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Abstract: Two thirds of pediatric gliomas are classified as low-grade (LGG), while in adults only
around 20% of gliomas are low-grade. However, these tumors do not only differ in their incidence
but also in their location, behavior and, subsequently, treatment. Pediatric LGG constitute 65% of
pilocytic astrocytomas, while in adults the most commonly found histology is diffuse low-grade
glioma (WHO II), which mostly occurs in eloquent regions of the brain, while its pediatric counterpart
is frequently found in the infratentorial compartment. The different tumor locations require different
skillsets from neurosurgeons. In adult LGG, a common practice is awake surgery, which is rarely
performed on children. On the other hand, pediatric neurosurgeons are more commonly confronted
with infratentorial tumors causing hydrocephalus, which more often require endoscopic or shunt
procedures to restore the cerebrospinal fluid flow. In adult and pediatric LGG surgery, gross total
excision is the primary treatment strategy. Only tumor recurrences or progression warrant adjuvant
therapy with either chemo- or radiotherapy. In pediatric LGG, MEK inhibitors have shown promising
initial results in treating recurrent LGG and several ongoing trials are investigating their role and
safety. Moreover, predisposition syndromes, such as neurofibromatosis or tuberous sclerosis complex,
can increase the risk of developing LGG in children, while in adults, usually no tumor growth in these
syndromes is observed. In this review, we discuss and compare the differences between pediatric
and adult LGG, emphasizing that pediatric LGG should not be approached and managed in the same
way as adult LCG.

Keywords: pediatric low-grade glioma; malignant transformation

1. Introduction

Brain tumors are the most common solid cancer in children, with an incidence of
5.7 per 100,000 [1]. Gliomas comprise approximately a third of these tumors, with two
thirds of gliomas classified as low-grade gliomas (pLGG) in children and adolescents [2].
Pediatric LGGs are defined as astrocytoma World Health Organization (WHO) grade I
and II, and include several different pathological subtypes, such pilomyxoid astrocytomas,
oligodendrogliomas, gangliogliomas or supendemal giant cell astrocytomas [3–5]. In adults,
low-grade gliomas (aLGG) are less frequent, making up only 15–25% of all gliomas [6].
In children, pilocytic astrocytomas (PAs), classified as WHO grade I tumors, are the most
common pLGG (65%), while in adults, WHO grade II gliomas are more common [6–8]. In
aLGG, the current EFNS-EANO guidelines recognize WHO grade II gliomas as diffuse
infiltrative gliomas and they feature a different risk profile compared to PA [7,9]. In
children, most pLGGs occur in the cerebellum, while in adults, they mostly occur in the
supratentorial compartment [4]. The ten-year overall survival (OS) rate is over 90% for
pLGG, while in aLGG, median survival is approximately 7 years with a ten-year OS lower
than 60% [10–13]. In adults, many LGGs undergo malignant transformation and become
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high-grade gliomas (aHGG), while this transformation is rarely observed in pLGG [9,13–17].
The different biology of tumors in pediatric and adult cohorts dictates different treatment
strategies and prognostic outlooks [8].

In this review, we discuss and compare the differences between pLGG and aLGG,
emphasizing that LGG in children and adults are two different tumor entities and that
the same tumor should be approached individually in the different age groups. The
purpose of this review is to offer a brief but comprehensive overview of the differences
and similarities between LGG in children and adults regarding its histology, molecular
biology, and treatment, as well as outcome. This review is mainly addressed to fellow
neurosurgeons, neuro-oncologists, and pediatricians, or any medical professionals treating
patients with these conditions.

