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Abstract

Medulloblastoma with extensive nodularity (MBEN) is a rare histological subtype of medulloblastomas in very young children. It
is characterized by an aggressive grape-like appearance and favorable outcomes. Herein, we report the case of a nine-month-old
patient with MBEN, associated with an activated sonic hedgehog (SHH), with rare multimodal magnetic resonance imaging (MRI)
features. Conventional MRI findings indicated the dense homogeneous enhancement of a large unusual gyriform mass in the cere-
bellar vermis and both cerebellar hemispheres. The mass showed restricted diffusion on diffusion-weighted images, low concen-
trations of taurine on MR spectroscopy, and a relatively low cerebral blood volume on dynamic susceptibility contrast (DSC) MR
perfusion image. The patient underwent partial tumor resection, chemotherapy, and autologous blood stem cell transplantation.
After treatment, the lesion rapidly regressed in the serial follow-up imaging without recurrence.
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1. Introduction

Medulloblastoma is the most common malignant tu-
mor in children with a poor prognosis. According to the
classification of the central nervous system (CNS) tumors
in 2016 by the World Health Organization (WHO), medul-
loblastomas, in addition to four preexisting histopatho-
logical subtypes, are also classified into four molecular
subgroups. Medulloblastoma with extensive nodularity
(MBEN) is the rarest histopathological subtype, with an in-
cidence of 3.2% - 4.2% in large case series (1). This variant
appears at a relatively earlier age than other subtypes and
is associated with better outcomes (2).

Radiologically, the unique grape-like pattern of MBEN
with restricted diffusion aids preoperative diagnosis (3,
4). However, given the rarity of MBEN, the importance
of specific magnetic resonance imaging (MRI) features
other than diffusion-weighted imaging (DWI) remains un-
der discussion. Herein, we report the case of a nine-month-
old patient with MBEN associated with sonic hedgehog
(SHH) activation and rare multimodal MRI features, even
on DWI, susceptibility-weighted imaging (SWI), dynamic

susceptibility contrast (DSC) perfusion imaging, and MR
spectroscopy.

2. Case Presentation

The patient was a nine-month-old female with a five-
month history of enlarged head circumference and de-
layed motor milestones. An unenhanced brain computed
tomography (CT) scan showed a large high-attenuation
mass in the posterior fossa, which caused a significant
mass effect with herniation through the tentorial incisura
and resulted in obstructive hydrocephalus. The brain MRI
revealed a large isointense mass with extensive gyriform
enhancement and a convoluted pattern on T1-weighted im-
age (T1WI) and T2-weighted image (T2WI) in the vermis and
both cerebellar hemispheres. The mass showed a dense
homogeneous enhancement following the intravenous in-
jection of gadolinium, besides restricted diffusion on DWI
and apparent diffusion coefficient (ADC) map.

The DSC perfusion imaging showed no increased rel-
ative cerebral blood volume (rCBV) within the tumor.
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The MR spectroscopy revealed elevated choline (Cho), de-
creased N-acetylaspartate (NAA) peaks, increased lipid-
lactate (Lip-Lac) peaks, and low concentrations of taurine
(Tau). Low concentrations of myo-inositol (MI) and mildly
elevated glutamine/glutamate (Glx) were also found. No
intratumoral hemorrhage or calcification was observed
on SWI (Figure 1). Also, there was no evidence of lep-
tomeningeal spread in the subsequent whole spine MRI.

The patient underwent partial tumor resection
through a suboccipital approach. Intraoperatively, a
gray, hard, well-demarcated mass was found, originating
from the cerebellar vermis. Postoperative pathological ex-
amination of the mass showed extensive nodularity with
variable-sized lobules and interlobular areas. The cells
within the lobules were small, round, and uniform and oc-
casionally exhibited a neuropil-like streaming pattern in
the fine stroma. The intralobular cells showed neurocytic
maturation, as evidenced by strong immunoreactivity for
synaptophysin and NeuN proteins.

For a better genetic characterization, immunohisto-
chemistry of the representative surrogate markers was
performed. Immunoreactivity for beta-catenin was nega-
tive for assessing the WNT-activated subtype, whereas GAB1
was strongly reactive in tumor cells between the lobules
for assessing the SHH-activated subtype (Figure 2). The his-
tological findings were consistent with MBEN with acti-
vated SHH (WHO grade IV). Subsequently, the patient was
treated with six cycles of high-dose chemotherapy, consist-
ing of alternating cisplatin, etoposide, cyclophosphamide,
vincristine, carboplatin, etoposide, ifosfamide, and vin-
cristine regimens with autologous peripheral blood stem
cell transplant (PBSCT).

