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The 4th edition of the WHO Classification of Tumours of the Nervous System (WHO
2007) introduces changes that reflect both the recognition of new brain tumour types
and a better understanding of neoplastic behavior. Three new tumours, angiocentric
glioma (AG), pilomyxoid astrocytoma (PMA), and pituicytoma are added to the section
on gliomas. AG is a slowly growing cerebral tumour that typically presents with sei-
zures in children and young adults. It is characterized by monomorphous, bipolar
tumour cells with a striking perivascular growth pattern. Although the ‘cell of origin’
of AG is not clear, ultrastructural evidence points to an ependymal derivation. Typically,
AG can be cured by total resection, and is designated WHO grade I. PMA is a solid,
circumscribed tumour occurring mainly in the hypothalamic region of young children.
It is composed of a monomorphous population of bipolar tumour cells within a rich
myxoid background, with a conspicuous anglocentric arrangement. While PMA is con-
sidered a more aggressive variant of pilocytic astrocytoma, this relationship awaits
further clarification. The PMA has been designated WHO grade II. The pituicytoma,
involves the posterior pituitary and/or its stalk and affects adults. It is solid in architec-
ture, composed of spindle cells and presumably derived from pituicytes. Pituicytomas
are indolent tumours, and are designated WHO grade I.

Brain Pathol 2007;17:319–324.

INTRODUCTION

The newly revised WHO Classification
of Tumours of the Nervous System (WHO
2007) has introduced a number of substan-
tial changes compared with the previous
edition (WHO 2000) (25). These reflect
both the recognition of new brain tumor
types and a better understanding of neo-
plastic behavior. These changes include
additions and shifts of entities as well as
modest alterations in diagnostic criteria.
For example, gliomatosis cerebri (GC),
previously considered to be a glial tumor
of uncertain origin and an entity sui gen-
eris, has been redefined as a diffuse glioma
growth pattern, most commonly a presen-
tation form of diffuse astrocytoma, but
which occasionally can be a growth pattern

exhibited by oligodendroglioma or mixed
glioma (15).

Three new tumor types, which consti-
tute the focus of this review, have been
added to the glioma section of the 2007
Classification. Two arise predominantly in
children, adding to the diversity of an
already complex set of pediatric brain
tumors. The first of these, angiocentric
glioma (AG), has been codified as a distinct
entity and is now included under the cat-
egory of “Other Neuroepithelial Tumors”
(formerly “Glial Tumors of Uncertain Ori-
gin”) (4). The second, pilomyxoid astrocy-
toma (PMA), has been added as a formally
recognized variant of pilocytic astrocytoma
(30). The third, pituicytoma, affects the
neurohypophysis and stalk in adults, and

is thought to derive from the specialized
glia indigenous to this site (39).

ANGIOCENTRIC GLIOMA (AG)

AG was introduced into the literature in
2005 by two independent and almost
simultaneous reports (23, 38). These two
papers, together with an additional report
in abstract form (28), describe a total of 26
patients that represent the extent of expe-
rience with this neoplasm. The unique
clinical, radiologic and pathologic features
of AG as described in these reports have
led to acceptance and codification as a new
diagnostic entity in the 2007 WHO Clas-
sification. The neoplasm has been placed
in the same category as chordoid glioma
and astroblastoma (25). All three tumors
in this category are currently regarded as
having uncertain histogenesis; however, it
is of note that some degree of ependymal
differentiation characterizes all three
entities.

Definition.  AGs are slowly growing,
cerebral hemispheric tumors occurring in
children and young adults that typically
present with seizures. They are character-
ized histologically by monomorphous,
bipolar glial tumor cells oriented along vas-
cular structures. Their precise derivation
has not been firmly established, but
ependymal features are conspicuous, par-
ticularly at the immunohistochemical and
ultrastructural levels. AG is placed in the
category of “Other Neuroepithelial
Tumors” and has been designated WHO
grade I.
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Clinical  features.  AG occurs within a
wide age range (2.3–70 years) but is most
commonly encountered in childhood and
adolescence (mean age, 17 years). Nearly
all patients have a long-standing (1–17
years) history of epilepsy, with intractable
partial seizures.

