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Abstract

Object Desmoplastic infantile gangliogliomas (DIGs) and
desmoplastic infantile astrocytomas (DIAs) are tumors typical
of the infantile age. A large size, with a mixed solid and cystic
component, clinical presentation with progressing signs of in-
creased intracranial pressure, a prominent benign desmoplastic
structure at histological examination, and a favorable clinical
course in the majority of cases are the prominent features of
these tumors. The objective of the present paper was to review
the pertinent literature on the topic together with our personal
experience, with the aim of an updated review of the subject.
Results and conclusions Only 28 papers are present in the
literature devoted to DIGs and DIAs, most of them reporting
on single cases or small series, with a total of 107 patients
aged from 5 days to 48 months with a slight male prevalence.
Most of the reported cases refer to supratentorial and hemi-
spheric locations, a few cases involving the hypothalamic re-
gion, the posterior fossa, and the spinal cord. The typical MRI
appearance is of large mixed solid and cystic tumors with a
spontaneous hyperintense T2 appearance of the solid part
which also shows a strong contrast enhancement. Mixed gan-
glionic and astrocytic cells are identifiable in DIGs, whereas
DIAs are typically featured by the exclusive presence of glial
cells. In both cases, more primitive cells may be observed,
which present a higher number of mitoses and these areas
can mimic the features of malignant astrocytomas. Surgery
represents the treatment of choice; however, radical removal
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has been reported as possible only in around 30 % of the cases:
the low age of the patients together with their low weight and
the large size of and the hyper-vascularized structure of the
tumors represent the main factors limiting surgery. Pure ob-
servation is considered as first choice in children undergoing a
partial/subtotal tumor resection, chemotherapic regimens be-
ing considered in cases of recurrences after a second look
surgery. Long-term prognosis is favorable with mortality be-
ing related mostly to the rare midline (i.e., hypothalamic) lo-
cations, which beyond the functionally relevant site, tend to
have an unusually more aggressive histological behavior.
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infantile ganglioglioma - Desmoplastic infantile astrocytoma

Introduction

In 1984, Taratuto et al. [29] described for the first time a group
of infantile brain tumors with astrocytic component that took
the name of superficial cerebral astrocytomas. After few years,
in 1987, Vandenberg et al. [32, 33] followed the work of
Taratuto et al. uniting under the name of desmoplastic infantile
ganglioglioma (DIG) those brain tumors that, though rare,
were characterized by the following: (1) divergent astrocytic
and ganglionic differentiation, (2) prominent desmoplastic
stroma, (3) voluminous size, (4) evidence of a cystic compo-
nent, (5) presentation within the 18 months of life, and (6)
good prognosis.

Later, a distinction based on histological features has been
made between tumors with clear ganglionic differentiation
that maintained the name of DIG and tumors with similar
features, but exclusive astrocytic cellular representation that
took the name of desmoplastic infantile astrocytoma (DIA).
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Frequency and distribution

DIGs represent 0.5—1 % of brain tumors with a clear predom-
inance of males over females. Typically, the diagnosis is made
before the second year of life, with the highest peak in patients
aged less than 18 months [26]; however throughout the liter-
ature, non-infantile cases of desmoplastic gangliogliomas are
reported [ 11-18]. On the other hand, DIAs are rarer than DIGs
[71 (0.3 % of brain tumors); though they affect patients of the
same age compared with DIGs, do not have such a strong
preponderance for males as the one seen in cases of
desmoplastic infantile gangliogliomas.

Location and symptoms (Table 1)

DIGs and DIAs are supratentorial tumors in the vast ma-
jority of cases, for the most part hemispheric in location and
without side prevalence. Multiple lobes are commonly in-
volved with a higher incidence for the frontal and parietal
regions [4-23]. In a minority of cases, the suprasellar region,
the posterior cranial fossa, or the spinal canal may be involved
[10]. Even in infants where the sutures are still open, the
duration of the clinical history is rather short (3—6 months)
due to the relevant volume that these tumors might achieve.
Classical symptoms include rapid head growth (60 % of
cases), often associated to a bulging of the anterior fontanel,
sunset sign, and bulging of the bone structures over the tumor
[1, 4, 11, 26, 28]. In older children, a longer clinical history
has been reported (6—9 months) with presenting symptoms
typical of intracranial hypertension often associated with focal
neurological signs [26]. Differently from dysembryoblastic
neuro-epithelial tumors (DNET), seizures represent the clini-
cal onset only in 20 % of the cases and due to the compensa-
tory mechanisms which are typical of the infantile age, con-
sciousness impairment is relatively rare [11].

