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RADIOLOGY-PATHOLOGY CORRELATION

Hypothalamic Pilomyxoid Astrocytoma in a Child with
Lipodystrophy

J.C. Benson, 7). Trejo-Lopez, ““S.E. Bach, ““). Schwartz, ““TJ. Kaufmann, ““L. Eckel, and ). Guerin

ABSTRACT

SUMMARY: Pilomyxoid astrocytoma is a rare form of pediatric CNS malignancy first classified in 2007 by the World Health
Organization. The tumors are similar to pilocytic astrocytomas, sharing both some imaging and histologic traits. However, pilomyx-
oid astrocytomas portend a more ominous prognosis, with more aggressive local tendencies and a greater proclivity for leptome-
ningeal spread. Although tissue sampling is ultimately required to differentiate pilocytic astrocytomas and pilomyxoid
astrocytomas, some imaging features can be used to suggest a pilomyxoid astrocytoma, including homogeneous enhancement, lep-
tomeningeal seeding, and lack of intratumoral cysts. In this article, a case of a hypothalamic pilomyxoid astrocytoma is described,
in which the presenting disorder was profound generalized lipodystrophy. The aforementioned imaging characteristics of pilomyx-
oid astrocytomas are reviewed, as are the pathologic features of such tumors, including their angiocentric cellular arrangement and

myxoid background.

ABBREVIATION: PMA = pilomyxoid astrocytoma

he patient was a 2-year-old boy who presented with a his-

tory of poor weight gain with loss of adipose tissue de-
spite normal growth in height during the previous 12 months.
His symptoms ultimately culminated in hospitalization for
failure to thrive. Physical examination revealed a scarcity of
subcutaneous fat with relative prominence of his musculature
and vasculature (Fig 1). A comprehensive genetic screen for
congenital lipodystrophy performed at an outside institution
had negative findings. Given the association between CNS
tumors and generalized lipodystrophy, the patient’s endocri-
nologist requested a brain MR imaging to assess an intracra-
nial mass.

Imaging

MR imaging demonstrated a well-circumscribed lobulated mass
arising from the hypothalamic/optic chiasmatic region, measuring
up to 3.0 cm in maximum diameter. Intralesional signal was uni-
formly hyperintense on T2-weighted and FLAIR images and was
prominently hypointense on T1-weighted images. The mass avi-
dly and uniformly enhanced following contrast administration.
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Displacement occurred in adjacent structures: The optic chiasm
and pituitary infundibulum were pushed anteriorly, the midbrain
was deviated dorsally, and the optic tracts draped around the lat-
eral aspects of the mass. Inferiorly, the mass extended into both the
suprasellar and prepontine cisterns (Fig 2), and the lesion extended
superiorly into the third ventricle. Remote from the mass were a
few smaller enhancing lesions along the surface of the right tempo-
ral lobe, medulla, and cerebellum, consistent with leptomeningeal
spread. Imaging of the remainder of the neuraxis revealed several
additional enhancing foci along the thoracic spinal cord and cauda
equina, concerning for additional leptomeningeal tumor dissemi-
nation (Fig 3).

The imaging characteristics were thought to be consistent with
a hypothalamic glioma, either a pilocytic astrocytoma or a pilo-
myxoid astrocytoma (PMA). The diffuse leptomeningeal seeding
seen along the neuraxis is more common in PMA. Other tumors
typically found in this region were less likely. For example, germi-
nomas more frequently demonstrate intratumoral cysts and re-
stricted diffusivity, hypothalamic hamartomas lack enhancement,
and neither craniopharyngiomas nor gangliogliomas are expected
to have diffuse subarachnoid seeding.

Subsequent Clinical Course

On the basis of imaging characteristics of a probable low-grade
glioma and the expected risk of morbidity associated with surgi-
cal biopsy, the decision was made to forgo pathologic sampling in
favor of a chemotherapy regimen. The patient was treated with
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FIG 1. Photographs of the patient demonstrate clinical sequelae of lipodystrophy, with profound
loss of subcutaneous fat. Printed with authorization from the patient’s parents.

