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CASE REPORT
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Abstract

Introduction Pilomyxoid astrocytoma (PMA) is a recently
described glial tumor with similarities to pilocytic astrocy-
tomas, yet with distinct histopathological characteristics
and a more aggressive behavior. It occurs predominantly in
the hypothalamic/chiasmatic region. Only four patients with
spinal cord PMA have been reported in the pediatric
population. The 2007 WHO Working Group recognized
PMA as a new variant and recommended an assignment to
WHO grade 11

Objective The purpose of this paper was to report a rare
location, address the aggressive behavior and rapid pro-
gression, and based on the specific patient, to review the
literature and discuss current treatment strategies.

Case presentation A 12-year-old girl presented with motor
and sensory deficits of the left side as well as gait
disturbance. Imaging revealed an intramedullary tumor
extending from C2 to C7. The patient improved impres-
sively after surgical resection. Histopathological findings
were consistent with PMA. Three months later, the patient
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presented with rapid neurological deterioration. Histopa-
thology after the second operation was consistent with
glioblastoma. The outcome was fatal 12 months after initial
diagnosis, despite adjuvant therapy.

Conclusions This is the fifth pediatric spinal cord PMA in
literature. Furthermore, it is the only documented patient
with rapid recurrence and progression within 3 months into
a glioblastoma. The question of a sampling error affecting
initial pathology is raised. Based on contemporary literature
data, we discuss the further treatment options, as there are
no guidelines yet. Efforts towards registries should be
encouraged, as the documentation of PMA might lead to
more evidence based treatment strategies.

Keywords Pilomyxoid astrocytoma - Spinal cord - Pilocytic
astrocytoma - Intramedullary

Introduction

Spinal cord astrocytomas are the most frequent histologic
type of spinal cord tumor in children [18, 22]. The term
pilomyxoid astrocytoma was introduced in 1999 by Tihan
et al. [36], who also described its characteristic histopath-
ological features. Pilomyxoid astrocytoma (PMA) occurs
typically in the hypothalamic/chiasmatic region and is
histologically characterized by a prominent myxoid matrix
and angiocentric arrangement of monomorphous bipolar
tumor cells. In contrast to the compact biphasic architecture
of a pilocytic astrocytoma (PA), PMA appears as mono-
morphous piloid cells in a loose fibrillary and myxoid
background, without Rosenthal fibers [36]. Prior to its
recognition, PMA was grouped with PA, because of similar
histological features, but since 2007 the WHO Classifica-
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tion has recognized it as a new histological variant. PMA
affects predominantly infants and children (median age,
10 months) and appears to have a less favorable prognosis,
as it tends to behave more aggressively than PA, with a
decreased duration of disease-free survival and higher
mortality rates. Local recurrences and cerebrospinal spread
are more likely to occur in PMA than in PA. According to
the 2007 WHO Classification, PMA is assigned to WHO
grade II [27].

Only four patients with spinal cord PMA have been
reported in the pediatric population (Table 1), at ages of
6 years old, 8 years old, and neonate [3, 22]. Two adult
patients with spinal PMA have been reported so far, in a
29- and in a 45-year-old [29, 34]. The current patient is the
seventh spinal cord PMA report in literature, affecting only
the cervical spine in a 12-year-old girl. Furthermore, it is
the only documented spinal PMA patient with rapid
recurrence and progression within 3 months into a
glioblastoma.

Case report

A 12-year-old female patient presented with a 2-week
history of neck pain with progressive left upper and lower
extremity weakness and numbness. Motor examination
revealed weakness in her left arm with 3/5 strength in the
hand, triceps and deltoid, and weakness in her left leg with
4/5 strength in the quadriceps, hamstring, and dorsiflexors
of the left foot. Abnormal reflexes were not detected.
Sensory examination revealed dysesthesias without clear
dermotomic distribution and disturbed proprioception on the
left side. Cranial nerves and higher mental functions were
intact. Slight dysmetria on the left side and gait disturbance
were observed (walking only with help possible).

