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Abstract

The clinical difference between brain tumors in adults and children is striking. Compared with
adults, pediatric tumor types (mostly glial and neuronal) are more sensitive to adjuvant irradiation
and chemotherapy. Pediatric tumors more often require craniospinal irradiation based on their
propensity to disseminate within the neuraxis. The spectrum of side effects is broader in the child
based on age and extent of treatment: radiation therapy brings increased risk of severe long-term
sequelae affecting neurologic, endocrine, and cognitive function. In this review of glioma,
ependymoma and medulloblastoma, we highlight the differences between adults and children
including the higher incidence of spinal cord ependymoma and supratentorial high-grade glioma
in the adult and a higher incidence of medulloblastoma in the child. With the exception of
completely resected low-grade glioma, radiation therapy remains a standard of care for most
patients. In some settings, the radiation oncologist should suggest further surgery or additional
adjuvant therapy in an effort to optimize local tumor control. An effort is underway to better
characterize adult and pediatric brain tumors biologically with an emphasis on improving our
understanding of tumor genesis, malignant transformation, and some of the similarities and
differences between tumor types and their response to conventional therapy.

INTRODUCTION

Brain tumors are uncommon and the etiology is generally unknown. The diagnosis cannot
be anticipated and is shocking. Therapy is largely focused on local tumor control, combining
the efforts of neurosurgery and radiation oncology. The use of chemotherapy is
supplemental for most tumor types and considered critical for some, especially when it can
be used to delay irradiation in the very young, lower the total dose required to achieve
disease control, or work synergistically to improve outcome. Brain tumors are considered
incurable by lay people who are often confused by the differences between primary and
metastatic disease. Adults are typically diagnosed with high-grade brain tumors after middle

© 2012 Elsevier Inc. All rights reserved.

Corresponding author: Thomas E. Merchant, DO, PhD, Chief, Division of Radiation Oncology, St. Jude Children’s Research Hospital,
262 Danny Thomas Place, Mail Stop 220, Memphis, Tennessee 38105-3678, Tel: 901-595-3604, Fax: 901-595-3113,
thomas.merchant@stjude.org.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Merchant et al.

Page 2

age when acceptance of a poor prognosis by patient and caregiver may dampen pursuit of
aggressive treatment. Brain tumors diagnosed in children provoke emotion but are
fortunately cured with a high rate of success: side effects and not tumor control rates drive
clinical trial designs in these patients.

Our understanding of brain tumor biology, prognosis after standard therapy, and the late
effects of treatment is increasing. This information has been incorporated into clinical trials
and frontline management for many but not all patients: the small number of cases and large
variety of tumor types makes expert care inaccessible for most patients with primary brain
tumors. The goal of this article is to explore the similarities and differences between the
types of brain tumors diagnosed in children, adolescents, and adults focusing on
medulloblastoma, ependymoma, and low-grade glioma. The focus will be to compare and
contrast these tumors and their treatments across the ages and discuss areas of uncertainty to
help the radiation oncologist who may not treat many of these patients understand and
appreciate the nuances in this special aspect of our field. As the field of molecular tumor
biology continues to expand, our appreciation of the similarities and differences between
adults and children with the same histological diagnosis will be enhanced.

Epidemiology

The distribution of tumors and tumor locations by age is a fascinating aspect of brain tumor
epidemiology.! For certain tumor types, such as medulloblastoma, ependymoma, and
pilocytic astrocytoma, the incidence decreases with age (Fig. 1). Although the differences by
age in the proportion of patients with ependymoma is much less than observed for
medulloblastoma and low-grade glioma, it is important to note that posterior fossa
ependymoma, supratentorial ependymoma, and spinal cord ependymoma are the most
common in the very young, the adolescent, and in the adult, respectively. The most common
site in young children is the infratentorial brain, and the proportion of tumors arising in the
posterior fossa decreases with age (Fig. 2). In order of increasing age, the most common
tumors (second most common in parenthesis) are the embryonal tumors, including
medulloblastoma (pilocytic astrocytoma) in children ages 0-4 years; pilocytic astrocytoma
(embryonal tumors) ages 5-9 years; malignant glioma ages 10-14 years; pituitary tumors
which includes craniopharyngioma and germ cell tumors in ages 5-19 years; pituitary
tumors (meningioma) ages 20-34 years, and meningioma (glioblastoma multiforme) ages
34-74 years. There are an estimated 20,500 primary brain tumors diagnosed each year in the
US: 3750 cases occur in individuals age <19 years and 2870 cases in those age <15 years. It
is important to recognize that the incidence of metastatic disease far exceeds the frequency
of primary brain tumors in adults, whereas metastatic disease is comparatively uncommon in
the pediatric age group.