2. Histology and Anatomical Location

In children, most LGGs are pilocytic astrocytoma (65%), followed by LGG not oth-
erwise specified (NOS) in 21% of cases. Approximately, three quarters of all LGGs in
children are WHO grade I [8]. In adults, it is the opposite, with over three quarters of aLGG
being WHO grade II [6]. PLGGs occur in 60%, either in the supra- or in the infratentorial
compartment, while aLGGs occur in 60% of cases supratentorially, with 80% in eloquent re-
gions [6,18]. In children, certain tumor locations, such as the tectum or the dorsal brainstem,
are pathognomonic for pLGG, specifically pilocytic astrocytoma (PA), and it is disputed
whether these tumors even require a biopsy to confirm the diagnosis, since surgery around
the brainstem has a rate of postoperative morbidity of up to 30% [9,19]. Therefore, if hydro-
cephalus is apparent, endoscopic biopsy is obtained simultaneously to an endoscopic third
ventriculostomy (ETV), which is indicated in order to treat the aqueduct stenosis caused
by the tumor [20–22]. A classic location for aLGG is the insular region, which presents
specific challenges (Figure 1). These tumors are very closely located to the middle cerebral
artery and are surrounded by its branching vessels in a highly eloquent region, which often
involves speech, motor, and limbic functions [23]. Approximately 6% of all pLGGs show
dissemination either in other parts of the brain or the spine, while in adults dissemination
is only observed in high grade gliomas [24,25]. However, the benefit of a whole neuroaxis
scan at diagnosis and follow-up is still controversially discussed in pLGG [26].
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Figure 1. A 21-year-old male, presenting with a generalized seizure. (A) Flair hyperintense fronto-temporal tumor of
8.6 × 4.5 × 5 cm with central hypointensity suggestive of aLGG. (B) T1 hypointense tumor surrounded by the vessels of
the sylvian fissure. (C) Postoperative imaging after awake fronto-temporal craniotomy and partial tumor resection due to
language impairment intraoperatively.
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3. Predisposition Syndromes Associated with LGG

Certain hereditary syndromes, such as Neurofibromatosis type I (NF-1) and Tuberous
Sclerosis complex (TSC), are associated with LGG. Since these tumors tend to grow and
become symptomatic mainly in the pediatric age, the dilemma of how to diagnose and
when to treat these patients mostly affects pediatric oncologists, pediatric neurologists, and
pediatric neurosurgeons; to a lesser extent, this dilemma also affects clinicians dealing with
adult NF-1 or TSC patients [27].

3.1. Neurofibromatosis Type 1

Patients with NF-1 are at risk of developing optic pathway glioma, which usually
involves tumor growth during childhood but not during adult life [27]. Around 6% of all
NF-1 patients develop optic pathway glioma (OPGs), with a peak of incidence at the age
of 3–4 years [28,29]. These OPGs show a more benign course than their sporadic counter-
parts [28–30]. The primary treatment goal for these children is visual preservation [27].
Only around 1% of all NF-1 patients additionally develop brainstem gliomas with a risk of
hydrocephalus due to secondary obstructive hydrocephalus [22,29].

3.2. Tuberous Sclerosis Complex

The TSC negatively regulates the mTOR pathway, resulting in typical subependymal
giant cell astrocytoma (SEGA) in 20% of all patients, and only a small number of reports
of SEGA without the clinical features of TSC exist (Figure 2) [31,32]. These tumors mostly
occur in children and young adults and are unlikely to occur in adulthood [30]. If they
increase in size, they can cause seizures or obstructive hydrocephalus, which is when
surgical excision is recommended, although some reports showed that mTOR inhibitors
are sufficient for hydrocephalus treatment as well as seizure reduction and control [9].
Moreover, preoperative treatment with mTOR inhibitors can reduce the vascularity of
SEGAs, which is beneficial for surgical resection [33,34]. In most cases, the tumor can be
medically treated with mTOR inhibitors, which can prevent disease progression in children
>3 years of age and has also been shown to be effective terms of cognition, development,
and seizure control in TSC children [34–36].
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Figure 2. A 16-year-old girl previously diagnosed with TSC and presenting with acute headaches and vomiting. (A) Acute
obstructive hydrocephalus and edema due to T2 hypointense lesion in the right frontal horn. (B) Contrast enhancing lesion
in the right frontal horn suggestive of SEGA in the context of TSC. (C) Postoperative scan with reduction of ventricular size
and showing complete resection of the SEGA.
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For both NF-1 associated OPGs and TSC-associated SEGAs, a diagnosis can be made
based on typical MRI features, and a biopsy is not obligatory to confirm histopathological
diagnosis before starting medical therapy [35]. This stands in contrast to the usual treatment
paradigm, which requires the performance of a biopsy before starting therapy for any other
presumed LGG, especially in adults. However, in the context of a predisposition syndrome,
omitting a biopsy before initi ating treatment is accepted by most pediatric neurooncologist,
neurologists, and neurosurgeons [35] (Table 1).

