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Abstract Medulloblastoma (WHO grade 1V) is an
embryonal tumour of the cerebellum and the most com-
mon malignant central nervous system tumour in chil-
dren. Despite significant advances in treatment, 5-year
survival rates are still less than 70%, suggesting the pres-
ence of subgroups with different response to radio/che-
motherapy. In the present study, we re-evaluated a series
of 347 medulloblastomas from the SIOP II clinical trial
of the International Society of Paediatric Oncology to
identify features predictive of clinical outcome. Relapse
free survival for medulloblastomas with severe anaplasia
[5-year rate: S(60)=49.5%], was significantly shorter
than for tumours with moderate or mild anaplasia
S(60)=65.4%; P=0.001). The difference between both
groups was even larger when the presence or absence of
extensive apoptosis was included (46.5 vs. 66.7%;
P=0.0216). Other histological features including nodu-
larity, necrosis, vascular proliferation and the presence of
B-catenin mutations (7% of cases) were not predictive for
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relapse free survival. These findings indicate that degree
of anaplasia is the most significant histologic feature pre-
dictive of the survival of medulloblastoma patients.
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Introduction

The World Health Organization (WHO) classification of
the tumours of the nervous system defines four subtypes
of medulloblastomas, i.e. classic medulloblastoma, des-
moplastic medulloblastoma, medulloblastoma with
extensive nodularity, and large cell medulloblastoma
[25]. All these variants are graded as grade IV. However,
approximately 60% of patients survive for more than
5 years [36], suggesting that medulloblastomas represent
a heterogeneous group of neoplasms. The explanation of
such variable biological behaviour can be related to the
extent of resection, adverse molecular features, or histo-
logical aggressiveness. Although the risk stratification
for response to therapy and relapse is mainly done on the
basis of clinical parameters (location, extent of resection,
metastatic spread along CSF pathways), there is growing
evidence that histopathological as well as molecular
genetic features may constitute a more useful tool to pre-
dict the behaviour of medulloblastoma [9, 31, 40]. For
example, desmoplastic medulloblastoma has been con-
sidered to behave less aggressive than classic medullobla-
stomas, while large cell medulloblastoma has been
associated with poor prognosis [4, 9, 31].

Recently, the concept of large cell medulloblastomas
has been enlarged to include tumours showing highly
anaplastic pleomorphic cells [4]. However, medulloblasto-
mas are histologically not homogeneous but may have
gradations of anaplasia within the same lesion. Histo-
pathological features of anaplasia such as increased
nuclear size and marked cytological pleomorphism can
be found focally in classic medulloblastoma, and less fre-
quently in desmoplastic medulloblastoma. Grading of
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medulloblastomas by identifying areas of high grade ana-
plasia appears to be prognostically most significant [31].

In the present study, we focused on histological criteria
for medulloblastoma grading, by analyzing different param-
eters in a large group of medulloblastomas. Specifically, we
correlated the degree of anaplasia and clinical outcome. We
also evaluated necrosis and vascular proliferation, since
these features are generally correlated with aggressiveness in
brain tumours, including medulloblastomas [40].

The Wnt pathway plays a crucial role during embryo-
nal development and organogenesis through the control
of cell proliferation and apoptosis [22, 29, 39]. Wnt sig-
nalling stabilizes and accumulates p-catenin which, after
transfer from the cytoplasms to the nucleus, interacts
with members of the LEF-TCF family of transcription
factors, leading to activation of various target genes,
including c-myc and cyclin DI [3, 33]. The products of
APC gene, originally identified as the target of germline
mutations that cause familial adenomatous polyposis
(FAP) [19] and of the AXIN gene are negative regulators
of the Wnt pathway. Several studies have indicated the
involvement of the Wnt pathway through either B-cate-
nin, APC, or AXINI mutations in a small, but significant
fraction (10-15%) of medulloblastomas [1, 6, 11, 20, 41].
The most extensively studied gene is the B-catenin, which
has been reported to be mutated in 5-10% of medullo-
blastomas [1, 11, 20, 41]. However, it remains unclear
whether the disruption of the Wnt pathway is associated
with clinical outcome of medulloblastoma patients. In
the present study, we therefore screened for B-catenin
mutations in a large number of medulloblastomas, to
assess their predictive value in medulloblastoma patients.

