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Abstract
Background: Pleomorphic xanthoastrocytoma (PXA) is usually considered a relatively benign and localized entity.
However, cases of PXA with anaplastic features have been reported in recent years. Anaplastic pleomorphic
xanthoastrocytoma has been added to the 2016 WHO classification of CNS tumors as a distinct entity.
Case presentation: We describe a rare case of PXA with dissemination, both at the time of diagnosis and after
treatment. The 20-year-old male presented with signs of high intracranial pressure and sudden-onset transient
seizures. Imaging examinations showed diffuse lesions widely distributed in the left hemisphere, and on
histopathological examination, he was diagnosed with anaplastic PXA. The patient underwent surgical treatment
and adjuvant concurrent chemoradiation. Follow-up MRI revealed early recurrence and distant spread of the tumor.
Conclusions: Anaplastic PXA usually has unique characteristics, including dissemination, early recurrence, and
chemoresistance. A strategy based on early diagnosis and aggressive treatment is warranted. However, sufficiently
powered studies are required to generate evidence-based guidelines.
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Background
Pleomorphic xanthoastrocytoma (PXA), first described
by Kappes et al., is a rare tumor accounting for less than
1% of all astrocytic tumors [1]. PXA predominantly
affects young patients and frequently presents with a
history of chronic epilepsy. The lesion mainly appears in
the cerebral hemispheres, especially the temporal lobe
[2]. PXA usually has a benign biological behavior and is
typically associated with a good prognosis [2, 3]. However, cases of PXA with anaplastic features have been
reported recently [2, 4–7]. Anaplastic PXA, WHO grade
III, has been added to the 2016 WHO classification of
CNS tumors as a distinct entity [8]. Patients with
anaplastic PXA have shorter survival than patients with
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conventional PXA. Here, we report the case of a student
who had anaplastic PXA with a disseminated growth
pattern, both at the time of diagnosis and after comprehensive therapy.
Case presentation

A 20-year-old male patient was admitted to the hospital
with a history of nausea, vomiting and headache since
2 days, and sudden-onset transient seizure since 2 h.
Ten years ago, the patient sustained an epileptic seizure
and brain Magnetic Resonance Imaging revealed no
abnormalities. The symptoms improved with standard
medical treatment. Physical examination at admission
was unremarkable. CT-scan revealed an ill-defined lesion
in the right temporal lobe. On MRI, the lesion was
found to be widely distributed in the temporal, frontal,
parietal, occipital, and insular lobes of the left hemisphere. The lesion was hypointense on T1 images,
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hyperintense on T2 and T2Flair images, and a mild localized enhancement on gadolinium (Gd)-enhanced images (Fig. 1a-d). Positron emission tomography–computed
tomography (PET-CT) demonstrated intense 18F–fluorodeoxyglucose (FDG) and 11C–methionine (MET) uptake
in the left temporal lesion, suggesting an aggressive neoplasm (Fig. 1e and f). The area of tumor on MET images
exceeded T2Flair, and likely reflected the invasion front of
the tumor.
The preoperative diagnosis appeared to be diffuse astrocytoma or a high grade glioma. A standard left frontaltemporal craniotomy was performed using multimodal
image fusion guided navigation and intraoperative MRI
technology. The boundary of the tumor was not clear and
subtotal tumor resection was performed.
Histopathological examination revealed anaplastic
PXA (WHO grade III). Tumor cells were pleomorphic
and spindle with abundant pink cytoplasm, and were
arranged in a fascicular pattern (Fig. 2a). Many cells had a
lipid-filled, foamy cytoplasm interspersed between other
cells that had bizarre nuclei, occasionally multinucleated
(Fig. 2b). Immunohistochemical staining was positive for
glial fibrillary acidic portein (GFAP) (Fig. 2c), S100, vimentin. However, there was a negative expression of O-6methylguanine DNA methyltransferase (MGMT), MDR-1,
TP53, and CD34. The Ki-67 labeling index was 10.70%
(Fig. 2d). No signs of necrosis were observed.
Postoperative images showed tumor residue that was
not amenable to operative removal (Fig. 3a). The patient
had no obvious dysfunction and received adjuvant
concurrent chemoradiation 20 days after the surgery.
Temozolamide (TMZ, 75 mg/m2) was administered
during radiotherapy, and subsequent chemotherapy

