Medulloblastoma

Introduction

In this update of the WHO classifica-
tion, medulloblastomas are classified
according to molecular characteristics
in addition to hisiopathological features.
The molecular classification relates to
the clustering of medufloblastornas into
groups on the basis of transcripiome or
methylome profiling and has been intro-
duced because of its increasing clinical
utility [1804). A histopathological classifi-
cation has also been retained, due to its
clinical utility when molecular analysis is
fimited or not feasible.

Transcriptome profiling studies of medul-
loblastomas indicate that these tumours
can be separated into several distingt
molecular clusters {2524}, which by
consensus have been distilled into four
principal groups: WNT-activated medul-
loblastomas, SHH-activated medulio-
blastornas, group 3 medulloftastomas,
and group 4 medulichiastomas.

Tumouirs in the WNT-activated and SHH-
activated groups show activation of their

Table 8.01 Medulloblasioma subtypes characterized by combined genalic and histol

respective cell signalling pathways. The
four principal groups emerged from clus-
tering analyses following transcriptome,
microRNA, and methylome profiling, and
there is excellent concordance across
these platferms for the assignment of
individual tumaurs {3142,1804}. There are
also significant associations between the
four groups and specific genetic: aliera-
tions and clinicopathological variables.

I the updated WHO classification, WNT-
activated medulloblastomas (accounting
for ~10% of cases) and SHH-activated
medulloblastomas {~30% of cases) are
listed separately frorm non-WNT/ron-
SHH tumours, which coraprise group 3
tumours (~20% of cases) and group 4
tumours (~40% of cases). Group 3 and
group 4 medulloblastomas are listed as
provisional variants, because they are
not as well separated as WNT-activated
and SHH-activaied madulloblastomas

“in molecular clustering analyses and by

current clinical laboratory assays {448,
1335},
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Medulloblastoma has always been con-
sidered to be an embryonal tumour of
the cerebellum. However, WNT-acti-
vated medulloblastomas are  thought
o arise from cells in the dorsal brain
stem {831), although not all brain stem
embryonal tumours are WNT-activated
iredulloblastomas, )

The established morphological variants of
meduliohblastoma {i.e. desmoplastic/inod-
utar medulloblastoma, medulloblastoma
with estlensive nodularity, and large celt or
anaplastic medulloblastomas) have their
own particular ciinical associations {619,
1603,1626,1627}. Large cell and ana
plastic medulloblastomas ware listed as
separate variants in the previous version
of the classification, but because nearly

Large celf / anaplastic medulfoblastoma
Medulloblastorna, NOS

~all large cell tmours also demonstrate

an anaplastic component and both vark-
ants are associated with a poor outcome,
they are commonly considered for clinical
purposes as being in a single combined
category of large cell / anaplastic medul-
lohiastoma {2208,2664). This association
and ils designation have been recog-
nized in the update of the classification.

The molecular and morphological variants
of medulloblastoma listed in the new clas-
sification demonstrate particular relation-
ships {631}. All true desmoplastic/nodular
meadulicblastomas and medulloblastomas




ble 8.02 Characteristics of genetically defined medulloblastomas

mutation

Popossdselloforan | ogior s

- Chidhood - Childhond .~ | ‘Allagegroups
12 111 B B 211 3
pathological variant(s) - :.Clas__sm SRR '-F’esf“f’.‘}'a?‘.'-“’-ﬁ?.d‘?'?i-._ ; __;:..L_a_.rg_e; (::e_ll__{anaplasﬂg_ t Large cell/ anaplastic -~ -9'?5.5'9-_ i
frequent copy number PYCH1 deletion MYCN amp'hﬁca.t{on MYC amplification MYCN amplification
. . Monosomy 6 GLI2 amplification T I
-alterations 10q loss Isodicentric 17q ksodicentric 179
i7ploss
. - PTCHImilation S SRR
‘ . CTNNBT mutation g e e PYTEMYE ) KDM&‘A
.Erequo:ntgeng_tlc © . POXIXmutation SMOmutation (adults) | . S TPSZmutalion . i GAIM/GFIIB structural - _-GFH/GFHB structura!
alterafions . i . ; i .SUFUmutaﬂon(lnfants} - R A T T T
BRI . TP53 mutation - S e Lo ovarlants Sl “variants -
: e ’ RRE TERTpromplermutatmn- ST : : SR : T
Genes with germline PTCH1
APC SUFU P53
R e e | . CD133¢ineage-.
CUSN R Cerebel[argranule neumn cel! precursozs ofthe external neura! stem ce[ls _ Sl
Lawer.thombic fip granule ceII layer and cochlear nucteus - Unknown

(Neural stem ceils of 1he subvenlncular zone)*

: {Cerebeilar granule neuron

cellprecursorsnflheex TR
ternal granle cell layer)*: 1

classification.

[2870}.

Infegrated diagrosis

This updated classification is intended to
encourage an integrated approach to di-
agnosis {1635]. When molecular analysis
is feasible, combined data on both mo-
lecular group and morphological variant
provide optimal prognostic and predic-
tive information. This approach is further
enhanced when specific genetic data
are integraied into the diagnosis, e.g. by
the inclusion of TP53 gene staius In the

SHH-activated medul]oblastomas
a heterogeneous group; a umour with
TP53 rutation and large celi / anaplastic
morphology has an abysmal progno-
sis, in contrast to SHH-activated and
TP53-wildiype medulloblastomas  with
extensive nodularity, which have a good
clinical outcome If treated appropriately

with extensive nodularity align with the
" §HH-activated molecular group. Virtually
all WNT-activated tumours have classic
morphology. Most large cell / anaplastic
iumours belong either to the SHH-activat-
ed group or to group 3.

Some molecular genetic alterations cur-
rently used in the risk stratification of me-
dulioblastomas, such as MYC amplifica-
ticn, are not included in the classification,
but could nevertheless be incorporated

are

info an integrated diagnosis that brings
together molecular group, histopatholog-
ical variant, and specific genstic aliera-
tion to enhance the level of diagnostic
precisior.

Immunohistochemical assays that work
on formalin-fixed paraffin-embedded tis-
sue and are readity available worldwide
can he used fo discern some genetically
defined variants of medulloblastoma and
genetic alterations with clinical utility
{1240). However, the updated classitica-
tion does not make specific recommen-
dations regarding the merits of the vari-
ous methods for determining molecular
groups or genetic alterations.

Definition

its origins in cells of the dorsal brain stem
that are derived from the lower rhombic
lip. Medulloblastorna variants show a
broad range of marphological features,
including neurocytic and ganglionic dif-
ferentiation, and distinct biological be-
haviowss. In making a diagnosis medul-
lobiastoma, it is important to exclude
histopathologically similar entities that
arise in the posterior fossa, such as high-
grade small cell gliomas, embryonal
tumour with mulilayered roseites, and
atypical teratoid/rhabdoid tumours.

Grading

Irrespective of their histological or genetic
characterization, medulloblastomas cor-
respond histologically to WHO grade V.

An embryonal neuroepithelial tumour

arising in the cershelium or dorsal brain
stem, presenting mainly in childhood
and consisting of densely packed small
round undifferentiated cells with mild to
moderate nuclear pleomorphism and a
high mitctic cournt.

Medulioblastoma is the most common
CNS embryonal tumecur and. the most
commeon malignant tumour of chitdhood.
It is now classified intc molecular {ie.
genelic) variants as well as morphoiogi-
cal variants, all with clinical utility. Mosi
medullcblastomas arise in the cerebel-
fum, but the WNT-activated variant has
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Fig. 8.01 Cumulative age distibution of medulleblastoma
{both sexes), based on 831 cases (2008-2015). Data
from the Brain Tumar Reference Center, Bonn.
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Fig. 8,02 Medulioblastoma, A Sagiftal section. The fumour occupies mostly the lower part of the cereballum. B Typical gross'pogtmoe appearance of a medulloblastoma i the
corebeliar midline, occupying the cerebellar vermis, C Diffuse CSF seeding by a medulloblastoma into the basal cislerns and meninges.

