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			Abstract

			Purpose: Ependymoma is a relatively rare glial tumor arising from the ependymal lining of the central nervous system. Multiple factors have been shown to influence the prognosis individually, in our study, we tried to analyze the outcome of patients with intracranial Grade II/III ependymoma who were treated with post-operative radiation therapy at our institute with respect to various risk factors including histological grade & the extent of surgical resection.

			Methods: We analyzed 21 patients with intracranial ependymoma [Grade II/III] who treated with post-operative radiation from June 2009 to August 2016 was done. The age of the patients ranged from 2 - 61 years [median-32 years], 10 patients were diagnosed with Grade II & 11 patients had Grade III ependymoma according to WHO Grading System.  All patients with [n=11; 52.38%] & without [n=10; 47.61%] operative residual disease as per MRI, were offered external beam radiation therapy with 45Gy to 60Gy [median dose-5040cGy], using 15 or 6 MV photons beams. Median follow up period was 32 months [range, 5 months to 92 months]. 

			Results: Eight out of 21 patients had tumor progression & 5 among them had Grade II ependymoma.  7 patients succumbed to disease-related complications within 12 months of progression. The study showed that after a median follow up 20 months, patients who had incomplete resection progressed faster than those who had no post-operative residual disease [88.9% versus 54.5%; p=0.028]. In terms of histology, PFS for Grade II & Grade III were 71.6% & 68.6%, respectively, after a median follow up of 15 months.  The cumulative overall survival at a median follow up of 32 months was 68.5% [61.4% versus 78.8% in Grade II & III, respectively]. The overall survival rate, in patients with post-operative residue was 63.6% &; 87.5%, in patients who had complete resection [p=0.116].

			Conclusion: In this study, we conclude that extent of surgical resection is one of the most important prognostic factors in intracranial ependymoma. Grade of the tumor, which was thought to influence the PFS & OS, did not show any significant difference with respect to progression as well as survival, which warrants molecular studies to detect ST-EPN-RELA and PF-EPN-A. We recommend more randomized clinical studies to look into the benefits of SRS either as an adjuvant choice of therapy in case of small volume tumors or as a boost following EBRT in large tumor volumes, especially in a residual disease status.

		

		
			Introduction

			Ependymoma is a relatively rare glial tumor arising from the ependymal lining of the central nervous system, accounting for 3-9% of intracranial tumors. About one third of the brain ependymoma arise supratentorially & two thirds are of infratentorial origin. Ependymal tumors are categorized by World Health Organization [WHO] into Grade I - subependymoma & myxopapillary ependymoma, Grade II - cellular, tancytic, papillary & clear cell and Grade III-anaplastic type [1,2]. As these tumors are not common compared to other intracranial neoplasms, it 

has been difficult to standardize the optimal treatment. Current consensus is surgical resection with gross total resection (GTR) whenever feasible. Comprehensive review of literature has been done to evaluate the role of adjuvant radiation therapy in delaying the progression [3]. Ideally, an optimal paradigm of treatment for each patient should be defined based on the tumor features to prolong progression-free survival (PFS) and overall survival (OS). Multiple factors have been shown to influence the prognosis individually like the tumor grade [4-6], tumor size [7], duration of clinical history [8], preoperative neurological status [9], presence of distant metastasis [10], adjuvant radiotherapy [7], and extent of resection which are the few factors studied

			extensively. Among these, extent of surgical resection seems to be the most consistent variable in predicting improved OS and PFS [11,12], whereas others remain controversial. In this study, we review the survival rate, progression free survival interval, of Grade II & Grade III intracranial ependymoma patients, who have received radiation therapy following surgical resection [GTR/STR/biopsy] at our institution.

			Materials & methods

			Twenty-one cases (Table 1) with intracranial ependymoma [Grade II/III], which were treated with post-operative radiation therapy from June 2009 to August 2016, were reviewed. The age of the patients ranged from 2 years to 61 years [median-32 years]; 9 out of 21 patients were of pediatric age group. The male to female ratio was 12:9; 4 patients had Karnofsky performance score [KPS] of >80. All the patients underwent Computed Tomography [CT], Magnetic resonance imaging [MRI] of the brain. Surgery was performed with the aim of gross total resection in all patients and the extent of surgical resection was categorized as complete or incomplete resection and included 10 (47.6%) and 11 (52.3%; 8-Grade II, 3-Grade III) patients, respectively. Histological examination revealed 10 patients had Grade

