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This article reviews current perspectives in the
classification and grading of astrocytomas in chil-
dren and calls attention to several histologically dis-
tinct groups of low-grade tumors that characteristi-
cally arise during childhood. Recognition of these
tumors and the range of histological features that
they may exhibit is essential for making rational
assessments regarding their expected behavior and,
more importantly, for guiding therapeutic interven-
tion. For example, pleomorphic xanthoastrocytoma,
which may exhibit “anaplastic” features, generally
carries a relatively favorable prognosis and should
not be classified with other high-grade gliomas,
such as anaplastic astrocytoma and glioblastoma
multiforme. Similarly, the finding of anaplastic fea-
tures, such as vascular proliferation or necrosis, in
pilocytic astrocytomas does not automatically por-
tend the unfavorable prognosis that such features
would imply for “diffuse” astrocytomas. Increased
appreciation of the morphological diversity of astro-
cytomas in children should help to improve the
management of children with low-grade astrocytic
tumors by avoiding potentially dangerous
overtreatment of otherwise indolent lesions.

Introduction

Astrocytic tumors are the most common primary
brain tumors in children. They account for 30-40%
of all the central nervous system neoplasms depend-
ing upon the neuroaxial compartment affected (8).

According to the 1993 WHO classification (61),
astrocytic tumors fall into two major groups. The
first and numerically most common is represented by
the spectrum of ordinary, diffuse astrocytomas. They
show a tendency towards progressive anaplastic
transformation and occur in different grades (II
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to 1IV), equating with astrocytoma (A), anaplastic
astrocytoma (AA) and glioblastoma multiforme
(GBM). Such tumors exhibit considerable cytologic
variation. The second group is somewhat heteroge-
neous and includes pilocytic astrocytoma (PA), pleo-
morphic xanthoastrocytoma (PXA) and subependy-
mal giant cell astrocytoma (SEGA), three distinct
clinicopathological entities generally associated with
a favorable prognosis.

The 1993 WHO classification and grading scheme
for astrocytic tumors is summarized in Table 1. For
the sake of completeness and clarity, the WHO grad-
ing system, which is coded by Roman numerals, is
compared with the St. Anne-Mayo grading scheme.
The latter is a simple and widely applied method
designed and validated (27) for the grading of ordi-
nary, diffuse astrocytomas alone.

In adults, astrocytic tumors of the diffuse or ordi-
nary type, particularly high grade forms (AA and
GBM), are the most frequently occurring group. In
contrast, the majority of childhood lesions are of the
pilocytic type (36). Only in the cerebral hemispheres
and the brain stem do diffuse astrocytomas outnum-
ber the pilocytic lesions. Regardless of site, a clear
distinction must be drawn between these two types
of tumors, given their very different clinicopatholog-
ical features and prognoses. Whereas diffuse astrocy-
tomas, particularly low grade examples, are very ill-
defined, solid, and non-contrast enhancing, pilocytic
tumors are often cystic, relatively circumscribed, and
show considerable contrast enhancement. As a rule,
diffuse astrocytomas are widely infiltrative of
parenchyma and, when low grade, consist of cells
with little accompanying cytoplasm. In contrast,
pilocytic tumors are relatively solid, show limited tis-
sue infiltration, and feature a broad cytologic spec-
trum as well as the formation of microcysts,
Rosenthal fibers and eosinophilic granular bodjies.

In adults, low-grade diffuse astrocytomas show a
marked tendency to anaplastic transformation, many
eventuating in GBM (66). In contrast, both diffuse
and pilocytic astrocytomas in the pediatric age group
are relatively slow-growing, and even diffuse astrocy-
tomas are associated with a relatively favorable prog-
nosis. As we will discuss, based upon available litera-
ture, it is difficult to fully understand the natural his-
tory of diffuse astrocytomas and to determine their
incidence of anaplastic transformation (28,29,92).
Diffuse astrocytomas of childhood, like their adult
counterparts, do show a limited tendency to anaplas-
tic transformation, but its incidence remains to be
determined. In rare cases, even pilocytic astrocy-
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Comparison of the World Health Organization (WHO) and
St. Anne/Mayo Classification and Grading Systems for Astrocytomas

Subependymal Giant Cell Astrocytoma

glioblastoma (grade V).

WHO Designation (variants) WHO Grade St. Anne/Mayo Grade
Astrocytoma (fibrillary, protoplastic, gemistocytic) It 1Tand2
Anaplastic Astrocytoma [ 3
Glioblastoma Multiforme (giant cell, gliosarcoma) v 4
Pilocytic Astrocytoma I* Not Applicable
Pleomorphic Xanthoastrocytoma 1 Not Applicable

*Malignant transformation occurs rarely in these two tumors, in which case the tumors are categorized as anaplastic (pilocytic),
astrocytoma (grade 1l1), or pleomorphic xanthoastrocytoma with progression to anaplastic astrocytoma (grade I11) or to

I Not Applicable

Table 1.

tomas follow this course, although in most reported
instances, radiation treatment is thought to have
played a role in such progression (115).