Fig. 8.03 A Numerous medulloblastoma metastases of varicus sizes on fhe falx cerebii and the inner surface of the
dura mater covering the left cerebral hemisphere. Some smallar dural melastases are present on the contralateral side.
B Mutiple nadules in the cauda equina of the spinal cord representing CSF drop metastases of a medulioblastorma.
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Medulioblastormna, NOS

The diagnosis of medulloblastoma, NOS,
is appropriate when an embryonal neural
tumour is located in the fourth ventricle or
cerebellum and the nature of biopsied tis-
sue prevents classification of the tumour
intc one of the genstically or histologi-
cally defined categories of medulloblas-
toma. This situation usually arises when
there is unceriainty about a fumour's
architectural and cytological features as
a result of insufficient tissue sampling or
the presence of tissue artefacts. For the
diagnosis of medulloblastoma, NOS, it is
impartant to exclude histopathologically
similar entities, such as high-grade small
cell gliomas, embryonal tumour with mul-
tilayered rosettes, and atypical teratoid/
rhabdoid tumours.

ICD-0 code 947043
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Epidemiology

Inciderice

Medulioblastoma is the most common
CNS embryonal tumour of childhood.
Of all paediatric brain tumours, medulio-
blasioma is second in frequency only to
pilocytic astrocytoma; and accounts for
25% of all intracranial necplasms {673}.
The annual overall incidence of medullo-
blastoma is 1.8 cases per 1 million popu-
lation, whereas the annual childhood in-
cidence is 6 cases per 1 million children;
these incidence rates have not changed
over time {1896}. As is the case with other
high-grade brain tumours, the incidence
of medulioblastoma differs across ethnic-
#ties. Inthe USA, overall annual incidence
is highest among White non-Hispanics
(2.2 cases per 1 million population), fol-
lowed by Hispanics (2.1 per 1 million}
and African Americans (1.5 per 1 mil-
lion) [http:/ffwww.cbirus.org/2011-NPCR-
SEER/WEB-0407-Report-3-3-2011.pdf].
As many as a quarter of al! medulloblas-
tomas occur in adults, but < 1% of adult
intracranial tumocurs are meduiloblasio-
mas {1645}

Age and sex disiribution
The median patient age at diagnosis of
medullohlastoma is 9 years, with peaks

F|g 8.04 ’Iﬁltratlon by a c;ereblr s}xedllobla;tom ‘I
the subarachnold space. Node the clusters of tumour calis
in the molecular layer, particularty in the subpial ragion,

in incidence at 3 and 7 years of age
[2138}. Of ali patients with medulloblas-
toma, 77% are aged < 19 years |673}.
The tumour has an overali male-to-fe-
male ratio of 1.7:1. Among patients aged
> 3 years, the male-to-female ratio is 2:1,
but the incidence rates among boys and
girls aged = 3 years are equat {511,899},
The various molecular groups and histo-
pathological varianis of medulloblastoma
have different age distributions {631,
1334,2524]).

Logcalization
Medulloblastomas grow into the fourth
ventricle or are located in the cerebel-
lar parenchyma {213}, Some cerebel
lar tumours can be laterally located in a
hemisphere.

Clinical feaiures

Medulloblastomas growing in the fourth
ventricle cause increased intracranial
pressure by exerting mass effect and
blocking cerebrospinal fluid pathways.
Therefore, most patlents present with &
short history of raised intracranial pres-
sure: headaches that have increased in
frequency and severity, frequent nausea
upon waking, and bouts of vomiting. Cer-
ebellar ataxia is commeon. Symptoms and
signs relating to compression of cranial




[ierves or jong tracts passing through the
‘prain stem are uncommaon.

gpread

Like other embryonal tumours, medul-
loblastoma has a propensity to spread
through cerebrospinal fluid pathways to
seed the neuraxis with metastatic turour
deposits. Rarely, it spreads o organ
systems outside the CNS, particularly
to bones and the lymphatic system. Re-
ports of metastasis 10 the peritoneurn im-
plicate ventriculoperitoneal shunts.

Macroscopy
Most medullcblastomas arise in the re-

gion of the cerebellar vermis, as pink
or grey often friable masses that {ill the
fourth ventricle. Medulloblastomas  lo-
cated in the cerebellar hemispheres tend
to be firm and more circumsctibed, and
generally correspond to the desmopias-
ficmodular variant with SHH pathway
gclivation. Small foci of necrosis can be
grossly evident, but extensive necrosis is
rare. In disseminated medullobiastoma,
discrete turmour nodules are often found
in the craniospinal leptomeninges or
cerebrospinal fluid pathways.

Microscopy
Several morphological variants of medul-
loblastoma are recegnized, alongside

_the classic tumour: desmaplastic/nodular
. medulloblastorna, medulloblastoma with
- extensive nodularity, and large cell / ana-
. plastic medulioblastoma. Their specific
" microscopic archectural and cytological
- features are described in the correspond-

ing sections of this volume. A dominant
population of undifferentiated cells with a
high nucleario-cytoplasmic ratio and -

© totic figures is a common feature, justify-

ing the designation "smbryonal”, but it is

- important to consider other entities in the

differential diagnosis. High-grade small

" cell gliomas and some ependymomas

have an embryonal-like cytology, and
elements of the embryonal fumour with
multilayered rosettes or atypical teratoid/
rhabdoid tumour can be identical to me-
dulloblastoma. Any of these entities can
be confused with medulloblastoma, es-
pecially in small biopsies, so delermining
a tumour’'s immunophenotype or genetic
profile is an important part of warking
through the differential diagnosis.

Two distinctive marphological variants of
medullobiastoma are described in this
section, because they may occur in the

ot

Fig. 8.05 Medulichlastoma with myoge

RS S S
nic or melanotic differentiation. A Siriated muscle fibres. B Anti-fast myosin

1;{31

immunostaining of Hghly differentiated, striated myogenic celis. C Biphasic pattern of small undifferentiated embryonal
cells and [arge thabdomyoblasts immunostaining for myoglobin, D Melanofic cells commonly appear as fubslar
epithslial struciures, which are immunopositive for HVMB45 and cytokeratins.

sefting of a classic or large cell / anaplas-
tic tumour and are no longer considerad
distinct histopathological variants. These
are the rare (accourniing for < 1% of
cases) medulloblastoma with myogenic
differentiation (previously called medullo-
myoblastoma) and  medulloblastormna
with meianotic differentiation (previously
called melanceytic medulloblastoma).
Although these tumours are very rare, it
is not uncommon for their phenotypes to
occur together.

{n addition 1o a conventional embrycnai
element, medulloblastoma with myogen-
ic differentiation contains a variable num-
ber and distribution of spindle-shaped
rhabdomyoblastic cells and sometimes
large cells with abundant eosinophilic
cytoplasm {2211,23838]. Occasionally,
elongated differentiated strap cells, with
the cross-striations of skeletal muscle,
are evident.

Medulloblastorma with melanotic differen-
tiation contains a small number of mel-
anin-producing cells, which somelimes
form clumps {730,1965}. These may ap-
pear entirely undifferentiated (like other
embryonal cells) or have an epithelioid
phenotype. Epithelicid melanin-produc-
ing cells may form tubules, papilae, or
cell clusters.

Immunophenolype
Alihough a few meduiloblastomas

express no neural antigens, the expres-
sion of markers of neuronal differen-
tiation is common. Immunoreactivity for
synaptophysin, class Il beta-tubulin, or
NeuN is demonstrated at least focally in
most medulloblastomas. Homer Wright
rosettes and nodules of neurccytic dif-
ferentiation are immunopositive for thess
markers. In contrast, expression of NFPs
is rare. GFAP-immunopositive cells are
often found among the undifferentiated
embryonal cells of a medulloblastoma;
however, they generally show the typical
spider-like appearance of reactive as-
trocytes and tend o be more abundant
near blood vessels. Thase cells are usu-
ally considered to be enfrapped astro-
cytes, although the observation of sirailar
cells in extracerebral metastatic deposits
raises the possibility that at least some
are well-differentiated neoplastic astro-
gyies. Cells showing GFAP immunore-
activity and the cytological features of
bona fide neoplasia can be observed
in approximately 10% of medulloblasto-
mas. In medulloblastoma with myogenic
differentiation, cells demonstrating myo-
genic differentiation are immunopositive
for desmin or myogenin, but not alpha-
SMA. In medulloblastormas with mel-
anotic differentiation, melanin-producing
cells express HMB45 or melan-A, and
the clumps of epithelioid cells assoclated
with focat melanin production gsnerally
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show immunoreactivity for cytokeratins.
Nuclear SMARCB1 and SMARCA4 ex-
pression is retained in all medulloblasto-
ma variants; the loss of expression of one
of these SWI/SNF complex proteins in the
context of an embryonal tumaur Is char-
acteristic of atypical teratoidfrhabdoid
twmour,

Medulloblasto

Medulloblastoma,
WNT-activated

Definition

An embryonal tumour of the cerebellum /
fourth ventricle composed of small uri-
form cells with round or oval nuclei that
demonslrate activation of the WNT sig-
nalling pathway.

