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Abstract

Introduction Medulloblastoma (MB) is the most common primary malignant intracranial tumor in childhood, but it is very rare in
adults, and for this reason, the optimal treatment has not yet been defined. We designed a multicentric study in order to define
relevant outcome measures for future prospective studies.

Materials and methods The project involved 10 Italian centers. The database shared among the centers contains epidemiological,
diagnostic (radiological and histological/molecular), therapeutic, recurrence information, and survival data.

Results A total of 152 patients (102 males and 50 females, median age 32) were included in the study. Twenty-three of 152 patients
had a diagnosis of classic medulloblastoma, 52/152 had desmoplastic/extensive nodularity, 2/152 had large-cell anaplastic medullo-
blastoma, and the remaining had diagnoses not otherwise specified. Almost all patients underwent craniospinal irradiation after surgery;
in 85.5% of patients, adjuvant chemotherapy, mainly platinum- and etoposide-based chemotherapy, was performed immediately after
RT. Upon recurrence, most patients were retreated with various chemotherapy regimens, including intrathecal chemotherapy in patients
with leptomeningeal dissemination. The overall survival (OS) rate at 5 years was 73.3% (95% CI, 65.0-80.0%). The median OS for the
whole group of patients was 112 months.

Conclusions The data collected were mainly consistent with the literature. A limitation of this study was the large number of patients
lost to follow-up and the lack of molecular data for most patients diagnosed until 2010. An important challenge for the future will be
MB biologic characterization in adults, with the identification of specific genetic patterns. It will be important to have more national and
international collaborations to provide evidence-based management strategies that attempt to obtain a standard of care.
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Introduction

Medulloblastoma (MB) is a highly malignant central nervous
system (CNS) tumor that arises from the cerebellum; it repre-
sents the most common primary malignant intracranial child-
hood neoplasm, accounting for 15 to 30% of all childhood
brain tumors; however, it is a very rare tumor in adults, with
an incidence on the order of 0.6—1 cases/million, and 80% of
cases occur before the end of the fourth decade [1]. Due to the
small number of adult patients, reports of adults with MB are
limited to retrospective series of single-institution trials, and
few prospective studies have been performed. Maximal safe
surgical resection remains the cornerstone of therapy for MB.
However, surgery alone produces unacceptably high recur-
rence rates and dismal survival in MB, needing adjuvant radi-
ation, which has been considered an integral part of the man-
agement of patients with MB. The question of whether adults
require different treatments than children remains relatively
unanswered. Several authors have suggested that adult and
childhood MB are two different diseases with both phenotypic
and clinical differences. Until now, adult patients have com-
monly been treated with the same therapies that were devel-
oped for children, and the optimal treatment for adults with
newly diagnosed MB has not been defined. If we compare the
scenario between adult and pediatric medulloblastoma pa-
tients, we face two very different situations. Pediatric neuro-
oncologists have a strong net with some important hubs,
treating a large number of patients. These groups are very
active, with several national and international studies and con-
sensus groups. This is not quite the case with adult patients. In
recent years, only a few Italian groups have reported small
series [2—5]. Therefore, we designed a multicentric study on
behalf of the Italian Association of Neuro-Oncology (AINO)
and Italian Society of Neurology (SIN), involving multiple
centers in Italy, with the development of a complete database
shared among the centers that contains epidemiological, diag-
nostic (radiological and histological/molecular), first-line ra-
diochemotherapy, and recurrence information as well as sur-
vival data from adult medulloblastoma patients. The primary
aim of this study was to describe the clinical (including surgi-
cal procedure, radiotherapy and chemotherapy), radiological,
and molecular features of a large population of adult medul-
loblastoma patients diagnosed between 2000 and 2018. Such
collection was retrospectively acquired in a “real-life” setting
with the purpose of identify relevant outcome measures for
future prospective studies. The secondary aim was to evaluate
survival time.

Methods

In this multicenter retrospective observational study, we col-
lected clinical and radiological data from medulloblastoma
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patients. The study was first proposed by the AINO and sub-
sequently extended to the SIN Neuro-Oncology Group. The
Neuro-Oncology Unit of the National Neurological Institute
“Carlo Besta” in Milan was designated as the coordinating
center. Any clinical center willing to participate in the national
network was included whenever a minimum of two complete
cases were provided. Records were collected on a common
web-based platform (Microsoft Excel) that was customized
for this study and accessible only with a password. Each in-
cluded patient was labeled with a unique code to warrant
anonymity. The database, shared among the centers,
contained epidemiological, diagnostic (radiological and histo-
logical/molecular), therapeutic, and recurrence information, as
well as survival data. We collected follow-up data from 2000
to 2018. The study was closed at the end of June 2018 (min-
imum follow-up of 30 months). We included information on
the symptoms at onset, radiological features, molecular biol-
ogy pattern, and treatments performed. Such data were used to
assess whether real-life clinical practice was homogeneous
among centers throughout the national territory. In addition,
we obtained information on the use of treatment regimens.