Pleomorphic xanthoastrocytoma (PXA) is a
distinct astrocytic neoplasm and represents a new
addition to the 1993 WHO classification (61). It
affects primarily children and young adults and
exhibits characteristic clinical and radiological pre-
sentation. Despite a generally favorable prognosis,
PXA differs from other astrocytoma in showing a
minor tendency towards anaplastic transformation.
The precise incidence and the histopathology under-
lying PXA progression towards malignancy remains
a topic of debate.

Last among astrocytic tumors is the subependy-
mal giant cell astrocytoma (SEGA), a relatively
benign tumor with distinctive histological features
and a capacity to express glioneuronal characteristics
(44,68). Practically limited to the tuberous sclerosis
complex, this tumor arises in the lateral ventricle
and typically obstructs the foramen of Monro.
Histological malignancy is uncommonly encoun-
tered and does not affect the very favorable progno-
sis of this tumor (107).

To avoid confusion of these very different glioma
categories, it is of paramount importance that the
pathologist be aware not only of the morphologic
diversity of astrocytic tumors, but of their character-
istic clinical and radiological presentations. It must
also be emphasized that the histological parameters
so useful in grading diffuse astrocytomas (atypia,
mitoses, endothelial proliferation and necrosis) are
not of the same ominous significance when seen in
other astrocytoma variants (19,27,61). Failure to cor-
rectly subclassify an astrocytic tumor type may there-
fore result in gross overgrading and in damaging
overtreatment of relatively indolent neoplasms.

The present work is a clinicopathological review

of different astrocytic neoplasms and includes a
discussion of the criteria used in their classification.
The discussion of grading will focus on its applica-
tions to diffuse astrocytomas and will concentrate
upon the histological features of anaplastic transfor-
mation, a process that appears to occur uncommonly
among diffuse astrocytomas in children. The signifi-
cance of the finding of histological features of malig-
nancy in favorable prognostic variants of astrocy-
toma is also discussed.

Low Grade (Grade I} Astrocytoma

As generally applied, the term “low grade astrocy-
toma” refers to the WHO grade II astrocytoma,
the low grade end of the spectrum of ordinary or
diffuse astrocytic tumors (Figure 1). Such tumors
are uncommon in children, representing 14% of
all brain tumors in one series (8). They may occur at
any site but favor the cerebral hemispheres where
they outnumber pilocytic astrocytomas. Among
astrocytic tumors, the frequency of diffuse astrocy-
tomas and the proportion of low (grade II) versus
high grade (grades III and IV) examples differ in chil-
dren as compared to adults. In children, diffuse astro-
cytomas represent less than 50% of all astrocytic
tumors, the majority of these (63%) being low grade.
In adults, by comparison, the majority of astrocytic
tumors are of the diffuse type, few being low grade
(14-25%) (8,27,59,97).

Astrocytomas of WHO grade II are tumors com-
posed predominantly of well-differentiated neoplas-
tic astrocytes (61) (Figure 1). They are grossly ill-
defined and microscopically show a diffusely infil-
trating pattern of growth within brain parenchyma.
The morphology of their constituent cells varies (18).
The most frequent cytologic variant is composed of
fibrillary astrocytes with elongated, atypical nuclei
and scant cytoplasm. The other major variant, the
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gemistocytic astrocytoma, features large cells with
eccentric nuclei and plump eosinophilic cytoplasm.
Only when cellularity is appreciable does GFAP high-
light the numerous fibrillary processes in the first
variety, whereas the ample cytoplasm and the less
abundant, stocky processes of gemistocytes are
always immunoreactive. Mitotic activity is (by defini-
tion) absent. For practical purposes, WHO grade II
astrocytoma corresponds to grade 2 astrocytomas of
the St. Anne-Mayo scheme due to the fact that St.
Anne-Mayo grade 1 lesions are extremely rare (27).

A detailed discussion of the St. Anne-Mayo
scheme is beyond the scope of this article. Thus, the
reader is referred to the original article describing the
method (27). Briefly, the St. Anne-Mayo scheme is
based upon scoring the presence or absence of four
prognostic indicators. Clearly defined, these include
atypia, mitoses, endothelial proliferation and necro-
sis. At present, the St. Anne-Mayo scheme is the only
grading method that has been validated with respect
to interobserver reproducibility and the prognostic
significance of its parameters. Several studies of dif-
fuse astrocytic tumors in adults have confirmed its
utility. However, the method has not been applied
systematically to large series of pediatric tumors. The
1993 WHO grading scheme, a modification of the St.
Anne-Mayo method, adopts its criteria but forgoes
scoring. Instead, it simply defines the grades, predict-
ing grade 2 upon the presence of nuclear atypia,
grade 3 upon'the additional finding of mitoses, and
grade 4 upon the presence of endothelial prolifera-
tion or necrosis as well.

