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Pediatric brain tumors 
 
 
 

 
Tumors of the central nervous system are, as a group, the 

most common solid tumor of childhood. Despite significant 
advances in the diagnosis and treatment of pediatric malignancies 
elsewhere in the body, tumor of the brain continue to affect 
thousands of children annually. The wide variability in tumor 
type and behavior, as well as the varied response to treatment, 
make pediatric brain tumors particularly challenging lesions to 
successfully treat. This article reviews the epidemiology, 
diagnosis, and combined surgical, chemotherapeutic, and 
radiation treatment of pediatric brain tumors and discusses the 
outcomes of these treatments along with future directions for the 
field of pediatric neuro-oncology.  
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“It is fair to say that the operations on children are in the long run less favorable than those 

on adults, … Nevertheless, the results are excellent, as I think you will come to admit.  
Otherwise, one would hardly be willing to devote his life to such a business.  Moreover, the 
results improve year by year as our diagnostic acumen is sharpened and as our knowledge of 
the life history of the lesions increases…”   Harvey Cushing, 1926. 
 

Tumors of the central nervous system (CNS) are, as a 
group, the second most frequent malignancy of childhood 
and the most common solid tumor in this age group. In 
general, children with brain tumors have not shared in the 
remarkable improvement in prognosis that has characterized 
other childhood neoplasms.  Whether due to the wide 
variability of the different tumors that arise in the pediatric 
brain, or the relative youth of the field of pediatric neuro-
oncology, brain tumors in children pose a significant 
challenge to those who treat these patients.  This article 
reviews the epidemiology, biology, diagnosis, treatment, 
and outcome of pediatric brain tumors.  

 
Epidemiology 

 
 CNS tumors represent approximately 17% of all 

pediatric neoplasms, with approximately 2000 children 
younger than 20 years of age diagnosed annually in the 

United States alone. 21 Astrocytomas are the most frequent 
neoplasm, accounting for approximately 52%, while 
primitive neural epidermal tumors comprise approximately 
21%. Ependymomas are 9% and other tumor types represent 
the remaining 15%. While in older children and adults the 
most frequent site of malignant brain tumors is 
supratentorial, young children have a relatively high 
occurrence of tumors in the cerebellum and brain stem. The 
incidence of CNS tumors is greater in those children less 
than 8 years of age, approximately 35 cases per million 
children, than it is in children from 8 through 17 years of 
age, approximately 20 per million.21 Over the last two 
decades, CNS cancer incidence in children appears to have 
increased. While this has provoked concern that there may 
be changes in environmental exposures responsible for this 
increasing incidence, epidemiologic evidence to support this 
hypothesis is lacking.  There are several known risk factors 
predisposing to the development of CNS tumors in 
childhood. Therapeutic doses of radiation utilized in the 
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treatment of leukemia or previous brain tumors are clearly 
implicated as a risk factor.  Patients with several inherited 
genetic conditions have greatly increased risk of brain 
tumors, specifically, neurofibromatosis, tuberous sclerosis 
and the Li-Fraumeni syndrome. Taken as a whole, these 
known risk factors account for only a small percentage of 
pediatric brain tumors; for the great majority of brain tumors 
in childhood, there is no specific risk factor known to be 
related to their incidence. 

 
Astrocytomas 

 
Astrocytomas comprise approximately 50% CNS tumors 

in childhood. Of these, the majority (80-90%) are low-grade 
astrocytomas. 

 
Low Grade Astrocytomas 
 

The low-grade astrocytomas of childhood can be further 
subdivided into pilocytic astrocytomas, which comprise 
approximately 75% of the group of low-grade astrocytomas, 
with other histologies, including fibrillary, protoplasmic, 
and gemistocytic tumors, accounting for the remaining 25%. 
Pilocytic astrocytomas are histologically composed of 
fusiform astrocytes loosely interwoven in a fine fibrillary 
background. These tumors frequently have a microcystic 
component, Rosenthal fibers, and large macrocysts. While 
the most common location of pilocytic astrocytomas is in 
the cerebellum (Figure 1), they can be found in other 
locations within the CNS, notably the visual pathway and 
optic chiasm, the brain stem, and the cerebral cortex. The 
biologic behavior of these pilocytic tumors can be quite 
indolent and in fact spontaneous cessation of growth, as 
well as regression without treatment, has been observed. 
More commonly, however, these tumors progress slowly 
and present with symptoms characteristic of their site of 
origin, i.e. hydrocephalous and ataxia for those of the 
posterior fossa and visual abnormalities associated with 
those tumors of the visual pathway, including the optic 
chiasm. 

