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Background: With an incidence of less than 1% among astrocytomas, pleomorphic
xanthoastrocytoma (PXA) is rare. When its mitotic activity exceeds 5 mitoses/10 high-
power fields, PXA is defined as anaplastic pleomorphic xanthoastrocytoma (APXA). This
report documents the clinical manifestations and histopathological characteristics of APXA
to help prevent future misdiagnoses.

Case Presentation: A 28-year-old male patient had a sudden limb twitch and visited
a local hospital. A head magnetic resonance imaging scan showed large patches of abnormal
signal intensity that were approximately 6.0%3.3 cm in size in the right frontal and parietal
lobes, with iso- to slightly hypointense signals on T1-weighted images (T1WI) and mixed
hyperintense signals on T2-weighted images (T2WI). Optical microscopic imaging found
pleomorphic tumor cells with sheet-like growth, as well as foamy tumor cells, multinucleated
giant cells, pleomorphic cells with atypical nuclei, and acidophilic bodies. Some areas were
densely packed with obvious atypia and visible mitoses. The patient tested positive for glial
fibrillary acidic protein (GFAP), vimentin (Vim), neuronal nuclear antigen (NeuN), P53,
oligodendrocyte transcription factor-2 (OLIG-2), and ATRX, while he tested negative for
synaptophysin (Syn), CD34, S-100, BRAF V600E, and IDH1 R132H. The Ki-67 labeling
index was 15%. Genetic sequencing showed that /[DHI and IDH?2 genes were wild-type, but
that his BRAF gene harbored the V60OE mutation.

Conclusion: APXA is a WHO grade III astrocytoma that can be distinguished from WHO
grade II PXA according to the level of mitosis. Imaging may help to inform the difficult
differentiation between APXA and epithelioid glioblastoma. Nonetheless, a clear diagnosis
warrants carrying out a comprehensive analysis, including histomorphological, immunophe-
notypic, and molecular assessments.
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Introduction

Pleomorphic xanthoastrocytoma (PXA) is a rare, clearly delineated type of astrocy-
toma on the surface of the brain. The proportion of PXA is less than 1% among all
astrocytomas, and it is mostly seen in children and adolescents, with a median age of
onset of 22 years old.! PXA was first described in 1979 as a tumor with a relatively
good prognosis in young patients.” While the tumor can develop in different regions
across the brain, it usually originates in the temporal lobe and induces epilepsy.
Histopathological analyses of the tumors usually show pleomorphism. There may be
a mixture of spindle cells, monocyte-like cells, and multinucleated giant cells. The
tumors often exhibit prominent atypia, in which some cells have cytoplasmic vacuo-

lization, lipophilic changes, and visible acidophilic bodies. Some cases may also have
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areas of epithelioid cells. Abundant lymphoid sleeves can be
seen around the tumor blood vessels, and lymphocytes can
infiltrate the tumors. In 2016, the World Health Organization
(WHO) defined PXA with a mitotic activity of a rate exceed-
ing 5 mitoses/10 high-power field (HPF) as “anaplastic pleo-
morphic xanthoastrocytoma (APXA)” and classified it as
WHO grade II1. In this study, we reported a case of primary
APXA and reviewed the literature relevant to APXA pub-
lished in China and abroad. We summarized the clinical and
pathological characteristics of APXA and its prognosis to
gain a deeper understanding of the disease.

Case Presentation

Four days prior to visiting a hospital, a 28-year-old male
reported that he was unconscious and had a brief limb
twitch for about five minutes without any obvious cause.
Examination and head magnetic resonance imaging (MRI)
performed at a local hospital revealed a space-occupying
lesion in the right frontal lobe that could be a glioma. The
specific diagnosis and treatment processes at the local hos-
pital were unknown. The patient had no dizziness, vertigo,
nausea, vomiting, impaired consciousness, dysphagia, or
choking when drinking water. He came to our hospital for
further diagnosis and treatment with a preliminary diagno-
sis of “space-occupying lesion in the right frontal lobe:
possible glioma.” Since the onset of the disease, the
patient’s sleep, mental status, diet, and bodily functions
were normal, and his weight had not undergone any recent
significant changes. The patient agreed for publication of
the case details was informed consent for publication of the
case details and provided “written INFORMED consent”.

