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ABSTRACT

Medulloblastoma is a rare brain tumor that occurs in both children
and adults, with patients aged 15 to 39 years accounting for 30% of
all cases. In adults, guidelines for diagnosis and treatment are of-
ten based on retrospective data and extrapolated from the pediatric
experience due to limited availability of prospective trials or registries
involving adults. Importantly, adult patients differ from pediatric
patients in many aspects, including the molecular features of the
tumor and tolerance to treatment. In 2017, the NCI was granted
support from the Cancer Moonshot initiative to address the chal-
lenges and unmet needs of adults with rare central nervous system
(CNS) tumors through the NCI Comprehensive Oncology Network
for Evaluating Rare CNS Tumors (NCI-CONNECT). On November
25, 2019, NCI-CONNECT convened a multidisciplinary workshop on
adult medulloblastoma. Working groups identified unmet needs in
clinical care and research and developed specific action items, in-
cluding a proposal for inclusion of new items in the NCCNGuidelines
for Adult Medulloblastoma, delineated in this review along with the
evidence supporting their incorporation. Recommendations included
facilitating referral of patients to centers of excellence; promoting
patient participation in clinical trials or registries; encouraging use of
DNA methylation for confirmation of diagnosis and subgrouping;
offering counseling on contraception and fertility preservation;
evaluating patients for symptoms and medical management of
endocrine, vision, hearing, and neurocognitive deficits; providing
psychosocial support and referral to neurorehabilitation; minimizing
delays in therapy; and incorporating imaging standards and criteria
for progression.
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The NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines) are a wide-ranging set of recom-
mendations detailing sequential management deci-
sions and interventions for patients with cancer,
with the goal of improving patient care and outcomes.
The NCCN Guidelines provide continuously updated
and revised recommendations based on the best
available evidence and are the recognized standard
for clinical policy in cancer care.1 For patients with
rare central nervous system (CNS) tumors, such as
medulloblastoma in adults, high-quality evidence–
based recommendations are rarely available due to
limited prospective and randomized data, leading to
wide heterogeneity in management.2 The current
NCCN Guidelines for Adult Medulloblastoma are
available online (see pages AMED-1, AMED-2, and
AMED-3 in the NCCN Guidelines for CNS Cancers at
NCCN.org).

The mission of the NCI Comprehensive Oncology
Network for Evaluating Rare CNS Tumors (NCI-
CONNECT), housed in the Neuro-Oncology Branch
of the NCI’s Center for Cancer Research and supported
by the Cancer Moonshot, is to advance understanding of
adults with rare CNS tumors by establishing partnerships
among patients, advocacy groups, and providers to
improve care and treatment (https://www.cancer.gov/
rare-brain-spine-tumor/tumors).3–5 One of the mecha-
nisms used to reach this goal is hosting transdisciplinary
workshops.3,4 On November 25, 2019, NCI-CONNECT
convened a workshop on adult medulloblastoma. The
proceedings of this workshop are discussed in detail
elsewhere.6 This was a hands-on multidisciplinary
workshop in which clinicians, scientists, and advocacy
partners met to discuss areas requiring further de-
velopment, including understanding patients’ needs,
deciphering the molecular pathology of adult medul-
loblastoma, developing suitable preclinical models,
optimizing clinical trial design and efficacy endpoints,
and launching collaborative efforts in clinical and
translational research. Attendees developed an action
plan to address challenges and identified an imme-
diate need to update the NCCN Guidelines as one of
the early priorities.

1Neuro-Oncology Branch, Center for Cancer Research, NCI, NIH, Bethesda,
Maryland.
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Proposed Additions to the NCCN Guidelines
for Adult Medulloblastoma
This review summarizes a proposal to include 6 new
items in the NCCN Guidelines for Adult Medulloblas-
toma (Table 1) and reviews the literature supporting
their inclusion. For topics lacking sufficient published
data, recommendations were based on experience and
the consensus of workshop attendees.