Table 1. Characteristics of pediatric and adult LGG.

pLGG aLGG

Anatomical Location Supra- and infratentorial each 30% Supratentorial (eloquent regions) 80%

Most common histopathology
WHO I: 74% WHO I: 10–15%
WHO II: 26% WHO II: 85–90%

Pilocytic astrocytoma 65% Diffuse LGG 60%

Primary treatment Surgery, Surgery,
GTR increases OS GTR increases OS

Indication for adjuvant therapy
Radiographic progression (>25% of
volume) or recurrence not amenable

to re-resection

Radiographic progression or recurrence not
amenable to re-resection

Chemotherapy carboplatin and vincristine (CV)
Temozolomide (TMZ) often preferred to
procarbazine, lomustine, and vincristine

(PCV)

Radiotherapy
Salvage therapy, 45–50.4 Gy in 1.8 Gy

fractionsConsider proton beam therapy
if feasible

Concomitant with chemotherapy with
50.4–54 Gy in 1.8Gy fractions

Novel therapies BRAF/MEK inhibitors (trametinib,
selumetinib), ongoing trials -

10-year OS (%) >90% ~60%

Molecular alterations BRAF600 17% IDH mutant 70%

Malignant transformation Extremely rare (2.9–6.7%), after Chemo or
RT might be higher Common, up to 86%

Associated syndromes

NF-1, TSC
NF-1 associated OPG highly sensitive to

chemotherapy but more side effects
with RT

TSC associated SEGA mTOR therapy

-

Prognostic factors

Location (optic pathway, brainstem
worse prognosis, OPG with NF-1 very

good prognosis), GTR (better prognosis),
young age (worse prognosis)

Location (eloquent worse prognosis), GTR
(better prognosis), diffuse LGG WHO II

(worse prognosis), age <40 years
(better prognosis)

Abbreviations: OS = overall survival, NF-1 = neurofibromatosis, TSC = tuberous sclerosis complex, GTR = gross total resection, MEK
inhibitor = mitogen-activated protein kinase, IDH = isocitrate dehydrogenase, RT = radiotherapy, LGG = low grade glioma, OPG = optic
pathway glioma.

NF-1 is associated with OPG, which follows a more benign course than its sporadic
counterpart. The primary treatment goal is visual preservation. Around every fifth patient
with TSC develops a SEGA, which is primarily treated with mTOR inhibitors. In both,
diagnosis is often made based on imaging features only.

4. Treatment of pLGG vs. aLGG
4.1. Surgery

In both children and adults, the mainstay of therapy is surgical resection. Since most
patients present with symptoms due to mass effect over the course of several months, the
primary goal of therapy is volume reduction [5]. Surgery is the most effective treatment
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to achieve a volume reduction of the tumor, whilst a histopathological diagnosis can also
be reached. In fact, for pLGG, a gross total resection (GTR) of the tumor often means the
patient is cured of the disease (since most pLGGs are WHO grade I), while for aLGG (which
are mostly WHO grade II), unfortunately, even after GTR, the chances of recurrence and/or
malignant transformation remain relatively high [37]. As mentioned above, pLGG and
aLGG typically occur at different anatomical locations, which is why the surgical approach
and skillset of surgeons differs depending on whether they treat children or adults [6]. Due
to the highly eloquent region of the insula, most neurosurgeons treating aLGG are trained
in performing awake craniotomies, which are applied in around a third of all insular aLGGs
but are rarely applied in children [23,38]. On the other hand, pediatric neurosurgeons often
encounter posterior fossa pLGG or exophytic brainstem pLGG and require a specific skillset
for these approaches, as well as treating obstructive hydrocephalus or tumor biopsies with
endoscopic procedures (e.g., ETV) [39]. Intraventricular tumors (e.g., pLGG within the
third ventricle, thalamic pLGG) requiring an endoscopic or transventricular approach,
are also more often encountered in children than in adults40 [40]. It is therefore clear that
LGGs show anatomical differences in different age groups which directly influences and
dictates their treatment strategy. Typically, in children, posterior fossa syndrome, including
cerebellar mutism occurs in approximately a third of patients undergoing infratentorial
tumor resection, while this is an extremely rare complication after posterior fossa surgery
in adults [41]. Some published reports suggest that children recover faster and better after
epilepsy surgery compared to adults, while no clear evidence on this matter exists in tumor
surgery [42–45]. In awake tumor surgery, differences in neurostimulation are observed
between children and adults, which is most probably due to the different myelination in
the cortical and subcortical tracts between the two age groups, indicating different levels of
plasticity/brain development [46].

