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Purpose of review

Current biological findings provide new insights into the genetics driving growth of low-grade gliomas in
pediatric patients. This has provided new targets for novel therapies. The purpose of this paper is to review
novel therapies for pediatric low-grade gliomas that have been published in the past 24months.

Recent findings

Low-grade gliomas are often driven by mitogen activated protein kinase (MAPK) alterations either with
BRAF V600E point mutations or BRAF fusions. Current advances have also highlighted novel fusions of
fibroblast growth factor receptor (FGFR), myeloblastosis family of transcription factors (MYB), meningioma
1 tumor suppressor (MN1), neurotrophic receptor kinase family of receptors (NTRK), Kristen RAS (Rat
Sarcoma Virus) oncogene homolog in mammals (KRAS), Receptor tyrosine kinase ROS proto oncogene 1
(ROS1), protein kinase C alpha (PRKCA), and platelet derive growth factor receptor (PDGFR) amplification.
Novel therapies have been employed and are showing encouraging results in pediatric low-grade gliomas.
Current trials are underway with newer generation pan RAF inhibitors and mitogen activated protein kinase
- kinase (MEK) inhibitors. Other early phase clinical trials have provided safety data in pediatric patients
targeting FGFR fusion, NTRK fusion, PDGFR amplification and ROS1 mutations.

Summary

Historical treatment options in pediatric low-grade gliomas have utilized surgery, radiation therapy and
conventional chemotherapy. Recently greater insight into their biology has found that alterations in MAPK
driven pathways are often the hallmark of tumorigenesis. Targeting these novel pathways has led to tumor
control and shrinkage without the use of conventional chemotherapy. Caution should be taken however,
since these treatment options are still novel, and we do not fully appreciate the long-term effects.
Nonetheless a new era of targeted medicine is here.
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Pediatric low-grade gliomas are the most common
central nervous system (CNS) neoplasm in children
and young adults [1–3]. They account for up to one
third of all CNS tumors in these age groups [4]. These
tumors are most commonly sporadic but predispo-
sition to these tumors can be associated with syn-
dromes including neurofibromatosis type 1 (NF1)
and tuberous sclerosis [5

&

,6]. Although overall sur-
vival rates are very favorable, they can be associated
with increased intracranial pressure depending on
anatomical location or seizures in up to 25% of
patients [7

&

,8,9]. In tumors involving the optic path-
ways, vision loss can often be the first sign of tumor
burden requiring treatment [5

&

]. They are often
surgically resectable resulting in high cure rates,
however they may not be amenable to surgical
resection depending on their location, infiltrative
nature or metastatic lesions [2,4]. Other modali-
ties of treatment have included conventional
 2024 Wolters Kluwer H
Although many are surgically resectable, in large
cohort studies up to 50%may have some remaining
tumor burden, and up to 30% will require some
form of nonsurgical treatment [11]

The most recent edition of the World Health
Organization (WHO) classification of CNS tumors
divides low-grade gliomas into two broad categories
depending on their histological features, being
defined as either circumcised or diffuse in nature
[12], This further leads to molecular sub classifica-
tions often affecting the MAPK signaling pathway
and downstream mTOR activation [8,7

&

]. In the era
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KEY POINTS

� The mitogen activated protein kinase/extracellular
signal regulate kinase pathway plays an important role
in the pathogenesis of the majority of pediatric low-
grade gliomas.

� Since pediatric low-grade glioma is a chronic disease,
it is important to emphasize quality of life and function
when deciding treatment options.

