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Background: Ependymoma of the fourth ventricle is a challenging disease. Brain stem tolerance dose usually hinders the 

delivery of adequate radiation dose to target volumes. 

Aim: To present the treatment outcome of pediatric ependymoma of the fourth ventricle using combined CyberKnife and 

volumetric modulated arc therapy (VMAT) and compare it to VMAT plans. 

Methods: The medical charts of 15 patients were retrospectively reviewed. All patients underwent surgery and received 

radiotherapy in 2 phases using combined plans of VMAT and CyberKnife boost aiming for a total prescription dose of 59.4 

Gy in 33 fractions. These plans were compared to a cone-down two-phase VMAT plans. At least 95% of the target volume 

was required to be encompassed by the 95% isodose level of prescription dose. 

Results: It was not feasible to achieve adequate target coverage using VMAT without exceeding the brain stem tolerance 

doses in all but one case. Brain stem maximum point dose, V59 Gy, V55.8 Gy and mean doses were 60.46 ± 0.3 Gy, 1.62 ± 

0.42 cc, 37.49 ± 5.78% and 54.79 ± 0.64 Gy in VMAT plans compared to 59.67 ± 0.21 Gy, 0.55 ± 0.22 cc, 25.49 ± 3.84% 

and 52.86 ± 0.88 Gy in combined technique plans (p = 0.002, 0.001, 0.001 and 0.001; respectively). The estimated 5-year 

progression-free and overall survival rates were 53.3% and 63.6%. Performance status and extent of surgery significantly 

influenced overall survival. None of the patients had serious toxicities. 

Conclusion: On the contrary to VMAT cone-down plans, it was possible to achieve adequate target coverage without 

violating brain stem constraints using the combination of VMAT and CyberKnife techniques in pediatric ependymoma of 

the fourth ventricle. The treatment protocol was well tolerated with no reported serious radiation toxicities. 
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INTRODUCTION 

 

Ependymoma is the 3rd most frequent pediatric brain 

tumor, representing 6–10% of intracranial tumors 1, 2. It 

usually arises from the ependymal cell lining of the 

ventricles with 90% occurrence in the cranium. More than 

70% of intracranial ependymomas are located in the 

posterior fossa (PF) 3, 4.  

Treatment strategies for localized infratentorial 

ependymomas are focused on maximizing local tumor 

control 5-10. Progression-free survival (PFS) and overall 

survival (OS) rates for intracranial ependymomas are not 

satisfactory.  Five-year PFS and OS rates range from 39% 

to 74% and from 64 to 85%, respectively 5, 11, 12. 

Multivariate analysis showed significantly improved OS 

with gross total resection (GTR) and post-operative 

radiotherapy (RT) 12. Recently, genomic and epigenomic 

studies have classified ependymoma into distinct 

molecular subgroups with different prognoses 13-15. 

Despite therapy, the majority of relapses occur at the local 

tumor site 12. Delivery of adequate radiation dose to the 

PF ependymoma is usually hindered by the tolerance of 

adjacent critical structures.   

In this work, we are presenting our experience in the 

treatment of pediatric fourth ventricular ependymoma. A 

combined volumetric modulated arc therapy (VMAT) 

and CyberKnife plans were used for the treatment of such 

patients. This combined technique was compared to 

VMAT cone-down plans. 

 

METHODS 

 

This retrospective study included pediatric patients 

with non-metastatic ependymoma originating from the 

fourth ventricle with the primary tumor in close proximity 

(< 5 mm) to the brain stem. The study period was from 
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2011 to 2017 and included eligible patients treated at the 

Radiation Oncology Unit of King Faisal Specialist 

Hospital & Research Center (KFSH & RC), Riyadh.  

All patients had preoperative magnetic resonance 

imaging (MRI) scan of the whole craniospinal axis. All 

patients had maximum safe surgical resection prior to RT. 

Lumbar puncture for cerebrospinal fluid cytological 

analysis was done 10-14 days after surgery.  Pros and 

cons of RT were clearly discussed with the patients’ 

guardians and informed consents were signed. For young 

patients requiring general anesthesia (GA), a separate GA 

consent was signed. Post-operative RT started within 6 ± 

3.6 weeks from the date of surgery. 

 

Radiotherapy 

When needed because of young age, our GA protocol 

for pediatric cases undergoing daily radiation treatment 

adopts continuous intravenous propofol infusion 

providing adequate sedation without intubation. The 

details of our sedation protocol were published earlier 16.  