Low-grade diffuse astrocytomas in children gener-
ally appear to carry an excellent long-term prognosis.
Indeed, 20 low-grade diffuse astrocytomas in a series
of 71 patients with low-grade gliomas, including
pilocytic astrocytomas, oligodendroglioma and
oligoastrocytomas, were associated with an overall
survival of 82% at 10 years and a progression-free
survival of 76% (92). This observation is perhaps not
surprising because even in series consisting largely of
adults, age has been found to be a very significant
and independent prognostic indicator (27). The
excellent prognosis recently reported by Piepmeier et
al (91) in their series of 55 patients with supratentori-
al low-grade diffuse astrocytomas, many associated
with chronic seizures, may also be largely explained
by young patient age.

These above-noted figures differ markedly from
the reported <20% ten-year survival rate of adults
with grade 2 diffuse astrocytoma (27). Tumor pro-
gression with low- to high-grade transformation
appears to be chiefly responsible for this unfavorable
outcome. Such transition is not uncommon in adult
patients. In a large series of 461 adults with supraten-
torial “low grade astrocytomas,” biopsies at recur-
rence or autopsy showed 39 of 78 (49%) to have
undergone high-grade transformation (66). By con-
trast, the malignant transformation of low-grade dif-
fuse astrocytomas is a relatively rare event in chil-
dren and is generally the subject of case reports.

It is difficult to study the natural history of low-
grade diffuse astrocytomas and their incidence of
malignant progression for the following reasons: the
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Figure 1. Diffuse astrocytic tumors. The infiltrative, hypocellu-
lar portion of this astrocytoma features neoplastic cells with
nuclear abnormalities including hyperchromasia (A, left} but no
appreciable cytoplesm {“naked nuclei”). At the uitrastructural
level, such cells often lack filaments and show no specific dif-
ferentiation (A, right). In tumors of higher cellularity, cells typi-
cally form cytoplasmic processes and acquire distinctive pink
cytoplasm (B). With transition to grade 4 malignancy (glioblas-
toma), endothelial proliferation is commonly seen and consists
of apparent multilayering of endothelial cells (C). Such vessels
differ significantly from the glomeruloid vasculature so com-
monly seen .n pilocytic astrocytomas. (See Figure 28B.)

relative infrequency of this type of tumor; the lack of
large, well-studied series; the frequent failure of
many authors to clearly distinguish pilocytic from
diffuse astrocytomas of low grade; the fact that biop-
sy confirmations of tumor progression are uncoms-
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Figure 2. Pilocytic astrocyioma. Solid and/or cystic as well as gererally discrete, pilocytic astrocy:omas are typically cont-ast-ertancing
tumors. Three examples are shown on an MRI scan affecting the cerebrum, cerebellum, and brain stemr {(A). Histologicaily their pat-
terns vary from compact (B) to microcystic (C) and feature Rosenthal fiber {B) or granular body formation (C), respectively. Giomeruloid
vasculature is commonly seen (D), as is degenerative nuclear atypia (E} and the formation of giant cells with peripheral nuclei ("penries
on a plate”) (E, bottom). The uncommon “diffuse variant” of piiocytic astrocytoma (F, left) may simulate diffuse fibrillary astrocy*oma,

but the relative tack of nuclear atypia and the focal finding of a more typical pilocytic pattern (F, right) confrms the diagrcsis.

monly obtained. In the pediatric study of Pollack et
al (92), only in 8 of the 13 patients clinically exhibit-
ing progression of disease were the histopathological
features of the recurrence examined, and in 5 of
these 8, the appearance of the lesion was similar to
that of the initial resection. In the 3 remaining cases,
only 1 of which was identified as a diffuse astrocy-
toma at first resection, there was bonafide progres-
sion to anaplastic astrocytoma. This patient had
received radiation therapy. Only by including 3
patients who died from progression of disease with-

out undergoing a second resection or autopsy as well
as 2 patients still alive with progression, but without
histopathological confirmation, could the authors
estimate an incidence of malignant progression of
11.4% for the overall series, which included pilocytic
and diffuse astrocytomas, oligodendrogliomas and
oligoastrocytomas. In a series of 50 high-grade malig-
nant astrocytomas in children, tumors arose at the
sites of previously diagnosed low-grade diffuse astro-
cytomas in only three cases; in another S cases, it
was thought in retrospect that a low-grade tumor
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may have undergone high-grade evolution. Based on
this assumption, the incidence of malignant transtor-
mation in this series would be 16 %, a figure still
much lower than is reported in adults (28). Lastly, in
the series of Dirks et al (29), of the 6 reported cases of
low-grade astrocytomas with anaplastic transforma-
tion, only one tumor, a thalamic lesion, was with
certainty a low-grade diffuse astrocytoma at first
diagnosis. Thus, information regarding the natural
history of diffuse astrocytomas in childhood remains
limited. The study of a larger series of cases with
strictly defined classifications and grading criteria
will be necessary in order to clarify these issues.

