients with NF1-associated LGGs none has engendered the
excitement as the use of the MEK inhibitors (Fig. 3). After
the discoveries by Pfister and colleagues that aberrations in the
RAS-MAPK pathway underlied the majority of LGGs, with
over 80% of patients with pilocytic astrocytomas demonstrat-
ing BRAF fusions and LGGs in other region of brain and
mixed neuroglial tumors commonly having BRAF v600E
mutations, the approach to LGGs and low-grade neuroglial
tumors, dramatically changed [9–11]. NF1-associated LGGs
became a target for treatment with drugs which interfered with
RAS-MAPK signaling, as the biallelic loss of NF1 function
results in increased aberrant signaling of pathway [26, 27]. In
the majority of non-NF1 pilocytic astrocytomas, as well as
NF1-associated LGGs, other mutations resulting in aberrant
signaling through other pathways were not present. Thus, as a
single mutation disease, NF1-associated gliomas were espe-
cially attractive targets for treatment. The availability of the
MEK inhibitors, which inhibited RAS-MAPK signaling one-
step distal to BRAF, facilitated the development of clinical
trials. Through the PBTC, a phase I study of the MEK inhib-
itor selumetinib was completed, despite initial concerns of the
potential of retinal venous occlusion secondary to MEK in-
hibitor therapy [28]. The phase I trial was successfully
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completed and toxicities seen were different than those usual-
ly associated with chemotherapy. Neutropenia, thrombocyto-
penia, hepatotoxicity, and nephrotoxicity were not frequently
encountered. The most common side effect was rash which
could be severe and for some patients a reason to stop therapy.
This acneiform rashwas most marked in children nearing or in
puberty. Gastrointestinal toxicity was also encountered, but
was usually not dose-limiting. Despite these toxicities, the
therapy was relatively well tolerated and in a phase I study a
remarkably good response rate was noted, as 5 of 25 of pa-
tients had a sustained partial response (greater than 50% tumor
shrinkage) associated with a 2-year progression-free survival
of 68 ± 9%.

This has resulted in a phase II trial, once again in children
both with and without NF1 and non LGGs, also performed
through the PBTC [29]. The NF1 stratum of 25 patients has
been reported and once again response was highly encourag-
ing with 40% of children having a partial response and essen-
tially 100% of children with NF1 showing some degree of
tumor shrinkage. The 2-year progression-free survival was
96 ± 4% and 16 of 25 completed all prescribed therapy.
Two of 18 patients with visual pathway tumors had visual
acuity improvement, one other demonstrated improvement
in visual field, and none worsened. A major question in the
NF1 cohort was the sustainability of response after cessation
of treatment and early results suggest that well over one-half
of patients maintained their response for greater than 6
months, many for greater than a year after stoppage of therapy.
In patients who progressed after stopping of treatment,
retreatment was allowed and the majority responded again.

The favorable results of this phase II trial has led to the
rapid development of a phase III trial now open internationally
through the Children’s Oncology Group and soon through the
International Society of Pediatric Oncology (SIOP) compar-
ing the MEK inhibitor selumetinib, to carboplatin and

vincristine for newly diagnosed patients with NF1 and pro-
gressive LGGs. This trial is utilizing a 2:1 randomization, as
two-thirds of the patients will receive the molecular-targeted
therapy. Both progression-free survival and visual/neurologic
outcomes are measures of outcome on this prospective, ran-
domized study.

Other MEK inhibitors have been or are still ongoing eval-
uation in children with NF1 and associated LGGs. A trial has
recently been completed with trametinib in children with NF1
and either progressive LGGs or plexiform neurofibromas; re-
sults are pending [30]. Binimetinib has just completed phase I
studies and is near completion of a phase II study in children
with NF1 and LGGs being done through the Department of
Defense Clinical Trials Consortium [31]. Cobimetinib is an-
other MEK inhibitor undergoing a drug company–sponsored
testing. The relative benefits of these drugs are going to be
difficult to assess given that none of these trials are comparing
one agent to another. It is unclear whether one drug will act
like another, since they have different chemical structures
(selumetinib and bimimetinib are quite similar).