Computerized tomography (CT) scan simulation was 

done in the supine position, with the head of the patient 

immobilized in a neutral neck position and using a 

custom–molded thermoplast (Posifix™). Low artifact-

radiopaque markers required for VMAT planning were 

placed on the thermoplast prior to planning. 
 

Phase I treatment: The planning CT dataset, as well 

as the pre- and post-operative brain MRI scans, were 

pushed to Eclipse™ treatment planning system.  These 

three datasets were fused and contouring of different 

volumes and organs at risk (OAR) was done. Gross tumor 

volume (GTVi) included all residual tumor and/or the 

tumor bed as per post-operative/pre-irradiation neuro-

images (pre-operative images were used only for 

guidance). Clinical target volume (CTVi) included the 

GTVi with an added 10 mm margin for consideration of 

any subclinical microscopic disease. Planning target 

volume (PTVi) was created by an isotropic expansion of 

the CTVi with a margin of 3 mm. All patients received 

50.4 Gy in 28 fractions. The VMAT plan used complete 

360-degrees co-planar arcs or hemi-arcs in clockwise and 

counter clockwise directions. All VMAT plans were 

created with 6-MV flattening filter free X-rays. Treatment 

plans were inversely planned with Varian™ Eclipse 

treatment planning system (TPS) and optimized using 

analytical anisotropic algorithm.  Plans were normalized 

for PTVi to be covered with at least 95% of the prescribed 

dose for phase I. Overlapping volume of the brain stem 

(BSi) and spinal cord included in the PTVi was 

intentionally meant to be in the relatively low dose 

coverage area (95-100%). 
  
Phase II treatment: The process of boost planning is 

complex and takes around 10 days. Therefore, phase II 

planning was started after the 3rd week of RT to avoid 

delay in delivering phase II treatment.  

Planning CT simulation data set and a new thin-sliced 

(every 1 mm) MRI brain scan were pushed to Accuray™ 

CyberKnife and Varian™ Eclipse TPS.  Contouring of 

boost GTV (GTVii) included all residual tumor and/or the 

collapsed tumor bed as shown in the boost planning MRI 

images. Boost CTV (CTVii) in all cases included the 

GTVii with an additional 5 mm margin in all directions 

except in the anterior direction where the added margin 

was limited to 3 mm only.  In VMAT plans, PTVii was 

created by isotropic expansion of the CTVii by 3 mm. 

Using conventional fractionation (1.8 Gy per fraction), 9 

Gy in 5 fractions was prescribed to PTVii and CTVii in 

VMAT and CyberKnife plans, respectively. Brain stem 

(BSii) was re-contoured based on the latest MRI images.  

Again, maximum point dose to the overlapping volume 

between CTVii or PTVii with the BSii or spinal cord was 

not allowed to exceed 100% of the prescription dose 

(PD). 
 

Sum plan: For the combined technique plan, phase-I 

VMAT and CyberKnife boost plans were pushed to 

Velocity™ platform software to review their sum plan. 

On the other side, plans of phase I and II VMAT plans 

were summed on Eclipse TPS.  Our acceptance criteria 

entailed that at least 95% of CTVii (in combined 

technique plans) and PTVii (in VMAT plans) to be 

encompassed within the 95% isodose shell without 

exceeding the brain stem tolerance doses. In case it was 

not possible in one plan, we attained the requested 

coverage keeping the dose to the brain stem as low as 

possible for comparative purposes. In our acceptance 

criteria, no more than 10% of the CTVii (in combined 

plans) and PTVii (in VMAT plans) should receive > 

110% of the PD. We aimed to keep brain stem maximum 

point dose < 60 Gy, V59 Gy less than 1 cc. and V55.8 Gy 

less than 1/3 of the brain stem volume. Mean brain stem 

dose should be < 54 Gy. Whenever included in the treated 

volumes, spinal cord V55 Gy should be < 1 cc and 

maximum point dose < 55.8 Gy in 33 fractions. Cochlear 

maximum dose was kept below 45 Gy in 33 fractions. 
 

Follow up: The Common Toxicity Criteria version 

2.0 17 was used during course of RT to evaluate toxicities. 

Patients were assessed in the neurosurgery and radiation 

oncology clinics with follow up brain MRI scan every 4-

6 months for the first 2 years and every 6 months 

thereafter. An MRI spine scan was done only if clinically 

indicated. 