Pilocytic Astrocytoma

Pilocytic astrocytomas are the most frequently
occurring astrocytic tumors in children (Figure 2) (8).
Although they show a distinct predilection for cer-
tain sites, such as the cerebellum (33,37,41,102),
optic pathway (15,46,75,113) and the hypothalamic-
third ventricular region (47)—hence the synonyms
“cerebellar astrocytoma,” “optic glioma,” etc.—
pilocytic astrocytomas may occur at any level of
the neuraxis, including the cerebral hemispheres
(43,45,74,85) and spinal cord (76,98). The incidence
of this tumor, its histopathological features and the
clinical implications of diagnosis are often underap-
preciated by clinicians, radiologists and pathologists.
This is mainly due to the common, imprecise use of a
wide variety of terms that are not all synonyms.
Specifically, it is often assumed that low-grade fibril-
lary and pilocytic astrocytomas equate with “low-
grade” astrocytoma. Since this unqualified term
engenders confusion and promotes misdiagnosis, it
should be judiciously avoided. The pilocytic astrocy-
toma is a well-defined histopathological entity and
should be viewed as separate and distinct from dif-
fuse astrocytomas of the ordinary type. These tumors
differ markedly in their clinicopathological features
and in their potential for malignant transformation.
According to the 1979 and 1993 WHO classifications
(61,128), the use of the term “astrocytoma” without
further qualifiers applies exclusively to low-grade
tumors of the diffuse variety (grade II astrocytoma).
The unqualified term “astrocytoma” should not,
therefore, be used as a synonym for pilocytic astrocy-
tomas or other “low-grade” (grades I and II) tumors
in the WHO scheme, including pleomorphic xan-
thoastrocytomas (PXA) or subependymal giant cell
astrocytomas (SEGA). Wishing not to invite interpre-
tative error, we further discourage the use of the
unqualified term “astrocytoma” without such
descriptors as “diffuse” or “fibrillary” to clearly indi-
cate diffusely infiltrative lesions.

Distinguishing between diffuse and pilocytic
astrocytomas may at times be extremely difficult on
histological grounds alone. This is especially true
when only a small specimen is available, as in
spinal cord biopsies (76). As a rule, the rather charac-
teristic clinical and neuroradiological features of pilo-
cytic tumors greatly facilitate their diagnoses.
However, in cases wherein this collective data is
insufficient to discriminate between these two
lesions, a djagnosis of “astrocytoma, subtype and

grade indeterminate” is preferable to the frankly mis-
leading term “low-grade” astrocytoma. In such
instances, obtaining a more generous specimen or
adopting a clinical approach of “watchful waiting”
usually resolves the dilemma.

The histology of pilocytic astrocytomas is very
distinctive (18,19) (Figure 2). Most are biphasic in
pattern and consist of a variable admixture of loosely
textured microcystic tissue composed of stellate,
rather afibrillar astrocytes and of compact tissue,
which is composed of elongated (piloid) astrocytes
with conspicuous cytoplasmic fibrillation. The pro-
portion of the two components is highly variable. A
minority of tumors consist mostly of either microcys-
tic or compact piloid tissues. Eosinophilic granular
bodies and Rosenthal fibers are almost invariably
present; the former predominate in the microcystic
areas and the latter in solid, compact tissue.
Neoplastic nuclei usually have uniform, delicate
chromatin and show little variation in size and
shape. Degenerative, nuclear changes such as pleo-
morphism and cytoplasmic pseudoinclusion forma-
tion may, however, be marked.

Multinucleated giant cells with peripherally situ-
ated nuclei, an arrangement likened to “pennies on a
plate”, are also common. Mitoses are generally rare
or absent. We recently reviewed a series of 131 pilo-
cytic astrocytomas, 94 (72%) of which were from
patients less than 18 years of age, and found mitoses
in 42 (32%). In 23 cases, despite a careful search of
all available slides, only a solitary mitosis was found.
In 17 cases, the mitotic index was 1 or 2 per 10 HPF
(x 40); in 2 cases, the index was 3 and 4 per 10 HPF
respectively (unpublished data). The MIB-1 labeling
index was generally low (mean 1.1, SD + 0.9, range O
to 3.4) (35). Vascular hyalinization as well as vascular
proliferation in the form of glomeruloid structures
are commonly seen; only a small minority of tumors
show endothelial proliferation defined as apparent
multilayering of endothelial cells. In our series,
endothelial prcliferation was encountered in 23 of
the 131 cases (18%). In addition, necrosis (without
pseudopalisading) was present in 10 (8%). None of
these features, mitoses, endothelial proliferation or
necrosis, were statistically associated with survival.
Our findings suggest that these histological parame-
ters, so significant in the grading of diffuse astrocy-
tomas, cannot be made the basis of a stringent grad-
ing scheme for pilocytic astrocytomas. However, the
significance of these features, when markedly
expressed, (eg. high mitotic indices), still remains to
be determined. Although pilocytic astrocytomas are
indolent tumors generally associated with an excel-
lent prognosis, a number of clinically malignant
astrocytomas of the pilocytic type have been report-
ed. These include tumors appearing frankly anaplas-
tic (115) as well as rare examples showing aggressive
local behavior and leptomeningeal seeding despite
lack of anaplastic features (9,106).

