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SUMMARY Pleomorphic xanthoastrocytoma (PXA) is a rare astrocytic neoplasm that 
commonly affects children and young adults, and presents with seizures. PXA is typically 
supratentorial with a predilection to the temporal lobe, and often involves the cortex and 
the meninges. PXAs have a favorable prognosis with a 10-year survival probability of >70%, 
and are WHO grade II neoplasms. Recent observations and studies demonstrate that PXAs 
are clinically, histologically and genetically distinct. Some PXAs recur and exhibit aggressive 
clinical behavior. In such cases, certain histological and clinical factors could account for the 
aggressive behavior. However, the histological features that predict adverse outcome are 
poorly defined. In the current WHO classification of CNS tumors, there is no option for a 
high-grade PXA, even if the tumor had numerous recurrences and poor outcome. In this 
review, we focus on aggressive clinical behavior and anaplasia in PXA, and discuss how 
our current experience suggests modifications in the current WHO classification. We also 
review recent discoveries on the molecular characteristics of PXA that could help us better 
understand their biological behavior.
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 � Pleomorphic xanthoastrocytoma (PXA) is a WHO grade II neoplasm, currently considered 
within the astrocytic category of tumors. The diagnostic criteria for PXA are well recognized 
and fairly reproducible.

 � Some PXAs have histologically malignant features and aggressive clinical behavior, 
however, the current classification scheme does not allow designation of a high-grade PXA 
(i.e., WHO grade III or IV), but recognizes ‘PXA with anaplastic features’ (aPXA).

 � While there is a high rate of concordance in the diagnosis of WHO grade II PXAs, the exact 
criteria for the diagnosis of aPXA are elusive.

 � Revisions in the WHO classification should designate aggressive neoplasms diagnosed as 
aPXA in a high-grade category, and should attempt to define the critical criteria for their 
diagnosis.
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Pleomorphic xanthoastrocytoma (PXA) was first 
identified as a distinctive form of astrocytoma 
by Kepes et al. in 1979 [1]. In this study, the 
authors reported 12 patients (aged 7–25 years) 

with a unique form of supratentorial astrocy-
toma and a favorable outcome [1]. The tumors 
were recognized on the basis of their superfi-
cial cortical location and unique histological 
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features that include marked cellular pleomor-
phism, rich reticulin network and prominent 
lipid-laden glial cells. Despite their highly pleo-
morphic and bizarre cytology that suggested 
malignant behavior, these tumors appeared to 
have a relatively favorable prognosis. The most 
popular hypothesis proposed by Kepes et al. pos-
tulated that PXA originates from subpial astro-
cytes, which was used to explain the superficial 
location of these neoplasms [2].

PXA entered the WHO classification as a 
grade II neoplasm in 1993 [3]. However, tumors 
with aggressive biology in the PXA category 
were known even before the publication of the 
1993 classification, but such tumors were not 
assigned a higher grade [4]. Subsequent classi-
fications in 2000 and in 2007 referred to these 
less common, aggressive tumors as ‘PXA with 
anaplastic features’ (aPXA), but avoided a WHO 
grade III designation [2,5]. The changes in the 
wording of the recent editions were mostly influ-
enced by emerging data and the seminal study 
by Giannini et al. [6]. 

Since the revision in 2000, small but substan-
tive experience has accumulated through origi-
nal studies and reviews on PXA and tumors that 
were classified as aPXA. Currently, there is suf-
ficient evidence that clinical, radiological and 
histological characteristics of the neoplasms clas-
sified as aPXA deserve special emphasis. These 
observations, along with the emerging informa-
tion on the molecular features of tumors in this 
category, are slowly reshaping our perspective 
that such tumors do not have the favorable 
outcome of classical PXA.