Several studies have shown that gross total resection (GTR) correlates with increased
progression-free survival (PFS) and overall survival (OS) in both children and adults [4,47–49].
Near-total resection with minimal residual (<1.5 cm3) was suggested to have a similar
outcome to complete resection in both age groups, but the results are controversially
discussed in children [4,48]. In a case series by Wisoff et al. eight-year PFS was 93% ± 1.5%
if GTR was achieved, 56% ± 5.2% with a residual <1.5 cm3 and 45% ± 6.2% with a
tumor residual > 1.5 cm3 [4]. Second-look surgery is highly recommended for children
with a postoperative residual or recurrent tumor amenable to resection [35]. A study
by Saunders et al. investigating pLGG in the posterior fossa showed that only 13% of
all children with a GTR presented with a recurrent tumor, resulting in a six times lower
risk of tumor progression than after a subtotal resection [50]. Similar results were also
demonstrated for supratentorial pLGG [4]. Of all recurrent pLGGs, two thirds required
subsequent therapies—either surgery or radio- and chemotherapy [50]—underlining the
importance of regular radiographic follow-ups. Tumor location is a prime determinant of
prognosis, with a significantly worse prognosis for brainstem or optic pathway pLGG, with
the exception of OPG in NF-1 patients [4,28−30,49,50]. Unfavorable prognostic factors with
regards to overall survival (OS) include subtotal resection, young age, and unfavorable
tumor location (e.g., brainstem, or optic pathway) [51–53]. In adults, GTR is more likely to
be achieved in incidental lesions than in symptomatic lesions, which is most probably due
to their non-eloquent location. In a large case series by Gogos et al. GTR was achieved in
57% of incidental and 24% of symptomatic aLGGs, with a significantly shorter survival
of symptomatic aLGGs (median 14.6 years) [54]. For adults, early resection resulted in a
longer OS than observation and a delayed resection of aLGG [54]. To achieve a complete
resection with the total removal of FLAIR abnormalities in aLGG is difficult, as the tumor is
non-enhancing and often presents as normal tissue during surgery [7]. If a tumor recurrence
or progression is amenable to surgery, an additional resection should be considered [7].
For both age groups, the use of neuronavigation, ultrasound, and neuromonitoring as
adjuncts to improve the quality of the resection are highly encouraged [7,35]. The use of
5-aminolevulinic acid (5-ALA), a commonly used tool to optimize the extent of resection in
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high grade glioma, is often less reliable in aLGG. Fluorescence induced by 5-ALA induced
is observed in a variable amount in different case series of aLGG, with an average of 24.6%
positivity limiting its use [55]. Similarly to pHGG, in pLGG, 5-ALA is not used routinely
and therefore no data exist on its induced florescence [56].

Gross total resection is the primary therapy for both pediatric and adult LGG and
significantly improves OS. However, in pLGG, GTR seems to lead to better prognosis than
in adults. This most probably due to differences in histology and tumor biology.

4.2. Adjuvant Therapy

Children with recurrent tumors, radiographic growth of remaining tumors, or tu-
mors in unfavorable locations inaccessible to future surgery, are advised to undergo ad-
juvant treatment [35]. Chemotherapy is the first-line adjuvant therapy and preferred
over radiotherapy (RT) [35,57,58]. Few trials regarding different chemotherapy regiments
exist [35,51,52,57,59,60] (Table 2). Children with neurofibromatosis type 1 (NF-1) and asso-
ciated pLGG showed a much higher response to chemotherapy (carboplatin, vincristine)
with a PFS of 69% compared to 39% for the remaining pLGG [61]. In the case of NF-1 and
non-resectable tumors, chemotherapy without a prior biopsy is recommended as first-line
therapy [35].

The current practice in adults is similar. Adjuvant therapy is not considered for
low-risk aLGG, with low-risk defined as age <40 years and a total resection of the FLAIR
abnormalities in the postoperative MRI. For radiological tumor progression (>25% radio-
logical increase of tumor size) or recurrence not amenable to surgery, adjuvant therapy is
usually suggested [54,67–69]. However, in adults, the recommended type of chemotherapy
differs from pediatric patients, and for adults, concomitant radiotherapy (RT) is often
suggested [7]. Several chemotherapy regimens have been described for aLGG and are
summarized in Table 2 [7,65,66].