 

Ethical approval 

The study was approved by the Institutional Review 

Board of King Faisal Specialist Hospital and Research 

Center, Riyadh, Saudi Arabia (approval # 2121030). 

 

Statistical methods 

Data analysis was performed using the Statistical 

Package for Social Sciences (SPSS) vs.18.  

Numerical data were summarized using means (± 

standard deviations) and were explored for normality 

using Kolmogorov-Smirnov and Shapiro-Wilk tests. The 

Mann-Whitney test was used to compare between the 2 

groups (Combined technique versus VMAT). The 

Kaplan-Meier method was used to estimate PFS and OS. 

Linear regression model was used to identify predictors 

of survival.  

All p-values were two-sided and those <0.05 were 

considered significant. 
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RESULTS 

 

Fifteen patients were included in this work. Their 

median age was 5.6 years (range: 2- 13 years) and 10/15 

(66.7%) were males.   

The extent of surgery was GTR in 5 (33.3%) patients, 

near total resection (> 90% resection of tumor volume) in 

2 (13.3%), debulking in 7 (46.7%) and biopsy in 1 (6.7%). 

According to the WHO grading system 2016 18, 4 (26.7%) 

patients had grade III and 11 (73.3%) had grade II. No 

molecular classification was done in this group of 

patients. Six (40%) patients had ventricular shunt 

insertion for obstructive hydrocephaly (4 preoperatively 

and 2 post resection). Lansky-play performance scale 19 

was 100 in 3 (20%) patients, 80-90 in 4 (26.7%), 60-70 in 

5 (33.3%) and 40-50 in 3 (20%).   

Four out of the 15 (26.7%) patients received RT under 

GA. All patients received a total dose of 59.4Gy/33 

fractions using combined VMAT/CyberKnife plans. An 

average overall treatment time for the whole course was 

49.2±1.5 days. Mean GTVi, CTVi and PTVi volumes 

were: 22.8±4.3, 96.8±9.1 and 168.7±12.4 cc, 

respectively. GTV volume was reduced to an average of 

8.8±1.7 cc in GTVii as a consequence of further collapse 

of the tumor bed cavity. On average, CTVii and PTVii 

volumes were found to be 26.79 ± 2.3 and 42.15 ± 5.2 cc, 

respectively. VMAT plans were delivered via 2 complete 

arcs. Phase II course on the CyberKnife was delivered via 

a mean of 113 ± 49.5 beamlets. 

Respecting brain stem constraints, the mean CTVii 

dose was 59.36 ± 0.2 Gy in the combined modality sum 

plans (Table 1). The average maximum point dose was 

63.72 ± 0.7.1 Gy (107.28% ± 1.2). In the combined 

modality arm, the 95% isodose shell encompassed 

95.09%±0.04 of target (CTVii). Achieving the same 

target (PTVii) coverage in VMAT plans was not possible 

without exceeding the brain stem tolerance doses in all 

but 1 case. For comparative purpose, VMAT sum plans 

were run to achieve the same coverage and keeping the 

brain stem and/or spinal cord doses as low as possible 

(Figures 1A and 1B). 

 

Table 1: Comparison of means of target volumes 

coverage in both sum plans 

Parameter PTVii 

(VMAT) 

CTVii 

(combined 

modality) 

p 

value 

Volume (cc) 42.15 ± 5.22 26.79 ± 2.3 0.001 

Mean dose (Gy) 59.29 ± 0.23 59.36 ± 0.2 0.143 

V95 (%) 95.06 ± 0.05 95.09 ± 0.04 0.234 

V90 (%) 98.79 ± 0.42 98.83 ± 0.3 0.810 

Maximum dose 

(%) 

105.75 ± 

0.97 

107.28 ± 1.2 0.001 

CTV: Clinical target volume, PTV: Planning target volume, VMAT: 

volumetric modulated arc therapy 

 

Maximum, mean, V55.8 Gy and V59 Gy of the brain 

stem were found to be significantly lower using 

CyberKnife boost technique than the VMAT plan (Table 

2). 

Total doses calculated at the brain stem volume 

contoured at initial planning phase (BSi), guided by the 

immediate post-operative MRI scans, were significantly 

less than the doses calculated at the brain stem volume 

contoured after further collapse of the tumor bed cavity at 

boost phase (BSii) (Table 3). 