Magnetic resonance imaging (MRI) revealed an intra-
dural intramedullary lesion extending from the lower edge
of C2 to the upper edge of C7, located predominantly along
the posterior aspect of the thecal sac, causing anterior
displacement and compression of the spinal cord. The
lesion appeared hyperintense on T2-weighted MR imaging
(T2WI) and hypointense on T1-weighted imaging (T1WI),
with enhancement on the postgadolinium scans (Fig. 1).
MRI of the brain and the rest of the neuraxis showed no
further lesions.

The patient underwent laminoplasty extending from C3
to C6, in prone position with three-pin fixation of the head
in a Mayfield holder. After opening the dura, arachnoid
thickening, swelling of the spinal cord, and dark discolor-
ation were observed (Fig. 2). The tumor appeared noncystic
and gelatinous. Resection was performed under neurophys-
iological motor and sensory monitoring and had to stop
when motor evoked potentials started to get affected. The
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surgeon's estimation of resection was >95% of the tumor
(Fig. 2b). Despite the use of an ultrasonic aspirator, it was
attempted to obtain as much of the tumor as possible for
pathology.

Histopathology revealed a glial tumor with monophasic
pattern in a myxoid background, with angiocentric accu-
mulation at places and hyalinized vessels (Fig. 3a, b, and c).
Cells were glial fibrillary acidic protein (GFAP) and S-100
positive, and Rosenthal fibers or eosinophilic granular
bodies were absent. These findings were consistent with
the diagnostic criteria for PMA [9, 10, 22, 23, 27, 36]. The
staining with the MIB-1 antibody revealed a labeling index
of up to 20% at places, which in combination with necrotic
regions detected, might indicate a more aggressive behav-
ior. This highly elevated Ki-67 was worrisome that a more
aggressive neoplasm was missed, and the whole specimen
sent was therefore reexamined, and a second external
opinion for confirmation of diagnosis was obtained.

Postoperatively, neurological examination revealed a
progressively improving motor strength on the left side,
reaching 4/5 in the left deltoid and triceps and 5/5 in the
left hand within the first five postoperative days. The left
leg recovered full strength. Slight dysesthesias and
numbness remained. Physiotherapeutic rehabilitation be-
fore discharge resulted in walking independently. Post-
operative MRI after 45 days revealed a slight spot of
residual enhancement on postgadolinium scans (Fig. 4b),
but the patient was asymptomatic at that time apart from
slight intermittent dysesthesias of the left arm. After
consulting with a radiation oncologist and a pediatric
oncologist and discussing further treatment options with
the family, close clinical follow-up and serial neuro-
imaging with MRI of the whole neuraxis in 3-month
intervals postoperatively were decided.

Twelve weeks after the operation, the patient presented
with rapid neurological deterioration. While being fully
mobilized and able to visit school, within 48 h, severe gait
disturbance and progressive tetraparesis (left upper extremity
2/5, all other extremities 3/5) appeared. Walking and
standing without help were no longer possible. Magnetic
resonance imaging confirmed the suspicion of recurrence,
revealing an intradural intramedullary lesion at C2 to C7
levels, compressing the spinal cord. The lesion appeared
hyperintense on T2-weighted MR imaging (T2WI) and
hypointense on Tl1-weighted MR imaging (T1WI), with
enhancement on the postgadolinium scans (Fig. 4c). In
comparison to the first preoperative MRI, the enhancing
part of the lesion was more extensive (Fig. 4a and c). MR
imaging of the brain and the rest of the neuraxis showed no
further lesions.

The patient underwent urgent re-operation. This time,
laminectomy of C2-C7 was performed, in order to
decompress the spinal cord. After opening the dura, the
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Fig. 1 Preoperative MRI of the
cervical spine showing the
intramedullary lesion: a Low
signal in T1 weighted sagittal, b
High signal in T2 weighted
sagittal, ¢ Enhancing tumor
margin in T1 weighted plus
gadolinium sagittal

tumor had similar macroscopic characteristics as before.
True borders with normal tissue were not identified, as the
resection effort was not as aggressive as in the first
operation. Neurophysiological monitoring was not available
due to the emergency of the operation. Subtotal removal of
the tumor was attempted, with the goals to decompress,
reduce tumor load in the sense of cytoreduction and gain
new material for histology and further treatment planning.
Once again, the ultrasonic aspirator was used, although it
was attempted to obtain as much tumor specimens as
possible for pathology.

