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SUMMARY – Desmoplastic infantile ganglioglioma (DIG) is a rare supratentorial tumor in the 
central nervous system. Definitive diagnosis of this neoplasm is based on histopathologic analysis 
evaluating distinctive findings such as the fibroblastic differentiation. Here we present a clinical 
case of DIG with a long follow-up in an eight-year-old boy with a six-month history of recurrent em-
esis, psychomotor hyperactivity and generalized tonic-clonic seizures. Computed tomography scan 
and magnetic resonance imaging (MRI) showed a cystic, heterogeneous, mass on the right temporal 
uncus. A histopathological diagnosis of late presentation DIG was made. We documented the im-
munohistochemical expression of a molecular soft tissue / muscle differentiation marker (h-CaD) 
in addition to a low proliferative index (Ki-67) in this case. After surgical intervention, a control 
MRI showed changes of right frontal-temporal craniotomy and a persistent mass in the anterior 
and medial temporal lobe with basal extension. Further surgical intervention was performed, com-
pletely removing the tumor, which had the same characteristics. The patient is asymptomatic while 
receiving anticonvulsant therapy (phenytoin) with no evidence of tumor recurrence on MRI after a 
follow-up of five years. The low grade and soft tissue appearance in images are correlated with the 
histopathologic and immunohistochemical profile of this tumor, but the rarity of this tumor makes 
a presumptive diagnosis by images a challenge. The above-mentioned molecular markers or new 
ones could be used as molecular targets for molecular imaging studies to increase the probability of 
a pre-operative diagnosis based on molecular features through images.
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Introduction

Desmoplastic infantile ganglioglioma (DIG) 
is a rare supratentorial tumor of the central 
nervous system (CNS) accounting 0.1-1.0% of 
intracranial tumors in children 1,2. DIG belongs 
to the neuronal/glioneuronal tumor group, and 
DIG along with children’s desmoplastic astro-
cytoma (ChDA) are the desmoplastic CNS neo-
plasms 2,3. DIGs typically have a better progno-
sis than gliomas, and are identified based on 
the pathologic findings of neoplastic neurons 

with neuronal clustering, loss of organized dis-
tribution, size variability, differing stages of 
maturation, fibroblastic background and cyto-
logical atypia. 
DIGs generally appear during the first 18 

months of life (although by definition a diag-
nosis may be made between 0 and 60 months 
of age), and have been cataloged by the World 
Health Organization (WHO) classification of 
tumors as having benign behavior (grade I), in 
contrast to the malignant behavior seen in the 
majority (85%) of children’s CNS tumors 4.
Over the last decade, significant progress has 

been made in unraveling the genetic pathways 
underlying the large variety of glial neoplasms 5.

* This case was presented at the 2012 College of the American 
Pathologists Meeting in San Diego, CA, USA.
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Case Report

The patient is an eight-year-old boy with 
a six-month history of recurrent emesis, psy-
chomotor hyperactivity and generalized tonic-
clonic seizures. The parents reported no pre-
vious medical issues. He was without other 
physical and neurological abnormalities. Com-
puted tomography (CT) scan showed a cystic, 
hypodense mass on the right temporal uncus 
with a peripheral hyperintensity. Magnetic 
resonance imaging (MRI) T1 scans showed hy-
podensity on cystic areas and isointensity on 
solid ones with contrast (Figure 1A-C). On T2 
and FLAIR the cystic area was hyperintense 
and the solid component was heterogeneous 
(Figure 1D-F). 
A surgical resection of the tumor was made 

via craniotomy. A heterogeneous vascularized 
and infiltrative, cystic tumor was found. Upon 
histopathological study a glioneuronal tumor 

Nevertheless, due to their rarity, the genesis 
of DIGs has not been well studied. Some re-
ports have shown genetic alterations (9 and 
22q array loss and in V600E BRAF mutation) 
in two cases of DIG 6. Some authors have sug-
gested that these neoplasms can be considered 
congenital tumors, while others have described 
cases in older children 7. 
The most distinctive histopathological find-

ing in DIG is the fibroblastic differentiation. 
This characteristic feature allows the forma-
tion of a complex extracellular matrix and in-
tracellular cytoskeleton in the neoplastic cells 
2-4. Here we describe a new clinical case with a 
long follow-up of an extremely rare presenta-
tion of DIG in a patient older than five years. 
A similar presentation was first described by 
Kuchelmeister et al. as non-infantile desmo-
plastic ganglioglioma 8. In addition, we corre-
late the histopathology, immunohistochemistry 
and radiological images.