Materials and methods
Patients

Between January 1, 1984 and December 31, 1989, a total
of 364 medulloblastoma patients had been recruited in the
SIOP II clinical trial, conducted by the International Soci-
ety of Paediatric Oncology [2]. The histological slides col-
lected at the pathology reference center in Zurich (P.K.)
were histopathologically re-evaluated (F.G.). Specimens
with features suggestive of atypical teratoid/rhabdoid
tumour, ependymoma, choroid plexus carcinoma, or glio-
mas were excluded. In the total sample of 364 cases, 231
(63.5%) were male and 133 (36.5%) were female patients
with a male/female ratio of 1.74. The mean age of patients
at study entry was 7.143.7 years (range 0-16 years). The
mean follow-up time was 63.7+40.1 months.

Histopathological parameters

The histological analyses were performed in two steps.
The first histological survey of all cases was carried out
to define criteria for degree of anaplasia. In this first eval-
uation, we realized that criteria for anaplasia would be

somewhat subjective and difficult to define since medul-
loblastomas fall along a continuous histologic spectrum
of anaplasia and cytologic differentiation [8]. However,
we considered medulloblastoma a tumour always show-
ing a certain degree of anaplasia. On the basis of this first
evaluation, we chose a three-tiered grading i.e.: mild,
moderate, and severe anaplasia. It was noted that varia-
tions in anaplasia could be present in the same lesion and
that severe anaplasia was also observed in both classic
and desmoplastic lesions. The second histological review
was performed, applying the previously defined criteria
for three grades, and then assigned a grade to each
lesion. The extent of anaplasia was also semiquantified.

Anaplasia The general criteria were similar to those
reported by Eberhart et al. [9], i.e. increased nuclear size,
numerous mitoses, numerous apoptoses, and either
sheets or nodules of large cells with round nuclei and
prominent nucleoli or angular, crowded, pleomorphic
nuclei in large cells wrapping around one another. The
degree of anaplasia i.e. mild, moderate, or severe, was
based on increasing degrees of these features (Fig. 1).
Mildly anaplastic lesions contained cells with modestly
enlarged nuclei, often with angular molding of nuclei
against one another, and scattered mitotic and/or apop-
totic figures. Moderately anaplastic tumours were those
with enlarged nuclei generally twice the size of a red
blood cell. Wrapping of tumour cells also usually was
identified, and mitotic and apoptotic figures were com-
mon. Severely anaplastic medulloblastomas contained
cells with nuclei often twice the size of those with mild
anaplasia and two to three times the size of a red blood
cell. In almost all tumours, wrapping of cells was identi-
fied. Mitoses were frequent, and large clusters of apopto-
tic cells were seen often. Regions with marked apoptosis
often were present. Large cell/anaplastic medulloblasto-
mas were all graded as severely anaplastic. In all
tumours, the highest possible grade was used. Loss of
cohesiveness of neoplastic cells was observed only in
neoplasms with moderate and severe anaplasia. Extent of
anaplasia was assessed for each tumour in which mild,
moderate, or severe anaplasia was identified. Anaplasia
was considered diffuse when it was present in all fields
examined; otherwise, it was designated as focal.

Nodularity Nodules were defined as well-circumscribed,
pale regions of tumour with fibrillary cytoplasm. Tumours
were divided based on the amount of tumour nodules,
including the following categories: extensive nodularity,
diffuse nodularity, focal nodularity and absence of nodules.
The total percentage of tumour area comprised of nodules
was estimated for the entire available specimen by review
of representative hematoxylin and eosin-stained sections.
Pale areas of tumour with a loose architecture but without
well-defined border were not considered nodules.