 
 

Management 
 
In general, complete resection of pilocytic astrocytomas 

results in long-term diseas e control in the great majority of 
patients.  For example, resection of cerebellar pilocytic 
astrocytomas has resulted in greater than 95% of the patients 
being free of disease 5 years from the time of surgical 
intervention in most series. Therefore, adjuvant therapy 
following gross total resection of these tumors is not 
indicated. The natural history of pilocytic astrocytomas was 
the subject of a recent large cooperative group trial. In these 
study patients with low-grade astrocytomas, principally 
pilocytic astrocytomas, who underwent a complete surgical 
resection, were observed. The progression-free survival at 5 
years was 85%. Those patients who were unable to 

 
 
 

Figure 1. Left: Axial gadolinium-enhanced MRI (T1) 
showing a vermian juvenile pilocytic astr ocytoma. The 
majority of the mass effect is due to the large cyst, while the 
enhancing solid portion contributes much less to the total 
volume of the mass. Right: Post-operative axial MRI (T1) 
after gross total resection of the solid portion of the 
astrocytoma. Resection of the cyst wall is not necessary to 
affect cure. 
 
undergo a complete resection were observed and did not, in 
most instances, receive either adjuvant radiation or 
chemotherapy.  The 5-year progression-free survival for this 
group of patient s was 60%. Thus, while progression 
following a subtotal resection, or no resection, of pilocytic 
astrocytomas occurs much more frequently than is observed 
following gross total resection, it is by no means inevitable. 
Therefore, achieving a gross total res ection at the expense of 
significant morbidity is not indicated in the management of 
these tumors. Furthermore, given that a substantial 
proportion of patients do not inevitably progress even 
following limited or no resection, it is not clear that adjuvant  
radiation or chemotherapy is beneficial for these patients. In 
the asymptomatic patient, serial observations including 
neuroimaging is often employed, withholding adjuvant 
therapy for clear evidence of either neurologic or 
radiographic progression.  Should progression of a 
subtotally resected or unresectable pilocytic astrocytomas 
occur, a number of studies have demonstrated the value of 
involved field radiation in the long-term control of these 
tumors.24  In one study, 5 year progression -free survival was 
greater than 90% as was 10 year progression-free survival. 
Thus, involved field radiation therapy remains important 
adjuvant therapy for the treatment of progressive or 
recurrent pilocytic astrocytomas.  

In as much as these tumors often occur at a very young 
age, particularly those tumors originating in the visual 
pathway and chiasm, concern over the late effects of 
radiation therapy has led to investigation of alternative 
modalities of treatment when required. Initial trials of 
chemotherapy with vincristine and dactinomycin were 
modeled on treatment protocols utilized for non-CNS 
low-grade tumors and demonstrated tumor stabilization and 
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in some cases initial tumor regression in patients with tumor 
recurrence after radiation therapy and subsequently in newly 
diagnosed patients with progressive disease prior to 
radiation therapy. Subsequent protocols have utilized other 
alternative chemotherapeutic regimens. The largest data set 
exist for the use of carboplatin and vincristine.  In a 
prospective study of these agents in children with 
progressive low-grade astrocytomas the 3 year 
progression-free survival was over 50%.15  Subsequent 
resumption of tumor growth after several years is not 
uncommon and radiation can be then employed but it is 
hoped that delaying radiation therapy for even several years 
in a very young child might ameliorate late toxicities.  
While the utility of delaying radiation therapy in the 
younger child is reasonably clear, the benefits of such an 
approach in adolescents are less obvious. Nonetheless, 
utilization of chemotherapy either as front line or salvage 
therapy in the instance of progression of low-grade 
astrocytoma in the adolescent should be considered.  
Children with low-grade astrocytomas, particularly those 
with pilocytic histology, can have a chronic course requiring 
multiple interventions. A principal guiding therapeutic 
intervention should be that of minimizing morbidity. 
Therefore, avoiding adjuvant therapy in the asymptomatic 
patient without demonstrated progression, utilizing the 
modality of treatment with the least long-term morbidity 
initially (i.e. chemotherapy) and avoiding rapid institution of 
a therapy change based on minimal changes in imaging 
studies are important strategies. The long-term outcome in 
terms of survival for these tumors is good but the potential 
for significant morbidity, both as a result of progressive 
disease, i.e. visual loss in the case of those patients with 
visual pathway tumors, or morbidity related to therapy, is 
considerable and requires ongoing surveillance.  
Non-pilocytic low-grade astrocytomas such as those with 
fibular histology are less frequent in childhood and the 
outcome somewhat less predictable.  A similar approach to 
that described above for pilocytic astrocytomas is 
recommended. 

 
High Grade Astrocytomas 

 
High-grade astrocytomas represent a rare group of 

primary brain tumors in children.  While the majority of 
pediatric astrocytomas occur in the posterior fossa, the 
minority are high-grade representing 4-8% of all cerebellar 

astrocytomas.
25,28

 Supratentorial astrocytomas, while less 
common than those in the infratentorial space, are more 
likely to be pathologically high-grade with 20% of all 

hemispheric tumors being high-grade gliomas.
20

  Anaplastic 
(WHO grade III) gliomas histologically show marked 
nuclear pleomorphism, anaplasia, and hyperchromasia with 
variable degrees of mitoses and endothelial proliferation 
while glioblastoma multiforme (WHO grade IV) displays 
similar characteristics with areas of necrosis.   

 
 

   
 

Figure 2A. Axial MRI (T1) showing a medulloblastoma. 
Typical of medulloblastomas, this tumor involves the roof of 
the fourth ventricle without invading the floor. Note the 
associated hydrocephalus. Figure 2B. Post -operative axial 
gadolinium-enhanced MRI (T1) showing resection of the 
fourth ventricular tumor. 