The two-month follow-up MRI after completing two cy-
cles of chemotherapy and PBSCT showed marked shrink-
age of the remnant lesion in the posterior cranial fossa.
Most of the remnant lesion, which previously showed
contrast enhancement, did not exhibit any enhancement;
also, diffusion restriction was normalized to that of phys-
iological conditions. Besides, serial MRI was performed
for 39 months. Subsequent MRI showed more atrophic
changes and complete regression of the remnant lesions
without regrowth.

3. Discussion

MBEN is a rare embryonal tumor of the cerebellum,
characterized by a distinct and diffuse nodular architec-
ture. This variant occurs in infants and very young children
and is associated with an excellent prognosis if treated
properly. In the latest WHO classification of CNS tumors,
medulloblastomas have been classified into four subtypes

according to their genetic characteristics, besides the pre-
existing histopathological classifications, for a better pre-
diction of treatment response and prognosis.

Among different molecular subtypes, the majority of
MBENs are in the SHH-activated group (5). This subgroup,
characterized by the upregulation of genes in the SHH sig-
nal transduction pathway, has been identified as the sec-
ond most common subtype, accounting for 15% - 25% of
medulloblastomas, with more favorable outcomes (6). In
our case, we confirmed immunoreactivity for GAB1 pro-
tein, which is a surrogate marker of SHH signaling activity
in the internodular regions via immunohistochemistry;
therefore, favorable treatment outcomes were expected.
However, not all MBENs are SHH-activated medulloblas-
tomas, and it has been rarely reported that they have a
more aggressive type of molecular profile (group III or IV)
(5).

Despite the rarity of MBEN, its conventional MRI-based
morphological features are relatively well-known. They
usually present as isointense to hypointense lesions on
T1WI images and as isointense to hyperintense lesions on
T2WI images; they predominantly show a homogeneous
contrast enhancement, similar to classic medulloblas-
tomas. The distinctive imaging feature of MBEN, which
clearly distinguishes it from other subtypes of medul-
loblastoma, is the remarkably nodular appearance of the
solid component, described as a “grape-like” pattern (3).
This unique finding reflects the histological feature of
MBEN, that is, an expanded lobular architecture composed
of variable-sized lobules and interlobular areas. Rare cases
of peculiar gyriform with well-defined, enlarged cerebel-
lar folia, rather than a nodular pattern, have been reported
(7); a striking gyriform pattern was more prominent in our
case. However, there is no known clinical or pathological
difference between these two different morphological pat-
terns.

Among advanced MR modalities, the findings of DWI
for MBEN have been reported. MBEN shows a high signal
intensity on DWI and low ADC values, similar to other sub-
types of medulloblastoma, due to densely packed cells and
a high nuclear-cytoplasmic ratio (8). These DWI features
play an important role in discriminating between medul-
loblastomas and other posterior fossa tumors. In our case,
the mean ADC (×10-3 mm2/s) was 0.69, which is compara-
ble to the mean ADC range of 0.59 - 0.81 for MBEN in the
literature (8, 9).

Moreover, DWI is helpful for monitoring the tumor re-
sponse to therapy. Chemotherapy increases the ADC value
by decreasing cellularity and increasing the extracellular
space, while signal intensity on the ADC map reduces again
in case of recurrence (2). According to the DWI of our case
two months after chemotherapy, the previous restricted
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Figure 1. The MRI study of a nine-month-old female patient with an enlarging head circumference and delayed motor milestones. Axial (A) and sagittal (B) post-contrast
enhanced T1WI images show an enhanced mass with a striking gyriform pattern in the posterior cranial fossa. The ADC map shows diffusion restriction in the lesion (C). No
hemorrhage or calcification in SWI (D) and no increased rCBV on DSC perfusion image (E) are observed. (F) MR spectroscopy shows an elevated Cho peak, decreased NAA,
and low concentrations of Tau (arrow). Abbreviations: ADC: Apparent diffusion coefficient; SWI, Susceptibility-weighted imaging; rCBV, Relative cerebral blood volume; DSC,
Dynamic susceptibility contrast; Cho, Choline; NAA, N-acetyl aspartate; Tau, Taurine.

diffusion disappeared, indicating that MBEN responded
very well to treatment; also, no decrease in ADC was ob-
served in the follow-up images thereafter.

