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pLGGs are a group of tumors for which the era of molecular diagnostics has truly shifted treatment paradigms and 

patient care. The discovery that this group of tumors is driven by single-gene alterations/fusions in the MAPK 

pathway has resulted in relatively rapid translation into targeted therapy options for patients with this often 

chronic disease. This translation has been facilitated through efforts of multiple collaboratives and consortia 

and has led to the development of clinical trials testing the role of targeted therapies in pLGG. Although these 

developments represent promise, many questions remain regarding these therapies including their long-term 

toxicities and their potential effects on the natural history of pLGG. 
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Pediatric low-grade gliomas (pLGGs) are the most common brain tu-

or in children and represent roughly one-third of all pediatric central

ervous system (CNS) tumors [1–3] . Recent scientific advances have

rastically altered our understanding of the biological underpinnings

f pLGGs. This improved understanding of the molecular alterations in

LGG, most commonly in the mitogen-activated protein kinase (MAPK)

athway, has translated to a shift in the therapeutic paradigm for chil-

ren with pLGGs that now integrates novel targeted therapies in the

pfront treatment setting. Despite these exciting developments, trans-

ating these novel therapeutic options to meaningful treatment in pa-

ients requires thoughtful and well-designed clinical trials. Moreover,

ovel targeted therapies present unique challenges in patient care in-

luding new toxicity profiles and potential impact on the natural history
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f this disease. Ultimately, pLGG continues to represent a chronic dis-

ase for many children and as such, the long-term morbidity of these

umors and the therapies utilized remain of paramount importance

 Fig. 1 ). pLGGs are molecularly and clinically distinct from their adult

ounterparts. Survival outcomes for patients with pLGG are excellent,

ith a 10-year overall survival (OS) of 96% for pilocytic astrocytoma

nd 85% for other LGGs [4] . Unlike adult low grade gliomas, which are

redominantly hemispheric, pLGGs have a predilection for the poste-

ior fossa and optic pathway [5–7] . Adult patients with LGGs have a

igh risk of transformation to high grade gliomas and carry an inferior

rogression free survival (PFS) and OS to their pediatric counterparts

5 , 7 , 8] . The majority of pLGGs do not transform over time, and appear

o quiesce on transition to adulthood [6 , 7] . This has been substantiated

y studies of long-term survivors of pLGGs showing that after reaching

dulthood, survivors of pLGG had a 30-year OS of 93% with mortal-
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Fig. 1. Considerations in treatment of pLGGs. A representative schematic show- 

ing important considerations in pLGG treatment, including understanding the 

MAPK pathway that altered in most pLGGs and can be targeted using small 

molecular inhibitors; pre-clinical in vitro and in vivo models; molecular profil- 

ing of tumors; and natural history of senescence. 
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Table 1 

WHO 2021 classification for pLGG/low-grade GNTs. 

Pediatric-type diffuse 

low-grade gliomas 

1. Diffuse astrocytoma, MYB- or MYBL1-altered 

2. Angiocentric glioma 

3. Polymorphous low-grade neuroepithelial tumor 

of the young (PLNTY) 

4. Diffuse low-grade glioma, MAPK 

pathway-altered 

Circumscribed astrocytic 

gliomas 

1. Pilocytic astrocytoma 

2. Pleomorphic xanthoastrocytoma (PXA) 

3. Subependymal giant cell astrocytoma (SEGA) 

4. Choroid glioma 

Glioneuronal and neuronal 

tumors 

1. Ganglioglioma 

2. Desmoplastic infantile ganglioglioma/ 

desmoplastic infantile astrocytoma 

3. Dysembryoplastic neuroepithelial tumor 

4. Diffuse glioneuronal tumor with 

oligodendroglioma-like features and nuclear 

clusters 

5. Rosette-forming glioneuronal tumor 

6. Papillary glioneuronal tumor 

7. Myxoid glioneuronal tumor 

8. Diffuse leptomeningeal glioneuronal tumor 

(DLGNT) 

9. Gangliocytoma 

10. Multinodular and vacuolating neuronal tumor 

11. Dysplastic cerebellar gangliocytoma 

(Lhermitte-Duclos disease) 

12. Central neurocytoma 

13. Extraventricular neurocytoma 

14. Cerebellar liponeurocytoma 
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ty uncommonly attributed to pLGG recurrence [6] . Indeed in a second

tudy, progression of the pLGGs themselves was also found to be un-

ommon in adult survivors of pLGGs [7] . 

