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Adjuvant chemotherapy in adult medulloblastoma: is it an option
for average-risk patients?
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Abstract The standard treatment in children with aver-

age-risk medulloblastoma (MB) is reduced-dose radio-

therapy (RT) followed by chemotherapy. However, in

adults, there is no agreement on the use of adjuvant

chemotherapy. We performed a retrospective analysis of

adult MB patients with average-risk disease, defined as no

postsurgical residual (or B1.5 cm2) and no metastatic dis-

ease (M0). Main inclusion criteria were: age [16 years,

post-surgical treatment with craniospinal irradiation with

or without adjuvant chemotherapy (cisplatin and

etoposide ± cyclophosphamide). From 1988 to 2012 were

accrued 43 average-risk MB patients treated with surgery

and adjuvant RT. Fifteen (34.9 %) patients received also

chemotherapy: 7 before RT, 5 after RT, and 3 before and

after RT. Reasons to administer chemotherapy were pres-

ence of residual disease (even if B1.5 cm) and delay in RT.

After a median follow up time of 10 years (range: 8–13),

median survival was 18 years (95 % CI 9–28) in patients

who receive RT alone, and was not reached in patients

treated with RT plus chemotherapy. The survival rates at 5,

10 and 15 years were 100 %, 78.6 % (95 % CI

60.0–97.2 %) and 60.2 % (95 % CI 36.9–83.5 %), in

patients treated with RT alone, and 100, 100 and 100 %, in

patients treated with RT plus chemotherapy (p = 0.079).

Our findings suggest a role for adjuvant chemotherapy in

the treatment of average-risk MB adult patients. Further

improvements might drive to add chemotherapy in
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average-risk setting with less favourable biological signa-

tures (i.e., non-WNT group).

Keywords Medulloblastoma � Adults � Radiotherapy �
Chemotherapy � Average risk

Background

Medulloblastoma is an embryonal tumor of the cerebellum

and represents the most common malignant neoplasm of the

central nervous system (CNS) in children. It accounts for

15–25 % of all childhood CNS neoplasms and its incidence

is estimated being 1:100,000 cases. Medulloblastoma is rare

in adults, (less than 1 % of primitive CNS tumors) with an

incidence of 0.6–1 case per million per year [1].

Medulloblastoma is potentially a curable disease and

current treatments allow 5-year overall survival (OS) rate

of up to 75 % [2].

The treatment for average risk of medulloblastoma in

adults is represented by surgical resection followed by RT

(36 Gy in 20 fractions, followed by a boost of 18 Gy in 10

fractions to the posterior fossa, up to a total of 54 Gy),

adding chemotherapy for high-risk patients [2, 3]. The

treatment choice is driven by the stratification of the

patients into two subgroups of risk, according to the

Chang’s staging system: average and high-risk [4]. This

distinction depends on the extension of the primary tumor

(T stage), presence of metastases (M stage) and residual

disease (C1.5 cm2). T3b and T4 stage historically defined a

disease belonging to the high-risk group; however, the

prognostic value of T stage is nowadays matter of debate.

Many studies on pediatric medulloblastoma did not con-

sider the T stage in the risk stratification, which was based

only on the presence or absence of metastatic disease [5, 6].

Another open question is about the prognostic value of

large cells/anaplastic histology. Even if histology is not

part of the risk stratification, at present, this histotype is

frequently considered as a criterion for the inclusion of the

patients in the high-risk group.

Given the long life expectancy, one of the major con-

cerns about the treatment of pediatric medulloblastoma is

the development of long term toxicity related to RT. For

this reason efforts were made in order to reduce RT doses

delivered to the CNS of children with average-risk

medulloblastoma. To date, following the results of the

trials by Packer et al. [5, 6] the standard treatment is

chemotherapy (adjuvant lomustine, vincristine, and cis-

platin) after reduced-dose RT (23.4 Gy of craniospinal

irradiation and a posterior fossa boost to 55.8 Gy) con-

comitantly with vincristine [5, 6].

However, the role of chemotherapy for adult patients

with average-risk medulloblastoma remains, to date, con-

troversial. In fact in adults, RT provides with good disease

control, but there is concern regarding the risk of secondary

neoplasm and prolonged myelosuppression following

chemotherapy. Furthermore, given the rarity of the disease

in adults, accrual in clinical trials is difficult and for these

reasons, the role of chemotherapy in this risk class is not

sufficiently investigated.