Facilitate Referral to Specialized Centers or
“Centers of Excellence”
Only approximately 140 new cases of medulloblastoma
are diagnosed each year in the United States in patients
aged $15 years. Patients aged $40 years represent ,30
new cases per year, or,8% of all medulloblastoma cases.
The estimated prevalence of medulloblastoma in the
United States is 1,423 pediatric cases, 1,862 cases of
late adolescent and young adult (AYA) cases aged 15
to 39 years (most of whom were likely diagnosed in
childhood), 492 cases aged 40 to 64 years, and 58 cases
aged $65 years.7 The lower incidence and prevalence of
cases beyond childhood make finding and building ex-
pertise to treat adult medulloblastoma difficult, because
even academic and brain tumor referral centers only see
a small number of such patients each year.8

Medulloblastoma is classified as a malignant grade 4
primary CNS tumor by the WHO. It displays rapid
growth and the tendency to disseminate within the CNS
and systemically, posing many diagnostic and thera-
peutic challenges across the entire age spectrum. These
challenges include the need for prompt and complex
multidisciplinary treatment decisions and planning in-
volving surgery (resection and/or cerebrospinal fluid
diversion procedures), craniospinal irradiation (CSI),
and chemotherapy9,10; accurate assessment of imaging
findings and neuropathologic diagnosis (including ad-
vanced molecular testing for tumor subgrouping and
discovery of potential actionable targets); and specialized
support for acute, subacute, and late adverse effects and
complications derived from tumor and therapy. In ad-
dition, adults with medulloblastoma have very limited
access to experimental therapies.11

The current NCCN Guidelines recommend con-
sideration of “a multidisciplinary review in treatment
planning, before surgery and once pathology is available”
and “strongly recommend referring patient[s] to a brain
tumor center to be evaluated for possible further, more
complete surgical resection.”1 Taking this guidance a step
further, one of the main workshop recommendations was
that adults with medulloblastoma should be referred to
specialized centers or “centers of excellence”with expertise
in diagnosis and treatment of these patients at any time
when critical decisions about their care must be made,
both at the time of new diagnosis or at recurrence. This
was also recommended in the 2019 European Association
of Neuro-Oncology and European Rare Cancer clinical
practice guideline for diagnosis, treatment, and follow-up
of postpubertal and adult patients withmedulloblastoma.10

Importantly, there are no official criteria for de-
fining “centers of excellence” in neuro-oncology, and
there are no prescribed standards or associated cer-
tifications. Centers of excellence in healthcare have
previously been described as “specialized programs…
which supply exceptionally high concentrations of exper-
tise and related resources centered on particular medical
areas and delivered in a comprehensive, interdisciplinary
fashion…to afford the best patient outcomes possible.”12

With only a few exceptions (eg, bariatric surgery centers),
hospitals typically self-designate services as “centers of
excellence” with varying degrees of rigor of standards.

Referring patients to centers with experience is
expected to reduce the likelihood of misdiagnosis and
complications that may result from treatment, and po-
tentially improve outcomes, as seen in other more
common primary brain tumors. For example, in glio-
blastoma, the most frequent malignant primary brain
tumor in adults, a recent review of the National Cancer
Database explored the association of patient outcomes
with the type of facility (academic vs nonacademic
center) and facility volume (high vs low volume), in-
cluding data on .40,000 patients seen over a decade.13

Patients treated at academic centers and high-volume
facilities experienced the longest survival rates and had
more frequent access to tumor resection, radiotherapy,

Table 1. Proposal for Inclusion of 6 New Items in NCCN Guidelines for Adult Medulloblastoma
1. Facilitate referral to specialized centers or “centers of excellence”

2. Promote participation in clinical trials and/or registries at diagnosis and/or recurrence

3. Routinely conduct DNA methylation for diagnosis and subgrouping

4. Incorporate evaluations and interventions at baseline and throughout the course of the disease: offer counseling on contraception and fertility preservation;
evaluate patients for symptoms and medical management of endocrine, vision, hearing, and neurocognitive deficits; provide psychosocial support and referral
to neurorehabilitation

5. Avoid delays in therapy after initial diagnosis

6. Incorporate MRI standards and criteria for progression as recommended by the Response Assessment in Pediatric Neuro-Oncology committee
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and chemotherapy. Moreover, prolonged inpatient
stays, 30-day readmission, and 90-day mortality were
significantly decreased at this type of center (by 20%,
22%, and 16%, respectively).

A nationwide cancer registry retrospective study in
Finland including .2,000 patients with glioblastoma
also found improved survival at high-volume centers,14

suggesting this may be a consistent finding across dif-
ferent healthcare systems. There is also an increasing
body of evidence suggesting lower morbidity and
mortality rates in patients undergoing low-grade glioma
and glioblastoma surgery by specialized surgeons in
high-volume centers,15,16 and also suggesting improved
survival of patients with glioblastoma receiving che-
moradiation in high-volume facilities.17 Even though, to
the best of our knowledge, data specific to outcomes of
adults withmedulloblastoma based on the type of facility
providing treatment have not been published, it is likely
that similar findings would be observed, because me-
dulloblastoma is rarer than glioblastoma, and its man-
agement is complex.

