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ABSTRACT

Ependymoma is relatively uncommon brain malignancy in pediatric population, typically arising from the ependyma within
ventricular system. Surgery in conjunction with postoperative radiotherapy represents only curative modality. However,
relapses are common, originating mainly at the initial site of the disease but craniospinal seeding is frequently observed.
Herein we present a case of 7 year old female child who underwent surgical resection for parieto-occipital anaplastic
ependymoma at the age of 4. First postoperative MRI scans revealed residual mass in the occipital portion of the left lateral
ventricle. The child underwent re-resection, received systemic chemotherapy and six months post-surgery was treated with
highly conformal proton radiotherapy to a total dose of 59.4 GyE to the resection cavity and residual tumor, given in 33 daily
fractions of 1.8 GyE each. Unfortunately, she experienced quick in-field relapse and subsequently underwent four resection
attempts. Finally, at the age of 6 she experienced bulky recurrence in the initial site of disease, coupled with infratentorial and
cortical metastases and leptomeningeal seeding with gross deposits in lumbosacral liquor space. She was treated with salvage
craniospinal photon irradiation to a total dose of 30 Gy given in 12 daily fractions of 2.5 Gy each. Short-term symptom
improvement was achieved however the child succumbed 9 months after due to disease progression. No MRI signs of
radiotherapy-induced myelopathy were observed.
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INTRODUCTION

Ependymoma is challenging and difficult to treat brain ~CASE REPORT
tumor typically affecting children below the age of 5.
Surgery and postoperative radiotherapy are the main
treatment options. Despite these curative therapies,
recurrences frequently occur, leading to poor outcome [1].
Especially unfavorable subset of patients is those with local
relapse coupled with leptomeningeal seeding [2]. There is no
established treatment for recurrent disease, and surgery is
usually combined with chemotherapy and radiotherapy. Re-
irradiation to craniospinal axis is often considered given
high propensity for multifocal recurrence [3]. There is
special concern associated with re-irradiation in terms of late
neural toxicity [4]. In this paper, we present the case of 7
year old child with recurrent and metastatic ependymoma
who was initially managed with surgery and proton
radiotherapy but was subsequently treated with multiple
surgeries and salvage craniospinal photon radiotherapy for

Four year old girl presented with history of progressive
headache, nystagmus, vomiting and somnolence. Magnetic
resonance imaging (MRI) of the brain revealed 7 x 4 x 5 cm
large expansive lesion in left occipital lobe, anteriorly facing
trigone of lateral ventricle with both cystic and necrotic
structure, with marginal post-contract imbibition. Additional
diffuse leptomeningeal imbibition was noticed. The child
underwent gross resection of the tumor. Pathohistology
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overt metastatic disease. Radiotherapy management of
recurrent disease post primary focal proton radiotherapy is
discussed, and limited literature data reviewed.
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report revealed anaplastic ependymoma, grade 3.
Postoperative MRI depicted 3 x 4 x 4 cm large surgical
cavity, with increased marginal signal on FLAIR sequence
and intense post contrast imbibition indicating residual
tumor with largest diameter of 2.2 cm. No malignant cells
were found in cerebrospinal fluid. Chemotherapy according
to E HIT 2000 protocol was initiated and patient received
four cycles, before she was taken into the operating room for
maximal re-resection. Following surgical recovery, the
patient received course of highly conformal proton radiation
therapy with total dose of 59.4 GyE in 33 daily fractions of
1.8 GyE each, 5 fractions per week. All treatments were
delivered under general anesthesia. The 250 MeV cyclotrons
were utilized for generating the proton beam. Clinical target
volume (CTV) of 54 GyE encompassed the area of residual
tumor and the resection cavity while CTV of 59.4 GyE
encompassed the area of residual tumor. An additional 5 mm
expansion formed the planning target volume (PTV). A
high-resolution planning computerized tomography (CT)
obtained in prone position was fused and registered with
MRI for accurate definition of target volumes and the
adjacent critical dose-limiting anatomical structures (brain
parenchyma, brain stem, hippocampus, pituitary, optic
nerves, chiasm). Dose distribution and the treatment plan
was generated using 3D-treatment planning system (PSI-
Plan), with integrated multiplanar isodose distribution and
dose-volume histograms aiming to optimize the treatment
plan.