Fig. 1 MRI and PET-CT imaging findings. The lesion was hypointense
on T1-weighted image (a), hyperintense on T2-weighted image (b)
and T2Flair image (c) with mild localized enhancement on Gd-enhanced
image (d). MET-PET showing localized high accumulation in the left
temporal lesion (e). FDG-PET showing localized high accumulation in
the left temporal lesion (f)
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cycles of 5 days every 28 days were administered. Three
months after surgery, repeat Gd-enhanced MRI showed
enhanced lesions around the surgical residual cavity and
the left lateral ventricular trigone (Fig. 3b). It was more
like pseudoprogression than tumor recurrence. After an
observation period of 3 months, the volume of enhanced
lesions was found to have increased (Fig. 3c). Therefore,
TMZ (150 mg/m2) combined with cisplatin (50 mg/m2
for 2 days) was administered for one cycle. After 6 cycles,
MRI showed a decrease in the volume of enhanced
lesions, but with concomitant findings of leptomeningeal
infiltration around the brainstem and cerebellum
(Fig. 3d). Finally, one new enhanced solid lesion appeared in the left frontal lobe at 11 months after the
surgery (Fig. 3e). T2Flair images revealed that the
tumor cells might even have invaded the opposite
hemisphere through white matter fibers (Fig. 3f ). The
patient died of tumor progression 18 months after
the surgery.

Discussion
PXA is identified as grade II according to the 2007
WHO classification of CNS tumors, and is therefore
considered a relatively benign type [9]. Surgical excision
is the preferred treatment option and is usually effective.
However, some PXAs have been reported to exhibit anaplastic features. The term “PXA with anaplastic features”
was proposed in 1999 [2]. A diagnosis of PXA with anaplastic features is usually based on their histological
characteristics and the typical molecular characteristics.
Giannini et al. [2] proposed criteria for the diagnosis of
PXA with anaplastic features, i.e., high mitotic activity
(five or more mitoses per 10 HPF) with or without
necrosis. However, many other factors need to be considered in order to standardize the diagnosis and treatment of PXA with anaplastic features. Hirose et al. [10]
suggested that necrosis, microvascular proliferation,
marked cellular anaplasia, and high Ki-67 index, are also
indicative of PXA with anaplastic features. Finally, anaplastic PXA, was added to the 2016 WHO classification of
CNS tumors as WHO grade III, instead of the descriptive
title of “PXA with anaplastic features”. In the current case,
Ki-67 labeling index was as high as 10.70%. The patient
met the criteria for the diagnosis of anaplastic PXA.
The conventional PXA usually presents as a localized
mass which is isointense on T1 images, hyperintense on
T2 images, and heterogeneously enhanced. And the
mass tends to contain both a solid nodulation and a cystic component. However, anaplastic PXA may manifest
very different features on imaging. Different forms of
dissemination at the time of diagnosis or after treatment
have been documented. Lubansu A et al. [11] reported
a 7-year-old girl with anaplastic PXA, with craniospinal
meningeal dissemination at the time of diagnosis.
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Fig. 2 Photomicrographs of tumor specimens. Photomicrographs of hematoxylin and eosin – stained sections of tumor specimens (×100) (a).
Pleomorphic cells with abundant pink, foamy, lipid-filled cytoplasm and multiangular nuclei (×400) (b). Positive expression of GFAP (c). Ki-67
labeling index was 10.7% (d)

Benjamin et al. [6] reported a case of a 65-year-old man
with anaplastic PXA and spinal leptomeningeal spread
at the time of diagnosis. In another case, multiple
nodular lesions appeared throughout the CNS after
surgery in a 47-year-old woman with anaplastic PXA
[5]. In our case, the tumor did not present typical
radiologic characteristics. There was no cystic component, and tumor dissemination was observed both at
the time of diagnosis and after therapy. The tumor

invaded multiple lobes and was mistaken for a diffuse
astrocytoma prior to the operation. Despite aggressive
treatment, the tumor recurred early and spread to
distant sites. Whether anaplastic PXA has a stronger
ability to invade and disseminate than that of a
conventional PXA is a subject of debate. We suggest
that PXA with dissemination, early recurrence, or
resistance to adjuvant therapy should be treated as
anaplastic PXA.