Based on the available literature in glioblastoma and
other gliomas, one can extrapolate that the basic ele-
ments of a center of excellence (those associated with
improved outcomes) are, at a minimum, academic
high-volume centers with access to specialized multi-
disciplinary care (neurosurgery, neuropathology, radi-
ation oncology, and neuro-oncology). Other important
components particularly relevant for adults with medul-
loblastoma include availability of advanced molecular
testing, regular tumor boards, access to proton radiation
therapy, a clinical trial program, patient education
seminars and support groups, and social and supportive
care services.

An important consideration is that patients with
limited resources or living in remote areas might not
have access to such centers of excellence. Potential so-
lutions include referrals for expert consultation with care
provided in collaboration with local providers, in person,
or via telehealth medicine,18,19 and the implementation
of web-based tumor boards20,21 to review such cases and
provide multidisciplinary expert advice. One important
component of achieving the goal of referring adults with
medulloblastoma to centers of excellence is to educate
patients, caregivers, healthcare providers, and third-
party payers about the benefits of being seen at cen-
ters with expertise.

Promote Participation in Clinical Trials and/or
Registries at Diagnosis and/or Recurrence
Participation in clinical trials is “especially encouraged”
by all NCCNGuidelines for treatment of cancer, and each
guideline includes the opening statement “NCCN be-
lieves that the best management for any patient with

cancer is in a clinical trial,” which is also included as a
comment at the foot of each algorithm. In addition,
specific CNS tumor types, such as anaplastic astrocy-
toma and ependymoma, mention participation in clin-
ical trials as part of the algorithm itself; however, such a
recommendation is not includedwithin the algorithm for
adult medulloblastoma. One of the results of the work-
shop was to further strengthen the recommendation to
include adults with medulloblastoma in clinical trials,
when available, and in registries or natural history
studies, because information from every patient carries
great value due to the small number of patients.

Although long-term survival is possible in adults
with medulloblastoma, many questions remain regarding
optimal upfront therapy. Furthermore, recurrences are
typically difficult to treat and often incurable; chronic se-
quelae of the disease in survivors are understudied; and
patients need symptomatic interventions. Data are needed
on symptom burden, quality of life, neurocognitive
outcomes, and social outcomes, including financial
burden. Participation of adults with medulloblastoma
in clinical trials is critically needed to address these gaps
in knowledge and ultimately improve patient outcomes.
Although the design and implementation of clinical
trials for patients with rare tumors pose many chal-
lenges,11 extensive collaborative efforts are key. As an
example, 2 large multicenter randomized trials are
currently in development by the EORTC and Alliance.
These trials are specifically designed for AYAs and adults
with newly diagnosed standard-risk medulloblastoma
and are primarily evaluating the role of smoothened
inhibitors when given along with upfront therapy (CSI
and chemotherapy) for newly diagnosed sonic hedgehog
subgroup medulloblastoma, but they also include all
other medulloblastoma clinical and molecular groups in
exploratory arms. There are also ongoing trials enrolling
adults with recurrent medulloblastoma (ClinicalTrials.gov
identifiers: NCT03173950, NCT03434262, NCT03904862),
and a call has been made to liberalize eligibility criteria in
future phase I trials to allow participation of patients with
rare CNS tumors.22

Despite these ongoing clinical trial efforts, adults
with both newly diagnosed and recurrent medulloblas-
toma continue to have limited access to clinical trials.
Thus, it is critical to collect patient data in centralized
registries or natural history studies that allow remote
participation, so that valuable clinical and molecular
information from as many patients as possible can in-
crease knowledge about the disease. Examples of these
types of studies include the HIT-2000 multicenter pro-
spective observational adult cohort23,24 and the ongoing
Natural History of and Specimen Banking for People
With Tumors of the Central Nervous System (Clin-
icalTrials.gov identifier: NCT02851706) and Rare CNS
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Tumors Outcomes & Risk studies (NCT03251989) at NCI,
which allow the collection of comprehensive, structured
clinical information and the banking of tumor tissue and
other specimens.