� Although there are increasing options for targeted
therapy, several questions remain including how best to
use these drugs as single agents and in combination,
the optimal schedule and duration of therapy, as well
as potential long term side effects.
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of precision medicine, the sub classification of dif-
fuse low-grade glioma will include diffuse astrocy-
toma, myeloblastosis family of transcription factors
(MYB) or MYB1 altered, angiocentric glioma, poly-
morphous low-grade neuroepithelial tumor of the
young (PLTNY) and diffuse low-grade gliomas,
MAPK altered [13]. Fibroblast growth factor receptor
(FGFR) fusions, MYB-QKI fusions and more rarely
neurotrophic receptor kinase family of receptors
(NTRK) and Kristen RAS (Rat Sarcoma Virus) onco-
gene homolog in mammals (KRAS) alterations are
noted in some tumors serving as potential targets
upstream of the MAPK pathway [3,14]. BRAF and
mitogen activated protein kinase - kinase (MEK)
activation can be seen in circumscribed gliomas,
including BRAF–KIAA1549 fusion events as well as
BRAF V600E mutations. Within NF1 predisposition
we expectedly see the loss of neurofibromin induced
inhibition of the MAPK pathway. Other rare events
include upstream activation of receptor tyrosine
kinases as NTRK or FGFR and also parallel pathways
involving mTOR such as seen in tuberous sclerosis
and resulting in sub ependymal giant cell astrocy-
tomas [3,15]. The third classification of low-grade
gliomas identified as glioneuronal and neuronal
tumors also show great heterogeneity but with com-
mon drivers again being MAPK alterations with
BRAF fusion events as well V600E point mutations.
Other rare mutations include NTRK fusions and
FGFR mutations or fusions again manifesting as
alterations of theMAPK pathway, offering therapeu-
tic targets either upstream or downstream of the
pathway in cases of resistance [3,7

&

,15]. Much over-
lap can be seen in the underlying drivers, however
anatomical location and histology still differentiate
the clinical course. For example, in ganglioglioma,
a well differentiated slow growing glioneuronal
neoplasm, gross total resection achieving 5year
and 10-year EFS of 65–80% and 57%, higher than
1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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other pediatric low-grade gliomas. Location impor-
tantly also plays a role with supratentorial sites
faring better than infratentorial [16]. Current trials
within the Children’s Oncology Group (COG),
Pediatric Brain Tumor Consortium (PBTC) and
Pediatric Neuro Oncology Consortium (PNOC) as
well as others are exploring inhibitions of these
MAPK signaling pathways to assess for clinical effi-
cacy in progression-free survival and overall survival
[3]. This manuscript will review results of several
novel treatment regimens which have been pub-
lished in the past 2 years.
TARGETED THERAPY

Seminal studies in the past two decades, outlining
the pathogenesis of pediatric low-grade gliomas,
have implicated RAS–RAF–MAPK pathway activa-
tion as a driver for tumorigenesis. Our current
understanding of RAF mutations divides these into
class I mutations, which are activating point muta-
tions resulting in persistent activation of BRAF and
activation of MEK 1/2 activity. Class II mutations
involve RAF fusions, such as with KIAA1549, result-
ing in RAS independent dimerization and activation
of MEK 1/2. Class III mutations involve point muta-
tions on RAF that enhance its activation via binding
to RAS that would be otherwise inappropriate
[17,18]. BRAF V600 mutations causing inappropri-
ate MEK 1/2 is detected in 15–20% of pediatric low-
grade gliomas and often indicates a poorer prognosis
to conventional chemotherapy [19

&&

].
In the first phase I/II study assessing Trametinib,

a target of MEK 1/2 with or without Dabrafenib
(ClinicalTrials.gov identifier: NCT02124772) in
pediatric low-grade gliomas with a BRAF V600 point
mutation, 13 patients were treated with Trametinib
monotherapy and 36 were treated with dual therapy
including Dabrafenib. Two patients were diagnosed
with high grade glioma. Progression free survival
(PFS) was noted to be 16.4months in the trametinib
monotherapy group vs. 36.9months in the combi-
nation dabrafenib plus trametinib group [20

