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Ependymoma (EPN)
• Glial tumors ,arise within or adjacent to the ependymal lining of the ventricular 

system, All age groups

• Account for <10% of CNS tumors, more than 20% of primary spinal cord tumors 

• Can arise along the entire neuroaxis i.e supratentorial, post fossa, spinal cord

• In children, 90% of ependymomas (EPNs) occur intracranially, 2/3rd in the posterior 
fossa (PF) and 1/3rd in the supratentorial (ST) compartment (Mol. Cancer Res. 2009; 
7:765–786)

• Metastasis at presentation- 10-30% (J Neurooncol.2011 Jul;103(3):693-8)



• Clinical behaviour of EPNs is highly variable

• The 10-year overall survival (OS) is about 64% in pediatric patients and ranges from 

70% to 89% in adult patients (Neuro-oncol. 2014; 16)

• Tumors in infancy are associated with a particularly poor survival rate of only 42%–

55% at 5 years after diagnosis (Lancet Oncol. 2014; 15:35–47)

• Approximately 40% of patients are incurable because of the paucity of effective 

treatment options 

• Surgery is the mainstay of the treatment with or without radiotherapy

• Role of chemotherapy is controversial



Etiology

• No clear etiology

• Sporadic or genetic, syndromic association

• Increased incidence of spinal intramedullary ependymoma in NF2

(Cancer Res, 1994, 4(1) : 45- 47)

• NF2 gene, tumor suppressor gene- chromosome 22 q- lost in intramedullary

EPN but not in intracranial EPN

• Li-Fraumeni syndrome – germline mutation of p53- Less common

• Rarely: Turcot syndrom- Germline mutation of APC gene: loss of APC gene 

activates wnt pathway

• Multiple endocrine neoplasia (MEN) I syndrome



Cytogenetic abnormalities
✓ According to age group:

Children:

• Gain of chr 1q: MC, 20% associated with tumors in posterior fossa,  anaplastic
histology, tumor aggressiveness, poor outcome (Mol  Cancer  Res ,  2009, 7 (6): 765-786) 

• Other: loss of 1p, 2, 3, 6q, 9p, 13q, 17,12

• Gain of chr 5, 7, 8, 9,11, 18, 20

Adults:

• Gain of 7 & 9 and loss of 22q, MC, 30% , almost exclusively in spinal ependymoma

• Others: Loss of chr 6, 10, 13q, 14q, 16

• Gain: 2,5 ,12,18 and X

Translocation of chr 1, 11, 22: most frequent in adults

✓ According to location: almost same as above as most of childhood EPN are 
intracranial while most of the adult EPN are spinal







Subtypes
• Heterogeneous

• Can be classified as distinct disease subtypes based on age , anatomical tumor 
location and genetic alterations

• However, No molecular or tumor-specific IHC markers are in routine clinical use

• Historically, histopathologic features have been used to diagnose and risk-stratify 
EPNs

1. Grade I: myxopapillary EPN: Spine, Subependymoma: Mostly Intracranial 
(intraventricular)

2. Grade II

3. Grade III (Anaplastic): High mitotic activity, microvascular proliferation and necrosis

• Grading of EPNs according to earlier WHO criteria is of questionable clinical 
importance

• WHO 2016 classification: one genetically defined 

EPN subtype has been accepted:

EPN,  RELA fusion–positive



Why there is a need for molecular classification

• Only histological criteria is not sufficient because-

• EPNs from different compartments of the CNS are may have same histology but 

respond differently to t/t

- biologically distinct 

-diverse genomics, transcriptomics, and epigenomics (omics)

• Other than grade I EPN, histologic grading is of no prognostic utility

• Histopathologic grading of II/III alone should not be used to risk stratify patients 

(Acta neuropathologica. 2017)



Molecular classification
• A subset of patients with radically resected ST EPNs will not recur even without PORT 

exemplifying the need for better patient stratification (Pediatr. Blood Cancer. 2012)