Neuroimaging. AGs occur in the cere-
bral hemispheres. The most common loca-
tion is the frontal lobe, followed by
temporal and parietal lobes. Although typ-
ically centered in cortex, they may extend
into the underlying white matter. Cortical
involvement results in cortical gyral expan-
sion and effacement of sulci. It has been
suggested that a “stalk-like” extension of
the lesion to the ventricular surface might
be pathognomonic (23). On MR imaging,
AGs are T2- and FLAIR-hyperintense
lesions that lack enhancement following
contrast administration (Figure 1). Radio-
logically well defined, AG expands affected
parenchyma rather than forming a discrete
mass. Calcifications are rare.

Microscopic  features. The defining his-
tologic feature of AG is the presence of
monomorphous, bipolar tumor cells
intimately  associated  with  vessels  of
the involved cortex and white matter
(Figure 2). The elongate, slender cells are
often oriented parallel to vessels, some-
times expanding perivascular spaces with
streaming arrays of either single or multi-

layered cells. In some examples, tumor cells
are radically oriented about to vessels in a
pattern reminiscent of ependymal or astro-
blastomatous rosettes. All sizes of vessel are
involved, including large-caliber arteries
near the cortical surface as well as more
deeply situated capillaries. A similar ten-
dency to accumulate beneath the pia mater
with a perpendicular orientation of the
elongated cells, thus imparting a palisading
appearance, is seen in a small subset of
tumors. In most examples, however, the
principal pattern is angiocentric. Less fre-
quently, small numbers of cells or clusters
are arranged in solid nests or nodules
within brain parenchyma between affected
blood vessels.

Cytologically, the tumor cells orienting
along vessels are uniform and spindle-
shaped, with conspicuous oval or elongated
nuclei, speckled chromatin and pink,
tapering cytoplasm. Anaplasia is lacking.
Mitoses are usually only rarely encoun-
tered, and MIB-1 proliferation indices
range from 1% to 5%, with the majority
at the lower end of this spectrum. The most
consistently reported immunohistochemi-
cal findings support inclusion of AG in the
glial category. Immunoreactivity is consis-
tently strong for glial fibrillary acidic pro-

tein (GFAP), S-100 and vimentin. Tumor
cells have also been found to show surface
and paranuclear/intercellular “dot-like”
staining for epithelial membrane antigen
(EMA)—a pattern typical of ependy-
moma. Ependymal differentiation has also
been identified at the ultrastructural level,
which demonstrates microlumen forma-
tion, microvilli, cilia and complex, zipper-
like intermediate junctions.

One of the original reports described a
well-differentiated neuronal component in
AG (23). These authors indicated that the
large neurons were nearly always cytologi-
cally unremarkable or only slightly dysplas-
tic, and could represent normal neurons.
Not surprisingly, the neurons show immu-
noreactivity for neurofilament protein,
synaptophysin, Neu-N and chromogranin.
Wang et al considered this element to be
non-neoplastic entrapped neurons (38).
The current WHO working group consen-
sus is that the neoplastic cells of AG do not
stain with neuronal markers.

Cytogenetics and molecular genetics.
The molecular genetic properties of AG
have yet to be fully studied. One tumor
showed loss at 6q24-q25 by classic CGH,
while another showed a gain at 11p11.2 by

Figure 1. Angiocentric glioma (AG). Axial fluid
attenuation inversion recovery image of AG in a
young adult male. The lesion partially expands
the cortex, and is hyperintense on T2-weighted
and hypointense on T1-weighted images. This
lesion did not exhibit contrast enhancement.

Figure 2. Angiocentric glioma (AG). AG exhibits solid and perivascular growth patterns (A). The latter is
seen at higher power in (B). In addition to solid and perivascular growth, a highly characteristic feature
is diffuse infiltration (C). In some areas, the perivascular growth takes the form of perivascular pseudor-
osettes, similar to those seen in ependymoma (D).
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high resolution array CGH (28). These
findings await corroboration.

Clinical outcome. The original descrip-
tions of AG suggest indolent behavior, a
stable  clinical  course  and  probable  cure
by  surgical  resection  alone.  The  majority
of patients undergoing subtotal resections
have shown stable, residual tumor on MRI
at mean follow-up periods of 2.5 and 4
years in the two published series (23, 38).
One tumor reportedly recurred as a more
aggressive lesion, and proved ultimately
fatal 5 years after clinical presentation.
Longer follow-up of additional cases will
be required for a better understanding of
the clinical course of AG.