The assessment of utility of MEK inhibitors in children
with LGGs, probably especially in those with NF1-
associated LGGs, will not only be dependent on their ability
to stabilize or even shrink disease but their relative abilities to
improve neurologic or visual function versus the sequelae
they may cause. MEK inhibitors drugs have different toxicity
profiles than standard chemotherapies, with rash and gastro-
intestinal toxicity being the most common side effects seen.
However, the MEK inhibitors can also result in muscle en-
zyme elevation, which although usually asymptomatic, can
cause significant weakness (predominantly in young chil-
dren). Other more severe toxicities such as retinal venous oc-
clusion and cardiomyopathy have been either not seen or rare-
ly reported, but may become more frequent as the number of
children on studies increase. Finally since the MEK inhibitors

Fig. 3 Response to MEK
inhibitor. An extensive
chiasmatic/hypothalamic
pilocytic astrocytoma is evident,
with tumor extending in the sub-
arachnoid spaces of the lateral
fissures and the suprasellar/
interpeduncular/
perimesencephalic cisterns (a).
Same patient 9 months after initi-
ation of treatment with MEK in-
hibitor (b): near-complete re-
sponse is evident, 3 small en-
hancing tumor nodules persist
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work by interfering the RAS-MAPK signaling pathway,
which is critical in brain development, the long-term toxicity
of this class of drugs on neurocognitive function is a concern.
However, it is also conceivable that MEK inhibition might
improve neurocognitive function in children with NF1, as
the lack of neurofibromin due to heterozygous NF1 loss in
non-tumor brain tissue results in baseline overaction of the
RAS-MAPK pathway and enhanced GABA release.

Another caution is the experience with the use of BRAF
v600E inhibitors in children with NF1 and LGGs. A first
generation inhibitor sorafenib was shown to have a paradoxic
effect of increasing tumor growth in one child an NF1-
associated LGG, as well as in children with BRAF fusion
mutated LGGs [32].

Future prospectives

As experience grows with the use of molecular-targeted ther-
apies for NF1-associated gliomas and neuroglial tumors, there
is still a great deal to be learned about the long-term use of
these drugs, both as regard long-term disease control and tox-
icities. It is unclear how long these drugs, such as the MEK
inhibitors, need to be utilized and whether these will be life-
long therapies or ones that can be used only for finite periods
of time, depending on the drugs ability to have a more perma-
nent effect and for the tumor’s tendency to spontaneously
slow its growth or arrest. Another approach is to use intermit-
tent therapy schedules, with planned drug holidays. The phe-
nomenon of senescence is an important factor in the slowing
of growth of NF1-associated LGGs, and it is unclear how the
MEK inhibitors affect senescence.

The treatment of NF1 gliomas which have acquired other
mutations, such as the before mentioned CDKN2A/B muta-
tions and/or ATRX mutations, is unsettled. Such tumors may
be less responsive to MEK inhibitors, and there is great inter-
est in investigating if the MEK inhibitors can be used safely in
combination with other agents to enhance their efficacy.
Studies are ongoing coupling the MEK inhibitors with drugs
that inhibit autophagy, one proposed mechanism of acquired
resistance. Other studies are planning to utilize the MEK in-
hibitors with conventional chemotherapy (carboplatin or vin-
blastine). There is rationale for combining the MEK inhibitors
with the mTOR inhibitors; however, there are valid concerns
over the overlapping potential toxicities, especially gastroin-
testinal toxicity and weight loss. Similarly, there is interest in
combining the MEK inhibitor with bevacizumab or other
antiangiogenesis drugs, but with the concern that such combi-
nations may cause a higher incidence of bleeding or vascular
damage.
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