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Abstract

OBJECTIVE—The aim of this study was to describe the clinical presentation, imaging
appearance, and differential outcomes based on tumor location in 7 patients with desmoplastic
infantile astrocytoma and desmoplastic infantile gangliogliomas (DIA/DIG).

METHODS—Data of 7 patients with histopathology-proven DIA/DIGs and preoperative imaging
were retrospectively reviewed, and age, sex, clinical presentation, imaging characteristics, tumor
location, surgical procedure, postoperative morbidity, and overall mortality were recorded.

RESULTS—Two subgroups of patients with DIA/DIGs were found to exist based on whether
their tumor was located in the cerebral hemispheres or suprasellar region. Nearly all patients
presented with rapidly enlarging head circumference regardless of tumor location. However, ocular
abnormalities, including nystagmus and preference for downward gaze, were specific for patients
with suprasellar disease. These patients experienced significant postoperative complications and
had poor long-term outcomes. In contrast, patients with hemispheric tumors underwent more
extensive resection than patients with suprasellar tumors, had uneventful postoperative courses,
and had no documented long-term comorbidities.
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CONCLUSIONS—Postoperative course and long-term outcome for patients with DIA/DIGs
were correlated to the anatomical location and radiographic appearance of their tumor at
presentation, despite having histologically and molecularly indistinguishable, WHO grade |

tumors.
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Methods

DESMOPLASTIC infantile astrocytoma (DIA) and desmoplastic infantile ganglioglioma
(DIG) are rare, benign CNS tumors that typically present within the first 2 years of life.
1,29,33,34,39 \While both tumors are characterized histologically by prominent desmoplastic
stroma, DIA is characterized by a neoplastic population restricted to astrocytes, while DIG
includes a population of neoplastic neuronal cells of variable maturity. In light of reportedly
similar clinical, radiological, and pathological features, DIG and DIA are considered to be
part of the same entity.1439 Classically, patients with DIA/DIG present with rapidly
enlarging head circumference.17:32:34.36 On MRI, DIA/DIGs are typically described as large
supratentorial cysts with a cortical-based enhancing tumor nodule with a dural attachment.
1.5.34 Resection is curative, and chemotherapy and/or radiation therapy is unnecessary in the
majority of cases.13:26:34.35 |ndeed, DIA/DIGs are now categorized together in the 2016
WHO classification, are designated grade I, and generally have a good prognosis with long
disease-free survival.15:15.26.:32.34.3539 How- ever, there have been a few case reports of
DIA/DIGs with atypical presentations, including primary vermian localization, primary
spinal localization,?® metastatic spread,32 multiple cerebral lesions,118.28:32 and even
occurrence in patients older than 6 years.%2526 Based on these reports, patients with atypical
presentations of DIA/DIGs may have markedly different clinical courses and long-term
outcomes than patients with more classic presentations. Thus, additional information is
needed to better understand the spectrum of clinical presentations, management strategies,
postoperative course, and long-term outcomes of patients with DIA/DIGs, particularly those
with atypical presentations.

Here, we present a single-institution retrospective study of 7 patients with histologically
confirmed DIA/DIGs, wherein 2 clinically distinct groups were evident after the review. Our
findings indicate that there may be differential outcomes of patients with DIA/DIGs based
on the tumor’s location.

We performed a retrospective review of the electronic medical records for all patients with a
histological diagnosis of DIA/DIG who underwent surgery at our institution. Age at
diagnosis, sex, clinical presentation, MRI characteristics, tumor location, surgical procedure,
postoperative morbidity, and overall mortality were recorded, and our results are
summarized in Tables 1-3. Study approval was granted by the Mayo Clinic institutional
review board. The study population was limited to children 2 years and younger. Exclusion
criteria were patients without preoperative electronic imaging and patients older than 2
years. Cases were accrued from the Mayo Clinic, Rochester Campus, between 1997 and
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2016. Preoperative MRI was performed in all cases with and without intravenous contrast.
All images were reviewed by a board-certified neuroradiologist. Surgically excised
specimens were fixed in formalin and embedded in paraffin. Histological examination
included standard H & E and Masson’s trichrome stains. Immunohistochemical staining was
performed for additional evaluation of the tumors, including IDH1-R132H (HO9 clone,
Dianova), BRAF-V600E (VEL1 clone, Spring), H3K27-me3 (C36B11 clone, Cell Signaling),
and INI-1 (clone 25, BD Transduction). All histopathological sections and stains were
reviewed by a board-certified neuropathologist at presentation and at rereview as part of this
study. IDH1-R132H, BRAF-V600E, trimethylated H3K27, and INI1 staining was done as
part of this study. All other stains, including GFAP, synaptophysin, neurofilament protein,
S100, Ki-67, and collagen IV were done at the time of initial surgery and pathologic
evaluation.