Despite these favorable survival outcomes, the PFS for patients with

LGG varies significantly based on whether complete surgical resection

s faesible. 10-year PFS exceeds 85% in tumours that have had a gross

otal resection (GTR) and can be below 50% in patients with residual dis-

ase [9] . Furthermore, many patients with pLGG suffer from significant

orbidity related to tumors in anatomically-eloquent locations and the

equelae of therapy. Morbidity in patients with pLGG can manifest as ab-

ormal vision, endocrinopathies, motor or sensory abnormalities, vascu-

opathies and neuropsychological sequelae amongst others [6 , 8 , 10 , 11] .

istology 

pLGGs were an understudied tumor group for decades, in significant

art due to the lack of models that adequately recapitulate this disease

s well as limited molecular tools to better characterize these tumors

12] . With the introduction of next generation sequencing technologies,

he molecular drivers of pLGGs were identified and relatively rapidly

ranslated into targeted therapeutic options for patients with tumors

arboring these mutations. It is increasingly evident that pLGGs repre-

ent a complex heterogenous disease with multiple distinct histopatho-

ogic entities. Landmark genetic profiling has identified that the major-

ty of these diseases are driven by single-gene alterations in the MAPK

athway [13–15] . 

The recently published 2021 World Health Organization (WHO)

lassification of Tumors of the CNS has reflected the focus on the in-

egration of molecular and histopathological characteristics to facili-

ate a more accurate diagnosis [16] . The updated WHO classification

escribes three families of tumors that encompass pLGG and glioneu-

onal tumors (GNTs): “Pediatric type diffuse low grade gliomas, ” “Cir-

umscribed astrocytic gliomas, ” and “Glioneuronal and neuronal tu-

or ” [16 , 17] . Within this new classifier are poignant examples of LGGs

hich are now defined by their driver molecular alterations rather than

y histopathological features alone. For example, “Diffuse astrocytoma,

YB- or MYBL1-altered ” is a newly defined subset of pLGGs that do

ot harbor the classic histopathological features of angiocentric glioma,
2 
ut display structural variants and recurrent amplifications in MYB and

YBL1, including fusions [16 , 17] . This distinction is critical, as this

roup of tumors was often previously defined as “Diffuse astrocytoma,

DH wildtype ” using the WHO 2016 classification of CNS tumors. “Dif-

use astrocytoma, IDH wildtype ” is a cohort that predominantly encom-

asses tumors that are high-grade gliomas with an aggressive disease

ourse and the inclusion of the typically indolent MYB/MYBl1 altered

iffuse glioma in this group was erroneous ( Table 1 ) [17] . 

umor biology 

Studies have found that the majority of pLGGs harbor distinct driver

lterations that typically result in activation of the MAPK pathway and

ownstream activation of the mammalian target of rapamycin (mTOR)

athway [13–15] . The MAPK pathway plays a central role in cellular

ignaling via receptor tyrosine kinases (RTKs) to downstream metabolic

nd transcriptional effectors. [18] . The B-Raf proto-oncogene ( BRAF ) is

he gene most commonly altered in pLGG with two gene alterations pre-

ominating above all others. KIAA1549-BRAF fusion, which results in

ctivation of BRAF kinase and ultimately MAPK activation, is the single

ost common molecular alteration in pLGG and is particularly promi-

ent in patients with juvenile pilocytic astrocytoma (JPA) [13 , 19 , 20] .

RAF V600E activating mutations, resulting in valine to glutamine sub-

titutions, are present in a smaller cohort of patients with notable enrich-

ent in patients with ganglioglioma (18-45%) and pleomorphic xan-

hoastrocytoma (over 60%) [21 , 22] . 

Although alterations in the MAPK pathway are frequently somatic,

APK activation can also occur as a result of genetic syndromes predis-

osing to pLGG including neurofibromatosis type 1 (NF1) and tuberous

clerosis complex (TSC) [23 , 24] . Patients with NF1 are more likely to be

iagnosed with pilocytic astrocytoma and diffuse pLGG. Their disease

ourse, therapeutic considerations, and treatment response are unique

ompared to sporadically occurring pLGG [23 , 25 , 26] . 