Pilocytic astrocytomas of the optic nerve and/or
chiasm typically occur in children (15,18,19). Only a
small percentage of cases are associated with neurofi-
bromatosis type I, a condition that predisposes to
bilateral tumo:ss (18). The great majority of optic
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pathway gliomas that occur in children probably rep-
resent pilocytic astrocytomas, since diffuse or fibril-
lary astrocytomas are said to be very uncommon at
this site. In many studies of optic nerve and chiasmal
gliomas, the noncommittal term “low-grade astrocy-
toma” was indiscriminately applied to both pilocytic
and diffuse astrocytomas (7,30,83,99,113,124,125).
The only thing that is clear from various series is that
high-grade diffuse astrocytomas are very uncommon.
Of these, most affect young adults rather than chil-
dren and are not limited to the optic nerve but rather
involve the chiasm or optic tract as well (49,109). Of
gliomas of the optic pathway, those limited to the
optic nerve often remain static for years and are con-
trolled by partial resection alone (99,113). In some
instances, however, an aggressive and unpredictable
course has been reported (46,53). Since most report-
ed series made no critical distinction between pilo-
cytic and diffuse low-grade astrocytomas, and since a
significant number of “optic gliomas” were presump-
tively treated by radiation without histological con-
firmation, it is difficult to establish the real incidence
of diffuse astrocytomas at this site and to study the
biology of transformation to anaplastic astrocytoma
or glioblastoma. In some cases, it is clear that anapla-
sia supervenes after an initial confirmed diagnosis of
pilocytic astrocytoma (29). It remains to be deter-
mined, therefore, whether malignant transformation
of a pilocytic tumor occurs with any real frequency
or whether a particular tumor is instead developing a
high-grade, radiation-induced glioma.

As may be inferred from reviewing Cushing’s
original description of a series of cerebellar astrocy-
tomas (26), astrocytic tumors of the cerebellum
occurring in children are almost exclusively
pilocytic. We recently had the opportunity to review
our previously published institutional experience
with cerebellar astrocytic tumors, a series of 132
patients of all ages (43). Among the 105 patients
whose slides were available for review, 69 were less
than 18 years of age at diagnosis. Of these, 67 (97%)
had pilocytic astrocytomas; only two tumors were
diffuse astrocytomas, both of grade 4 (GBM).
Pilocytic astrocytomas of the cerebellum are usually
discrete, cystic, and contrast-enhancing. Given the
high frequency with which a gross total removal is
achieved (1,33,43,102), prognosis is generally excel-
lent. Faced with a generous surgical specimen, the
histological diagnosis usually poses no problem.
More of a challenge is the recognition of what has
been termed the “diffuse variant of pilocytic astrocy-
toma,” a tumor less circumscribed than more typical
pilocytic astrocytomas (37,43). Although it mimics
diffuse astrocytomas of the ordinary type in terms of
its infiltration pattern, the variant differs in its cyto-
logic uniformity, relative or utter lack of atypia, and
the presence of at least a focal, obvious pilocytic pat-
tern. This form of pilocytic astrocytoma represents
15% of cerebellar examples and does not significant-
ly differ in its prognosis (43,86). Another point worth
noting is that although neuroimaging suggests that
pilocytic tumors are discrete masses, one systematic
histological study showed them to be variously infil-
trative of surrounding parenchyma (22). Pilocytic
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astrocytomas can also be deeply situated, occurring
at such sites as the thalamus, hypothalamus and
third ventricular area (11,47). In these locations they
often form partly intraventricular masses and may
not be amenable to resection. Such lesions require
hard choices regarding the advantages and disadvan-
tages of aggressive surgical therapy, a factor strongly
influencing prognosis at these sites (47).

Although in the cerebral hemispheres and brain-
stem diffuse astrocytomas far outnumber pilocytic
examples, the importance of recognizing the latter at
these sites cannot be overemphasized. The two
lesions exhibit very different biological behaviors
(2,3,31,58,74,85). In a recent review of brain stem
astrocytomas operated at Johns Hopkins Hospital
between the years 1980 and 1995, Burger et al (17)
found that survival among 12 patients with pilocytic
astrocytomas was 90% both at five and ten years. By
contrast, none of the 7 patients with diffuse astrocy-
tomas, including three grade II, one grade IIl and
three grade IV lesions, experienced more than a two-
year postoperative survival (median, 8.1 months)
(17). A distinct subgroup of tumors may be represent-
ed by a reported series of children with focal mid-
brain tumors confined to the tectal plate or tegmen-
tum (118). Despite extension upward to the thalamus
and/or downward to the pons, they had a relatively
favorable outcome. Although all were said to be low-
grade, non-pilocytic astrocytomas (i.e., turmnors of the
diffuse type), their neuroradiological descriptions,
specifically the displacing, noninvasive nature of
these tumors and their defined edges, solid consisten-
cy, and intense, uniform contrast enhancement, all
argue in favor of a pilocytic diagnosis. Unfortunately,
no histological illustrations were provided.

