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Abstract
The management of childhood brain tumors, which consist of many different histological
subtypes, continues to be a challenge. Outcome, measured not only by survival rates but also by
the effects of disease and therapy on quality of life, has improved over the past two decades for
some tumor types, most notably medulloblastomas. For others, however, there has been little
progress, and quality of life for long-term survivors remains suboptimal. Because of advances in
our understanding of the biology underlying childhood brain tumors, treatments may change
dramatically in the years ahead. Accordingly, survival rates may improve and long-term sequelae
lessen.

Introduction
The symposium “Neurobiology of Disease in Children: Tumors of the Central Nervous
System,” held at the 36th annual meeting of the Child Neurology Society, focused on the
status of our understanding of the biology of childhood brain tumors and how recent
changes in treatment have affected outcome. To address these issues, crucial questions must
be considered. The first is whether our understanding of the neurobiology, genetics, or cause
of childhood brain tumors has increased significantly. This is a difficult issue to address
globally given the many histological subtypes of brain tumors that occur in children. More
than 50% of all childhood brain tumors are gliomas. In contrast to those that occur in adults,
most gliomas that occur in children are classified as low-grade and little is known about
their biology. Furthermore, increasing evidence suggests childhood high-grade gliomas
differ biologically from those occurring in adulthood.2 Embryonal tumors, composed of
multiple subtypes, are the most common form of malignant childhood brain tumors, and the
biology of these tumors varies depending on histological type, with the most known about
medulloblastoma. The next question that must be addressed is whether these new insights
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have led to different or better management. More simply, have alterations in therapy
improved survival, and, as an important corollary, improved quality of life? In this paper, we
briefly review the major categories of childhood brain tumors, with a focus on how greater
knowledge of tumor biology can potentially translate into more effective and safer therapies.

Medulloblastoma
Medulloblastoma, the most common childhood brain tumor, is often used as an example of
how “modern” therapy has resulted in improved survival.3 Recent multicenter, often
prospective, randomized clinical trials have demonstrated a stepwise improvement in the
reported 5-year event-free survival rate. In the 1960s through the mid-1980s, reported 5-year
event-free survival rates for children with medulloblastoma were in the 50% to 60% range.
Children with nondisseminated medulloblastoma who underwent total or near-total surgical
resection followed by 3600 cGy of craniospinal radiation and a total dose of 5400 cGy to
5580 cGy of primary site irradiation had an approximately 60% to 65% likelihood of
survival at 5 years. The outcome of children with disseminated tumors was less favorable,
with survival rates of 35% to 40% after similar therapy.

One of the earliest factors associated with improved survival was the extent of surgical
resection.3,4 Studies demonstrated that children with nondisseminated tumors who had
undergone a total or near-total resection had a higher likelihood of disease control. Total
surgical resection, therefore, has been recommended for all children with nondisseminated
medulloblastomas whenever possible. Although this likely remains the correct approach
with respect to disease control, there is increasing concern that more aggressive surgery for
medulloblastoma has led to a higher incidence of posterior fossa mutism syndrome.5 This
syndrome, once considered rare, is characterized by the delayed onset of mutism (usually 6
hours to 24 hours after surgery) associated with severe hypotonia, other manifestations of
cerebellar dysfunction, emotional lability, supranuclear palsies, and, possibly, a higher
incidence of long-term intellectual sequelae. In two prospective North American studies
performed by the Children's Oncology Group in the 1990s and early 2000s, a nearly 25%
incidence of the syndrome was identified, with probable permanent sequelae seen in as
many as 50% of children with this complication. This syndrome is associated with surgically
related vermian damage, and it is unclear whether alterations in surgical techniques during
the past two decades have led to an increased incidence of the syndrome or whether there is
just increased recognition of the entity. The former seems more likely.

Adjuvant therapy for children with medulloblastoma has been based primarily on
postoperative staging, and for the past quarter century patients have been stratified into
average-risk (totally or near-totally resected and nondisseminated) or high-risk
(disseminated and/or partially resected) groups. Although this schema has been in place for
many years, assigning patients to these risk groups remains subjective. This is of major
importance, as therapy is now increasingly based on risk assignment. In a recent prospective
study of more than 400 children completed by the Children's Oncology Group, central
review of neuroradiographic features found that submitted images were either inadequate for
interpretation or were misinterpreted in nearly 20% of the cohort.6 For patients in whom
metastatic disease was missed and who were assigned to less aggressive therapy, overall
survival was significantly poorer. A host of neurobiologic parameters associated with
outcome for children with medulloblastoma have been identified. To date, studies of these
parameters have been retrospective in nature and have not been incorporated into
prospective studies to modify risk stratification.