Routinely Conduct DNA Methylation for
Diagnosis and Subgrouping
Current NCCN Guidelines for Adult Medulloblastoma1

recommend “molecular profiling to identify clinically
relevant subtypes…to encourage opportunities for
clinical trial involvement.” The Principles of Brain
Tumor Pathology section (see page BRAIN-F in the NCCN
Guidelines for CNS Cancers, available at NCCN.org)
recommends that “[m]edulloblastoma testing should
be referred to academic tertiary centers with expertise
in this area,” and differentiating among the current
subgroups described in the WHO Classification of
Tumors of the Central Nervous System25 “is best clas-
sified by expression arrays, DNA methylation arrays, or
an immunohistochemistry [IHC] panel composed of
b-catenin, GAB1, and YAP1.”1 Gene sequencing is also
recommended in sonic hedgehog subgroup medullo-
blastoma to detect TP53 mutations, given the variety of
hotspots in the gene and the prognostic importance of
this finding. Finally, it is also clarified that “the di-
agnosis of medulloblastoma is still made on the basis of
light microscopy” because none of the molecular
markers associated with each subgroup is unique to
medulloblastoma.1

Currently, there is no universally accepted gold
standard method for subgroup assignment in medullo-
blastoma, and, as mentioned in the guideline, different
methods are used across different institutions. This
variability in subgrouping (and in many cases the lack of
testing for subgrouping) is an important challenge that
makes collaboration difficult and slows research and
advances in the field. Genome-wide DNA methylation
with application of the brain tumor classifier26 along
with next-generation sequencing is a reliable and re-
producible method to confirm the diagnosis of medul-
loblastoma and perform subgroup classification; it was
supported by workshop attendees as the gold standard
for medulloblastoma subgrouping. DNA methylation is
already performed for most medulloblastoma cases in
some European countries (France, Germany, and the
United Kingdom), and it is therefore incorporated in the
upcoming EORTC trial for newly diagnosed adult me-
dulloblastoma as part of the central neuropathology
review to be performed before initiation of therapy. DNA
methylation is also increasingly performed at academic
centers in the United States and has important advan-
tages, such as helping reduce diagnostic error, allowing
differential diagnosis with other posterior fossa tumors,
and distinguishing between group 3 and group 4 tumors,

which is not yet possible by readily available IHC
markers. Importantly, NCI has observed a change of
diagnosis from that rendered by classic histopathologic
methods in 11% of patients with primary CNS tumors by
using integrated analysis that incorporates histology,
next-generation sequencing, and DNA methylation,
similar to that found in a study evaluating a large
number of CNS cancers by methylation.27,28 Other
medulloblastoma subgrouping methods, such as mRNA
sequencing (NanoString, NanoString Technologies,
Inc.), have been used with some evidence of benefit to
determine medulloblastoma subgroup29; however, DNA
methylation seems superior.30 There is also information
suggesting that IHC is not as accurate as DNA methyl-
ation, specifically for the identification of WNT-driven
medulloblastoma.31 Interpretation of certain IHC tests,
such as nuclear b-catenin expression, can be challenging
and operator-dependent, and, importantly, nuclear
expression of b-catenin in adult medulloblastoma is
not associated with as good a prognosis as it is in children
in available retrospective studies.32 In addition, many
smaller practices may not have the capacity to perform
certain IHC analysis (eg, YAP1). Finally, although IHC may
yield a quicker diagnosis, not everymolecular changewill
result in a corresponding change at the protein level,
potentially increasing false-negative results, as seen in
gliomas.33,34

Evaluations and Interventions at Baseline and
Throughout the Course of the Disease
Adults with medulloblastoma typically tolerate CSI35

