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Medulloblastoma is a rare tumour in postpubertal patients and adults that is potentially curable. Several subgroups
have been defined that are associated with clinical features, have different prognoses, and in some cases offer
personalized treatment options. In adults, the sonic hedgehog (SHH) subtype is the most common subtype, followed
by the wingless (WNT) and group 4 subtypes. Multimodal therapies allow 5-year overall survival rates of up to 70%.
However, in adults, therapeutic evidence from prospective randomized trials is largely lacking. Therefore, regardless
of individual risk, most patients are currently treated uniformly with craniospinal chemoradiation with a boost to
the tumour bed, followed by maintenance chemotherapy, usually with alkylating agents. In Europe, the so-called
Packer regimen, together with cisplatineetoposide regimens, is the most commonly used chemotherapy option.
Targeted treatment approaches have not yet been implemented, although tumour biology is well understood and
offers personalized approaches, especially for the SHH subgroup. At relapse, rapid resistance occurs frequently,
necessitating repositioning of these agents in an earlier treatment phase. Due to the good to intermediate
prognosis, patients with medulloblastoma require structured long-term clinical follow-up including MRI of the brain,
monitoring of side effects, and psychosocial and fertility counselling. Recently, clinical trials have been initiated with
the aim of de-escalating treatment to reduce toxicity and adding targeted therapies to increase efficacy, with the
main goal of therapy to cure the tumour while maintaining the physical and psychosocial integrity of affected
patients. This article summarizes our opinion on the diagnosis and treatment of medulloblastoma in adults.
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DIAGNOSIS AND STAGING

Due to the tumour’s typical location in the posterior fossa,
patients with medulloblastoma often present with symp-
toms of increased intracranial pressure, hydrocephalus,
cerebellar signs with gait disturbances or ataxia of the ex-
tremities and signs of leptomeningeal disease. Due to the
high incidence of sonic hedgehog (SHH)-mutated tumours
located in the hemispheres of the cerebellum, adults will
more often present with ataxia of the extremities. Neuro-
cognitive deficits may also occur, mostly consisting of
impaired attention, visual perception and verbal fluency.1

Medulloblastomas have a propensity to disseminate
within the subarachnoid space and, less frequently, to
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extraneural locations, e.g. the lymph nodes, bone marrow,
skeleton, lung and liver, which may cause symptoms.
Therefore, we recommend a thorough clinical and neuro-
logical examination at presentation of first symptoms.

Magnetic resonance imaging (MRI) is the modality
of choice to assess and follow up medulloblastoma
(Table 1). Recommendations for MRI imaging have been
defined by the Response Assessment in Pediatric Neuro-
Oncology committee (RAPNO) (Figure 1).2 Most medullo-
blastomas show heterogenous enhancement with little
oedema. SHH medulloblastomas often have a lateral
localization within the cerebellar hemispheres, more
oedema and a strong diffusion restriction. As medullo-
blastomas can produce drop metastases and lep-
tomeningeal involvement, spinal MRI should be carried out
preoperatively or after surgery, before an adjuvant treat-
ment decision in all patients and during follow-up if clinical
symptoms appear that may be linked to spinal cord affec-
tions. As medulloblastoma can present with unusual MRI
patterns, we recommend review of MRI scans by an
experienced neuroradiologist.
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Table 1. Key recommendations for diagnosis and treatment in adult
medulloblastoma

Measures References

Diagnosis
Medulloblastoma must be classified according to the
latest WHO classification. A renewed classification is
expected for 2021, which will amend the recent
classification of 2016

6

Craniospinal MRI is the standard of diagnostic imaging.
CT should be carried out only in emergencies and
contraindications to MRI

2

Staging and response assessment must include CSF
cytology to detect leptomeningeal dissemination and
other measures if metastases to the lung, lymph nodes,
bone or bone marrow are suspected

2

T-stage evaluation should be carried out because it is
likely to have prognostic value in adults. Assessment of M
stage can be carried out, but its prognostic value in
adults is unclear. M0 and M1 patients in adults are
therefore usually classified in the same prognostic group

3,4

Therapy
Gross total resection should be carried out, if possible,
without harming the patient. In cases where a gross total
resection is not possible, maximum safe resection should
be carried out

5

Adults with medulloblastoma should be treated with
radiotherapy of the craniospinal axis, with a boost to the
tumour bed

8

Adults with medulloblastoma should be treated with
systemic therapy, regardless of their risk category

