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Abstract The literature on medulloblastoma in adults is

generally limited to case reports and retrospective series,

and there is no accepted standard of care. The Cooperative

Trials Group for Neuro-Oncology (COGNO) sought to

determine the range and consistency of clinicians’

approaches to management as a basis for future trials. We

aimed to identify current treatment strategies for adult

medulloblastoma through an online survey launched at the

2012 Society of Neuro-Oncology meeting and by email

invitation. Clinicians who had treated at least one adult

patient with medulloblastoma, primitive neuroectodermal

tumor (PNET), or pineoblastoma in the preceding year

were asked about their most recent patient and invited to

discuss their approach to a typical clinical scenario.

Between November 2012 and January 2013, 45 clinicians

(11 medical oncologists, 8 radiation oncologists, 5 pediat-

ric oncologists, and 21 others) from Australia (24), United

States (3), Europe (4) and other countries (14) completed

the survey. Responding clinicians had treated 54 cases in

the past 12 months. The most common histological type

was medulloblastoma (64 %), then PNET (20 %). Most

patients were male (68 %), and had high-risk disease

(65 %). Complete surgical resection in 56 and 32 % had

molecular testing. Radiotherapy was predominantly cranio-

spinal (92 %) and given mostly post-resection (80 %).

Combination chemotherapy was more common than sin-

gle-agent chemotherapy. The choice of chemotherapy

varied considerably. There is substantial variation in the

treatment of adult medulloblastoma, most pronounced in

the choice of chemotherapeutic agents, highlighting the

need for further collaborative research to guide evidence-

based treatment strategies.
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Introduction

Medulloblastoma is a highly cellular, fast-growing, high-

grade malignant embryonal neoplasm [1]. By definition,

medulloblastoma arises in the posterior fossa, usually from

the cerebellar vermis in the roof of the fourth ventricle.

Types of medulloblastoma include classic medulloblas-

toma, desmoplastic nodular medulloblastoma, large-cell or

anaplastic medulloblastoma, and other rare variants. PNET

is a name used for tumors that are morphologically iden-

tical to medulloblastoma, but occur primarily in the cere-

brum. PNET is also used sometimes to refer to rare tumors

such as pineoblastoma. PNET and medulloblastoma have a

marked propensity to seed within the cerebrospinal fluid

(CSF) pathways, with evidence of such metastatic spread

occurring in up to 35 % of cases at diagnosis [2].

Medulloblastoma accounts for 4–6 % of primary intra-

cranial malignancies [3]. In contrast with the pediatric
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disease, where it is the most common malignant central

nervous system (CNS) tumor, adult medulloblastoma is

rare [1, 4]. The European annual incidence (world-stan-

dardized) is about 1.1 per million in men and 0.8 per

million in women [5]. Adult medulloblastoma typically

presents in the third or fourth decade, with a survival of

78 % at 1 year, 61 % at 3 years and 52 % at 5 years, with

no gender differences [6, 7].

Current knowledge has identified a few differences

between pediatric and adult medulloblastoma. These

include cell of origin, tumor cell differentiation, pathologic

features, localization, and responses to therapy [4, 8].

While desmoplastic histology is most frequently identified

in infant and adult tumors, it is less frequent in children [9].

Also, sonic hedgehog pathway activation constitutes a

feature of about 30 % of this histological subtype [4, 10].

Additionally, adult medulloblastoma has a higher inci-

dence of late relapse, with 30 % of cases detected more

than 5 years after treatment [11]. Recently, the transcrip-

tome of adult medulloblastoma was found to differ con-

siderably from that of pediatric counterparts, both in terms

of tumor biology and prognostic impact [9].

Despite these differences, approaches to treatment are

based on the pediatric experience. Studies concerning the

treatment of these tumors are mostly case reports and ret-

rospective studies, and no treatment is universally

accepted.

The aim of this study was to gain insight into current

views and practice regarding clinical management of adult

medulloblastoma patients and explore the variations in

clinical treatment of this rare tumor.