Extent  of  apoptosis  was  determined  semi-
quantitatively Focal (+) when single scattered occa-
sional apoptotic bodies were present; diffuse (++) when



Fig. 1 Histological appearance of medulloblastomas. a Mild anaplasia, b moderate anaplasia, ¢ focal area of anaplasia in a desmoplastic/

nodular medulloblastoma, d—f severe anaplasia

small clusters of apoptotic bodies were distributed within
the neoplasm, and extensive (+++) when large areas of
apoptosis were present. The histological distinction
between extensive apoptosis and coagulative necrosis,
although not always straightforward, was based on the
appearance of the apoptotic cells as round oval masses
of intensely eosinophilic cytoplasms with dense nuclear
chromatin fragments in contrast to acidophilic, coagu-
lated anucleate cells present within the foci of coagula-
tive necrosis.

Extent of necrosis in medulloblastomas was divided into
three groups, ie. absence of necrosis, focal necrosis,
extensive necrosis. With respect to vascular proliferation,
cases were divided in two groups, i.e. absence or presence
of vascular proliferation, with the latter including the
presence of vascular glomeruloid structures.

SSCP and direct DNA sequencing for B-catenin
mutations

Pre-screening for mutations in exon 3 of human B-cate-
nin gene, which contains the four potential GSK-3f3
phosphorylation sites [7], was carried out by PCR-
SSCP analysis as previously reported [20]. Briefly, PCR
was performed in a total volume of 10 pl, consisting of
2 ul of DNA solution, 0.5 U of Tag DNA polymerase
(Sigma, St. Louis, MO, USA), 0.5 uCi of [a->*P]-dCTP
(ICN Biomedicals, Inc., Costa Mesa, CA, USA; specific
activity, 3,000 Ci/mmol), 1.5 mM MgCl,, 0.2 mM of
each ANTP, 0.4 uM of both sense and antisense primers,
10 mM Tris-HCI, pH 8.3, and 50 mM KCl in the Robo-
Cycler Gradient 96 (Stratagene, La Jolla, CA, USA),
with an initial denaturing step at 95°C for 5 min, fol-
lowed by 35 cycles of denaturation at 95°C for 1 min,

annealing at 53°C for 1 min, and polymerization at 72°C
for 1 min, and a final extension of 5 min at 72°C. After
PCR, 5l of PCR products were mixed with 12.5 pl
loading buffer (95% formamide, 20 mM EDTA, 0.05%
xylene cyanol and bromophenol blue), denatured at
95°C for 10 min, and quenched on ice. Four microliter
of the above mixture were run on a 6% polyacrylamide
non-denaturing gel containing 8% glycerol at 4 W for
14 h at room temperature and/or on a 6% polyacryl-
amide non-denaturing gel containing 6% glycerol at
40 W for 3.5 h with cooling by fan. Gels were dried at
80°C and autoradiographed for 12-48 h. Primer
sequences used were 5'-ATG GAA CCA GAC AGA
AAA G-3' (nt 254-272) and 5'-TAC AGG ACT TGG
GAG GTA TC-3' (nt 386-405).

Samples which showed mobility shifts in the SSCP
analysis were further analysed by direct DNA sequenc-
ing. PCR was carried out as described above in the
absence of [a->>P]-dCTP. Five microliter of PCR prod-
ucts were digested with 1 U of shrimp alkaline phos-
phatase and 5 U of exonuclease I at 37°C for 15 min.
After inactivation of these enzymes at 80°C for 15 min,
primers (the same primers for PCR, 15 pmol) and 2 pl
of 5x sequenase buffer (200 mM Tris—=HCI, pH 7.5,
100 mM MgCl,, 250 mM NaCl) were added. Template-
primer mixture was heated at 100°C for 5 min and then
placed in ice-cold water. 0.1 M dithiothreitol, 3 U
Sequenase version 2.0 (USB, Cleveland, USA), and
0.5 uCi [a-**P]-dATP or [a->*P]-dCTP were added to
samples, which were then divided into four wells each
containing termination mixture. Samples were incu-
bated at 42°C for 6 min and mixed with 5 pl stop solu-
tion (USB). After heating at 80°C for 3 min, samples
were loaded onto a 6% polyacrylamide/7 M urea gel
and run at 70 W for 1.5-3 h. Gels were dried at 80°C
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and autoradiographed for 12-48 h. Samples were con-
sidered mutated only if the mutations were confirmed
on two independent PCRs.