PILOMYXOID ASTROCYTOMA

PMA was introduced as a distinctive
entity less than 10 years ago (35). Subse-
quent reports have rounded out the clini-
copathologic definition and underscored
their relatively aggressive behavior as com-
pared with the closely related pilocytic
astrocytoma (8, 12, 21). Precise diagnostic
criteria for PMA, as well as its nosologic
relationship to pilocytic astrocytoma,
ependymoma and the glioneuronal
tumors, remain to be defined.

Definition.  PMA is a monomorphous
neoplasm composed of bipolar (piloid)
tumor cells lying within a rich myxoid
background.  Tumor  cells  often  display
a striking angiocentric arrangement.
Although largely solid in architecture, the
tumor may, like pilocytic astrocytoma,
show  limited  parenchymal  infiltration  at
its periphery. Currently, PMA has been
assigned WHO Grade II and is formally
codified in the 2007 WHO Classification
as a variant of pilocytic astrocytoma.

Clinical  features.  PMA is typically a
tumor of early childhood, but has been
reported in older children. The hypotha-
lamic/chiasmal region is the most charac-
teristic location. Signs and symptoms of
PMA relate to mass effect. Clinical features
in the young include failure to thrive,
developmental delay, vomiting and feeding
difficulties. Some patients manifest
impaired head movement or weakness. In
older children, headaches, nausea, disori-
entation and/or diplopia are more frequent
symptoms (21).

Neuroimaging.  On imaging, PMA
often appears as a well-circumscribed mass
in the hypothalamic region (Figure 3). Its
most distinctive imaging feature is a largely
solid appearance with nearly homogenous
contrast-enhancement. Other MR features
that may be seen include secondary hydro-
cephalus, extension of T2-weighted signal
hyperintensity into the deep gray matter,
cystic change and occasionally CSF dis-
semination (1). A recent proton magnetic
resonance spectroscopic study suggests
differences in metabolite concentrations
between PMA and pilocytic astrocytoma
(9).

Microscopic  features.  The histologic
appearance of PMA is dominated by
monomorphous bipolar (piloid) cells,
which lie within a rich myxoid matrix and
often show an angiocentric arrangement
(Figure 4). Because these features may be
focally observed in typical pilocytic astro-
cytoma, infiltrating astrocytoma, or AG,
caution is in order when making the diag-
nosis of PMA based on focal myxoid or
angiocentric cell arrangement. PMA is a
hypercellular and strikingly monomor-
phous neoplasm, in contrast to the often
biphasic appearance that is  characteristic
of ordinary pilocytic astrocytoma. PMAs

exhibit a compact architecture aside from
the limited peripheral infiltration of brain
parenchyma that may be seen. Tumor cells
are characteristically bipolar, moderate in
size, feature hyperchromatic nuclei and
only rarely show nuclear pleomorphism.
Unlike ordinary pilocytic astrocytoma,
PMA typically lacks Rosenthal fibers and

Figure 3. Pilomyxoid astrocytoma. Axial, con-
trast-enhanced T1-weighted image of pilomyxoid
astrocytoma in a 2-year-old girl. The tumor dem-
onstrates avid enhancement as well as central
hypointense areas.

Figure 4. Pilomyxoid astrocytoma. Characteristic histologic features include an overall monomorphic
appearance, prominent myxoid microcystic background (A), spindled astrocytes with delicate, elon-
gated cytoplasmic processes (B), and perivascular pseudorosettes (C,D).
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only exceptionally displays eosinophilic
granular bodies. Mitotic figures may be
seen but are not abundant.

Immunohistochemically, PMA stains
strongly and diffusely for GFAP and
vimentin, but is negative for neuronal
markers such as synaptophysin, neurofila-
ment proteins and chromogranin. Signifi-
cant staining for synaptophysin or other
neuronal markers should prompt consider-
ation of other diagnostic possibilities, espe-
cially some form of glioneuronal tumor.
MIB-1 labeling indices are often around
5%, but no detailed analysis of prolifera-
tion index relative to tumor behavior has
been reported. Rare examples are immu-
noreactive for p53 protein.