Histological diagnosis of MB was made by a local pathol-
ogist/neuropathologist, assessing the desmoplastic (nodular)
type, classic type, “extensive nodularity,” and “large-cell”
phenotypes according to WHO criteria. There is also a poorly
defined subgroup MB, called “not otherwise specified”
(NOS).

Extent of resection was defined on the basis of postopera-
tive imaging as gross/near total resection (no residual tumor or
tumor < 1.5 cm?), subtotal/partial resection (>1.5 cm? tumor
remaining), and biopsy [6].

At the time of relapse, we named “recurrence” a regrowth
of tumor in patients who underwent a gross/near total resec-
tion at first surgery and “progression” a growth of residual
tumor not completely removed at first surgery.

Survival time from surgery to progression, death, or the last
date of follow-up was measured and estimated by the Kaplan—
Meier method [7]; 95% confidence intervals were calculated
using the associated estimated standard errors. The log-rank
test was used to compare the significance of the following
prognostic variables: type of surgery (gross total resection vs
partial resection/biopsy) and histological subtype. STATA
statistical software, version 16 (StataCorp. 2019, Stata
Statistical Software: Release 16, College Station, TX:
StataCorp LLC), was used for the statistical analysis.

Treatment toxicity was evaluated according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0.

The study was conducted according to the ethical rules for
retrospective observational studies and was approved by the
ethical committee of the coordinating center and subsequently
by each local committee of the centers in the network. Each
participating hospital retained the personal data of their
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patients, and each local investigator acted as a controller.
Data were decodable only in each single participating clini-
cal center. Data access for analysis was granted to the prin-
cipal investigator of the study (AS) and to his direct collab-
orators, who were bound to respect confidentiality rules.

Results

The project involved 10 Italian centers with a total of 152
collected patients (102 males and 50 females) included in the
study. The median age at diagnosis was 32 years (18-85).
The most frequent symptoms at onset were headache (48%
of patients), ataxia (31% of patients), cranial nerve palsies
(12% of patients), and motor or sensory deficits (9% of pa-
tients). Tumors were localized mainly in the cerebellar hemi-
spheres, accounting for 65% of cases; in 30% of patients,
tumors were located in the vermis or the fourth ventricle; and
in 5% of patients, tumors were located in the
cerebellopontine angle. In 9.1% of patients, MRI and spinal
fluid were suggestive of neoplastic dissemination at
diagnosis.

All patients underwent surgery at the time of diagnosis,
including biopsy in 7/152 patients and partial exeresis in 58/
152 patients; gross total resection, as defined by postopera-
tive contrast-enhanced cranial MRI, was achieved in 87/152
patients. A total of 18/152 patients had hydrocephalus at
diagnosis, and these patients underwent ventriculoperitoneal
shunt placement before tumor resection. Concerning tumor
histology, 23/152 patients had a diagnosis of classic medullo-
blastoma, 52/152 desmoplastic/nodular (DNMB), and 2/152
large cell/anaplastic (LC/A), and in the other 75/152 patients,
the diagnosis was not otherwise specified (NOS). Genetic
profiles were available in 64% of patients, but in the majority,
this profile was not complete (Table 1).

Regarding treatments, almost all patients (96.7%)
underwent craniospinal fractionated external-beam radiother-
apy (EBRT). A dose of 30 Gy with 1.8 Gy/fraction/day was
prescribed to low risk patients (8.5% of patients), while 36 Gy
was prescribed in the other patients. The posterior fossa was
boosted with variable dosage (range 18 to 56 Gy).

Overall, a median total dose for craniospinal + posterior
fossa boost was 54-56 Gy.

Only in 8/152 patients, radiotherapy was not performed
due to clinical conditions (KPS < 60) or age > 80 years.

Concerning radiation therapy-related toxicity, no patient
interrupted the treatment due to acute toxicity as cerebral ede-
ma or dermatitis or fatigue. Unfortunately, the characteristics
of the retrospective database did not allow to evaluate long-
term cognitive, endocrinological, hormonal, and auditory
sequelae.