Primary spinal cord tumors in children are very
rare. Most are astrocytomas (81) and include both
the diffuse low-grade and pilocytic varieties. The
reported frequencies in children for these varieties
were 33% and 36%, respectively, in two recent series
in which a critical distinction of these two tumor
types was adopted (76, 98). In the 79-patient-study
by Minehan et al. (76) which included 14 patients
below age 20, histological type appeared to be the
most significant prognostic indicator; the 10-year
survival of pilocytic tumors was 81% whereas it was
15% for diffuse astrocytomas of all grades. By com-
parison, in the series by Rossitch et al. (98), all
tumors, including eight diffuse and four pilocytic
astrocytomas, lacked mitoses, vascular proliferation
or necrosis, and were associated with prolonged post-
operative survival in most cases. Rossitch et al. (98)
suggested that MRI scanning with contrast may aid
in the distinction of pilocytic and fibrillary diffuse
astrocytomas of the spinal cord.

Also of note is the recent report by Constantini et
al (25) of a series of 27 patients with spinal cord
tumors, all occurring in patients below age 3 years;
no pilocytic astrocytomas were said to be found. We
believe that the lack of pilocytic astrocytomas is a
reflection of the authors’ overly restrictive require-
ment that a definite biphasic pattern consisting of
both loose, spongy and densely compacted area ele-
ments signifies a diagnosis of pilocytic astrocytoma.
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Figure 3. Pleomorphic xanthoastrocytoma (PXA). This superficially situated tumor, here illustrated in an MRI sequence, often shows
a cyst-mural nodule architecture (A). Distinctive micrascopic features include marked cytologic atypia in the face of little or no mitot-
ic activity (B), lipidization of tumor giant cells (a feature that may be inconspicuous; C) and the finding of granular bodies ranging
from small, coarse and eosinophilic to large, delicate and pale (D). The pattern of reticulin staining in solid, often superficial portions
of these tumors varies from inter and pericellular to perilobufar (E). Immunostaining for GFAP is often non-uniform (F).

Their radiological findings of contrast enhancement defined by the presence of mitotic activity (<1 per 10
in more than 90% of the cases studied with gadolini- 250x fields) and endothelial proliferation but lacking
um are difficult to reconcile with their findings of necrosis, were treated with subtotal (2) or total (4)
12 low-grade diffuse astrocytomas out of 27 cases surgical resections; all were alive at a mean follow-up
(including three high-grade diffuse astrocytomas, of 19.8 years (range 13 to 24). In addition, four
eight gangliogliomas and other miscellaneous tumors with frankly malignant features, including
lesions). Low-grade diffuse astrocytomas are typically brisk mitotic activity (at least one per 250x field),
non-enhancing tumors. endothelial proliferation and necrosis, were also

The significance of “atypical” features in pilocytic reported. Of these, two occurred as primary tumors
astrocytomas was recently discussed by Tomlinson et without a prior history of radiation therapy. Together
al. in a paper also reporting upon the occurrence of with other previously reported cases (10,57,110),
histological malignancy in cerebellar examples (115). these two tumors represent rare examples of sponta-
Six patients with atypical cerebellar astrocytomas, neously occurring malignant pilocytic astrocytomas.



792 C Giaraniara 8. Scheitnauer: Classi® caticn a~d Grac ng of Low-Grada Astreavtic "o ors

Figure 4. Malignant plecmorphic xanthoastrocytoma (PXA).
Anaplastic transformation in a PXA is usually heralded by an

increase in mitotic activity and a shift to smaller, epithelioid cells
cf more uniform size (A). Necrosis is a less constant feature (B).

It is of note that one of the patients in Tomlinson's
study (115) with a histologically malignant tumor
treated with surgery alone remained alive and well at
S years. It is therefore conceivable that the postopera-
tive course of histologically malignant pilocytic
astrocytomas is not as generally dismal as that of
high-grade diffuse astrocytomas.

The majority of histologically malignant pilocytic
astrocytomas occur in patients who have undergone
radiation therapy for otherwise typical pilocytic
astrocytomas (5,10,16,20,29,62,77,79,87,96,103,104,
105,110,115,117,122,123). The latency interval to
malignant transformation reportedly varies from 2 to
52 years following treatment. The biological behavior
of these tumors is often aggressive, leading to a fatal
outcome in a short time (29). The alternative possi-
bility that radiation causes an intermediate or high-
grade astrocytoma at the site of a previously treated
astrocytoma must also be considered. Their occur-
rence in the field of irradiation and the long latency
periods reported would also be consistent with
postradiation neoplasia.

After meningiomas and sarcomas, astrocytomas
are the third most common tumors reported to occur
after irradiation of glial and non-glial tumors of the
CNS (12,80,108,119). Post-radiation gliomas have
also been reported following treatment of cranio-
pharyngioma (69), paraganglioma (94), medulloblas-

toma (23,63,90,101) or systemic malignancy, e.g.,
leukemia and lymphoma (72). It remains to be deter-
mined whether or not children are more susceptible
to the development of radiation-induced tumors
than are adults.