Postoperatively, the patient improved neurologically,
achieving antigravitational movement in the left upper
extremity (3/5) and almost normal muscle strength in all
other extremities (4/5). Walking became possible again
under physiotherapy within the first postoperative week.

Fig. 2 Intra-operative photos of
the cervical spinal cord at level
C2 to C6 (cranial direction
towards the bottom of the pic-
ture, as intra-operatively in
prone patient position): a After
opening the dura, the tumor is
recognized with dark discolor-
ation, b resection cavity
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The patient was discharged on the ninth postoperative day,
after an early postoperative MRI. Histopathology was consis-
tent with a glioblastoma this time (Fig. 3d), showing necrosis
and a Ki-67 up to 45%, and very few sites with myxoid
features were detected. Hence, adjuvant radiotherapy was
arranged, followed by chemotherapy (Vincristine, Etoposide,
Carboplatin) treatment. The patient completed 10 cycles of
chemotherapy without any major adverse effects. Patient
outcome was fatal 12 months after the initial diagnosis.

Discussion
PMA represents a recently described histopathological

entity, having been recognized since 2007 as a new
variant in the WHO classification [27]. Its close relation-
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Fig. 3 Histopathology, hematoxylin and eosin (H.E.) stain: a first operation: PMA (H.E. x400), d specimen from the second
Specimen from the first operation: pilomyxoid astrocytoma. Mono- operation: Glioblastoma; cellular, astrocytic tumor with pleomorphic
morphous, bipolar cells in a myxoid matrix, b Specimen from the first nuclei and giant-cell forms. H.E. x400

operation: PMA with angiocentric accumulation, ¢ specimen from the

Fig. 4 Serial MRI imaging of
the cervical spine in T1 weight-
ed plus gadolinium sagittal: a
preoperative MRI at initial pre-
sentation, b postoperative MRI
(45 days after the first opera-
tion), showing the resection and
a slight spot of residual tumor, ¢
after clinical deterioration
showing recurrence (85 days af-
ter the first operation) with
extensive enhancement, as op-
posed to the initial presentation
and the previous MRI

@ Springer
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ship to PA is underscored by a report of two patients with
neurofibromatosis type 1 [27, 33]. However, it is differ-
entiated from PA through specific histologic features.
Pilomyxoid astrocytoma shows a monomorphous popula-
tion of tumor cells in a homogenously myxoid background
with angiocentric accumulation [27]. The absence of
Rosenthal fibers and eosinophilic granular bodies is
characteristic [22]. Necrosis within the tumor occurs in
PMA as opposed to PA and PMA is more likely to invade
other structures [15, 36]. PMA recurs sooner and more
frequently than PA, and CSF dissemination is more common
[15, 20-23, 36]. In general, PMA has a more aggressive
biological behavior, with a significantly shorter progres-
sion free and overall survival than PA [23], as well as
possible cerebrospinal spread [1]. After a comparison of
PMA and PA as well as a genome copy number analysis,
Jeon et al. [19] suggested that pilomyxoid astrocytoma
might be a histopathologically and genetically related,
aggressive variant of pilocytic astrocytoma with partially
different genetic alterations.

Neuroimaging characteristics of this neoplasm are
already described in literature [2, 23, 25, 30]. The lesion
is usually isointense on T1-weighted MRI and hyperin-
tense on T2-weighted MRI, with variable, but usually
solid enhancement on postgadolinium scans [2, 23, 29].
However, since no radiological criteria that reliably
differentiate PMA from PA have been identified yet, the
diagnosis of PMA is made from the histopathological
findings [20, 23, 26, 29]. Serial neuroimaging in PMA is
reported to show early progression of predominantly solid
and later progression of predominantly cystic component
[20].

Location of PMA is usually in the hypothalamic/
chiasmatic region. Nevertheless, there are reports in various
other locations [8, 26]. Only four patients with spinal cord
PMA have been reported in literature in the pediatric
population (Table 1) [3, 22]. In adults, two patients with
spinal PMA have been reported so far [29, 34]. There are
also reports of juvenile PMA with spinal metastases,
probably due to CSF dissemination [13, 37].