The patients were retrospectively stratified into standard
and high-risk groups according to clinicopathological

Table 1 Baseline of patients’ characteristics
Number of patients 152
Median age (range) 32 (18-85)
Gender
Male 67.1%
Female 32.8%
Symptoms
Headache 48%
Ataxia 31%
Cranial nerve alterations 12%
Motor/sensory hemisyndrome 9%
Tumor localization
Cerebellar hemispheres 65%
Vermis/fourth ventricle 30%
Cerebellopontine angle 5%
Type of surgery
Gross total resection 57.2%
Partial resection 38.1%
Biopsy 4.6%
Histologic diagnosis
Classic medulloblastoma 15.1%
Desmoplastic/nodular (DNMB) 34.2%

Large cell/anaplastic (LC/A) 1.3%
Not otherwise specified (NOS) 49.3%

variables pertaining to age, presence of metastases, extent
of resection, histological subtypes, and genetic alterations,
when available. In 86% of patients, adjuvant chemotherapy,
mainly platinum- and etoposide-based chemotherapy, was
performed immediately after RT; in a relatively small per-
centage of patients (8.5%) considered low-risk patients,
chemotherapy was not performed at diagnosis. The ob-
served toxicity of cisplatinum/etoposide chemotherapy
was mainly hematological, with leukopenia and thrombo-
cytopenia (14% with grade 4). Patients with leptomeningeal
dissemination at diagnosis and a good performance status
underwent intrathecal therapy, mainly consisting of liposo-
mal cytarabine; other treatments included oral temozolo-
mide and intrathecal methotrexate.

Chemotherapy toxicities were evaluated according to the
Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0. Concerning the patients who received chemother-
apy, 20% reported grade 3—4 myelotoxicity, including cases
of leukopenia, thrombocytopenia, and fatigue and oral muco-
sitis in one case.

The most common site of recurrence/progression was the
posterior fossa. In fact, in approximately 50% of patients, it
was the unique site of relapse. In the remaining percentage of
patients, recurrence/progression was multifocal including not
only posterior fossa but also additional central nervous system
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(CNS) sites such as supratentorial region and brain stem re-
gion. Leptomeningeal dissemination (nodular or linear dis-
ease) and distant extra CNS metastases (gross bone and lymph
nodes) were seen in 14% of patients.

At the time of first recurrence, the treatment was not ho-
mogeneous. In patients with local recurrence, a second sur-
gery was performed in about 30% of patients. A reirradiation,
mainly consisting of radiosurgery, was performed in 6% of
patients. Most patients were retreated with various chemother-
apy regimens, including rechallenge with platinum and/or
etoposide (83%), carboplatin (6%), nitrosourea-based PCV
(2%), and cyclophosphamide (2%). A small group of patients
(8%) was treated with oral temozolomide (150 to 200 mg per
square meter for 5 days during each 28-day cycle) for a max-
imum of 6 cycles.

At the time of a second or subsequent recurrences, 44% of
patients were able to receive at least another line of chemo-
therapy mainly oral (temozolomide or etoposide), and in a
small percentage of patients (4%), a combination of cisplatin,
vincristine, and CCNU. Moreover, three patients were includ-
ed in experimental clinical trials with sonic hedgehog pathway
inhibitors.

We collected follow-up data from 2000 to 2018. At the
time of data analysis, 64 deaths (42% of patients) had
occurred.

Among the whole group of patients, the median PFS was
22.8 months (2-97.3 months).

Median OS for the whole group of patients was 112 months
(95% CI 95-168) (Fig. 1). OS rate at 12 months was 94%
(95% CI, 88.8-96.8%) and OS rate at 5 years was 73.3%
(95% CI, 65.0-80.0%). The extent of surgery (gross total re-
section vs partial resection/biopsy) did not achieve statistical
significance (p = 0.08) (Fig. 2). Concerning tumor histology,
there were no statistically significant differences between clas-
sic medulloblastoma, DNMB, LC/A, and NOS (p =0.22)