In the 4 patients where the disease extended down to 

the C1-2 spinal cord level, the maximum point dose of the 

spinal cord was 55.74 ± 0.8 Gy and 54.54 ± 0.4 Gy in the 

VMAT and combined plans, respectively. 

After a median follow-up period of 51 months (range 

30 – 89 months), 7 (46.7%) patients had disease 

progression (DP). Two patients progressed solely at the 

PF and one relapsed at the spine in addition to the PF with 

a local control rate of 80%. The remaining 4 relapsing 

patients developed spinal and supra-tentorial disease with 

an overall estimated 5-year PFS of 53.3%.  The median 

time for DP was 26.6 months (range 13 – 55 months). 

Among different clinical parameters, patients having less 

than near total resection had a tendency for DP (p = 0.055) 

(Table 4). 

 

 

Figure 1: Isodose lines distribution of sum plans (59.4 Gy / 33 fractions) using (A) VMAT (B) Combined VMAT-

CyberKnife 
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Table 2: Comparison of mean of doses calculated at organs at risk in both sum plans 

Organ Parameter VMAT plans Combined VMAT-CyberKnife plans p value 

Brain stem Maximum (Gy) 60.46 ± 0.3 59.67 ± 0.21 0.002 

 V59 Gy (cc) 1.62 ± 0.42 0.55 ± 0.22 0.001 

 V55.8 Gy (%) 37.49 ± 5.78 25.49 ± 3.84 0.001 

 Mean (Gy) 54.79 ± 0.64 52.86 ± 0.88 0.001 

Optic Chiasm Mean (Gy) 19.86 ± 6.9 19.76 ± 7.1 0.668 

 Maximum (Gy) 26.74 ± 7.7 27.13 ± 7 0.311 

Right Optic nerve Mean (Gy) 10.83 ± 5.7 11.01 ± 5.6 0.197 

 Maximum (Gy) 16.88 ± 8 16.87 ± 7.5 0.98 

Left Optic nerve Mean (Gy) 10.73 ± 5.3 12.81 ± 8 0.333 

 Maximum (Gy) 16.58 ± 7.9 16.57 ± 8.1 0.947 

Right Cochlea Mean (Gy) 35.97 ± 2.9 35.89 ± 3 0.728 

 Maximum (Gy) 38.78 ± 3.1 38.39 ± 3 0.392 

Left Cochlea Mean (Gy) 35.59 ± 4.4 36.19 ± 4 0.414 

 Maximum (Gy) 38.79 ± 4.6 38.37 ± 4.2 0.175 

VMAT: Volumetric modulated arc therapy 

 

Table 3: Comparison of mean of doses calculated at brain stem i and brain stem ii in combined VMAT-CyberKnife 

sum plan 

Parameter Brain stem i Brain stem ii p value 

Maximum (Gy) 57.55 ± 0.42 59.67 ± 0.21 0.001 

V59 Gy (cc) 0.15 ± 0.14 0.55 ± 0.22 0.001 

V55.8 Gy (%) 16.47 ± 4.76 25.49 ± 3.84 0.001 

Mean (Gy) 51.6 ± 0.93 52.86 ± 0.88 0.002 

 

Table 4: Influence of different clinical features on survival rates 

Parameter No. (%) Overall survival Progression-free survival 

   Median (95% CI) p value  Median (95% CI) p value 

Sex      

 Male 10 (66.67) 45 (30.3 – 64.2) 0.107 43 (38.6 – 78.0) 0.91 

 Female 5 (33.33) 60 (31.1 – 83)   44 (29.8 – 80.2)   

Lansky play performance scale      

 100-80 7 (46.67) Not reached 0.029 51 (38.5 – 55.1) 0.65 

 70-40 8 (53.33) 41 (30.6 – 71)  34 (30.6 – 81.8)  

Extent of surgery      

 GTR or nGTR 7 (46.67) Not reached 0.036 50 (42.5 – 83.0) 0.055 

 Debulking or biopsy 8 (53.33) 40 (31.1 – 61.0)  36 (30.5 – 55.2)  

Histopathology      

 Grade II 11 (73.33) 57 (32.2 – 77) 0.441 47 (30.2 – 70.4) 0.83 

 Grade III 4 (26.67) 45 (41 - 83)  41 (36.2 - 80.1)  

 