&

].
This was a seminal trial with important findings

that was then followed upwith another phase II trial
comparing Dabrafenib plus Trametinib with con-
ventional chemotherapy composing of Carboplatin
and Vincristine as front-line therapy in pediatric
patients with low-grade gliomas harboring a BRAF
V600 mutation. (Funded by Novartis; ClinicalTrials.
gov number, NCT02684058.) In the phase II trial,
110 patients were randomized in a 2 : 1 fashion to
receive dabrafenib plus trametinib vs. chemother-
apy. Overall response based on Response Assessment
in Neuro-Oncology (RANO) criteria at 18.9months
was 47% in the dabrafenib plus trametinib arm vs.
rved. www.co-neurology.com 703
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11% of those treated with chemotherapy with
responses in the former group occurring mostly
by 4months. Progression-free survival was noted
to be significantly longer at 20.1months in the
dabrafenib plus trametinib arm vs. 7.4months in
the chemotherapy arm. In patients that had a low-
grade glioma adjacent to the optic chiasm, visual
acuity importantly was noted to be improved in the
dabrafenib plus trametinib arm at 34% vs. 11% in
the chemotherapy arm [19

&&

].
In a small cohort study of 11 pediatric and

young adult patients with progressive low-grade
gliomas and glioneuronal tumors, trametinib
monotherapy was effective in prolonging time to
progression [21]. Three patients did not respond to
monotherapy and five patients with a partial or
minor response had a median time to response up
to 21months, indicating a more aggressive pheno-
type. Importantly only six patients had molecular
evaluation with three having a BRAF:KIAA1549
fusion, one somatic NF1 mutation, one germline
NF1 mutation as well as five with known histology
of pilocytic astrocytoma but no molecular findings.
It is important to note the rationale for use of
Trametinib in this study, even without molecular
confirmation, as MAPK alteration is extremely likely
in low-grade gliomas.

Another MEK 1/2 inhibitor Selumetinib was
approved by the FDA in Neurofibromatosis I
patients with inoperable plexiform neurofibromas
resulting in a 3-year PFS of 84% [22]. Trials assessing
for activity of Selumetinib in non-NF1 recurrent or
progressive low-grade gliomas have revealed
responses though not quite as impressive as the
NF1 experience. Selumetinib is currently being
investigated as upfront therapy in two phase III
COG trials in a randomized fashion vs. conventional
chemotherapy Carboplatin and Vincristine both in
NF1 associated low-grade gliomas and in nonNF1 or
V600E mutated low-grade gliomas.

Common side effects of the MEK inhibitors can
include weight gain in up to 57% of patients or even
weight loss in 19% of patients. Weight adjustments
are made as necessary to dosing but even in grade 3
weight gain there is no dose decrease [23]. Other side
effects can include paronychia secondary to drug
induced neutrophilic lobular panniculitis [24] diar-
rhea, CPK elevation and skin dryness as well as
reports of cardiomyopathy in adults but not cur-
rently reported in children [19

&&

].
Although targeted therapies appear promising,

there is noted resistance to MEK inhibitors, and
progressive disease can be noted in up to 28% of
patients while undergoing treatment. Such resist-
ance is thought to be secondary to activation of
parallel pathways as well as possible recruitment
704 www.co-neurology.com
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of immune suppressive microglia. Pathway activa-
tion scoring systems have been developed in pre-
clinical models to better assess transcriptomics data,
thus driving models for the next generation of drug
development [25].

Once therapy with dabrafenib/trametinib is
completed there is a subset of patients that will have
fast tumor regrowth, defined as growth >25%
within three months of stopping therapy. In small
studies, 76.5% of patients have experienced rapid
progression with a median time of 2.3months
[26,27]. However up to 90% of patients will respond
if rechallenged. This is not unusual and had also
been seen with conventional chemotherapy. The
mechanism is not fully known but early preclinical
models seem to suggest this may be due to accumu-
lation of upstream activators. Current terminology
has not been fully recognized for rebound, regrowth
or resistance but current expert consensus includes
the following: Resistance is to be defined as growth
while on MAPK inhibitor therapy, defined as >25%
based on RAPNOpediatric low-grade glioma criteria;
Rebound is to be defined as >25% growth of an
existing lesionwithin 3months of stopping therapy;
Regrowth is then also defined as >25% growth or a
new lesion 6months after stopping therapy [27].