(Fig. 3).
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Discussion

Medulloblastoma is the most frequent primary malignant
brain tumor (WHO grade 1V) in children, but it is very rare
in adults, and often, survival rates and prognostic factors for
adult MB are difficult to assess due to the scarcity of informa-
tion. The 5-year overall survival rates in adult patients treated
with craniospinal radiotherapy range from 58 to 76%.
Furthermore, the median survival time ranges widely from 6
to 17.6 years [8, 9]. To date, there has been a lack of data to
guide adjuvant treatment decision-making for MB in adults
due to the relative rarity of the disease in adults compared with
the pediatric population [10]. We created an online web data-
base for rare tumors of the CNS. We decided to start our work
with medulloblastoma as an example of multidisciplinary
treatment for a rare tumor without strong codified guidelines.
Initially, to simplify data collection, we chose to include in the
database only the patients treated over the past 5 years; then,
the period was extended to the past 18 years. We gained in-
spiration from a paper published in JNO in 2014 [11]. This
retrospective, multicentric study, involving 10 Italian centers,
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aimed to describe the clinical, epidemiological, and treatment
data regarding adult medulloblastoma in an updateable data-
base to acquire new knowledge about the disease and clinical
management.

Although considering the rarity of the disease, the study
allowed to collect the largest national recent series of adult
medulloblastoma. Moreover, thanks to the high number of
the centers of expertise involved, a significantly higher quality
of the data has been obtained with respect to conventional
mono-institutional studies.

From a therapeutic point of view, maximal surgery has
been established as the cornerstone of therapy. Several series
have established complete surgical resection as the most im-
portant prognostic factor [12, 13]. Our study confirmed this
belief: all patients underwent surgery at diagnosis, with a bi-
opsy performed in only 4.6% of patients, with almost all due
to high-risk tumor localization or the poor clinical conditions
of patients. However, our data showed a trend, but not a sta-
tistically significant difference in survival between gross total
resection vs partial resection/biopsy with a median OS of
141 months vs 95 months (p =0.08).

Adjuvant radiation therapy has been considered an integral
part of the management of patients with MB [14].
Craniospinal irradiation is always recommended to prevent
tumor recurrence, even in cases of total tumor removal. The
conventional doses of radiotherapy are approximately 36 Gy
in the craniospinal axis plus a boost of 18-20 Gy in the pos-
terior fossa (PF) (total dose of 5456 Gy). The high propensity
for CSF dissemination makes it necessary to treat the entire
neuraxis with an adequate dose of radiation followed by a
boost to the PF. A crucial point in the treatment plan is the
usage of total doses of radiation delivered to the PF. Several
papers have reported this site with doses of RT greater than
50 Gy as a positive prognostic factor [15]. In our experience,
almost all patients underwent craniospinal irradiation at a dose
of 36 Gy with a boost on the PF following surgery; in only
5.2% of patients, radiotherapy was not performed due to clin-
ical conditions or age > 80 years.

The real benefit of chemotherapy in adults is not clear.
Moreover, in earlier series of patients, both chemotherapy
and radiotherapy treatments were heterogeneous in the treat-
ment schedules and evaluations of responses. Several institu-
tional studies reporting on adult MB have suggested a survival
benefit of adjuvant chemotherapy, while others have not [16].
Recommendations by EANO-EURACAN suggest that adult
medulloblastoma patients should all receive chemotherapy,
despite their risk class; however, these recommendations are
mostly derived from experience in the pediatric population
and on single-arm prospective trials in adults and are level IL

Due to the very low incidence of these tumors, few pro-
spective studies have been performed, and the large amount of
data from the few retrospective series represents a potential
bias in analysis. A prospective study on adult MB investigated

the effect of radiotherapy alone for standard-risk patients and
upfront chemotherapy followed by radiotherapy and adjuvant
chemotherapy for high-risk patients and found 5-year overall
survival rates of 80% and 73% and 5-year progression-free
survival rates of 80% and 69%, respectively [3]. The prospec-
tive NOA-07 study investigated a combination of resection,
chemoradiotherapy with vincristine, and sequential chemo-
therapy with vincristine/cisplatin/lomustine in adult medullo-
blastoma patients [17]. The study showed that the combina-
tion of radiochemotherapy followed by maintenance chemo-
therapy with cisplatin, lomustine, and vincristine was more
toxic in adults than in children. A large retrospective study
by Padovani et al. demonstrated no survival benefit from the
addition of adjuvant chemotherapy (n =253) [18]. On the oth-
er hand, a considerable retrospective analysis of a national
database by Benjamin H. Kann et al. demonstrated that the
combination of postoperative chemotherapy and radiotherapy
compared with radiotherapy alone was associated with supe-
rior survival in adult MB patients [19].

