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Introduction 

Pilocytic astrocytomas (PA) are frequent astro-
cytic neoplasms that generally have a circumscribed 
architecture. They are molecularly characterized by 
MAPK gene pathway alterations, mostly 
KIAA1549::BRAF fusions (1). PA affect children along 
the neuraxis, but are typically found in the posterior 
fossa (2). Dysplastic modifications of the brain 
parenchyma have been described as being associ-
ated with epileptic supratentorial tumors (3,4). In 
the cerebellum, the gangliocytoma (known as 
“Lhermitte-Duclos disease”), which is generally a 
symptom of Cowden syndrome, is defined by typical 
radiological and histopathological features (5,6). It is 
characterized by a distorted architecture with 
enlarged cerebellar folia containing dysplastic gan-
glion cells and a diffuse enlargement of the molecu-
lar and internal granular layers (6). Whereas it is 
mainly reported in adults, it can be discovered 
during childhood (7). Herein, we report two cases of 
young children presenting PA associated with major 

dysplastic modifications of the adjacent cerebellar 
parenchyma. 

Case presentation 

The two cases concerned infants (two boys, 11 
and 18 months respectively) who presented a cere-
bellar mass which was grossly resected. Both tumors 
exhibited features of PA (Figure 1 A-B, C and E). 
Indeed, each tumor was biphasic with piloid and 
oligodendrocyte-like cells, had low to moderate 
cellularity and a significant amount of Rosenthal 
fibers. There were no eosinophilic granular bodies, 
perivascular lymphocytic infiltrates, binucleated 
ganglion cells or neuropil-like islands. Tumor cells 
did not present atypia and mitotic figures were 
scarce. Glomeruloid microvascular proliferation was 
observed. The tumors were solid and diffuse, and 
peripherally infiltrated the adjacent parenchyma. 
On the surface of the cerebellar folia, clusters of 
small undifferentiated blue cells with round 
hyperchromatic nuclei and mitoses were present, 
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Figure 1. Histological and molecular features of the two cases 

Case #1 (A, C, D, G, H, K, L, O and P) and Case #2 (B, E, F, I, J, M, N, Q and R). (A and B) Atrophy of the folia of the cerebellum with a lowly 
cellular proliferation (HPS, magnification x40). (C and E) The tumor was composed of astrocytic cells with a piloid appearance (HPS, mag-
nification x400). (D and F) At the surface, there was a subpial proliferation of small immature cells (HPS, magnification x400 and 600 for 
inserts). (G and I) Tumor cells diffusely expressed OLIG2 whereas superficial immature cells did not (H and J) (magnification x400). The 
proliferation index was low in both tumors (K and M) whereas it was high in the superficial immature component (L and N). (O and Q) A 
rearrangement of the BRAF gene was evidenced in tumor cells of the pilocytic astrocytomas with a duplication of the 3’BRAF signal, and 
was absent in the immature component (data not shown) (magnification x800). (P and R) The superficial cell component diffusely ex-
pressed INSM1, an immature neuronal marker (magnification x400). 

HPS: Hematoxylin Phloxin Saffron. 
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and their cytoplasm was loosely abundant. Using 
immunohistochemistry, the tumor cells of PA 
expressed OLIG2 (Figure G and I) and GFAP, and 
were not immunopositive for neuronal markers 
(such as chromogranin A, synaptophysin, NeuN, or 
INSM1). The expression of H3K27me3 and IN1I was 
retained. CD34 immunostaining highlighted the 
vascularization without extravascular expression. 
No necrosis was observed and the MIB1 labeling 
index was low (1–2%) (Figure 1K and M). The small 
cell component was only immunoreactive for INSM1 
(Figure 1H, J, P and R) and the MIB1 labeling index 
was high in these areas (Figure 1L and N). The FISH 
(Fluorescent in situ Hybridization) analysis of the 
BRAF locus identified a rearrangement of tumor 
cells in both cases (Figure 1O and Q) without abnor-
mality in the superficial undifferentiated cells. FISH 
did not reveal a 1p deletion for either case. A final 
diagnosis of PA of the posterior fossa, BRAF-rear-
ranged associated with “dysplastic” modifications of 
the adjacent cerebellar parenchyma and the persis-
tence of the external granular layer was suggested. 
Fourteen and four years after the initial diagnoses, 
both patients were alive without tumor residue or 
recurrence. 

Discussion and conclusions 

The mature cerebellar cortex is composed of 
three layers: the upper layer (stratum moleculare) 
containing a small amount of neurons (basket 
neurons and small stellate neurons), a middle layer 
(stratum gangliosum) where Purkinje cells are 
found, and the deepest layer (stratum granulosum) 
comprised of tiny neurons (granule cells) and Golgi 
cells (8,9). During the development of the cerebel-
lum, is has been shown that granule cell precursors 
proliferate in the external granular layer and mi-
grate through the molecular layer to the internal 
granular layer (8). Subsequently, during the late 
postnatal period (2–8 months), there is a slow 
decrease in the width of the external granular layer 
which disappears between the eighth and eleventh 
months (8). The two current cases illustrate the 
development of PA during the early life of two 
infants. The persistence of the external granular 
layer of the cerebellar parenchyma suggests that the 
formation of the tumors may have started before 
2–8 months of life or before birth. These immature 

neurons, which normally disappear after childbirth, 
constitute a histopathological diagnostic pitfall, 
which could possibly be confused with an embryonal 
tumor or an undifferentiated tumor component. 
This is particularly confusing because these imma-
ture neurons present high mitotic and proliferative 
indexes. However, these cells have a peculiar posi-
tion, aligned at the surface of the cerebellar paren-
chyma. Using immunohistochemistry, they only 
expressed INSM1, a marker of immature neurons 
(10). Moreover, the absence of the BRAF rearrange-
ment, which was identified in the adjacent PA, 
argues against a poorly differentiated component. 
In rare cases, PA can present a rhythmic palisaded 
pattern, previously referred to as spongioblastoma, 
in reference to polar spongioblasts (neuroectoder-
mal cells known to initiate the differentiation of 
radial glial cells) (11), which was not observed in the 
current cases. Pilocytic astrocytomas represent the 
most common form of pediatric glioma and may 
occur in rare infantile cases (12). The persistence of 
an external granular layer of the cerebellum differs 
from the features of Lhermitte-Duclos disease 
where the cerebellar folia are replaced by large 
ganglion cells and inner granule cells are absent (6). 

In conclusion, the persistence of an external 
granular layer of the cerebellum may occur in cases 
with antenatal/perinatal tumor development and 
is not to be confused with embryonal/poorly 
differentiated neoplastic cells. 
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