Materials and methods

We designed an online web-based survey aimed at clini-

cians treating adult medulloblastoma. Respondents were

asked to identify their country of residence, institution of

practice, and specialty. Those who had treated one or more

adult patients with medulloblastoma, PNET or pineoblas-

toma in the preceding year were asked to provide details of

their most recent patient (Table 1).

Clinicians were also invited to discuss their management

approach to a typical hypothetical clinical case scenario for

a high-risk patient (Box 1). Responding clinicians could

provide comments about this rare disease and feedback on

the survey, with the choice of making their comments

publicly available or privately noted. Cumulated results

were instantly accessible by the respondents at the con-

clusion of the survey.

This survey was launched internationally in November

2012, promoted at the Society of Neuro-Oncology meeting

and sent to 180 clinicians worldwide. It was closed on

January 30 2013.

Results

Of the 180 clinicians emailed, 64 (36 %) responded. The

majority were Australian (72 %), with respondents also

from New Zealand (2 %), United States (6 %), United

Kingdom (2 %), Denmark (3 %), Switzerland (2 %),

Sweden (2 %), Argentina (2 %) and Lebanon (2 %) and

7 % from other countries.

Forty-five respondents identified their medical special-

ties: 11 medical oncologists (34 %), 8 radiation oncologists

(21 %), 5 pediatric oncologists (19 %), 1 neurologist, and

others, including 1 neurosurgeon (21 %).

Twenty-five respondents reported on the most recent

patient treated: 17 (68 %) were male, 7 female, and 1

unknown sex, and 17 (68 %) were classified as having

high-risk disease. Most of the recent patients were aged

17 years or over (72 %) and had a histological diagnosis of

Table 1 Survey questions

No. Question

1 Number of patients seen in past 5 years

2 Number of patients seen in the last 12 months

3 Age of your most recent patient

4 Gender

5 Diagnosis

6 Was molecular analysis done

7 Risk classification

8 Did patient undergo surgery

9 Was surgery complete or incomplete

10 Did patient receive radiotherapy

11 Was radiotherapy standard or hyperfractionated

12 Was radiotherapy adjuvant, concurrent with chemotherapy or

sequential

13 Was radiotherapy given to the cranium or craniospinal

14 Was a posterior fossa boost of radiotherapy given

15 Did the patient receive proton beam therapy

16 Did the patient receive chemotherapy and when

17 Which chemotherapy agents were used

18 Was the patient able to complete planned treatment

Box 1 The clinical case scenario presented at the survey

A 34-year-old male presented with a 3 months history of

headache and nausea and was found to have bilateral

papilledema and ataxia. MRI showed enhancing right cerebellar

hemisphere mass and mild hydrocephalus. He underwent gross

macroscopic resection. CSF was positive for malignant cells.

Histological examination confirmed diagnosis of

medulloblastoma.
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medulloblastoma (59 %). The other histological subtypes,

including PNET (27 %), pineoblastoma (6 %), and atypical

histology (8 %), were less common. Interestingly, 38 %

had undergone molecular testing.

Complete surgical resection was achieved in 56 % of

cases. 22 (88 %) patients received adjuvant radiotherapy,

10 (40 %) of them receiving it concurrently with chemo-

therapy. Standard-dose radiotherapy was more common

(88 %) than hyper-fractionated dosing (12 %). Craniospi-

nal radiotherapy was given to 23 (92 %) patients and only

2 (8 %) had cranial radiotherapy. A boost into the posterior

fossa was given to 14 (56 %) patients. One of the novel

treatments used was proton-beam therapy for 2 (8 %)

patients.

