Pathology:
Differentiation and Prognosis in Medulloblastoma

Peter Burger, M. D.
Duke University

Historically, little attention was given to the differentiation potential of
the medulloblastoma, particularly in regard to prognosis and therapy. Although
neuroblastic or neuronal features were recognized in some neoplasms, little
practical importance was attached to these features in a neoplasm generally felt
to be undifferentiated. Recently, however, there has been considerable
attention to the histologic heterogeneity of the medulloblastoma, due in part to
the suggestion that the medulloblastoma may be considered as only one of a
family of primitive neuroectodermal tumors that may, but do not always, express
differentiation into neuronal, astrocytic, ependyma, oligodendroglia, and/or
neuroblastic lines (1). The frequency with which such differentiation occurs, and
the extent of association with a specific biologic behavior, however, remains
controversial. -

The most easily recognized differentiation in medulloblastomas is that
along neuroblastic lines. This alteration is readily appreciated in standard
histologic sections in the form of neuroblastic rosettes. Although the precise
incidence of this feature is not well recorded, our own experience utilizing
material from the European cooperative pediatric study (SIOP) would suggest
that 40% or more of medulloblastomas have light microscopic evidence of
neuroblastic differentiation (2).  Another finding of neuronal/neuroblastic
differentiation is that of large mature ganglion cells. Although it can be
difficult in some cases to differentiate such neoplastic cells from normal
entrapped neurons, it is clear that a small percentage of medulloblastomas have
such cells.

It was hoped that the application of immunohistochemistry using antibodies
in neurofilament proteins would assist in the characterization of neuroblastic
differentiation. = The results have been disappointing because of the poor
reactivity of such antibodies in paraffin-embedded tissue and the paucity of this
antigen in the poorly differentiated neuroblasts of most neuroblastic
medulloblastomas (2). Current efforts are underway to identify fixatives for
which neurofilament staining is better suited. In addition, there are also studies
in progress to identify and localize other "neuron-specifie" antigens within these
neoplasms. Electron microscopy has been helpful in characterizing neuroblastic
features in some lesions, however, there are considerable sampling problems in
infiltrating lesions of the brain and it is difficult to identify neurons as entrapped
versus neoplastic (3). It will be therefore be difficult to utilize electron
microscopy as a means of defining neuronal differentiation and/or its incidence.

Glial differentiation in the medulloblastoma has been considerably more
difficult to define than has neuroblastic differentiation. This is a consequence of
the difficulty of distinguishing between the fibrillary processes produced by glial
differentiation and that produced by reactive gliosis, entrapped normal brain,
and some neuroblastic neoplasms (4). In addition, it is apparent that astrocytic
differentiation, if it takes place, is generally a rather focal and poorly developed
phenomenon without the overt differentiation into mature astrocytes. The use
of immunohistochemistry has been helpful and defines in some cases unequivocal
staiaing of neoplastic cells with positively staining short bipolar processes (2,5).
It has been our observation that this differentiation rarely extends to the form of
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extremely well differentiated astrocytes. The incidence of astrocytic
differentiation in our experience has been approximately 5-10% (2). There are,
however, a number of cases in which the interpretation of immunohistochemistry
is problematic (4). In such cases, there are positively staining cells which could
represent neoplastic cells but which cannot be equivocally so identified. Thus
the incidence of astrocytic differentiation remains to be defined.

Oligodendroglial differentiation has been identified in a number of
medulloblastomas in the form of cells with the classic "fried egg" appearance (1).
However, the exact nature of such cells is not clear and the frequent association
with overt neuroblastic findings elsewhere in the lesions suggests that some of
these "oligodendroglial" foci could be neuronal rather than oligodendroglial.
Ependymal differentiation has been noted in some medulloblastomas in the form
of the classic perivascular pseudorosettes. In this setting, however, it can be
difficult to differentiate between medulloblastoma and an anaplastic
ependymoma. In addition, a perivascular type of rosette is a common feature in
neuroblastic lesions and some of the reported examples of ependymal
differentiation in medulloblastomas may be neuroblastic.

The influence of differentiation on survival is a critical issue which at this
point remains controversial. In one study, patients with medulloblastomas that
were "differentiated" had shorter survival times than those with tumors that
were non-differentiated (6). However, the number of patients was limited and
the precise descriptions of the various lesions were not given and not illustrated.
Thus it was not clear how many of the differentiated lesions were neuroblastic,
astrocytic, etc. A more recent study analyzed a number of histologic factors
and concluded, on the contrary, that patients with the differentiated lesions do
better (7). In this report, the "differentiated" lesions were combined also and the
figures were not given as to what percent were neuroblastic, glial, or both.