Pathobiology

Medulloblastoma and low-grade gliomas are among the tumors featured in the recent
revision of the WHO classification of brain tumors.2 An expanded view of medulloblastoma
now includes large-cell medulloblastoma, anaplastic medulloblastoma, medulloblastoma
with extensive nodularity, and desmoplastic/nodular medulloblastoma in order of decreasing
risk of treatment failure using standard therapy. There is increased agreement that these
subtypes will be used in the stratification for treatment, although controversies remain on
how this will be accomplished at the institutional level. More controversial may be the
reclassification of ganglioglioma as a WHO grade | tumor and the relatively new entity of
pilomyxoid astrocytoma as WHO grade 1l. The latter is based on the interpretation of tumor
aggressiveness in surgical neuropathology series where local tumor progression was not
independent of optochiasmatic tumor location and subtotal resection.® There are no reports
that pilomyxoid astrocytoma has an increased rate of progression after definitive irradiation.
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Our recent report on disease control in pediatric low-grade glioma after definitive irradiation
showed no difference in local failure by tumor grade using the 2007 criteria; however, on
the basis of the previous classification system WHO grade 11 tumors had a statistically
higher local failure rate after 54 Gy (Fig. 3).# There has been no change in the classification
of the most commonly encountered variants of ependymoma which continue to be
controversial in their grading or agreement amongst neuropathologists.® Clear cut
differences in tumor control have been observed in large series of patients treated with
definitive therapy that show anaplastic ependymoma to have a poor prognosis compared to
its differentiated counterpart.5:” Most will agree that clearly anaplastic and differentiated
tumors may be graded with a high level of agreement. Unclear is the spectrum of tumors in
between and the prognostic significance of focal anaplasia encountered in a largely
differentiated ependymoma and a tumor with a high level of mitotic activity but lacking
vascular proliferation or vice versa. For clinical trial purposes, a four-tiered system with
obviously differentiated ependymoma, obviously anaplastic ependymoma, and two levels in
between may be a solution with the lowest grade group considered for observation or
adjuvant radiation therapy without chemotherapy.

Similar to the challenges in classifying ependymomas in the pediatric setting, there is often
discordance between pathologists in the classification of common adult tumors, such as
meningiomas and malignant gliomas. Based on the WHO 2007 revisions, meningioma will
continue to be classified as benign, atypical, and anaplastic. The distinction between atypical
and anaplastic is often treacherous for pathologists. To improve the classification, the
revised criteria now include brain invasion as a diagnostic feature of grade 11 meningioma.
The data support brain invasion as a poor prognostic factor but with a lower mortality rate
than those classified as anaplastic. Although the classification of malignant gliomas has been
refined significantly during the last two decades, with clear-cut guidelines for distinguishing
grade I11 lesions, such as anaplastic astrocytoma, from grade IV lesions, such as
glioblastoma multiforme, recent molecular studies have demonstrated that these histological
groups may actually encompass multiple entities with similar morphological features, but
distinct pathways of tumorigenesis. It remains uncertain whether such factors influence the
optimal therapeutic approach, and most likely will not alter the central role that radiotherapy
plays in management. However, these molecular aspects may eventually play a major role in
determining the optimal chemotherapeutic approach that should be coupled with irradiation.

