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Abstract
Purpose of Review Pediatric low-grade gliomas (pLGGs) often result in significant long-term morbidities despite high 
overall survival rates. This review aims to consolidate the current understanding of pLGG biology and molecular features 
and provide an overview of current and emerging treatment strategies.
Recent Findings Surgical resection remains a primary treatment modality, supplemented by chemotherapy and radiotherapy 
in specific cases. However, recent advances have elucidated the molecular underpinnings of pLGGs, revealing key genetic 
abnormalities such as BRAF fusions and mutations and the involvement of the RAS/MAPK and mTOR pathways. Novel 
targeted therapies, including MEK, BRAF and pan-RAF inhibitors, have shown promise in clinical trials, demonstrating 
significant efficacy and manageable toxicity.
Summary Understanding of pLGGs has significantly improved, leading to more personalized treatment approaches. Targeted 
therapies have emerged as effective alternatives, potentially reducing long-term toxicities. Future research should focus on 
optimizing therapy sequences, understanding long-term impacts, and ensuring global accessibility to advanced treatments.
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Introduction

Pediatric low-grade gliomas (pLGGs) represent the most 
prevalent primary brain tumor in children, constituting 
approximately 25–30% of all brain and spinal cord tumors 
[1].These tumors are highly heterogeneous and classified 
by the World Health Organization (WHO) histopathologi-
cal system as grade 1 or 2 tumors of the central nervous 
system, boasting a 10-year overall survival (OS) of 90–95% 
[2]. While most cases emerge sporadically from various 
brain regions, including the cerebellum, cerebral cortex, 
brainstem, spinal cord, hypothalamus, optic chiasm, or 
optic nerves, around 20% of cases occur in patients with 
the genetic predisposition syndrome neurofibromatosis 
type 1 (NF1), often manifesting as optic pathway tumors 
[3]. Despite their benign, slow-growing nature and excel-
lent OS, pLGGs entail significant long-term morbidity, 
stemming from both the tumor itself and treatment-related 
effects. These morbidities encompass neurosensory, motor, 

and visual deficits, as well as cognitive and endocrine com-
plications. Often following a protracted disease course with 
multiple recurrences, patients may undergo several lines of 
treatment over many years, resulting in cumulative treatment 
burden. This presents management challenges, necessitating 
a delicate balance between disease control, treatment tox-
icity, and preservation of neurodevelopmental, visual, and 
endocrine function. Consequently, the focus of future thera-
pies is shifting towards enhancing the quality of survival and 
mitigating long-term treatment sequelae.

Recent years have witnessed remarkable progress in 
unraveling the molecular biology of pLGGs, offering prom-
ising prospects for novel targeted therapeutic approaches. 
However, it remains uncertain whether conventional man-
agement strategies can be supplanted by less toxic therapies 
or if new agents will prove efficacious following treatment 
failure. This review aims to encapsulate our current com-
prehension of the biology and molecular classification of 
pLGGs, delineate their clinical implications, and furnish an 
overview of contemporary management strategies, emerg-
ing agents, and ongoing trials in pediatric and adolescent 
pLGG patients. * Inci Yaman Bajin 
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Histopathology and Molecular Classification:

pLGGs typically exhibit glial or mixed glial-neuronal mor-
phology and are predominantly categorized as WHO grade 
1 or 2 tumors, historically including entities such as pilo-
cytic astrocytoma, pilomyxoid astrocytoma, subependymal 
giant cell astrocytoma, pleomorphic xanthoastrocytoma, 
and various mixed low-grade glial-neuronal tumors. How-
ever, the classification based solely on histopathology fails 
to capture the molecular heterogeneity of pLGGs. Collabo-
rative studies worldwide have elucidated genomic altera-
tions in gliomas across ages, grades, and histologies [4–6]. 
The 2021 WHO Classification of Tumors of the Central 
Nervous System (CNS5) integrates molecular and histo-
logical diagnoses, unveiling new tumor types and sub-
types in pediatric patients and underscoring the distinction 
between pediatric-type and adult-type diffuse gliomas due 
to their disparate molecular and clinical profiles[7]. The 
majority of pLGGs harbor genetic abnormalities linked 
to aberrant intracellular signalling via the RAS/mitogen-
activated protein kinase (RAS/MAPK) pathway, including 
the KIAA1549::BRAF fusion, the BRAF V600E mutation, 
neurofibromin 1 mutations, and less common alterations 
in fibroblast growth factor receptor 1 (FGFR1), FGFR2, 
NTRK, MYB, or MYBL1 genes[4, 8]. In contrast to 
adult gliomas, pediatric-type diffuse gliomas usually lack 
IDH1/2 mutations and 1p/19q co-deletion but frequently 
exhibit alterations in BRAF, FGFR1, MYB, or MYBL1 
genes[2]. These distinct molecular profiles inform pLGG 
treatment planning, with clinical trials stratifying patients 
based on "targetable" BRAF mutations and fusions.