Due to the side effects of radiotherapy, especially in younger children, including
neurocognitive impairment, developmental delay, hearing dysfunction, vasculopathy, ma-
lignant transformation, or secondary tumors [35,57,58], RT only plays a role in recurrences
after primary therapy or as salvage therapy in pLGG [35,57,58]. RT can be administered
at any time after chemotherapy and is not impacted by the regimen administered be-
forehand [35]. The recommended radiotherapy dose for pLGG is 45–50.4 Gray (Gy) in
1.8 Gy fractions, although this ultimately depends on the tumor and its location. The OS of
subtotal resected tumors in unfavorable locations showed a similar survival time when
treated with postoperative radiotherapy (RT) compared to pLGG treated with GTR and
surveillance only [49]. Craniospinal irradiation (CSI) is only administered for disseminated
disease and is rarely used for pLGG [35]. Proton beam therapy (PBT) offers an advantage
over conventional RT in eloquent tumor locations, such as optic or hypothalamic-pituitary
pathways, since it reduces the dose to the surrounding normal brain by 1.5–3 times [65].
A study by Greenberger et al. showed that PBT demonstrated similar tumor control
rates compared to conventional RT but showed fewer endocrine and neurocognitive side
effects [70]. However, the superiority of PBT compared to conventional RT is still contro-
versially discussed in research and current guidelines [35,71]. Patients with NF-1 were
shown to suffer more frequently and severely from neurocognitive decline after RT; hence,
it should only be applied cautiously in this cohort [35,58]. In aLGG, two randomized trials
were conducted for RT. One compared watch-and-wait to RT after surgery, while the other
compared early versus late (after progression) RT; in both trials, no difference in OS was
detected [72,73]. Hence, RT is not administered for low-risk aLGG, but at progression, it is
more commonly used as an adjuvant therapy concomitant with chemotherapy.
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Table 2. Different randomized controlled trials comparing adjuvant regiments in LGG and ongoing trials for MEK inhibitors.

Study Agents PFS OS Comments

Pediatric LGG

Ater et al. 2012 [51]

carboplatin and
vincristine (CV)

vs.
thioguanine,
procarbazine,

lomustine, and
vincristine (TPCV)

5 year PFS
39% ± 4%

vs.
52% ± 5%

5 year OS
86% ± 3%

vs.
87% ± 7%

Gnekow et al. 2017 [52]

carboplatin &
vincristine (CV)

vs.
carboplatin, vincristine

& etoposide (CVE)

5-year PFS
46% ± 3.5%

vs.
45% ± 3.5%

5 year OS
86% ± 2.1% in both

groups

BRAF/MEK Inhibitors

Fangusaro J et al. 2019
[62]

Selumetinib in presence
of recurrent, refractory
or progressive pLGG

36–40% reach partial
response Not applicable

NCT02124772
(ongoing)

Trametinib
pharmacokinetics

study
Results expected 2021 Results expected 2021

NCT04485559
(ongoing)

Trametinib and
everolimus

dosage study
Results expected 2023 Results expected 2023

Selt et al. 2020 [63]
(retrospective)

Trametinib in
progressive pLGG

18 patients,
6 partial responses, 2
minor responses, 10
stable diseases (SD),
100% disease control

under therapy

-

Manoharan et al. 2020
[64] (retrospective)

Trametinib in
progressive pLGG

10 patients,
2 partial response, 2
minor response, 6

stable disease

-

Adult LGG

Baumert et al. 2016
[65]

Temozolomide (TMZ)
vs.

Radiotherapy

4-year PFS
39 months (IQR:16–46)

vs.
46 months (IQR:19–48)

-

Buckner et al. 2016
[66]

Radiotherapy
vs.

Radiotherapy and
procarbazine,

lomustine, vincristine

10-year PFS
21%
vs.

51%

Overall survival
7.8 years

vs.
13.3 years

Due to side effects,
PCV is often replaced

with TMZ by clinicians,
despite disputed

evidence

NCT00887146
(ongoing)

Radiotherapy & TMZ
vs.