Although a definitive randomized trial comparing treatment with radiation alone to
treatment with radiation and chemotherapy has not been performed for children with
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medulloblastoma, evidence increasingly suggests that the addition of chemotherapy during
and after radiation therapy has improved survival for those between 3 years and 21 years of
age.6,7 In essentially every study to date, the best 5-year survival rates for children with
nondisseminated medulloblastoma after treatment with radiation therapy alone ranges from
60% to 65%.With the addition of chemotherapy before and after radiotherapy using various
regimens, 5-year progression-free survival rates of 80% to 85% are now being reported.6,8,9

This has allowed the conventional dose of craniospinal radiation therapy to be reduced from
3600 cGy to 2400 cGy, with probable improvement in neurocognitive outcome. These
encouraging results in patients with nondisseminated, totally or near-totally resected tumors
have led to studies that are now evaluating further reductions in craniospinal radiation doses
(down to 1800 cGy) for patients with average-risk disease.

Survival rates for patients with high-risk disease also are improving. Aggressive
chemotherapy during and after radiation therapy has resulted in survival rates ranging from
60% to 70%, compared with 30% to 40% with radiotherapy alone.8 These improvements
have been accomplished with more aggressive surgery, detailed radiotherapy planning, and
the routine use of chemotherapy. Interestingly, and somewhat surprisingly, chemotherapy
used before radiation, which by design delays the initiation of radiotherapy, has not been as
successful in controlling disease as using chemotherapy during and after radiotherapy. Most
studies are now focusing on the use of chemotherapy primarily during and after
radiotherapy.6,7,9

The incorporation of biology not only into stratification but also into therapy has been
frustratingly slow. Increasingly, evidence shows that medulloblastomas arise from one of the
cerebellum's two germinal zones – either the ventricular zone or the external granular
layer.10 Because the potential precursor cells in these two zones differ biologically, it has
been postulated that medulloblastomas also differ biologically depending on the germinal
region from which they arise. The external granular layer is thought to possess more
restrictive neuronal precursors and is more likely to give rise to desmoplastic
medulloblastomas.11 Sonic hedgehog signaling has been implicated as integral to the
development of desmoplastic medulloblastomas and possibly other types as well. In
contrast, more classical midline medulloblastomas are believed to arise from cells of the
ventricular zone, possibly from less-restricted neural stem cells. Disseminated
medulloblastomas have been shown to differ in their molecular genetic makeup relative to
tumors that are not metastatic, and the overexpression of certain genes has led to the
postulation of a metastatic pathway that can be targeted for treatment.12 At present,
inhibitors of the Sonic hedgehog pathway, as well as those of growth receptors and
components of aberrant signaling pathways (believed active in “classical”
medulloblastomas), are in early clinical trials. However, with the exception of retinoic acid,
a pro-apoptotic agent, biologic therapies have not yet been incorporated into prospective
clinical studies.

Developing new therapies for medulloblastoma is crucial, as survivors presently face
multiple sequalae, including abnormal cognition, hormonal deficits, neurologic deficits,
obesity, and the possibility of developing secondary tumors.13–17 Some of these long-term
sequelae are related to the tumor and are possibly associated with other prediagnostic
factors, such as concomitant hydrocephalus. However, many of the sequelae have been
predominantly related to the therapy the children have received, including surgical
complications, cranial irradiation-induced long-term brain injury, and the additive side
effects of chemotherapy, such as cisplatin-induced ototoxicity.

In summary, the management of children with medulloblastomas who are older than 3 years
of age has resulted in improved reported survival rates. Some of the more recent reported
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improvements may be more apparent than real, however, as reclassification has resulted in a
more pristine favorable average-risk group and possibly a less-aggressive high-risk subset of
patients. As neuroimaging becomes more refined and consistent across centers (or rapid
centralized radiographic review is instituted) and biologic parameters are incorporated into
the stratification systems, more patients will likely be considered to have higher-risk disease,
and comparison of outcome to that reported in the past will be even more difficult.18–25

Although biologic advances have been impressive, they have not yet changed stratification
in real time. Furthermore, although new therapeutic targets have been identified, they have
yet to be fully validated or exploited. Improvements in reported survival rates for children
with medulloblastoma have not been associated with a dramatic improvement in quality of
life. The reduction of craniospinal radiation therapy has been beneficial, but significant late
sequelae remain common, and in some situations, as is the case of posterior fossa mutism
syndrome, may even be occurring at an increased rate.