What is PXA?
PXA is commonly considered a tumor of young 
people with an incidence rate of fewer than 
0.07 cases per 100,000 population, as adjusted 
to the USA standard population in 2000 [7]. The 
limited number of cases reported in the literature 
reflects the rarity of PXA, which constitutes less 
than 1% of all astrocytic neoplasms [7]. There 
seems to be no reported gender or racial predilec-
tion [2]. Even though WHO 2007 quotes a study 
with a higher occurrence in females, this lim-
ited study only includes 13 patients and does not 
address gender predilection owing to its limited 
and biased sample size [8]. No specific etiologies 
have been implicated in the genesis or evolution 
of PXA. PXAs occur most frequently in the 
superficial cortex of the cerebral hemispheres, 
particularly in the temporal lobe, and often 

involve the overlying leptomeninges [6]. How-
ever, PXAs have been reported in other loca-
tions. Case reports document examples located 
in the cerebellum [9], spinal cord [10], retina [6], 
thalamus [11], pineal gland [12] and sellar region 
[1]. Some studies also report multicentric PXAs 
presenting with several noncontiguous lesions 
at diagnosis [13]. Many reports, including the 
original study, noted the tendency of the tumor 
to involve the meninges, even though dural inva-
sion was considered unusual [1]. Owing to the 
superficial cerebral location, patients often pres-
ent with a long history of seizures, many span-
ning months or years prior to radiographic diag-
nosis [6]. Clinical features at presentation include 
focal neurological deficits, visual disturbance, 
headaches and, rarely, intracerebral hemorrhage 
[14]. PXAs generally have slow but progressive 
symptoms that are dependent on their location.

On MRI and CT scans, PXA is most fre-
quently a cystic lesion with a contrast-enhanc-
ing mural nodule or, partially cystic, enhancing 
tumor with minimal mass effect [15]. Peritumoral 
edema is not typical owing to the slow course of 
tumor development. Contrast enhancement on 
T1-weighted images is very common [16]. A small 
number of cases have been reported in associa-
tion with other CNS lesions, including neurofi-
bromatosis type 1 [17], focal cortical dysplasia [18], 
mesial temporal sclerosis [16] and velocardiofacial 
syndrome [19].

The key histopathological features of the 
classical PXA are well established [2]. PXAs are 
hypercellular tumors composed of atypical, pleo-
morphic cells with astrocytic or mesenchymal 
morphology and abundant cytoplasm (Figure 1). 
The cells are often arranged in fascicles or in a 
storiform pattern, giving a mesenchymal appear-
ance to the tumor [1,6]. Xanthomatous cells with 
foamy cytoplasm are also diagnostically help-
ful, but are only encountered in approximately 
a quarter of cases. Large, bizarre multinucleated 
cells are common, and give the tumor its pleo-
morphic appearance. Intranuclear inclusions and 
eosinophilic granular bodies are almost constant 
findings [6]. Focal perivascular or intratumoral 
collections of mature lymphocytes with occa-
sional plasma cells are also frequent [6]. One 
of the most characteristic features of PXAs is 
the deposition of reticulin around tumor cells, 
either diffusely or in a patchy fashion. Rosen-
thal fibers may also be seen, particularly at the 
edges of the tumor, particularly reflecting a reac-
tive change in the adjacent brain. Rare tumor 
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cells containing pigment granules were also 
reported [20]. Although cellular pleomorphism 
is a common feature of PXA, the absence of 
mitoses and necrosis enables their differentiation 
from malignant infiltrating gliomas [4]. 

Immunohistochemical studies demonstrate 
diffuse and strong positivity with the antibod-
ies against GFAP, Olig-2, Sox2, and S100 pro-
tein supporting a glial, and more specifically 
an astrocytic, cell of origin [6,21]. Many PXAs 
also demonstrate positivity with the antibod-
ies against neuronal markers including syn-
aptophysin, neurofilament, class 3 b-tubulin 
and MAP2 with variable frequency [5]. The 
hematopoietic progenitor/vascular endothe-
lial cell-associated antigen CD34 is expressed 
in tumor cells in up to 50% of cases [21]. The 
immunohistochemical and ultrastructural evi-
dence of predominantly astrocytic nature aid in 
distinguishing this tumor from mesenchymal or 
meningothelial neoplasms [4]. In most tumors, 
proliferation indices such as Ki-67 (MIB1) and 
PCNA highlight less than a few percent of 
tumor cells [6]. The p53 labeling index is vari-
able across reported cases, with most tumors 
being entirely negative [22]. 