Statistical analysis

In order to assess the histopathological criteria for possi-
ble association with the risk of relapsing, for each sub-
group defined by a single or a combination of several
histopathological parameters, the survival function was
estimated by means of the product-limit method of Kap-
lan and Meier [24]. Differences between survival curves
were tested for significance by means of the log-rank sta-
tistic [23]. Tests for associations between different histo-
pathological parameters were carried out by means of the
usual chi-square statistic for 2-way contingency tables [14].

Results
Anaplasia

For 257 cases, anaplasia data was available. Of these,
mild, moderate, and severe anaplasia was observed in 18
cases (7%), 152 cases (59%), and 87 cases (34%), respec-
tively. The patients with severely anaplastic tumours had
the poorest outcome, while patients with mild or moder-
ate anaplasia had a better outcome, in terms of relapse
free survival (Fig. 2a). The 5-year relapse-free survival
rate of patients with medulloblastomas with severe ana-
plasia was 49.5% and thus, significantly lower than those
with tumours showing moderate anaplasia at most
(65.4%; P=0.0010). Similarly, overall 5-year survival rate
of patients with medulloblastomas with severe anaplasia
was 50.6%, significantly lower than those with tumours
showing mild or moderate anaplasia (67.4%; P=0.0026).

Apoptosis

Data on apoptosis was available for 248 cases. Focal
area of apoptosis was observed in 182 cases (74%),
diffuse area of apoptosis was in 56 cases (23%), and
extensive apoptosis was in 10 cases (4%). Survivals of
patients with medulloblastoma showing focal versus
diffuse or extensive area of apoptosis were significantly
different in the log-rank test (P=0.0097). Similarly,
5-year overall survival rate of patients with medulloblas-
tomas with diffuse or extensive area of apoptosis was
47.7%, significantly lower than those with tumours show-
ing focal apoptosis (67.1%; P=0.0033).

Anaplasia and apoptosis

The combination of extent of anaplasia and apoptosis
was a significant predictive factor for relapse free survival
time of medulloblastoma patients. The survival curves for
the four subgroups obtained by distinguishing between
mild/moderate and severe anaplasia on the one hand, and

focal versus diffuse or extensive area of apoptosis are
shown in Fig.2b. The log-rank test gave a P value of
0.0216 so that the null hypothesis of homogeneity of all 4
survival curves could be rejected. In the most favourable
group (mild or moderate anaplasia combined with focal
area of apoptosis), the 5-year survival rate was markedly
higher than for the group with the worst prognosis, i.e.
severe anaplasia combined with diffuse or extensive apop-
tosis [S(60)= 46.5 vs. 66.7%; P=0.0216]. Similarly, over-
all survival rate of patients with medulloblastomas
showing severe anaplasia and diffuse or extensive area of
apoptosis was 45.3%, significantly lower than those with
tumours showing focal apoptosis (68.7%; P=0.0033).

Nodularity

For 251 tumours, data of nodularity was available. Of
these, 30 (12%) tumours contained regions of nodularity,
with focal (16 cases; 6%), diffuse (10 cases; 4%), and exten-
sive (4 cases; 2%) nodularity. All these 30 cases containing
“bona fide” nodules would be diagnosed as nodular/des-
moplastic medulloblastoma according to the WHO classi-
fication [16]. There was no evidence of association between
nodularity and outcome of medulloblastoma patients
(log-rank test; P=0.1098). There was also no association
between anaplasia and nodularity and the frequency of
severe anaplasia was similar in nodular (8/30; 27%) and in
non-nodular tumours (76/220; 34.5%; P=0.3914).

Necrosis

For 251 cases, data on necrosis was available. Necrosis
was not observed in the large majority of the cases (221
cases; 88.1%), while 16 cases (6.4%) and 14 cases (5.6%)
showed extensive or focal necrosis, respectively. There
was no statistically significant relationship between the
presence or absence of necrosis and relapse free survival
time (P=0.1848).

Vascular proliferation

For 250 cases, the vascular proliferation was assessed: 22
cases (9%) showed vascular proliferation, whereas 228
(91%) cases showed no vascular proliferation. Between
the corresponding relapse-free survival curves, there was
no statistical difference (P=0.7677).