Disease Presentation

Radiation oncologists are important gatekeepers in the treatment of patients with brain
tumors. Critical evaluation of diagnostic information and the ability to choose from a variety
of radiation delivery modalities places the radiation oncologist in a position to affect
outcome. In the treatment of brain tumors, assessing the extent of resection prior to radiation
therapy serves as a critical example of the radiation oncologist in this pivotal position.
Because radiation therapy is generally accepted as a one-time treatment, following the
standard of care in the evaluation of patients for radiation therapy and looking for
opportunities to optimize disease control will ultimately save lives. Over the practice
experience of any physician, one will find a patient where further surgery will lead to cure
without irradiation or improve the ability of radiation therapy to achieve local tumor control.
Accepting only timely and high-quality diagnostic information prior to treatment may
improve the opportunity for cure when the results affect targeting (treatment volume) and
the prescribed dose. A recent study for standard-risk (non-metastatic and limited residual
disease) medulloblastoma showed the importance of quality in imaging and its impact on
outcome.8 Children with inadequate neuraxis imaging prior to craniospinal irradiation had a
lower event-free and overall survival than those who had proper imaging. The major pitfall
for these patients was motion-susceptible spinal imaging but also included under-
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appreciation of residual or metastatic disease. Because patients with non-diagnosed
metastatic or high-risk medulloblastoma were treated with low-dose craniospinal irradiation,
they experienced relapse when higher doses of radiation therapy would have increased the
probability of cure. This level of performance should be unacceptable to investigators in
future trials.

The extent of resection prior to radiation therapy is a prognostic factor for most brain
tumors. Radical resection should be considered for the potential advantage it may provide in
many histological subgroups. Radiation oncologists should challenge their surgical
colleagues and focus on a team approach to optimize the patient for radiation therapy.
Second surgery prior to radiation therapy may often be accomplished with limited morbidity
because of the elective nature of the procedure, capitalizing on the brain relaxation achieved
by the initial debulking. Because the most technically demanding aspects of tumor resection
are often undertaken at the end of a long operative procedure in a patient debilitated from
the events leading to diagnosis, in the absence of a firm histological diagnosis, and in the
setting of an edematous brain, it is sometimes preferable to leave residual disease, rather
than “pushing” the initial resection. The decision regarding whether to attempt a second
resection is influenced by the histology and the potential resectability of the residual disease.
For certain tumors, a separate operative trajectory may help to achieve gross-total resection
if the configuration of the residual tumor following the initial resection suggests that an
alternate approach may improve accessibility.

In view of the importance of post-resection imaging to subsequent treatment planning, MR
imaging is performed within 72 hours of surgery to acutely assess hemostasis, differentiate
between ischemia and retraction injury, evaluate residual tumor, and (if it is amenable)
further resection and improved later interpretation of residual enhancement from hemostatic
products placed in the operative bed. Imaging immediately prior to treatment planning can
be of great value, for it not only identifies patients for whom further resection might be
appropriate, but it also improves the definition of the tumor bed and gross tumor volume.

The availability of sophisticated radiation therapy modalities does not substitute for critical
case review and a team approach when considering local tumor control. For example, a
clinical trial is not required to prove that a patient with incompletely resected ependymoma
is likely to fare worse after highly sophisticated radiation therapy than the same patient who
is referred for second surgery and achieves gross total resection prior to a more simple
treatment. For uncommon tumors and in the setting of limited experience, case review by
experts to assist in the decision making process should be undertaken prior to treatment.
This is especially true for low-grade brain and spinal cord tumors when radiation therapy
may not be indicated if complete tumor resection is achieved. Another critical example is
found in the treatment of recurrent disease after definitive therapy. It may seem facile to
perform radiosurgery rather than to resect residual or metastatic disease; however, this
determination needs to be made on a case-by-case basis, depending on the characteristics of
the lesion. Because the tumor and normal tissues may acutely react to such treatment and
require prolonged and debilitating steroid treatment, plus repetitive imaging evaluation to
differentiate between recurrence and reaction, a brief operation may prove to be an easier
and safer path to follow in many instances.