Radiotherapy and
procarbazine,

lomustine, vincristine

Results expected 2025 Results expected 2025

5. Molecular Genomics and Targeted Therapies

In recent years, advances in molecular tumor research identified abnormalities in
the mitogen-activated protein kinase/extracellular-signal- regulated kinase (MAPK/ERK)
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activation pathway, due to a mutation or fusion of the BRAF gene, that were present in
pLGG but not in aLGG [74–76]. A similar change of the MAPK pathway is observed in
NF-1, predisposing patients to pLGGs [62]. Up to 84% of pLGGs harbor a driver mutation,
of which KIAA1549-BRAF (35%) mutation was the most commonly found, followed by the
BRAFV600E and NF-1 mutations (17%) [76,77]. Rare alterations additionally occur in up
to 17% of cases [76]. The different driver mutations influence the outcome and can offer
therapeutic targets for novel therapies [74,78–80]. KIAA1549-BRAF-mutated pLGG are
mostly found in the cerebellum and present with a higher 5-year progression-free rate as
well as a higher 10-year overall survival rate compared to BRAFV600E-mutated pLGGs
(69% vs. 52% and 97% vs. 89%) [76]. By contrast, BRAFV600E rarely occurs in pediatric
high-grade gliomas, where it predicts a better outcome [63,81].

Most pLGGs, even if they do not include one of the typical driver mutations, contain
mutations affecting the MAP-Kinase pathway. This could make them possible targets
for BRAF/MEK inhibitor therapy [64,76]. The two best-known BRAF/MEK inhibitors
currently being investigated in pLGG are selumetinib and trametinib, with skin toxicity
being the most frequently described adverse event of the treatment [74,78,82,83] (Figure 3).
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Figure 3. An 11-year-old boy presenting with headaches and blurry vision. (A) Preoperative MRI scan showing a
6.1 × 4.0 × 3.4 cm T2 hyperintense and contrast enhancing (not shown) lesion suggestive of (non-NF) optic pathway glioma.
(B) Postoperative MRI scan after partial resection with tumor rest in the optic pathway. Histology confirmed a BRAF600
mutated pilocytic astrocytoma. (C) Follow-up MRI scan after 4 weeks of MEK inhibitor treatment showing a nearly complete
regression of the tumor.

PLGGs harboring KIAA1549-BRAF mutations are more responsive to BRAF inhibitors
than BRAFV600E-mutated tumors [77]. A recent phase II trial for recurrent or progressive
pLGG showed that patients treated with selumetinib had a two-year PFS of 78 ± 8.5%
and that visual fields and acuity improved or remained stable in the majority of patients,
concluding that selumetinib leads to prolonged disease stability [78]. A current prospec-
tive trial investigating trametinib in pLGG is ongoing; the results are yet to be published
(NCT02124772). In two retrospective cohort studies with a total of 28 patients, 12 patients
showed a minor or partial response, while 16 patients achieved stable disease when treated
with trametinib [82,83]. In one of the studies, around a third showed disease progression
over the course of treatment, while in the other cohort, all the patients achieved disease
control [82,83]. There is currently a trial ongoing comparing MEK/BRAF inhibitors to a
CV regimen in pLGG, focusing on overall response rate (ORR), PFS, and OS; the results are
yet to be published (NCT02684058). Some studies have observed a paradoxical activation
of tumor growth with BRAF/MEK inhibitor treatment, especially in KIAA1549-BRAF-
and NF-1-mutated pLGG [64,84]. This might prompt even more specific therapies for the
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distinct mutations [84]. Another challenge after the successful initiation of BRAF/MEK in-
hibitors is to decide when to discontinue treatment, weighing the risk for tumor recurrence
and treatment side effects against each other. Tumor progression is often observed after the
termination of BRAF/MEK inhibitors [82,83]. Target therapy trials for LGG are currently
only carried out within the pediatric population.

In children and adults, adjuvant therapy is administered if radiographic tumor pro-
gression (>25% of tumor volume) or recurrences not amenable to surgery are apparent. In
pLGG, the adjuvant therapy of choice is a regimen of CV, radiotherapy, or BRAF/MEK
inhibitors used as salvage therapy. On the other hand, in aLGG, a common practice is the
use of concomitant RT with temozolomide, despite disputed evidence for TMZ compared
to PCV. Due to the molecular biology of pLGG, MEK inhibitors are a novel treatment
method, with promising results and ongoing trials.

5.1. Malignant Transformation

Malignant transformation (MT) of pLGG is a rare phenomenon, which occurs in
2.9–6.7% of all patients based on a small number of case series [15,17,85–87]. It is assumed
that the histopathology and molecular biology (MAPK/ERK deregulation, PI3K/AKT
aberrations) might influence the risk of MT, but no clear pattern that can be translated into
clinical practice has yet been identified [15–17]. It has been suggested that MT in children
is associated with the prior administration of chemotherapy or RT [5,7,87].