Nearly all WNT-activated medulloblasto-
mas are classic tumours. WNT-activated
tumours with an anaplastic morphol-
ogy have been reported, but are very
rare. The WNT pathway activation that
is characteristic of this medulloblastoma
can be demonstrated by the accumu-
lation of beta-catenin immunocreactiv-
ity in tumour cell nuclei, but an optimal
evaluation combines this method with
detection of monosomy 6 or CTNNGBT
mutation; approximately 85% of WNT-
activated meduiloblastomas defined by

3 _\:{"""

g T
Fig. 8

immunoreactivity for beta-catenin indicates activation of the WNT

fuclei in some WNT-activated medulloblastomas.
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Genetic susceptibility

Medulicblastomas eccur in the setting
of several inherited cancer syndromes:
naevoid basal cell carcinoma syndrome
(also called Gorlin syndrome; see p. 319),
Li-Fraumeni syndrome; see p. 310), mis-
mafch repair cancer syndrome (Turcol
syndrome, p. 317), Rubinstein-Taybi

mas, genetically defined

Ellison D.W. Pietsch T.
Giangaspero F. Wiestler O.D.
Eberhart C.G. Pfister S.
Haapasalo H, -

immunohistochemistry or gene expres-
sion profiling demonstrate monosomy 6
and/or harbour a CTNNBT mutation.

WNT-activated  medulloblastoma s
thought to originate from the dorsal brain
stem to fill the fourth ventricle, WNT-acti-
vated lumours accouni for approximately
10% of all medulloblastomas. Most cas-
es present in children aged between 7
and 14 years, but they can also oeceur in
young adulis. This variant has an excel-
lent progrosis with standard therapeutic
approaches. Besides CTNNBY, genes
that are recurrently mutated in WNT-

activated - meduliobiastomas  include
TP53, SMARCA4, and DDX3X.
ICD-0 code 9475/3

syndrome (249A}, and Niimeger,
age syndrome {1058A}.

Gengtic susceptibility 1o medullomas
torna has been docurmented in mopg,,.
gotic twins {434}, siblings, ang relag )
{1065,2666}. Association with othey

breay.

ives
brain

tumours {673} and Wilms tumoyr (1845
2062} has also been reporied. '

iy i

Fig. 8.06 WNT-aclivaled medulloblastomas are usually
cenfred on the foramen of Luschka, buf lumours
frequently spread afong the lateral wall of the fourlh
veniricle and appear intraventricular,

Grading

WNT-activated medulloblastoma corre-
sponds histologically to WHQ grade V.
However, this genstically defined variant

e Sty e Wat: SRR e Gy ol e, T
07 A Non-WNT meduiioblastoma often shows befa-catenin Immunoreactivily restricted lo the plasma mambrane and cytoplasm. B WNT-activaied medulloblastoma. Nuclléﬂf
pathway. C WNT-activated medulloblasloma. Immunoreactivily for heta-catenin manifests as groups of positive




as an excellent prognosis with standard
erapeutic approaches,

lag-

Zy- piderniology

veg NT-activaied tumours account for
rain hout 10% of ali medulioblastomas (6534,
46 7771972}, They typically occur in oider

hildren and also account for a signifi-
ant praportion {~15%) of adult medul-
hlastomas, but hardly ever occur in

ome reports indicate that WNT-activated
‘medullcblastomas are all located in the
“cerebeliar midline, with or without close
contact to the brain stem {831,2534}, and
ne report suggests that these tumours
re more precisely localized to the cer-
pellar peduncie or cerebeliopontine an-
le {1936},

maging

“MRI of WNT-activated medulloblastomas
“shows tumours located in the cerebel-
“lar midline / cerebelopontine angle, with
“many in close contact to the brain stem

1831},

- Microscopy

‘Nearly all WNT-activated medufloblas-
‘tomas have a classic morphotogy; ana-
“plastic  WNT-activated tumours have

been reported, but are very rare {831}
Desmoplastic/nodular medulioblastomas
do not occur in this group.

lmmnunophenclype

WNT-activated medulloblastomas have
the same neural protein FMMUNOpPro-
file as other classic medulloblastomas.
Their growth fraction as estimaied by
the Ki-67 proliferation index is also the
same. Nearly all mediiloblastomas show
some oytoplasmic immunoreactivity for
beta-catenin, but WNT-activated tumours
show nuclear beta-catenin irmunoreac-
tivity in most cells, atthough staining can
be patchy in about one quarter of cases
[630.631]).

Cell of origin

WhiT-activated medulloblasiomas  are
thought to arise from cells in the dorsal
brain stem lhat originate from the lower
rhombic lip (831} The DNA methylation
fingerprirt of thase tumours, which might
be the best evidence for cell of origin in
human tissues, indicates that WNT-acti-
vated medulloblastoma has a profile dis-
tinct from those of other medulloblastoma
subgroups {1049,1972,2345}.

Genetic profile
A recent meta-analysis of all large next-
geperation sequencing datasets showed

“monosomy 6 has long been established

. SHH-activated medulioblastomas, TP53

that approximately 90% of WNT-activat-
ed medulloblastomas contained somatic
mutations in exon 3 of CTNNB1 {1804].
Other recurrently mutated genes in WNT-
activated  medulioblastomas  include
DDX3X (in 50% of cases), SMARCA4 (in
26.3%), KMT2D (in 12.6%), and TP53 (in
12.5%). In addition to CTNNBT mutation,

as a hallmark genetic aberration in Wh1-
activated medulloblastomas, occurring in
approximately 85% of cases {472,1334}.

Genetic susceptibility
There is a rare association betwean APC
germline mutation and WNT-activated

medulioblastoma {937,1057}.

Prognosis and predictive factors

The prognosis of patients with WNT-
aciivaied medulloblastomna is excellent;
with current surgical approaches and ad-
juvant therapy regimens, overail survival
is close lo 100% [634,2548}, Unlike in

mutations in WNT-activated medulloblas-
tornas (which are all somatic and most
commanly heterozygous) do not confer
2 worse prognosis {2870}. Predictive bio-
markers have not yet been established
within  ihe W~NT-activated molecular

group.
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Medulloblastoma,
SHH-activated

Medulloblastoma,
SHH-activated and TP53-mutant

Definition

An embryonal tumour of the cerebellur
with evidence of SHH pathway activa-
tion and either germiine or somatic TP53
mutation.

In large series of tumours, SHH-activated
medulloblastomas tend to have similar
transcriptorne, methylome, and micro-
RNA profiles. SHH pathway activation in
TP53-mutant tumours is asscciated with
amplification of GLIZ MYCN, or SHH.
Mutations in PTCH{, SUFU, and SMO are
generally absent. Large celi / anaplastic
morphology and chromosome 17p loss
are also commen in SHH-activated and
TP53-mutant tumours. Patierns of chro-
mosome shattering known as chromoth-
ripsis are often prasent.

SHH-activated tumours account for ap-
proximately 30% of all medulloblastomas
and originate from rhombic lip-derived
cerebellar granule neuron precursors,
the proliferation of which is dependent on
SHH signalling activity. SHH-activated
and TP53-mutant medulloblastomas are
rare and generally found in children aged
4-17 years. Clinical outcomes in patienis
with SHH-activated and TP53-mutant tu-
MOours are very poor,

ICD-0 code 9476/3

Medufloblastomna,
SHH-aclivated and TP53-wildlype

Definition

An embryonal tumour of the cerebelium
with molecular evidence of SHH pathway
activation and ar intact TP53 locus.