Fig. 3 Follow-up MRI study after the operation. T2Flair image immediately after the operation (a). Gd-enhanced image 3 months after the
operation (b). Gd-enhanced image 6 months after the operation (c). Gd-enhanced image 8 months after the operation, arrow: leptomeningeal
infiltration (d). Gd-enhanced image 11 months after the operation, arrow: distant spread to the frontal lobe. (e). T2Flair image 12 months after the
operation (f)
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A sound understanding of the bio-molecular characteristics is critical to the development of tumor therapeutics.
Unlike some low grade gliomas and high grade gliomas,
very few researches have focused on the molecular biological features of PXA. Based on the present findings, anaplastic PXA do manifest some distinctive characteristics.
Genetic testing for the BRAF V600E mutation may
help differentiate PXA from other astrocytic tumors,
since the latter almost always lack this mutation [12, 13].
Previousstudies found the mutation in 17%–65% of anaplastic PXA [4, 14, 15]. However, there is no definitive
BRAF V600E mutation status in anaplastic PXA or in
conventional PXA. In addition, its clinical value is yet to
be established.
It is well known that the efficacy of TMZ is related to
the promoter methylation of MGMT [16]. To assess the
clinical application value of TMZ for aggressive PXA, G.
Marucci et al. [17] examined the MGMT methylation
status in 9 PXA patients and 2 anaplastic PXA patients.
They found that only 2 PXA patients presented with
MGMT promoter methylation. Others, including 2
anaplastic PXA cases, were found to be unmethylated.
In another study, Martínez et al. [18] investigated the
differences in DNA methylation alterations between
conventional PXA and anaplastic PXA. They found that
promoter hypermethylation of HOXA5, CD81, ASCL2,
HCK and TES genes in anaplastic PXA cases was comparable to that in conventional PXA [18]. However, all
these findings need to be confirmed in larger sample
based studies to identify clinically relevant biomarkers
and guide treatment of anaplastic PXA.
Maximal surgical resection is considered to be the first
choice for the treatment of anaplastic PXA. However,
the available treatment options following surgical resection have not been adequately investigated. The efficacy
of the standard regimen of adjuvant chemotherapy or
radiotherapy has not been established on account of the
rarity of anaplastic PXA.
A review of published literature reveals that some
chemotherapeutic regimens have been used with different degrees of effectiveness, such as vincristine and
carboplatin, and TMZ. In our case, we decided to use
concurrent TMZ with radiotherapy due to the diffuse
growth pattern and the presence of residual tumor.
Unfortunately, the tumor recurred and disseminated
to distant regions even though TMZ was continuously
used and cisplatin was added. Consistent with the results reported by Marucci et al. [17], we also raise
doubts about the benefits of TMZ in the treatment of
anaplastic PXA. Chamberlain et al. [19] assessed the
toxicity and response of vemurafenib, a BRAF inhibitor, in 4 adults with recurrent PXA having BRAF
V600E mutation. Vemurafenib appeared to show a
single agent activity with acceptable toxicity [19].
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However, definitive evidence of its efficacy is yet to
be obtained.

Conclusions
We report a case of anaplastic PXA which is difficult to
manage. Although the clinical course of PXA has been
acknowledged as being benign, the probability of dissemination, early recurrence, and malignant progression
should be noted. Standardized treatment strategy for
anaplastic PXA has not been established owing to the
rarity of the disease. Based on our summarization, early
diagnosis and aggressive treatment appears to be the
best strategy in these patients.
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