Treatment and Outcome

Medulloblastoma—Medulloblastoma is first among CNS embryonal tumors and
malignant brain tumors in children when it comes to understanding the efficacy of available
therapy, tumor biology, and the acute and late effects of radiation therapy. After decades of
successful treatment using craniospinal irradiation, significant late effects observed in long-
term survivors led to trials hoping to reduce or eliminate radiation therapy. Chemotherapy
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has been successfully used to reduce radiation dose and volume for most patients. In
selected low-risk patients, radiation therapy has been altogether eliminated. The
implementation of risk-adapted therapy has relied on neuraxis staging using MR imaging
and cytological analysis of cerebrospinal fluid. The future promises to increase the
specificity of risk-adapted therapy by relying on histopathologic and molecular analyses that
retrospectively have demonstrated the potential to identify low and high-risk populations
while supplementing current staging procedures. Because salvage options are few for these
patients, reducing therapy will require strict adherence to protocol guidelines and age will
continue to be an overriding factor in the selection of therapy. Available data suggest that
older standard-risk patients may benefit less than younger children from craniospinal dose
reductions from current dosage levels, which are already reduced from historical levels.
Accordingly, emphasis in recent studies has been placed on reducing the primary site target
volume, which is the location for the most insidious and feared side effects of treatment by
clinicians (necrosis and secondary malignancy) and parents (cognitive dysfunction and
hearing loss). Future challenges will continue to be the treatment of the youngest children
with high-stage disease who suffer tremendously from the only effective therapy: high-dose
craniospinal irradiation. While children age <3 years with localized disease have benefited
from the administration of multiagent chemotherapy as a way to avoid or delay craniospinal
irradiation,®10 and the approach of administering early focal irradiation to the primary
site,11 the overall survival results remain below those achieved in older children. In part, this
reflects that chemotherapy alone has had suboptimal results for eradicating sub-clinical or
overt neuraxis disease spread. At present, the choice of optimal regimens for chemotherapy
remains controversial, and even with intensive therapy a significant percentage of patients
with unfavorable biological factors or obvious metastatic disease succumb to disease
progression. In contrast, the prognosis is substantially better for patients with desmoplastic
tumor histology.

The most common question asked by radiation oncologists is whether full posterior fossa
irradiation remains the standard of care. The answer is that in the setting of post-irradiation
cyclophosphamide-based dose-intensive chemotherapy, full posterior fossa irradiation is not
required.1? The question remains unanswered for patients treated with the non-intensive
chemotherapy regimen employed by most centers. The second most common question is
lowering the craniospinal dose from 23.4 Gy to 18 Gy in the non-protocol setting. The
answer is that a sufficient number of patients have not been treated using 18 Gy CSI and that
the risk of neuraxis failure after 23.4 Gy remains an impediment to cure. Accordingly, this is
a question that remains to be addressed in a phase 111 randomized study, as is currently being
conducted within the Children’s Oncology Group.

When comparing and contrasting pediatric and adult medulloblastoma, the question often
arises: what is standard therapy for the adult with medulloblastoma? Adult medulloblastoma
represents <1% of adult intracranial tumors. The data in the literature are inconclusive
concerning the differences in prognostic and treatment factors compared to children because
of the small sample size and patient ascertainment biases in the adult series. It does appear
that adults have a higher probability of having desmoplastic histology and a lateralized
lesion compared to children, which would infer a better prognosis. A recent Surveillance,
Epidemiology, and End Results (SEER) database analysis was recently reported that
assessed survival rates and prognostic factors in adult medulloblastoma.13 Four-hundred
fifty-four patients with adult medulloblastoma were diagnosed from 1973-2004 in the 17
regions covered by SEER. The overall median survival was 10.6 years and has improved
during each of the last three decades. In a multivariate analysis, diagnosis at age <20 years,
diagnosis after the 1980’s, gross total resection, and the use of craniospinal irradiation were
favorable prognostic factors, whereas large cell histology was associated with poor survival.
The extent of resection and full-dose craniospinal irradiation has been associated with
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improved survival in other smaller series.1415 Adults appear to have a higher rate of “late”
relapse and perhaps a higher rate of extracranial dissemination compared to their younger
counterparts. While the role of pre-irradiation, concurrent, or post-irradiation chemotherapy
has not been proven, a prospective trial in 36 patients suggest the treatment is well-tolerated
and might be associated with an improvement in survival particularly in high-risk patients.16