and chemotherapy36 worse than children, despite most
of them being young adults aged ,40 years. In addi-
tion, as with children, adults with medulloblastoma
are at risk for multiple chronic adverse effects from
the tumor and therapy, impacting symptom burden,
quality of life, and endocrine and neurocognitive
function. These treatment sequelae have a potential
impact on social outcomes, such as the ability to return
to previous activities, including work and education.
However, the acute, subacute, and chronic effects of
the tumor and therapy have not been studied sys-
tematically in adults with medulloblastoma.37,38 These
patients would benefit from specific evaluations and
interventions at baseline and throughout the course of
the disease that are well established in pediatric and
AYA guidelines39,40 but currently are not included
in the NCCN Guidelines for Adult Medulloblastoma,
such as those related to fertility preservation, parenting,
employment attainment and retention, psychosocial sup-
port (including participation in support and educational
groups), and insurance/financial issues.1 The work-
shop consensus was to recommend inclusion of the fol-
lowing items in the adult medulloblastoma algorithm, at a
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minimum: discuss contraception before initiating ther-
apy; discuss risk of infertility caused by therapy and fer-
tility preservation; offer psychologic support, such
as participation in support groups; perform an evaluation
for symptoms and medical management (endocrine, vi-
sion, hearing, neurocognitive deficits); and offer referral to
neurorehabilitation both at initial diagnosis and at any
other time as needed throughout the course of the
disease.41–43

Avoid Delays in Therapy After Initial Diagnosis
Although there is limited evidence in adults,44 it has
been shown that delays in starting CSI after diagnosis
in children is associated with worse outcome,45 and
therefore most pediatric trials require that CSI begin
within 30 days of tumor resection. In the pilot multi-
center feasibility trial NOA-07 (ClinicialTrials.gov iden-
tifier: NCT01614132), in which adults with newly
diagnosed medulloblastoma were treated with CSI and
concurrent and adjuvant chemotherapy, the median
time from resection to the start of radiochemotherapy
was 53 days, and the upcoming EORTC and Alliance
trials for newly diagnosed adult medulloblastoma will
allow amaximumof 42 days from resection. Even though
these relatively short times to treatment initiation
can be difficult to accomplish, especially outside of
clinical trials, increasing awareness about the im-
portance of avoiding delays in therapy was identified
as a critical need by workshop attendees. Shortening
the time from resection to initiation of therapy can
face multiple barriers and requires several layers of
intervention, including patient and healthcare team
education, and efforts to expedite referrals between
local centers and specialized centers for surgical inter-
vention, molecular testing, CSI, and overall recom-
mendations regarding management. Some of these
barriers can be overcome by using telehealth resources
to discuss patient management across local and spe-
cialized centers.

Incorporate MRI Standards and Criteria
for Progression
The current NCCN Guidelines do not provide specific
recommendations for an optimal imaging protocol for
evaluating medulloblastoma or criteria for evaluating
response to treatment.1 As with other primary CNS tu-
mors, MRI with and without contrast is the gold standard
for imaging evaluation. However, medulloblastoma has
unique imaging characteristics, and findings are far more
heterogeneous than those of the most frequent primary
CNS tumors in adults (brain metastases, meningioma,
glioblastoma). In addition, medulloblastoma has a high
propensity for leptomeningeal dissemination with vari-
able radiologic patterns and can be difficult to detect.

The Response Assessment in Pediatric Neuro-Oncology
(RAPNO) committee has developed recommendations
for response assessment of both adult and pediatric
patients with medulloblastoma and other tumors
with common leptomeningeal dissemination, which
establish imaging standards with minimum sequence
acquisition as recommended by the Brain Tumor
Imaging Standardization Steering Committee.46,47

These standards include performing 3D postcontrast
T1-weighted imaging, diffusion-weighted imaging,
and postcontrast fluid-attenuated inversion recovery
imaging, which were recommended by workshop at-
tendees for inclusion in the NCCN Guidelines. The
RAPNO committee also recommends assessment of
response using MRI (brain and spine); cerebrospi-
nal fluid cytology; neurologic examination; steroid
use; and presence of extra-CNS disease, if applica-
ble. Although these recommendations were primarily
designed for use in clinical trials and need prospective
validation, proper imaging staging and risk stratifi-
cation are critical for therapeutic decisions in stan-
dard practice, and inadequate imaging practices
are linked to worse event-free survival in children.48

Furthermore, uniform collection of imaging and
evaluation of response assessment was believed to be
a beneficial element of registry studies.

Conclusions
Despite the low incidence of medulloblastoma, a few
thousand adults are living with the disease in the United
States alone. Guidelines for their optimal care are based
on limited high-quality evidence because no randomized
trials in adults have been conducted to date. Notwith-
standing this paucity of data, adults with medulloblas-
toma require complex and timely multidisciplinary
management by healthcare teams familiarized with their
care and needs. These challenges and needs are very
similar to those of many other CNS tumors, particularly
those with lower incidence. In our opinion, the recom-
mendations outlined in this review are in fact applicable
to all CNS tumors.
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