While this underscores a rather unique neo-
plasm, a number of issues remain unresolved 
with respect to PXA and its aggressive examples. 
First, the issue of cell of origin still remains unre-
solved, and the suggestion regarding their origin 
as the ‘cerebral cortical astrocytic cells beneath 
the overlying pia mater’ is only substantiated by 
the presence of generic glial markers, such as 
GFAP [1]. While other markers of glial nature 
have also been positive in these tumors, many 
studies also demonstrate evidence of divergent 
differentiation [23]. The presence of ‘mixed’ or 
hybrid tumors with a neuronal or ganglionic 
component also suggests that the cell of ori-
gin may not be a purely astrocytic cell [23–27]. 
There is still much to debate regarding whether 
PXA and its aggressive subtypes can be con-
sidered within the purely astrocytic neoplasms 
or whether they are most suited to be classified 
within the family of glioneuronal tumors. 

Molecular characteristics of PXA
Recent studies have made significant contribu-
tions to our current understanding of PXA as a 
unique neoplasm that is often genotypically dis-
tinct from diffuse (infiltrating) gliomas. Genetic 
alterations typical of infiltrating gliomas, such as 
TP53 mutations and EGFR amplifications, are 

distinctly rare or absent in most PXAs [21,22]. 
Earlier studies identified DNA loss on chromo-
some 9 as the most common regional chromo-
somal abnormality, occurring in approximately 
50% of PXAs [28]. Other studies reported gains 
and losses in chromosomes 3, 5, 20 and 22 to a 
much lesser extent, and in only a small minority 

Figure 1. The typical radiological and histological features of pleomorphic 
xanthoastrocytoma. (A) Contrast-enhanced, T1-weighted MRI demonstrating the 
typical superficial cystic mass with the enhancing mural nodule. (B) High-power 
magnification demonstrating the typical pleomorphic, multinucleated giant cells 
with an eosinophilic granular body. (C) Medium-power magnification of typical 
giant cells along with smaller tumor cells and clusters of lymphocytic infiltrates 
within the tumor. (D) Special stain for reticulin highlighting the dense intercellular 
reticulin network most often surrounding individual as well as small clusters of 
tumor cells. 
(B) Image was taken at 400× maginifcation. 
(C & D) Images were taken at 200× magnification.
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of cases [29–31]. Less common regional losses 
involve chromosomes 4, 6, 8p, 10p, 13, 17, 18 
and 21 [29,30,32]. Chromosomal gains were also 
reported in loci at chromosomes 7 and 19 [28,29]. 
Other genetic aberrations included transloca-
tions at chromosome 1, 15, 20 and 22 [33,34]. 
Identification of deletions or epigenetic inactiva-
tion of CDKN2A or CDKN2B genes has been 
inconsistent [28,35]. 

In recent years, BRAF V600E mutations have 
been reported as the most common and consis-
tent genetic abnormality in PXAs [36,37]. BRAF 
mutations can be found in a wide range of human 
cancers, and represent the most frequent genetic 
alteration in melanomas, papillary thyroid car-
cinoma and hairy cell leukemia, among others 
[38]. More than 95% of BRAF mutations are of 
the V600E type, which leads to the substitution 
of valine by glutamic acid in the kinase domain 
of the protein. The mutated BRAF protein is 
constitutively active and enhances the prolifera-
tive potential through activation of the MAPK 
pathway. This pathway also plays a critical role in 
oncogene-induced senescence. Among primary 
brain tumors, activating BRAF mutations are 
found frequently in PXAs and gangliogliomas, 
and less frequently in pilocytic astrocytomas [36]. 
The BRAF mutation is exceptionally rare among 
infiltrating gliomas with a slightly higher preva-
lence in pediatric glioblastomas [36], and therefore, 
considered helpful in the diagnosis of PXA and its 
differentiation from giant cell glioblastoma. Some 
authors also contend that BRAF V600E muta-
tion rates may differ between adult and pediatric 
PXAs [39]. 

The presence of BRAF mutations emerged as 
a potential target in PXA, since there are cur-
rently available inhibitors that can be used clini-
cally to treat patients [40]. It has been suggested 
that tumors with BRAF mutations may respond 
to combination chemotherapy using targeted 
inhibitors, however, even earlier studies revealed 
a paradoxal activation that may significantly 
impair the efficacy of single-agent chemotherapy 
[41]. While studies on the efficacy of BRAF inhibi-
tors are being conducted for brain tumors, recent 
studies on melanocytic tumors integrating BRAF 
inhibitors into combination chemotherapy may 
overcome resistance to single-agent inhibition and 
may be another therapeutic strategy for patients 
with recurrent PXA [42]. While there is currently 
very limited data on such therapeutic strategies for 
PXAs, we expect this avenue to be explored more 
often in the near future.