FIG 2. Tumor appearance on axial MPRAGE (A) and T2WI (B), coronal postgadolinium T1-weighted
Cube (GE Healthcare) (C), and sagittal FIESTA (D) and postgadolinium TI-weighted Cube (E). Images
demonstrate an enhancing lobulated mass arising from the hypothalamic/chiasmatic region, with
indistinct borders between the tumor and adjacent left hypothalamic parenchyma (arrow).

vincristine and carboplatin, the current standard of care for
patients with low-grade gliomas (single lesion or multifocal) that
are not amenable to surgical resection.

MR imaging performed approximately 3 months after chemo-
therapy initiation demonstrated a slight increase in size of the
primary hypothalamic tumor, measuring 1.9cm in the

maximum axial diameter along its
superior margin compared with
1.5cm on the initial examination.
Partially related to travel restrictions at
the time of the coronavirus disease
2019 pandemic, the patient continued
his care at an outside facility with con-
tinued consultation from our institu-
tion. A radiologist’s interpretation of a
follow-up MR imaging, performed at
the outside hospital, expanded the dif-
ferential to include craniopharyngioma
and metastasis. Because of concerns
related to diagnostic uncertainty and
apparent lack of response to treatment,
a biopsy was performed.

Pathology
Histologic examination of the tumor
revealed a population of overall mono-
morphous neoplastic cells embedded in
a myxoid background and demonstrat-
ing prominent angiocentric arrange-
ments (Fig 4). No substantial mitotic
activity, necrosis, or microvascular pro-
liferation was identified in the material,
histologically supporting a low-grade
neoplasm.
Immunohistochemical studies
revealed tumor cells diffusely and
strongly reactive for glial fibrillary acidic
protein, consistent with glioma, as
opposed to nonglial processes such as
germ cell tumor, lymphoma, and meta-
static disease. A neurofilament study
revealed, overall, few axons in the tu-
mor background; this finding was com-
patible with an expansile rather than
infiltrative growth pattern, a feature
seen in noninfiltrative tumors such as
pilocytic astrocytoma, and less consist-
ent with tumors characterized by exten-
sive infiltrative growth such as diffuse
astrocytoma and oligodendroglioma.
Also inconsistent with these latter enti-
ties, neoplastic cells were negative for
the IDHI R132H mutation on surrogate
immunohistochemistry. By current
2016 World Health Organization crite-
ria, the definitive diagnosis of oligoden-
droglioma requires the identification of
both an isocitrate dehydrogenase (IDH) mutation as well as whole-
arm chromosomal codeletion of 1p and 19q." IDH mutations also
define a category of infiltrating astrocytoma commonly arising in
younger adults; such IDH-mutant astrocytomas commonly also
have mutations of ATRX and p53, though these mutations are not
required for the diagnosis.”

AJNR Am J Neuroradiol 42:1370-74  Aug 2021 www.ajnr.org 137



FIG 3. Leptomeningeal seeding seen on axial postgadolinium T1 Cube (A and B) and sagittal post-
gadolinium T1 images of the lower spine (C). Multiple enhancing foci are noted, including along
the right temporal lobe (long straight arrow in A), ventral medulla (curved arrow in B), and ventral
conus medullaris (short straight arrows in C). There is near-complete absence of subcutaneous

fat, compatible with the patient’s known lipodystrophy.