A B C

D E F

Figure 1  MRI. A-C) T1 scans showed hypodensity on cystic areas and isointensity on solid ones with contrast. D-E) On T2 and 
FLAIR the cystic area was hyperintense and the solid component was heterogeneous (Figure 1D, 1E and 1F).
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DIG is slightly more frequent in boys (male-
female ratio of 1.7:1). The most common clini-
cal manifestation is macrocephaly secondary 
to hydrocephalus (40%), followed by seizures 
(20%), bulging fontanelles, bony bossing, visual 
disturbance, and paresis 1,2,10. There is also a 
reported case in which an intracranial hemor-
rhage manifested in a nine-day-old neonate 11. 
DIG has distinctive macroscopic features: 

large size, with uni or multiloculated cysts 
filled with clear or xanthochromic fluid, affect-
ing the temporal, frontal and parietal lobes, 
without hemispheric predilection. There have 
also been cases reported involving the occipi-
tal lobe, brain stem, thalamus and suprasellar 
region 2,3. Multilobar presentation is frequently 
observed (nearly 60% of cases) 3,4. The above 
gross pathology characteristics, are important 
when evaluating neuroimaging studies, and 
may aid in the diagnosis of DIG, but can also 
be seen in other CNS neoplasms 1. On CT scans 
these tumors are voluminous with a mixed, 
solid and cystic appearance, usually have dura 
mater compromise and moderate to low edema, 
hypodense or slightly hyperdense in the su-
perficial portion that extends to the overlying 
meninges, and show intense contrast enhance-
ment 1. The cystic portion is usually located 
deep, whereas the solid portion is peripheral. 
MRI is the most useful radiological diagnostic 
method for DIG, often showing a large cystic 
supratentorial tumor generally involving more 
than one lobe, which is hypointense in T1 and 
hyperintense in T2, with solid areas at times 
demonstrating ossification and calcification 3.
Histopathologically, DIG is characterized by 

a desmoplastic stroma in which neuroepithelial 
elements are found in varying amounts with 
fibroblastic differentiation 4. The neuronal el-
ements can be observed in different stages of 
maturation, demonstrating small and medium 
size ganglion cells displayed in a diffuse form 
or in groups within the desmoplastic stroma, 
which may contain eosinophilic granular bod-
ies and perivascular lymphocytic infiltrate 3,4. 
The presence of gemistocytic bodies has also 
been reported. Additionally, these tumors can 
possess undifferentiated cells with mitotic and 
necrotic figures, which can be anaplastic areas. 
The presence of this rare particular characteris-
tic, as well as necrosis and endothelial prolifer-
ation, may indicate a less favorable prognosis 12. 
The immunohistochemical profile of DIG 

shows that the fusiform cells are positive for 
GFAP as in the case presented here, the neu-
rons are positive for synaptophysin, NeuN, 

was recognized, comprising three distinct com-
ponents. The first corresponded to desmoplas-
tic stroma with spindled astrocytes positive for 
glial fibrillary acidic protein (GFAP) and h-cal-
desmon (dilution 1:200; Thermo ScientificTM) 
(Figure 2 A-G). The second component was com-
posed of primitive neuroepithelial cells positive 
for PGP9.5, vimentin and neurofilament. The 
third component consisted of abnormal neu-
rons positive for synaptophysin, chromogranin, 
PGP9.5, neurofilament and neuron-specific 
enolase (Figure 2H-J). CD99, Fli-1, EMA, AE1/
AE3 and desmin were negative. The prolifera-
tion index (Ki67) was low (1%) (Figure 2K). A 
diagnosis of late presentation DIG was made. 
After surgical intervention, a control MRI 

showed changes of right frontal-temporal 
craniotomy and a persistent mass in the ante-
rior and medial temporal lobe. Further surgi-
cal intervention was performed three months 
later, completely removing the tumor, which 
had the same characteristics as in previous his-
topathologic and immunohistochemical study. 
Currently, the patient is asymptomatic while 
receiving anticonvulsant therapy (phenytoin) 
with no evidence of tumor recurrence on MRI 
after a follow-up of five years.

Discussion

Taratuto et al. first described DIG in 1984 in 
six patients with brain tumors, as a rare, be-
nign lesion that generally affects children. They 
typified this tumor as a “superficial cerebral 
astrocytoma attached to dura mater”, suggest-
ing the probability of a new tumor previously 
unrecognized 9. In 1987, Vandenberg et al. used 
the term desmoplastic ganglioglioma to report 
11 cases of ChDA and DIG, and recognized 
these tumors as a particular group of entities 
7. These desmoplastic tumors were included in 
the WHO classification in 1993 as desmoplas-
tic infantile astrocytoma. In the same year, 
Kuchelmeister et al. published the first two 
cases of late presentation DIG 8. According to 
our literature search, approximately 70 cases of 
DIG have been reported, thus making it one of 
the rarest CNS tumors. The late presentation of 
DIG is more infrequent, with only 20 cases re-
ported after five years of age. The current WHO 
classification classifies these desmoplastic tu-
mors as low-grade superficially located (corti-
cal) neuroepithelial childhood tumors with two 
subtypes, ChDA and DIG, based on the absence 
of the neuronal component in the ChDA 4. 
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pression of h-CaD in the fusiform cells. Cur-
rently h-CaD immunohistochemical expression 
is very useful to distinguish smooth muscle 
cells/lesions, epithelioid mesothelioma, gas-
trointestinal stromal tumor, glomus tumor, 
myopericytoma and perivascular epithelioid 
cell tumors 13. CaD is an actin-binding protein, 

