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Case report
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A b s t r a c t

We present a  case of a  rare neoplasm in a 77-year-old woman with previous oncological history, who developed 
a rapid onset of cerebellar symptoms. The neuroimaging detected a posterior fossa tumor suspected of meningioma 
which was completely resected soon after. Histologically the neoplasm had two components with different immuno-
phenotype. One constituent was lobular, composed of monotonous mitotically active round cells with a predominant 
neuronal profile. The second, astrocytic component contained lipomatous cells intermixed with larger gemistocytic 
astrocytes. Fields of geographic necrosis as well as multifocal microvascular proliferation were observed. The Ki67 pro-
liferation index was 12%. After two years of follow-up the patient remains free of symptoms and radiologic recurrence. 
The presented case of cerebellar liponeurocytoma is unusual in terms of its atypical histological features and prom-
inent astrocytic component. The authors propose that the term ‘lipomatous glioneuronal tumor’ seems to be more 
appropriate for this type of lesion, considering its histologic spectrum and possible extracerebellar location.
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Introduction

Cerebellar liponeurocytoma is a  rare and poorly 
understood neoplasm with a distinctive morphology 
and generally indolent behavior. It was first described 
in 1978 by Bechtel et al. [2], and nearly 50 cases 
under several synonyms have been reported since 
[11,26,32,33]. In the 2000 World Health Organization 
(WHO) classification of  Tumors of  the Central Ner-
vous System it was categorized for the first time as 
a distinct entity within the neuronal and mixed neu-

ronal-glial tumors section. In 2016, the WHO defined 
it as a rare cerebellar neoplasm with advanced neu-
ronal/neurocytic differentiation and focal lipoma-like 
changes [22]. The prognosis of cerebellar liponeuro-
cytoma is difficult to assess given the  low number 
of described cases. Most patients survive more than 
5 years, but recurrences concern almost 50% of the 
patients [20]. Moreover, a few reports of aggressive 
behavior of  liponeurocytomas with fast regrowth 
and poor outcome have been published [16,24]. This 
lesion develops mainly in the cerebellum, but it can 
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Fig. 1. Magnetic resonance imaging axial views demonstrated mostly well-delineated heterogeneous mass 
within cerebellar hemisphere measuring about 4 × 3.5 × 2.5 cm. The tumor widely adhered to the dura and 
there was minimal perilesional edema. On T1-weighted images (A) the tumor was hypointense with hyperin-
tense areas. After contrast injection (B) the mass was moderately enhancing and on T2-weighted views (C) 
it was hyperintense to the cerebellum. D) 3D reconstruction.

also occur supratentorially. Single cases suggesting 
familial predisposition for such tumors have been 
published recently [26,33]. 

Case report

Clinical description

A 77-year-old woman was admitted to the neu-
rosurgery department in April 2015 with a  three-
week history of  dizziness, headaches and nausea. 
The patient had a history of colorectal cancer stage 
T2N0M0 treated with hemicolectomy in 2008, and 

a  spinal thoracic schwannoma excised totally in 
2013. Her central nervous system (CNS) radiologi-
cal follow-up was uneventful in 2014. Due to a sud-
den onset of neurological symptoms, she was sus-
pected of  cerebral metastasis of  colorectal cancer; 
however, computed tomography (CT) examination 
showed posterior fossa tumor suggesting menin-
gioma. Moreover, the  patient suffered from stable 
coronary artery disease and hypercholesterolemia. 
At admission she was conscious with good contact, 
with slightly unsteady gait and positive finger-nose 
test and Romberg test on neurological examination. 
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Magnetic resonance imaging (MRI) showed a  het-
erogeneous hypointense mass (4 × 3.5 × 2.5 cm) with 
hyperintense regions both in T1 and T2 with non- 
homogeneous enhancement in the  posterior fossa 
(Fig. 1). The tumor, arising from the cerebellar hemi-

sphere, adhered widely to the  dura and presented 
with minimal edema and signs of increased intracra-
nial pressure due to hydrocephalus. 