Next-generation sequencing of pLGG has resulted in identification

f novel driver alterations with notable associations with certain tumor

ypes. Abnormalities in fibroblast growth factor receptor (FGFR) genes

ncluding mutations and rearrangements are enriched in patients with

ysembryoplastic neuroepithelial tumors (DNET) [27 , 28] . FGFR fusions
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Fig. 2. Clinical trial challenges in pLGG. A representative schematic showing 

the challenges for clinical trials for pediatric patients with LGG, including limita- 

tions involving preclinical research, clinical trial design, management of patients 

while on a clinical trial, and long-term outcomes. 
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ave also been reported in the newly defined entity polymorphous neu-

oepithelial tumor of the young (PLNTY) [14 , 29] . The MYB (and related

YBL1) family of transcription factors is enriched in diffuse astrocy-

omas and MYB-QKI fusions define angiocentric gliomas [15 , 30] . Less

ommonly, alterations in NTRK, KRAS and IDH1 are observed in pLGG

14 , 30] . The role of IDH1 mutations in the natural history of pLGGs

emains unclear. A recent case series found that patients with IDH1-

utant pLGGs had excellent short-term survival, but 5-year progression-

ree survival (PFS) was 42.9%, with glioma-related mortality after 10

ears [31] . 

herapeutic considerations 

Treatment options for patients with pLGGs have evolved signifi-

antly over the last five decades. Historically, the mainstay of pLGG

herapy was surgical resection and adjuvant radiation therapy until the

dvent of chemotherapeutic approaches for pLGGs in the 1980s [10 , 32] .

ver the last decade, the introduction of genetically-defined targeted

herapies has provided further treatment options, but whether these tar-

eted therapies improve the overall long-term outcome for children with

LGGs has yet to be determined. 

One of the remaining constants in the treatment of pLGG is the

aramount role of complete surgical resection whenever safely feasi-

le and the impact of surgical resection on delaying the need for further

herapy or avoiding adjuvant therapy entirely [33] . The role of surgi-

al biopsy in the treatment algorithm for patients with optic pathway

lioma (OPG) has changed since the identification of genomic drivers of

his disease. OPG comprise 40% of pLGG and were historically treated

ased on classical radiological and clinical features due to their loca-

ion in anatomically eloquent locations and the perceived risk of biopsy

33 , 34] . In the current molecularly driven era, surgical biopsy of OPGs

s now being considered more frequently in management planning, espe-

ially in patients with sporadic pLGG (without NF1), for whom validated

argeted therapeutic options may exist including as part of a clinical trial

33] . 

Chemotherapeutic approaches for the treatment of patients with

LGG have been extremely well established in multiple prospective clin-

cal trials with over 2000 pediatric patients with pLGG treated on these

tudies, with the goal of achieving disease control while minimizing

ong-term disease- and treatment-related morbidities [32 , 35–42] . These

pproaches have been studied in both sporadic pLGG and in children

ith NF1-associated pLGG and are of particular importance in patients

ith OPG for whom surgical resection and radiation therapy are associ-

ted with significant morbidity. Internationally, the most commonly uti-

ized chemotherapy protocols for the treatment of patients with newly

iagnosed pLGG are vincristine and carboplatin, monotherapy with vin-

lastine, or a combination of thioguanine, procarbazine, CCNU and vin-

ristine (TPCV) [32 , 36 , 42] . The 5-year PFS for sporadic pLGG patients

reated on these studies has been very similar (ranging from 35-45%) de-

pite the differing toxicity profiles of the regimes [32 , 36 , 39 , 42] . The 5-

ear PFS is generally higher in patients with NF1 pLGG (60-70%) across

hemotherapy protocols [35 , 37] . However, across both sporadic and

F1 associated pLGGs, a significant number of patients will progress

espite chemotherapy and this group is of paramount importance in

onsidering the long-term morbidity of their tumors and therapies. 

