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In contrast to many of the malignant tumors that occur in the central nervous system in adults, the management, responses to therapy, 
and future perspectives of children with malignant lesions of the brain hold considerable promise. Within the past 5 years, remark-
able progress has been made with our understanding of the basic biology of the molecular genetics of several pediatric malignant 
brain tumors including medulloblastoma, ependymoma, atypical teratoid rhabdoid tumour, and high grade glioma/diffuse intrinsic 
pontine glioma. The recent literature in pediatric neuro-oncology was reviewed, and a summary of the major findings are presented. 
Meaningful sub-classifications of these tumors have arisen, placing children into discrete categories of disease with requirements 
for targeted therapy. While the mainstay of therapy these past 30 years has been a combination of central nervous system irradiation 
and conventional chemotherapy, now with the advent of high resolution genetic mapping, targeted therapies have emerged, and 
less emphasis is being placed on craniospinal irradiation. In this article, the present and future perspective of pediatric brain malig-
nancy are reviewed in detail. The progress that has been made offers significant hope for the future for patients with these tumours.
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INTRODUCTION

From a historical basis, the survival of children with brain 

malignancy improved dramatically with the discovery of the 

role and importance of craniospinal radiation (CSI) in the 

1950’s by Patterson and Farr which improved survival for chil-

dren with medulloblastoma from virtually zero to over 50 per-

cent15). For decades afterwards, CSI was the standard of care, 

and led to a cohort of children with increased survival. How-

ever, the advantage of survival was challenged by the deleteri-

ous effects of CSI on the developing brain which became in-

creasingly more well recognized. In addition to endocrinopathy, 

vasculopathy, and possibility of radiation-induced neoplasms, 

the spectre of profound cognitive impairment was recognized, 

especially in children receiving CSI under age 5. This prompt-

ed the notion of utilizing reduced dose radiation therapy and 

supplementation with conventional chemotherapeutics. It took 

some time, however, before it was fully realized that many che-

motherapeutic agents would not cross the blood-brain barrier 

(BBB); hence, restriction of chemotherapeutics to those which 
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crossed the BBB became the standard.

From the time of Patterson and Farr when survival for me-

dulloblastoma reached 50 percent, we are now in an era where 

survivals as high as 80 percent can be expected for average risk 

patients5). Still, however, relapses have been commonplace, 

and further progress seemingly stalled.

Enter the molecular biology revolution, and our ability now 

to identify recurrent, non-random genetic alterations which 

have been highly informative insofar as identifying important 

genes and molecular pathways that have led to the promise of 

targeted, novel chemotherapeutics. It is from this vantage point 

that we find ourselves today. In this regard, major scientific 

progress has been made in our understanding of the molecular 

biology and genetics of medulloblastoma, ependymoma, atypi-

cal teratoid rhabdoid tumor (ATRT), and diffuse intrinsic pon-

tine glioma (DIPG). Accordingly, this review will focus on the 

advancements that have been made with respect to these tu-

mour types.

THE FUTURE OF MEDULLOBLASTOMA THERAPY

A major achievement in our understanding of medulloblas-

toma biology came with the sub-classification of this aggres-

sive pediatric malignancy into four major subtypes. These sub-

types include; wingless (WNT), sonic hedgehog (SHH), group 

3 and group 4 medulloblastoma14). This segregation into dif-

ferent subtypes was based on common recurring genetic alter-

ations that were distinct in each subgroup. Much emphasis has 

been placed recently on further identifying the unique pathway 

alterations that occur in each subtype. Northcott et al.13) re-

cently described the whole genome landscape of medulloblas-

toma subtypes from an analysis of 491 patient tumours. They 

showed that driver mutations could be assigned to the two 

most malignant forms, group 3 and group 4 medulloblastoma. 

In particular, hotspot in-frame insertions that target KBTBD4 

and activation of PRDN6 were identified13). These and other 

novel genes identified in this comprehensive, extensive cohort 

of patients’ tumours provide attractive targets for medulloblas-

toma which have not previously been explored in detail.

Morrissy et al.11) demonstrated substantial special heteroge-

neity in genetic mutations in medulloblastoma from biopsies 

taken at different sites within the tumour. This was in stark con-

trast to the specifically homogeneous transcriptomes that are 

stable across the tumour, and which enable specific subtyping 

of medulloblastoma into subgroups. These recent results sug-

gest that both the transcriptome and the genome of medullo-

blastoma need to be taken into consideration when contemplat-

ing successful, targeted therapy for medulloblastoma. This is in 

distinction to malignant gliomas which demonstrate both ge-

nomic and transcriptomic heterogeneity across different regions 

of a given tumour.