Clinical and molecular staging of medulloblastoma should be realized for the next series of
institutional and cooperative group trials based on a variety of markers that have undergone
statistical validation. In a recent report, the amplification of MYC/MYCN and gains or
losses in 6q or 17q was prognostic for overall survival in pediatric patients.” Comparing
adults to children, molecular markers divided the two types on the basis of 17q gain, MYC/
MYCN amplification, and CDK®. For adults, 17q gains were less frequent but had similar
prognostic value, in addition to minimal MYC/MYCN amplification but more amplification
of CDK6. When not amplified, the latter two carried a better prognosis. Although 10q
deletions appear to be similar in adults and children, they have not been prognostic for
children but appear to carry a poor prognosis in adults.18:19

Ependymoma—Intracranial ependymoma is most often diagnosed in very young children.
Investigators were keen to test the promise of conformal radiation therapy when it became
available after decades of unsuccessful radiotherapy avoidance using surgery and
conventional chemotherapy. The advent of conformal radiation therapy coincided with
improved neuroimaging, neurosurgical navigation, and the systematic use of second surgery
prior to irradiation for patients initially treated with incomplete resection. More effective
surgery combined with high-dose (59.4 Gy) post-operative radiation therapy increased local
tumor control rates and event-free and overall survival with evidence that the pattern of
failure has now shifted from predominantly local to nearly evenly divided between local and
distant failure.”20 Although ependymoma is a tumor prone to neuraxis dissemination, a
benefit to prophylactic craniospinal irradiation for patients with initially localized disease
remains uncertain. The role of craniospinal irradiation has long been obscured by local
tumor progression.?! These results raise the question about the potential usefulness of
craniospinal irradiation in age-appropriate high-risk patients and the value of adjuvant
chemotherapy in the setting of optimal local tumor control measures. Early and now longer-
term results suggest that high-dose focal irradiation can be safely administered through
systematic targeting, and that cognitive function is preserved. As a result, investigators have
moved to include conformal therapy in the frontline management of children regardless of
age. Concerns about the use of high-dose irradiation in these patients have been answered
with late effects research showing the absence of severe negative sequelae.22-24 Future
studies using smaller target volume margins and newer treatment modalities should further
address these concerns.

Intracranial ependymoma represents less than 2% of primary tumors of adulthood. The
largest review of prognostic factors and outcomes was published by a combined group of 24
French neurosurgical centers involving 152 patients.2® Pathology and radiographic studies
were centrally reviewed in this report. The 5- and 10-year overall survival rates were 84.8
and 76.5%, respectively. On multivariate analysis, overall survival rates were associated
with tumor grade (p<0.001), extent of resection (p=0.006), patient age (p=0.004) and
performance status (p=0.03). The impact of localized radiotherapy had a positive impact on
incompletely resected low-grade tumors. No retrospective review of adults with
ependymoma has shown a benefit of the addition of chemotherapy, though there are no
studies comparing combined radiation and temodar with radiation alone.2® From the
available data, adults appear to have the same prognostic and treatment related factors as
their pediatric counterparts. Complete gross resection and high-dose (=54 Gy) localized
radiotherapy offer the best chance for prolonged disease-free survival.27:28
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Genetic differences in ependymoma are considered to be the key to successful risk
classification for future clinical trials and highlight many of the differences between
pediatric and adult ependymoma. Chromosomal gains of 1q are commonly associated with
ependymoma in children, particularly the intracranial and anaplastic tumor types.29 Others
have shown that genetic imbalances are predictive of tumor site, histologic subtype, and the
age of the patient, suggesting further differences between adult and pediatric
ependymoma.30