Thus, conflicting views have been expressed as to the prognostie influence
of differentiation. Since it seems possible that certain lesions, such as
neuroblastic lesions, might respond differently to radiotherapy than the glial and
undifferentiated lesions, it would be desirable to analyze cases in regard to the
exact type of differentiation and not combine all lesions with differentiation in
the statistical analysis. Additional features must also be considered, since two
studies have indicated that some of the traditional features used to grade brain
tumors are also influential prognostic factors. Thus, in one study it became
apparent that lesions with little cytoplasm, many mitoses, and necrosis behaved
more aggressively than other lesions (8). Another investigator has indicated that
the presence of necrosis was prognostically significant (7).

The medulloblastoma is clearly a heterogenous lesion which has been
difficult to characterize by traditional methods, even with the application of
immunohistochemistry which often is assumed to identify "specific" cell types.
It is hoped that better immunologic markers for embryonic development will help
elucidate the origin of these lesions and provide a better means for
prognostication.

Cytogenetic and molecular biologic studies of medulloblastoma are at this
point few, however they may provide potential methods to improve the above
traditional approaches to classification. In light of the observation that the
amplification of the n-myc oncogene associated with a higher stage and poor
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prognosis in some peripheral neuroblastomas (9), the presence of the expression
of this oncogene is of special interest in the neuroblastic medulloblastoma.
Studies of oncogene amplification in the medulloblastoma are presently in
progress. Cytogenetic studies have only been done in a few cases, and it is too
soon to be certain as to the prognostic significance, if any, for the cytologic
abnormalities detected (10).
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Surgery for Medulloblastoma: Techniques and Problems

Pred Epstein, M. D.
New York University Medical Center

This presentation will be directed toward the pyreoperative -assessmept,
intraoperative technique and postoperative management of children with
medulloblastoma.

PREOPERATIVE ASSESSMENT AND TREATMENT

Computerized axial tomography is usually diagnostic of a medulloblastoma,
revealing a patchy density prior to contrast infusion and homogenous
enhancement following contrast. In the presence of this "classical” picture, the
diagnosis is virtually certain and angiography does not contribute to either the
diagnosis or the operative management. The MRI scan may offer additional
information vis-a-vis the relationship between the tumor and the floor of the
fourth ventricle and may occasionally suggest infiltration of the latter. While
this may be helpful, there is no experience to suggest that this is an
indispensable adjunct.

The routine placement of a "preoperative™ shunt should be relegated to
neurosurgical history. There are many reasons not to do a shunt, not the least of
which is the potential for tumor dissemination, upward herniation and
hemorrhage into the tumor. It is the very rare patient who is not stabilized by
corticosteroids and even in these circumstances a temporary ventricular drain
may be preferable to the insertion of a shunt.

SURGERY - ITS GOAL

There is only one surgical goal and that is gross total removal of the tumor.
This is technically feasible in 95% of patients and is only occasionally not
possible when fragments of the tumor infiltrate the floor of the fourth ventricle.

It is essential to emphasize that there is no justification to abandon
resection of a medulloblastoma because of its size or for concern on the part of
the surgeon that "deep" cerebellar structures are being violated. The cerebellar
peduncles as well as the dentate nuclei are displaced away from the tumor and,
as long as the surgical resection is confined to the bulk of the tumor, it is
feasible to extract it in its entirety. Normal white matter can then be visuvalized
surrounding the residual tumor cavity.

An issue that is sometimes raised is whether or not a radical removal of
the posterior fossa tumor could be carried out if the preoperative CT scan or
MRI scan suggests that there are already disseminated metastases. From my
point of view, there is no alternative to removing the bulk of the neoplasm, and
the surgeon must not be dissuaded from this endeavor in the presence of
disseminated disease. :
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POSTOPERATIVE MANAGEMENT

Many patients who have had large medulloblastomas removed develop
transient supranuclear palsies manifested by slurred speech, facial diplegia, as
well as ocular motor imbalance. This characteristically occurs 48 to 72 hours
after surgery and disappears within a few days to several weeks. It is my
impression that it is due to some sort of delayed vascular spasm, although
cerebellar edema extending through the brachium pontis into the brain stem is
also a possible cause. In any event, it is important that this very ecommon
syndrome not be regarded as a brain stem injury and that it not impede an
"extent of disease workup" and subsequent therapy.