Cytogenetics and molecular genetics.
No large studies of the cytogenetic and
molecular genetic characteristics of PMA
have been published. One report found no
abnormalities in a series of PMAs exam-
ined by comparative genomic hybridiza-
tion (21). One recent case study reported
a PMA in an NF1 patient, but the signifi-
cance of this finding is unclear (20). Most
reports have shown no evidence of TP53
gene alterations, but anecdotal observa-
tions have noted increased nuclear p53
immunostaining (35). A recent study of
one case revealed an insertion on chromo-
some 17 that involved disruption of the
BCR gene, a finding that requires further
study (26).

Historical  considerations. Early reports
of PMA contain a number of relevant
observations and deserve credit for the
emergence of this entity. Jaenisch et al were
first to draw attention to the relationship
between young age, tumor location and
clinical behavior, noting that a subset of
tumors exhibited aggressive clinical behav-
ior (17). The authors concluded that such
tumors had a similar, if not identical, his-
tologic appearance to that of pilocytic
astrocytoma. Cottingham et al suggested
that some histological features are more
typical in “infantile” pilocytic astrocyto-
mas, regardless of location (10). It is
unclear whether the tumors examined in
this study, reported in abstract form, were
PMAs. Later studies supported the conclu-
sion that the PMA histology was associated
with a more aggressive clinical course than
that of pilocytic astrocytoma (8, 12, 21).

The histogenesis of PMA and its rela-
tion to pilocytic astrocytoma remains con-
troversial. Certainly, pilocytic astrocytoma
is considered to be astrocytic in nature.
Although most studies of PMA note the
resemblance to pilocytic astrocytoma and
suggest an astrocytic histogenesis, others
have proposed an ependymal origin (14).
A third hypothesis points to a possible ori-
gin from the radial glia (7), and a recent
fourth study suggests a glioneuronal nature
(11). There is no conclusive evidence that
strongly supports any of these possibilities,
yet most studies conclude that PMA has
an astrocytic origin. Reports of “hybrid
tumors” containing elements of both con-
ventional pilocytic astrocytoma and PMA,
together with anecdotal reports of a “mat-
uration” of a PMA to typical pilocytic
astrocytoma following treatment and on
recurrence (6, 8, 12), suggest that the two
tumors are related and belong in the same
category. The latter concept is reflected in
the 2007 WHO Classification.

Questions remain regarding the “suffi-
cient” criteria for PMA diagnosis. The vast
majority of PMAs occur in the hypotha-
lamic /chiasmatic region of children under
the age of 4 years. The most relevant diag-
nostic features of PMA include a mono-
morphous cytologic appearance, abundant
myxoid matrix and angiocentric cell
arrangement. Because most of these fea-
tures can be observed, at least focally, in
typical pilocytic astrocytoma, current prac-
tice restricts the diagnosis of PMA to those
tumors that exhibit the characteristics in a
uniform fashion.

Summary. The status of PMA as a sep-
arate tumor entity remains under debate.
Reports to date appear to describe a dis-
tinctive constellation of histopathologic
and clinical features. The current categori-
zation of PMA as a variant of pilocytic
astrocytoma in the 2007 WHO Classifica-
tion emphasizes the features shared with
the larger tumor class, but also ack-
nowledges a possible differing biology
that warrants further investigation and
clarification.

PITUICYTOMA

Historical  consideration.  The term
“pituicytoma” has been variously used to
refer to granular cell tumor as well as pilo-

cytic astrocytoma affecting the suprasellar
region, infundibulum, or posterior pitu-
itary. At present, the designation is
restricted to an astrocytic tumor that is
distinct from both of these entities. The
synonym “infundibuloma” has not found
acceptance.

Definition. Pituicytoma is defined as a
solid, circumscribed, low-grade spindle cell
astrocytic tumor of adults having an origin
in the posterior pituitary or its stalk. The
tumor is considered WHO grade I.

Clinical features. Pituicytomas are rare.
The largest single series included nine cases
(3). To date, 26 examples have been
described (2, 3, 5, 7, 13, 16, 19, 22, 27,
31, 32, 36, 37). All tumors have occurred
in adults, with a male predilection of 1.6:1.
As pituicytomas originate in the posterior
pituitary or its stalk, they may be intrasel-
lar, suprasellar, or both.