After 6 months of disease-free period the patient recurred in
the surgical cavity and intraventricular chemotherapy was
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initiated. Unfortunately, subsequent MRI revealed further
progression of recurrent disease with additional 3 cm large
de-novo metastasis in the right pontocerebellar angle. Also,
new lesion was observed at S1 and S2 level of spinal canal
measuring 2.3 cm which correspond to metastatic seeding
deposit. Salvage ICE systemic chemotherapy was initiated
however disease further progressed with development of
new cortical metastasis in left temporal lobe measuring 1.2
cm along with progression of disease in sacral spinal canal
now extending to L5 vertebrae and measuring 4 cm in
longitudinal diameter.

This challenging patient was discussed on pediatric
oncology rounds and the patient was referred to palliative
radiotherapy. No chemotherapy options remained for this
patient. Given metastatic involvement of several CNS
segments and neurologic deterioration decision was made to
treat whole craniospinal axis with photon radiotherapy to a
total dose of 30 Gy given in 12 daily fractions. 3D-
conformal plan was generated with no effort to spare
previous high-dose proton radiotherapy field given overt
disease involvement (Figures 1-4). The patient was treated
in prone position with daily portal imaging as method of
image guidance and beam verification (Figure 5). Treatment
was well tolerated and mild improvement in neurological
condition was observed. However, within 3 months after
radiotherapy patient experienced further intracranial, spinal
progression and clinical deterioration and finally deceased 9
months after the treatment. Of note, no signs of myelopathy
were observed on follow-up MRI post radiotherapy
treatment.
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Figure 1. Iso-dose distribution produced by 3D-conformal treatment plan of craniospinal irradiation (CSI) in sagittal (a),
coronal (b), and axial (c) plane. 30 Gy (100%) iso-dose is shown in orange, 24 Gy (80%) iso-dose in cyan, and 15 Gy (50%)
in blue. Transparent white fill represents PTV. Note that 50% iso-dose is encompassing all body, characteristic to photon
radiotherapy. Dose prescription was 30 Gy in 12 daily fractions. The patient was treated using two opposing beams for
cranial PTV, matched with three mm gap to one posterior field for spinal PTV. Every four fractions this gap was shifted by
enlarging and reducing respective fields to ensure dose homogeneity. Field size is indicated in thin green lines — note the
shifting gap in the neck area. Isocentric setup was used for the cranial fields, while the spinal fields were treated with source
to surface distance of 100 cm. Prior proton therapy volume was integrated into the CSI treatment plan however was not

considered as organ-at-risk structure.

SciTech Central Inc.
Int J Radiography Imaging Radiat Ther (IJRIRT)



Int J Radiography Imaging Radiat Ther, 1(1): 8-13 Murgic J, Purgar N, Mlinaric M, Budanec M, Soldic Z, et al.

Figure 2. Dose-volume histogram (DVH) for craniospinal irradiation (CSI) plan. As a consequence of wide-spread
metastatic disease no attempt was made to spare previously irradiated volumes. DVH parameters for all organs at risk were
within acceptable constraints if only CSI dose were considered.

Scale=1: 3.7

Figure 3. Iso-dose distribution produced by 3D-conformal treatment plan of craniospinal irradiation (CSI) in sagittal (a),
coronal (b), and axial (c) plane. Blue volume within cranial PTV represents prior proton therapy volume.
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Figure 4. Beam’s eye view (BEV) of the first set of treatment beams — right lateral cranial (a), left lateral cranial (b) and
posterior spinal field (c). PTV is represented in green; dark blue is proton treated volume, while the rest of the structures were

considered organs at risk.

I i

Figure 5. Digitally reconstructed radiographs for portal imaging of spinal (left side: antero-posterior, middle: latero-lateral)
and cranial field (right side: latero-lateral) used for daily treatment image guidance and verification.Exceptional care was

taken for matching craniospinal field junction.
DISCUSSION

The management of recurrent and metastatic ependymoma is
very challenging and usually combines surgery,
chemotherapy and radiotherapy. Despite multimodal
treatment the clinical outcome is regularly poor and survival
short. There is specifically lack of data regarding the use of
radiotherapy in the post-proton therapy setting. However,
given sharp dose fall-off characteristic for proton beam [5],
one can assume improved tolerance of surrounding critical
structures potentially translating to improved therapeutic
ratio of salvage photon radiotherapy.