One out of the 2 patients who had isolated PF relapse 

had to undergo re-excision. The other patient had 

extensive relapse that was deemed unresectable and was 

managed palliatively. Among the 5 patients who had 

spinal relapse, one patient had supratentorial and spinal 

relapse 3 years after end of RT. He underwent palliative 

excision of his large supra-tentorial relapsed lesion 

followed by irradiation of the central nervous system to 

36 Gy in 20 fractions limiting the dose to the brain stem 

to < 20 Gy in 30 fractions. Boost dose was given to the 

supratentorial relapsing tumor bed for an additional 18 Gy 

in 10 fractions. Three patients received palliative spinal 

irradiation (20 Gy in 5 fractions) for pain control. The 

remaining patient was managed by best supportive care. 

The estimated 5-year OS was 63.6% (Figure 2). 

Among different clinical parameters, patients’ Lansky-

play performance scale and extent of surgery had 

significant influence on OS (Table 4). None of the studied 

parameters had a significant correlation with PFS (Table 

4).  

 
 

Figure 2: Overall survival curve of 15 pediatric 

patients with fourth ventricle ependymoma 
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None of the patients developed G3/4 acute toxicities, 

6 (40%) patients developed headache, 4 (26.6%) 

nausea/vomiting and 7 (46.6%) grade 1 alopecia. No late 

toxicities in the form of radiation induced neuropathy, 

cognitive function impairment, vasculopathy or 

secondary malignancy were detected. All patients who 

were on steroids, were safely weaned from it during the 

RT course time. During follow up, we didn’t need to re-

introduce steroids to any of the patients except for those 

who developed local recurrence.  

 

DISCUSSION 

 

Ependymoma of the fourth ventricle is a devastating 

pediatric tumor.  Surgery and RT formed the pillars for 

Children’s Oncology Group (COG) 20 and International 

Society for Pediatric Oncology (SIOP) ependymoma 

trials 21. It is well proven that GTR is the most significant 

clinical predictor of superior PFS and OS 8, 12. Gross total 

resection of fourth ventricular ependymoma extending 

anteriorly to the brain stem and/or caudally to the spinal 

cord represents a real challenge to surgeons. Quite often, 

achieving GTR is associated with serious neurological 

deficits and hence not feasible. Delivery of adequate 

radiation doses in such critical geographical location is 

hindered by the tolerance of adjacent vital normal 

structures. 

Even following GTR, most of the recent trials 

mandate the use of high dose localized irradiation for 

ependymoma. The RT regimen for SIOP-EP-II dictated 

that any patient >12 months should receive a total PD of 

59.4 Gy in 33 fractions 21. After initial surgery, patients 

in AIEOP study were treated with fractionated irradiation 

to a total dose of 59.4 Gy 22. In COG trial ACNS0121, all 

patients > 18 months received the same radiation dose. 

None of the included patient in this trial was < 18 months, 

therefore, we applied the same dose for all patients. The 

entire brain stem can tolerate up to 54 Gy with < 5% risk 

of brain stem necrosis or neurologic toxicity. Only 1–10 

cc can tolerate up to 59 Gy, while a point dose may 

tolerate up to 64 Gy. Spinal cord radiation-induced 

myelopathy risk is estimated to be 0.2% at 50 Gy and 5% 

at 59.3Gy 23. Overlap of PTV and critical structures 

occasionally hinders achieving adequate target coverage 

without exceeding the tolerance threshold of the adjacent 

structures.  CyberKnife has the advantage of online 

position verification and auto-correction of all translation 

offsets. Action level to correct for rotational shift was set 

to ≥ 0.3 mm.  Considering such accuracy, we didn’t apply 

a PTV margin to the CTVii in CyberKnife plan and 

consequently the overlapping volumes were minimized. 

In the ongoing COG study, there is a required volume 

reduction after a dose of 54 Gy.  For doses beyond 54 Gy, 

OAR constraints can be prioritized over PTV coverage 24. 

The SIOP study recommends that for patients with PF 

ependymoma, the spinal cord be excluded after a total 

dose of 54 Gy and the dose to the brain stem be minimized 
21.  

In the current study, VMAT plans failed to achieve 

satisfactory target coverage without violation of brain 

stem tolerance dose. Using combined techniques, we 

managed to cover 95.09±0.04% of the CTVii with 95% 

of the PD without violating the OARs tolerance doses. 