11,12

Early and late side-effects are important issues in adults
with medulloblastoma. These include neurotoxicity and
systemic toxicity as well as psychosocial and fertility
issues. Psychological and social support should be offered
to all patients

14

CSF, cerebrospinal fluid; CT, computed tomography; MRI, magnetic resonance
imaging; WHO, World Health Organization.
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Staging and response assessment should include cere-
brospinal fluid (CSF) cytology to detect leptomeningeal
dissemination2 which should be carried out before surgery
or later than 14 days after surgery. T-stage evaluation should
be carried out because it is likely to have prognostic value in
adults. Assessment of M stage can be carried out, but its
prognostic value in adults is unclear. M0 and M1 patients in
adults are therefore usually classified in the same prog-
nostic group.3,4 Presurgical and postsurgical neurological,
neurocognitive, endocrine, auditory, ocular, peripheral
nerve and renal function should be documented. All pa-
tients should be offered psychological and social support.
Given the high cure rates, patients should be counselled for
preservation of fertility.
SURGICAL ASPECTS

Surgery with definite tumour removal should be used to
relieve a frequent obstruction-causing hydrocephalus. In
case immediate definite surgery is not possible, an emer-
gency external ventricular drain should be placed. Vasogenic
tumour oedema should be reduced by administration of
corticosteroids before surgery.

Preoperative management should follow multidisci-
plinary discussion in a brain tumour board.

A gross total resection (GTR) should be carried out in all
patients if feasible.5 In cases where GTR is not feasible, a
2 https://doi.org/10.1016/j.esmoop.2021.100173
maximal safe resection sparing eloquent areas and leaving
residual tumour behind should be carried out.
HISTOLOGICAL CLASSIFICATION AND MOLECULAR
DIAGNOSIS

According to the concept of an integrated diagnosis of the
current and upcoming World Health Organization (WHO)
classification of tumours of the central nervous system,
medulloblastoma types must be defined by both histologi-
cal and molecular/genetic features.6 All medulloblastoma
types correspond to WHO grade 4. Medulloblastomas can
morphologically be stratified as classic medulloblastoma,
desmoplastic/nodular medulloblastoma, medulloblastoma
with extensive nodularity or large cell/anaplastic medullo-
blastoma. These morphological types correlate to some
extent with molecular findings, but overlap and cannot
serve as a reliable surrogate. The four molecularly defined
types in adult patients include WNT (wingless)-activated,
SHH-activated and TP53 wild-type, SHH-activated and TP53
mutant, and non-WNT/non-SHH.6 Diagnosis of the molec-
ular type can be based on DNA methylation analysis,
robustly separating WNT-activated, SHH-activated, and
group 3/4 medulloblastoma, the latter representing the
non-WNT/non-SHH type. Alternatively, the type can be
derived either by detection of WNT or SHH activation for
the respective types, or by absence of any of these for
the non-WNT/non-SHH type. Pathway analysis and TP53
assessment required for SHH medulloblastoma workup can
be based on DNA sequencing or immunohistochemistry.
However, only DNA sequencing reveals exact mutations,
with the advantage of informing targeted therapies in SHH
medulloblastoma. In adults, SHH-activated, TP53 wild-type
medulloblastomas represent the most frequent type with
w60%-70% of cases.7 Approximately 15% of adult medul-
loblastomas show WNT activation. Non-WNT/non-SHH
medulloblastomas represent w20% of adult medulloblas-
toma, which are group 4 in almost all cases.
RADIOTHERAPY

Post-operative craniospinal irradiation (CSI) with adequate
target volume coverage and sparing of organs at risk is
mandatory.8 For photon CSI, advanced techniques like he-
lical tomotherapy or volumetric intensity modulated arc
therapy (VMAT) should be applied. Proton therapy is an
alternative for reduction of long-term side-effects.9 A total
dose of 36 Gy in daily fractions of 1.8 Gy (5 times/week) or
of 35.2 Gy in daily fractions of 1.6 G (5 times/week) can be
used. A CSI with a reduced total dose of 23.4 Gy has been
established in paediatric trials10 and will be evaluated in
prospective trials in adults with M0-M1 disease. In addition
to CSI, a local dose escalation to the tumour bed, with a
single dose of 1.8 Gy up to 54.0 or 55.8 Gy, needs to be
carried out.8 In accordance with paediatric protocols, we
recommend initiation of radiotherapy within 28 to 42 days
after surgery. A current cerebral MRI is recommended for
planning of the tumour bed boost.
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Figure 1. Diagnostic and therapeutic pathway in adult medulloblastoma (first-line therapy situation).
GTR, gross total resection; MB, medulloblastoma; MRI, magnetic resonance imaging; SHH, sonic hedgehog; WHO, World Health Organization; WNT, wingless.
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SYSTEMIC THERAPY

Medulloblastomas are chemosensitive tumours. Adult pa-
tients with medulloblastoma should be treated with sys-
temic therapy in addition to resection and radiotherapy,
irrespective of their risk category. Treatment recommen-
dations are based on paediatric trials, on retrospective
analysis of adult cohorts within paediatric trials and on
single-arm prospective trials in adults.11,12 Meta-analyses
also suggest an effect of radiotherapy and chemotherapy
in comparison to radiotherapy alone.

