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Abstract

Ependymomas, which account for 10% of pediatric central nervous system (CNS) tumors,
arise from the ependymal cells that line the cerebral ventricles and the central canal of the
spinal cord. Extraneural metastasis to lung is rare for ependymomas primary tumors. Repeated
surgeries that disrupt the blood-brain barrier may contribute to haematogenous spread, but the
mechanism remains unclear. We present a case of ependymoma with extraneural metastasis
to lung in a child and discuss reported cases of extracranial metastatic ependymoma with this
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presentation.

Introduction

Glial neoplasms arising from the ependymal cells
(ependymomas) that line the cerebral ventricles and the
central canal of the spinal cord account for 10% of pediatric
central nervous system (CNS) tumors [1]. Ependymomas
can be graded histologically from I to III according to the
World Health Organization (WHO) classification [2]. They
are well demarcated from normal brain tissue but some
ependymomas, especially high grade tumors, may be invasive
[3]. Therefore, they have a poorer outcome compared with
grade [ ependymomas [4]. As a high grade tumor, anaplastic
ependymomas have great potential to spread via cerebrospinal
fluid (CSF) through the neuraxis. Extraneural metastasis
(ENM) has been reported rarely, with extraneural metastatic
sites involving lymph nodes, scalp, lung, liver and bone [5].
There are very few reports of ependymoma with ENM to lung
in children. Here, we detail the first report of a supratentorial
anaplastic ependymoma with extraneural metastasis to a lung
in a Chinese child. We also review the literature regarding
ependymomas with ENM to lung.

Case report

We describe a case of a 2-year-old girl, who presented
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in December 2014 with a history of progressive headaches
and vomiting. The vomiting was a frequent early morning
occurrence and was not projectile in nature. An MRI scan
showed a large mixed solid-cystic supratentorial mass in
the left parieto-occipital region with an associated right
midline shift (Figure 1). The extraventricular mass (7.7 x 6.5
cm) had a larger non-enhancing cystic component (T1WI:
homogeneouslyisotense, T2WI:homogeneouslyhyperintense)
and a smaller heterogeneously enhancing solid component
(TIWI: heterogeneously isotense, T2WI: heterogeneously
isotense). There was a thin area of rim enhancement and no
obvious peri-mass edema. Following gross total resection,
histopathological evaluation demonstrated an anaplastic
ependymoma of WHO grade III. The patient did not receive
any chemo- or radiotherapy postoperatively.

At 2 months postoperatively, the patient presented with
further headaches and reduced consciousness, along with a
bone flap bulge. A repeat CT scan demonstrated a significant
outward bulge of the bone flap, and local tumor recurrence
at the resection margins around the initial lesion border was
confirmed via MRI. Imaging features were similar to the initial
tumor, and the patient underwent a second surgical procedure
with good postoperative recovery.
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Figure 1: The magnetic resonance images showing the lesion for the patients at
initial diagnosis. (A) T1-weighted axial image. (B) T2-weighted axial image. (C)
T1-weighted contrast-enhancing axial image. ( D) T1-weighted contrast-enhancing
sagittal image.

At 10 months after the first operation, a second tumor
relapse occurred as identified by MRI scan during follow-up.
The heterogeneously enhancing solid component adjacent to
the midline was significantly larger than on previous occasions,
with a smaller non-enhancing cystic component. For this
recurrence, radiotherapy was administered. She received 59.4
Gy of craniospinal radiation in 33 fractions and no side effects
or abnormalities in laboratory investigations were observed.
An MRI scan after radiotherapy showed significant tumor
shrinkage, with only mild residual enhancement detected.
The patient recovered well to baseline function. Serial MRIs
showed no evidence of intracranial recurrence over the
following seven months.

In April 2016 (16 months after the initial diagnosis), the
bulge in the bone flap recurred without any symptoms being
reported by the patient. However, within one month, she
became drowsier and MRI images revealed tumor recurrence.
This time, almost all the lesion was solid, with significant
heterogeneous enhancement and protrusion into the lateral
ventricle. On 23 May 2016, a third surgery (the patient’s first
suegery in our hospital) was performed and a gross total
resection was achieved. Chemotherapy was recommended,
but not accepted.

In September 2016 (21 months after the initial diagnosis),
the patient again presented with headaches and nausea/
vomiting accompanied by deterioration of consciousness. CT
scan suggested hydrocephalus. MRI examination confirmed
three portions of relapsed tumors around the border of
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the initial mass (left parieto-occipital, medial left occipital
regions and splenium of the corpus callosum) as well as
three distant recurrent lesions (left to left cerebral peduncle
in the midbrain, left cerebellar hemisphere, and right fronto-
parietal junction region). All of the lesions showed significant
heterogeneous enhancement. The largest lesion (4.9 x 3.8
cm) was located in the left parieto-occipital region, with the
adjacent dura and falx cerebrum showing significant linear
enhancement. Hydrocephalus and associated interstitial brain
edema, as well as brain stem compression was observed.
Multiple lesions in the bilateral lung field were found in the
routine preoperative anteroposterior chest radiograph.
These were also seen on chest CT scan (Figure 2) and the
lesions were unequal in size, uniform in density, smooth and
globular in margin, and well defined with surrounding lung
tissue. In addition, MRI of the spine revealed significant linear
enhancement in the dura anterior to the cervical spine. The
patient’s family did not agree to a pulmonary puncture biopsy
to confirm the pathology of the chest lesions. Instead, the
patient underwent a ventriculoperitoneal shunt procedure for
palliation. Immediately after surgery, the patient’'s symptoms
including consciousness improved.