In literature, only one prospective trial and one retro-

spective study addressing the issue of treatment of average-

risk adult medulloblastoma can be found [2, 3, 7]. In par-

ticular, in this trial, patients with average-risk disease,

treated with RT alone had a 5-years progression free sur-

vival (PFS) rate of 72 % and a 5-years OS rate of 75 % [2].

To date there is no direct comparison between RT alone

and the addition of chemotherapy. Despite the good

prognosis, about 25 % of average-risk adult patients

eventually die of the disease [2]. Therefore, the question

whether it is possible to improve these results with the

addition of chemotherapy remains open.

We performed an analysis on our Institutional data

warehouse on consecutive adult patients with average-risk

medulloblastoma treated with RT alone or RT plus

chemotherapy in order to explore the outcome.

Materials and methods

Inclusion criteria were: age [16 years old; post surgical

treatment with RT with or without chemotherapy.

Average risk is now defined as no postsurgical residual

(or B1.5 cm2), and no metastatic disease (M0).

However, for many years average risk patients were

defined as no postsurgical residual (or B1.5 cm2), no

metastatic disease (M0), and T1 to T3a disease.
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Thus, some patients were considered as high risk if

presenting with T3b or T4 disease, and thus were treated

with surgery, radiotherapy and chemotherapy.

In our data warehouse these patients are now catego-

rized as average risk patients, and thus included in this

study.

Lumbar CSF was performed when spine MRI was

negative. After surgery CT scan with contrast enhancement

was routinely used to define residual disease. MRI of the

brain was obtained in all the patients before and 72 h after

surgery, and whenever possible, also the MRI of the spine

was performed before surgery. In some cases (i.e., emer-

gency surgery for endocranial hypertension) the spine MRI

was performed after surgery.

As per Institutional protocol, [2, 7] administered RT was

36 Gy on the cranial-spinal axis in 20 fractions plus a boost

on the posterior cranial fossa of 18 Gy in 10 fractions

(54 Gy total). Chemotherapy was cisplatin (25 mg/m2 on

days 1–4) plus etoposide 40 mg/m2 on days 1–4), with or

without cyclophosphamide (1000 mg/m2 on day 4) (DEC

regimen).

Chemotherapy could be administered before, after or

before and after RT.

Local Ethic Committee gave its approval for the pur-

poses of a chart review and data collection on medul-

loblastoma patients.

Statistical analysis

Data are reported as means, ranges and frequencies. The

Fisher’s exact and Kruskal–Wallis tests were applied.

Survival data (median survival times together with their

95 % confidence interval) were computed by means of the

Kaplan–Meier procedure and were analyzed by means of

the log-rank test. Progression-free survival and OS were

measured from the time of surgery to first progression or

death, respectively, or to the date of the last follow-up. The

SPSS (Version 13.0 for Windows; SPSS Inc., Chicago, IL,

USA) was used as statistical package. Two-tailed P values

less than 0.05 were considered significant

Results

We included one-hundred and fifteen adult patients from

1988 to 2012. Patients characteristics are listed in Table 1.

Median age was 31 years (range: 16–57), M/F ratio 27

(62.8 %)/16 (37.2 %).

Forty-three patients had average-risk disease and were

treated with surgery and adjuvant RT. The remaining 72

patients had high risk disease. Among average-risk patients

histology was classic in 24 patients (55.8 %), desmoplastic

in 12 patients (27.9 %), extensive nodularity in five

patients (11.6 %), large cell/anaplastic in two patients

(4.7 %).

Fifteen (34.9 %) received also chemotherapy: seven

patients before RT, five patients after RT, and three

patients both before and after RT.

Reasons to administer chemotherapy were residual dis-

ease \1.5 cm in nine patients (60.0 %) and prevision of

delay in RT start in six patients (40.0 %).

Median number of chemotherapy cycles was 2 (range:

1–8). Patients treatments are listed in Table 2.

Survival

After a median follow up time of 10 years (95 % CI 8–13),

nine patients died, eight for disease progression, one for

unknown causes. Relapse sites were spinal canal (four

patients), bone (two patients), cerebellum (1) and brain (1).

