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Preface Pleomorphic xanthoastrocytoma is an exceptional, superficial, circumscribed,
meningo-cerebral, astrocytic neoplasm. Pleomorphic xanthoastrocytoma was initially scripted
as a distinctive astrocytoma by Kepes et al. in 1979 [1]. World Health Organization (WHO)
categorizes pleomorphic astrocytoma as a grade II neoplasm. The significantly pleomorphic
neoplasm with bizarre cytological features indicative of malignant biological behaviour is
preponderantly associated with relatively superior prognosis. Localized reoccurrence may
ensue wherein the classic, WHO grade II pleomorphic xanthoastrocytoma may reoccur as high
grade, malignant ‘astrocytic’ glioma. The infrequent, aggressive, morphologically ‘anaplastic’
or malignant pleomorphic xanthoastrocytoma with anaplastic features is accompanied by
specific clinical, radiological, and histological characteristics with significant mitotic activity
exceeding >5 mitosis per 10 high power fields and demonstrates an inferior prognosis with
an unpredictable biological course.

Disease Characteristics

Children and young adults are commonly incriminated although most neoplasms appear
within 10 years to 30 years. No age of disease emergence is exempt [2,3]. Pleomorphic
xanthoastrocytoma constitutes <1% of the primary astrocytic neoplasms. A specific
gender or racial predilection is absent. The unique pleomorphic xanthoastrocytoma is
predominantly situated within the superficial cerebral cortex or supra-tentorial region and
adheres to superimposed leptomeninges wherein infiltration of the dura is exceptional.
Commonly, the temporal lobe is implicated followed in frequency by the frontal lobe or
parietal lobe [2,3]. Besides, the neoplasm may be located within the cerebellum, spinal
cord, retina, thalamus, pineal gland or sellar region [2,3]. Appropriate tumour discernment
exhibits a multi-centric tumefaction with several non-contiguous lesions. Ascertainment of
histologically and genetically identical anaplastic variant emerging from a preceding site of
classical pleomorphic xanthoastrocytoma is non challenging [2,3]. Malignant or anaplastic
pleomorphic xanthoastrocytoma, preponderantly emerging as a relapsing neoplasm, is
categorized as grade III or grade IV by the World Health Organization (WHO) [2,3]. Of obscure
aetiology, it is posited that superficial pleomorphic xanthoastrocytoma is engendered from
subpial astrocytes [2,3]. Tumefaction is postulated as a developmental, neuroglial tumour
with prominent, glio-proliferative alterations accompanied with focal cortical dysplasia [2,3].
With an uncertain cell of origin, tumefaction is hypothesized to arise from ‘cerebral
cortical astrocytic cells’ with superimposed pia mater, wherein aforesaid cells are immune
reactive to glial markers as Glial Fibrillary Acidic Protein (GFAP) [2,3]. Apart from a glial
genesis, tumefaction exhibits divergent differentiation as encountered with ‘mixed’ or
‘hybrid’ tumours exhibiting a neuronal or ganglionic component, wherein the cell of origin
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may digress from being purely astrocytic [2,3]. Thus, pleomorphic
xanthoastrocytoma and aggressive subtypes may singularly be
astrocytic neoplasms or may emerge as glioneuronal tumours [2,3].
Pleomorphic xanthoastrocytoma is associated with diverse central
nervous system disorders such as neurofibromatosis type 1, focal
cortical dysplasia, mesial temporal sclerosis or velocardiofacial
syndrome [2,3].

Genetic Metamorphosis

Singular pleomorphic xanthoastrocytoma is genetically distinct
from diffuse or infiltrating gliomas. Loss of Deoxyribonucleic Acid
(DNA) upon chromosome 9 is a frequent regional chromosomal
anomaly, discerned in an estimated 50% of neoplasms. Additionally,
genetic gains and losses appear within chromosomes 3, 5, 20
and 22. Genomic gains emerge within loci of chromosomes 7
and 19. Associated genetic aberrations as translocations within
chromosome 1, 15, 20 and 22 may be exemplified [3,4]. Infrequently,
regional loss of genetic material within chromosomes 4, 6, 8p, 10p,
13, 17, 18 and 21 may occur. Chromosomal mutation of TP53 and
amplification of Epidermal Growth Factor Receptor (EGFR) gene
are exceptional. Besides, deletions or epigenetic inactivation of
CDKN2A or CDKN2B genes appear inconsistent [3,4]. BRAF V600E
genetic mutation is a contemporary, consistent genetic anomaly
discovered in pleomorphic xanthoastrocytoma. Discernible,
activating BRAF genetic mutations are beneficial in segregating
pleomorphic xanthoastrocytoma from giant cell glioblastoma
[3,4]. Additionally, proportionate BRAF V600E mutation may vary
between adult and paediatric pleomorphic xanthoastrocytomas
[3,4].