The patient underwent uncomplicated total 
resection of  the lesion via suboccipital craniot-

Fig. 2. Histopathological features of cerebellar liponeurocytoma in HE staining. A) Well-vascularized neo-
plastic tissue made of two components – small round cell population and lipomatous areas (100×). B) Focal 
necrosis and microvascular proliferations in lipomatous area (100×). C) Monotonous small neurocytic cell 
component with delicate rosettes intermixed with adipocytic focus (200×). D) Mitotically active round cells 
with regular nuclei embedded in scanty neuropil and with perivascular fibrillary matrix (400×). E) Neuro-
cytic component showing cells with clear cytoplasm (400×). F) Lipomatous cells intermixed with numerous 
gemistocytic astrocytes producing fibrillary background (400×). 
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whilst the mean proliferation index Ki67 was about 
12% (Fig. 3A). In parallel, dispersed groups of apop-
totic cells were encountered. The second histologic 
pattern of  tumor was composed of  irregular areas 
occupied by larger cells resembling adipocytes, 
intermingled with astrocytes mainly of gemistocytic 
type with plump nuclei and abundant eosinophilic 
cytoplasm. Gemistocytes were accumulated around 
blood vessels forming perivascular cuffs. In these 
areas, the mitotic as well as proliferation index was 
below 1%. The fields of geographic necrosis and vas-
cular thrombosis were more frequent in that compo-
nent. The  tumor-cerebellar tissue interface had an 
infiltrative character, accompanied by vascular reac-
tion and small old hemorrhages.

Immunophenotype of  this neoplasm was consis-
tent with a glioneuronal tumor (Table I). The majority 
of the small neoplastic cells were NSE and synapto-
physin-positive (Figs. 3B-C). In addition, chromogranin 
decorated some cells. Moreover, the majority of the neo-
plastic cells including a lipidized component were posi-
tive for vimentin, calretinin, Olig2 and S100 (Figs. 3D-E).  
Astrocytic and adipocyte-like cells, as well as some 
small cells, revealed GFAP reactivity (Figs. 3F-G). Neu-
rofilaments were found in scattered single cells with 
ganglioid morphology, and in swollen perivascular 
axons. Strong GLUT-1 expression (Fig. 3H) was found 
in the  endothelium of  tumor microvessels. In neo-
plastic neuronal cells GLUT-1 reactivity was observed 
in a zonal pattern with increasing intensity and shift-
ing from cytoplasmic to membranous staining in par-
allel to increasing distance from blood vessels as well 
as in perinecrotic regions. Beta-catenin was detect-
ed in a  membranous/cytoplasmic pattern in both 
components. Staining for desmin, IDH-1, HMB-45,  

omy, confirmed by postoperative neuroimaging. 
The  lobular soft and grayish mass suggestive 
of meningioma was revealed under the dura mater. 
The  patient recovered from surgery without any 
complications. She was referred to the  oncologist 
and neurosurgery outpatient department, which 
she attends on a regular basis. No additional treat-
ment was introduced. Magnetic resonance imaging 
examinations every six months showed no evi-
dence of recurrence, but only a small hyperintense 
focus in the post-resection region without contrast 
enhancement. The  patient is free of  symptoms  
2 years after surgery.

Neuropathological study 

The resected sample sent to the  pathology 
department was irregular, brittle, beige and cream, 
measuring 4.2 × 3.5 × 2.5 cm. The whole tumor tis-
sue was routinely processed, examined and stained 
with HE. The selected sections underwent standard 
immunohistochemical proceedings according to 
the  manufacturer recommendations. EnVision Sys-
tems (Dako) served for visualization, and diamino-
benzidine as the  chromogen. Appropriate positive 
and negative controls were carried out in parallel. We 
performed the  following antibody detection: GFAP, 
synaptophysin, neurofilaments, NSE, S100, HMB-45, 
SMA, EMA, CD34, MyoD1, beta-catenin, HER2, Glut1, 
chromogranin, PAX5, vimentin, p53, desmin, CD99, 
Gli-1, Olig2, calretinin, Ki67 (DAKO, Abcam), and 
IDH1R132 (Dianova). Histochemical methods such 
as Masson trichrome and Gomori reticulin staining 
were also used.

The neuropathological examination (Fig. 2) 
showed a  well-vascularized lobular tumor com-
posed of two intermixed patterns made of distinct 
cellular populations. The  blood vessels underlined 
tumor lobularity and presented segmental micro-
vascular proliferation, including irregular glomer-
uloid forms. The  predominant lobular component 
of the neoplasm was cell-rich, made of monotonous 
small round cells with scant pink cytoplasm and 
round to oval nuclei. A  larger population with fea-
tures of more advanced neuronal differentiation was 
also discernible. Delicate rosettes, rosette-like struc-
tures and areas of neuropil with glial and Rosenthal 
fibers and dispersed swollen neurites were visible. 
No evident cellular atypia was found. The  mitotic 
index reached 15 mitoses per 10 high power fields, 