Molecularly targeted therapies for patients with pLGG have heralded

reat promise for the pediatric neuro-oncology community. Targeting

he hyperactivation of the Ras-MAPK pathway has been the predomi-

ant focus of these endeavors and RAF inhibitors and MEK inhibitors are

ow either FDA approved or in clinical trials for patients with pLGG [43–

6] . FDA approval of BRAF inhibitors, vemurafenib and dabrafenib, as

ell as MEK inhibitors, trametinib and selumetinib, have stemmed from

heir promising preclinical and clinical activity in advanced melanoma

nd non-small cell lung cancer [43 , 44] . Importantly, first-generation

ype 1 BRAF inhibitors are contraindicated in BRAF-rearranged pLGGs

s they cause paradoxical activation of MAPK signaling through in-
3 
reased RAF dimerization [47] . This highlights the need for an in-depth

nderstanding of tumor biology, the requirement to carefully identify

enetic drivers of individual pLGGs, and the need to determine targets

f specific tyrosine kinase inhibitors so as to not recapitulate the expe-

ience with the kinase inhibitor, sorafenib, that resulted in paradoxical

umor growth in BRAF-altered tumors [48] . Current studies are also in-

estigating the role of mTOR inhibitors and receptor kinase inhibitors,

oth as monotherapy and in combination with other therapies [49] . Fur-

her, novel considerations in this domain include the role of pan-RAF in-

ibitors to facilitate therapy for patients with pLGG with varying MAPK

athway alterations [50] . 

Radiation therapy has been historically used in the treatment of un-

esectable, progressive pLGG both upfront and in the setting of relapse;

owever, radiation is no longer considered standard of care in the vast

ajority of patients. Although the 5-year PFS and OS for patients with

reated with radiation is excellent (71-90% and 92-100% respectively),

he long-term side effects can be severe in a cohort of patients who typi-

ally survive into adulthood [10 , 51 , 52] . These include increased risk of

econd malignancies, cognitive and growth deficits, and endocrine and

ascular complications [10 , 51 , 52] . In recent decades, advancements in

adiation planning and delivery, including the advent of proton radio-

herapy, have maintained excellent tumor control, while reducing toxi-

ity that was observed in the 2D era of radiotherapy [10 , 51 , 53 , 54] . 

olecularly-targeted clinical trials in pLGG 

The development of molecularly-stratified clinical trials in pLGG is

ndoubtedly a paradigm shift in pediatric neuro-oncology and an excit-

ng development for patients with pLGG. Studies driven by clinical trial

onsortia have had sentinel roles in incorporating tumor biology and

argeted therapies into clinical trials ( Fig. 2 ) [45 , 46 , 55] . These consor-

ia developed some of the first biologically-driven trials in pLGG and the

andated tissue diagnosis and analysis, at a time when this was truly

onsidered experimental rather than standard of care. The Pacific Pedi-

tric Neuro-Oncology Consortium (PNOC) has had a clear focus on de-

eloping molecularly-targeted trials for pLGG from the conception of the

onsortium. PNOC001, a phase II study of the mTOR pathway inhibitor,

verolimus, for recurrent or progressive pLGG, was one of the first pLGG
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tudies to mandate tissue diagnosis [56] . Subsequently, PNOC014 was

he first study to evaluate the safety of a Pan-RAF inhibitor in pedi-

tric patients with LGG and the exciting signal seen in this small cohort

f patients has translated into the rapid development and opening of

NOC026/Day101-001, a phase II study evaluating the Oral Pan-Raf in-

ibitor (Day101) in patients with BRAF-altered recurrent or progressive

LGG ( Table 2 ) [57] . 

Multiple agents that target the MAPK pathway have been studied

n early phase clinical trials or are currently being studied in pLGG.

he most studied targeted agents in this group of patients are MEK

nhibitors and BRAF inhibitors ( Fig. 1 ). A phase II study of the selec-

ive MEK-1/2 inhibitor, selumetinib, in children with relapsed and re-

ractory pLGG remains the largest published study of MEK inhibitors

n pLGG and showed impressive results in patients with sporadic OPG

nd hypothalamic LGG with a 24% partial response rate and 56% of

atients with prolonged stable disease [45] . Moreover, selumetinib has

ecently shown very promising activity in the setting of NF1-induced

lexiform neurofibromas, which further broadens the clinical role of

EK inhibitors in pediatric oncology [59 , 60] . Other MEK inhibitors in

ctive study include trametinib, binimetinib and cobemitinib [61–64] .

ome prospective studies of MEK inhibition alone in pLGG show that

 subset of patients can develop rapid progression after withdrawal of

he MEK inhibitor, suggesting the possibility of tumor rebound [55 , 65] .

he Children’s Oncology Group is currently evaluating the role of MEK

nhibition as first line treatment for children with pLGGs, and at recur-

ence, either as single agent or in combination with the chemotherapy

gent, vinblastine. 