Clinical Presentation Differs Based on Tumor Location in Our Cohort

Between 1997 and 2016, 7 patients younger than 2 years underwent operative intervention
for histopathology-proven DIA/DIGs at our institution. All clinical characteristics are
detailed in Table 1. There were 4 male and 3 female patients. Age at presentation for these
patients ranged from 2 to 9 months with a mean age of 4.4 months. Six patients presented
with rapidly enlarging head circumference secondary to obstructive hydrocephalus, and 1
patient presented with new-onset seizure. On clinical examination, it was noted that 3
patients had visual disturbances/impairments; 2 had nystagmus, and 1 had a predilection for
downward gaze. MRI was performed in all patients prior to surgery. Four patients were
found to have tumors in the cerebral hemispheres, whereas 3 patients had lesions in the
suprasellar region (Table 1, Fig. 1). Importantly, eye movement abnormalities on clinical
examination correlated with tumor location, as observed on MRI, since all 3 patients with
suprasellar disease were noted to have either nystagmus or downward gaze. Furthermore, it
was observed that patients with suprasellar disease tended to present at a younger age than
patients with hemispheric disease (3 months vs 5.5 months), although this relationship was
not statistically significant (p = 0.15, 2-tailed Student t-test).

MRI Reveals Distinct Tumor Characteristics Based on Location

Preoperative MRI indicated that all 4 patients with hemispheric lesions had imaging
characteristics consistent with what has been previously described in the literature for DIA/
DIGs.2481323.36.39 Accordingly, these tumors were large, peripheral supratentorial tumors
with a primary cystic component and a cortical-based enhancing tumor nodule (Fig. 1). Of
the 4 tumors that were hemispheric in location, 2 were found to affect the temporal lobe
while the remaining tumors were situated in the frontoparietal region. Conversely,
suprasellar tumors had discretely different appearances on MRI. Suprasellar tumors were
large, yet not as massive as hemispheric tumors, and appeared as homogeneously enhancing
masses with no cystic component, and all occurred with hydrocephalus (Fig. 1). Based on
preoperative imaging, the differential diagnosis for these lesions included primary glial
neoplasm, namely optic pathway glioma and pilocytic astrocytoma, teratoma, atypical
rhabdoid teratoid tumor, primitive neuroectodermal tumor, neuroblastoma, and central
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neurocytoma. Notably, DIA/DIG was not in the original differential diagnosis, as there were
no distinctive imaging characteristics identified that readily distinguished suprasellar DIA/
DIG.

Hemispheric and Suprasellar DIA/DIGs Are Histologically Indistinguishable

DIA/DIGs located in the hemispheric and suprasellar compartments showed identical
histological features, without any identifiable differences in architecture, cytology, or
proliferative activity. All tumors were negative for IDH1-R132H and had retained INI1
expression, while BRAF V600E was either negative or showed only very focal expression.
Interestingly, while there appeared to be loss of trimethylated-H3K27 expression in 4
tumors, this was observed in 1 suprasellar and 3 hemispheric tumors, and did not show
definite association with tumor location or patient outcomes (Table 2).

Tumor Location Predicts Operative and Postoperative Course in Our Cohort

The extent of resection differed between patients with hemispheric and suprasellar disease.
All 4 patients with hemispheric tumors underwent gross-total resection, whereas the 3
patients with suprasellar disease underwent subtotal resection limited by local invasion
and/or circumferential adherence to surrounding neurovascular structures (Table 1, Figs. 2
and 3).

Postoperatively, 4 patients required at least 1 additional operation to divert ventricular and/or
subdural fluid, including 1 with hemispheric and all 3 patients with suprasellar disease.
Three patients developed postoperative seizures, 2 of whom were in the suprasellar group.
Notably, one of the patients with a suprasellar DIG who experienced postoperative seizures
progressed to develop a chronic, medically refractory seizure disorder and subsequently
underwent a partial temporal lobectomy, while the hemispheric DIA/DIG patients
subsequently were able to discontinue antiepileptic medications. Two patients with
suprasellar tumors developed central diabetes insipidus in the postoperative period, and 1
patient with suprasellar disease experienced an ischemic stroke of the left internal carotid
artery. The postoperative course of these patients is described in Table 3.