The Packer chemotherapy regimen, which is based on
lomustine, vincristine and cisplatin,10 is commonly used in
adults, at least in Europe. Tolerance to Packer chemotherapy
appears to be worse in adults than in children.11 We
therefore recommend reducing the dosing frequency of
vincristine to twice weekly to spare neurological toxicity
and the maintenance phase to six cycles of chemotherapy
to reduce bone marrow toxicity. Substitution of cisplatin by
carboplatin to further prevent non-haematologic side-ef-
fects is routinely done in patients with cisplatin ototoxicity
and nephrotoxicity, but has not been investigated as a pri-
mary therapy in adults. Other regimens based on cisplatin
and etoposide have also been used in adult patients.12

There are no data supporting high-dose chemotherapy
with autologous stem-cell transplantation to further
improve outcome in adults with medulloblastoma.
OTHER THERAPEUTIC APPROACHES

With the recognition of medulloblastoma subtyping, tar-
geted therapies can be considered in individual cases and
are part of recent prospective clinical trials. Smoothened
(SMO) inhibitors were investigated in several trials.13

Alternative chemotherapy regimens and targeted, immu-
nological and antiangiogenic agents have been investigated
in adults, always in small phase I or II trials, and have not
been implemented as standard of care yet.
MONITORING AND FOLLOW-UP

In addition to clinical monitoring, MRI should be used to
evaluate disease status, treatment response and follow-up.
Three-monthly MRI scanning during treatment is common
practice and recommended for all subgroups. After the
active treatment phase, a 3 to 6-monthly follow-up
schedule with cranial MRI until the end of year 5, and a
6-monthly to annual follow-up for up to 10 years may be
practical.14 In case of suspected progressive disease, short-
term confirmatory MRI should be carried out. Clinical
monitoring and follow-up should include at least clinical
examination of endocrinological functions, evaluation
of vision, hearing, kidney function, skin integrity, poly-
neuropathy and fertility, and consider psychosocial and
fertility aspects at each visit.

Recent publications suggest that certain subtypes of SHH
medulloblastoma may have a higher propensity to relapse,
therefore warranting follow-up for extended periods of
time.
4 https://doi.org/10.1016/j.esmoop.2021.100173
DIAGNOSIS AND THERAPY IN RELAPSE

Most recurrences are focal or multifocal within the brain.
Systemic metastases occur, including extraneural dissemi-
nation to the bone marrow, skeleton, lung and liver, with a
relatively low rate in SHH-dependent medulloblastoma, a
moderate rate of w5% in WNT-dependent medulloblas-
toma and a considerably high rate of w30% in group 4
medulloblastomas. The interval to recurrence varies greatly
with median intervals ranging from 24 to 50 months.

For adult patients with medulloblastoma, no definite rec-
ommendations have been published for therapy in relapse.
Patients should be treated within controlled clinical trials
whenever possible. Second surgery should be carried out if a
total resection appears possible and in cases of disseminated
tumour if symptoms can be relieved. In selected cases,
salvage treatmentwith a second CSI appears feasible. In cases
of focal relapse, focal radiotherapy can be used also in adults.

The role of chemotherapy in relapse has not been sys-
tematically investigated in adults. We recommend, howev-
er, a second chemotherapy approach if the clinical state of
the patient allows systemic therapy. Recommendations for
the treatment of children with medulloblastoma can be
used as a basis for decision making, taking into account the
age-specific biology. Intravenous chemotherapy with car-
boplatin and etoposide was explored in the HIT-REZ-2005
study (NCT00749723); an oral alternative consists of com-
bination chemotherapy with etoposide and trofosfamide. If
molecular data are available, targeted agents as sonidegib
in SHH-subgroup patients with mutations at the level of
SMO or above, with or without cytostatic therapy, should
be considered.13 There are no data supporting high-dose
chemotherapy with stem-cell rescue in recurrent disease.
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