Low-Grade Glioma—Resection is the preferred approach for pediatric low-grade glioma
followed by observation, unless adjuvant therapy is indicated based on symptoms or risk of
further progression. Chemotherapy is the preferred approach for young children with
unresectable residual tumors, based on concerns about the long-term effects of radiation
therapy among patients where survivorship is high. Although most patients will eventually
require radiation therapy, the goal of chemotherapy is to delay irradiation in the hope of
minimizing the cognitive and endocrine sequelae. The indications for radiation therapy are
likely to increase if research can identify those likely to experience progression during or
after chemotherapy, or if the side effects of radiation therapy can be predicted based on
clinical and biologic factors or mitigated using improved targeting approaches. The current
concern amongst radiation oncologists who treat these patients is the risk of observation
after chemotherapy in patients with central or optic pathway tumors: these patients risk loss
of function when symptomatic tumor progression occurs in the absence of changes in
neuroimaging and because the response to radiation therapy can be measured in months to
years for some patients.

An effort is underway to better characterize adult and pediatric gliomas with an emphasis on
improving our understanding of malignant transformations, similarities, and differences
between low and high-grade gliomas in adults and children.31-33 This information is
necessary to develop in vitro and pre-clinical models of low-grade glioma. There is limited
information on the genetic abnormalities associated with low-grade glioma. As noted in a
recent report, the genetic abnormalites observed in adult are rarely observed in children.34
Clinically, gliomas in children are distinct from their adult counterparts and these
differences are supported by molecular pathobiology.35-37

Combined modality therapy—Despite their biological differences, the treatment of
adults and children with high-grade or so-called malignant brain tumors appears to be
converging. Combined modality therapy will soon be the standard for nearly all WHO grade
I11 and 1V tumors in adults and children. This applies to the most common high-grade or
malignant CNS tumors in children, medulloblastoma and ependymoma, and the less
common but deadly forms of glioma: anaplastic astrocytoma and glioblastoma multiforme.

For medulloblastoma, it is conceivable that the standard therapy for adults and children
should be the same considering the risks of treatment effects in older children to be similar
to their adult counterparts. For high-grade glioma, radiation therapy and temozolomide
appear to be a standard of care for both adults®® and children despite less promising results
in children in at least one trial.3® However, given the suboptimal survival results with this
combination, a host of studies in both children and adults are examining molecularly
targeted agents in conjunction with irradiation and conventional chemotherapy.

For ependymoma, investigators are eager to test the role of newer chemotherapy (anti-
angiogenic) agents considering that conventional chemotherapy has to date shown limited
independent benefit on survival. Although the potential role of conventional agents
continues to be tested in the cooperative group setting for patients with newly diagnosed
disease, the role of molecularly targeted therapeutic approaches is increasingly being
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examined in patients with progressive disease. For example, the Collaborative Ependymoma
Research Network has recently launched separate trials for adults and children with
recurrent ependymoma, both employing bevacizumab. The adult trial also includes
temozolomide and the pediatric trial includes the tyrosine kinase inhibitor lapatinib.

Treatment Guidelines—Three-dimensional radiation therapy planning and image
registration software permits the evaluation of local treatment failure relative to the targeted
and irradiated volume. This type of analysis in cooperative group trials and for individual
patients treated with non-protocol therapy increasingly shows that complex treatment
guidelines with sequential volume reductions or non-specific normal tissue constraints may
lead to marginal miss and treatment failure when the areas containing the greatest tumor
burden do not receive the prescription dose. As we continue to test the safety of smaller
clinical target volume margins and move to use smaller planning target volume margins with
image-guidance, it is critical that (1) trials be designed for simplicity in targeting and dose
prescription, (2) normal tissue tolerances be volumetrically defined and supported by peer
reviewed data and (3) that total dose and uniformity be more consistently applied. Total dose
and target volume margins will always be research questions in clinical trials for brain
tumors; however, the standard of care should be clear. Relevant questions: what are the
standard doses and target volumes for medulloblastoma, ependymoma, and low-grade
glioma outside of a clinical trial?

Understanding where the risks of normal tissue irradiation are high or low can be used
effectively in the planning process to minimize the risk or impact of side effects. Patients
with brain tumors are vulnerable to wide ranging side effects from radiation therapy that are
magnified in young children and enhanced by tumor and treatments preceding radiation
therapy. Side effects range from treatable deficits that rarely impact long-term function to
severe and debilitating side effects that result in the loss of functional independence. For
most brain tumors that require radiation therapy, the competing risk of treatment failure
exceeds the risk of the most severe side effects. Should radiation normal tissue tolerance
guidelines be observed when there is little chance for cure?