 
 

Medulloblastomas/ Primitive Neuroectodermal 
Tumors 

 
Primitive neurectodermal tumors (PNETs) of the central 

nervous system are a group of embryonal tumors that are 
histologically comprised of poorly differentiated neural 
epithelial cells. These tumors occur predominately in 
childhood and constitute approximately 20 - 30% of all 

childhood brain tumors.
21

 This group of tumors shares the 
biologic propensity of dissemination throughout the 
subarachnoid space, in addition to recurrence or progression 
at the primary site. Tumors of this histology are most 
common in the posterior fossa, and in this location are 
commonly called medulloblastomas (Figure 2A). Tumors 
that histologically appear identical to those found in the 
posterior fossa can occur in other locations throughout the 
central nervous system where they are referred to as 
supratentorial PNETs, pineoblastomas in the pineal region, 

and retinoblastomas in the eye. 
23

. While PNETs of the 
posterior fossa and of other sites share a common histologic 
appearance and a similar propensity for a pattern of 
metastases, the issue of whether these tumors share a 

common origin in biology remains quite controversial.
23

 
Recent studies examining the molecular biology of these 
tumors suggest that there may be differences in spite of the 
common histologic appearance. Nonetheless, treatment 
strategies over the last decade have combined supratentorial 
PNETs and medulloblastomas.  

 
Clinical Presentation 

 
The vast majority of children with medulloblastomas 

present with signs and symptoms of hydrocephalus:  
headache, nausea, vomiting, and lethargy.  It should be kept 
in mind that this symptom triad is not unique to 
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medulloblastomas; any posterior fossa tumor can produce 
this symptom complex.  Headaches tend to be worst in the 
morning upon awakening, and are often accompanied by 
nausea.  Vomiting will often temporarily decrease the 
severity of the headache, perhaps due to hyperventilation-
induced hypocarbia.  It is not uncommon for children to 
have several months of headache, nausea, and/or vomiting 
prior to diagnosis.  During this time, more common 
etiologies of these symptoms are often investigated 
including migrain es, primary gastrointestinal disorders, and 
even psychiatric disorders.  In addition to hydrocephalus, 
etiologies of lethargy in medulloblastoma include 
dehydration and direct brainstem compression/invasion by 
the primary lesion.  Other common signs and symptoms of 
medulloblastomas include papilledema, ataxia, dysmetria, 
and diplopia.  As 15-20% of children with 
medulloblastomas will have spinal disease (“drop mets”) at 

the time of diagnosis,
14

 back pain may uncommonly be the 
initial complaint. 

 
Surgery 
 

Despite advances in the non-surgical management of 
medulloblastomas, surgical resection remains the primary 
initial treatment of these tumors.  In addition to providing 
histologic diagnosis and relief of tumor burden, surgical 
resection of medulloblastomas can provide immediate relief 
of neurologic signs and symptoms due to hydrocephalus and 
direct brainstem compression.  Because 90% of children 
present with hydrocephalus, and up to 30% will require 
chronic CSF diversion,

1
 an external ventricular drain (EVD) 

is frequently inserted prior to tumor resection. Typically 
arising from the roof of the fourth ventricle, 
medulloblastomas invade the floor of the ventricle in up to 

36% of cases.
18

  Unlike ependymomas (discussed later), 
residual tumor in the brainstem does not adversely affect 

outcome
2
 and most pediatric neurosurgeons will resect the 

tumor flush with the floor of the fourth ventricle without 
entering the brainstem thus avoiding significant neurologic 
morbidity (Figure 2B). 

 
Radiation Therapy and Chemotherapy 
 

Recognition that metastatic spread throughout the 
subarachnoid space was second only to local recurrence as a 
site of failure in children with medulloblastomas led to the 
use of cranio-spinal radiation as adjuvant treatment by the 
mid- 1950s. Several clinical studies demonstrated a dose- 
response relationship in regard to the dose of radiation 
required to control disease at the primary site with doses 
less than approximately 5000 cGy resulting in higher rates 
of failure.

11
 Until recently, however, the cranio-spinal dose 

response relationship was unclear, but by convention most 
children received doses from 3000-3600 cGy. Following 
surgical resection and cranio-spinal radiation at these doses, 

durable survival was reported in approximately 30 to 50% 
of children by the mid-70s. 