Histopathology

These tumors are usually very large at diagnosis with uni- or
multiloculated cysts filled with clear or xanthochromic fluid.
The superficial portion is primarily extra-cerebral, involving
the leptomeninges and superficial cortex, and is commonly
attached to the dura [29, 32, 33].

The main histological feature of both DIGs and DIAs
is the presence of desmoplastic features such as a stro-
ma rich in collagen and spindle elongated fibroblastic
elements intermixed with surrounding collagen and
reticulin fibers. The element differentiating DIGs and
DIAs is the cellular component; in fact, DIGs show a
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prevalence of neuronal elements whereas DIAs show an
exclusive astrocytic component.

Neuronal cells in DIGs range from atypical ganglion cells
to small polygonal cells with a more primitive cell compound.
On the other hand, in DIAs, the astrocytic population is mod-
erately pleomorphic ranging from elongated to polygonal cells
[5, 7, 20, 26]. The neuronal component of DIGs generally
stain positive for NSE, synaptophysin, and sometimes for
neurofilament while DIAs astrocytes show intense immuno-
reactivity to GFAP. EMA stain is usually negative [5].

Though reaching in most cases the cortical surface, there is
a strong demarcation between the tumor and the normal cortex
even if Virchow-Robin spaces are often filled with neoplastic
cells.

Mitotic activity is low and limited to the primitive cells
compound, Ki67 ranging between 0.5 and 15 %.

Unusual histological features include rabdoid components
inside the stroma [2], melanocytic differentiation [3], and ce-
ruloplasmin secretion [16].

Genetics

Limited information is available concerning the genetics of
DIGs and DIAs, both due to the relatively limited number of
cases described as well as the lack of association of this kind
of tumors with cancer predisposition syndromes.

When analyzed, normal karyotype or non-clonal abnormal-
ities have been found. Genomic losses have been found at
5q13.3,21q22.11 (TMEM50B, DNAJC28), and 10g21.3 both
in DIGs and DIAs whereas high-copy gains seem to be absent
or extremely rare. Although EGFR and MYCN amplifications
have been previously described in DIGs, no amplification of
genes that are commonly observed in pediatric high-grade
gliomas (EGFR, MYCN, PDGFRA) are present [12].

As apossible differentiating feature among the two entities,
chromosomal gains affecting the region harboring the BRAF
protein have been described in the desmoplastic area of DIGs
[12—17], but are absent in DIAs.

Neuroimaging (Fig.1)

Almost always DIGs and DIAs have a solid superficial
component associated with a uni- or multiloculated cyst [4—7].

At CT scan, the solid part appears as isodense or
slightly hyperdense with strong enhancement after io-
dine contrast administration; the cystic component is
most frequently hypodense or isodense according to
the relatively variable proteic content; calcifications or
hemorrhages are usually absent [4-20], though
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(years/clinical state)

Follow-up

Resection/other

therapies

Localization

Histology Size (cm)

Symptoms

Age
(months);

Patients

Table 1 (continued)

Author

@ Springer

sex (M/F)

3

Tenreiro-Picon et al. 1995
Trehan et al. 2004

1 death, 5 alive at 7 years

4 total, 2 subtotal

4 hemispheric, 1

4.5-12.5

6 DIG

2.5-48/4; M Increasing head circumference,

2:F

temporal, 1
occipital

Multiple lobes

elevated ICP, seizures

- 22 DIG

S224
S1.5-14

31

Vandenberg et al. 1993

8 total, 2 subtotal, 1 9 alive at 1.5-14 years

6 fronto-parietal, 2

-9 DIA
11 DIG

2-11/8; M
3;F

11

Vandenberg et al. 1987

biopsy

parietal, 2 temporo-

parietal, 1

hemispheric
2 parieto-occipital, 1

2 total, 2 subtotal, 2 5 alive at 3—7 years (mean

4.5-11

5 DIG

Macrocrania, vomiting,

3-36; M

Personal series

5 years), 1 death at 2 years

subtotal + CT

frontal, 1 temporo-

parietal, 1

hypopituitarism (one case)

hemispheric, 1
suprasellar

occasionally described in children presenting with acute
symptoms [8-31].