The underlying biology of all three is different in
that rebound is not thought to occur secondary to
intrinsic resistance of the tumor, compared to either
intrinsic or acquired resistance in progressive or
refractory disease [28]. Interestingly there is preclin-
ical evidence for immune dysregulation as a poten-
tial driver of resistance. In BT-40 cell lines which
are derived from juvenile pilocytic astrocytomas
driven by BRAF V600E and co-occurring CDKN2A/
B deletion there is no rebound growth noted when
withdrawing conventional chemotherapy but sig-
nificant increase in the dabrafenib treated cells.
Furthermore, there was noted increased microglial
attractions in the tumor micro environment once
MAPK inhibition was withdrawn, suggesting a role
for microglia in the increased mass size on MRI as
well as potential immune suppression [26].

Early type I RAF inhibitors such as Dabrafenib
are not indicated as monotherapy in BRAF fusion
driven tumors and may in fact cause paradoxical
tumor growth if not combined with a MEK 1/2
inhibitor. Newer agents thus have been undergoing
clinical trials and approval targeting BRAF fusion as
monotherapy.Most recently Tovarafenib a new type
II pan RAF inhibitor received approval by the FDA
for relapse/refractory pediatric low-grade gliomas
targeting BRAF fusion. In the phase 2 trial totaling
137 patients, the overall response rate was 51%
based on RAPNO criteria, median duration of
response was 13.8% and median time to response
Volume 37 � Number 6 � December 2024
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was 5.3months. Adverse events included decrease
in growth velocity, hair color changes, anemia,
elevated CPK and fatigue [29

&&

]. The current phase
III study will randomize patients to Tovarafenib vs.
standard of care chemotherapy. Standard of care will
include regiments based on COG carboplatin/
vincristine, SIOP carboplatin/vincristine and vin-
blastine, with a patient target of 400 [30].

Parallel pathways targeting mTOR have also
been explored, with a PNOC0001 phase II single
arm study assessing the use of Everolimus in recur-
rent or progressive low-grade glioma. Sixty-five
patients of whom 60% had mTOR pathway activa-
tion, were treated with Everolimus with a median
number of previous therapy regimens of two. Inter-
estingly rare BRAF fusion events were noted to be
more aggressive and more commonly seen in mid-
line lesions. When seen in younger infants this
portends a worse prognosis. Overall survival (OS)
at 6months for the entire cohort was at 100% and
91.9% at 24months. Median PFS was at 11.1months
based on site review and not central review [31].

Recently investigators have begun to explore the
use of targeted therapy for tumors harboring alter-
ations in the FGFR family whichmake up the second
largest group of sporadic pediatric low-grade glio-
mas [7

&

]. A phase 2 international study of Erdafiti-
nib, a potent FGFR1–4 tyrosine kinase inhibitor, for
patients 12 years of age and older with solid tumors
with FGFR alterations showed clinical benefit. How-
ever, safety and clinical efficacy data in the pediatric
population are limited since there were only two
patients less than 18years of age enrolled on this
trial [32]. In another report, three pediatric patients,
two with posterior fossa ependymomas and one
with a low-grade glioma with an FGFR1 internal
tandem duplication, were treated with erdafitinib.
Following 6months of therapy, the child with the
low-grade glioma had a decrease in the tumor vol-
ume and enhancement which then remained stable
for another 6months after therapy was discontin-
ued [33]. One of the largest experiences using erda-
finitinib in pediatric patients has been reported
by COG as part of the National Cancer Institute
(NCI)-COG Molecular Analysis for Therapy Choice
(MATCH) trial. Eligible subjects were between 1 and
21years of age and had tumors that were shown to
have FGFR 1/2/3/4 activating alterations. Six of 11
children with previously treated low grade gliomas/
glioneuronal tumors had partial response or stable
disease with a median duration of stable disease of
6.5months following therapy with Erdafitinib. The
therapy was fairly well tolerated. The most common
treatment-related adverse events included hypo-
phosphatemia, nail changes and infections which
have previously been reported in adults treated with
1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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Erdafitinib [34]. However, it will be important
to continue to monitor the use of FGFR inhibitors
in children as a single institution retrospective
study recently reported slipped capital femoral epi-
physes in 3 of 7 children and increased linear growth
velocity [35].