Two large cooperative trials treating children with 
medulloblastoma were conducted in the late 1970s, one by 
the Children Cancer Group (CCG) in the United States and 
one by the Society of International Pediatric Oncology 

(SIOP) conducted in Europe.
7,26

 In both studies, patients 
were randomly assigned to receive irradiation alone or 
irradiation plus adjuvant chemotherapy, which in both 
studies consisted of vincristine and lomustine. More than 
500 patients were accrued between the two studies and the 
5-year of entry survivals of approximately 50% in both 
studies were very similar. Overall, neither study 
demonstrated survival advantages to the use of adjuvant 
chemotherapy. However, chemotherapy did show a benefit 
in subgroups of patients in both the CCG and SIOP studies. 
Those with partial resection, brainstem involvement, large 
tumors, and in the other patients with extensive disease (i.e.  
large tumors and subarachnoid metastases), had superior 
survival when treated with adjuvant chemotherapy in 
addition to irradiation. These studies delineated a group of 
patients at higher risk for disease progression, i.e. those with 
larger partially resected tumors and those with metastatic 
disease at diagnosis, and confirmed the value of adjuvant 
chemotherapy for this high -risk group. As a result of these 
studies, post-surgical staging of the subarachnoid space 
initially with myelogram and more recently with gadolinium 
enhanced MRI has become standard, as has the use of 
adjuvant chemotherapy in the patients at high-risk.  

The issue of appropriate dose of neuraxis irradiation was 
addressed in a prospective study conducted by the Pediatric 
Oncology Group (POG) and the CCG in the mid 1980s.

27
 In 

this study, children with medulloblastoma without high-risk 
features were randomly assigned to receive either standard 
dose irradiation to the neuraxis (3600 cGy) or reduced dose 
irradiation (2300 cGy ). All children received a total dose of 
posterior fossa irradiation of 5400 cGy. In the final analysis, 
eligible patients receiving standard dose neuraxis irradiation 
had a 67% event-free survival at 5 years, while those 
patients receiving reduced neuraxis had only a 52% of 
event-free survival at 5 years.  Thus, at least when used as 
the only adjuvant  treatment modality, the dose of cranio-
spinal irradiation has been defined as 3600 cGy. 
Unfortunately, this same study demonstrated that, at least 
for those children younger than 8 years, treatment with the 
higher dose of neuraxis radiation resulted in greater 
intellectual morbidity than those treated with the lower dose.  
Continued efforts to develop treatment approaches allowing 
a lower dose of radiation to be administered to the neuraxis 
continues to be investigated. 

As noted above, early randomized studies demonstrated 
that the addition of adjuvant chemotherapy to neuraxis 
radiation was of benefit for those patients at higher risk of 
tumor progression, i.e. those with significant residual 
postoperative tumor and those with metastatic disease. A 
number of single arm studies, as well as randomized studies, 
have been conducted in an effort to optimize adjuvant 
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chemotherapy. In a single institutional study, children with 
medulloblastoma and high-risk features were treated with 
standard dose cranio-spinal irradiation as well as with 
CCNU, vincristine, and cisplatin. The 5-year 

progression-free survival was greater than 70%.
17

 A  
randomized trial in the CCG compared adjuvant therapy 
with CCNU, vincristine, and prednisone with a multiple 
drug regimen, which included vincristine, CCNU, and 
cisplatin. Overall, the study demonstrated a 5-year 
progression-free survival in patients with non-metastatic 
disease of greater than 70% but those children with 
metastatic disease had an approximately 40% event-free 

survival at 5 years.
30

 In addition, in this study the complex 
regimen was clearly inferior to the 2-drug regimen. In an 
attempt to improve survival outcome for children with 
average risk medulloblastoma as well as to effectively 
utilize reduced dose neuraxis irradiation, a study treated 
children with average risk disease with reduced dose 
radiotherapy (2300 cGy) as well as vincristine, cisplatin, 
and CCNU.  The 5-year event-free survival from this study 
was approximately 80% suggesting that reduced-dose 
neuraxis radiation can be safely employed if combined with 

adjuvant chemotherapy.
16

 An ongoing, randomized trial in 
the Children’s Oncology Group (COG) is comparing two 
regimens of chemotherapy, both in the context of reduced-
dose neuraxis radiation, for those children with average risk 
medulloblastoma.  

The survival outcome of children with high-risk 
medulloblastoma, particularly those with metastatic disease, 
remains poor. Ongoing trials are investigating the role of 
high-dose chemotherapy with stem cell rescue in 
combination with standard irradiation. Another trial is 
investigating the concomitant addition of carboplatin with 
the radiation in an attempt to radiosensitize the tumor. 

Successful treatment of children with recurrent 
medulloblastoma remains problematic with the 2-year 
survival rate following initial relapse being less than 10% in 

most studies.
30

 High-dose chemotherapy with stem cell 
rescue has shown promise in limited studies as a salvage 
regimen for those children with local recurrence; this 
appears to be of limited benefit in those with subarachnoid 
metastatic recurrence.  

 
Ependymomas 

 
Approximately 10% of childhood brain tumors are 

ependymomas.
21

 This tumor is most frequent in young 
children with approximately half of the cases occurring 
before age 5. This tumor type appears to be approximately 
twice as common in males as in females with an incidence 
rate of approximately 3.5 per million amongst males and 1.8 
per million amongst females. Histologically, ependymomas 
are composed predominately of neoplastic ependymal cells 
where there is great variability of morphologic appearance. 
The WHO grading system recognizes 4 tumor types:  
subependymoma and myxopapillary ependymoma (grade 1 

tumor), low-grade ependymoma (grade 2 tumor) and 
anaplastic ependymoma (grade 3 tumor).