Experience with BRAF inhibitors is also growing rapidly due to devel-

pmental of clinical trials through consortia or independently conceived

y pharmaceutical companies that have been able to develop clinical

rial designs that more rapidly answer the desired questions with rela-

ively small cohorts of patients [46 , 66 , 67] . Dabrafenib and vemurafenib

ave shown excellent responses in patients with BRAF V600E mutant

LGG in early phase clinical trials. A recent update on the phase II trial

f dabrafenib plus trametinib compared to standard of care chemother-

py (carboplatin/vincristine) in the treatment of BRAF V600E-mutant

LGG presented by Bouffet et al. at the American Society of Clinical

ncology (ASCO) Annual scientific Meeting showed an excellent over-

ll response rate (ORR) of the combination of dabrafenib and trametinib

47%) compared to carboplatin plus vincristine (11%) [68] . Studies such

s these are the next frontier of targeted therapy studies in pLGG as they

ompare targeted therapies to the historical control of standard-of-care

hemotherapy. The Children’s Oncology Group clinical trial comparing

he MEK inhibitor, selumetinib, to conventional chemotherapy (carbo-

latin/vincristine) will further seek to ascertain whether targeted ther-

py can show equivalence or even superiority to standard-of-care. 

The development of combinatorial targeted therapies are an area of

ngoing investigation in pLGG. It remains unclear which patients with

nresectable pLGG would benefit from combination therapy versus sin-

le agent targeted therapy. PNOC021 is the first pLGG trial to combine

 MEK inhibitor (trametinib) and mTOR inhibitor (everolimus) and will

ook to answer the question as to whether a safe MTD can be obtained

or this combination. 

Targeted therapies harbor unique toxicity profiles that are distinct

rom conventional chemotherapies used in pLGG management. Con-

entional chemotherapeutic approaches used to treat pLGG are associ-

ted with side effects including myelosuppression, alopecia and less fre-

uently ototoxicity (carboplatin) and decreased fertility potential (pro-

arbazine) [32 , 36] . Conversely, the side effects of MEK and BRAF in-

ibitors include skin toxicities, creatine phosphokinase (CPK) elevation,

ardiac sequelae, and ocular toxicities [55 , 66 , 69] . The use of MEK in-

ibitors in the treatment of NF1-associated plexiform neurofibromas has

urther informed the management of toxicities in patients with pLGG as

hese studies have a longer history and have also aimed to capture late

ffects of MEK inhibitors [70] . Although the management and surveil-

ance of the toxicities of targeted therapies has improved as clinicians
4 
ave increased experience with the agents, there remains unanswered

uestions about the long-term impact of these agents on growth and de-

elopment, including neuropsychological outcomes in children [71 , 72] .

urthermore, follow-up remains short for many studies of targeted ther-

pies, including BRAF, MEK, and mTOR inhibitors, in pediatric patients

46 , 55 , 73] . Thus, studies to characterize the long-term effects of these

herapies are needed. PNOC has created a dedicated long-term follow-up

tudy to systematically capture potentially novel late effects of targeted

herapies and this will be vital in the surveillance and management of

hildren treated with targeted therapies into the future. 

A challenge in the development novel clinical trials for patients with

nresectable pLGG is the chronic nature of the disease for many pa-

ients and therefore, deciding what parameters constitute a need for

ommencing or changing treatment. Furthermore, comparing efficacy

f molecularly targeted therapies to outcomes from previous therapies

s vital. Radiological progression has historically been the main deter-

inant for commencing therapy and yet, until recently, there was no

onsensus on the optimal imaging sequences for detecting disease pro-

ression [74] . The Response Assessment in Pediatric Neuro-Oncology

RAPNO) working group has outlined consensus recommendations for

esponse-assessment in LGGs to facilitate a standardized approach to

his common clinical problem ( Fig. 2 ) [74] . 

Despite this, defining radiological progression for clinical trials in

esions that are often poorly defined and amorphous in nature remains

 significant clinical challenge. Given that many tumors are located

ear critical organs, such as the optic pathway, small increases in tumor

rowth may lead to patients changing therapy even if it does not meet

he criteria for progression based on consensus guidelines. Furthermore,

he ability to determine outcomes remains challenging as radiographic

esponse to tumor therapy does not always correlate with functional

utcomes, especially visual outcomes in OPG [75] pLGG clinical trials

ighlight the importance of incorporating additional outcome measures,

articularly functional outcomes such as vision, endocrine outcomes and

europsychological sequelae into clinical trial designs. 