PGP9.5, neurofilament, and specific neuronal 
enolase, while the stroma presents a prominent 
reticulin rete positive with Masson trichrome. 
The proliferation index (Ki67) is generally low 
(0.5-15%) 4,10 and correlated with some low-
grade features observed on radiologic images. 
In this particular case we observed the ex-

Figure 2  Histopathological study disclosed a central nervous tumor with desmoplastic stroma (A,B, HE 50×) and spindled or 
elongated astrocytes (C {HE 200×}, D {HE 200×}, E {HE 400x}) positive for GFAP (F, 400×) and h-caldesmon (G, 400×). Additional 
findings included primitive neuroepithelial cells positive for PGP9.5 (H, 400×), and abnormal neurons positive for synaptophysin 
(I, 400×), PGP9.5 (H, 400×), and neurofilament (J, 400×). The proliferation index (Ki67) was 1% (K, 400×). Microcalcifications (C,E) 
and angiomatoid blood vessels (C,D) were recognized.
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and performance studies need to be conducted. 
On the other hand, other tumors considered 
in the differential diagnosis of DIG need to be 
evaluated for h-CaD expression, such as neu-
ronal-glioneuronal tumors (i.e. pleomorphic 
xanthoastrocytoma), PNET, typical gangliog-
liomas, supratentorial ependymomas, astrocy-
tomas, and atypical rhabdoid teratoid tumors. 
Surgical resection is possible in 70% of DIG 

cases. Complete resection provides better out-
comes than partial resection, even if partial 
resection is combined with adjuvant therapy, 
with illness-free periods of 8.3 to 20 years 1,4,10. 
Occasionally, spontaneous regression has been 
described 18. In a few cases, DIG can behave 
aggressively and may present with adjacent 
parenchymal infiltration, with tumors demon-
strating anaplasia, necrosis, and a high prolif-
eration index. Such cases may be rapidly fatal, 
and may benefit from adjuvant chemotherapy 

19. Only one malignant transformation to gliob-
lastoma multiforme, in a two-year-old girl, has 
been reported 20. Radiotherapy is avoided in the 
management of DIG as it can interfere with en-
cephalic development in such young patients 10,12.
In conclusion, an adequate correlation of 

clinical manifestations, and radiologic/his-
topathologic features is vital for correct diagno-
sis and management. New molecular imaging 
studies that allow the identification of molecu-
lar markers for low-grade and soft tissue differ-
entiation in ex-situ studies could increase the 
odds for a presumptive diagnosis.

which stabilizes actin filaments and partici-
pates in the regulation of the actomyosin AT-
Pase 14,15. Two isoforms, h-CaD (high molecular 
weight CaD) and l-CaD (low molecular weight 
CaD), are preferentially expressed in smooth 
muscle and non-muscle cells. CaD isoforms are 
most likely generated from a single gene by al-
ternative splicing. CaD has been recognized as 
a substrate for many kinases 16. Both extracel-
lular signal-regulated kinase (ERK) and p38 
mitogen-activated protein (MAP) kinase phos-
phorylated h-CaD. These kinases dynamically 
regulate phosphorylation during cell prolifera-
tion 16,17. 
In addition, the ERK MAPK-CaD pathway 

may modulate PDGF-stimulated cell migra-
tion. Recently, CaD has been implicated in the 
regulation of cell remodeling and cell motility 

17. Generally, CaD expression has been shown 
to be downregulated in transformed cells, 
which may contribute to increased motility and 
invasiveness. Cell migration is a multi-staged 
process requiring dynamic cytoskeletal rear-
rangements 17. This may be a cause of the be-
nign behavior observed in many DIGs. 
The above-mentioned molecular character-

istics can be used as targets to develop mark-
ers for molecular image studies based on MRI 
or CT, with the development of antibodies or 
other minimal sub-unit markers ligated with 
contrast agents for ex-situ analysis.
To confirm the hypothesis of h-CaD’s poten-

tial utility in DIG diagnosis, reproducibility 
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