From a molecular genetic analysis of 763 primary tumours, 

Cavalli et al.4) showed that the four identified subtypes of me-

dulloblastoma could be further subdivided to include 12 dif-

ferent subtypes based on the original four subtypes. The impli-

cations of this study are important, as they indicate that groups 

3 and 4 medulloblastomas can now be segregated more effi-

ciently with less overlap than before; and that the further sub-

divisions of SHH medulloblastomas can be targeted in future 

clinical trials.

If we are going to treat children with medulloblastoma in 

clinical trials based on molecular subgrouping in the future, 

then we need a rapid and reliable method for identifying such 

subgroups.  Recently, Gómez et al.6) demonstrated the ability to 

predict medulloblastoma subgrouping in a rapid and efficient 

manner using six epigenetic biomarkers. This study examined 

913 medulloblastoma samples, and demonstrated a rapid and 

efficient molecular classification of medulloblastoma using 

clinically applicable DNA methylation techniques. 

Unquestionably, the future of medulloblastoma therapy will 

be translating the huge repository of molecular data in each 

subgroup into actionable targeted therapies. As one example, 

there is an opportunity to “de-escalate” therapy for children 

with localized WNT medulloblastomas. It is hoped that such 

a reduction in CSI in this subgroup of patients will be accom-

panied by improved neurocognitive outcomes and increased 

quality of life.  In addition, efforts should be prioritized for the 

bad prognosis p53-mutated SHH and metastatic group 3 me-

dulloblastoma patients. These children have the worst progno-

sis of all subgroup patients. In this regard, the recent studies 

mentioned above have already identified putative targets for 

these patients. 

THE FUTURE OF EPENDYMOMA THERAPY

Ependymoma is another potentially malignant pediatric ma-
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lignancy of the central nervous system in which most variants – 

supratentorial, infratentorial, and spinal – look identical under 

the microscope. Thankfully, over the past decade, a new under-

standing has become appreciated of the sub-classification of 

this tumor type. Now, the supratentorial ependymomas are 

identified as supratentorial ependymoma-RELA, or supraten-

torial ependymoma-YAP1; and the posterior fossa group is 

known as posterior fossa ependymoma-A (PF-A) and posteri-

or fossa ependymoma-B (PF-B)7,10,19). The supratentorial epen-

dymoma RELA subtype is notable for its C11ORF95-RELA gene 

fusion. The supratentorial ependymoma-YAP1 has fusions af-

fecting this particular oncogene. In general, those children with 

the YAP1 fusion anomaly have relatively good prognosis when 

compared to those with the RELA fusion anomaly9).

With respect to the posterior fossa ependymomas, children 

with PF-A have the worst prognosis as it occurs typically in chil-

dren less than 3 years of age, is lateral in location, demonstrates 

histopathological anaplasia, and is usually invasive of the cere-

bellum and brainstem19). Children with PF-B are older children 

with midline tumours that rarely invade the cerebellum or brain-

stem, and are of a less anaplastic histopathological phenotype 

than are PF-A’s. The survival of children with PF-B is consider-

ably better (95% at 5 years) than children with PF-A (65% at 5 

years).

A recent article by Mack et al.9) demonstrated enhancer re-

gions involving putative oncogene targets and pathways in ep-

endymoma. In their experimental study, the inhibition of these 

targets led to decreased tumor growth in vitro and in vivo.  

Much work still needs to be done for ependymoma, as there are 

no good chemotherapeutics that have been identified for this 

tumour. In this regard, a recent study has demonstrated that 

while ependymoma has a fairly stable genome with few, if any, 

recurrent somatic mutations, its epigenome is quite significantly 

affected9). This study suggests that drugs that target either DNA 

or H3K27 methylation could be useful for PF-A’s. As histone 

deacetylase (HDAC) inhibitors are currently being tested with-

in clinical trials for other cancers (for example, vorinostat and 

panobinostat) the opportunity to use these drugs in posterior 

fossa ependymoma seems both timely and exciting.  