Tumor Location Correlates With Long-Term Outcomes in Our Cohort

To date, the patients with hemispheric DIA/DIG have been observed for a minimum of 2
years and a maximum of 18 years, and none has developed long-term sequelae or significant
comorbidities from their disease or from surgery (Table 4). In contrast, all 3 patients with
suprasellar tumors developed moderate to severe visual impairment. Additionally, 2 patients
have significant developmental delay, and 2 patients developed pan-hypopituitarism and
hemiparesis. Two patients with suprasellar tumors were noted to have significant
radiographic evidence of tumor progression (Fig. 3). Of these, 1 patient received
chemotherapy for approximately 6 years with vincristine, cisplatin, etoposide,
cyclophosphamide, valproic acid, and carboplatin and 4500 cGy whole-brain radiation
therapy with a 540-cGy boost. This patient is currently living 9 years after the initial
diagnosis. A second patient with suprasellar disease is currently alive 5 years after the
diagnosis, while the third patient died 4 months after diagnosis.
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Discussion

DIA and DIG are rare, with a reported incidence of 0.1%-1.25% of all pediatric CNS
tumors. These tumors usually present within the first 2 years of life, most often by 4-6
months of age.1733:39 Males are more commonly affected by DIA/DIG than females (1.5
1.7:1), and patients almost always present with rapidly enlarging head circumference and,
sometimes, vomiting and seizures.3:17:29:34 Classically, DIA/DIGs have been described as
massive cystic lesions that emanate from firm nodules that are invariably supratentorial and
often attached to the overlying dura.2-4:813.23.36.39 The tumor nodules tend to be
homogeneously enhancing, hypodense on T2-weighted imaging, and are not associated with
significant vasogenic edema.3 Although there are several studies demonstrating multifocal
disease, progression, metastasis, and/or malignant transformation to glioblastoma,
7.8,16,21,24,32,37 these more aggressive forms of DIA/DIGs tend to be exceptions rather than
the rule.1” Generally, DIA/DIGs are considered benign and are often cured by resection
alone.22:30 There have been reports of DIA/DIGs spontaneously regressing after subtotal
resection without further surgical intervention or subsequent cytotoxic therapy.3!

Histologically, these tumors are characterized by neoplastic neuroepithelial cells within a
prominent, dense connective tissue network.6:17:26.27.38.39 \While DIG and DIA are
considered to be the same entity clinically,1439 they differ histologically in that the
neoplastic cells in DIAs appear restricted to astrocytes, while DIGs include a neuronal
component or variable maturity DIAs.5:38:39 Distinguishing DIG and DIA requires
demonstration of a neoplastic neuronal component.6:17.22.38.39 Sjgnificant progress has been
made in understanding the molecular and genetic pathways underlying DIA/DIGs, yet the
genetic and molecular pathways and the cellular origin of these tumors is not yet established.
26,29 A few studies have investigated this issue by interrogating known tumor suppressor
genes and oncogenes using immunohistochemistry, chromogenic in situ hybridization, or
genome-wide DNA copy number analysis with multiplex ligation-dependent probe
amplification. However, because of the rarity of DIA/DIG, these studies lack sufficient
sample size to be extrapolated to entire patient populations. Nonetheless, several known
oncogenes have been weakly and inconsistently implicated in the pathogenesis of these
tumors, including HGFR/MET* EGFR,20 and MYC amplification,20 as well as BRAF
V600E mutation.10:19 Notably, none of the tumors in our series showed widespread
immunoreactivity for BRAF VV600E on immunohistochemical analysis. In fact, we were
unable to identify any discrete genetic alterations between the hemispheric and suprasellar
DIA/DIGs using an immunohistochemical screening approach. Future studies that assess the
DIA/DIG genome in an unbiased fashion from a larger sample will be helpful in determining
the genetic underpinnings of this disease.

The findings herein pertaining to suprasellar DIA/DIG are analogous to optochiasmatic/
suprasellar pilocytic astrocytoma. That is, optochiasmatic/suprasellar disease is a poor
prognostic factor in patients with pilocytic astrocytoma.12 The mainstay of treatment for
most hemispheric DIA/DIGs and pilocytic astrocytomas of the cortex and cerebellum is
gross-total resection.11:30 The initial approach for pilocytic astrocytomas of the
optochiasmatic/suprasellar/hypothalamic region is frequent imaging and chemotherapy for
progressive lesions, rather than surgery, in order to prevent potentially serious surgical
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complications, including hypothalamic dysfunction, blindness, and injury to vascular
structures. Surgery is typically reserved for patients with tumors that have extended into the
third ventricle, causing obstructive hydrocephalus or lesions that are not responsive to
therapy. In these patients, opening CSF pathways and surgical debulking is appropriate. In
our cohort, all 3 patients with suprasellar DIA/DIGs presented with obstructive
hydrocephalus and, therefore, debulking was performed to obtain tissue for diagnosis and to
open CSF pathways. Based on our limited experience, we believe that the goal of surgery in
these patients should be safe maximal tumor resection.

