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Brain tumours are the leading cause of cancer-
related deaths in children, with
medulloblastoma representing the most

malignant tumour. An embryonal neuroepithelial
tumour arising in the cerebellum, medulloblastoma
can also be found rarely in other neuro-axis
locations, notably as metastatic nodules along the
spinal cord and occasionally in supratentorial
locations. Despite advances in chemotherapy and
radiation treatment, 40% of children experience
tumour recurrence, and 30% will die from the disease
[1]. Current classification schemes for
medulloblastoma are based on clinical features and
morphological pathology/histology (Figure 1).
Pathological grading ranges from medulloblastoma
with extensive nodularity, classic medulloblastoma,
desmoplastic/nodular, large cell, to anaplastic
medulloblastoma. Clinical risk stratification (including
dissemination beyond primary site, three years of age
or less, or extent of resection) is also used in treatment
planning. Seventy percent of children with at least one
of these measures are expected to have a five-year
event-free survival following very aggressive surgery,
radiation and chemotherapy whereas the five-year
survival rate for patients with clear dissemination of
tumour with aggressive treatment is below 50%
[reviewed in 2]. The use of risk stratifications along
with advances in chemo and radiation therapy has led
to considerable improvements; however the
assumption that all children’s tumours within a risk
group behave the same is a limiting issue. For
example, patients with tumours classified as average
or standard risk with good outcomes often suffer a low
quality of life due to neurological and endocrinological
sequelae as a result of their treatment. Considerable
side-effects persist especially in children under the age
of seven [2]. 

Advancing patient stratification
Over the past decade information on molecular
signalling pathways driving medulloblastoma
pathobiology has drastically improved through
genomic approaches. Evidence from transcriptional
profiling studies conducted by several research
groups around the world has led to the initial
molecular classification for medulloblastomas and

consists of four main subgroups named WNT, SHH,
Group 3 and Group 4. These four core subgroups
have distinct demographics, transcriptomes, somatic
genetic events, and clinical outcomes [3]. These
molecular classifications have reconceptualised the
heterogeneity which is present within the
pathological subgroups by highlighting the role of
key developmental signalling pathways in
medulloblastoma pathogenesis. Excellent long-term
prognosis, with survival rates often exceeding 90% is
associated with the WNT subgroup [3]. To date,
nearly all medulloblastomas in the WNT group
display classic histology and frequently harbour
BETA CATENIN (CTNNB1) mutations. CTNNB1 is a
vital piece in this developmental signalling pathway.
When considered as a whole, the occurrence of
medulloblastoma is more frequent in males, however
in the WNT group the ratio is approximately 1:1
male:female, presenting at all age groups but less
common in infants [3]. As the majority of WNT
group sufferers survive, it is probable that over-
treatment with current therapies is occurring which
can be devastating as mentioned above. 

The SHH group is named aptly from the Sonic
hedgehog (SHH) signalling pathway. SHH signalling is
critical during early brain development, with
excessive SHH activity in the cerebellum being
responsible for tumourgenesis in this subgroup. In
excess of 30% of all human medulloblastomas display
evidence of aberrant SHH pathway activation.
Inhibition of the SHH pathway at the level of the
receptors, although transiently beneficial is impeded
by rapid development of drug resistance, a trait
distinct in SHH-associated-tumour-bearing mice [4]. 

Unfortunately, patients that fall into the least
understood subgroups (groups C and D) also have
the worst prognosis. Group C medulloblastoma
display large cell/anaplastic morphology, exhibit
overexpression and amplification of the c-MYC proto-
oncogene, are highly aggressive, frequently invade
(via the neuro-axis) and carry an extremely poor
patient prognosis. The fact that ectopic
overexpression of c-MYC can cause medulloblastoma
cell lines to adopt an anaplastic phenotype, plus the
fact that high c-MYC levels are associated with poor
clinical outcome suggests that c-MYC facilitates a
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The relatively successful outcome for medulloblastoma patients over the past decade and the
molecular profiling of this group of paediatric tumours have hailed new hope for neuro-
oncology researchers and clinicians alike. The use of such profiles to help identify therapeutic
targets as well as to reduce toxicity in treatment regimens will, we hope, be mirrored in the
research effort and similar outcome improvement in other groups of malignant central nervous
system tumours in both children and adults.
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pivotal role in the biology of this subgroup [5]. The
fourth subgroup, group D, is currently characterised by
neuronal and glutaminergic signalling [6]. The molecular
pathogenesis of group D is currently unclear, although it
is common in all age groups. In both subgroups C and D,
leptomeningeal dissemination (spread of tumour cells
along the cerebral spinal fluid channels, leading to
development of metastatic tumour nodules within the
spinal cord) is frequent. Leptomeningeal spread is a
marker of poor prognosis, present in 40% of paediatric
medulloblastoma at diagnosis and the majority of cases
at the point of recurrence [7]. At present, children with
metastatic medulloblastomas are administered radiation
to the entire developing brain and spinal cord followed
by an intensive chemotherapy routine; needless to say
this results in detrimental effects on the developing
nervous system. 
Clearly great strides have been made in the molecular

understanding of medulloblastoma. The research
achievements made by scientists around the world in the
past few years are very impressive and are just barely
touched on in this short article. Based on these exciting
discoveries, we now know that it is possible to better
stratify patients in order to reduce toxicity to those who
have good prognosis and to begin to develop novel
specific targeted therapies for those with a poor
prognosis. Challenges remain and include the
incorporation of new molecular markers using
biologically-based therapies, the incorporation of
molecular tissue analysis to aid with stratification (sub
group assignment) and therapy, and unite this knowledge
with the day to day clinical care of medulloblastoma
patients. Medulloblastomas are still associated with
extensive mortality rates, and those that survive, endure
long-term side-effects and complications that significantly
affect their quality of life. Although there are many issues
to address, the good news is that this global collaborative
research effort resulted in significant advances in our
knowledge concerning medulloblastomas and clinicians
are now poised to work internationally in clinical trials
and to translate this knowledge into better treatments for
children with medulloblastoma. ■

Figure 1: Current classification schemes for medulloblastoma are based on clinical features, morphological pathology and clinical risk stratification (dissemination beyond pri-
mary site, three years of age or less, or extent of resection). In figure 1A (left), an MRI indicates a cerebellar mass as well as an enlargement of the lateral and third ventricles,
this information along with histology (Figure 1B, anaplastic medulloblastoma) and clinical features are used to help direct therapy. With recent considerable medical research
advances in understanding the molecular pathology involved in driving medulloblastoma tumourgenesis there is a renewed hope for improved disease risk stratification schemes
that will help identify new therapeutic targets as well as reduce toxicity in treatment regimens [3]. Images were obtained from colleagues, Gary Tye, MD, Joann Tillet, RN and
Knarik Arkun MD of Virginia Commonwealth University. 
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