Clinical Elucidation

Superficial pleomorphic xanthoastrocytoma confined to
the cerebral cortex demonstrates prolonged history of seizures
preceding radiographic tumour detection [4,5]. Cogent, gradually
progressive clinical symptoms appear as focal neurological
deficits, visual disturbances, dizziness, headache and an infrequent
intracerebral haemorrhage, symptoms which pertain to tumour
location. The neoplasm is associated with intractable seizures.
Frequently, tumefaction appears within the cerebral cortex of
temporal lobe, demonstrates a distinctive cystic component, and
predominantly engenders temporal lobe epilepsy. Exceptionally,
pleomorphic xanthoastrocytoma can be asymptomatic [4,5]. A
subset of neoplasms exhibits aggressive clinical behaviour with
manifestations such as localized tumour reoccurrence or distant
metastasis. An estimated one fifth of lesions may undergo malignant
transformation [4,5].

Histological Elucidation

Grossly, the neoplasm is superficial, well circumscribed,
frequently cystic and incriminates superimposed leptomeninges
[4,5]. Pleomorphic xanthoastrocytoma exhibits significant cellular
pleomorphism, an extensive reticulin framework and prominent,
lipid-rich glial cells [4,5]. Upon microscopy, the superficial,
compact neoplastic component is comprised of pleomorphic,
spindle-shaped cells configuring a fascicular pattern. Mononuclear
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or multinucleated tumour cells with frequent nuclear inclusions
and occasional cytoplasmic xanthomatous alterations can be
discerned [5,6]. Perivascular cuffing with mature lymphocytes,
disseminated eosinophilic, granular bodies and an abundant
reticulin framework may be observed. Subjacent cerebral cortex
may depict an infiltrative component of astrocytes [5,6]. Variable,
focal hemorrhage and deposition of proteinaceous, granular
degeneration can be delineated. Focal necrosis or mitotic activity
is absent [5,6].