Althoughmuch work has been done in the treat-
ment of the more common low-grade gliomas such
as pilocytic astrocytomas, newer classification of
low-grade tumors such as MYB/MYBL1 are not often
treated utilizing molecular targets. However, with
conventional therapy of GTR or NTR, 5-year EFS
has been shown to be 81.3% � 8.3% and OS 96.4%
� 4.1%. Surgical resection and conventional chemo-
therapy remain the mainstay of treatment, however
markers of pERK1/2 and pS6 have been increased,
indicating activation of MAPK and mTOR pathways,
suggesting a rationale for targeted therapy [36].
ALTERNATIVE DRUG OPTIONS

Alternative therapies include use of the pan VEGF
inhibitor Bevacizumab in refractory/progressive
cases of low-grade gliomas. In a meta-analysis up
to half of patients may achieve stability of disease
with 8% showing progression [37]. In a small cohort
of patients with progressive optic pathway gliomas,
when assessing response of therapy based on visual
acuity and visual field, it was noted that 14 of 17
patients had a stable or improved visual acuity or
visual field. The median time to improvement was
2.7months [38]. In a larger multicenter trial assess-
ing 33 patients with optic pathway gliomas, visual
acuity stabilized in 74.4% of patients and improved
in 20.5% of patients while visual field stabilized in
15.4% and improved in 73.1% of patients. PFS was
70.9% at 18months and 38% at 36months [39]. In
another cohort of 6 patients with cervicomedullary
brainstem low- grade gliomas, retrospective review
of the use of Bevacizumab was found to be effica-
cious in all six patients with signs of radiographic
response most consistently on post gadolinium T1
weighted imaging. All six patients had improve-
ment in cranial nerve deficits and at mean follow
up of 7months all patients were clinically stable
without progressive disease [40].
NOVEL LOCALIZED THERAPY

Previous methods of nonsurgical treatment have
included photon therapy; however, this has fallen
to much less use due to long term cognitive effects
and more chemotherapeutic options. Other non-
surgical methods include focused ultrasound utiliz-
ing circulating microbubbles and low intensity
sound waves to disrupt the blood brain barrier,
rved. www.co-neurology.com 705
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further enhancing targeted drug delivery to local-
ized sites. [2]. The limited research that exists
appears to show feasibility to such a novel approach
and this procedure may also play a role in acquiring
of liquid biopsy samples [41]. Asmany pediatric low-
grade gliomas harbor common fusions in BRAF as
well as point mutations involving V600E, liquid
biopsies are currently being explored as a noninva-
sive technique for diagnostics and confirmation of
therapeutic targets [42].

Laser interstitial thermal therapy (LITT) is
another option being explored for local control of
pediatric low-grade gliomas [43]. This treatment
involves stereotactic placement of an optic fiber
which delivers focused laser energy into the tumor.
This approach may be helpful for deep-seeded, non-
cystic small tumors. To date, this approach has only
been performed at a limited number of centers.
Additional experience on a larger scale will need
to be obtained in order to determine the efficacy of
this approach, the ability to obtain diagnostic tissue,
potential complications and long-term effects.
CONCLUSION

Our current understanding of the molecular land-
scape has created a paradigm shift in our treatment
of pediatric low-grade gliomas, with novel therapies
being assessed for clinical efficacy [44]. Although
information regarding tolerability and responses
has been documented, many questions remain how
best to incorporate these new therapeutic options in
the treatment of pediatric low-grade gliomas. Along
with a shift in treatment, early phase clinical trials in
pediatric low-grade gliomas have undergone changes
in endpoint assessment based on radiological as well
as clinical criteria. For example, in optic pathway
gliomas, vision screening and symptomatic resolu-
tion is paired with radiographic improvement based
on modified imaging criteria in pediatric low-grade
gliomas that may better evaluate 2-dimensional
changes [45,46]. As further studies undergo assess-
ment based on changing criteria, it will be prudent to
compare historical studies carefully.
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6. Ruggiero A, Attinà G, Campanelli A, et al. Pediatric low-grade glioma and

neurofibromatosis type 1: a single-institution experience. J Cancer Res Ther
2023; 19:228–234.