Approximately 40-50% of children who have had advanced hydrocephalus
require a shunt sometime during the postoperative period. It is my perspective
that if a significant pseudomeningocele develops within two or three days of
surgery, it is better to put in the shunt early rather than delaying it for a few
days, which will delay the postoperative treatment plan. The issue as to whether
or not a Millipore filter should be inserted is not resolved. While systemic
metastases have been documented with and without shunts, there is a strong
suggestion that the placement of a shunt makes it somewhat more likely. While
the filter offers the theoretic advantage of removing the tumor cells, it poses
additional problems. A filter is prone to blockage by virtue of its physical
properties. In addition, it is only the occasional tumor that metastasizes through
‘the shunt and it is my personal bias that these are highly malignant and
disseminated tumors which are biologically aggressive, with a poor prognosis
with or without a conventional shunt. In addition, I believe that the extent of
disease work up or the surgical anatomy will place these patients in the "poor
risk" category and that subsequent chemotherapy will diminish the small
possibility of systemic metastasis.

The most common site of recurrent medulloblastoma is in the posterior
fossa. Obviously, these tumors are biologically aggressive and the prognosis is
poor with or without adjunctive therapy. Nevertheless, it is my perspective that
a large recurrent tumor should be removed prior to utilizing adjunctive therapy.

It must be emphasized that children who have been treated for
medulloblastoma with neuraxis radiation with or without chemotherapy may have
demonstrable lesions in the brain which are not necessarily recurrent tumor. We
have cared for two patients (ages 11 and 14 years) who have had recurrent
frontal hemorrhages which were initially interpreted as bleeding into a tumor
nodule, but were later recognized to be hemorrhage secondary to radiation-
induced vasculitis. Following surgery, they had a full recovery and have not had
evidence of tumor for 1 and 6 years, respectively.

~ A third child was noted to have a small enhancing lesion at the parieto-
occipital junction on a routine follow-up CT scan. This was interpreted as
probable tumor, but because of its atypical appearance, a craniotomy was
carried out. At that procedure, the lesion could not be localized either visually
or with intraoperative ultrasound and a postoperative CT scan disclosed that it
was gone. Angiography subsequently disclosed a few absent vessels and it
appeared that this case demonstrated a radiation-induced infarction secondary to
alterations of the local vascular supply. Although describing these cases is
anecdotal, it emphasizes the very important point that it cannot be taken for
granted that abnormalities demonstrated on postoperative imaging studies might
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not be due to recurrent tumor.

It is becoming apparent that patients remain at risk for tumor recurrence
for many years, if not permanently. We have encountered recurrent neoplasms as
well as radiation-induced malignant gliomas in the region of previous resections
ten to fifteen years after the original surgery. Three low grade astrocytomas,
one sarcoma and two glioblastomas have been observed and might be associated
with the radiation. Therefore it is essential to reoperate on late "recurrences"
as they are likely to be treatment-induced neoplasms that are histologically
different from the primary tumor.
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RADIATION THERAPY FOR MEDULLOBLASTOMA

Larry E. Xun, M.D.
St. Jude Children's Research Bospital
Memphis, Tennessee

Medulloblastoma has been the sentinal tumor establishing principles of
radiation therapy for central nervous. system neoplasms. Harvey Cushing's
initial review of his experience with this tumor documented both the
limitations of surgery and the early promise of radiation therapy. Local
infiltration and recurrence following surgery, apparent radioresponsiveness,
and the tendency for subarachnoid dissemination identified the challenge of
providing potentially curative post-operative irradiation.

Early reports of survival after radiation therapy confirmed the efficacy
of this modality. Five-year survival in 20-25X of children even in the 1940's
contrasted with Cushing's series noting only one 3-year survivor in 61 cases.
The frequency of neuraxis dissemination was documented in McFarland's 1969
review, fully ocue third of reported cases seeding the CSF pathways. With
recognized 1limi:ations assessing 1intracranial disease status in earlier
series, clinicilans appreciated the high proportion of metastasis largely along
the spinal axis. Irradiation evolved from posterior fossa to posterior fossa
plus spine and, ultimately, to craniospinal volumes. Bloom's report in 1969
established the baseline experience with orthovoltage techniques for cranio-
spinal irradiation, confirming 32% 5-year survival and 252 10-year survival.