Physical Examination After Admission

The patient had a blood pressure of 130/84 mmHg (1
mmHg = 0.133 kPa), was conscious and fluent in his
speech, and could understand and answer our questions.
Of equal size, his pupils were round (diameter, approxi-
mately 3 mm) and were sensitive to light reflection. He
had normal eye movements, with no nystagmus. His naso-
labial folds were symmetrical, his tongue was in the mid-
dle when extended, his limbs had a grade-5 muscle
strength, his muscle tension and tendon reflexes were
normal, and his pathological signs were negative. He had
roughly symmetrical pain sensation and normal motor
coordination. There was no resistance in the neck, and
no signs of Klinefelter syndrome. The sound localization
test was normal. There was no obvious abnormality in the
heart, lungs, or abdomen.

Auxiliary Examination

A head MRI showed large patches of about 6.0 cmx3.3 cm
in size and abnormal signal intensity in the right frontal
and parietal lobes, with iso- to slightly hypointense signals
on T1-weighted images (T1WI), mixed hyperintense sig-
nals on T2-weighted images (T2WI), hyperintense signals
on FLAIR images, and slightly hyperintense signals on
DTI images. Contrast-enhanced imaging of the lesions
showed scattered strips of mild enhancements and strong
round enhancements (diameter, 0.5 cm) in the limbic
gyrus. The brain tissue around the lesions was swollen.
The meninges in the left frontotemporal lobe were greatly
thickened and showed strong enhancements. A patch of
abnormal signal intensity was seen in the left corona
radiata, with hypointense signals on T1WI images, and
hyperintense signals on T2WI and FLAIR images. There
was no abnormal signal or space-occupying lesion in the
rest of the brain. No midline shift was observed. The
ventricle system had normal morphology and size. There
was no widening of the cisterns, fissures, or sulci. No
abnormal signal intensity was found in the pericranial
soft tissues (Figure 1). The final clinical diagnosis was:
“space-occupying lesion in the right frontal lobe, possible
glioma.”

Diagnosis and Treatment

The patient underwent surgery for the resection of the lesion
under general anesthesia and local infiltration of the scalp
nerves at the operative site. During the surgery, it was found
that the posterior part of the tumor had expanded to the
precentral gyrus (the area that controls the movement of
left upper extremity), and the surface capillaries of the
right superior frontal gyrus and precentral gyrus had prolif-
erated considerably. The gyrus showed hypertrophy, but the
sulci were still present. The tumor was tough in texture and
had a moderate blood supply. Considering that the posterior
part of the tumor resided in the vicinity of the precentral
gyrus that controls the left upper limb, we decided to pre-
serve the precentral gyrus. Along the anterior side of the
precentral sulcal vein, the tumor was removed anteriorly
along its apparent border, 5.5 cm lateral to the midline.
The resection reached the corpus callosum. The excised
specimen was sent for the following histopathological
tests: (1) Observation of the gross specimen: The resected
tissue was grayish-yellow (size, 5.4 cmx4 cmx2 cm). The
cross-section was grayish-white with a moderately tough
texture. (2) Hematoxylin and eosin (HE) staining: The
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Figure | Head MRI. (A) Cross-sectional T1WI showed large areas of iso- to slightly hypointense signals in the right frontal and parietal lobes (indicated by the arrow). (B)
Cross-sectional T2WI showed mixed hyperintense signals in the right frontal and parietal lobes (indicated by the arrow). (C) Coronal FLAIR images showed hyperintense
signals on in the right frontal and parietal lobes (indicated by the arrow). (D) Cross-sectional T1W enhanced image showed scattered strips of mild enhancements and strong

round enhancements (diameter, 0.5 cm) in the limbic gyrus (indicated by the arrow).

tumor cells were pleomorphic with sheet-like growth, and
included foamy tumor cells, multinucleated giant cells, pleo-
morphic cells with atypical nuclei, and acidophilic bodies.
Some areas were densely packed with obvious atypia and
visible mitoses. There was no necrosis or vascular endothe-
lial hyperplasia in the tumor tissue (Figure 2). (3)
Immunohistochemical staining: The SP two-step method
was used, with detection kits and antibodies purchased
from Beijing Zhongshan Jingiao Biotechnology Co., Ltd.
The expression patterns of ATRX protein (Figure 3A),
glial fibrillary acidic protein (GFAP, Figure 3B), oligoden-
drocyte transcription factor-2 (OLIG-2, Figure 3C), vimen-
tin (Vim, Figure 3D), neuronal nuclear antigen (NeuN,
Figure 3E), and P53 protein were positive. The expression
patterns of synaptophysin (Syn), CD34 protein, BRAF
V600E (Figure 3G), IDH1 R132H, and S-100 protein were
negative. The Ki-67 antigen labeling index was about 15%

(Figure 3F). (4) Genetic testing: The BRAF locus was ampli-
fied by polymerase chain reaction (PCR). The results
showed that the tumor had a BRAF V600E mutation
(Figure 3H). The final pathological diagnosis identified
(space-occupying lesion in the right frontal lobe) APXA,
WHO grade III. After the surgery, temozolomide was given
as a regular chemotherapy drug, along with anti-epileptic
drugs. The patient has been followed-up since the surgery,
and at the time of writing, there was no tumor recurrence,
postoperative complications, or seizures.