SHH pathway activation in TP55-wildtype
tumours can be associated with germline
or somatic mutations in the negative reg-
ulators PTCHT or SUFU, as well as acii-
vating somatic mutations in SMO or {rare-
ly) amplification of GLI2. Desmoplastic/
nodutar medulioblastomas and medul-
loblastomas with extensive nodularity are
always included in the SHH-activated
group, but tumours with a hedgehog sig-
nalling pathway signature can also have

180 Embryohal fumours
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a classic or large cell / anaplastic mor-
phology, particularly irs older children.
Patients  with  SHH-activated  and
TP53-wildtype medulioblastomas  are
generally chitdren aged < 4 years, ado-
fescents, or young adults. In addition
to genetic changes activating SHH sig-
nalling, mutations in DDX3X or KMT2D
and amplification of MYCN or MYCL
are sometimes seen, as are dsletions of
chromosomal arms 9g, 10g, and 144q.
Clinical outcomes in patients with SHH-
activated tumours are variable.
{CD-0 code 9471/3
Grading

Like all medulloblastomas, SHH-actival-
ed and TP53-mutant medulloblastoma
and SHH-activated and TP53-wildtype
medulloblastoma correspond  histologi-
cally to WHO grade IV.

Epidemiology

SEER data from 1973-2007 suggest me-
dulloblastoma incidence rates of 6.0 cas-
es per 1 million chitdren aged 1-9 years
and 0.6 cases per 1 million adulis aged
> 18 years {2382}, SHH-activated medul-
foblastomas in general show a himodal
age distribution, being most common in
infants and young adults, with a male-
to-female ratic of approximately 1.5:1
{1804). In contrast, SHH-activated and
TP53-mutant tumours are generally
tound in children aged 4-17 vears {1333},
in one study that included 133 SHH-ac-
tivaled medulloblastomas, 28 patients
(21%) had a TP53 mutation, and the me-
dian age of these patienis was approxi-
mately 15 years {2870).

Localization

SHH-activated medulloblastomas were
proposed in ona report to invoive main-
ly the lateral cerebellum, a finding re-
lated to their origin from granule neuron
precursors {831} A subsequent,L study
that included 17 SHH-activaied rfedul-
loblastomas found that although @ of
those tumours were hemispheric, the
other 8 were cenired in, or significantly
involved, the vermis {2534). The locaii-
zation of SHH-activated tumours may

be age-dependent. A third study foung
that in clder children and young adulig
SHH-activated medulioblastomas  groy,
predominantly in the rostral cerebalig
hemispheres, whereas in infanis they
more frequently involve the vermjg
{2716}. Specific data on the localization,
of SHH-activated and TP53-mutant o
TP53-wildiype medulloblastoma are not
vet availabie.

Imaging

On CT and MRI, medulloblastomas pres-
ent as solid, intensely contrast-enhang.
ing masses. SHH-activated medulloblas.
tomas are most often identified in the
laterat hemispheres, but can also involve
midiine structures (831,2534}. Oedema
was relatively common in one imaging
serios that included 12 desmoplasticf
nodular medulloblastomas and 9 me.
duileblastomas with extensive nodular-
ity {743}. A nodular, so-cafled grape-fike
pattern on MRI often characterizes me-
dulloblastoma with extensive nodularity
because of the tumour's distinctive ang
ditffuse nodular architecture {820,1744),
Medulloblastomas invoiving the periph-
eral cerebellar hemispheres in adults oc-
casicnally present as extra-axial lesions
resembiing meningiomas or acoustic
nerve schwannomas {154},

Spread

Medulloblastomas have the potential
to invade locally, metastasize through
the cerebrospinal fiuid, or (more rarely)
spread outside the CNS. Overall, SHH-
activated medullobiastomas are less fre-
quently metastatic than group 3 tumours,
but spread within the neuraxis is often
a presenting feature of SHH-activaied
and  TP53-mutant  medulloblastoma.
tThe motecular groups of medullablas-
toma, including SHH-activated tumours.,

have besn shown 1o remain stable in

Fig. 8.08 FLAIR MR of SHH-acfivated medulloblastome.

These tumours often originate from the cerebellar
hemisphera.
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comparisons of primary and metastatic
lesions {2692}, However, TP53 mutation
can sometimes be seen in a local or dis-
ant relapse even when it is not present in
the primary medulloblastoma {1003}

Macroscopy
some SHH-activaied medulloblasto-

mas tend to be firm and more circum-
scribed than other tumours, reflecting
intratumoural desmoplasia. Small foci of
necrosis can be grossly evident, but ex-
tensive necrosis is rare in SHH-activated

tuMours.

Microscopy

Desmoplastic/nodular and medulloblas-
joma with extensive nodularity variants
of meduilobiasioma are always included
in the SHH-activated group, but this mo-

. tacular group can aisc have a classic or

large cell / anaplastic morphology. In one
study, diffuse anaplasia was seen in 66%
of all SHiH-activaied and TFP53-mutant
medulloblastomas, but in less than 10%
of TP53-wildtype tumours {2870}

. Immunophenolype

Gene expression and methylation profil-

. ing remain the gold standard for defining

molecular groups of medulloblastorna.

" However, SHH-activated medulioblas-
" fomas express a signature of activated

hedgehog signalling, and several pro-

; teins have been found to be useful as
" surrogate markers for this activity, includ-

ing GAB1 {631}, TNFRSF16 {332,1402},
and SFRP1 [1805). One study defined a

~ diagnostic immunohisiochemical method

that can distinguish between WNT-ac-

" tivated, SHH-activated, and non-WNT/

non-SHH tumowrs using formalin-fixed
paraffin-embedded material {631}. GAB1
and YAP1 are the immunchistocherri-
cal markers indicaiing SHH activation.
The anti-GAB1 antibody labelled only
tumours with an SHH-activated profile
of PTCHT mutation, whereas the anti-
YAP1 antibody iabelied tumour cells in
both WNT-activated and SH¥H-activated
medulloblastomas, but not non-WNT/
non-SHH medulioblastomas. Non-des-
moplastic SHH-activated meduiloblas-
tomas generally show widespread and
strong immunoreactivities for GAB1 and
YAP1, whereas desmoplastic/nodular tu-
mours display stronger staining for ithese
proteins within internodular regions {631,
1670}.
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ma. A Marked anaplasia and mitotic activity, consistent with

large cell / anapiastic medulloblastoma. B Immunoreactivity for p53, reflecting the presence of a TP53 mutation.

Like other medulloblastomas, SHH-ac-
tivated medulloblastomas can express
MAP2Z and synaptophysin. In SHH-acti-
vated medulloblastomas with features of
medulloblastomna with extensive nodular-
ity, strong NeuN nuclear labafling can
he seen in large islands with advanced
neurccytic  differentiation.  Pathological
p53 accumulation can be detected in a
small proportion of SHH-activated me-
dullchlasiomas, frequently in assodciation
with signs of cytological anaplasia. This
is correlated with somatic TP53 muia-
tion (2482}, and can aiso be linked to
germline TP53 mutations (Li-Fraumeni
syndromse) {2075}

Cell of origin

SHH-activated medulloblastomas  are
thought to derive from ATOH1-positive
cerebellar granule neuron precursors
{2310,2817}. It has also been suggsested
that a proportion of SHH-activated me-
duflobiastomas could arise from granule
neuron precursors of the cochlear nucle,
a detivative of the auditory lower rhombic
lip of the brain stem {884). Approximately
half of all patients with SHH-activated
and TP53-muiant medulloblasioma have
TP53 mutations in the germline {2870}
This suggests that this mutation may play
a key role in early transformation.