7.
&

Fangusaro J, Jones DT, Packer RJ, et al. Pediatric low-grade glioma: state-of-
the-art and ongoing challenges. Neurooncolpgy 2023; 26:25–37.

This is a consensus statement from the international pediatric low grade glioma
consortium regarding the current state of affairs regarding pediatric low grade
gliomas and is an introduction to 3 subsequent manuscripts on different aspects of
pediatric low grade gliomas.
8. Cicutti SE, del Río RJ, C�aceres A, Gonzalez Ramos JD. Pediatric hemispheric

cerebellar low-grade gliomas: clinical approach, diagnosis, and management
challenges—experience at a tertiary care children’s hospital. Child’s Nerv
Syst 2024; 40:2321–2332.

9. Gruber MD, Pindrik J, Damante M, et al. Epileptic versus neuro-oncological
focus of management in pediatric patients with concurrent primary brain
lesion and seizures: a systematic review. J Neurosurg Pediat 2023;
32:576–583.

10. de Blank PMK, Lange KR, Xing M, et al. Temporal changes in treatment and
late mortality and morbidity in adult survivors of childhood glioma: a report
from the Childhood Cancer Survivor Study. Nat Cancer 2024; 5:590–600.

11. Thomale U-W, Gnekow AK, Kandels D, et al. Long-term follow-up of surgical
intervention pattern in pediatric low-grade gliomas: report from the German
SIOP-LGG 2004 cohort. J Neurosurg Pediatr 2022; 30:316–329.

12. Louis DN, Perry A, Wesselng P, et al. The 2021 WHO Classification of
Tumors of the Central Nervous System: a summary. Neurooncology 2021;
23:1231–1251.

13. Chen J, Qi X, Zhang M, et al. Review on neuroimaging in pediatric-type diffuse
low-grade gliomas. Front Pediatr 2023; 11:1149646.

14. Yvone GM, Breunig JJ. Pediatric low-grade glioma models: advances and
ongoing challenges. Front Oncol 2024; 13:1346949.

15. Toader C, Eva L, Costea D, et al. Low-grade gliomas: histological subtypes,
molecular mechanisms, and treatment strategies. Brain Sci 2023; 13:1700.

16. Chen Y, Buchanan P, Brossier NM, Navalkele P. Incidence and survival
characteristics of pediatric ganglioglioma from 2004 to with focus on infra-
tentorial sites. Neurooncol Pract 2024; 11:328–335.

17. Di Nunno V, Gatto L, Tosoni A, et al. Implications of BRAF V600E mutation in
gliomas: molecular considerations, prognostic value and treatment evolution.
Front Oncol 2023; 12:1067252.

18. Houghton PJ. Advances in the treatment of BRAF-mutant low-grade glioma
with MAPK inhibitors. Transl Pediatr 2024; 13:513–517.

19.
&&

Bouffet E, Hansford JR, Garr�eML, et al.Dabrafenib plus trametinib in pediatric
glioma with BRAF V600 mutations. N Engl J Med 2023; 389:1108–1120.

This is a phase 2 randomized trial of dabrafenib and trametinib versus standard of
care chemotherapy (carboplatin and vincristine) as frontline therapy for pediatric low
gradegliomawithBRAFv600Emutation.Basedupon independent review, treatment
with dabrafenib and trametinib resulted in increased response and progression free
survival with fewer adverse events compared with standard chemotherapy. This
study established dabrafenib and trametinib as the new standard of care for patients
with BRAFv600E mutated low grade glioma requiring upfront therapy.
20.
&

Bouffet E, Geoerger B, Moertel C, et al. Efficacy and safety of trametinib
monotherapy or in combination with dabrafenib in pediatric BRAF V600-
mutant low-grade glioma. J Clin Oncol 2023; 41:664–674.