Our study showed that in high-risk patients, adjuvant che-
motherapy was performed immediately after RT and was pref-
erentially administered in patients with residual disease or
CSF positivity, while in patients considered low risk, chemo-
therapy was not performed at diagnosis but only at the time of
recurrence; the chemotherapy administered mainly consisted
of platinum- and etoposide-based chemotherapies. The assess-
ment of “high”- vs “low”-risk groups in this study was partic-
ularly challenging because in this database, we collected pa-
tient data from 2000 to 2018, and a complete genetic profile
was available only in a small percentage of patients; in fact,
the 2016 World Health Organization (WHO) classification
developed a combination of histological criteria entities and
genetically defined groups with the intent to stratify patients
with low and high risk. In particular, the 2016 WHO classifi-
cation developed this further to a combination of histological
criteria with classic (60—70% in adults), desmoplastic/nodular
(25-40%), extensive nodular (< 5%), and large cell/anaplastic
(10-25%) entities and genetically defined groups. Four genet-
ic subgroups (wingless [WNT], sonic hedgehog [SHH], group
3, and group 4) defined by expression patterns and epigenetic
signatures allow for reliable prognostication. Patients with
MYC/MYCN amplification and p53 mutation have a worse
prognosis. In adults, group 3 does not virtually exist [20, 21].
Thus, a strong limitation of our database was the low number
of genetic investigations available. This is partially due to the
retrospective nature of the study, which included patients
since 2000. Moreover, in some centers, these investigations
were not routinely performed. In centers where the number of
cases was low, it was difficult to organize all the methods and
tools necessary for modern integrated diagnosis and high-
level molecular analysis, confirming the need to identify few
high-volume centers with all the available facilities to opti-
mize diagnosis and management of these are tumors.

@ Springer
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The tolerance of chemotherapy is a significant issue that
should not be ignored in the clinical management of adult
medulloblastoma patients. In the literature, chemotherapy
seems indeed to be more toxic in adults than in children.
Friedrich et al. [22] reported an incidence of grade C3 hema-
tological toxicity in adult patients treated with a regimen of
CCNU, vincristine, and cisplatin for eight cycles after RT of
58%. In our study, the incidence of grade 3—4 leukopenia was
20% in patients receiving chemotherapy treatment mostly
consisting of a regimen of cisplatin, etoposide, vincristine,
and lomustine, and the toxicity was mainly due to the
nitrosourea regimen.

A tendency to avoid chemotherapy in patients receiving
high-dose craniospinal irradiation (CSI) compared with low-
dose CSI was not found in our study. Almost all patients who
underwent CSI also received chemotherapy unless they had a
poor performance status.

Finally, nonhematological toxicities such as
polyneuropathy and hearing loss deficits were not collected
or described from most centers; moreover, data regarding
returning to work as well as fertility status after treatments
were not collected.

The optimal treatment for local relapse remains controver-
sial, and no randomized controlled trials are available. A num-
ber of chemotherapy regimens (with or without high-dose
chemotherapy) have been proposed. Several clinical practice
guidelines recommend maximal safe second surgery at relapse
[10]. In our experience, a few patients with local relapse with-
out signs of leptomeningeal dissemination underwent repeat
surgery and/or radiosurgery STR, and reirradiation was feasi-
ble and safe without evidence of acute or late toxicity.
Moreover, at the time of recurrence, different chemotherapy
agents were used, confirming data from the literature; a rela-
tively significant number of patients were treated with temo-
zolomide. One patient was treated with high-dose multiagent
chemotherapy followed by bone marrow “rescue.”

From a prognostic point of view, our data are quite congru-
ent with the literature. In particular, the lack of prognostic
significance between desmoplastic and classic medulloblasto-
ma is in line with data from large patient series. Finally, in our
series, gross total resection seems to correlate with better sur-
vival compared with partial resection or biopsy; however, this
data is not statistically significant.

Conclusion

The data collected on patients and their disease features were
mainly in line with the literature. A limitation of this retro-
spective study was the large number of patients lost at follow-
up and the lack of molecular data for most patients diagnosed
until 2010. An important challenge for the future will be the
biologic characterization of adults MB, with the identification
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of specific genetic patterns that could be important for prog-
nosis and possible target therapies. It will be important to have
more active national and international collaboration to provide
evidence-based management strategies that attempt to obtain a
standard of care in adult MB. In conclusion, our study collects
one of the largest adult MB populations providing a snapshot
of the relevant outcome measures that should be included in
prospective studies. Future studies should be designed on
standards of imaging and pathology through the centralization
of data.

In addition, endocrinology and fertility data as well as sec-
ondary tumor susceptibility and quality of life will contribute
to improving the quality of information.
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