Infantile Embryonal Tumors
Infantile malignant tumors are extremely difficult to treat, and many questions remain
regarding their management. For example, there is no consistent definition of which patient
is too young for radiation treatment, especially focal radiation. The identification of the
atypical teratoid/rhabdoid tumor in the mid-1980s and separation of this tumor from other
infantile embryonal tumors was a significant diagnostic advance.26,27 However, this has not
led to effective therapy for this tumor type, as the likelihood of survival of children with
teratoid/rhabdoid tumors remains extremely low, with 3-year survival being reported in no
more than 10% to 20% of infants with this disease.

The therapy of nondesmoplastic infantile medulloblastomas also remains suboptimal,
although there is some suggestion that intensification of chemotherapy may have improved
the likelihood of long-term control. It is unclear whether the reintroduction of focal radiation
therapy following chemotherapy for these children will improve survival. For the 30% of
infants with disseminated medulloblastomas, there has been little in the way of
improvement. The incorporation of new biologic approaches is desperately needed for
infants with all embryonal brain malignancies.

For infants with nondisseminated medulloblastomas, there is some evidence that
intensification of therapy, be it with higher-dose chemotherapy supported by peripheral stem
cell rescue or the introduction of additional drugs to multiagent chemotherapeutic regimens,
such as methotrexate, has led to improved survival.28–30 However, significant questions
remain whether the major reasons for this reported higher survival rate are due to other
factors, such as the removal of patients with teratoid/rhabdoid tumors from the
medulloblastoma subgroup, as patients with teratoid/rhabdoid tumors have an exceedingly
dismal prognosis, and/or the inclusion of more favorable-risk patients on clinical trials,
rather than to a direct effect of therapy. It has been recently found that the desmoplastic
variant of medulloblastoma, which comprises between 30% and 60% of infantile
medulloblastomas, has a significantly better prognosis than the so-called classical
medulloblastoma.29 In a relatively small study of 23 children with classical and 20 children
with disseminated medulloblastomas treated with chemotherapy, which included intrathecal
and intravenous methotrexate, 85% of children with desmoplastic tumors survived,
compared with 34% for children with classical tumors. Thus, if more infants with
desmoplastic tumors were inadvertently enrolled in a small clinical trial, it would
significantly skew results.
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Low-Grade Gliomas
Low-grade gliomas comprise the majority of childhood brain tumors. In contrast to those
occurring in adults, pediatric low-grade gliomas are predominantly pilocytic tumors.1,31,32

Results of a prospective trial performed by the Children's Oncology Group disclosed that
degree of resection was the most important predictor of outcome for children with low-grade
tumors, essentially independent of histological subtype, and in the 334 children in that study
who underwent gross total resection, 10-year progression-free survival was over 95%.
Patients with subtotal and near-total resected tumors fared less well. Patients with pilocytic
tumors and gangliogliomas had the best survival rates.

The most dramatic change in approach to therapy for childhood low-grade tumors over the
past 20 years has been the recognition that despite their histologically benign characteristics,
progressive, non-fully resectable tumors are responsive to chemotherapy. Various
chemotherapeutic approaches have been used and the widest experience has been with the
combination of carboplatin and vincristine.33 This regimen stabilizes disease in nearly 90%
of patients and measurably shrinks tumors in 50% to 60% of children less than 5 years of
age who have progressive low-grade gliomas. In children with neurofibromatosis type 1 and
progressive low-grade gliomas, nearly 75% of patients maintained their response 3 years to
5 years after treatment, but only 30% to 40% of those children without neurofibromatosis
type 1 were progression-free 3 years to 4 years after initiating therapy. The efficacy of other
drugs to improve this progression-free survival rate and delay the need for radiotherapy
remains under study, as is the assessment of the short- and long-term safety of alternative
regimens.

A better understanding of the biology of childhood low-grade tumors is needed. Biologic-
based therapies may be quite effective, as prolonged disease stabilization to avoid the need
for radiotherapy is often the over-riding goal. The long-term outcome of patients with low-
grade tumors, especially after treatment with radiotherapy, is another area that needs to be
explored. As radiotherapy techniques become more refined, there may be a need to revisit
how early radiotherapy can be “safely” incorporated into treatment.