While the tumor was negative for
the BRAF V600E mutation by immu-
nohistochemistry, fluorescence in
situ hybridization studies revealed
that the tumor had a duplication
of BRAF (at the 7q34 chromosome
locus), an alteration that serves as
a surrogate for the detection of
KIAA1549-BRAF fusion. This latter
fusion alteration is a well-described
molecular event in pilocytic astrocy-
toma and its histologic variant,
PMA. Pilocytic astrocytoma is classi-
cally described as a glioma exhibiting
a biphasic histologic pattern, with
compact areas of bipolar cells con-
taining Rosenthal fibers and eosino-
philic granular bodies alternating
with areas of loose-textured back-
ground containing multipolar cells
and microcysts. PMA is histologi-
cally differentiated from classic
pilocytic astrocytoma by angiocen-
tric arrangements of bipolar tumor
cells, as well as the presence of
a markedly myxoid background, a
morphologic appearance well-rep-
resented by this neoplasm and thus
favoring this diagnosis.
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FIG 4. Photomicrographs of the tumor reveal a glioma composed of overall monotonous neoplastic cells embedded in a myxoid background (A,
H&E, X100 magnification) and exhibiting prominent angiocentric arrangements (B, H&E, x 200 magnification). Neoplastic cells demonstrate immuno-
reactivity for glial fibrillary acidic protein. C, Glial fibrillary acidic protein immunohistochemistry, x 200 magnification. Neurofilament reveals, overall,
few background axons, compatible with a predominantly expansile growth pattern (D, neurofilament immunohistochemistry, X100 magnification).
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DISCUSSION

Pilomyxoid astrocytomas are rare pediatric CNS tumors,
accounting for approximately 2% of childhood astrocytomas.’
First introduced in 1999 and classified by the World Health
Organization in 2007, PMAs were originally identified as a vari-
ant of pilocytic astrocytomas.* The discovery of PMAs partially
helped explain what had been a befuddling attribute of pilocytic
astrocytomas: Though most exhibited indolent growth and favor-
able prognoses, a subset of pilocytic astrocytomas demonstrated
unexpected aggressiveness. PMAs fit nicely into this diagnostic
puzzle, offering an explanation for the observed clinical variabili-
ty.” Patients with PMAs have higher rates of local recurrence and
CSF dissemination and shorter progression-free and overall sur-
vival than those with pilocytic astrocytomas.®”

Given the variability of its clinical behavior and prognosis, in
2007, the World Health Organization had classified this tumor as
a grade II disease. However, in its 2016 classification, they
removed the grade assignments to PMAs.”> PMAs typically occur
in younger patients; an average age of onset for PMAs is
18 months, compared with 58 months for pilocytic astrocytomas,
leading to early labels of an “infantile” subtype.*® However, cases
have been identified across a broad age range, even among
adults.® Clinical presentations vary and include developmental
delay, failure to thrive, vomiting, feeding difficulties, and general-
ized weakness.® In infants, the initial clinical manifestations can
be more subtle, such as increased head size or bulging fontanelle
from increased intracranial pressure.’

On imaging, PMAs have an idiosyncratic proclivity for the
hypothalamic/chiasmatic region (60%-75% of cases), though
they may occur anywhere along the neuraxis, particularly the cer-
ebral hemispheres.”'’ The tumors are typically well-circum-
scribed, predominantly solid tumors, with high homogeneous
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FIG 5. Artistic illustration of a PMA extending from the hypothala-
mus, with involvement of the suprasellar region and adjacent struc-
tures. PMAs tend to be solid and are typically devoid of both
calcifications and intratumoral cysts. Used with permission of Mayo
Foundation for Medical Education and Research. All rights reserved.

intralesional signal on T2-weighted and T2-weighted FLAIR
images and iso- to hypointense signal on T1-weighted imaging,
reflecting their myxoid matrix (Fig 5).” The reported frequency
of central necrosis varies; some authors believe it to be rare, while
a large review of cases noted necrosis in nearly one-third of
tumors.*'! Peritumoral edema is infrequently seen.'> PMAs tend
to be devoid of calcifications and do not demonstrate reduced
diffusivity, helping distinguish them from craniopharyngiomas
and germinomas, respectively.'”> Obstructive hydrocephalus may
be present, though usually in a minority of patients.’