None of these patients received chemotherapy.

In patients who had disease progression, median time to

progression was 100 months (range: 19–113). Median

post-progression survival in these patients was 41 months

(range: 7–114).

Median OS was 18 years (95 % CI 9–28) in patients

who received RT alone and not reached in patients treated

with RT followed by chemotherapy.

The survival rates at 5, 10 and 15 years were 100 %,

78.6 % (95 % CI 60.0–97.2 %) and 60.2 % (95 % CI

36.9–83.5 %), in patients treated with RT alone, and 100,

100 and 100 %, in those treated with RT plus chemother-

apy (p = 0.079) (Table 3).

To date, all patients receiving adjuvant chemotherapy

are alive (Fig. 1).

Univariate analyses did not show significant differences

in survival by gender (P = 1.000), age (P = 0.07) and T

stage (T1-Ta vs. T3b-T4, P = 0.881) between groups.

Toxicity

Data on toxicity are available for all patients. Toxicities

grades were assigned retrospectively according to CTCAE

v4.0. Among all patients receiving chemotherapy, the

reported grade C3 toxicities were 4 cases of neutropenia

(26 %) and one case (6 %) of nausea. Two cases of neu-

tropenia and nausea occurred during pre-RT chemotherapy

(all with DEC regimen), while two other cases of neu-

tropenia occurred in patients treated with post RT

chemotherapy (one patient treated with cisplatin—VP16

and one with DEC). Out of these, two patients who expe-

rienced toxicity with post RT chemotherapy, only one had

also received chemotherapy before RT.

Grade C3 toxicities related to RT were: a case of

hypoacusia (2 %), two cases of G3 neutropenia (4.6 %)

and one thrombocytopenia (2 %). None of these patients
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had received chemotherapy before RT. Grade 1 weight loss

(\10 %) was found in four patients (14 %) treated with RT

alone and three patients (20 %) treated with RT and

chemotherapy. Endocrinopathy (slight increase in TSH and

prolactin) was found in a patient treated with RT only [8].

No secondary malignancies were found.

Table 1 Patients’

characteristics
Chemotherapy No chemotherapy Total

N 15 28 43

Mean age 28 (range 16–44) 34 (range 16–57) 31 (range 16–57)

M/F 9/6 18/10 27/16

Histology

Classic 8 53.3 % 16 57.1 % 24 51.2 %

Desmoplastic 3 20.0 % 9 32.1 % 12 30.2 %

Extensive nodularity 2 13.3 % 3 10.7 % 5 11.6 %

LCA 2 13.3 % 0 0 % 2 7.0 %

Chemotherapy

Before RT 7 16.3 % – – 7 16.3 %

After RT 5 11.6 % – – 5 11.6 %

Before and after RT 3 7.0 % – – 3 7.0 %

Reason to administer chemotherapy

RT delay 6 40 % – – 6 14.0 %

Residual disease\1.5 cm2 9 60 % – – 9 20.9 %

Table 2 Patients treatments

Pt number Age Reason for

chemotherapy

Type of chemotherapy

before RT

No. of cycles

before RT

Type of chemotherapy

after RT

No. of cycles

after RT

Relapse

1 22 Residual DEC 2 DEC 5 No

2 19 Delay – – DEC 1 No

3 40 Delay DEC 2 – – No

4 16 Residual – – Cisplatin- Vp16 6 No

5 21 Residual – – Cisplatin- Vp16 1 No

6 28 Delay DEC 1 – – No

7 35 Delay – – DEC 4 No

8 21 Delay DEC 1 – – No

9 44 Residual – – Cisplatin- Vp16 6 No

10 22 Residual DEC 2 – – No

11 27 Residual Cisplatin- Vp16 2 Cisplatin- Vp16 4 No

12 29 Residual DEC 1 – – No

13 31 Delay DEC 2 – – No

14 24 Residual DEC 2 – – No

15 41 Residual DEC 2 DEC 6 No

Table 3 Survival rates

according to treatment
RT alone (n) RT ? chemotherapy (n) Pa

5 years-OS 100 % (43) 100 % (15) 0.079

10 years-OS 78.6 % (34)

(95 % CI 60.0–97.2)

100 % (15)

15 years-OS 60.2 % (26)