			Table 1: Post-operative radiation therapy.
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					& 11 patients had Grade III ependymoma according to WHO Grading System (2007). CSF analysis was done in patients who were diagnosed with Grade III ependymoma. Two patients had cerebrospinal fluid (CSF) positive for malignancy. Considering the grade of tumor & extent of resection, all patients were planned for external beam radiation therapy. Clinical target volume (CTV) was defined as 1.5cm extension from the tumor bed and a planning target volume (PTV) margin of 5mm from the CTV, was added. Radiation therapy with a median dose of 5040cGy in 28 fractions [range, 4500cGy to 6000cGy]; and cranio-spinal irradiation (CSI) was performed for 2 patients with CSF seeding followed by boost dose to the tumor bed. All the patients were treated with external beam radiation therapy using 15 or 6 MV photons beam.During radiation therapy, patients were assessed once a week for acute toxicities. After completion of treatment, patients were followed up three monthlies for the first 2 years and every 6–12 monthly thereafter and were evaluated with clinical examination and MRI; and tissue confirmation was done in cases with suspected progression. Median follow up period was 32 months [range, 5 - 92 months]. Duration for endpoint was calculated from the date of completion of radiation therapy. Progression-free survival (PFS) and overall survival (OS) were estimated with the Kaplan-Meier method using the SPSS software Version 2.0. The impact of clinical and therapeutic variables on survival was evaluated by comparing entire OS curves using the log-rank test. Probability (p) values < 0.05 were considered significant.
Results
Eight out of 21 patients had tumor progression and 5 of them were in Grade II group. One among the 8 patients who had anaplastic variant had change in grade of the tumor to Glioblastoma Multiforme [WHO Grade IV] which was histologically confirmed. Three out of 8 patients were started on steroids, 2 of them were started on chemotherapy with Temozolamide & rest of the cases was treated symptomatically. Seven patients succumbed to death within 12 months of progression. Two patients had aspiration pneumonia; 1 patient had sepsis & rest of them had disease related complications. One patient who had disease progression is currently alive & receiving chemotherapy with Temozolamide & has KPS of 70 (Figures 1 & 2).
Considering the 11 [52.38%] patients with residual disease post-surgery & 10 [47.61%] patients who had complete resection of the tumor, the progression free rate after a median follow up of 20 months was 88.9% & 45.5%, respectively, which was statistically significant [p=0.028]; while the overall progression free rate was 64.6% at 20 months. In terms of histology, the overall progression free rate for Grade II & Grade III groups was 54.5% & 70.0%, respectively. The cumulative overall survival at a median follow up of 32 months was 68.5% [61.4% vs. 78.8% in Grade II vs. Grade III, respectively]. The overall survival rate at 32 months with post-operative residual disease was 54.5% & 87.5% in complete resection arm [p=0.116] (Figures 4-6).
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Discussion
In our current study, we present the survival rate & progression free rate of patients with Grade II/III intracranial ependymoma who received post-operative adjuvant radiation therapy which is 66.66% & 61.9%, respectively, after a median follow up of 32 months. The incidence of Grade III ependymoma was higher in pediatric age group than in adults (Table 1). On uni-variate analysis, the OS for Grade II ependymoma was 71.4% & for Grade III was 70%. The PFS was 54.4% & 70% which could be due to a greater number of incomplete resections in Grade II group (8) compared to Grade III category (3). Another possible reason is that the biological behavior of Grade II is like Grade III tumor which warrants molecular classification as described in WHO classification (2016) [13,14] which classify ependymoma to either Grade I or Grade III and Grade II has been removed.
Another important prognostic factor, in terms of progression and survival, which is extent of surgical resection, has been justified in this study. The overall survival in patients with & without residual disease was 45.46% versus 90% & progression free survival was 36.4% versus 90% [p=0.028], respectively, which was statistically significant. This shows that the extent of resection and residual disease prior to radiation therapy is an important prognostic factor. Similar result was seen in another study where gross total resection alone was an independent prognostic factor, regardless of the histological grade [15].
Subgroup analysis based on age group (<18 or ≥18years) did not show any significant difference with respect to progression or survival. As most of the tumor recurrences were in the irradiated area, especially in case of post-operative residual sites, boost with stereotactic radiosurgery [SRS] could be considered as next line treatment. A retrospective analysis of 45 patients with intracranial ependymoma, out of which 37 patients had post-operative radiation failure and 14 patients had progressive disease after chemotherapy and radiation. Eight patients among these received SRS boost after initial radiation or radiation plus chemotherapy. These patients were treated with SRS with a median marginal dose of 15Gy. The overall survival after radiosurgery was 65, 41, and 38% at 1, 3 and 5 years, respectively. The progression-free survival after SRS at 1, 3 and 5 years, respectively were 82%, 52% and 52% for all grades of ependymoma. Histologic grade of tumor was not a statistically significant factor for better PFS (p= 0.725). Factors associated with an improved progression-free survival included smaller tumor volume and homogeneous tumor contrast enhancement. Adjuvant SRS provides another management option for patients with residual or recurrent ependymoma. Predictors of response include older age, smaller treatment volume, lower grade, and homogeneous contrast enhancement.
There are few drawbacks in this study among which the main limitation is the relatively small number of cases, which limits the statistical power of analyses. Genetic and molecular grouping test for ST-EPN-RELA and PF-EPN-A, were not done which are recently found to be of superior prognostic value [16].
Conclusion
In this study, we conclude that the extent of surgical resection is one of the most important prognostic factors in intracranial ependymoma. Grade of the tumor [II/III] may not influence the progression or survival rates significantly. We recommend more randomized clinical studies to investigate the benefits of SRS either as an adjuvant choice of therapy in case of small volume tumors or as a boost following EBRT in large tumor volumes, especially in a residual disease status.
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Figure 2: PFS; N=21; No of events=8
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Figure 6: PFS in Months post Rt.
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Figure 5: Survival in Months post RT.
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