Prior studies have sought to distinguish between PMAs and
pilocytic astrocytomas on the basis of imaging features. In gen-
eral, PMAs demonstrate more homogeneous enhancement, are
more susceptible to intratumoral hemorrhage, and are less prone
to intralesional cystic changes (Table).">'* PMAs are also more
prone to leptomeningeal spreading, occurring in approximately
20% of tumors in 1 study; none of the pilocytic astrocytomas in
the same study demonstrated such spread.® However, consider-
able overlap exists between the entities. Even in the hypothala-
mic/chiasmatic region, most pediatric low-grade tumors are
pilocytic astrocytomas.® In this area, about 20%-50% of pilocytic
astrocytomas are associated with neurofibromatosis type 1."*'
Fernandez et al'' found a higher rate of intratumoral necrosis in
PMAs—not surprising, given their relative aggressiveness—
though this has not been reported elsewhere. Alkonyi et al'?
found no difference in the size, margins, or intralesional T1 and
T2 signal characteristics between PMAs and pilocytic astrocyto-
mas. Ultimately, in its most classic form, a solid hypothalamic
mass with leptomeningeal spread in a young pediatric patient,
imaging alone might help favor a PMA over a pilocytic astrocy-
toma. Nevertheless, pathologic analysis is still required to confi-
dently make such a distinction.'®

The tumor in this case was discovered because of the astute
diagnostic capabilities of the patient’s endocrinologist. Although
rare, the connection between hypothalamic astrocytomas and lip-
odystrophy has been long known.'” In its original description,
“diencephalic syndrome” is characterized by emaciation, normal
linear growth, locomotor overactivity, and somewhat incongru-
ous pleasantness and euphoria.'®'? However, many afflicted
patients present with isolated lipodystrophy.*® The mechanism
by which hypothalamic astrocytoma results in such a profound
loss of subcutaneous fat remains uncertain. Some authors have
opined that the pathophysiology may be paraneoplastic, in which
either antiadipocyte autoantibodies induce cytotoxicity or hor-
mones/cytokines induce lipolysis. Others have suggested that
growth hormone dysregulation and resistance may play a role.
Regardless, the symptoms have been described in the setting of

both pilocytic (and anaplastic) astrocytomas and PMAs.*"** It

Comparison of typical PMA and pilocytic astrocytoma clinical and imaging features

PMA Pilocytic Astrocytoma
Age Younger (mean age, 1.5yr) Older (mean age, 4.8 yr)
Location Hypothalamic/chiasmatic region Cerebellum > hypothalamic/chiasmatic region
Enhancement Homogeneous Heterogeneous
Intratumoral contents Most solid, with minimal tumoral cysts Most have cystic content
Intratumoral hemorrhage 12%-25% 1%—8%

Evidence of leptomeningeal seeding

More frequent (up to 20%)

Exceedingly rare
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remains unknown whether certain types of hypothalamic tumor,
eg, PMA or pilocytic astrocytoma, are particularly prone to caus-
ing sequelae of the diencephalic syndrome.

The patient presented here recently completed his chemother-
apy regimen of vincristine and carboplatin and had decreased tu-
mor size on his most recent examination, measuring 1.9cm in
maximum axial diameter compared with 2.2 cm when at its largest
size. Serial MRIs will be used to continue to observe the tumor.
Currently, his prognosis is considered guarded-but-favorable, par-
ticularly given the recent decrease in tumor size. Nevertheless, the
patient’s body weight continues to be suboptimal. Although his
family has reported that he is able to gain some weight during
intermittent breaks in chemotherapy, it tends to fall off following
re-initiation of treatment, and he continues to exhibit considerable
symptoms of lipodystrophy.

Case Summary

e Generalized lipodystrophy may be caused by a hypothalamic
glioma. In its classic form, the clinical presentation includes
additional elements of diencephalic syndrome: emaciation,
euphoria, and locomotor hyperactivity.

e PMAs typically arise from the hypothalamic/chiasmatic region
but may appear anywhere along the neuraxis.

e Pathologic confirmation is required for diagnosis, though radio-

graphically, a PMA may be suggested over pilocytic astrocytoma

when a solid composition, homogeneous enhancement, and lep-

tomeningeal seeding are present.

Histologically, PMA is currently defined by the 2016 World

Health Organization as a variant of pilocytic astrocytoma, exhib-

iting a prominent myxoid background and perivascular arrange-
ment of tumor cells, and demonstrates molecular alterations
similar to those of classic pilocytic astrocytoma (including
KIAA1549-BRAF fusion).
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