Genetic profile

Mutations and other genetic alterations
activating hedgehog signalling are the
main molecudar drivers of SHH-activated
medulloblastoma, with alterations involv-
ing known pathway genes in 116 (87%)
of 133 SHH-activated tumours in a recent
study [1333]. PTCH1, the princlpal gene
underlying naevoid basal cell carcinoma
syndrome, which predisposes patienis (o
developing basal cell carcinoma and me-
dulloblastoma, was mappad 1o 9922 by
linkage analysis. LOH in this region has
also been demonstrated in many speradic

desmoplastic/nodular  meduiloblastomas
12298}, PTC1 is an inhibitor of hedgehog
signailing and is particutarly important in
cerebellar development. The pathway ii-
gand SHH is secreted by Purkinje cells
and is a major mitogen for cerebellar gran-
ule cell progeniiors in the external germi-
nal fayer {27151, Activation of the pathway
occurs when the SHH ligand binds to
PTCH, releasing PTC1 from SMO inhibition
and activating GLI transcription factors in
the primary ciliz (280}, The SHH pathway
can thus be aberrantly activated by loss
of PTC1 function or increased activity of
SHH, SMO, or GLI factors.

Farly array-based expression sludies
identified active SHH signalling in a sub-
set of medulloblastomas, which were often
desmoplastic/nodular  or  medutloblas-
tomas with extensive nodutarity {2000,
2549}, Larger mRNA expression profiling
experiments confirmed the existence of
this group, and it was adopted as one of
four principal molecular groups by an in-
ternational consensus panel {2524). Analy-
ses of genome-wide methylation profiles
have also suppoarted the existence of a
distinct SHH-activated group, and can be
performed in formalin-fixed tissue {1049}
Smaller sets of SHH-associated genes
measured using gene counting technol-
ogy or quantitative RT-PCR can also be
used to define this molecular group for the
purpose of clinical classification {1808,
2355}

Structural variations or mutations in DNA
are often distinct across the various me-
dulloblastoma molecuiar groups. High-lev-
ol amplifications associated with the SHH-
activated group include loci centaining
MYCL, GLIZ, PPM1D, YAPT, and MDM4
{1807}. The MYCN locus is often ampi-
fied in both SHH-activated and group 4
medulichiastomas. Many of these altered
loci have known links to the SHH pathway.
MYCN expression is directly regulated by
GU transcription factors in both granule
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call precursors and tUmours [1839]. YAP1
is also a known target and important ef-
fmotor of hedgehog signalling in neoplastic
and non-neoplastic cerebeliar progenitors
{690}. Homozygous deletions at the PTEN
and PTCHTlaci have also been found pref-
erentially or exciusively in SHH-activated
tumours compared with other molecular
groups {1807},

Somatic mutations are relatively rare in
medulloblastoma compared with other fu-
mours, with & median of 12 non-silent and
4 silent mutations reperied in one study of
coding regions across 92 primary medul-
loblastoma/normal sampie pairs [2042}.
in this and a similar study {2142}, mute-
tions in PTCH1, SUFU, and other genes
agsociated with the hedgehog signalfing
pathway were found exclusively in SHH-
activated tumours. However, in some
SHH-activated tumours, no clear genstic
explanation for SHH pathway activation
can be determined.

The mosi common somatic point muta-
tions are in the TERT promoter, resuliing in
increased telomerase activity. An analysis
of 466 medulloblasiomas revealed TERT
mutations in 21% overall, with the highest
frequency — 83% {5b of 66 cases) — identi-
fied among the adult cases of the SHH-
aclivated group, in which they were linked
to good outcomes {2098}, Point mutations
in TP53, particularly in SHH-activated rath-
er than WNT-activated medulloblastomas,
are associated with chromoihripsis, in
which chromosomes shafter and acquire
multiple rearrangements simultanecusty in
a single catastrophic event {2075}, Overall,
the frequency of specific genetic chang-
es in SHH-activated medulloblastomas
seems to be somewhat different in infants,
chitdren, and adults {1333}

Genetic susceptibility

Inherited point mutations in P53 in Li-
Eraumeni syndrome can result in medul-
loblastoma, and it has been shown that
these medulioblastomas belong 1o the
SHH-activated group and are prone 10
chromothripsis  (2075). Patients  whose
SHH-activated tumours harbour TP53
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mutaticn or chromothripsis should be
tested for germling aiterations, and this
high-risk group of fumours is considerad
a distinct variant. Muiations in TP53 are
most commonly found in the DNA bind-
ing regions encoded by exons 4 through 8
{2870). Approximately half of all SHH-ac-
tivated and TP53-mutant medulloblasto-
mas have been shown to have gerrﬁline
rather than sormnatic alierations. Although
some WNT-activated medulloblastomas
have mutations in TP53, these changes
have so far been somatic {2870}

Another inherited syndrome associated
with SHH-activated medulioblastoma is
naevoid basal cell carcinoma syndrome
(aiso called Gorlin syndrome). Itis charac-
terized by multiple basal celi carcinomas
of the skin, odontogenic jaw keratocysts,
medulloblasioma, and developmental ab-
normatities, Most naevoid basal celt car-
cinoma syndrome cases are due to het-
erozygous germline mutations in PTCH1,
with mutations identified in 97 of 171 pa-
tients (66%) in one study {2376} However,
mutations in PTCHT and TP53 are thought
to be mutually exclusive {1333} The age
distributions of these groups also differ;
medulloblastomas with germline PTCHT
or SUFU mutations present in infants and
children aged < 4 years, whereas those
with a garmiine TP53 mutation occur in
older children.

Prognosis and predictive factors

SHH-activated and TP53-mutant medulic-
blastomas are associated with a very poor
outcome. In one study, the 5-year overall
survival of patients with an SHH-activated
medulloblastoma was 76% or those with a
TP53-wildtype tumour and 41% for those
with a TP53-mutant tumour {2870}, Known
clinical high-risk factors, such as metastat-
ic disease, are also associated with TF53
mutation within the SHH-activated group.
itis becoming increasingly ciear that some
genetic prognostic markers must be in-
terpreted within the context of molecular
group. For example, akhough TP53 muta-
tions were found In 6% of WNT-activat-
ed turnours and 21% of SHH-activated

mours, they were significantly assog;

ated with a poor prognosis only in SHH_
activated tumours {2870} i
Patient outcome with SHH-activated gny
TP53-wildtype medulloblastomas ig Varigq
and shows a significant associafion i,
pathological features. Meduiloblastomag
with extensive nodularity in infanis are ng).
ed for a gocd prognosis, and most desmg.
plastic/nodular tumours in this young age
group also have a relatively good outcomg
{2208). The situation for SHH-activateq
and TP53-wildtype medulloblastomas wilh
a classic or large celi/ anaplastic morphoi-
oqy is less clear, though these appear i
have a worse outcome than the two typeg
of desmoplastic meduiloblastoma, at least
in infancy.

Molecular factors predicting response io
therapies targeting SHH are beginning o
emerge. Small-molecule inhibitors that act
cn the SMG receptor have been shown to
be effective in some medulloblastomas
with hedgehog activation, but nol in other
molecuiar groups {2143,2355}. However,
SHH-activaied medulioblastoma can also
be resistani to SMO inhibitors, due to acti-
vation of ine pathway downstream of phar-
macological biockade. Such downstream
activation can be present ai diagnosis or

‘can develop as a therapeutic resistance

machanism. It has been suggested that
the genetic mechanism of pathway gctiva-
tion is linked 1o the likelihood of response
10 SMO inhibition {1333,2143}. Aduits with
SHH-activated medulloblastoma are maore
likely to harbour activating alierations in
PTCHT or SMO resulting in tumours sen-
sitive to SMO inhibitars, whereas SHH-
activated medulloblastomas from infants
and children (including SHH-activated
and TP53-mutant tumours) often contain
downstream alterations in SUFU, GLIZ,
and MYCN that are refractory io these
pharmacological agents. It has been sug-
gesied that DNA-damaging alkylating
agents and radiation shouid be avoided
whenever possible when treating patients
with a germiine TP53 mutation [2075].
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peffnition
An embryonal tumour of the cerebellum

sconsisting  of poorly differentiated cells
‘and excluded from the WNT-activated and
:sHH-activated groups by molecular testing.
Non-WNT/non-SHH
-are either group 3 or group 4 medulloblas-

medulioblastomas

omas. These are classic or large cell /

anaplastic tumours that cluster into two

groups in terms of franscriptome, meathy-
Jome, and microRNA profiles as anaiysed
across large series of medulloblastomas.
Distinct methylome profiles probably re-
flect a different histogenesis of the four
medulloblastoma  groups, aithough tu-
mours from groups 3 and 4 are more simi-
lar io each other than to WNT-activated

" or SHH-activated medulloblastomas (see

Table 8.01, p. 184).