Table I. Immunohistochemical profile of cerebel-
lar liponeurocytoma

Marker
Small cell 

component
Glial-lipomatous 

component

GFAP + +++

Olig2 + ++

Synaptophysin, NSE +++ Negative

Neurofilaments + Negative

Calretinin, S-100 +++ +++

Chromogranin ++ Negative

Vimentin ++ +++

GLUT1 +++ +

Ki67 Mean 12% Mean 1%

+ less than 30% of cells, ++ 30-60% of cells, +++ more than 60% of cells
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Fig. 3. Representative images of tumor immunophenotype. A) Ki-67 positive proliferating cells within 
the neurocytic areas of tumor (Ki-67, 40×). B) Diffuse synaptophysin expression within the tumor (syn-
aptophysin, 200×). C) Synaptophysin-positive neural component and immunonegative lipomatous fields 
(synaptophysin, 400×). D) Irregular S100 immunoreactivity within the neoplastic tissue (S100, 200×).  
E) Strong S100 staining in lipomatous area (S100, 400×). F) Intense GFAP labeling of lipomatous and glial cell 
population (GFAP, 200×). G) GFAP-positive component and immunonegative neurocytic fields (GFAP, 100×).  
H) Prominent Glut1 reactivity within small neoplastic cell component and endothelial cells (Glut1, 100×).
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MyoD1, EMA, SMA, Gli-1, CD34, p53, Her2, CD99 
and PAX5 was not observed in tumor cells. SMA 
underlined vascular network and microvascular pro-
liferations.

The final histopathological diagnosis of cerebel-
lar liponeurocytoma with atypical features, WHO 
grade II, was made.

Discussion

Cerebellar liponeurocytoma (CLNC), having sever-
al synonymous names, was initially called lipomatous 
medulloblastoma, because of  some morphological 
similarities to that embryonal neoplasm. The  oth-
er terms included medullocytoma and lipomatous 
glioneurocytoma [7,9,30] Importantly, the  retro-
spective analysis of over 350 pediatric medulloblas-
tomas [30] failed to identify any tumor with adipo-
cytes. In 1998 [10] one case was called a  lipidized 
mature neuroectodermal tumor of  the cerebellum. 
In 2000, the WHO classification established the term 
‘cerebellar liponeurocytoma’, defined as a rare neo-
plasm with consistent neuronal, variable astrocytic 
and focal lipomatous differentiation, located within 
the  cerebellum, characterized by favorable progno-
sis [1,14,16,17,20]. However, longer clinical obser-
vations showed that cerebellar liponeurocytoma in 
almost half of  the cases presents recurrences, so 
ultimately, in 2007 the  neoplasm was reclassified 
as grade II [21]. The main location of this neoplasm 
is the cerebellum, but supratentorial and multifocal 
cases have also been reported [5,13,19,25], as well 
as intraventricular examples [17,20], and tumors 
with extracranial extension [3].

Cerebellar liponeurocytoma occurs in adults with 
the  mean age of  50 years, with no sex predilec-
tion. Usually patients present with headache, focal 
neurologic deficits or obstructive hydrocephalus. 
On CT scans CLNC appears as a hypo- or isodense 
tumor with focal areas of marked hypoattenuation 
corresponding to fat density [23]. Magnetic reso-
nance imaging is quite characteristic and helps to 
distinguish the  neoplasm from others in this loca-
tion. In general, these tumors are usually heteroge-
neous, well circumscribed with lipid content [12]. On 
T1-weighted images CLNC is iso- or hypointense, with 
patchy areas of hyperintensity, while on T2-weight-
ed images it is slightly hyperintense to the surround-
ing brain. Contrast enhancement may be low and 

often is heterogeneous, while peritumoral edema is 
minimal or absent [12,23].

Histopathologically, the  neoplasm is composed 
of round to oval relatively small cells with ill-defined 
borders admixed with areas of adipocyte-like cells. 
Importantly, in recurrences, the lipidized component 
may be very limited or absent. Entities which enter 
the differential diagnosis with CLNC include rare cas-
es of metaplastic meningiomas with adipocytic com-
ponent, pleomorphic xanthoastrocytomas, glioblas-
tomas, oligodendroglioma and neurocytomas with 
lipid component [18]. However, in these entities, mul-
tivacuolar or foamy lipidization is more often seen. 
The important and basic tool for differential diagnosis 
in liponeurocytoma is immunophenotyping, where 
small and oligodendroglia-like cells show neuronal 
differentiation (synaptophysin, neuron-specific eno-
lase). Lipidized cells are of neuroepithelial origin too. 
In CLNC, astrocytic differentiation identified by GFAP 
and Olig2 staining is seen only focally. Single cas-
es with positivity of myoid or ependymal [10,15,17] 
markers have also been described. Typically, the pro-
liferation index measured with Ki67 is usually low, 
ranging between 1 and 6%. To date only a few cases 
of CLNC with atypical histological features compris-
ing prominent microvascular proliferation and/or 
necrosis have been reported [6,8,24,27]. These cases 
also presented a high proliferation index and areas 
of hemorrhages.