Neurovascular effects of irradiation may results in motor, sensory, coordination, hearing or
visual deficits and are most often attributable to parenchymal necrosis or infarction within

the high-dose volume. The primary covariates are time after irradiation, radiation dose and
patient age (Fig. 4).

Endocrinopathies are strongly influenced by radiation dose to the hypothalamus, which is
the organ most at risk for pituitary function. In the absence of pre-existing deficits and for a
given dose to the hypothalamus, the order of incidence is growth hormone, thyroid hormone,
glucocorticoid, and gonadotropin deficiency. Although some might consider hypothalamic
obesity to be a radiation-related endocrinopathy, comparable control groups have yet to be
identified. Finally, diabetes insipidus does not directly result from hypothalamic-pituitary
axis (HPA) irradiation at the doses used in human clinical trials. When it occurs after
irradiation, it often results from an acquired structural deficit of the HPA due to tumor
expansion or brain shift. The major research question is no longer “which dose does an
endocrine deficiency occur or as a surrogate?” but “why hormone replacement is required?”
or rather, “why for a given high dose of radiation not all patients will develop an endocrine
deficiency?” Fig. 5 shows the incidence of hormone replacement in a carefully followed
cohort of children with centrally located low-grade glioma treated with doses >40 Gy. The
graph is meant to show the incidence of hormone deficiencies after high-dose irradiation and
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that some patients do not develop deficiencies or require hormone replacement >5 years
after treatment.40

When evaluating adults or children for cognitive effects after irradiation, the consistent
finding is that a significant proportion of patients have evidence of baseline deficits and that
there are contributing factors other than radiation dose (Fig. 6). The late effects observed in
children with medulloblastoma treated with radiation therapy are clearly attributable to
radiation dose and volume. Effects are known to be exacerbated by age, but it is becoming
clearer that pre-existing conditions, including surgical morbidity, are mitigating factors.
Hydrocephalus and posterior fossa syndrome are among the most important factors.
Children with medulloblastoma are prone to deficiencies in a broad range of domains.
Whether radiotherapy volume reduction or dose reduction will improve outcome in these
patients remains to be seen.

CONCLUSION

Brain tumor is a well recognized diagnosis in pediatric oncology and these patients represent
everything that is positive and negative about current treatment: increasing cure rates, the
promise of new treatments, deleterious effects of therapy, and a lack of understanding about
the impact of current treatment on long-term survivorship. The impact of long-term sequelae
on functional outcome is also important in adults, particularly those with low-grade lesions,
who may be expected to have long-term survival. Unlike low-grade gliomas in childhood,
adult lesions commonly transition to higher histological grades years later while in the
interim they have been capable of leading productive lives. In children, the value of terms
such as benign and malignant may be blurred by histopathologic diagnosis, tumor location,
or extent. Patients and caregivers need to be oriented to the fatal nature of the vast majority
of tumors when untreated, and also the relative merits of all treatment options based on peer-
reviewed data.
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Distribution of tumor types by age. Medulloblastoma includes all types of embryonal
tumors, ependymoma includes differentiated and anaplastic subtypes, grade I glioma
denotes pilocytic astrocytoma and grades I-1V glioma include patients with pilocytic
astrocytoma, glioblastoma multiforme, oligodendroglioma and all other types of glioma

except ependymoma.
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Proportion of tumors involving the cerebellum by age group.
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Local tumor progression after 54Gy for pediatric low-grade glioma based on WHO 2003
(upper) and WHO 2007 (lower) classification criteria.
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Fig. 4.

CT angiogram demonstrating right internal carotid stenosis and left internal carotid stent in a
patient with craniopharyngioma after two separate courses of suprasellar external beam
irradiation.
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Reading, math, and spelling scores in children with medulloblastoma after craniospinal
irradiation and by specific clinical factors of tumor location, CSF shunting, and sex.
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