Microscopically, tumour perimeter is inadequately defined.
Variable, pleomorphic histological features demonstrate a
tumefaction composed of spindle-shaped or polygonal cells
admixed with multinucleated giant cells and lipid-laden,
xanthomatous astrocytes. Tumour cells configure fascicles or
a storiform pattern, consequently simulating a mesenchymal
tumefaction [5,6]. The atypical, pleomorphic, hyper-cellular
neoplasm exhibits astrocytic or mesenchymal cells imbued with
abundant cytoplasm. Pleomorphic nuclei generally exhibit nuclear
inclusions and significant nuclear anisocytosis [5,6]. Xanthomatous
cells incorporated with foamy cytoplasm are prognostic although
encountered in roughly 25% of lesions [5,6]. Frequent, enlarged,
bizarre, multinucleated giant cells impart the characteristic
pleomorphic appearance. Intra-nuclear inclusions and eosinophilic
granular bodies are consistently observed [5,6]. Focal, perivascular,
or intra-tumoral aggregates of mature lymphocytes and occasional
plasma cells may be exemplified [5,6]. Diffuse or patchy deposition
of reticulin fibres circumscribing tumour cells is characteristic.
Rosenthal fibres appear upon tumour periphery, indicative of
reactive alterations within adjacent brain. Exceptionally, tumour
cells may be permeated with pigment granules [5,6]. Cellular
pleomorphism is frequent although mitotic figures and necrosis
are absent, features which demarcate the neoplasm from
malignant, infiltrating gliomas [5,6]. Tumefaction with malignant
transformation or anaplastic pleomorphic xanthoastrocytoma
exhibits significant mitotic activity ranging from <3 mitosis per 10
high power fields to up to 18 per 10 high power fields. Anaplastic
pleomorphic xanthoastrocytoma or WHO grade III tumefaction
lack a dense framework of reticulin fibres. Significant endothelial
proliferation and focal necrosis is apparent. The anaplastic
variant may exhibit pathognomonic morphological characteristics
pertaining to a classical variant [5,6]. Anaplastic pleomorphic
xanthoastrocytoma depicts enhanced mitotic activity exceeding >5
mitoses per 10 high power fields. Segregation from an epithelioid
glioblastoma can be challenging [5,6]. Elevated mitotic activity
exceeding ≥5 mitoses per 10 high power fields and focal necrosis
with pseudo-palisading is accompanied by aggressive biological
behaviour and inferior prognosis with decimated recurrence-free
survival or overall survival. An anaplastic variant may exceptionally
depict a distinctive rhabdoid component [5,6]. On ultrastructural
analysis, tumour cells predominantly exhibit an astrocytic cellular
origin and appear disparate from mesenchymal or meningothelial
neoplasms. Tumour cells appear circumscribed by basal lamina.
Neuronal features with microtubules and dense core granules can
be discerned [5,6].
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Immunohistochemistry
Pleomorphic xanthoastrocytoma is diffusely and intensely
immune reactive to Glial Fibrillary Acidic Protein (GFAP), Olig-2,
Sox2 and S100 protein, indicating a glial or astrocytic lineage. A
neoplasm is variably immune reactive to diverse neuronal markers
as synaptophysin, neurofilament, reticulin, class 3 β-tubulin and
microtubule associated protein 2 (MAP2) [5,6]. Haematopoietic
progenitor or vascular endothelial cell-associated antigen CD34
is enunciated in around 50% tumefaction [5,6]. Proliferation
marker Ki-67 labelling index (MIB1) is generally below <1%. Ki-67
proliferative index and Proliferating Cell Nuclear Antigen (PCNA)
are expounded in few tumour cells [5,6]. Reactivity to tumour
suppressor gene p53 or chromogranin is variable, and the majority
of tumefaction is immune non-reactive [5,6] (Figures 1-8).

Figure 1: Pleomorphic xanthoastrocytoma depicting
spindle-shaped cells, lipid laden astrocytic cells
admixed with multinucleated giant cells, focal
lymphocytes and patchy reticulin fibres.

Figure 2: Pleomorphic xanthoastrocytoma
demonstrating polygonal cells with abundant
eosinophilic cytoplasm, intra-nuclear inclusions
admixed with multinucleated giant cells peripheral
Rosenthal fibres.
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Figure 3: Pleomorphic xanthoastrocytoma delineating
prominent, pleomorphic multinucleated giant cells
admixed with polygonal cells with abundant cytoplasm
with commingled lymphocytes.

Figure 4: Pleomorphic xanthoastrocytoma enunciating
spindle-shaped cells intermingled with multinucleated
giant cells, mature lymphocytes and sparse reticulin
fibres.

Figure 5: Pleomorphic xanthoastrocytoma exemplifying
lipid-rich astrocytic cells admixed with multinucleated
giant cells, polygonal cells, and circumscribing foci of
compressed cerebral cortex.
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Figure 6: Pleomorphic xanthoastrocytoma exhibiting
multinucleated giant cells admixed with polygonal cells
with abundant cytoplasm, intra-nuclear inclusions, and
few mature lymphocytes.
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variably lobular architecture. Tumefaction is confined to the
cortical or subcortical region with minimal circumscribing
oedema. A neoplastic glial component is admixed with
proliferative, neoplastic ganglion cells. An astrocytic element
simulates fibrillary astrocytoma or pilocytic astrocytoma.
Mitosis is exceptional and tumour necrosis is usually absent.
Generally, tumefaction depicts a perivascular cuff of mature,
small lymphocytes. Besides, Rosenthal fibres and eosinophilic
granular bodies can be discerned. Micro-cysts, prominent
reticulin framework, focal calcification, vascular proliferation
with configuration of glomeruloid structures and desmoplasia
is enunciated, especially in neoplasms confined to the
subarachnoid space. Ki-67 proliferative index is minimal. Image
enhancement is observed upon Magnetic Resonance Imaging
(MRI). The tumour perimeter exhibits an elevated signal
intensity upon Fluid-Attenuated Inversion Recovery (FLAIR)
[7,8].
2.
Desmoplastic infantile ganglioglioma occurs in young
children. Enlarged, multiple lesions are observed with
incrimination of dura [7,8].