This phase I/II study identified the dose and pharmacokinetics of trametinib alone
and in combination with dabrafenib and demonstrated the safety of the combina-
tion as well as potential efficacy in pediatric patients with relapsed/refractory low
grade glioma with BRAFv600E mutation.
21. Hanzlik E, Archambault B, El-Dairi M, et al. Use of trametinib in children and

young adults with progressive low-grade glioma and glioneuronal tumors. J
Pediatr Hematol Oncol 2023; 45:e464–e470.
Volume 37 � Number 6 � December 2024

ealth, Inc. All rights reserved.



Novel therapies for pediatric low grade glioma Demaliaj and Gardner

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/15/2024
22. Eckstein OS, Allen CE, Williams PM, et al. Phase II study of selumetinib in
children and young adults with tumors harboring activating mitogen-activated
protein kinase pathway genetic alterations: arm E of the NCI-COG Pediatric
MATCH Trial. J Clin Oncol 2022; 40:2235–2245.

23. Rush C, Sabus A, Bradley ZK, et al. The incidence and characterization of
weight gain associated with MEK inhibitors in pediatric patients. Pediatr
Blood Cancer 2023; 70:e30182.

24. Fenner B, Cavazos A, Mui U, Tarbox M. Drug-induced neutrophilic lobular
panniculitis secondary to BRAF and MEK inhibitor used for treatment of low-
grade glioma and its management. Proc (Bayl Univ Med Cent) 2023;
36:521–523.

25. Sigaud R, Albert TK, Hess C, et al. MAPK inhibitor sensitivity scores predict
sensitivity driven by the immune infiltration in pediatric low-grade gliomas. Nat
Commun 2023; 14:4533.

26. Kocher D, Cao L, Guiho R, et al. Rebound growth of BRAF mutant pediatric
glioma cells after MAPKi withdrawal is associated with MAPK reactivation and
secretion of microglia-recruiting cytokines. J Neurooncol 2024; 168:317–332.

27. O’Hare P, Cooney T, de Blank P, et al. Resistance, rebound, and recurrence
regrowth patterns in pediatric low-grade glioma treated by MAPK inhibition: a
modified Delphi approach to build international consensus-based defini-
tions—International Pediatric Low-Grade Glioma Coalition. Neuro Oncol
2024; 26:1357–1366.

28. Capogiri M, De Micheli AJ, Lassaletta A, et al. Response and resistance to
BRAF(V600E) inhibition in gliomas: roadblocks ahead? Front Oncol 2023;
12:1074726.

29.
&&

Kilburn LB, Khuong-Quang DA, Hansford JR, et al. The type II RAF inhibitor
tovorafenib in relapsed/refractory pediatric low-grade glioma: the phase 2
FIREFLY-1 trial. Nat Med 2024; 30:207–217.

This registrational phase 2 study of tovorafenib, a pan RAF inhibitor, was recently
approved by the FDA and provides another oral option for patients with pediatric
low grade glioma with a known activating BRAF or RAF alteration and because of
its long half-life, can be administered weekly. It will be important to continue to
monitor this drug since long term data are scarce and an adverse event not
previously described in MAPK inhibitors, intratumoral hemorrhage, was seen in
addition to the more common adverse events including hair color change, elevated
creatinine phosphokinase and anemia.
30. van Tilburg CM, Kilburn LB, Perreault S, et al. LOGGIC/FIREFLY-2: a phase

3, randomized trial of tovorafenib vs. chemotherapy in pediatric and young
adult patients with newly diagnosed low-grade glioma harboring an activating
RAF alteration. BMC Cancer 2024; 24:147–157.

31. Haas-Kogan DA, Aboian MS, Minturn JE, et al. Everolimus for children with
recurrent or progressive low-grade glioma: results from the Phase II
PNOC001 Trial. J Clin Oncol 2024; 42:441–451.