The group 3 franscriptome profile is char-
acterized by relatively high expression of
MYC, and MYC amplilication is overrep-
resented in this molecular group. Group 4
mours are characterized by recurrent al-
terations in KDMBA and SNCAIF, as well
as in other genes. Non-WNT/non-5HH tu-

 mours account for approximately 60% of

all medulloblastormas and typically have
classic histopathological features. Most

- non-WNT/non-8HH tumours present in

childhood; they are relatively uncommon
in infants and adulis.

947713

Epidemiology
- Group 3 medulioblastomas account for

approximately 20% of ail cases, and for
a higher proportion of cases (~45%) In
infants. Group 3 medulloblastoma is ex-
ceedingly rare in adulis {1334}, Group 4
medulioblastomas are the largest mo-
lecular group, accounting for about 40%
of all tumours. Paak incidence occurs in
patienis aged 515 years, with lower inci-
dence in infants and adults {1807}

Spread
Metastatic disease-is present in about
40% of group 3 tumours at the time of

Ellison B.W.
Eberhart C.G.
Pfister S.

diagnosis, a presentation that is a par-
ticular feature of group 3 medulloblasto-
mas in infancy {1334,1804}.

Microscopy

Most non-WiT/nen-SHH medulloblasto-
mas have a classic morphology. These
tumours occasienaily exhibit areas of ro-
sette formation or a palisading pattern of
tumour cell nuclei. Nodule fermation can
occur in the absence of desmoplasia in
non-WNT/non-SHH  medulicblastomas.
A reticulin preparation demonstrates no
strands of collagen arcund or beiween
the noduies, which otherwise show neu-
rocytic  differeniiation and a2 reduced
growth fraction, in a sirmilar manner to
nodules associated with desmoplasia in
desmoplastic/nodutar  medulloblastormna
or medulloblastoma with extensive nodu-
larity. Large celf / anaplastic tumaurs in
the non-WNT/non-SHH molecular group
generally belong to group 3.

lmmunophenotype

The neural marker immunchisiochemical
profile of non-WNT/non-SHH  medullo-
blastorma is the same as those of classic
or large cell / anaplastic tumours in the
WiT-activated or SHH-activated groups.
The tumours express synaptophysin to

Fig. 840 MYC amplification. Nuclei show mulliple
clumped MYC sigrals indicative of double minufes
{green). The red signals from cantromeric probes indicale
chromosame 8 copy number.

a variable extent, and tumour cells are
rarely immunopositive for GFAP. With a
panel of three antibodies (to beta-catenin,
GAB1, and YAP1), non-WNT/non-SHH tu-
mours show cytoplasmic (but not nuclear)
beta-catenin immunoreactivity, and the tu-
mour cells are immunonegative for GAB1
and YAP1 {631).

Genetic profile

QOverexpression of MYC is a cardinal fea-
ture of group 3 medulloblastomas, and
MYC amplification (often accompanied
by MYC-PVTT fusion {1807}} is relatively
common among group 3 medulloblasto-
mas. However, MYC amplification is found
mainly in infant disease, and cccurs in
< 25% of group 3 tumours overall {632,
1426}, Other recurrently mutated or focally
amplified genes include SMARCA4 (al-
tered in 10.5% of casas), OTX2 (in 7.7%),
CTDNEPT (in 4.6%), LAP1B (in 4.6%), and
KMT2D (in 4%) {1804}, Two recurrent on-
cogenes in group 3 medulloblastomas
are the homologues GFI1 and GFIB,
which are activated through a mechanism
called enhancer hijacking {1806}. By far
the most common cytogenetic aberrations
in medulloblastorna (occurring in ~80%
of group 4 tumours) involve copy number
alterations on chromosome 17 17p dela-
tion, 17g gain, or a combination of thesa in
the form of an isodicentric 17g {631,1334,
1804}, The most frequently mutated or fo-
cally amplified genes in group 4 tumours
are KDMBA (altered in 13% of cases), the -
locus around SNCAIP (in 10.4%), MYCN
(in 6.3%), KMT2C (in 5.3%), CDK6 (in
4.7%), and ZMYM3 (in 3.7%) {1804}, Acti-
vated GFI oncogenes have also been ob-
served in a subset of group 3/4 fumours
that do not cluster reliably into one or other
group {1806}.

Prognosis and predictive factors

MYC amplification has long been estab-
hished as a genstic alieration associated
with poor cutcome in patients with medullo-
blastoma {620,632,2268). This chservation
is reflected in the relatively poor outcome
of group 3 medulioblastomas, but MYC
amplification has prognostic significance
even among group 3 fumours {2345). Met-
astatic disease at the time of presentation,
which is associated with poor outcoms,
seems to be the most roebust prognostic
marker among groun 4 tumours {2345},
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Medulloblastomas, histologically defined

Medulloblastormna, classic

Definition

An embryvonal neuroepithelial  tumour
arising in the cerebellum or dorsal brain
stern, consisting of densely packed smatl
round undifferentiated cells with mild fo
moderate nuclear pleomorphism and a
high mitotic count,

Classic medulloblasiomas lack sig-
nificant intratumoural desmoplasia, the
marked nuclear pleomorphism of the
anaplastic variant, and the cytological
features of the large cell variant. Classic
medulioblastornas account for 72% of all
medulloblastomas. They oceur through-
out the patient age range of medulloblas-
toma, frem infancy to adulthood, but pre-
dominantly in childhood, and are found
in all four molecular medulloblastoma
groups.

1CD-0 code Q470/3
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Fig. 8.11 Histopal

thological features of the classic meduliobla

Ellison D.W. Pietsch T.
Eberhart C.G. Wiestler O.D.
Giangaspero F. Pfister S.
Haapasalo H.

Epidemiology

The classic medulloblastorna is more fre-
guent than its variants in childhood, butis
less common than desmoplastic/nodular
medulloblastoma in infants and adults.

Microscopy

Classic medulloblastomas are the arche-
typal CNS small biue round cell tumour.
They consist of a syncytial arrangement
of densely packed undifferentiated em-
bryonal cells. Mitotic figures and ap-
opiotic bodies are found among the tu-
mour cells. Infratumoural desmoplasia is
lacking, but periceliular desmoplasia is
induced where tumour cells invads the
leptomeninges. Homer Wright rosettes
are found in some classic {and large call /
anaplastic) medulloblastomas.

Occasicnally, nodules of neurocytic dif—j

ferentiation and reduced cell prolifera-
tion are evident in some areas of classic
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Fig. 8.12 Medullob

194 Embryoral tumours

A Typical syncyfial arréngerﬁent of undifferentiated

tumours, but these are never assog;.
ated with infernodular desmoplasia o
perinodular coliagen when oxamineq i,
areficulin preparation. Additionally, thege
non-desmoplastic nodular medulloblag.
tomas are non-WNT/non-SHH tumagrg
unlike desmoplastic/nodular tumours’
which beiong to the SHH-activaleq

group.

fmmnophenoiype

Classic medulloblastomas express vari-
ous non-specific neural markers, such
as NCAM1, MAP2, and neuron-specific
anolase. Most cases ara immunopositive
for synaptophysin and NeulN, but these
neuronal markers may also be absent,
Immunoreactivity for NFPs is very rare,
Cells showing GFAP expression and an
embryonal morphology can be observed
in as many as 10% of medulloblastomas
{314}, When present, these cells are infre-
quent and tend io be scattered through-
out the tumour, which is unlike the pattern
of GFAP immunoreactivity in smali-cell
astrocytic tumours.

Nuclear SMARCB1 and SMARCA4 ox-
pression is refained in all medullobias-
toma types; the loss of expression of one
of these SWI/SNF complex proteins is
diagnostic of atypical feratoid/rhabdoid
tumaour.
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Desmoplastic/nodular
“medulloblastoma

Definition

An embryonal neural tumour arising in
he cerebellum and characterized by
nodular, reticulin-free zones and interver)-
ing densely packed, poorly differentiated
celis thal produce an intercellifar net-
work of reficulin-positive collagen fibres.
esmoplastic/nodular medulloblastoma
is characterized by specific clinical, ge-
stic, and biological features. It ocours in
_tha cerabellar hemispheras and the mid-
line and has a bimodai patient age dis-
ribution, with a relatively high incidence
in young children and adolescents, as
well as among adults. In early child-
hood, it is associated with naevoid basal
-cell carcinoma syndrome (also called

Fig. 8.14 The &eﬁeEbp!éé umman posterior fossa. EGL,
external granule layer; VZ, ventricidar zone.

a0l be confused for desmoplasticinodular medulfoblastomas.