B-catenin mutations

In 146 cases, PCR amplification of exon 3 of the B-catenin
gene from DNA extracted from archival sections was suc-
cessful. Of these, 10 cases (7%) contained a B-catenin muta-
tion (Table 1). They were located at codon 32 (3 cases),
codon 33 (6 cases), and codon 34 (one case). All except for
one medulloblastoma patient with B-catenin mutations
were females. Although patients with medulloblastoma
with B-catenin mutations survived longer (5-year overall
survival 83.3+10.8%; relapse-free survival 83.3+10.8%)
than those without B-catenin mutations (overall survival
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Table 1 B-Catenin mutations in medulloblastomas ) )
Discussion
RegNo. Age Sex p-Catenin mutations
Codon  Basechanges ~ Aminoacid  Cytological pleomorphism, increased nuclear size, brisk
substitution  jtotic activity, and cell wrapping are considered as the key
1264 15 F 0 GAC—>GTC  Asp—Val features of anaplasia in medulloblastomas. Anaplastic fea-
1580 9 F 32 GAC—AAC  Asp—Asn tures are observed in any of the medulloblastoma subtypes.
2210 15 M 32 GAC—TAC  Asp—Tyr Anaplasia has been reported to be associated with poor
;3;11 ; 11:: gg %g%* ¥g¥ Ser_) gys prognosis of medulloblastoma patients [9, 28, 31]. This cor-
- oo nys relation is confirmed in the present large cohort of children
1782 15 F 33 TCT—-TTT Ser— Phe . .. . ;
2141 6 F 33 TCT—TTT Ser—s Phe enrolled in a clinical trial. We clearly show that an increas-
3299 11 F 33 TCT—-TTT Ser— Phe ing degree of anaplasia is significantly associated with
1882 7 F 33 TCT—>TAT  Ser—Tyr shorter relapse-free survival time. Slight anaplasia appears
1436 12 F 34 GGA—-GAA Gly—>Glu

61.8 £ 4.3%; relapse-free survival 62.7+£4.4%), the differ-
ences were not statistically significant (overall survival,
P=0.1501; relapse-free survival, P=0.1605).

not to influence prognosis, but patients with moderate and
severe anaplasia had a significantly worse outcome.

The evaluation of anaplasia in medulloblastomas has
added to the concept of large cell medulloblastomas,
characterized by extremely large, round nuclei with
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prominent nucleoli, abundant mitoses, numerous apop-
totic cells and cellular wrapping [4, 17, 25]. The survival
of children bearing this variant is significantly reduced
[34, 35]. The large cell variant represented only 10% of
cases when diagnosed on the basis of the original
description [17]. However, since large cell medulloblasto-
mas mainly contain cells with anaplastic features, it has
been suggested to merge large cell and anaplastic medul-
loblastomas into a single group, constituting approxi-
mately 20% of all medulloblastomas [28], although one
study showed that large cell medulloblastomas appear to
have a slightly worse prognosis than anaplastic medullo-
blastomas [4], and several studies showed that patients
with anaplastic medulloblastoma have more variable
prognosis than large cell medulloblastoma [8, 10, 28].

To grade anaplasia in a biologically highly malignant
neoplasm as medulloblastoma may be predictably sub-
jective and difficult. In the present study, we used a three
tiered grading system in which according to our criteria,
the majority of cases fell into the moderate (59%) and
severe (34%) groups, whereas only a minor percentage
(7%) showed mild anaplasia. These results are signifi-
cantly different from those reported by Eberhart et al. [9].
These authors found no or slight anaplasia in 76% of
cases, moderate in 14% and severe in only 10%. These
discrepancies are mainly related to the differences in the
histological evaluation of anaplasia. We consider medul-
loblastoma a tumour which always shows some degree
of anaplasia. This attitude inevitably enlarged the group
of neoplasms with moderate anaplasia. However, in both
studies, medulloblastomas were stratified into two large
groups, not numerically distant, with statistically differ-
ent prognosis: Eberhat et al. [9] have a percentage of
non-anaplastic and anaplastic respectively of 76 and
24%; whereas, in the present study, grouping together
cases with mild/moderate anaplasia versus severely ana-
plastic, the percentages were 66 and 34%, respectively.
This suggests that, despite the subjective evaluation of
anaplasia, histology alone is able to segregate into two
groups with statistically significantly different prognosis.
Both studies, moreover, have enlarged the concept of
large cell/anaplastic medulloblastoma, indicating that
such “anaplastic” changes are more frequent than previ-
ously observed. On the basis of these considerations,
pathological grading of medulloblastomas seems to be of
clinical utility to stratify patients in low and high-risk
groups.