It is worth noting that the decision to operate on the patients with suprasellar DIA/DIGs was
based mostly on their effects related to obstructive hydrocephalus and not necessarily the
presumed histological diagnosis. Indeed, as discussed above, DIA/DIG was not initially in
the differential diagnosis, as there were no distinctive imaging characteristics identified that
readily distinguished DIA/DIG from other pediatric tumors of the suprasellar region. Rather,
the diagnosis of DIA/DIG was not made until after tissue was obtained. Thus, it is very
possible that some suprasellar DIA/DIGs without obstruction are being “missed” and
conservatively managed because they are felt to be optic pathway gliomas, suprasellar
pilocytic astrocytomas, or something else.

To date, only one other patient with suprasellar DIA/DIG without multifocal CNS lesions
has been reported on.1® In our series of 7 patients with histologically proven DIA/DIGs, 4
patients presented with rapidly enlarging head circumference and were found to have
massive, hemispheric cystic lesions with a peripherally located, homogeneously enhancing
solid component. These patients experienced full recovery and disease cure following gross-
total tumor resection, having a presentation and clinical course identical to what is most
often reported in the literature. However, we observed a more unusual presentation in the
remaining 3 patients, who presented with ocular manifestations (e.g., nystagmus and
downward gaze) in addition to rapidly enlarging head circumference. All 3 were found to
have large, homogeneously enhancing suprasellar tumors without cystic changes. These
patients experienced significant perioperative complications and long-term comorbidities
following subtotal tumor resection. Perioperative complications for these patients with
suprasellar tumors included seizures (2 of 3) and central diabetes insipidus (2 of 3). Long-
term comorbidities for these patients included moderate to severe visual impairment (3 of 3),
panhypopituitarism (2 of 3), hemiparesis (2 of 3), disease progression (2 of 3),
developmental delay (2 of 3), seizure disorder (1 of 3), tumor progression (2 of 3), and death
(1 of 3).

Conclusions

Here, we describe in detail our experience with a newly recognized clinical variant of
DIA/DIG located in the suprasellar region. We are the first to directly compare the clinical
course of patients with suprasellar tumors and classically described hemispheric disease.
Our study reveals that tumor location predicts perioperative course and long-term outcomes
in patients with DIA/DIG, as patients with hemispheric disease have excellent outcomes
whereas patients with suprasellar disease have considerably worse outcomes. Our study also
highlights that DIA/DIG should be part of the radiographic differential diagnosis for
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children presenting in the first 2 years of life with a large, homogeneously enhancing,
noncystic, suprasellar tumor.
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Hemispheric

Suprasellar

FIG. 1.
A-C: Coronal postcontrast T1-weighted MR images of classically described hemispheric

DIGs showing massive cysts with cortically enhancing peripheral nodularity. D—F: Coronal
postcontrast T1-weighted MR images of suprasellar DIGs showing large, homogeneously
enhancing tumors with small associated cysts.
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FIG. 2.
Case 1. A and B: Preoperative coronal (A) and axial (B) postcontrast T1-weighted images

obtained in a 3-month-old girl with a large, homogeneously enhancing suprasellar tumor,
which presented with rapidly enlarging head circumference, nystagmus, and bilateral optic
nerve atrophy. The patient underwent subtotal tumor resection and subsequently received
chemotherapy and radiation therapy. C and D: Coronal (C) and axial (D) postcontrast T1-
weighted images obtained in the same patient 8 years after the first resection, with recurrent
tumor growth and cystic transformation. A second partial resection was subsequently
performed.
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FIG. 3.
Case 6. A and B: This 4-month-old girl presented with a rapidly enlarging head

circumference. Axial (A) and coronal (B) postcontrast T1-weighted images showing a large
cystic tumor with an enhancing peripheral cortical-based nodule in the right parietal lobe. C:
Intraoperative image obtained in the same patient after opening the dura and wide exposure
of right parietal lobe. The solid part of the tumor appears as an extra-axial superficial
cortical component (black arrowhead). The cystic portion is also visible (white arrowhead).
D: Intraoperative image obtained in the same patient after removal of the tumor. There is
significant collapse of the right brain hemisphere. Also seen is the medial wall of the bed of
the tumor (black arrowhead). E and F: Axial (E) and coronal (F) postcontrast T1-weighted
images obtained in the same patient 1 year after surgery. Neither the cystic or peripheral
nodular components are present. Figure is available in color online only.
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Table 3.

Postoperative course for DIG/DIA patients

Case No. Location Event
1 Suprasellar Multiple VP shunt surgeries
2 Suprasellar Multiple VP shunt surgeries, Szs, DI
3 Suprasellar VP shunt surgery, Szs, DI, stroke
4 Hemispheric VP shunt surgery
5 Hemispheric  None
6 Hemispheric Sz
7 Hemispheric  None

DI = central diabetes insipidus; Sz = seizure; VP = ventriculoperitoneal.
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