At MRI, the solid component and the septa that might be
found in the context of the cysts of DIGs appear as
hypointense both in T1 and T2 weighted sequences; the cystic
content is classically hypointense in T1 sequences and hyper-
intense in T2. After the i.v. administration of gadolinium, the
solid part of the tumor and the adjacent dura mater, when
interested, enhance strongly [20-31].

While having similar appearance in unenhanced MRI,
DIAs are often characterized by non-homogeneous con-
trast captation after contrast administration, due to the
frequent presence of areas of cavitation inside the solid
part [7].

T2 hyperintensity and lower age are the main features
allowing to differentiate DIG/DIAs from gangliogliomas and
pleomorphic xanto-astrocytomas. DNETs, usually affecting
older patients, might be differentiated also because of their
lower size and the lack of contrast enhancement [26].

Treatment (Table 1)

The mainstay of treatment of DIGs/DIAs is surgery.
Intraoperatively, they are characterized by a firm texture, due
to desmoplasia, and a wide cortical contact of the cystic
components.

Total removal however might be hampered by the
frequent strict adhesion of the tumor to the cortex and
the dura, which represent a limiting factor, particularly
in the case of tumors involving eloquent or deep areas
of the brain and/or extending to the basal dura or the
sagittal sinus. Furthermore, the typical occurrence of
these tumors in younger ages render intraoperative
blood loss itself a factor limiting the extension of the
tumor removal, which in selective cases should be
staged [5-26].

When partial resection is achieved, a careful follow-up
is mandatory to monitor potential tumor re-growths; how-
ever, similar to other forms of low-grade tumors, long
relapse-free intervals have been described even after par-
tial resections, suggesting the potential for tumor residual
stabilization after a partial tumor removal [11, 32, 33].

Complementary treatments are primarily not advocat-
ed unless recurrence or residual tumor growth has been
documented; in such cases, if surgery is not an option,
chemotherapy might be considered. Concerns exist
about the role of radiotherapy as clear benefits have
not been demonstrated [5, 10, 11], leading actually to
consider it only in patients, aged more than five, as a
last resort in recurring tumors after surgery and chemo-
therapy [26].
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Fig. 1 DIG of the hypothalamic
region, MR appearance. a
Coronal, sagittal, and axial T2
images: the solid part of the tumor
appears as iso-hyperintense due to
its extensive desmoplastic
component; the cystic part is
typically multiloculated. b
Coronal, sagittal, and axial T1
images after gadolinium injection:
the solid part of the tumor is
intensively enhancing

Prognosis

In the vast majority of cases, DIGs and DIAs are asso-
ciated with a long-term good prognosis and recurrence-
free intervals that range from 6 months to 14 years. An
aggressive behavior has been occasionally described and
appears more frequent in children with DIAs than in
those with DIGs [10, 14, 22, 27]. Suggestive histologi-
cal markers in these cases are not different from the
ones seen in other forms of aggressive supratentorial
gliomas, including necrosis, mitosis, neo-vascularization,
and the evidence at diagnosis of cerebrospinal metasta-
sis [10]. The higher incidence of malignancies among
DIAs is likely to be connected with the prevalent astro-
cytic component of these tumors, which show an easier
tendency to a malignant transformation, similar to what
it can be seen in other kind of gliomas compared with
tumors coming from neuronal structures both in children
and adults.

From the review of the pertinent literature, the mor-
tality rate of patients affected by DIGs/DIAs is around
6 % (6 of 107 cases). Respiratory insufficiency and
hypothalamic compromise are reported as the cause of
death in half of the cases (3 of 6) [10, 14, 27]; all of
these children harbored tumors primarily located at the
level of the hypothalamus; a more aggressive histologi-
cal appearance was described in all of them. Tumor
spreading was present at diagnosis in a further case in
spite of a typical histological appearance, whereas the
remaining two cases of mortality were due to general
causes unrelated to the tumor location or its biological
behavior [29-31].
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