The mean age of diagnosis of PMA is 18 months,
although it can present in early childhood [22, 36].
However, recognition of the PMA pattern in older children
and adults expands the currently accepted epidemiology for
this lesion [8, 24, 29, 34]. Furthermore, there seem to exist
even patients with familial PMA [34].

Currently, the management of PMA, as with pediatric
low-grade astrocytomas, remains controversial; explicitly
for PMA, there is no standard of care so far [23].
Surgery is often the primary treatment strategy, aiming at
gross total resection, provided it can be performed without
excessive morbidity [4, 11, 16, 17, 32]. Usually, the
lesions are not amenable to total resection because of high
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morbidity of surgery, but gross total resection remains the
most reliable predictor of favorable outcome [16, 17, 32,
40]. In order to achieve this, neurophysiological monitor-
ing is of immense value. Management strategies also
involve surgical debulking, and patients usually require
adjuvant chemotherapy or radiotherapy, given the higher
chance of local recurrence and CSF dissemination [9, 36].
Adjuvant therapy is frequently indicated for tumor
recurrence, partially resected tumors causing neurological
impairment and partially resected tumors with growth on
follow-up imaging [23]. Enting et al. [14] reported of
radiotherapy plus concomitant and adjuvant temozolomide
for leptomeningeal pilomyxoid astrocytoma. There are
reports claiming maturation of PMA after adjuvant
therapy to a more benign tumor with biphasic pattern
and Rosenthal fibers [15]. In a series of five patients,
Tsugu et al. [37] reported of their positive impression of
the value of chemotherapy mainly with the combination of
cisplatin/carboplatin and etoposide; even if initial chemo-
therapy is ineffective, they recommend continued cisplat-
in/carboplatin-based chemotherapy with new drug
combinations. Cytogenetic analyses studies report of a
possible rearrangement of the Breakpoint cluster region
(BCR) gene that could act in a similar way to chronic
myeloid leukemia with formation of a chimeric tyrosine
kinase protein, suggesting a possible use of inhibitors of
tyrosine kinase proteins as an alternative treatment
approach in patients with refractory or disseminated
PMA [28].

The present case report is of interest for the following
reasons. First of all, it is an uncommon entity, recently
described and officially recognized in the WHO classifica-
tion, in need of systematic documentation, so that patients
from different institutions can be accumulated and ana-
lyzed, in order to develop diagnostic criteria and treatment
strategies. Hence, the already existing efforts for registries
ought to be encouraged [12, 35]. Secondly, we only came
across six patients with PMA within the spinal cord in
English literature so far, this being the seventh (Table 1).
Four of the reports of spinal cord PMA were in the pediatric
age group but in children less than 8 years of age; two
patients were adults, 29 and 45 years of age; the reported
patient is a 12-year-old girl, indicating the variety of ages at
diagnosis. Furthermore, this is a patient without major
extent or dissemination at diagnosis, which was amenable
to resection (>95%) and with clear improvement of the
neurological status of the patient postoperatively. Last but
not least, this is the only spinal PMA with rapid recurrence
and progression within 3 months into a glioblastoma, which
is documented with neuroimaging, intra-operative, and
corresponding histopathological findings.