13
 However, there 

is great variability in the cl assification of ependymomas 
within these grades and the recognition of the malignant 
variant is not easily reproducible. Several reports using the 
WHO classification had failed to link poor histologic grade 
with poor outcome making the prognostic significance of 
histology in ependymoma unclear. 

 
 

 
 
 
Figure 3. Intraoperative photograph of an ependymoma.  

This tumor originated in the fourth ventricle and grew 
dorsally into the cisterna magna as well as laterally to 
encase cranial nerves IX, X, XI on the right. 

 
Management 
 

The pattern of recurrence of ependymoma is primarily 
local, with less than 10% of relapses occurring distant from 
the primary site. Furthermore, most recent series have 
demonstrated complete resection to be the most important 

favorable prognostic sign.
6,9

 Therefore, aggressive surgery 
is the primary modality in the treatment of ependymomas 
(Figure 3).  So important is total tumor resection that serious 
consideration should be given to radical resection, including 
tumor infilt rating the brainstem. While this approach offers 
a significantly greater chance of long-term survival, so does 
it significantly increase the risks of serious and permanent 
neurologic disability; the risks of such an aggressive 
approach must be thoroughly discussed with the family. 

Although several small series have suggested that some 
patients with ependymoma treated only by gross tumor 
resection are long-term survivors,

12
 most clinicians have 

followed surgical resection with radiation therapy.  Several 
single institution studies have shown durable progression- 
free survival in greater than 50% of patients receiving focal 
radiotherapy following gross total resection, while children 
with significant post surgery residual tumor have 
considerably worse survival, even with radiotherapy.

19
 

While several chemotherapeutic agents have 
demonstrated activity in ependymoma, no randomized trials 
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have shown that the addition of chemotherapy to post-
operative radiotherapy improves prognosis.  When an 
aggressive chemotherapeutic protocol was used without 
radiation therapy in the treatment of infants with 
ependymoma, the 5-year progression- free survival was 
34% (Geyer, personal communication). Thus, the role of 
chemotherapy in the treatment of ependymoma has yet to be 
defined.  

 
Germ Cell Tumors 

 
Germ cell tumors originate in the primordial cells, which 

undergo either germinomatous or embryonic differentiation. 
They are biologically diverse and range from benign 
teratomas to the malignant germinomas and 
non-germinomatous germ cell tumors.  These tumors are 
located primarily in the midline with the majority occurring 
outside the central nervous system. Approximately 5% of 
germ cell tumors in children occur within the CNS, most 
frequently in the pineal and suprasellar regions  (Figure 4). 21 
Germinomas account for approximately 60% of these 
tumors, teratomas 30%, and the malignant embryonal 
carcinoma, choriocarcinomas, and endodermal sinus tumors 
approximately 10%. The non-germinomatous malignant 
germ cell tumors are often characterized by secretion of 
either beta HCG, alphafetoprotein, or both. Significant 
elevation of one or both of these tumor markers in 
association with a tumor located in the characteristic region 
is sufficient to make a diagnosis. However, in the absence of 
such tumor marker elevation, tumor biopsy is required. 

 
Surgery 

 
Surgical resection of the benign teratomas is the only 

treatment required in the majority of cases. On the other 
hand, germinomas require adjuvant treatment to affect a 
cure. In fact, these tumors are highly radiation and 
chemotherapy sensitive and the surgical approach should be 
limited to obtaining diagnostic tissue; aggressive resection 
is contraindicated.  In the setting of coexistent 
hydrocephalus, a combined endoscopic third 
ventriculostomy (ETV) with tumor biopsy can be attempted 
if the tumor resides within the third ventricle.  Although an 
attractive approach, this strategy is not uniformly successful  
due to the difficulty in reaching the tumor from the standard 
ETV trajectory.  We have successfully utilized both flexible 
endoscopy and a more anterior burr hole for our rigid 
endoscope to achieve the goal of endoscopic third ventricle 
fenestration and biopsy.  Alternatively, a ventriculo-
peritoneal shunt can be placed.  An alternate approach is an 
image -guided stereotactic approach to biopsy of presumed 
germinomas treating the hydrocephalus in a second stage, if 
needed. 

 
 
 

 
 
Figure 4. Sagittal (left) and coronal (right) MRI (T1) 

showing a suprasellar germinoma. 
 
 
The role of resection in malignant non-germinomatous 

germ cell tumors is controversial. While most series suggest 
that obtaining a complete response with the use of combined 
modality treatment including surgery is necessary to achieve 
long-term dis ease control, these tumors are often locally 
invasive and initial complete resection not feasible. While 
these tumors are less chemo- and radiosensitive than are 
germinomas, significant and even complete responses have 
been obtained utilizing chemotherapy; this modality should 
be employed prior to definitive attempt at resection in 
preference to a radical initial approach if there is significant 

likelihood of morbidity. 
22

  
 

Radiation Therapy 
 

There is no established role for adjuvant radiation 
therapy in the management of the resected teratoma. On the 
other hand, germinomas are highly radiosensitive and 
radiation therapy is curative in the majority of patients. 
Subarachnoid dissemination of germinomas is well 
recognized, but in the absence of dissemination at diagnosis 
subarachnoid spread occurs infrequently and the role of 
cranio -spinal irradiation is controversial. 