Recent reports of modern surgery and radiation therapy document 5-year
survival rates approaching 50-60Z. Identification of prognostic factors
including host factors, tumor extent, and perhaps tumor biology, highlight
current c¢linical investigations of both more aggressive combined-modality
therapy and less aggressive neuraxis therapy for "high risk™ and "low risk”
groups, respectively. Added therapeutic endeavors are now being investigated
to improve survival in the former group; control rates approaching 70% with
conventional irradiation have led to attempts to 1limit late toxicities by
reducing the intensity of therapy in the latter group.

ADVANCES IN MODERN MANAGEMENT

Improvements in neuroradiology, surgical techniques and 1intent, and
radiation therapy have combined to achieve overall 50-60Z or higher long=-term,
disease~free survival in medulloblastoma. Beyond the appreciation of local
tumor extent possible with CT and MR scanning, recent reports document
clinically occult, macroscopic neuraxis dissemination in 20-30Z of cases at
presentation. Identifying this subset allows better definition of the "low
risk” group (i.e. those with apparently “total™ surgical resection and
negative neuraxis staging) and, importantly, the opportunity to more
aggressively address those cases with minimal established CSF seeding.
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Current radiation therapy techniques include fastidious attention to
patient positioning and immobilization, permitting precise field alignment in
what is easily identified as the most technically demanding tool 1in the
radiation oncologist's armamentarium: craniospinal irradiation. Customized
casts or molds for patient positioning permit a degree of accuracy otherwise
not readily achieved. Linear accelerators provide a well-defined, easily
collimated supervoltage photon beam which can be precisely aligned to homo-
geneously irradiate the entire subarachnoid space. Individually designed
blocks limit irradiation to the desired target volume, substantially reducing
irradiation of adjacent normal structures. Through education and
participation in multi-institutional clinical trials, expertise in the
practical aspects of craniospinal irradiation have improved technical accuracy
quite impressively. Experience in the Pediatric Oncology Group (POG) has
shown an increase in the rate of "technically appropriate”™ radiation therapy
on a national scale from only 50-60% in 1979 to over 90% 1in 1986.
Population-based data continue to show a statistical benefit for those
patients treated in major university centers, yet emphasizing the desirability
of centralizing the demanding treatment for this tumor.

RADIATION THERAPY PARAMETERS : VOLUME

The necessity to 1irradiate the entire subarachnoid space has been
repeatedly confirmed. Despite a single, unique report of l0-year survival in
11/18 cases McFarland treated to the posterior fossa and spine, the broader
experience indicates serial improvement in disease control with full neuraxis
irradiation. Landberg reported 5% in survival following local posterior fossa
irradiation, 25X with treatment to the posterior fossa and spine, and 532
after craniospinal irradiatioen.

Two recent reports highlight the importance of irradiation volume. A
multi-institutional French trial wusing an effective chemotherapy regimen .
("8-in-1") prior to posterior fossa plus spinal irradiation reports subarach-
noid failure, primarily in the supratentorial region, in 11/15 cases.
(Brunat-Mentigny) A smaller Italian series shows similar results with
attempts to limit the volume of irradiation to the posterior fossa alone in
conjunction with MOPP chemotherapy.(Lombardi)

A reported "pattern of failure”™ indicating a high proportion of
subfrontal recurrences attests to the necessity to encompass all aspects of
the subarachnoid space, téchnically accurate series rarely identifying disease
recurrence at this site.(Jereb)

RADIATION THERAPY PARAMETERS : DOSE

Both primary tumor control in the posterior fossa and survival relate
strongly to the dose delivered to the posterior fossa. Doses of >50 Gy (5000
rad) have been associated with improved local tumor control, with reports of
40-50% disease control after 45-50 Gy in contrast to 75-80% following 50-55
Gy. The sharp dose-response curve at 50 Gy has been confirmed in several
modern series. Survival parallels the improvement in control at the primary
tumor site, with reports of 5-year disease—free survival in excess of 50-70%
only in cases receiving 250 Gy to the posterior fossa.
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Doses to the full cranium and spine are less well established. Large
series quoting survival rates above 50% have predominately followed 35-45 Gy
(3500-4500 rad) to the cranium and 30-40 Gy (3000-4000 rad) to the spine.
Recent reports from Northwestern University and Harvard's Joint Center for
Radiation Therapy suggest equal survival rates after only 25-26 Gy to the
cranium and spine, primarily in the "low risk"™ group of children with limited
primary tumor extent and “total™ surgical regsection.(Tomita, Brand, Hughes)
Both POG and the Children's Cancer Study Group (CCSG) are prospectively
addressing this question, randomizing a selected “low risk”™ group with T1-2
tumor extent by Chang's staging system, gross surgical removal, and negative
neuraxis staging to "conventional doses” (35-36 Gy) or "reduced doses™ (24-25
Gy) to the cranium and spine, maintaining 54 Gy to the posterior fossa. A
definitive answer to this dose related issue is important both to confirm the
efficacy of a lower dose in controlling microscopic neuraxis disease and to
assess the presumed reduction in late effects associated with lower
irradiation levels.