Personalized medicine approaches to treating patients with pLGG

sing targeted therapeutic options will continue to grow in the coming

ecades. Despite this, questions remain regarding the optimal duration

f treatment with these agents due to the established concerns about tu-

or rebound and whether combinatorial approaches will circumvent tu-

or resistance and rebound [76] . Furthermore, there are concerns that

hese targeted therapies may impacting the natural history of pLGG with

he potential that patients with this disease are requiring treatment for

onger. Of some concern is the potential impact of targeted therapies on

ellular senescence that is typical of patients with pLGG as they tran-

ition into adulthood. Lastly, the long-term toxicities of many targeted

herapies are still unknown, and this may present the field of pediatric

euro-oncology with novel challenges in the future. 

ther challenges in pLGG 

Despite the unparalleled insights into the biology underpinning

LGG, significant clinical heterogeneity remains evident between tu-

ors that share molecular profiles. For example, BRAF V600E mutations

re seen across tumor types from ganglioglioma to PXA to dysembry-

plastic neuroepithelial tumors (DNETs) and even high-grade gliomas

16] . It is therefore inherent that these tumors have different prognoses

nd as such, integrative diagnoses that incorporate both molecular pro-

les and histological features are required. 

Numerous well-established techniques exist to identify the genetic

lterations within pLGGs. Despite this, there is no ‘gold-standard’ ap-

roach or algorithm to ascertain which molecular tests should be used

or each patient to maximize yield and minimize cost [77] . Importantly,

LGGs are most frequently driven by single gene rearrangements or fu-

ions which are often not detected by whole exome sequencing (WES).

s such, specific assays to detect intronic rearrangements are the likely

he ideal tools to identify driver alterations in this disease and this may
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Table 2 

List of completed and ongoing consortium clinical trials for pLGG using targeted therapy. 

Consortium Phase; 

NCT # 

Targeted therapy; type of 

pLGG 

Status Design/Primary Objective(s) Results 

COG ACNS1831 III; 

NCT03871257 

Selumetinib vs. Carboplatin/ 

Vincristine for newly 

diagnosed NF1-associated 

pLGG 

Ongoing RCT; primary objectives are to 

characterize event-free survival 

and determine number of 

participants with visual acuity 

improvement 

- 

COG ACNS1833 III; 

NCT04166409 

Selumetinib vs. Carboplatin/ 

Vincristine for newly 

diagnosed non-NF1 pLGG 

Ongoing RCT; primary objective is to 

characterize event-free survival 

- 

COG ACNS1931 III; 

NCT04576117 

selumetinib vs. 

selumetinib/vinblastine for 

relapsed pLGG 

Ongoing RCT; primary objectives are to 

determine MTD/RP2D and 

event-free survival 

NFCTC RAD001 [49] II; NCT01158651 Everolimus for relapsed 

NF1-associated pLGG 

Completed One-stage design; primary 

objective is to assess best 

response of progressive LGG in 

previously treated individuals 

with NF1. 

23 pts (median age 9.4 y); 1 

pt removed from study due 

to development of MPNST. 

15/22 (68%) pts had 

response (1 CR, 2 PR, 12 SD); 

10/15 had no progression 

after median follow-up of 33 

months. All pts were alive. 

NFCTC 

MEK162 

I/II; NCT02285439 MEK162 for pLGG and other 

Ras/Raf/MAP pathway 

activated tumors 

Ongoing One-stage design; primary 

objective of phase I are to 

determine MTD, and of phase II: 

to determine the response rate 

- 

PBTC-029B [45] I/II; 

NCT01089101 

Selumetinib for relapsed 

pLGG 

Completed One-stage design; primary 

objectives of phase I are RP2D 

and MTD, and of phase II is 

objective response (complete 

response + partial response) rate 

sustained for 8 weeks 

25 pts; 6 pts w/ PR, 14 pts 

w/ SD, 5 pts w/ PD; 

Median treatment 

courses = 26; 2-y PFS 78% 

PBTC-055 I/II; 