To best of our knowledge, we are not aware of any other
report of salvage craniospinal photon beam irradiation after
primary focal proton radiotherapy failure. On the other hand,
some data exist on proton re-irradiation of previously
proton-irradiated craniospinal axis or posterior fossa to a full
dose showing feasibility of this approach [6,7]. Planning and
treatment techniques were developed which enabled
complete sparing of previously full-dose-irradiated
surrounding critical structures [6].

Despite reirradiation to a palliative, though significant dose,
it is encouraging to observe that our patient did not
experience radiation myelitis or necrosis, typical radiation-
related late toxicity in this setting. Although proton beam is
considered to be highly conformal, with theoretically no exit
dose, the concern for serious toxicity (mainly brain stem
necrosis) stems from unknown effects of uncertain relative
biological effectiveness of the proton beam on the brainstem
[8]. However, in this patient, proton therapy CTV was
distant from the brainstem thereby minimizing the risk of
brain stem toxicity in subsequent re-irradiations, even taking
into account worst case scenario that no interval repair
occurred, which is less likely to happen [9].

Our patient lived 9 months after the craniospinal
radiotherapy, which may be considered as long enough for
this side-effect to be manifested [4].

To analyze the incidence of brain necrosis in patients who
received craniospinal irradiation after primary focal cranial
photon radiotherapy, we extrapolated data from landmark
Merchanct study [3]. In this study, 19 patients, following
surgical resection received craniospinal irradiation either for
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local, metastatic or combined failure. Among these 19
patients, only one developed necrosis (incidence 5%) at the
site of initial focal treatment, 6 months after his primary
radiotherapy to the fourth ventricle. This patient experienced
metastatic progression in lumbosacral space. Craniospinal
radiotherapy was delivered to the dose of 39.6 Gy followed
by boost to gross disease to 59.4 Gy. Location of his
necrosis was in cerebellum, and cumulative total dose in that
region equated to 99 Gy. This patient however endured
permanent neurologic impairment but experienced no
disease relapse 2 years post salvage craniospinal irradiation.
From 4 patients who were treated with craniospinal
irradiation for combined failure (both focal and metastatic,
similarly to our patient), 3 experienced progression of
disecase 7-9 months post salvage treatment. This is in
keeping with our observation form this case that combined
failures are hardly salvageable.

One strategy to mitigate the late toxicity associated with
second course of craniospinal radiotherapy is the use
hyperfractionation, like in the report by Gupta et al. [10].
According to linear-quadratic model this approach might
potentially reduce neural tissue late toxicity while achieving
equivalent tumor dose compared to standard fractionation
[11]. Authors treated medulloblastoma multisegmental
metastatic relapse with 30 Gy in 30 fractions (1 Gy/fraction,
two fractions daily) to the brain, and 36 Gy in 30fractions
(1.2 Gyl/fraction, two fractions daily) to the spine, with
subsequent boosting of gross disease to total dose of 45 and
48 Gy in 40 fractions. This approach produced 18-months
long clinical response with no neural late toxicity observed.

The use of proton therapy in pediatric population is
constantly rising. From the inception of this novel therapy, it
was justifiably predicted the utilization will be highest in
pediatric tumors. However, the mainstay of proton
treatment, both focal and craniospinal is in the primary
treatment setting not palliative. Typical indications for
proton beam radiotherapy in United States are primary
treatment for gliomas, medulloblastomas and ependymomas
[12]. On account of advantageous physical properties of
proton beam, unmatched dosimetric sparring can be
achieved in critical surrounding structures, while allowing
full dose irradiation of the target volume. This is the key
advantage of the proton beam over the photon beam therapy
and can be fully exploited in childhood brain tumors.

Our decision to offer the course of palliative craniospinal
irradiation in the context of overt metastatic disease and
progressive neurological deterioration may be subject of
discussion. This was very challenging clinical context with
no published data to provide guidance. Referral to child
hospice was an option, however, by providing this
hypofractionated treatment the short-term aim of palliation
of growing obstructive hydrocephalus and neurological
deterioration was achieved without causing severe
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neurological damage as evidenced both clinically and by
MRI.

Recurrent ependymoma remains disease with huge unmet
need in pediatric population where new ways of optimal
integration of local therapies and systemic treatments should
be explored.
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