Pleomorphic Xanthoastrocytoma

This unique tumor was first recognized in 1979
by Kepes and coworkers who reported a series of 12
cases, emphasizing the relatively favorable prognosis
of a tumor frequently mistaken for glioblastoma or
giant cell sarcoma of the brain (55). Now a well-rec-
ognized clinicopathological entity, PXA is the most
recent addition to the 1993 WHO classification of
astrocytic tumors (61). It is typically associated with
seizures, affects primarily young patients, arises
almost exclusively in the cerebral hemispheres, is
superficially situated and typically appears as an
enhancing, mural nodule within a cyst.

Histologically, PXA is architecturally complex but
has a distinct histological appearance (Figure 3). Its
compact cells are markedly pleomorphic, ranging
from spindly to elongated to epithelioid. Multi-
nucleate giant cells are common. A variable number
of cells, usually few and of giant proportion, contain
intracytoplasmic lipids, as confirmed by Oil Red O
stain, or at the ultrastructural level. These range in
size from small droplets to larger vacuoles—hence
the term xanthoastrocytoma.

Scattered among the astrocytic cells are a highly
variable number of eosinophilic granular bodies,
either coarse and bright red or delicate and pale in
appearance. In typical PXAs, mitoses are rare, and
necrosis, as well as endothelial proliferation, are
absent. As previously noted, most PXAs are hemi-
spheric, arise in the temporal lobe, and grow superfi-
cially in intimate association with the lep-
tomeninges. The formation of an underlying cyst is
common. It is the superficial, typically lep-
tomeningeal, portion of the PXA tumor that features
a dense intercellular reticulin network due to pericel-
lular basement membrane deposition. Prior to the
immunohistochemistry era, it was this particular
feature that prompted the notion that PXA was of
mesenchymal derivation (54). The true nature of
PXA became apparent with the finding of glial
fibrillary acidic protein reactivity within tumor cells
(§7). In addition to the superficial nodular compo-
nent, virtually all PXA show some degree of
parenchymal infiltration, often no more than is evi-
dent in pilocytic tumors.

Since the first description of PXA, approximately
90 cases have been reported, two thirds occurring in
patients less than 18 years of age (4,32,34,40,48,50,
52,55,57,64,65,67,70,71,78,82,88,89,93,100,111,112,
114,121,126,127). All series have confirmed the over-
all favorable clinical prognosis of this lesion (84).
Nonetheless, PXA may recur, and a significant pro-
portion may demonstrate aggressive clinical behavior
leading to the patient’s demise (84). Such an aggres-
sive course is usually associated with anaplastic trans-
formation (high mitotic activity and/or necrosis) as
confirmed by biopsies of recurrent lesions or at
autopsy (Figure 4). At present, there are no minimal
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Figure 5. Subependymal giant cell astrocytoma (SEGA). Cytologic variation is typical of SEGA and ranges from spindled (A} and

epithelioid cells (B} to occasional giant cells resembling neurons (C). Sweeping of cells about vessels is common (A}, but well
formed perivascular pseudorosettes are less frequently seen (D). The expression of neuronal markers or of neurotransmitters, here
illustrated by immunostaining for class Il (-tubulin {E) and somatostatin {F), is also frequent.

histopathological criteria predictive of recurrence or
indicative of anaplastic transformation. Anaplastic
lesions often appear in small series or as single case
reports with limited clinical and follow-up informa-
tion; in addition, detailed descriptions of histological
features that might be of prognostic significance are
lacking. It is therefore difficult to draw conclusions
on the basis of published data. A critical review of
published cases can be summarized as follows: of the
45 patients below age 18 at diagnosis and on whom
clinical follow-up was available (78% of the reported
cases), 10 had died of tumor progression. In 6 cases,
the tumor progressed or recurred within 6 months of

the original diagnosis, and survival was 4-12 months
(34,40,57,88,121). In yet another patient the tumor
recurred at 15 months and proved fatal 24 months
after the initial diagnosis (52). This subset of patients
had, therefore, experienced an aggressive, monopha-
sic malignant course from the time of diagnosis to
death. Three cf the originally resected tumors fea-
tured necrosis, and four exhibited mitotic activity
which was not quantified. One patient in whom the
tumor recurred six years after diagnosis died six
months later; histological signs of anaplasia were
only noted in the recurrence (57). One other patient
underwent three surgical resections before dying of a
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recurrent tumor 25 years after the original diagnosis;
the specimens demonstrated progressive anaplasia
(55). Lastly, one patient, in which the tumor recurred
nine years after the first diagnosis, died in the post-
operative period (111).