Treatment Strategies

Surgical Treatment

Surgical resection remains the cornerstone of PLGG 
management. The primary goal of surgery is to achieve 
maximal safe resection of the tumor. However, the defi-
nition of "maximal safe resection" varies depending on 
factors such as tumor location and the risk of neurologi-
cal injury[9]. For patients who underwent a gross total 
resection (GTR), 10-year PFS exceeds 85%, whereas it is 
less than 50% for patients with remaining tumor. Complete 
surgical resection, particularly for hemispheric or cerebel-
lar lesions [10, 11]. In selected cases, minimally invasive 
surgical techniques such as endoscopic or laser interstitial 
thermal therapy (LITT) may be utilized for tumor resec-
tion, particularly for small, deep-seated lesions or tumors 
in eloquent areas where traditional open surgery carries 

higher risks[12]. Partial resections for mechanical decom-
pression or biopsy are usually performed when lesions 
are closer to vital structures that preclude total resection 
(e.g., optic pathway, hypothalamus, and pituitary). As tar-
geted therapies are increasingly available, tissue sampling 
has become recommended for patients except for children 
with NF1 and an optic pathway tumors. Understanding a 
patient's tumor biology helps identify new targeted thera-
pies that defer or avoid the toxicity associated with chemo-
therapy and radiation.

Radiation Therapy

Radiation therapy, once a standard treatment, is now 
reserved for only specific cases due to long-term compli-
cations, including increased risk of second malignancies, 
strokes and cognitive deficits [13]. Its use is limited to 
patients where complete surgical resection is not feasi-
ble, and there is no response to other treatment options. 
Advancements in radiation planning, such as proton radio-
therapy, aim to maintain tumor control while reducing toxic-
ity [14]. Merchant et al. (2022) reviewed the use of proton 
beam therapy (PBT) in children with PLGGs. Proton beam 
therapy was associated with a 75% disease control rate at 
2 years and significantly fewer neurocognitive side effects 
compared to conventional radiotherapy.

Chemotherapy

Chemotherapy plays a pivotal role in the treatment of 
patients, especially with unresectable tumous, patients 
with NF1 and patients with metastatic disease [8]. Overall 
response rates of up to 50–60% and 5-year PFS 39–53% have 
been reported with chemotherapy regimens in most series 
[13]. Vincristine and carboplatin combinations or monother-
apy with vinblastine remain the most common chemotherapy 
regimens for pLGG treatment at many centers worldwide.

Gnekow et al. evaluated the efficacy of the SIOP-LGG 
2004 protocol, which uses vincristine and monthly carbo-
platin, in treating children with PLGGs. The 5-year PFS 
was 46% and and OS was 89% [14]. Toxicity was manage-
able, with most side effects being hematological. Bouf-
fet et al. assessed the use of vinblastine as a single-agent 
therapy for children with recurrent or refractory PLGGs. 
The results indicated that vinblastine is an effective and 
well-tolerated treatment option. Five-year overall survival 
was 93.2% ± 3.8%, and 5-year progression-free survival was 
42.3% ± 7.2%. Toxicity was manageable and mostly hemato-
logical [15]. Other regimens used more infrequently include 
single-agent carboplatin, TPCV combination (thioguanine, 
procarbazine, CCNU and vincristine), the cisplatin and 
etoposide regimen or single-agent vinorelbine. Outcomes 
vary, with some patients experiencing favorable responses, 
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particularly NF1 patients, while others – in particular chil-
dren < 1 year old, those with diencepha-ic syndrome and/or 
disseminated disease – face continued disease progression 
despite therapy. The overall response rates reported between 
35 to 86%, and 5-year PFS between 37 to 52% with these 
treatment protocols[16–19].

Up to 60% of pLGG cases progress after conventional 
chemotherapy, necessitating novel therapeutic approaches. 
Targeted therapies focusing on common genetic aberrations 
in the RAS/MAPK pathway have emerged as promising 
options, aiming to disrupt tumor growth [4].

Molecular Characterization and Targeted Therapies

The identification of alterations of genes in RAS/MAPK and 
mTOR signalling pathways has been a significant advance-
ment in the understanding of PLGGs. The targetable points 
on these pathways are shown in Fig. 1. Current targeted ther-
apies for pLGG involve MEK inhibitors, BRAF inhibitors, 
pan-RAF inhibitors, and mTOR inhibitors. Active clinical 
trials are summarized in Table 1 and Table 2.