Chemotherapy was given to all but 1 of the 25 most

recent patients. Two (8 %) patients received neoadjuvant

chemotherapy, 11 (44 %) received only adjuvant chemo-

therapy, and an additional 4 (16 %) continued with adju-

vant chemotherapy after concurrent chemotherapy and

radiotherapy. One (4 %) patient had maintenance or adju-

vant chemotherapy following radiotherapy. Regimens used

varied considerably. Vincristine, platinum, and cyclo-

phosphamide was the most commonly used chemotherapy

regimen (Table 2).

There were eight responses to the case scenario

(Table 3). All 8 recommended craniospinal radiotherapy

and the 3 who specified the dose delivered used around

36 Gy. Four plans were provided, which included an

upfront treatment (2 recommended surgery; 1 suggested 3

cycles of ifosfamide, carboplatin and etoposide (ICE); 1,

stem-cell harvesting; 1, possible stem-cell collection but

noting the potential delay in radiotherapy). Adjuvant che-

motherapy was recommended in six responses (2 recom-

mended carboplatin and etoposide; 2 recommended a

vincristine–based regimen; 2 did not specify the regimen).

Discussion

There are limitations inherent in a survey based research

approach such as recall bias but considering the rarity of

medulloblastoma in adults this survey sheds light on the

approach to treating this condition. The results of our

survey showed a substantial variation in the approaches

adopted in managing adult medulloblastoma. Many of the

strategies used are closely modelled on the pediatric liter-

ature. A major hurdle in extrapolating from pediatric data

is that toxicity profiles vary greatly between children and

adults, leading to dose-limiting toxicity in most adults

treated on pediatric protocols. There were major variations

in radiotherapy, its dose fractionation, and its mode and

timing of delivery, and even more so in the choice of

chemotherapy regimens, with over 10 different regimens

used.

Despite the small number of responses to the case sce-

nario, it is clear there is heterogeneity in treatment

practices.

Craniospinal radiotherapy formed the backbone of any

treatment regimen in PNET, followed by chemotherapy

(with variation in regimen). There was some potential use

of stem cell support.

Post-operative radiotherapy is usually given to the

whole brain and spinal column [craniospinal radiotherapy

(CSI)]. The highest radiation dose is given to the posterior

fossa of the brain where the tumour originates, but a lower

dose is given to the remaining brain and spinal cord tissues

Table 2 Chemotherapy regimens

Regimen n %

Vincristine, platinum, cyclophosphamide 7 33

Vincristine, platinum, cyclophosphamide, etoposide 2 10

Vincristine, lomustine, platinum 2 10

Vincristine, lomustine, ifosfamide 1 5

Vincristine, lomustine, prednisone 1 5

Autologous stem cell support with or without chemotherapy 4 19

Carboplatin, etoposide 2 10

Carboplatin, etoposide, ifosfamide 2 10

Other 3 14

Table 3 Respondents’ comments

Regimen

CSI and post-radiotherapy chemotherapy

Definitely needs CSI following surgery. May be a role for adjuvant

chemo either carbo/etop or ICE with stem cell support

ICE 9 3 followed by CSI–cerebellar boost

Immediate CSI 36 Gy to whole brain and spine and 54 Gy to

posterior fossa, followed by cyclo phosphamide vincristine

regimen (Packer for at least 6 months).

MRI spine to bulky/nodular metastases. Radiotherapy (36 Gy

CSI) ? PF (54 Gy total) with weekly vincristine, ± carboplatin

daily followed by VCR (define), cisplatin, cyclophosphamide

and isotretinoin as per Children’s Oncology Group ACNS-0332,

regimen D

Postsurgery CSI followed by carbo/etoposide x4 cycles as per

small cell regimen

Stem cell harvesting followed by CSI followed by 4 cycles of

chemotherapy

Upfront SCI—total dose 36 Gy/20#s with tumor bed boost

additional 19.8 Gy/11#s (total dose 55.8 Gy/31#s). May be

delayed to allow stem cell collection etc.

CSI Craniospinal irradiation, MRI magnetic resonance imaging, VCR

vincristine
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because of the potential risk of relapse in these regions due

to tumor seeding on neural surfaces via the CSF.