Figure 7: Pleomorphic xanthoastrocytoma depicting
a fascicular arrangement with polygonal cells with
abundant cytoplasm, mature lymphocytes and sparse
reticulin fibres.

Figure 8: Pleomorphic xanthoastrocytoma-angiomatous
variant demonstrating polygonal cells, multinucleated
giant cells, perivascular cellular aggregates with
lymphocytes and peripheral Rosenthal fibres.

Differential Diagnosis
Pleomorphic xanthoastrocytoma requires a segregation from

1.
Ganglioglioma or gangliocytoma which emerges as a
well-defined, “bubbly”, compact tumefaction, demonstrating
Nov Appro in Can Study

3.
Dysembryonic
Neuroepithelial
Tumour
(DNET)
is a ‘bubbly’, intra-cortical lesion comprised of uniform,
oligodendroglioma-like cells intermingled with mucinous
substance. Specific glio-neuronal elements as cellular columns,
configured of axons layered with uniform, oligodendrogliomalike cells commingled with floating neurons or cortical neurons
embedded in mucin pools, can be observed. Astrocytes
appear disseminated within tumour cells. Adjacent cerebral
cortex exhibits focal cortical dysplasia. Mitotic figures are
exceptional. Image enhancement upon contrast administration
is uncommon [7,8].

4.
Oligodendroglioma is a diffuse, extensively cellular
neoplasm composed of oligodendrocytes with spherical
nucleus, distinct cellular outline, moderate to marked nuclear
atypia and clear cytoplasm. Few oligodendrogliomas are
comprised of cells with eosinophilic cytoplasm and focal,
perinuclear vacuolization. Abundant, delicate, acutely branching
capillaries or vascular articulations traverse the neoplasm.
Tumour calcification is prominent. Perineural, perivascular
or sub-pial aggregates of tumour cells, configuring secondary
structures of Scherer, are demonstrated. Few neoplasms may
depict eosinophilic granular bodies or a spongioblastoma-like
configuration [7,8].
5.
Cystic meningioma is comprised of cells with elongated
processes and vacuolated cytoplasm, simulating micro-cysts.
Nuclear pleomorphism can be prominent. Mitotic activity is
minimal. An abundant vasculature is observed. Miniature nests
of classic meningothelial cells may appear. Micro-cystic foci are
mildly and diffusely immune reactive to carbonic anhydrase IX
[7,8].
6.
Glioblastoma or giant cell glioblastoma is an extensively
anaplastic neoplasm composed of glial cells demonstrating
Copyright © Anubha Bajaj
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significant nuclear atypia and pleomorphism. Focal
microvascular proliferation, glomerular tufts, and multiple
layers of endothelial cells with prominent mitosis and focal
necrosis can be discerned. Exceptionally, hypertrophic
proliferation of endothelial cells may ensue. Vascular
thrombosis and necrosis, especially with pseudo-palisading, is
associated with aggressive biological behaviour. Focal apoptosis
may abut zonal necrosis. Variable infiltrate of inflammatory
cells is exemplified. Mitotic activity is variable [7,8].
7.
Malignant fibrous histiocytoma is associated with
divergent cellular morphology as spindle-shaped, spherical,
epithelioid, or pleomorphic cells. Significant cellular and
nuclear atypia with enhanced mitotic activity is observed.
Multinucleated giant cells or an infiltrate of inflammatory cells
appear admixed with the tumour cells [7,8].

8.
Pilocytic astrocytoma is a biphasic neoplasm comprised
of compact, fibrillary segments, bipolar piloid processes as
Rosenthal fibres alternating with spongy, loose, micro-cystic
foci with commingled eosinophilic, granular bodies, cobweblike processes, and tumour cells with spherical to elliptical
nuclei. Occasional multinucleated tumour giant cells are
exemplified [7,8].

