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“In the game of pediatric brain tumors, there is only
one way to win. That is to remove all of the tumor
and to leave the child without a deficit. If the
neurosurgeon accomplishes anything less than this,
he has not won the game”

C. Raffel

One of the most exciting elements of the practice of
pediatric neurosurgery has been the advances made in the
realm of neuro-oncology over the past three decades.
Moving from a time in which brain tumors were diagnosed
primarily on clinical grounds, the understanding of cellular
and molecular events were based on the appearance of
paraffin-embedded specimens viewed under glass, the

radiological tools necessary to define the extent of the
disease were rudimentary, and the surgical technology
available to make tumor removal safe and to offer the
survivor a reasonable quality of life were rudimentary, we
have now moved into a fast-paced arena in which each year
brings new research with better understanding of tumor
genomics, tumor suppressors and promotors, stem cells,
vascular supply, etc. Advances in neuroimaging now allow
accurate preoperative diagnosis and staging, image-guided
surgery offers improved operative planning and execution,
and better postoperative surveillance tools allow earlier
detection and more effective treatments for recurrent
disease. More sensitive tools now allow earlier detection
of secondary events such as learning disabilities, quality of
life measures, and hormonal deficits, which can be treated
effectively through improved pharmacology. No area of
neuro-oncology serves as a better model for these state-
ments than does the treatment of childhood ependymoma. It
is anticipated that this compendium will offer current
knowledge on the status of ependymoma therapy for the
neurosurgeon, that it will correct certain misperceptions
related to ependymoma therapy, and that it will give
direction for future advances in the treatment of this
disease. I would like to thank in advance all of the
contributors who spent long hours working on their manu-
scripts for this Supplement. That those asked to contribute
are world leaders in the field of pediatric neuro-oncology
becomes apparent as one peruses the table of contents of
this journal.

There are a number of truths which we can now apply to
pediatric ependymoma. First is that in 90% of cases, the
disease will be localized at presentation. At that stage, the
focal disease process will usually respond to focal treat-
ments [1]. Thus, the days of craniospinal irradiation or even
whole brain irradiation for ependymomas should be well
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behind us. Second, numerous prospective controlled trials
from around the world have shown that ependymoma is
still a surgical disease. What we accomplish as neuro-
surgeons in the resection of these tumors is the most
significant determinant of outcome [2]. With ependymoma,
if the neurosurgeon retreats from surgery leaving tumor
behind and telling himself that he must “first do no harm”,
he has ultimately created the greatest harm to that patient.
Thus, if a neurosurgeon feels a priori that he is not likely to
be able to completely resect a focal ependymoma, he owes
it to his patient to consider referral of that patient to a
specialty center in which better tools and more experience
might afford the child a better chance at survival. To
partially resect an ependymoma and then refer the child for
adjuvant therapy is doomed to fail. Third, early postoper-
ative high-quality magnetic resonance imaging (MRI) has
proven invaluable in managing these patients. Controlled
studies have shown that even when the surgeon believes he
has accomplished a gross total resection, that postoperative
imaging may prove him wrong in as much as a third of the
cases [3]. Postoperative computed tomography (CT) scan-
ning is not sufficient to detect small pieces of resectable
residual tumor. Parents should be made aware before the
initial surgery that their child will receive a postoperative
MRI study and that the finding of significant residual tumor
will prompt a return to the operating room for an attempt at
removal of as much residual tumor as is safely possible.

It has been shown also that ependymomas are generally
sensitive to radiation therapy. Since the majority of
ependymomas are focal at presentation, following surgical
resection with focal irradiation will significantly reduce the
chances of recurrence, either locally or with disseminated
disease. That a number of children with (1) supratentorial
ependymoma or spinal ependymoma and (2) differentiated
histology can be cured by gross total resection alone has
been suggested but current case series are too small to
know how to best select these cases and what risk factors
will predict recurrence [4]. This is an area which clearly
requires more attention.

The work of Taylor et al., reviewed in this issue, have
shown that supratentorial, posterior fossa, spinal, and
myxopapillary ependymoma each represent genetically
different tumors [5]. In the past, it had also been stated
that histology was not a significant determinant of outcome
in pediatric ependymoma. This was certainly true in case
series in which a gross total resection was performed in a
minority of patients. Children with both differentiated
(WHO II) and anaplastic (WHO III) tumors did equally
poorly when neither were completely resected. But over
time, as our surgical tools have allowed a gross total
resection to be accomplished in the vast majority of
children, confirmed by postoperative MRI, we do see a
significant difference in outcome of children favoring those

with lower-grade histology [6]. Finally, advances in
radiation therapy now allow more targeted therapy at
well-established doses for ependymoma. Under-dosing
contributes to higher failure rates. Likewise, proton beam
therapy and three-dimensional conformal treatment have
led to more effective treatment with sparing of adjacent
functional structures, thus allowing us to give focal
adjuvant therapy at a younger age and allowing for better
quality of life for survivors.

The current role of adjuvant chemotherapy in childhood
ependymoma has previously been limited. That treatment
with platinum-based chemotherapy agents predisposes
these children to greater hearing loss after radiotherapy is
well established [6]. Retrospective case series have further
shown that for young children with large and vascular
tumors, in whom surgical resection is compromised by the
risk of exsanguination, two to three rounds of conventional
chemotherapy can dramatically reduce the vascularity of
ependymomas, making a return to surgery for further
resection more safe. The trade-off is that, although less
vascular, the tumor may become more fibrous and
tenacious after this chemotherapy.

Using standard chemotherapy as treatment for residual
disease has not proven fruitful [7]. Although ependymomas
may respond transiently, with significant response resulting
in delay of early recurrence, the addition of chemotherapy
has not proven to extend overall survival for this disease. A
phase II randomized Children’s Oncology Group trial
should open soon to answer this question. Newer biolog-
ically active agents are currently under trial and have
theoretical advantages, but at present should be limited to
carefully constructed clinical trials.

The surgical management of recurrent ependymomas is
an area of some controversy, where perhaps the Hippocratic
principle of “first do no harm” is increasingly pertinent. As
aggressive treatment prolongs survival, more and more
children require surgical treatment for recurrent ependy-
moma, even years after the first surgery [8]. Second and
third surgery, especially in the posterior fossa, are associ-
ated with increased risk of neurological deficit, as dissec-
tion of the lower cranial nerves is more demanding due to
arachnoid scarring. The risk of serious side effects, such as
bulbar palsy, leading to the need for tracheostomy and
gastrostomy are higher after every surgical attempt. Still,
the need for a comprehensive attempt of total excision is
just as important in recurrent disease as in the first
presentation. Once again, the surgical expertise and a
multidisciplinary approach to managing such difficult
patients are crucial. One could argue that there is even a
higher necessity for these children to be treated in
specialized centers, where there is a better appreciation of
how far one should try to push surgical treatment and when
to stop, avoiding a “triumph of technique over reason”.
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Finally, it should be recognized that our major improve-
ments in the treatment of childhood ependymoma have
only come through the willingness of pediatric neuro-
surgeons and neuro-oncologists to retrieve fresh tumor
tissue at each operation and to cooperate in the enrollment
of these patients in prospective clinical trials. Childhood
ependymomas occur so infrequently and our discipline
changes so rapidly; hence, it is only through participation in
clinical trials that we as pediatric neurosurgeons can
continue to reduce the burden of this disease.
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