Additionally, MR spectroscopy can provide useful
information for differentiating medulloblastomas from
other posterior fossa tumors. Besides elevated Cho and
decreased NAA levels, which can be observed in general
brain tumors, a characteristic high level of Tau (3.4 ppm)
has been reported in medulloblastomas (10-13). Tau is a
metabolite that is highly concentrated in less differenti-
ated brain tissues of neonates and is known to be asso-
ciated with the aggressiveness of medulloblastoma (13).
Several recent studies have reported that Tau concentra-
tion might vary, depending on the subtype of medulloblas-
toma. Bluml et al. (10) reported that Tau concentration was

high in group 3 and group 4 medulloblastomas. In con-
trast, little or no evidence of Tau concentration has been
reported in the SHH-activated subtype with a relatively fa-
vorable prognosis.

Moreover, Panigrahy et al. (13) reported that Tau
was observed at lower concentrations in the desmoplas-
tic/nodular variant as compared to other more aggressive
subtypes. Low concentrations of Tau were observed in the
MR spectroscopy of our case. Although there are no re-
ports of MR spectroscopy for MBEN, since this variant is as-
sociated with a very good prognosis, the results are consis-
tent with previous reports. However, the concentrations
of other metabolites, such as MI and Glx, were not signifi-
cantly different from previous findings of MR spectroscopy
for medulloblastomas (13).
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Figure 2. Microphotographs of the resected tumor. (A) The tumor shows variable-sized lobules and slit-like intervening areas (H & E staining, 40× magnification). (B)
Lobular zones are composed of monotonous small cells with a streaming pattern (H & E staining, 200×magnification). (C) Small cells are strongly immunoreactive for NeuN,
as a representative neuronal marker (200× magnification). (D) Immunopositivity for GAB1, a surrogate marker of SHH-activated medulloblastoma (200× magnification).
Abbreviations: H & E, Hematoxylin and Eosin; NeuN, Neuronal nuclear protein; GAB1, GRB2-associated binding protein 1; SHH, Sonic hedgehog.

It has been reported that perfusion increases due to
high microvessel density and elevated levels of vascular en-
dothelial growth factor (VEGF) receptors in most cases of
medulloblastoma in children, based on arterial spin label-
ing (ASL) or DSC (12, 14, 15). Unlike previous reports, the
rCBV based on DSC was low in our case. Overall, the per-
fusion imaging results are significantly related to tumor
grading and survival. Therefore, MBEN with the most fa-
vorable prognosis shows a lower rCBV than previous stud-
ies which did not include MBEN. In the present case, these
findings were correlated with pathological findings for the
lack of neovascularity. Besides, no calcification or hem-
orrhage was observed on SWI. Compared to other pedi-
atric posterior fossa tumors, calcification and hemorrhage
are less frequent in medulloblastomas, which is consistent
with our findings.

Besides unique morphological features, another strik-
ing aspect of MBEN is its very good prognosis. Despite
treatment with surgery, radiation, and chemotherapy, the
five-year disease-free survival rate of medulloblastomas,

excluding MBEN, is only 40% (16). Although studies are
lacking due to the rarity of MBEN, several researchers have
estimated an overall survival rate of more than 90% (4,
7, 17). This great improvement in the overall prognosis
of MBEN may be related to higher chemosensitivity and
neurocytic or gangliocytic maturation after chemotherapy
and radiation (18).

Our patient was treated with postoperative
chemotherapy and autologous PBSCT without radio-
therapy. Contrast enhancement and diffusion restriction
in the remaining tumor immediately improved on MRI
performed two months after surgery, and no recurrence
was observed during the 39-month follow-up. This result
is consistent with several previous reports of complete
remission in MBEN patients, who were treated with post-
operative chemotherapy alone (3, 6, 18). In the MBEN
treatment protocol, reduction of radiation dose or com-
plete elimination of radiotherapy, which causes many
adverse events in very young children, may be another im-
portant factor for obtaining better treatment outcomes.
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In conclusion, we described a case of SHH-activated
MBEN with multimodal MRI features. Conventional MRI
showed unique morphological characteristics, based on
which a precise preoperative diagnosis could be made. Pre-
viously unknown advanced MRI features of MBEN, such as
lower Tau concentration and lower rCBV, which are consid-
ered to be associated with a good prognosis, were also con-
firmed. An excellent outcome was achieved with postop-
erative chemotherapy and autologous PBSCT in our case.
Therefore, radiologists should be familiar with these radio-
logical features to avoid unnecessary aggressive surgeries
or radiation treatments and establish a proper treatment
plan for MBEN.
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