High-Grade and Brainstem Gliomas
Progress in the management of high-grade gliomas, including brainstem gliomas, has been
minimal over the past two decades.34–36 Other than the recognition that some brainstem
gliomas (eg, tectal tumors and exophytic cervicomedullary lesions) are more likely to be
low-grade pilocytic lesions and should be treated differently than diffuse intrinsic brainstem
gliomas, approaches to therapy have changed little.37,38 Treatment approaches for diffuse
intrinsic brainstem tumors, including those involving preradiation chemotherapy and
postradiation chemotherapy or those that have increased the total dose of radiotherapy by
means of different radiation fractionation schedules (primarily hyperfractionated radiation
therapy), have not resulted in improved survival and often have caused increased morbidity.
At present, a host of biologic agents are under study and are primarily being used
concomitant with radiotherapy, to act as both radiosensitizers and antineoplastic agents.

A major limitation in discovering new directions for the therapy of brainstem gliomas is the
lack of tissue available for biologic study. In most cases, tissue confirmation is not needed
for diagnosis. Although there is some evidence that newer surgical techniques may cause
less morbidity, there is still a significant inherent risk in biopsy and it is unclear whether
biopsy can be ethically performed unless the information obtained from biopsy of diffuse
intrinsic lesions will be used to alter therapy for the patient being operated upon. At the
same time, without more biologically driven interventions, it is going to be difficult to make
progress in the management of this tumor.
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Similarly, there has been little progress over the past quarter century in the management of
high-grade gliomas.37–39 Data increasingly suggest that pediatric high-grade gliomas differ
biologically from those arising in adults.2 However, the clinical significance of these
differences is unclear, as is how these differences can be exploited to direct therapy.

Ependymomas
Increasing survival rates have been recently reported for childhood ependymomas. Surgery
remains an extremely important component of management and the best survival rates have
been reported in patients whose tumors have been grossly totally resected.40,41 With present
means of radiotherapy, over 75% of patients with infratentorial tumors after gross total
resection and focal, primarily conformal, radiotherapy can be expected to survive without
evidence of recurrent disease 5 years from diagnosis.41 Preliminary data also suggest a lack
of significant neurocognitive deficits secondary to the radiotherapy used.

Various factors have been variably associated with outcome for children with
ependymomas.42 These include tumor location, patient age, and degree of histological
anaplasia. There is increasing interest in once again using chemotherapy, either prior to or
after radiotherapy, in patients with subtotally resected tumors. The role of second-look
surgery after chemotherapy, prior to radiotherapy, is under study. However, an extremely
important issue in these types of studies is the surgically related morbidity of reoperation.

Most of the progress in the treatment of childhood ependymomas has been to the result of
more aggressive surgery and earlier use of conformal radiotherapy. Whether treatment-
related sequelae will increase, with a resulting decrease in quality of life of long-term
survivors, is a major issue that should be carefully evaluated. To date, new approaches for
childhood ependymomas have not been biologically based, although there is new
information concerning the cellular origin of these tumors.

Summary
In summary, progress has been made in the management of childhood brain tumors. Much
of this progress has been slow, but real, and has been documented in painstaking multicenter
prospective studies performed over many years. There are improvements in progression-free
survival, and probably in overall survival, for children with medulloblastoma and possibly
some subsets of patients with ependymomas and infants with malignant gliomas. Alterations
(? reductions in intensity) of therapy may have also resulted in improved quality of life for
children with medulloblastomas and low-grade gliomas, although this is far from completely
proven.

However, little progress has been made in the management of high-grade gliomas, brainstem
gliomas, disseminated medulloblastomas, and subsets of infants with malignant tumors. A
major issue that needs to be addressed is whether biologic data that are just becoming
available can be used to change the way childhood brain tumors are treated. There has been
an explosion in the understanding of the biology of childhood brain tumors, but these
advances have not yet been integrated into treatment. Many biologic targets have been
identified, but few have been validated as crucial processes that sustain tumor growth or
spread. The major question that must be answered is whether treatments aimed at these
targets will result in better disease control in patients, with less morbidity. What is also
needed is more focused neurobiologic investigations into rarer childhood brain tumors and
study of the differences between histologically similar tumors arising in children and adults.
Although translating these molecular findings into biologically based management is a
major goal and likely the best hope for future improvements in outcome for most of the
tumor types that comprise childhood brain tumors, incorporating these new therapies will
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require a critical analysis of the impact of these advances, not only on survival, but also on
quality of life.
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