Malignant non -germinomatous germ cell tumors are 
much less radiosensitive and the use of radiation therapy as 
a stand-alone adjuvant modality results in tumor recurrence 
in the majority of cases. However, combination therapy with 
radiation and chemotherapy has resulted in long-term 
disease control in the majority of patients in several recent 

series.
22 

 
Chemother apy 
 

As is the case with non-CNS malignant germ cell 
tumors, tumors in the central nervous system are quite 
responsive to chemotherapy, particularly cisplatin -based 
treatment. Complete responses occur in the majority of 
patients with germinomas and in a high percentage of 
patients with non-germinomatous malignant germ cell 

tumors of the central nervous system.
4
 However, 

chemotherapy without radiation therapy for both 
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germinomas and non-germinomatous malignant germ cell 
tumors has resulted in tumor recurrence in the majority of 

patients.
4
 Recognizing the activity of chemotherapy in 

germinomas as well as the potential toxicity of radiation 
therapy, several recent studies have investigated the use of 
chemotherapy and reduced volume and dose of radiation 
therapy in the treatment of germinomas with good results.

3
 

The definitive role of chemotherapy in the treatment of 
germinomas of the central nervous system remains 
controversial. As noted above, radiation therapy alone is 
insufficient to affect a cure in the majority of patients with 
malignant non-germinomatous germ cell tumors of the 
central nervous system. Several recent studies combining 
platinum-based chemotherapy with radiation therapy and 
often second-look surgery have significantly improved the 
prognosis of patients with these tumors such that over 50% 

long-term progression-free survival has been reported.
22

  
 

Craniopharyngiomas 
 

Despite benign histopathology and their relative rarity 
(6-9% of all pediatric brain tumors), craniopharyngiomas 
often prove one of the most difficult pediatric tumors to cure 
without significant neurologic morbidity.  Due to their 
intimate association with the ventricular system, visual 
pathways, hypothalamus, and pituitary, craniopharyngiomas 
commonly present with signs and symptoms of 
hydrocephalus, visual disturbance (occasionally blindness), 
and/or endocrine dysfunction.  While some degree of 
endocrine dysfunction is noted in up to 90% of newly 
diagnosed patients, only a minority comes to medical 
attention secondary to endocrinopathy (most commonly 
short stature, diabetes insipidus, and hypothyroidism).  The 
most common histology seen in pediatric 
craniopharyngioma is the adamantinomatous type composed 
of epithelial cells, keratin, microcalcification, and 
cholesterol clefts.  Grossly, and on imaging, 
craniopharyngiomas can be primarily cystic, primarily solid, 
or most commonly a mixture of the two (Figure 5) and it is 
not uncommon for a rim of calcium to be seen on CT scan. 

 
Surgery 
 

Craniopharyngiomas are primarily a surgical disease.  
Gross total resection is reported in up to 70%, with 90% of 
this group going on to enjoy a surgical cure.10 Because of 
their sellar/parasellar location and the tendency for the 
tumor to adhere to adjacent structures (optic apparatus, 
hypothalamus, pituitary stalk) post-operative neurologic 
morbidity can be as high as 30%, panhypopituitarism 
develops in up to 90%, and overall operative mortality 
reaches 12%.10 Operative mortality associated with 
recurrent craniopharyngioma surgery has been reported as 
high as 42% in the best of hands,29  including late mortality 
related to chronic endocrinopathy and shunt malfunction.   

 
 
Figure 5.  Sagittal (left) and coronal (right) gadolinium-

enhanced MRI (T1) showing a craniopharyngioma. This 
example is entirely cystic in appearance, although many 
tumors also contain a solid portion.  

 
By limiting surgical resection, neurologic morbidity 
decreases, as does tumor control.  In light of the significant 
morbidity and mortality associated with craniopharyngioma 
resection, many pediatric neurosurgeons have used 
minimally invasive techniques to effectively treat these 
lesions with far fewer operative complications.  Endoscopic 
endonasal transsphenoidal techniques have been 
successfully employed in a select patient population with 
promising results, primarily in patients with sella-based 
lesions.  Increasingly, stereotactic techniques are being used 
with excellent results in cystic craniopharyngiomas.  
Stereotactic intracavitory irradiation with P32 or Y90 has 
shown complete cyst resolution in 80% of patients, while 
installation of bleomycin can provide adequate tumor 
control in approximately 70%.  Finally, stereotactic 
radiosurgery has shown to be effective treatment for the 
noncystic craniopharyngiomas, either as initial treatment or 
for treatment of the solid portion of mixed tumors following 
intracavitary treatment and cyst involution.  Tumor control 
rates of 90% have been achieved when combined 
intracavitary  and stereotactic irradiation are used as first-line 
therapy, and tumor control rates of approximately 60% have 
been shown in recurrent craniopharyngiomas using 
stereotactic radiosurgery alone.  Given the low rate of post-
operative complications, these minimally invasive 
techniques offer new options in the surgical management of 
this tumor. 