Malignant transformation (MT) of low-grade gliomas
in children is unusual and is linked to a poor prognosis
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[38]. The pathophysiology of transformation for PMA in
particular remains unclear. The inconsistency due to the
accumulation of a heterogenous group with distinct
histopathological features and biological behavior under
the term low-grade might lie underneath [6, 7, 31].
Dedifferentiation is a biologic phenomenon observed in
low-grade gliomas independent of the treatment received
[39]. Radiotherapy may control symptoms and delay time
to tumor recurrence but does not seem to have any effect
on MT [7, 38, 39]. Unlike adults, little is known about the
mechanisms of tumorigenesis of high-grade gliomas in
children [5]. While adults with WHO grade II infiltrative
astrocytoma frequently experience MT (more than 90%),
the long-term risk of MT of these neoplasms in children is
rare [6, 38]. In a clinical and molecular analyses,
Broniscer et al. [6] estimated the risk of MT in low-
grade gliomas in children as less than 10%. In this study,
the median latency for the development of MT was
5.1 years, the median survival after MT was 0.6 years,
the histologic diagnoses after transformation were com-
monly glioblastomas, and the molecular abnormalities
occuring during MT of low-grade gliomas in children were
similar to those observed in primary and secondary
glioblastomas in adults [6]. Since the features of low-
grade gliomas appear to be closely related with the
molecular and cellular biologic characteristics [7], large
series of children with MT of low-grade gliomas (and
PMA in specific) involving clinical, molecular, and
outcome analyses are warranted to ellucidate the patho-
physiologic mechanisms [6].

A recent literature report of a female child with cervical
cord PMA with leptomeningeal metastasis involving the brain
and spinal cord and peritoneal carcinomatosis through a
ventriculoperitoneal shunt confirms the aggressive behavior
of this neoplasm [3]. However, in our patient, the extremely
short interval of recurrence and conversion raises the
question of a possible sampling error of a higher-grade
glioma at the initial surgery. In spite of the PMA
histopathological characteristics, the high value of Ki-67
from the first operation is worrisome and may be indicative
of a higher-grade tumor from the start. We attempted to send
as much material as possible during both operations for
pathology. Nevertheless, the use of an ultrasonic aspirator
and suction cannot guarantee examination of the entire
tumor. An external review and confirmation of the pathology
were therefore sought. The possibility of a sampling error is
always one that should be kept in mind in classifying a
tumor as low-grade glioma, especially when the specimen
comes from biopsies or partial resection. The cumulative
incidence of malignant transformation may be overestimated
by the inadequate representation of areas with more
malignant characteristics at the time of diagnosis of low-
grade gliomas [6].

The combination of these facts raises the question of
the preferred further treatment options. Whether adjuvant
therapy in the form of chemotherapy or radiation is
indicated and at which timing remains open for dis-
cussion in the neurosurgical community [7]. Radiation
may delay time to tumor recurrence, but it neither
increases nor decreases the likelihood of malignant
transformation [39]. Given the age of the patient, her
clinical and radiological findings at the time and respect-
ing family wishes, we initially chose the strategy of close
follow-up with regular clinical examinations and serial
MRI of the whole neuraxis at 3-month intervals or
immediately at neurological deterioration, keeping the
option of adjuvant therapy open for a possible recurrence
or dissemination. Obviously, the aggressive biological
behavior of this tumor proved this choice to be inadequate
retrospectively. Adjuvant therapy should have been con-
sidered after the first operation, since the tumor (mainly
due to its location) was not amenable to a true gross total
resection judging from the postoperative MRI. Further-
more, one could suggest that PMAs with worrisome
histopathological or clinical findings, such as elevated
Ki-67 or rapid deterioration, should be considered for
adjuvant therapy at an early stage of diagnosis.

The importance of an interdisciplinary tumor board for
individualized decision-making on adjuvant radiotherapy and/
or chemotherapy is emphasized by this case. Interactive
consultation with radiation oncology, pediatric oncology and
pathology, especially when a high proliferation index (Ki-67)
is documented, is essential in particular for uncommon tumors
like PMA, which do not have any standard ordinary treatment
protocol. After all, low-grade gliomas are a heterogenous
group of neoplasms, whose natural history depends primarily
on pathologic type and patient age, and there is still ongoing
research and debate on treatment strategies and their timing
[7].

In conclusion, this case report confirms that pilomyxoid
astrocytomas are not necessarily limited to the hypotha-
lamic/chiasmatic region and moreover accentuates the
aggressive biological behavior of these neoplasms. Further-
more, the assignment to WHO grade II might not always
reflect the less favorable prognosis of some PMAs and a
lower threshold for early adjuvant therapy might be
indicated, especially when histopathology is suspicious, or
a sampling error cannot be excluded. Registering these
patients and their outcome might provide a more profound
insight into the entity and lead to more evidence-based
treatment regimens.
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