RADIATION THERAPY PARAMETERS : TIME-DOSE RELATIONSHIP .

Fractionated irradiation requires continuous, uninterrupted daily
treatment to optimize control rates in most human tumor systems. Specific
data from Berry's report confirms this principle in medulloblastoma: survival
in children treated without interruption was 62X compared to only 37X in those
treated with interruptions of 3-5 days or more. It 1is important to
continuously irradiate the posterior fossa site, even in those cases requiring
temporary cessation of neuraxis therapy due to transient hematosuppression.
Current studies addressing combinations of chemotherapy and irradiation must
account for this potential to maximize the efficacy of irradiation following
initial drug therapy.

PATTERNS OF FAILURE

Analysis of failure patterns following craniospinal irradiation show the
ma jority of recurrences to be at the posterior fossa primary site. A
literature review of 343 patients completing CSI reveals recurrences in 53%,
with follow-up ranging from 2 to >10 years. As clinically assessed, failure
in the posterior fossa with or without concurrent meningeal metastasis was
reported in 19-582 of cases. In sum, 36% of the treated patients have ghown
primary recurrences. Of all patients with tumor recurrence, the posterior
fossa was involved in 68%. Spread through the subarachnoid space as a site of
first disease recurrence was noted in 9% of all cases. Recent studies
document a frequency of cephalad extension equal to that of caudal extension
to the spinal canal. Isolated meningeal metastasis accounted for 17% of
recurrences; in total, subarachnoid disease was identifiable at the time of
first failure in 37X of instances. Extraneural metastasis as a first site of
failure was noted in 8% of the reviewed cases, accounting for 14% of all
recurrences.(Kun)
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NORMAL TISSUE REACTIONS
Acute Effects

Normal tissue reactions during the course of radiation therapy are
anticipated, varying in degree with individual host factors. Leukopenia
and/or thrombocytopenia are noted during the third week of fractionated
irradiation, infrequently requiring interruption in craniospinal irradiation.
The neutrophil and platelet count return to normal levels within 4-8 weeks,
with prolonged T-cell lymphopenia documented several months-to-years after
irradiation. Transient, mild anemia is appareant at the end of a 6-8 week
course of therapy.

Epithelial reactions are generally moderate, with alopecia and erythema
or hyperpigmentation beginning during the third week of radiation therapy.
There 1s normally complete return of scalp hair beginning 3-4 months
post-irradiation; incomplete return may be noted, particularly along the
tangentially irradiated vortex or posterior occipital regions. Epithelial
reactions of both the skin and esophagus may be enhanced in patients receiving
prior chemotherapy (e.g. cisplatin, methotrexate).

Fatigue and appetite suppression frequently accompany radiation therapy,
although nausea and vomiting 1is generally limited to the adolescent age
group. Minor reduction in daily fraction size may eliminate this problem.

Subacute Effects

Central nervous system symptoms and signs occurring within the first two
monthg post-irradiation have been well documented as a "subacute phenomenon."
Transient fatigue, low grade fever or enhancement of local neurologic signs
(e.g. ataxia, cranial nerve findings) occur in approximately 40Z of patients.
Neurologic signs have been attributed to a delayed effect on ¢the
oligodendrocytes, experimentally attributed to a transient demyelinization
which has been rarely documented on CT or MR studies.