Focal oligodendroglioma-like areas may be discerned along
with foci of degenerative alterations. Vascular articulations appear
glomeruloid. The well circumscribed, predominantly solid neoplasm
displays restricted infiltration of abutting brain parenchyma or
emerges as a cystic, mural nodule. Frequent neoplastic extension
into subarachnoid space is observed [7,8].

Investigative Assay

Upon imaging, pleomorphic xanthoastrocytoma emerges as
a solid, enhancing nodule frequently with a peripheral, eccentric,
cystic component. Commonly cystic, the lesion appears as a cystic,
mural nodule [9,10]. The peripheral, cortical neoplasm with
leptomeningeal adherence may demonstrate a ‘dural tail’. Aforesaid
manifestation appears as a reactive process rather than a true,
exceptional neoplastic dissemination within the dura. Remodelling
of superimposed or the adjacent skull is characteristic. The
gradually progressive, superficial neoplasm displays variable
vasogenic oedema [9,10]. Upon Computerized Tomography
(CT) and magnetic resonance imaging (MRI), pleomorphic
xanthoastrocytoma commonly emerges as a cystic lesion or a mural
nodule which can be enhanced upon contrast administration. A
neoplasm can be partially cystic with a minimal mass effect and
depict image enhancement. The gradually progressive neoplasm
may or may not be associated with peritumoral oedema. Upon CT,
pleomorphic xanthoastrocytoma is characteristically hypodense
or iso-dense, well demarcated or inadequately demarcated with
minimal or absent circumscribing oedema. Tumour calcification
is exceptional [9,10]. Upon T1 weighted (MRI), the solid tumour
component is iso-intense to hypo-intense, whereas the cystic
component exhibits an enhanced signal intensity. Leptomeninges
are incriminated in a majority of instances [9,10]. Upon T2 weighted
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imaging and Fluid-Attenuated Inversion Recovery (FLAIR), cystic
areas depict an enhanced signal intensity vis-à-vis cerebrospinal
fluid due to an elevated protein content [9,10]. Upon administration
of gadolinium contrast, vivid enhancement of images is observed
[9,10]. Upon Digital Substraction Angiography, (DSA), pleomorphic
xanthoastrocytoma appears avascular [9,10].

Therapeutic Options

Optimal, recommended treatment strategy is surgical
extermination or gross total resection of the neoplasm, a
manoeuver which is accompanied with a superior prognosis. Gross,
comprehensive surgical resection of the neoplasm can alleviate
seizures [9,10]. Subtotal tumour resection is associated with
decimated progression free survival [9,10]. Tumefaction depicting
BRAF mutations appear responsive to chemotherapy with targeted
inhibitors wherein an activation paradox may considerably impair
efficacy for a single agent chemotherapy. It is contemplated that
combination chemotherapy may supplant resistance to single
agent chemotherapy and appears beneficial in treating reoccurring
pleomorphic xanthoastrocytoma [9,10]. Adjuvant radiotherapy
may be adopted in individuals subjected to incomplete surgical
resection or reoccurring neoplasms. Nevertheless, adjuvant
radiotherapy or chemotherapy appear inefficacious as a pertinent
therapeutic strategy [9,10]. Localized tumour reoccurrence
may ensue. Tumour reoccurrence of preceding pleomorphic
xanthoastrocytoma may occur wherein the reappearing neoplasm
appears devoid of anaplastic features [9,10].
Aggressive tumefaction with unfavourable prognostic
outcome may manifest cerebrospinal or leptomeningeal tumour
dissemination [9,10]. Neoplasms confined to atypical locations or
present with a challenging to access are accompanied with an inferior
outcome [9,10]. Tumour magnitude and extent of surgical resection
are significant prognostic factors influencing progression free
survival. Also, an advanced age and spinal neoplastic dissemination
at the initial tumour discernment are cogent factors influencing
tumour prognosis [9,10]. Anaplastic or malignant transformation
of classical pleomorphic xanthoastrocytoma is of variable duration
and may occur up to 18 years following initial surgical intervention.
Also, complete tumour remission is documented for up to 25 years.
Anaplastic pleomorphic xanthoastrocytoma appearing de novo
appears associated with decimated survival [9,10].
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