Our patient is one of the oldest reported. More-
over, she was previously successfully treated for 
two different neoplasms: colon cancer and a spinal 
schwannoma. Clinically the  patient was suspected 
of  metastatic tumor, but the  radiological picture 
suggested meningioma. Histologically it was lipo-
neurocytoma composed of neurocytic and astrocyt-
ic components. The  components revealed different 
immunophenotype, sharing S100, calretinin and 
vimentin positivity. The  proliferation index of  the 
tumor was relatively high, up to 12% in the  com-
ponent with neural differentiation. Interestingly,  
lipidized areas contained gemistocytic islands and 
revealed mainly an astrocytic immunoprofile that 
was not active mitotically. Our case contained 
unusual coagulative geographic necroses within 
the lipidized component and multifocal microvascu-
lar proliferation with glomeruloid forms. The neural 
part revealed small necrotic foci. Vascular prolifera-
tion was more intense in the borders of necrosis and 
in the infiltrative front. 
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Microvascular proliferation and necrosis can be 
observed in many brain tumors, being considered 
as hallmarks of  histological malignancy and unfa-
vorable prognosis in diffuse gliomas. “Classical” 
coagulative necrosis in some cases has no prognos-
tic significance, as in ependymomas and pilocytic 
astrocytomas. Conversely, the  presence of  necrosis 
upgrades diffuse gliomas, pleomorphic xanthoas-
trocytoma, and meningiomas. Moreover, our tumor 
presented prominent glucose transporter 1 (GLUT-1) 
reactivity, which shifted from cytoplasmic in cells 
lying away from microvessels to membranous in 
perinecrotic areas. Tumor cells around microvessels 
were completely immunonegative for the  trans-
porter. GLUT-1 expression is induced under hypo-
xic conditions. This phenomenon occurs in various 
types of  malignancy including high-grade gliomas, 
where it mediates increased glucose uptake, being 
also associated with a worse clinical outcome [29]. 
Observed expression of GLUT-1 together with atypi-
cal histological features can support the higher his-
tological grade in our case. 

Cerebellar liponeurocytoma is classified as a neo-
plasm with advanced neuronal/neurocytic differen-
tiation and focal lipoma-like changes [22]. Not only 
the neural component, but also some fat-laden cells 
show positive staining for neuronal markers in our 
case. Genetic studies [3,21] showed that TP53 muta-
tions were found in 20% of  these tumors, but no 
other alterations such as iso 17q, chromosome 6 
monosomy or mutations of PTCH, APC or beta-cat-
enin. Thus, CLNC is different from medulloblastoma 
and more similar to neurocytoma but with a distinct 
genetic pathway due to the presence of TP53 muta-
tions [14]. Moreover, Hirokazu et al. [32] reported 
the  absence of  both chromosome 1p/19q loss and 
IDH1 mutation, which might be useful in differen-
tial diagnosis of  oligodendroglioma [4]. Our tumor 
showed neither immunohistochemical features 
of  p53 and IDH1 alterations nor SHH and β-caten-
in activation. These findings helped in differential 
diagnosis and excluded by immunohistochemical 
molecular surrogates common genetic changes in 
CNS tumors.

The dynamics of the initial lesional growth in our 
patient seems to be rather high, because one year 
before onset of  cerebellar symptoms she had neg-
ative control oncological neuroimaging. Two years 
after resection, the patient is free of symptoms and 
radiologic recurrence. Nearly half of  patients with 

cerebellar liponeurocytomas suffer recurrences [20], 
and a  few cases have been reported as clinically 
aggressive [16,24]. The basic therapeutic method in 
the described tumor is total neurosurgical resection. 
Treatment options have not yet been clearly estab-
lished due to rarity of the lesion and lack of under-
standing of  its biological behavior. It is unclear 
whether radiation should be given immediately after 
surgical resection or be reserved for recurrence [23]. 

The unusual atypical histological features of this 
cerebellar liponeurocytoma include the  high pro-
liferation index, fields of  geographic necrosis, and 
multifocal microvascular proliferation, as well as 
the  prominent astrocytic component. Perhaps due 
to the composite histology spectrum with different 
potential locations of the lesion described in the lit-
erature, the term ‘lipomatous glioneuronal tumor’ is 
more appropriate for this type of neoplasm.
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