Pietsch T. Wiestler O.D.
Elison D.W. Pfister S.
Haapasalo H. Eberhart C.G.

Giangaspero F.

Gorlin syndrome). Desmopiastic/nodular
medulloblastoma  displays pathoiogical
activation of the SHH pathway, which is
caused by mutations in genes that en-
code componenis of the pathway, such
as FPTCH1, SMO, and SUFU. Genetic
and histological feaiures of classic me-
dulloblastoma, such as isochromosome
17g and neuroblastic rosettes, are ab-
sent. Desmopiastic/nodular medulloblas-
foma overlaps histologically with MBEN,
which contains large irreguiar reticulin-
free regions of neurocytic differentiation
between narrow desmoplastic strands
of proliferating embryonal cells. Desmo-
plastic/nodular medulloblastoma is asso-
clated with a more favourable outcoms in
young children than are non-desmoplas-
tic variants of medulicblastoma.
1CD-0 code 9471/3
Grading

Like all medulloblastomas, desmoplastic/
nodular madulloblastoma  corresponds
nistologically to WHO grade IV.

Epidemiclogy

Desmeplastic/nodular medulioblastomas
are estimated to account for 20% of all
medulioblastomas {1972}, In children
aged < 3 years, desmoplastic/nadutar
medulioblastoma accounts for 47-57% of

Desmoplastic/nodular medulioblastoma

all cases {1627,2207}. In one retrospec-
tive cohort of adult patients, desmoplas-
tic/nodular medulloblastoma constituted
21% of all medulloblasiomas {1347}

Localization

Unlike most classic (ron-WNT) medul-
loblastomas, which are restricted o the
midline, desmoplastic/nodular medul-
loblastoma may arise in the cerebsiiar
hemispheres and in the vermis. Most me-
dulloblastomas occurring in the cerebel-
lar nemispheres are of the desmoplastic/
nodular type {332}

Imaging

On MRI, desmoplastic/nodular medul-
loblastomas present as solid, frequently
contrast-enhancing masses. Tumours
involving the peripheral cerebellar hemi-
spheres in aduits occasionally present as
axtra-axial lesions.

Spread

Tumours can relapse locally, metastasize
via cerebrospinal fluid pathways, and
in rare cases spread to extra-CNS sites
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Fig. 8.45 Cumulative age distibution of 180 cases (both
soxes). Data from the Brain Tumor Reference Center, Bona.
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Fig. 8.16 Desmoplastic/inodular meduliobiastoma. A T1-weighted, (B) T2-weighted contrast-enhanced MR of timours in the cerebellar hemisphere, € T1-weigted, conlrash
enhanced MR of a tumour In the vermis,

such as the skeletal system. At diagno-  Microscopy hyperchromatic and moderately pieo-
sis, metastatic disease is found fess fre-  Desmoplastic/nodular  medulloblastorna morphic nuclei, which produce a dense
quently with desmoplastic/noduiar me- is characterized by nodular, reticulin-  intercellular reticulin fibre network {818,
duliobtastomas thar: with other variants. free zones (so-called pale islands) sur- 1234}, In rare cases, this defining pal-
rounded by densely packed, undiffer- temn is not present throughout the en-
entiated, highly proliferative cells with  tire tumour and there is instead a more
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Fig. 8.17 Desmoplasficiodular medulloblasioma. A Pale nodular areas surrounded by densely packed hyperchromatic calls. B Reliculin silver impregnation showing the reticuiin-

free pale islands. G MIB1 monoclonal antibody staining shows that the proliferative aciivity predominates in the highly cellular, intermodal areas. D Neuronal differentiation, shows
by immunoreactivity for neuron-specific enolase, occurs mainly in the pale islands.
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gynoytial arrangement of non-desmo-
rj[astic embryonal cells present in a few
5. The nodules contain tumour cells
4ith features of variable neurocytic matu-
ation embedded in a neuropit-like fiorit-
ary matrix. The level of mitotic activity in
he nodules is lower than in the internod-
jar areas. Neuroblastic rosettes are not
aund in desmoplastic/nodular medul-
gblastomna. Tumours with small nodules
gan easily be averlooked i no reticutin
staining is performed. Medulioblastomas
nat show only an increased amount of
aticulin fibres (without a nodular pat-
arn) or that show a focal nodular pattern
without desmoplasia are not classified as
wsmoplastic/nodular - meduiloblastoma
1627); the two characteristic features
must occur together for a diagnosis of
esmoplastic/nodular medulloblastoma.

mmunophenolype

he nodules in desmoplastic/rodular
medulioblastoma show variable expres-
ion of neuronal markers, including syn-
ptophysin and NeuN. Nodules with
ery strong NeuN expression, which is
n indicator of advanced neurocytic dif-
arenfiation, are typical of medulloblas-
oma with extensive nodularity, but can
also occur in the desmoplastic/nodular
variant. The Ki-67 proiiferation index is
“much higher in internodular areas than
“in nodules {1627}, Activation of the SHH
“pathway can be inferred by immunchis-
‘fochemistry for specific targets, such as
GABT and TNFRSF16 [631,1402}. These
‘markers are expressed predominantly
in internodular areas. GFAP expression
“.can be found specifically in tumour cells
“in a subset of cases {332]. Widespread
~and strong nuclear accumulation of pb3,
ssuggesting a TP53 mutation, can be de-
“fected in rare desmoplastic/nodular me-
~ dulioblastomas, frequently in association
with signs of cytological anaplasia. This
finding can accompany either somatic
o germline TP53 alteration {Li-Fraumeni
syndrome}) {2075,2482}.

-Cell of origin ‘

““Desmoplastic/nodular medulloblastomas
-are derived from granule cell progenitor
cells forming the external granule cell
layer during cerebellar  developmant
- {332}, These progenitors are dependent
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Fig. 8.18 Desmoplastic/nodular medulloblastoma. A The nodules represent zones of neuronal maturation and show
intense immuncreactivity for synaplophysin. B SHH activation can be visualized by jimmunohistochemistry with

antibudies against SHH targels, in this case, witih antibodies against TNFRSF16 (also called p75-NGFR) {332,1401},

go e

which is strangly expressed in the synaptophysin-negative infemodular areas.

on SHH {produced by Purkinje cells) as a
mitogen {2715}.

Genetic profile

Desmoplastic/nodular medulloblastoma
displays pathological activation of the
SHH pathway, which is often caused by
mutations in genes encoding members
of the pathway, including PTCHT, SMO,
and SUFU {14221973,25623}. In a recent
analysis using next-generation sequenc-
ing, 85% of desmopilastic/nodular medul-
fobiastomas carried genetic allerations
in PTCH1, SUFU, SMQ, SHH, GLIZ, or
MYCN. This study showed a predomy-
nance of SUFU and PTCHT mutations
in young children, whereas PTCHT and
SMO mutations were more commen in
adults {1333} ‘Rare mutations in other
genes {e.g. [DB1) have also been de-
scribed. Recurrent DOX3X mutations, as
well as TEART promoter mutations, have
been identified. Alielic losses of regions
on chromosomes 8q and 10q are found
in some desmoplastic/nodular medullo-
blastomas {2296}, whereas isochromo-
some 17q, which is a marker of midline
classic {non-WNT) and large cell / ana-
plastic medulloblastormas, is absent from
desmoplastic/nodular  medulloblastoma
[1334}.