In the present study, we also correlated apoptosis
with anaplasia in medulloblastomas. Relapse free sur-
vival was significantly shorter in patients with medullo-
blastomas with severe anaplasia and extensive apoptosis
than in those with mild or moderate anaplasia and
diffuse apoptosis. Similarly, Korshunov etal. [27]
reported that in multivariate analysis higher apoptotic
index was a significant prognostic factor of poor out-
come [27]. In contrast, the study by Schubert et al. [37]
found no significant difference in numbers or in the pat-
tern of apoptotic tumour cells among medulloblastomas
with different degrees of differentiations.

Desmoplastic medulloblastomas are characterized by
nodular islands with reduced cellularity surrounded by
densely packed, highly proliferative cells that produce a
dense reticulin fibre network. Cells in the islands have
round, regular nuclei and abundant fibrillar cytoplasm
and show neuronal differentiation [25]. Desmoplastic
medulloblastomas were associated with a somewhat bet-
ter outcome in some studies [5, 30, 38], but not in others
[9, 18, 21]. This discrepancy may be due to the fact that in
some of these studies, tumours were classified as desmo-
plastic on the basis of an increased amount of collagen
and reticulin fibres but without the typical nodular pat-
tern of this variant. One study confirmed a favourable
prognosis for the rare cases of extensive nodularity,
while lesser degrees of nodularity or desmoplasticity
were not associated with a statistically significant sur-
vival advantage [35]. In the present study, we found that
nodularity in medulloblastomas had no significant pre-
dictive value, although this negative result may be
explained by the lack of statistical power due to the
extreme imbalance in the sub-sample sizes (only 12% of
cases were nodular). It is noted that frequencies of severe
anaplasia was not different in nodular tumours (27%)
and in non-nodular tumours (35%; P=0.3914). Simi-
larly, necrosis and vascular proliferations were not pre-
dictive for outcome of medulloblastoma patients in the
present study. This result was consistent with a study by
Miralbell et al. [32], in which microvessel density was not
associated with survival of pediatric medulloblastoma
patients.

The management of medulloblastoma will rely not
only on improved histopathological grading schemes but
on the incorporation of specific biologic markers as well
[35]. These markers will provide not only prognostic
information but also target for specific therapy [8, 15,
28]. Several molecular prognostic indicators have been
proposed for medulloblastoma, including 17p loss [28], c-
erbB2 overexpression [15], and c-myc amplification or
overexpression [15, 28]. A correlation between 17p loss
and high frequency c-myc amplification and between the
large-cell/anaplastic variant and c-myc amplification was
found [12]. In the present study, we evaluated the pres-
ence of B-catenin mutations as additional parameter that
might be associated with anaplasia or worse prognosis in
medulloblastoma. B-catenin, translocated into the
nucleus, activates transcription of a number of gene tar-
gets, including, c-myc, that is overexpressed in anaplas-
tic/large cell medulloblastoma. In the present study, we
screened for mutations of B-catenin gene in 146 medullo-
blastomas. The frequency of B-catenin mutations in spo-
radic medulloblastoma (7%) was similar to that in other
series with smaller numbers of cases [20, 26, 41]. We did
not find a significant correlation between [-catenin
mutations and anaplasia or other histological parame-
ters. The presence of mutations was also not significantly
associated with clinical outcome of patients, although
the results showed that mean overall and relapse-free
survivals were longer in patients with B-catenin muta-
tions. This result is in contrast to a recent study by Elli-



son et al. [13] which showed that nucleopositive B-catenin
immunophenotype (27/109; 25%) had significantly better
overall and event free survival. However, in the study by
Ellison et al. [13], mutational analyses of B-catenin gene
were restricted to only 27 medulloblastomas with a
nuclear f-catenin immunophenotype.
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