Among 12 patients alive at the time of publica-
tion, tumors had recurred after a mean interval of
five years (median 3.5 ; SD t 5) after diagnosis. As
compared to the patients who did not experience a
recurrence and in whom histological data were avail-
able (n=16), tumoral mitotic activity was observed in
five of 12 cases (versus 12 of 16), but necrosis was
absent in both groups. Only in four cases with recur-
rent tumors was sufficient (greater than one year)
postoperative follow-up available (range of 1.5 - 8
years). Although in two of these cases there were his-
tological signs of tumor progression, with appropri-
ate surgical and adjuvant therapy the patients were
alive 3 and 6 years after the recurrence (4, 70). An
accurate mitotic count performed in one of these two
patients demonstrated focally up to four mitoses x 10
HPF in the original resection specimen and ranged
between 0 and 32 x 10 HPF in the recurrence (70).
Despite recurrence with anaplastic transformation,
such PXAs should not be regarded as glioblastomas
because the clinical evolution of PXAs with anaplas-
tic transformation is usually not as precipitous.

We have recently reviewed 59 cases of PXAs and
carefully recorded in the original biopsy or resection
specimens histological features which may be of
prognostic significance. Our data suggest that accu-
rate mitotic count may be useful in identifying those
tumors that have an increased probability of recur-
rence and anaplastic transformation. Necrosis is also
associated with high frequencies of recurrence and
mortality, but it may be too infrequent a finding
(13%) to be relied on as the only predictor. Since
PXA is a slowly growing tumor, our findings will
need to be confirmed with more cases and longer fol-
low-up (unpublished data).

Subependymal Giant Cell Astrocytoma

Subependymal giant cell astrocytoma (SEGA) is a
tumor practically limited in its occurrence to the set-
ting of tuberous sclerosis complex (TSC) (107). Those
rare cases ostensibly unassociated with TSC are subju-
dice in that only a few had long follow-up or were
subjected to clinical scrutiny, thus, an association
with TSC could not be entirely excluded (14,42).
Lastly, reduced penetrance of the various traits of
TSC could also account for some apparently “prima-
ry” tumors (24,39). Although SEGAs are the most
common tumors of the TSC, other neoplasms,
including hemangioma, neurilemmoma, ependymo-
ma and spongioblastoma, have been reported (13,51,
73,95,116). Subependymal giant cell astrocytomas
are usually situated within the lateral ventricle and
overlie the head of the caudate nucleus, where they
often obstruct the foramina of Monro (60,107). They
arise from histologically similar subependymal nod-
ules located on the wall of the lateral ventricles of
affected patients. By convention, nodules which
grow larger than one cm or to the point where they
become symptomatic are considered subependymal

giant cell astrocytomas. The tumors are circum-
scribed and, frequently, calcified. They are composed
of large astrocytic-appearing cells with abundant
eosinophilic cytoplasm (Figure S). These vary in
size and shape, from epithelioid to spindle or
giant cell (6), and frequently aggregate in clusters
or arrange around vessels. Nucleoli may be promi-
nent; mitoses are usually rare (61). In a recent
retrospective review of 345 patients with tuberous
sclerosis, Shepherd et al. (107) found 21 cases of
subependymal giant cell astrocytoma (6.1%). In this
study, as in the study by Chow et al. (21), atypia and
mitoses were not uncommon. Inn one case, the mitot-
ic activity was brisk (>5 mitoses per 10 HPF), and
necrosis was present. The authors did not find any
correlation between the histological features and
clinical course or survival.

The immunophenotype of SEGA is complex. Its
cells show not only variable GFAP staining and
widespread S100 protein immunoreactivity but fre-
quently express neuronal markers, thus bringing into
question the very nature of the neoplasm. Such neu-
ron-associated markers include neurofilament pro-
tein epitopes (33%), class III B-tubulin (83%), cal-
bindin (67%), and neurotransmitter substances
(metenkephalin, 5-hydroxytryptamine, B-endorphin,
neuropeptide Y somatostatin, etc.) (44, 68) (Figure Se
& Sf). Based upon these findings and such ultrastruc-
tural features as stacks of rough endoplasmic reticu-
lum and microtubules, one can conclude that SEGA
cells, despite their largely astrocytic phenotype,
exhibit biochemical and some ultrastructural charac-
teristics of neurons. Whether this justifies use of the
alternative designation “subependymal giant-cell
tumor” remains unsettled.

The nature and natural history of SEGA also
remains uncertain. It is unclear, for instance, whether
SEGA are simply large hamartomas or truly neoplas-
tic lesions. Even less is known of their ultimate ori-
gin, specifically how and if their cells and those of
their nodular precursors are related to the primordial
cells involved in cerebral development. Even simple
questions, such as why only those subependymal
nodules near the foramen of Monro grow to tumoral
proportions, remain unanswered.

Fortunately, the behavior of SEGA is better under-
stood. Long-term follow-up indicates that patient
survival is very favorable. In one recent series it
approached 80 % at both 5 and 10 years (107). It is of
note that of the 7 deaths reported in this series, 4
were due to treatment complications rather than to
the direct effects of the tumor. Spontaneous intratu-
moral hemorrhage is also occasionally the basis of a
patient’s demise. By comparison, the survival of a
group of patients with diffuse astrocytoma exhibiting
giant cell components, 85 % of which were of grade
4 (glioblastoma), was less than 10 % (107).
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