 
Radiation Therapy 
 

Subtotal, or planned limited, resections of 
craniopharyngiomas without post -operative radiation 
therapy will lead to recurrence and growth of the res idual 
tumor in the majority of cases.  Conventional radiation 
therapy for residual craniopharyngioma consists of 
fractionated therapy to 5500 cGy at 180 cGy/fraction.  At 
doses > 5400 cGy, the recurrence rate after fractionated 
radiation therapy is 15%, and doses greater than 6100 cGy 
are associated with unacceptably high complications making 
5500 cGy an acceptable dose.  
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Brainstem Gliomas 
 

Brainstem gliomas account for approximately 10-20% of 
childhood CNS malignancies. 64-75% of these tumors are 
intrinsic to the brainstem, centered in the pons, and 
histologically low-grade; the so-called “diffuse brainstem 
glioma.”  These tumors tend to present after a rapid course 
of subtle, progressive ataxia and cranial nerve dysfunction, 
most commonly V, VI, VII, IX, and X.  Focal tumors of the 
brainstem are much less common than diffuse brainstem 
tumors in the pediatric population and tend to be slowly 
progressive in nature.  Signs and symptoms are related to 
the involved brainstem region, and low-grade lesions far 
outnumber high -grade malignancies in this group.  A sub-
type of focal brainstem tumor is the tectal glioma.  Typically 
coming to neurosurgical attention due to late-onset 
hydrocephalus due to acquired “aqueductal stenosis”, these 
children often have an essent ially normal brain on imaging 
with the exception of obstructive hydrocephalus.  A third 
category of brainstem tumor is the dorsally exophytic tumor.  
Arising from the subependyma of the fourth ventricle and 
growing dorsally, these patients present similarly to patients 
with medulloblastomas and ependymomas of the posterior 
fossa:  headache, nausea, and vomiting due to 
hydrocephalus.  These tumors grow primarily into the fourth 
ventricle, rather than invading the brainstem, and are most 
commonly pilocytic astrocytomas on pathological 
examination (Figure 6).  Exophytic tumors that grow 
laterally and/or ventrally are more likely to be high-grade in 
nature, and typically present after a shorter course of 
neurologic symptoms. 

 
Surgery 

 
The role of surgery in the intrinsic brainstem glioma is 

limited to the occasional necessity for permanent CSF 
diversion. Biopsy has not proven to add important 
information, which will alter therapy and, given the high 
potential for morbidity, is not recommended.  On the other 
hand,  focal lesions of the brainstem can often be approached 
surgically (Figure 7).  In most cases, a subtotal resection is 
all that can be safely accomplished.  Even in the absence of 
post-operative adjuvant treatment, generous central 
debulking of focal brainstem tumors can provide significant 
disease control and surgical success should be based on 
neurologic outcome from surgery rather than amount of 
tumor resected.  Exophytic tumors of the brainstem should 
be approached like other fourth ventricular tumors until the 
fourth ventricle is free of tumor.  A decision to enter the 
brainstem should only be made after confirmation of low- 
grade histology and then surgery should proceed as 
described above for focal brainstem tumors. 
 
Radiation Therapy 
 

The only modality that is demonstrated effective for 
intrinsic brainstem gliomas, albeit transiently, involves field 

 

 

 
 
Figure 6. Axial MRI (T1) of an exophytic brainstem 

glioma. Note the near absence of mass effect, edema, and 
hydrocephalus, typical of these indolent lesions. 

 
 

 
 
 
Figure 7. Intraoperative photograph of a focal 

brainstem glioma arising from the pons and growing into 
the fourth ventricle. 

 
radiation therapy of doses exceeding 50GY. Use of this 
modality often results in symptomatic improvement but in 
the vast majority of children progression occurs within a 
month following completion of radiation therapy. Radiation 
therapy for focal brainstem lesions results in a high degree 
of disease control, which is not surprising given that the 
majority of these tumors are pilocytic in histology. 
Radiation therapy can be employed should there be 
progression after surgical resection or in those instances in 
which the risk of severe neurologic compromise should 
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progression occur is sufficiently high to justify this modality 
even prior to progression. 

 
Chemotherapy 
 

Intrinsic brainstem gliomas are quite refractory to 
chemotherapy. Responses in phase II trials have been 
infrequent and in the only randomized trial comparing 
radiation and chemotherapy with radiation therapy alone no 
survival advantage was demonstrated for the use of 
chemotherapy.  Recent approaches have attempted to 
improve the activity of radiation therapy utilizing 
concomitant chemotherapy but as yet these approaches have 
not resulted in demonstrable improvement in survival.  

 
Choroid Plexus Tumors 

 
Neoplasms of the choroid plexus comprise 

approximately 3% of brain tumors in children and are much 
more common during the first year of life. The majority of 
these tumors originate in the lateral ventricles (specifically 
the trigone), but they can occur in the fourth, and rarely the 
third ventricle, as well. Choroid plexus papillomas are slow 
growing tumors and complete resection, possible in the 
majority of patients, is generally curative. The choroid 
plexus carcinoma is an anaplastic choroid plexus neoplasm 
and constitutes approximately 15% of choroid plexus 
neoplasms. This histology is much more invasive than the 
papilloma and has propensity for subarachnoid metastasis. 
Long-term survival following complete resection has been 
well documented but survival following incomplete 
resection, in spite of the use of radiation, chemotherapy, or 
both, is infrequent. The role of chemotherapy as an adjuvant 
therapy is unclear, though several series have documented 
the utility of chemotherapy in the incompletely resected 
choroid plexus carcinoma in an attempt to improve the 
resectability at second look surgery by decreasing 
vascularity and size of the tumor.  