Clinical features. The signs and symp-
toms of pituicytoma are secondary to mass
effect and are thus similar to those of other
non-endocrine tumors of the sellar region.
These include visual disturbances because
of compression of the optic chiasm,
hypopituitarism because of compression
of the pituitary gland and headache.
Infundibular compression results in inter-
ference of hypothalamic dopamine deliv-
ery, with subsequent hyperprolactinemia
and the accompanying amenorrhea and
decreased libido (3, 5). Rarely, pituicytoma
has been reported as an incidental autopsy
finding (33).

Imaging.  On CT and MRI scan,
pituicytomas are architecturally solid and
are demarcated as homogenous in appear-
ance. Uniform contrast enhancement is the
rule. Heterogeneous enhancement and cys-
tic change are rarely seen (3).

Macroscopic findings. At surgery, pitui-
cytomas are circumscribed and architectur-
ally solid. Their texture is variably firm.
Cystic change is infrequent (3, 37).
Although grossly discrete, pituicytomas
may adhere to surrounding structures in
the suprasellar space.

Histopathology.  Being solid in nature,
pituicytomas consist almost exclusively of
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bipolar spindle cells arranged in interlacing
fascicles or in a somewhat storiform pat-
tern (Figure 5A). Their fusiform to plump
cells possess moderate to abundant eosino-
philic cytoplasm with discrete borders.
Nuclei are moderate in size, often oval or
elongate, and generally show little atypia.
Mitoses are rare to absent. No appreciable
intercellular reticulin is seen, staining
being limited to vessels. In contrast to pilo-
cytic astrocytomas, pituicytomas lack
Rosenthal fibers and eosinophilic granular
bodies. Lack of cytoplasmic granularity
attributable to lysosomes or mitochondria
distinguishes pituicytoma from granular
cell tumor and spindle cell oncocytoma,
respectively. Unlike normal posterior pitu-
itary tissue, pituicytomas are more cellular
and lack both axons and axonal swellings
(Herring bodies).

Immunohistochemistry.  As expected,
pituicytomas are immunoreactive for
vimentin, S-100 protein and GFAP
(Figure 5B) (3, 13). Staining varies, partic-
ularly with respect to GFAP. No neuronal
or neuroendocrine marker reactivity, such
as neurofilament protein, synaptophysin or
chromogranin, is evident, nor are pituitary
hormones demonstrable. With respect to
delimitation from surrounding tissue, neu-

rofilament protein immunoreactivity is
limited to peritumoral axons and, unlike
pilocytic astrocytoma, is not found deep
within the tumor. Cytoplasmic EMA pos-
itivity is occasionally seen but, unlike in
ependymoma, neither membrane nor dot-
like patterns are encountered.

Proliferation. As a rule, MIB-1 labeling
indices are low, ranging from 0.5% to 2%
(3, 22). No studies have shown a correla-
tion of proliferation indices and tumor
behavior.

Histogenesis.  Pituicytomas are thought
to originate from pituicytes, specialized
glial cells of the posterior lobe (3, 18, 24).
This explanation is in keeping with the
localization of pituicytomas in the stalk
and posterior lobe. Pituicytomas are linked
to granular cell tumors by their common
cytogenesis—the pituicyte. Interestingly,
heterogeneity of pituicyte subtypes has
been reported (34). The nature of
pituicytes varies among different species, as
does their morphology in different physio-
logic states (29).

Prognosis.  Pituicytomas are indolent
neoplasms, enlarging only slowly. Their
demarcated nature permits effective surgi-
cal resection. Even subtotal resection is
accompanied by only slow regrowth over
years. Pituicytomas have not been shown
to undergo malignant transformation or
craniospinal spread.

SUMMARY

These three additions to the astrocy-
toma category expand its spectrum in a
meaningful fashion. None are common,
but each has a fascinating biology of its
own; AG in the way in which a patently
infiltrative tumor exhibits unexpected
ependymal features and behaves in a favor-
able manner, PMA in providing a diag-
nostic niche for disseminating tumors
mimicking pilocytic astrocytoma, and
pituicytoma in being a tumor derived from
functionally specialized glial cells that in
various species are linked to either ependy-
mal or astrocytic differentiation.
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