At the present time, and possibly for the foreseeable future, 

gross total resection of ependymoma is advocated, especially for 

children with supratentorial and PF-B. Fortunately, for some 

time, we have been moving away from using CSI to children 

with ependymoma. It is hoped in the near future, that better pre-

clinical models will be developed for ependymoma so that the 

full extent of potential drug options can be explored in greater 

detail.

ATRT

ATRT was first recognized as a distinct CNS tumor type in 

the late 1980’s3,12). ATRT is a highly aggressive malignancy of the 

brain that typically affects young children less than 3 years of 

age. One of the unique aspects of this malignancy is its ability 

also to involve other organs, especially the kidneys. The hall-

mark feature of ATRT is an inactivation of the tumor suppres-

sor gene INI1/SMARCB12). After the initial description of ATRTs 

of the CNS, there were few if any patients with longterm sur-

vival. Now, thanks to aggressive multi-modal therapy, some 

children are surviving ATRT. 

Recently, Torchia et al.17) demonstrated the sub-classification 

of ATRT’s through an integrated epigenomic analysis of over 

260 ATRTs examining the genomic landscape, through whole 

genomic and exomic sequencing, gene expression array, 450K 

methylation array, and ultra-high resolution DNA copy number 

analysis. From this body of work, three subgroups of ATRT have 

emerged including groups 1, 2A, and 2B. Group 1 tumors are 

predominantly supratentorial in origin, group 2A are infraten-

torial, and group 2B are comprised of a significant number of 

spinal tumours. In general, although prognosis is not good for 

any group of ATRT, the group 2 tumors are associated with a 

worse survival than the group 1 tumors. With the recent molec-

ular characterization of ATRT’s, emphasis has been placed on 

identifying therapeutic targets especially for the group 2 ATRTs. 

Along these lines, platelet-derived growth factor-beta looks 

promising as the drug, dasatanib, which targets this molecule, 

was shown to be effective in reducing the proliferation and 

growth of a number of group 2-specific ATRT cell lines17,18).

The future of ATRT therapy will undoubtedly relate to our 

abilities to deploy novel chemotherapeutics towards actionable 

targets within the molecular biology framework of this highly 

aggressive tumor. Excitingly, new laboratory and genetically en-

gineered mouse model systems are evolving that will enable us 

to test this hypothesis.  
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PEDIATRIC HIGH GRADE GLIOMA AND DIFFUSE 
INTRINSIC PONTINE GLIOMAS

Pediatric high grade gliomas (HGGs) are a heterogeneous 

group of brain malignancies that typically arise in young chil-

dren. As a rule, they differ considerably from HGGs in adults 

from a molecular genetic standpoint. The main molecular al-

terations within pediatric HGGs include the H3.1 K27M muta-

tion which is found predominantly in DIPG, whereas the H3.3 

K27M is found in midline cerebral locations other than the pons, 

such as the thalamus8,16). The H3.3 G34R/V mutations are found 

exclusively in the cerebral hemispheres. Several other alterations 

are found within pediatric HGGs including abnormalities of 

the BRAF gene through mutations of BRAF600E, and deletion 

of the CDKN2A. Interestingly, the MET oncogene is often fused. 

Approximately half of pediatric HGGs demonstrate wild type 

BRAF, normal isocitrate dehydrogenase genes, and no histone 

methylation alterations making this a highly rich ground for 

future investigation of these particularly aggressive tumors16).

Without question, the future for DIPG and pediatric HGGs 

will be a combination of strategies to advance molecular target-

ing using novel chemotherapeutics, and to enhance delivery of 

these reagents at higher concentrations across the obstacle of 

the BBB. In this regard, preclinical progress is being made with 

convection enhanced delivery strategies20) and the use of mag-

netic resonance-guided focused ultrasound techniques1).  

SUMMARY AND CONCLUSION

Though there is still much ground to cover with respect to 

our understanding of pediatric brain malignancies, it is clear 

that this field has moved rapidly forward. Other tumors not dis-

cussed here which are also important to place into future per-

spectives include malignant germ cell tumors, choroid plexus 

carcinoma, and tumors previously known as primitive neurec-

todermal tumors. 

Without increasing our understanding of the molecular bi-

ology of these particularly aggressive tumors further, we will 

not make progress. Thankfully, we are making substantial head-

way with several of the tumours described within this article. It 

is for this reason that we can remain highly optimistic for the 

future of treatment of children who have pediatric brain malig-

nancies; and why this particular issue of the Journal of the Ko-

rean Neurosurgical Society remains so important and relevant 

at this time.  
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