Recurrence & aggressive behavior: aPXA
The possibility of local recurrence was implied 
in the original definition of PXAs since these 
tumors were not regarded as entirely benign, 
but only as having a relatively favorable biologi-
cal behavior [1]. In larger studies, recurrence-
free survival for typical PXAs was reported to 
be approximately 60% at 5 and 10 years [6,16]. 
Overall survival probability at 5 years was cal-
culated at 85% for the same groups [6,16]. Nev-
ertheless, individual cures with complete remis-
sion for up to 25 years have also been reported 
[43]. However, all studies identify a subset of 
tumors with more aggressive clinical behav-
ior, such as local recurrence or distant spread. 
There have been increasingly more reports on 
the unfavorable behavior of tumors in the PXA 
category, which partly reflects a publication 
bias, but also underscores a subgroup of tumors 
in this category that do not conform to the 
classical definition. Furthermore, some PXAs 
present with cerebrospinal or leptomeningeal 
dissemination [13,44,45].

Certain clinical parameters have been 
reported to effect survival probability in PXAs. 
For instance, tumors in atypical or ‘difficult’ 
locations reportedly had less favorable outcomes 
[46]. The tumor size was also suggested as a pos-
sible prognostic factor, but studies to determine 
the prognostic significance of tumor size in 
PXAs have been limited. Some studies also sug-
gested the extent of resection as an important 
variable effecting progression-free survival [6]. 
The preferred surgical treatment has been gross 
total resection for PXA, and subtotal resection 
was associated with a shorter progression-free 
survival [6,16]. However, overall survival prob-
ability could not be associated with the extent 
of resection [6]. Advanced patient age [47] and 
spinal dissemination at diagnosis [48] were also 
proposed as prognostic factors, but the data 
relating to these factors have not been adequately 
analyzed.

In 1983, Weldon-Linne et al. described a case 
of PXA in a 32-year-old man with rapid fatal 
outcome and extensive recurrent tumor show-
ing complete histologic differentiation to malig-
nant glioma [4]. In this report, the clinical and 
pathological features of the original tumor were 
typical of PXA. However, the recurrent tumor 
obtained at autopsy had features of a malignant 
astrocytoma with little, if any, resemblance 
to the histology of the original lesion. Later, 
Kepes et al. reported three other cases of classic 
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WHO grade II PXA that recurred as high-grade 
malignant ‘astrocytic’ gliomas [49]. These reports 
underscored that tumors with histologically 
‘anaplastic’ or malignant features also portended 
a less favorable prognosis in PXA [50].

Earlier reviews of tumors with malignant his-
tological features revealed that the time interval 
for anaplastic or malignant transformation of a 
typical PXA could be markedly varied and may 
be observed as late as 18 years after initial sur-
gery [43,51,52]. The histological features of tumors 
reported to have malignant transformation or 
the so-called aPXA have also been quite diverse 
(Figure 2). Many tumors in this category had sig-
nificant mitotic activity, but the mitotic rate seen 
in aPXAs varied from fewer than three per ten 
high-power fields (HPFs) [21,49,53–57] to up to 18 
per ten HPFs [43]. 

In addition to increased mitotic rate, the well-
described dense reticulin network of typical PXA 
was also found to be lost in aPXAs [49,58]. Few 
studies considered vascular endothelial prolifera-
tion as a criterion for anaplasia [21], while focal 
necrosis was accepted as an important criterion 

in many studies [43,51,59,60]. Conversely, some 
researchers, including the author of the original 
report, suggested that a pleomorphic astrocytic 
tumor with necrosis should be excluded from the 
PXA category [61]. In their article, Giannini et al. 
suggested the designation of aPXA, which shared 
key characteristics of PXA but exhibited greater 
unpredictability in aggression. Their multivariate 
analysis on a series of 71 cases found that high 
mitotic indices (greater than or equal to five mito-
ses per ten HPF) carried a poorer prognosis with 
respect to both recurrence-free and overall sur-
vival. A ‘significant adverse association of necrosis 
with survival’ was also reported, although this 
did not reach statistical significance on multivari-
ate analysis. Thus, they have dissented from the 
view that tumors with necrosis should be excluded 
from this category [6]. Other authors supported the 
association of necrosis as well as pseudopalisading 
necrosis with a more aggressive behavior and sug-
gested the use of this criterion as a sign of ‘anapla-
sia’, but not a criterion to exclude tumors from the 
PXA category [54,59,62]. The proposed definition 
for aPXA currently includes a mitotic index greater 