There were major variations in radiotherapy, its dose

fractionation, and its mode and timing of delivery, and

even more so in the choice of chemotherapy regimens, with

over 10 different regimens used.

Despite the small number of responses to the case sce-

nario, it is clear there is heterogeneity in treatment. Man-

agement of patients with medulloblastoma requires a

multidisciplinary approach combining the contributions of

neurosurgery, neuroradiology, pediatric oncology, neuro-

oncology, neurology and radiotherapy teams. The aim of

treatment is, on one hand, to improve the survival rates

and, and on the other hand, to avoid late side effects.

The data collected on patients and their disease char-

acteristics were consistent with the published literature,

including male-to-female predominance, the relative inci-

dence of different histological subtypes, risk status and

tumor resectability. The existing evidence for management

of medulloblastoma in the adult population is based mostly

on retrospective studies and case reports. A prospective

phase II trial initiated in 1991 and reported in 2012 treated

adult medulloblastoma patients postoperatively with 3

cycles of cisplatin and etoposide followed by craniospinal

radiotherapy. After a median follow-up of 14.9 years,

among a total of 28 adults with medulloblastoma, the

progression-free survival and overall survival rates at

5 years were 58 % and 80 %, respectively. The median

overall survival was 11.3 years. The observed toxicity was

mainly hematologic, including leukopenia and thrombo-

cytopenia (16 % were grades 3 or 4). This small series

could not clarify the role of chemotherapy started before

the initiation of radiotherapy in reducing recurrences,

particularly distant recurrences, or increasing overall sur-

vival [12]. There are a number of other reported relevant

studies in the literature but none of them can clearly pro-

vide the much-needed evidence to guide clinical practice

[13–16]. There are also ongoing efforts on molecular

treatment strategies in recurrent medulloblastoma with

novel agents including hedgehog pathway inhibitors such

as GDC-0449 (vismodegib) and LDE-225.

Due to the rarity of this disease, the populations studied

have been small, and the various treatments given span

decades, during which diagnostic procedures, neurosurgi-

cal skills, and radiotherapy techniques have changed. In

addition, a few studies have reported risk-adapted thera-

peutic strategies for medulloblastoma. Despite risk-tailored

treatments, 20–30 % of patients experience recur-

rence. Although patients could respond to second line

treatments, the prognosis of patients whose disease recurs

remains dismal.

Our study is the first of its kind to be conducted inter-

nationally and included respondents from five continents,

shedding light on clinical practice in different parts of the

world. It brings to the forefront the fact that we have no

robust evidence to guide management of this rare but

important disease. However, it does not take into account

local guidelines and local limitations imposed by the

availability and accessibility of certain diagnostic tech-

niques and therapeutic options, including different radio-

therapy technologies and chemotherapy drugs.

In feedback to the survey, comments included: ‘‘I think

it is time we looked at adults differently to children and

developed our own protocols, potentially with the aid of

molecular testing’’, ‘‘Radiation therapy to spine can limit

dose intensity of subsequent chemotherapy’’ and ‘‘This is

an uncommon problem, for which there is no clear data. A

nationwide combine trial would be helpful.’’ These indicate

the potential value of a collaborative trial for this patient

group. The dilemma faced by clinicians making decisions

on the management of this disease in the adult population

points to the need for international collaboration to provide

evidence-based management strategies and establish a

standard of care for the management of these patients

worldwide.

An important challenge for the future will be the bio-

logic characterization of medulloblastoma, and the identi-

fication of specific genetic patterns carrying a better or

worse prognosis. This may also lead to better treatment

options by revealing potential biologic targets.

Conclusion

This study has shown substantial variation in the treatment

of adult medulloblastoma, most pronounced in the choice

of chemotherapeutic agents. It also provides an update on

the various therapeutic approaches and outcomes based on

clinicians’ experience, which could provide the cornerstone

for further studies in this area.
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