(95 % CI 36.9–83.5)

100 % (15)

a Log-rank test
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Discussion

Medulloblastoma is a rare disease in adult patients and, as a

consequence, data about the effectiveness of treatments are

limited. To date, adult average risk medulloblastoma is

treated with RT only, being the role of chemotherapy still

matter of debate. On the contrary, childhood average-risk

medulloblastoma is currently treated with a multimodal

approach that comprises also chemotherapy. The most

important aspect of the addition of chemotherapy in the

treatment of children with medulloblastoma is that it allows

a reduction of the total dose of RT delivered to the CNS of

young patients. This is a key issue, since RT is often

burdened with comorbidities that may affect health and

quality of life of these patients that are expected to survive

their disease.

Our study presents the limitations of a retrospective

analysis of a small number of patients, and the potential

selection bias of patients. Histology was not reviewed at

the time of analysis and thus the designation of anaplasia

could be changed throughout the study period. Moreover,

we were not able to provide molecular subgroup analysis,

thus it is not possible to say whether the survival difference

resulted from an imbalanced distribution of more or less

aggressive molecular subgroups. However, we showed a

potential benefit in terms of increase of survival rates from

the addition of chemotherapy in adult patients with average

risk medulloblastoma. Indeed, all of the patients treated

with both RT and chemotherapy had a 100 % of survival

rate at 10 and 15 years, compared with those treated with

RT alone [78.6 and 60.2 % at 10 and 15 years

(p = 0.079)]. The lack of a statistically significant

difference in overall survival makes the our findings pre-

liminary, and these data must be considered with caution.

Another issue, for which further investigation is warranted,

is the possibility to reduce the dose of RT in adult patients

receiving chemotherapy. New RT technologies including

proton beam craniospinal irradiation decrease acute treat-

ment-related morbidity including fewer acute gastroin-

testinal and hematologic toxicities in adults with

medulloblastoma [9].

An aspect that should be taken into consideration is the

tolerance of chemotherapy in adult patients following the

RT. In general, after RT, the incidence of hematological

and neurological toxicity is higher. In a study by Friedrich

et al. [10], in which adult patients were treated according to

the HIT 2000 protocol (CCNU, vincristine and cisplatin for

eight cycles after RT), the incidence of grade C3 hema-

totoxicity was 58 % and grade 2–3 neurotoxicity was

69 %. Half of the patients enrolled managed to receive all

the 8 cycles and most of the patients experienced delays

and required dose reductions. Therefore, pediatric

chemotherapeutic schemes seem unfeasible in adult

patients. Chemotherapy seems to be better tolerated when

administered before the RT, with an outcome that is similar

to that obtained with post-radiation chemotherapy [11, 12].

In our study the incidence of grade C3 neutropenia was

26 % in all patients who received chemotherapy and 13 %

in those who received chemotherapy after RT. These rates

are lower than those reported by Friedrich et al. probably

due to the fact that regimens like DEC or Cisplatin-VP16

have a better toxicity profile, avoiding nitrosoureas that had

significant cumulative hematologic toxicities. Despite the

limitations of our study, we suggest that DEC and CDDP-

VP16 regimens are more feasible than pediatric protocols

in adult patients.

The recent classification of medulloblastoma into

molecular subgroups opened the way towards the devel-

opment of new targeted agents and new risk stratification

[13, 14]. Ongoing trials (NCT01878617) are set to deter-

mine the efficacy of different treatments, tailored according

to the molecular subgroups and the clinical-pathological

risk stratification. These studies could answer many ques-

tions regarding the optimal treatment that patients should

receive according to the characteristics of their disease.

From this standpoint, treatment choice for adult average

risk medulloblastoma could be influenced, in the next

future, by the molecular subgroups [15–18].

Conclusions

Our study showed a potential survival benefit from the

addition of chemotherapy after radiation treatment in adult

patients with average risk medulloblastoma. Many

Fig. 1 Survival according to treatment. Green line patients treated

with adjuvant chemotherapy. Blue line patients treated without

chemotherapy
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questions remain open, such as the optimal schedule and

regimen of chemotherapy, the duration and whether

chemotherapy should be offered to all patients. Further

research could help improving the risk stratification of the

patients and the decision making could be influenced by

biological signatures.
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