In adults, MT occurs much more frequently, with rates ranging between 13–86% of all
aLGGs. Similar to children, MT seems to be associated with the administration of adjuvant
therapy [37,88–90]. Furthermore, several reports describe a rapid growth and higher rate
of malignant transformation of aLGG in pregnant women [91–93]. This is probably due
to hemodynamic, as well as molecular changes. One study showed that progesterone
can accelerate tumor growth, while another study found a correlation between elevated
insulin-like growth factor-1 (IGF-1) levels, which are elevated during pregnancy, and the
growth of astrocytoma [91,94,95]. No reports about accelerated MT in puberty could be
found, and previous reports about treatment with growth hormone accelerating tumor
growth are controversially discussed [15,96]. In adults, IDH and p53 mutations might
promote MT, which are different molecular mechanisms to those present in pLGG [8,75,97].
It is highly debatable whether teenagers and young adults should be considered as children
(counting as a low-risk group) or as adults. Common practice indicates that if the tumor
resembles a typical childhood tumor, the management should be guided accordingly, or
the other way round for tumors resembling aLGG [9].

This differences between the age groups underline the molecular differences between
these two groups [5,88,89,98]. Due to the higher rate of MT in adults, early surgery aiming
for gross total resection is also warranted in incidental tumors, while in children the watch-
and-wait strategy still seems to be justified for small incidental findings [9,15]. In the case
of easily accessible lesions in children, surgical excision is feasible and can be discussed [9].

Malignant transformation is a rare event in pLGG and might be associated with
adjuvant therapy, while it occurs in most aLGG, most probably due to the different
tumor biology.

5.2. Spontaneous Regression in pLGG

The phenomenon of spontaneous regression has been described in some reports on
pLGG but it is basically non-existent in adults. In a case series by Ogiwara, a total of 30% of
all partially resected cerebellar pLGG demonstrated spontaneous regression over a median
time of 11.9 months [99]. Similar rates (32.5–48%) of spontaneous regression or arrested
growth have been described in other case series of cerebellar pLGG [100,101] (Figure 4).
This could warrant the decision not to chase the tumor into eloquent regions, such as the
peduncle or parts of the brainstem, to avoid postoperative morbidity [99]. Telomerase
shortening and the induction of apoptosis are hypothesized to cause growth arrest and the
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telomere length could offer some prognostic value in pLGG; however, further studies are
needed to elucidate this matter [102].
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Figure 4. An 8 year-old girl undergoing treatment for congenital scoliosis. (A) MRI head carried out in the setting of her
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Spontaneous regression is observed in around one third of pLGGs but not in aLGG.
This warrants the concept of avoiding radical tumor resection in eloquent regions in
children with suspected or confirmed LGG.

6. Conclusions

Pediatric and adult low-grade gliomas differ in their pathology as well as their anatom-
ical location, dictating the terms of their management. Predisposition syndromes, such
as NF-1 or TSC, are associated with specific types of low-grade glioma, which occur
during childhood. In these cases, medical therapy is often initiated without obtaining
histopathological samples.

Surgical resection with the aim of gross total resection is the primary treatment in
pediatric and adult low-grade gliomas. In both age groups, gross total resection is asso-
ciated with longer overall survival, while in the pediatric population it is higher than in
the adult population. Adjuvant therapy is only advocated for progressive or recurrent
low-grade glioma in both age groups. In children, chemotherapy with carboplatin and
vincristine is the standard adjuvant therapy, while in adults concomitant temozolomide
and radiotherapy are administered. Novel therapies, such as MEK inhibitors, were shown
to be effective in progressive pediatric low-grade gliomas and are currently being investi-
gated in comparison to chemotherapy. Currently, these agents do not play a role in adult
low-grade glioma due to the different molecular biology of these tumors. In pediatric
low-grade glioma, malignant transformation is a rare event and mostly associated with
previous chemo- and/or radiotherapy, while most adult low-grade gliomas undergo ma-
lignant transformation. This again underlines the differences between low-grade gliomas
in children and adults regarding their biology and behavior. Due to the various differences
in diagnosis and treatment, children with low-grade gliomas should only be treated in
centers with pediatric oncologists, pediatric neurologists, and pediatric neurosurgeons.
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