Late Effects

Appropriate concern has recently been focused on late' neurologic and
neuropsychologic effects of radiation therapy. Neurologic sequelae,
identified as cerebral necrosis or myelopathy occurring 6-24 months after
irradiation, have rarely been documented in the setting of properly
fractionated, technically accurate irradiation for medulloblastoma. The
identified dose-response relationship of improved disease control at 50-54 Gy
to the posterior fossa approaches the tolerance level of normal brain tissue.
An incidence of post-irradiation necrosis approaching 52 has been estimated
- for dose levels approximating 55-60 Gy. Although combinations of irradiation
and chemotherapy have been shown to reduce normal tissue tolerance in many
organ systems, clinical reports describing enhanced irradiation reactions are
limited to interactions of methotrexate and radiation therapy. Laboratory
models have identified cisplatin and nitrosoureas as potential
radiosensitizers in specific tissue settings, leading one to note appropriate
caution in documenting both subacute and late effects of current treatment
regimens testing various combinations of cytotoxic chemotherapy and full dose
irradiation.
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Neuropsychologic changes have been increasingly described in longterm
gurvivors of medulloblastoma. Hirsch' report comparing children with
cerebellar astrocytoma with a relatively matched set of medulloblastoma
patients highlights concern regarding intellectual function as a consequence
of therapeutic irradiation. Several selected geries 1indicate average full
scale 1Q levels 10-20 points below the normal population. There have been
relatively few prospective studies, available reports suggesting subnormal
values at the time of diagnosis while confirming a statistically significant
decline over a 2-5 year period after treatment. Subsequent improvement in
intellectual studies has been described following added time and/or directed
educational activities. Specific neuropsychologic changes have been
identified, in particular changes in memory and selective attending. Overall
changes in intellectual capacity and specific deficits in memory function
correlate primarily with children below 4-8 years of age at diagnosis.
Prospective, comparative studies are yet required to quantify the
treatment-related changes in this critical parameter. Concerns regarding more
severe neuropsychologic changes in children treated with combined chemotherapy
and irradiation will also need to be addressed in the context of current
therapeutic trials.

Growth changes have been documented following craniospinal irradiationm.
Direct effects upon growing bone have been well described, with particular
reference to decrease in ultimate vertebral height following irradiation in
children prior to puberty. Change in height may also reflect a secondary
effect from direct hypothalamic-pituitary irradiation. Reduction in growth
hormone secretion has been documented in 30-50%2 of children followed beyond 1
year post-irradiation. Decreased secretion of TSH and gonadotropins has been
uncommonly documented; post-irradiation diabetes insipidus has not been
observed. Serial endocrine studies to detect hypofunction are indicated,
prompt initiation of replacement therapy 1limiting the degree of height
reduction seen in this populationmn.

An enlarging population of children "cured” will provide increasing
information regarding the frequency of secondary tumors. Benign
osteochondromas are relatively common following radiation therapy. Although
thyrold carcinoma has been reported in up to 7-10Z of children receiving
relatively low doses to the thyroid gland in early childhood, case reports of
thyroid cancer following successful treatment for medulloblastoma have been
anecdotal to date. Controlled series in other childhood tumors appear to show
a reduction in post-irradiation malignant neoplasms from as high as 10-14%
following orthovoltage treatment to approximately 1% following supervoltage
therapy. Secondary sarcomas, meningiomas or interaxial CNS tumors have been
rarely reported. The increased frequency of second malignant tumors following
combined therapy with alkylating agents and radiation therapy in other tumor
systems heightens the necessity to closely monitor the medulloblastoma
population following more aggressive multimodality regimens.
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CHEMOTHERAPY OF RECURRENT MEDULLOBLASTOMA

Michael S.B. Edwards, M. D.
University of California, San Francisco

Modern techniques of surgery, irradiation, and chemotherapy for the initial
treatment of medulloblastoma have improved survival, however, approximately
60% of patients will fail initial treatment within 10 years. At recurrence,
chemotherapy has been shown to be of benefit in producing palliation. Although
many chemotherapeutic agents can induce substantial rates of remission for
varying periods of time, they have not cured patients harboring recurrent
medulloblastoma.

The following is a tabulation of single- and multi-drug chemotherapeutic
regimens that have shown activity against recurrent medulloblastoma.
Medulloblastoma shows sensitivity to many agents albeit the duration of
responses may be short. Multi-drug regimens have been more effective than
single-drug regimens and the sequential use of different non-cross resistant
regimens may produce quality survival for years in 25% to 50% of patients.

The following tables and references summarize those drug treatments that
have produced responses in CNS, CSF, and bony/extraneural disease. The

interested physician should review the original publications carefully to

determine the dosage schedule, route of administration, response criteria and,
most importantly, the toxicity. When chemotherapy is no longer effective or
toxicity unacceptable, the use of CNS axis re-irradiation should be considered.
Such therapy has produced extended quality survival for 12 to 18 months.

Hopefully, new chemotherapeutic agents and techniques will continue to
improve the outlook for children with recurrent medulloblastoma.
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