The sharp tumor–brain parenchyma interface and the 

rapid dose decline at the edge of CTVii with CyberKnife 

improved the dose distribution.  Delivering 1.8 Gy per 

fraction was possible with beam-on time (12-15 min). In 

some GA patients, we accepted CyberKnife plans with 

marginally suboptimal dose distribution using a smaller 

number of beams to reduce the treatment time. This 

marginal advantage of combined plans over VMAT plans 

should be weighed against the more complex and costly 

course of CyberKnife plans, and should be investigated in 

large clinical trials to prove its clinical benefit. 

Variable studies discussed the use of 

stereotactic radiosurgery and fractionated stereotactic 

radiotherapy in ependymoma cases 25-27. Kano and 

colleagues reported the results of salvaging 

recurrent/residual ependymoma cases post-surgical 

excision and RT using stereotactic radiosurgery 25. In 

their analysis, the 5-year OS rate for pediatric patients 

was 38.5% and patients with age < 18 years had 

significantly worse local control rate compared to older 

patients (p=0.014). Proton therapy was recently used in 

the treatment of pediatric ependymoma 28, 29. It 

demonstrated comparable local control and survival rates 

when compared to the published photon studies. In 

Carmen and colleagues’ study, the 5-year local control 

rate and OS rate were 78% and 84% compared to 80% 

and 63.6% in our study; respectively 29. 

There was an average of 7.2 weeks lapse between 

phase I and phase II planning MRI scans. This period is 

usually adequate for partial resolution of the post-

operative changes and further collapse of the tumor bed. 

These anatomical changes contributed to the relative 

posterior displacement of the brain stem closer to the 

tumor bed and the high dose region (Figure 3).  

 

 

Figure 3: Brain stem position displacement prior to 

boost phase 

 

Dose calculated at brain stem location in the boost 

planning-MRI (BSii) was relatively higher compared to 

its immediate post-operative location (BSi). Though the 

difference is not large, this difference is significant and 

may be critical in some cases. We believe that planning 

MRI brain scan should be done within 2 weeks before 
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starting phase I. In addition, a new MRI scan should be 

done within 2 weeks prior to boost phase to avoid brain 

stem and/or tumor bed displacement.    

The fact that local failure may represent up to 80% of 

the relapsing cases emphasizes the value of GTR to 

outcome 6, 30-32. In our work, large sized lesions, highly 

vascular tumors or extension to the brain stem were the 

main reasons that precluded attaining GTR in some cases. 

In the current study, only 33.3% of patients had GTR 

compared to 83% in Merchant et al 8, 69% in Massimino 

et al 22 and 63.3% in Marinoff et al 12 studies. Though 

local control rate was 80%, the estimated 5-year OS and 

PFS rates in our study were unsatisfactory representing 

63.6% and 53.3%, respectively. Merchant et al reported 

7-year OS and PFS rates of 81% and 69.1% 8. Marinoff et 

al reported a 5-year OS and PFS rate of 67±5% and 

39±5%, respectively 12.  

The relatively low GTR rate in our study possibly 

contributed to the relatively lower survival rates despite 

post-operative irradiation. Though not consistent in all 

studies, the infratentorial location of tumors might be 

another contributing factor for the relatively poor 

outcome 22, 33. One of the drawbacks in our study was the 

lack of molecular classification of the disease. Possible 

deletion of CDKN2A, gain of chromosome 1 and/or 

presence of RELA fusion event in our patients might 

have contributed to the relatively poor OS and PFS. 

Another limitation of the current study is that our 

treatment protocol lacks the use of chemotherapy and 

second look surgery prior to irradiation in cases where 

GTR was not feasible at initial surgery. After a median 

follow up period of 51 months, no radiation-induced 

neuropathy or cognitive function impairment were 

reported. Though it is expected following such 

conservative constrains adopted in this study, a longer 

follow up period is needed to exclude the development of 

any late sequelae particularly second malignancies.  

 

Conclusion 

VMAT plans failed to achieve satisfactory target 

coverage without violation of brain stem tolerance dose. 

Conversely, using a combination of VMAT and 

CyberKnife technique, it was feasible to reach adequate 

dose coverage of ependymoma of the fourth ventricle 

without exceeding the tolerance of the adjacent critical 

structures. The adopted technique was tolerable with no 

recorded long-term radiation-induced toxicities.  
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