 
Rhabdoid Tumors 

 
Rhabdoid tumors of the CNS, also called atypical 

teratoid tumors, are recently described neoplasms 
characterized by monosome 22. These tumors are likely 
related to the renal rhabdoid tumor of infancy. The majority 
of these tumors occur in children less than 2 years of age 
and more than half are supratentorial in location. These 
tumors are locally aggressive and approximately 25% of 
cases will display subarachnoid metastasis. Long-term 
survival is infrequent even with the use of aggressive 
adjuvant chemotherapy and, in the absence of complete 
resection, extremely unlikely. The role of radiation therapy 
is unclear and the young age of these children has precluded 
aggressive radiation therapy approaches.  

 
 

Late Effects 
 

Survivors of childhood brain tumors are at risk for 
long-term complications, both of their tumor and their 
therapy. In fact, significant evolution of therapy over the last 
two decades has been in an attempt to reduce the morbidity 
of treatment.  Of principal concern is the effect of radiation 
therapy on the developing CNS. It is clear that impairment 
of cognitive function can result from cranial irradiation. 
Volume (i.e. whole brain vs. focal irradiation), age (i.e. 
young children vs. older children), and total dose of 
radiation all play roles in predicting a higher likelihood of 

significant neurocognitive sequale.
5
 This has led to ongoing 

attempts at reducing radiation doses, at times by substituting 
chemotherapy, or to decrease the volume of radiation with 
new radiotherapy techniques characterized by recent and 
ongoing investigations. Those children who have received 
cranial irradiation require careful neurocognitive follow-up 
and involvement with the educational process.  Cranial 
irradiation can also result in multiple endocrine 
abnormalities, principally growth hormone and thyroid 
deficiencies. Fortunately, replacement therapy can 
ameliorate many of the long-term consequences but it is 
imperative that these children receive timely evaluation by 
an endocrinologist experienced in the management of these 
problems.  Second malignant  neoplasms are well described, 
particularly following radiation therapy for both CNS and 
other malignancies.8 Such second malignancies are often 
high-grade astrocytomas and refractory to salvage therapy.  

 
Future Directions 

 
Significant improvement in the diagnosis and 

management of pediatric CNS tumors has occurred over the 
last several decades and the majority of children with CNS 
tumors will be long-term survivors. Nonetheless, 
improvements in prognosis and quality of life for many 
children with CNS tumors has been less dramatic than that 
seen for other childhood malignancies. This lack of progress 
likely has several causes. One, though CNS tumors in 
childhood constitute the most common solid tumor as an 
aggregate, the multiple histologies involved make any single 
tumor type relatively infrequent. The need for enrollment of 
every eligible patient in cooperative group trials if at all 
possible is imperative given the relative infrequency of 
these tumors. Two, the lack of understanding of the basic 
biology of these tumors has been hampered by inadequacies 
of tissue availability. As new molecular techniques have 
become available for further understanding the basic genetic 
abnormalities of CNS tumors, the necessity of obtaining 
tumor tissue from as many patients as possible for 
evaluation in ongoing biologic studies is critical. Care of 
children with CNS tumors is complex, requiring 
multimodality treatment with experts in a range of medical 
and supportive areas. Improvement in outcome has been 
demonstrated in studies in which a dedicated pediatric 
neuro-oncology team is available to provide expertise in 
diagnosis, management, and long-term follow-up care. 
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Conclusions 
 
Despite significant advances in the field of pediatric 

neuro-oncology, brain tumors continue to adversely affect, 
or prematurely end, the lives of thousands of children 
annually.  Each distinct tumor type, and in some cases 
subtype, behaves uniquely before, during, and after 
treatment.  A thorough understanding of tumor behavior is 
mandatory for the successful treatment of these patients.  
Surgical resection plays a critical role in the treatment of 
many, but not all, pediatric tumors and the goals of surgery 
are often dictated by the pathology of the given tumor.  
Adjuvant therapy, both radiation and chemotherapy, play an 
equally important role in the management of pediatric brain 
tumors and their application should be based on the latest 
cooperative study protocols.  Ideally, children with central 
nervous system neoplasms are managed by a neuro-
oncology team consisting of pediatric neurosurgeons, neuro-
oncologists, radiation therapists, radiologists, pathologists, 
and physiatrists.  This coordinated team approach has been 
shown to both improve outcomes as well as streamline 
patient care.  Clearly, further studies and experience with 
pediatric brain tumors will be required to achieve the 
significant increases in survival seen in other pediatric 
malignancies.  Until that time, the phrase “hate the tumor, 
but love the child more than you hate the tumor” serves as a 
useful treatment philosophy .  
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