MEK Inhibitors

MEK inhibitors target the downstream effectors of the 
MAPK pathway and have shown promise in treating 
PLGGs, particularly those with BRAF fusions. Fangusaro 
et al. investigated the use of selumetinib in children with 

recurrent or refractory PLGGs. The results demonstrated 
durable responses and manageable toxicity profiles, sug-
gesting that selumetinib could be an effective treatment 
for this patient population. The study reported a two-year 
PFS of 78 ± 8.5%, and the most common toxicities were 
grade1/2 CPK elevation, anemia, diarrhea, headache, 
nausea/emesis, fatigue, AST and ALT increase, hypoal-
buminemia, and rash [20]. The preliminary results of an 
ongoing multicenter phase II trial of trametinib in patients 
with progressive/refractory pLGG showed a PFS at 
12 months of 79.9% [21]. Significant clinical benefits were 
observed, including tumor shrinkage and disease stabiliza-
tion. The treatment was well-tolerated, with manageable 
side effects. Other MEK inhibitors like cobimetinib, and 
binimetinib are also under investigation, showing potential 
in refractory/recurrent pLGG [5, 6]. A recent study aimed 
to evaluate the efficacy of MEK162 (binimetinib) in chil-
dren with progressive or recurrent low-grade glioma and 
to validate its target. It was a multi-institutional phase II 
study. Among 38 evaluable patients, the overall response 
rate was 34% (13/38), with 3 complete responses and 10 
partial responses. Stable disease was noted in 18 patients 
(47%), and 7 patients (18%) had progressive disease. 
The 2-year progression-free survival was 47.5% (95% CI 
30.6–62.4). The study validated the target of MEK162 
in low-grade glioma, demonstrating that higher levels of 
phosphorylated ERK correlated with response to therapy. 
The study concluded that MEK162 showed promising effi-
cacy in children with progressive or recurrent low-grade 
glioma, with manageable toxicity [22].

Fig. 1  RAS/MAPK Pathway-
mTOR Pathway, targetable 
points
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BRAF Inhibitors

Recent studies have demonstrated the efficacy of BRAF 
inhibitors, such as vemurafenib and dabrafenib, in treating 
BRAF-mutant PLGGs. Vemurafenib has shown to have 
promising anti-tumor activity in recurrent BRAF V600E-
positive brain tumors with manageable toxicity in a phase 
1 study[23]. A phase 2 study is ongoing (NCT01748149). 
Hargrave et al., in a phase I/II trial, assessed the safety and 
efficacy of vemurafenib in pediatric patients with BRAF 
V600E-mutant recurrent or refractory PLGGs. The trial 
showed a 56% overall response rate, with 22% achieving 
complete response and 34% partial response, along with 
acceptable safety and tolerability. The study demonstrated 
favorable response rates and manageable toxicity, support-
ing the use of vemurafenib in this patient population [24]. 
Bouffet et al.aimed to evaluate the efficacy of dabrafenib 
plus trametinib in pediatric patients with glioma harboring 
BRAF V600 mutations. The combination of dabrafenib 
plus trametinib was compared to standard chemother-
apy with vincristine and carboplatin in treatment naïve 
patients with low grade glioma associated with a BRAF 
V600 mutation, This trial showed a significant benefit 
favoring targeted treatment with a one year progression 
free survival rate of 67% versus 26% for the chemotherapy 
arm. The overall response rate (ORR, CR + PR) was 47%, 
verus 11% in the chemotherapy arm%. The overall clinical 
benefit rate (CR + PR + SD) was 86%, indicating a strong 
response to the treatment in the study population [25].

Pan‑RAF inhibitors

Tovorafenib (DAY101) is a new targeted therapy being 
investigated for its efficacy in treating PLGGs with BRAF 
alterations. It is an oral pan-RAF brain penetrant inhibi-
tor that has shown promise in clinical trials. The drug is 
administered orally, once a week, and there is a sprinkle 
formulation for young children.

PNOC014 study aimed to evaluate the safety, tolerabil-
ity, and preliminary efficacy of tovorafenib in children 
LGGs and other tumors activated by the RAS/RAF/MEK/
ERK pathway. The study found tovorafenib to be well-tol-
erated with manageable side effects. Preliminary efficacy 
data showed promising responses in children with LGGs 
and other pathway-activated tumors. The overall response 
rate (ORR) was approximately 42%, indicating a signifi-
cant proportion of patients experienced tumor shrink-
age or stabilization [26]. The FIREFLY-1 trial aimed to 
assess the efficacy and safety of tovorafenib in children 
with relapsed or refractory pediatric low-grade glioma 