In January 2017 (25 months after initial diagnosis), the
child died. No autopsy was conducted. Only the tumor tissue
obtained from the surgery conducted on 23 May 2016 in our
hospital was able to be described in detail in terms of the
pathological evaluation, as seen in figure 3. No CSF test was
performed due to parental disapproval.

A written informed consent was obtained from her father.
Discussion

In 1926, Bailey and Cushing [6] stated that distant

i

Figure 2: The images showing the metastasis lesions to lung, with red arrows
indicating the lesions. (A) chest X- ray. (B) Pulmonary coronal CT image. (C) and (D)
Two different slices of pulmonary axial CT images.
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Figure 3: (A)Mitotic activity and perivascular pseudorosettes were conspicuous
(hematoxylin and eosin, original magnificationx200). (B) The tumor cells showed
diffuse cytoplasmic glial fibrillary acidic protein (GFAP) immunoexpression (GFAP,
original magnificationx200), (C) diffuse nuclear Ki-67 immunoexpression (original

magnificationx200) and (D) diffuse perinuclear “dotlike” and “ring-like” epithelial
membrane antigen (EMA) immunoexpression suggestive of ependymal differentiation
(EMA, original magnificationx200). (E) The tumor cells showed diffuse MMP-9
immunoexpression (MMP-9, original magnificationx200); (F) The tumor cells showed
diffuse L1CAM immunoexpression (L1CAM, original magnificationx400).

metastases from cranial primaries do not occur. Subsequent
literature has clearly challenged this viewpoint, with the
reported incidence of ENM from such tumors being up to 4.3%.
This figure is still substantially lower than the metastasis rate
from somatic tumors to the CNS [7]. Ependymomas have a
relatively better prognosis, but also have the ability to spread
outside of the CNS [8]. Ali Varan, et al. [9] reported a case
series involving 1011 patients with CNS tumors, and found
only one ependymoma with ENM.

The PubMed database was searched for all relevant cases
and case series describing ependymomas with extraneural
metastasis. The following search phrases were used:
“ependymomas AND extraneural”’, “ependymomas AND
extracranial”, and “ependymomas AND metastasis”. Results
were then filtered for studies involving human subjects only.
No other restrictions were applied. A total of 13 cases of
ependymomas with ENM to lung in children were identified
(Table 1) [5,10-20]. Thus, the clinical scenario presented in
our case report is very rare and is also the first published
case from a Chinese pediatric patient. There was a gender
weighting towards males (10 males, 3 females).

According to the criteria for ENM described by Weiss, [21],

the lack of an autopsy to assess the lung lesions in our patient
was an important limitation. It was very unlikely that a child
of this young age would have suffered from a primary lung
tumor and the chest radiograph 4 months before the ENM was
normal. The major consideration in this case was that this was
an ENM of the intracranial ependymoma.

ENM often follows repeated invasive interventions, which
occurred in the present case. It has been speculated that
craniotomy and shunt surgeries may contribute to metastasis
by disrupting the blood-brain barrier and promoting vascular
seeding to distant sites [22]. It has also been suggested that
radiotherapy may interfere with the blood-brain barrier [23].
The child in current case received radiotherapy potentially
adding another precipitating factor for ENM. In addition,
the lesion in our case was located close to the superior
sagittal sinus. Therefore, there exists the possibility of
direct invasion into the vein sinus by the tumor resulting in
metastasis to the lung, as has been described earlier [14].

According to the literature review, though some cases do
not show typical malignant morphology such as mitosis and
necrosis, a strong cell proliferative ability did occur in some
cases as measured by Ki-67 index [24]. The present case
showed a high Ki-67 index of 20%, which suggested a high
cell proliferative ability potentially contributing to the ENM.
It was notable that our patient presented with strong positive
labeling for MMP, which has activity implicated in proteolysis
of the extracellular matrix, regulation of cell adhesion and
migration. Therefore, the histochemical features that indicate
high invasiveness potential may also underline development
of the ENM in our case.

Conclusion

We have presented a case of a 2-year-old girl who suffered
from supratentorial anaplastic ependymoma, with ENM to
lung only 21 months after the initial diagnosis. The patient
received multiple treatments, including three craniotomies
and one radiotherapy treatment. However, the prognosis
remained poor, with an overall survival of only 25 months.
According to the literature review, this kind of case is very
rare. Further, the surgical she underwent may have disrupted
the blood-brain barrier and her immune system to contribute
to development of the ENM. The high Ki-67 index and strong
MMP staining might be related to high invasive properties of
the tumor and thus be responsible for the ENM.
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