Figure 2. Histological features reported in tumors classified as ‘pleomorphic xanthoastrocytoma 
with anaplastic features’. (A) Solid, glial-appearing neoplasm with eosinophilic granular bodies and 
mitotic figures (arrow). (B) Medium-power magnification demonstrating marked vascular endothelial 
proliferation. (C) Medium-power magnification with nonpalisading necrosis in a compact tumor and 
adjacent pleomorphic cells and hyalinized vessels. (D) Medium-power magnification of a solid area 
with numerous rhabdoid cells and palisading necrosis. (E) High-power magnification of a recurrent 
tumor previously diagnosed as classical pleomorphic xanthoastrocytoma showing predominantly 
rhabdoid cells. (F) Immunohistochemical staining for Ki-67 (MIB1) antibody with increased labeling 
index up to 10% in a tumor diagnosed as pleomorphic xanthoastrocytoma with anaplastic features.  
(A, E & F) Images were taken at 400× magnification. 
(B, C & D) Images were taken at 200× magnification. 
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of than or equal to five per ten HPFs with or with-
out necrosis in a tumor principally considered in 
the PXA category. However, in a study comparing 
conventional PXA with aPXA, Hirose et al. sug-
gested that it may not always be possible to apply 
the criteria of Giannini et al. for the diagnosis of 
aPXA [21]. These authors contended that classical 
characteristics of PXA should be recognizable even 
in the histologically anaplastic areas. 

Some of the reported cases of aPXA have 
unusual histological features that confirm their 
aggressive nature but raise even more ques-
tions regarding their diagnosis. Rare tumors 
that develop rhabdoid components have been 
documented in this category [63]. We have also 
observed such cases in the recurrent examples 
of tumors previously reported as classical PXA 
without any evidence of anaplastic features 
(Figure 2D & E).

Tumors reported as de novo aPXA are far more 
diverse and challenging, and the reports on such 
cases leave more unanswered questions on how 
such tumors should be recognized [59,64–66]. 
Once anaplastic, the survival probability was 
considerably shorter compared with typical 
PXAs [50,53]. It has been much easier to diagnose 
aPXA if a malignant tumor arose in the same 
location as a classic PXA, and is histologically 
and genetically similar to the primary tumor. It is 
far more subjective if the tumor has radiological 
and histological features of a malignant infiltrat-
ing glioma, no prior history of a WHO grade II 
PXA and only rare eosinophilic granular bod-
ies. The threshold for diagnosing such a tumor 
as aPXA can vary tremendously among experts. 

The malignant component in aPXAs has been 
reported as either WHO grade III or IV diag-
noses, depending on the histological features 
observed in the recurrent tumors. Currently, it 
is not clear whether there are any substantive 
differences among de novo aPXAs or malig-
nant progression of a WHO grade II PXA into 
histologically grade III or IV neoplasm. 

Conclusion & future perspective
PXA is a WHO grade II neoplasm, such as a 
low grade neoplasm, which carries a generally 
favorable prognosis. Histological features, such 
as increased mitotic activity, necrosis with or 
without pseudopalisading and rhabdoid mor-
phology, identify a subset of tumors in this cat-
egory with a more aggressive behavior. These 
tumors are often classified as aPXA per the 
current WHO classification, but the use of this 
terminology is in direct contradiction to the use 
of the term ‘anaplasia’ throughout the rest of 
the scheme. Virtually all other uses of the term 
anaplasia implies a high-grade neoplasm, most 
often WHO grade III that suggests a higher rate 
of local recurrence and an unfavorable progno-
sis. This designation often allows patients to be 
treated with the high-grade glioma protocols. 
The growing literature on tumors in the PXA 
category increasingly suggests that aPXA carries 
a significantly less favorable prognosis. While 
histological features alone may not identify all 
such tumors, they will identify at least some 
that may need to be considered in the high-
grade category. The future revisions of the clas-
sification scheme should attempt to clarify these 
criteria more carefully, and allow designation of 
tumors with such features as truly anaplastic, 
such as WHO grade III, neoplasms. This also 
may benefit the prospective clinical trials that 
study the impact of adjuvant treatment in these 
more aggressive tumors.
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