(pLGG). Tovorafenib demonstrated significant clinical 
activity in treating relapsed/refractory pLGG. The study 
reported a high overall response rate (ORR, including 
CR + PR + MR) of approximately 64%, with many patients 
showing substantial tumor reduction. Durable disease 
control was observed, with many responses lasting over 
12 months. The trial outcomes were considered highly 
significant, leading to increased interest in tovorafenib 
for pLGG treatment and FDA approval on April 23, 2024 
for patients 6 months of age and older with relapsed or 
refractory pediatric low-grade glioma (LGG) harboring 
a BRAF fusion or rearrangement, or BRAF V600 muta-
tion. [27]. The The LOGGIC/FIREFLY-2 trial aims to 
compare the efficacy and safety of tovorafenib versus 
standard chemotherapy in pediatric patients with newly 
diagnosed low-grade glioma (LGG) harboring an activat-
ing RAF alteration. The study is designed to determine 
if tovorafenib could provide superior outcomes compared 
to traditional chemotherapy. Tovorafenib may represent 
a more effective and better-tolerated treatment option for 
this group of patients, highlighting its potential as a prom-
ising therapeutic agent for pLGGs [28].

mTOR Pathway Inhibitors

The mTOR pathway is another critical signaling pathway 
implicated in the pathogenesis of PLGGs. Inhibitors target-
ing this pathway, such as everolimus, have been explored as 
potential therapies. Ullrich et al., aimed to assess the effi-
cacy of continuous daily oral everolimus in treating recur-
rent, radiographic-progressive NF1-associated pediatric 
low-grade glioma. The study found that everolimus was 
well-tolerated, with manageable toxicities. However, the 
overall response rate was low, with only 2 out of 35 patients 
(5.7%) achieving an objective response. Median PFS was 
11.3 months. Everolimus showed limited efficacy in this 
patient population, with a low response rate [29].

Wright et al., investigated the efficacy of continuous oral 
daily everolimus in treating recurrent, radiographically pro-
gressive pediatric low-grade glioma. Everolimus was well-
tolerated, with manageable toxicities. However, the overall 
response rate was also low, with only 2 out of 27 patients 
(7.4%) achieving a partial response. The median PFS was 
10.5 months. Everolimus showed limited efficacy in this 
patient population, with a low response rate [30].

Haas-Kogan et al., evaluated the efficacy of everolimus 
in children with recurrent or progressive low-grade glioma. 
Everolimus demonstrated limited efficacy, with only 2 out 
of 45 patients (4.4%) achieving a partial response. The dis-
ease control rate at 6 months was 31.1%. The median PFS 
was 6.1 months. Everolimus showed modest activity in this 
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patient population, with a low response rate and short PFS 
[31].

Overall, these studies suggest that everolimus has lim-
ited efficacy in treating pLGGs, with low response rates and 
modest progression-free survival benefits. Clinical trials 
are ongoing studying the combination of MEK and mTOR 
inhibitors for recurrent pLGG (NCT04485559/PNOC021).

Controversial Discoveries and Hypotheses

Despite significant progress, several controversies and unre-
solved questions remain. One area of debate is the optimal 
sequencing and combination of therapies, particularly in the 
context of targeted treatments. The optimal duration of treat-
ment remains to be defined, as rebound and early progres-
sion have been described, particularly after discontinuation 
for BRAF inhibitor [32]. Additionally, the long-term impact 
of these novel therapies on the developing brain is not fully 
understood.

Controversial Hypothesis:

Ongoing Debate: There is ongoing debate regarding the 
potential long-term neurocognitive effects of targeted thera-
pies and immunotherapies in pediatric patients. While these 
treatments offer significant benefits in terms of tumor con-
trol, their impact on brain development and function requires 
further investigation.

Personal Observations and Future Directions

From our observations and review of the recent literature, 
it is evident that the treatment landscape for PLGGs is rap-
idly evolving. The integration of molecular diagnostics 
has revolutionized the approach to therapy, enabling more 
personalized and targeted treatment strategies. However, 
the translation of these advancements into routine clinical 
practice remains a challenge, particularly in resource-limited 
settings.

Future Research Focuses:

Long-term Outcomes: Investigating the long-term neurocog-
nitive and psychosocial outcomes of children treated with 
targeted therapies.

Combination Therapies: Exploring the optimal sequenc-
ing, duration and combination of targeted therapies and con-
ventional treatments.

Biomarker Development: Identifying biomarkers that can 
predict response to therapy and guide treatment decisions.

Global Access: Ensuring that advancements in PLGG 
treatment are accessible to children worldwide, regardless 
of geographic or socioeconomic barriers.

Conclusion

Significant strides have been made in the treatment of pedi-
atric low-grade gliomas over the past few years. Advances in 
molecular characterization, targeted therapies, and surgical 
techniques have improved the management and outcomes 
of these tumors. However, ongoing research and collabora-
tion are essential to address the remaining challenges and 
controversies in the field. By continuing to build on these 
advancements, we aim to achieve even better outcomes for 
children with PLGGs.

By focusing on these advancements, we can continue to 
improve the outcomes and quality of life for children with 
PLGGs and ensure that they receive the most effective and 
least harmful treatments available.
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