Genetic susceptibility

Naevoid basal cell carcinoma syndrome
(also called Gorlin syndrome} is caused
mainly by heterozygous germline muta-
tions in PTCHT and rarely by germline
mutations in SUFU or PTCHZ2 {2376}
Medulloblastormas oceurring in the con-
text of naevoid basal cell carcinoma

Desmoplastic/nodular medulloblastorna

syndrome are mainly desmoplastic vari-
ants (i.e. desmoplastic/nodular medul-
loblastoma or medulloblastoma  with
extensive nodularity) {67} It has been
shown that ihe risk of medulloblastoma
in PTCH1-related naevoid basal cell car-
cinoma syndrome is approximalely 2%,
and that the risk is 20 times the value In
SUFL-related naevoid basat cell carci-
noma syndrome {2378}. In children with
SUFU-related naevoid basal cell carci-
noma syndrome, brain MRI surveillance
is highly recommended {2376}. Germlina
mutations of SUFU have also been de-
scribed in patients with desmoplastic
medulloblasiomas that do not fulfil the
diagnostic criteria for naevoid basal cell
carcinoma syndrome {294}, The families
of infants with desmoplastic medulloblas-
tomas shouid be offered genetic coun-
selling because of the high frequency of
germline alteraticns and naevoid basal
cell carcinoma syndrome {7871,

Prognosis and predictive factors

In most cases, desmoplastic/nodular
medulloblastoma in early childhood has
an excelient outcome with surgery and
chemotherapy alone {2207}, In a meta-
analysis of prognostic factors in infant
medullobtastoma, progression-free  or
overall survival at 8 years was signifi-
cartly better for desmoplastic variants
than for other medulloblastomas {2208},
No survival difference between desmo-
plastic/nedular  medufloblastoma  and
classic medulloblastoma was found in a
European multicenire friai involving clder
children with standard-risk medulloblas-
toma {1431}
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Medulloblastoma with
extensive nodularity

Definition

An embryonal tumour of the cerebellum
characterized by many large reficulin-free
nodules of neurocyltic cells against a neu-
ropil-like matrix and by narrow internodu-
lar strand's of poorly differantiaied tumour
cells in a desmoplastic malrix,

In the medulloblastoma with extensive
nodularity (MBEN), the internodular retic-
lin-rich component with embryonal cells
is a minor element. This variani occurs
bredominantly in infants and is associ-
ated with a favourable outcome with cur-
rent treatment regimens.

MBEN fs closely related to desmoplastic/

nodular meduiloblastoma, with which it i

overlaps histopathologically and geneti-
cally; both variants are SHH-activated tu-
mours, MBEN is associated with naevoid
basal cell carcinoma syndrome (also
calted Gorlin syndrome).
ICD-0 code 9471/3
Grading

Like all medulloblastomas, MBEN corre-
spands histologically to WHO grade V.

Epidemiology

In large series, medulloblastomas with
extensive nodularity account for 3.2-
4.2% of all medulloblastoma variants
overall {619,1972}, but in children aged
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Fig. 8.20 Medulloblastema with extensive nodularity. A Multinodular and
lesion involving both cerebellar hemispheres and the vermis. The lesicn
through the foramen magnum (arrow) and the marked sffacement of the
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Fig. 8.19 Cumulalive age distribtion of 24 cases {both
sexes). Daia from the Brain Tumor Reference Center, Bonn,

< 3 years {in whom desmoplastic/nodular
medulloblastomas account for as many
as 50% of cases {1627,2207)}, madulio-
blastoma with extensive nodularity has
been reported 1o account for 20% of all
cases {787}. ’

Localization ‘
More ‘than 80% of medulloblastomas
with extensive nodularity are located in
the vermis {787). This localization con-
trasts with that of desmoplastic/nodular
medulioblastoma, which more fraquently
involves the cerebellar hemispheres. -

gyriform ;;El?arn. Blhnat -month-old girl, the gadolinium-enhanced sagiltal Tt-weighted MRI shows a hug
has a multiwodular and gyriferm palfem of enhancement. € Note the downward herniation of the fumou
cisternal spaces of the posterior fossa. There is also supratentorial hydrocephaius and macrocrania.

Imaging

On MRI, medullcblastoma with eXien
nodularity presenis as a very fargg v
nodular lesion with enhancing Qrape
structures involving the vermis ang So
times the corebellar hemispheres {28
Rare cases have a peculiar Gyriform
sentation, in which the cerebelfay foiia
well-delineated and enlarged, with ¢
trast enhancement {25,787}, Downy,
herniation of the cerebellar tonsils
effacement of the cisternal spaces of
posterior fossa can be observeq

Spread

Medulloblastoma with extensive no
larity can relapse locally or {rarely) (
metastasize via cerebrospinal fluid De
ways. However, such cases seem to
spond well to subsequent treatment
have a favourable prognosis {820,220

Microscopy

Medulloblastorma with extensive nody
ity differs from the related desmopias!
nodutar variant in that is has an expand
lobular architecture due to the fact 1l
the reticulin-free zones become unus
ally enlarged and rich in nauropil-tike t
sue. These zones contain a population
small cells with round nuclei, which sh
neurocytic differentiation and exhibit
streaming pattern. Mitolic activity is &
or absent in these neurocytic areas. Tl
internodular component is markedly r
duced in some areas {820,1627 245
After radiotherapy andfor chemoths
apy, medulloblastomas with extensh
nodularity occasionally undergo furth
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¢ontrasting with minimal profiferation in pale islands.

maturation into iumours dominated by
ganglion cells {419,538},

ive.
Immunophenotype

Lke in desmoplastic/nodular medullo-
blastomas, the neuropii-like tissue and
the differentiated neurocytic cells within
~nodules are strongly immunoreactive for
‘synaptophysin and NeuN and the Ki-67
proliferation index is much higher in in-
temodutar areas {1627). Activation of the
SHH pathway can be demonstrated by
.immunohisiochemistry for specific targeis
such as GAB1 {631} or TNFRSF16 {1402},

Cell of origin

- Medulloblastorna with extensive nodu-
larity, like most SHH-activated medul-

- loblastomas, seems to be derived from

- ATOH1-positive cerebellar granule neu-

* Tfon precursors {2310,2817].

" Genetic profile
Meduiloblastoma with extensive nodular-
ity carries mutations in genes encoding

M
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Fig. 8.21 Medulloblastoma with extensive nodularlty, A Lobular architecture with large,
sraall round neuracytic cells on a fibrillary background. € Strong immunoreactivity for NeuN in neurocytic cells of pale is
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elongated, reticulin-fre

members of the SHH pathway. Most cas-
as harbour a SUFU mutation {294). How-
aver, a recent study of 4 medulloblasto-
mas with extensive nodularity found a
PTCHT mutation in 2 of the tumours and
an SUFLU and SMO mutation in one each
of the other 2 tumours {1333}

Genetic susceplibility

In the majority of cases, naeveid basal cell
carcinoma syndrome is caused by germ-
line mutations of PTCH1. In a few cases,
germiine mutations instead occur in SUFUY
{2376} or PTCH2{667,747}. Naevoid basal
cell carcinoma syndrome is diagnosed in
5.8% of ali patients with medulloblastorna,
but In 22.7% of patients with a desmo-
plastic/nodular tumour variant and 41%
of patients with medulioblastoma with
extensive nodularity. The risk of medullo-
blastoma in PTCHT-related naevcid basal
cell carcinoma syndrome is approximately
2%, and the risk is 20 times the value in

SUFEL-related naevoid basal cell carcino-

ma syndrome {294,1333]. In chiidren with

lands. D High MIB1 immunclabelling in internodular regions,

Meduiloblastoma with extensive nodularity

SUJFU-related naevoid basal cell carcino- .
ma syndrome, neuraimaging surveillance
is recommended {2376}. Families with
children that present with MBEN shoudd
he offered genetic counselling because of
the high frequency of naevoid basal celt
carcinoma syndrome {787,2376].

Prognosis and predictive factors
Medulioblastoma with extensive nodular-
ity has an excellent outcome in the ma-
jority of cases {787,1603,2208). In an in-
ternationat meta-analysis of survival and
prognostic factors in infant medulloblas-
toma, the progression-free and overall
survival rates of 21 cases of medulloblas-
toma with extensive nodularity at 8 years
were 86% and 95%, respectively {2208}.
Metastatic disease at presentation did
not affect the favourable prognosis, sug-
gesting that a diagnosis of medulioblas-
loma with exiensive nodularity confers
a beiter outcome regardless of adverse
clinical features {2208).
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