Discussion and Conclusions

PXA accounts for about 1% of astrocytomas. It mainly
arises in the outer parts of the cerebral cortex, and most
often in the temporal lobe. The lesions are often localized,
manifesting as solid or cystic masses, and can affect the
pia mater. The clinical symptoms mainly consist of
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Figure 2 HE staining under light microscope at 400x magnification. (A) Tumor cells are pleomorphic and consist of monocytes, multinucleated giant cells, and cells with
atypical nuclei, with prominent atypia. (B) Some areas of tumor cells are vacuous with acidophilic bodies. (C) Cells with atypical nuclei and proliferation of reticular fibers

around vacuolated cells. (D) The tumor is located in the superficial cortex.

epilepsy. There have also been reports of cases of PXA in
other regions, including the cerebellum,® spinal cord,’
tectorial area,” meninges,® and retina.” Electron micro-
scopy studies have found bidirectional differentiation of
glial neurons, as well as expression of CD34 and other
neuronal cell markers, in PXA cases. Thus, they proposed
that PXA might originate from neuroepithelial cells, which
needs to be confirmed by further research.'®'" The typical
histopathological features of PXA include a prominent
pleomorphism, with multinucleated giant cells, giant cells
with atypical nuclei, and foamy tumor cells. In some cases,
there can also be local epithelioid tumor cells, which need
to be distinguished from epithelioid glioblastoma.
Lymphocytes can scatter among the tumor cells and form
an interstitial perivascular lymphoid sleeve, where acido-
philic bodies can be found. In 2016, the WHO defined
PXA with a mitotic activity >5 mitoses/10 HPF as “ana-
plastic pleomorphic xanthoastrocytoma (APXA),” classi-
fying it as WHO grade III. The location, morphology, and
immunological markers of APXA are similar to those of
PXA. Thus, the cut-off value for mitotic activity of >5
mitoses/10 HPF is key to their differentiation.

APXA is a rare type of tumor. In 2016, Choudry et al
collected and compiled the clinical and pathological fea-
tures of adult-onset primary APXA cases reported from

1979 to 2016. They found that the average time from the
initial diagnosis of APXA to recurrence was 14 months.
Pleomorphism of tumor cells was found in all cases.
Atypical nuclei, multinucleated giant cells, lipid-
containing vacuoles in the cytoplasm, and mitoses were
found in most cases. In addition, there were abundant
reticular fibers and lymphocyte infiltrations around the
blood vessels.'> About 50%-78% of PXA cases have
BRAF gene mutations, most of which are BRAF V600E
mutations. Compared with PXA, APXA has a lower BRAF
mutation rate. Studies have shown that 9 out of 19 APXA
patients have a BRAF M600E mutation (mutation rate,
47.4%), while 30 of 50 PXA patients have a BRAF
M600E mutation (mutation rate, 75%). However, it
remains unclear as to whether a BRAF mutation is related
to prognosis.'*'* The mutation rate of BRAF V600E is
not significantly different between PXA and APXA
cases.'* Pradhan et al reviewed the clinical radiology,
histomorphology, and immunohistochemistry characteris-
tics of five cases of APXA. During the follow-up, they
found that one case converted to glioblastoma and metas-
tasized, spreading to the spinal cord.'> In China, Sun et al
reported a case of PXA with anaplastic characteristics. The
patient was 58-years-old and died 11 days after the surgery

due to respiratory and circulatory failure.'® Shao et al
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Figure 3 Immunohistochemical staining (SP two-step method) under light microscope at 400% magnification. (A) There was no loss of ATRX in tumor cells. (B) Some
tumor cells expressed GFAP. (C) Some tumor cells expressed OLIG-2. (D) Some tumor cells expressed Vim. (E) A few tumor cells expressed NeuN. (F) Ki-67 antigen
marking of the tumor cells showed areas with higher cell proliferation indices. (G) BRAF V600E antigen marking of the tumor cells showed no expression in tumor cells. (H)
The BRAF locus was amplified by polymerase chain reaction (PCR) and showed that the tumor had a BRAF V600E mutation.

reported an 11-year-old child with APXA who did not
receive adjuvant radiation therapy or chemotherapy after
surgery but achieved good recovery and was in a stable
condition at the time of discharge. However, the patient
was lost to follow-up after 9 months.'” Based on these
reports, we speculated that the prognosis of APXA may be
good in young patients, but poor in elderly patients.