32. Pant S, Schuler M, Iyer G, et al. Erdafitinib in patients with advanced solid
tumors with FGFR alterations (RAGNAR): an international, single-arm, phase
2 study. Lancet Oncol 2023; 24:925–935.
1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2024 Wolters Kluwe
33. Stepien N, Mayr L, Schmook MT, et al. Feasibility and antitumour activity of the
FGFR inhibitor erdafitnib in three paediatric CNS tumour patients. Pediatr
Blood Cancer 2024; 71:e30836.

34. Lee A, Chou AJ, Williams PM, et al. Erdafitinib in patients with FGFR-altered
tumors: results from the NCI-COG Pediatric MATCH trial arm B
(APEC1621B). J Clin Oncol 2023; 41(Suppl):10007.

35. Farouk Sait S, Fischer C, Antal Z, et al. Slipped capital femoral epiphyses: a
major on-target adverse event associated with FGFR tyrosine kinase inhibitors
in pediatric patients. Pediatr lood Cancer 2023; 70:e30410.

36. Moreira DC, Quaddami I, Spiller S, et al. Comprehensive analysis of MYB/
MYBL1-altered pediatric-type diffuse low-grade glioma. Neuro Oncol 2024;
26:1327–1334.

37. Habibi MA, Rashidi F, Gharedaghi H, et al. The safety and efficacy of
bevacizumab in treatment of recurrent low-grade glioma: a systematic review
and meta-analysis. Eur J Clin Pharmacol 2024; 80:1259–1270.

38. Siegel BI, Nelson D, Peragallo JH, et al. Visual outcomes after bevacizumab-
based therapy for optic pathway glioma. Pediatr Blood Cancer 2023; 70:
e30668.

39. Bennebroek CAM, van Zwol J, Porro GL, et al. Impact of bevacizumab on
visual function, tumor size, and toxicity in pediatric progressive optic pathway
glioma: a retrospective nationwide multicentre study. Cancers (Basel) 2022;
14:6087.

40. Sridhar S, Paul MR, Yeh-Nayre L, et al. Single-agent bevacizumab in the
treatment of symptomatic newly diagnosed and recurrent/refractory pediatric
cervicomedullary brainstem low-grade gliomas: a single institutional experi-
ence. J Pediatr Hematol Oncol 2023; 45:e21–e25.

41. Chesney KM, Keating GF, Patel N, et al. The role of focused ultrasound for
pediatric brain tumors: current insights and future implications on treatment
strategies. Childs Nerv Syst 2024; 40:2333–2344.

42. Krynina O, de Stahl TD, Jytha C, et al. The potential of liquid biopsy for
detection of the KIAA1549 BRAF fusion in circulating tumor DNA from
children with pilocytic astrocytoma. Neurooncol Adv 2024; 6:vdae008.

43. Strauss I, Gabay S, Roth J. Laser interstitial thermal therapy (LITT) for pediatric
low-grade glioma-case presentations and lessons learned. Childs Nerv Syst
2024; doi: 10.1007/s00381-024-06419-3. [Online ahead of print]

44. Ziegler DS, Lehmann R, Eisenstat DD, et al. A paradigm shift in how we treat
pediatric low grade glioma-Targeting the molecular drivers. Neurooncology
2024; 26:593–595.

45. Mueller S, Fangusaro J, Thomas AO, et al. Consensus framework for con-
ducting Phase I/II clinical trials for children, adolescents and young adults with
pediatric low-grade glioma: Guidelines established by the International Pe-
diatric Low-Grade Glioma Coalition Clinical Trial Working Group. Neuroon-
cology 2023; 26:407–416.

46. Bhatia A, Sabin ND, Fisher MJ, Poussaint TY. Review of imaging recommen-
dations from Response Assessment in Pediatric Neuro-Oncology (RAPNO).
Pediatr Radiol 2023; 53:2723–2741.
rved. www.co-neurology.com 707

r Health, Inc. All rights reserved.