NCT04201457 

Dabrafenib, trametinib, 

hydroxychloroquine for 

relapsed BRAF-mutant pLGG 

after prior therapy with a 

RAF and/or MEK inhibitor 

Ongoing One-stage design; primary 

objectives of phase I are RP2D 

and MTD, and of phase II is 

sustained objective response rate 

defined as “better response ” than 

the best response on prior RAF 

and/or MEK inhibitor 

- 

PNOC001 [56] II; 

NCT01734512 

Everolimus for relapsed 

pLGG 

Completed Two-stage design; primary 

objective is to characterize PFS at 

6 Months 

65 pts (median age 9 y); PFS 

at 6 months 63%; 1 CR, 1 PR, 

33 SD, 17 PD 

PNOC002 [46] I/II; NCT01748149 Vemurafenib; relapsed 

BRAFV600E-mutant pLGG 

Completed One-stage design; primary 

objectives are to determine the 

RP2D and DLTs, and characterize 

objective response rates 

I: 19 pts, RP2D 550 mg/m2 

twice daily after DLT criteria 

adjustment for rash; 1 CR, 5 

PR, 13 SD 

PNOC014 [57] I/II; NCT03429803 Tovorafenib/DAY101 

(TAK-580/MLN2480) for 

relapsed RAS/RAF/MEK/ERK 

pathway activated pLGG 

Ongoing One stage design; primary 

objectives are to determine MTD 

and RP2D 

9 pts treated at 280, 350, and 

420 mg/m2. No DLTs. One 

patient with grade 3 CPK 

elevation. Best response: 2 

CR, 2 PR, 3 SD, 2 PD with 

median time to response of 

10.5 weeks 

PNOC021 I; 

NCT04485559 

Trametinib/ 

Everolimus for relapsed 

pLGG 

Ongoing One-stage design; primary 

objectives are to estimate RP2D, 

define DLTs, and characterize 

pharmacokinetic profile of 

trametinib and everolimus in 

combination. 

- 

PNOC026 II; 

NCT04775485 

Tovorafenib/DAY101 

(TAK-580/MLN2480) for 

BRAF-altered relapsed pLGG 

Ongoing One-stage design; primary 

objectives are to define overall 

response rate by RANO and 

RECIST v1.1 criteria and 

characterize safety and 

tolerability 

- 

POETIC [58] II; 

NCT00782626 

Everolimus for relapsed 

pLGG 

Completed One-stage design; primary 

objective is to determine if 

treatment demonstrated a 

response rate ≥ 25% 

23 pts (median age 9.2 y); By 

week 48, response rate of 

52% - 2 pts w/ PR, 10 w/ SD; 

median FU 1.8 years, 2-y PFS 

39%, 2-y OS 93% 

CR, complete response; DLT, dose-limiting toxicity; FU, follow-up; m, months; MPNST, malignant peripheral nerve sheath tumor; MTD, maximum tolerated dose; 

NFCTC, Neurofibromatosis Clinical Trials Consortium; OS, overall survival; PBTC, Pediatric Brain Tumor Consortium; PFS, progression-free survival; PNOC, Pacific 

Pediatric Neuro-Oncology Consortium; POETIC, Pediatric Oncology Experimental Therapeutics Investigators’ Consortium; PR, partial response; RCT, randomized 

controlled trial; RP2D, recommended phase 2 dose; SD, stable disease; w/, with; y, years 

5 
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equire a combination of targeted sequencing panels and more univer-

ally accessible investigations such as SNP arrays, NanoString, Droplet

igital PCR or even immunohistochemistry (IHC) and fluorescent in situ

ybridization (FISH) [77–79] . Of significant interest is the role of DNA

ethylation profiling in pLGG, which has been shown to effectively

dentify subtype of pLGGs and other CNS tumors [80] . DNA methylation

rofiling in pLGG may be both a useful diagnostic tool and an adjunct to

ther molecular testing techniques in this patient group. However, ac-

ess and cost remain challenges for the field of pediatric neuro-oncology,

n particular in developing counties. 

onclusion 

In the era of molecular testing of pediatric brain tumors, significant

dvancements have been made in our understanding of the driver ge-

etic alterations underpinning tumorigenesis in pLGG. These advance-

ents have translated into targeted therapy options in clinical trials for

any patients with pLGGs. Although these successes represent a promis-

ng paradigm shift in a disease group with few novel therapeutic options

n decades past, there remains numerous challenges for the field moving

orward. 
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