Due to its atypical morphology, prominent atypia, high
mitotic activity, areas of high cell density, necrosis, and
vascular endothelial hyperplasia, APXA can be frequently
misdiagnosed as glioblastoma (WHO grade 1V), especially
giant cell glioblastoma and epithelioid glioblastoma. Here,
we summarized the main diagnostic criteria of APXA,
alongside its key differences from giant cell glioblastoma
and epithelioid glioblastoma. (1) Giant cell glioblastoma
(GCG): GCQG is a relatively rare subtype of IDH-wildtype
glioblastoma, which usually has a 7P53 mutation and does
not express CD34 or neuronal markers. Its prognosis is

better than that of a normal glioblastoma.'®' The histo-
pathological and morphological characteristics of GCG
partially overlap with those of PXA. Both have a large
number of pleomorphic multinucleated giant cells, small
spindle cells, reticular fibers, and interstitial lymphocyte
infiltration. However, in GCG, tumor cells grow around
blood vessels to form a “rosette” structure, and microvas-
cular proliferation is uncommon. GCG and PXA are very
similar in morphology. If the tumor is on the surface of the
brain, and the patient is relatively young and has a BRAF
V600E mutation, the diagnosis is more likely to be APXA if
the mitotic activity exceeds 5 mitoses/10 HPF. In addition,
APXA tumor cells can also be distinguished by the expres-
sion patterns of CD34, NeuN, Syn, and other neuronal
markers. (2) Epithelioid glioblastoma (eGBM): The loca-
tion, age of onset, molecular changes, as well as part of the
morphological characteristics of eGBM overlap with those
of APXA, and it is difficult to distinguish between the two.
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About 50% of eGBM cases have a BRAF V600E mutation,
and the mutation rate is similar to that of APXA.>° The
morphological characteristics of eGBM involve large areas
of epithelioid or striated muscle-like cells, poor cell adhe-
sion, red staining of the cytoplasm, and nuclear deviation.
Some areas can be similar to the morphological aspects of
PXA, but these generally do not exceed 50%. Necrosis is
common in eGBM, and mainly manifests as patches of
necrosis, rather than “pseudopalisading” necrosis. APXA
can also have some epithelioid components, making it dif-
ficult to distinguish it from eGBM, but these components
generally do not exceed 50%. APXA and eGBM overlap
greatly in their morphology, molecular changes, and immu-
nological characteristics. There are also reports that PXA
can transform to eGBM,?! indicating that the two are linked,
an interesting association which warrants further research.
In addition to the amount of epithelioid cell components,
another main difference between the two is that APXA
usually has many low-grade PXA components and acido-
philic bodies, which are uncommon in eGBM. In this con-
text, necrosis and the Ki-67 index can also provide
information but are not absolute.

As a result of its distinctive molecular genetic changes,
APXA is associated with a BRAF V600E mutation. Thus, it
needs to be differentiated from other types of gliomas in
whose pathogenesis BRAF V600E mutations have been
implicated, such as pilocytic astrocytoma, ganglion cell
glioma, anaplastic ganglion cell glioma, and dysembryo-
plastic neuroepithelial tumors. Although these gliomas all
have BRAF V600E mutations, they have their own char-
acteristic histological and morphological changes, and none
of them exhibit pleomorphisms or lipid-rich multinucleated
giant cells, which facilitates their distinction from APXA.

PXA usually has a good prognosis. Studies have shown
the five-year relapse-free survival rate to be 70.9% and the
five-year overall survival rate to be 90.4%."* However, the
prognosis of APXA is poor, while the five-year survival
rate is significantly lower than that of PXA. The implica-
tion of a BRAF V600E mutation in PXA and APXA
remains unclear, and further research is needed. There is
not much difference between APXA and PXA in terms of
histological or morphological characteristics. They cannot
be distinguished by pleomorphism or cell density, and they
both have small amounts of necrosis and vascular endothe-
lial hyperplasia. The only difference between the two is
nuclear division. In conclusion, it is important to know the
histopathological characteristics of PXA, so as not to mis-
diagnose it as glioblastoma based on the prominent

necrosis and cell atypia. Immunohistochemistry and mole-
cular testing can be helpful for this differentiation. There
are reports of recurrence cases where PXA develops into
eGBM,?! and it is common to see areas of PXA in eGBM.
Furthermore, both can have BRAF V600E mutations, sug-
gesting that they may be linked, an association which
warrants investigation in further studies.
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