• Lack of consistency with histopathologic grading, motivated clinicians to develop reliable 

prognostic markers

• Molecular stratification may create a precise and reliable platform for better understanding 

of EPN, May be a potential to alter therapeutic decisions

• A recent international collaborative study identified nine molecular subgroups of ependymal

tumors, three in each anatomical compartment of the central nervous system, spine (SP), 

posterior fossa (PF), and supratentorial region (ST) (Cancer Cell  2015. 27:728–743)

• Each of the 9 molecular subgroups is characterized by distinct DNA methylation profiles and 

associated genetic alterations



Anatomical 
compartment

Molecular subtypes Chracteristics

Supratentoriun
(ST)

Subependymoma Adults only

ST- EPN -RELA Gene fusions between C11ORF95-RELA 72% of ST EPN
Children and adults, Poor prognosis

ST- EPN-YAP1 Fusions of the YAP1oncogene with other gene partners
Mainly children, Good prognosis, ? Therapy descalation

Postr Fossa (PF) PF SubEPN Adults only

PF EPN A 74% of PF ependymomas
Infant and young children
High Rate of recurrence
Balanced genome and poor outcome
PORT for all >12 months

PF EPN B Adolescent and young adults
Genomic instability and favorable outcome
? Observation after complete surgery

Spine (S) Subependymoma Adults only

Myxopapillary EPN

Grade II/III EPN NF2 mutation is common
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RELA (v-rel avian reticuloendotheliosis viral oncogene
homolog A) fusion positive ependymoma

• Tumors harboring C11 or F95gene fusions to RELA

• Accounts for  > 70% of ST EPN (median age 8 years, range 0–69 years) 

• May correspond to WHO grade II or III

• Poor prognosis 

• Molecular classification of ependymal tumors across all CNS compartments, 

histopathological grades, and age groups  (Cancer Cell. 2015 27:728–743)

• Retrospective analysis, samples collected over a long period of time (>20 years)

• 5-year PFS, 29% and OS, 75 

• Interestingly, the level of resection did not significantly affect the outcome



• Ephrin receptor B2 (EPHB2)-driven ST EPN models also highly 

expressed in ST-EPN-RELA tumors have pinpointed 5-fluorouracil 

treatment as a potential cytotoxic therapy with efficacy in murine

models 

• Currently being evaluated in early phase ependymoma clinical trials



Management 

• Clinical presentation: site specific

• CEMRI brain

• MRI Spine to r/o leptomeningeal spread

• Lumbar puncture: No less than 14 days after surgery 

(false positive)



Newly Diagnosed non metastatic 
Intracranial EPN

• Standard of care - maximal safe resection ± RT

• Extent of sx is the most significant predictors 

of outcome

• Other factors: Pre-op KPS and tumor location

• 5 years survival is around 70% in case of GTR 

but much lower with incomplete resection 

(Lancet Oncol. 2009;10(3):258–266)

• Second look surgery is recommended

• Site of the lesions (eg, posterior fossa tumors involving the ponto-cerebellar region) 

can limit surgery due to involvement of the lower cranial nerves and brainstem



Indications of PORT in intracranial EPNs

• Grade II after incomplete excision (>12 months of age)

• Controversial role after GTE in grade II (J Neurooncol. 2013;115(3):513–520)

• All grade III

• Intracranial subependymoma- good prognosis, surgery alone is sufficient. However 

if poorly defined borders- shorter PFS- may benefit from PORT (J Neurosurg. 

2015;122(1):49–60)

Exceptions to PORT for intracranial grade II/III EPN after GTE are

• Very young children (<1 year of age), who are typically offered chemotherapy in an 

effort to spare potential developmental adverse effects of RT

• Patients who undergo GTE of a ST grade II EPN, who represent a favorable group 

prognostically, may be considered for observation



IJROBP. 2018

Neuro Oncol. 2016

IJROBP 2000

JCO 2004

•Standard postoperative management of intracranial EPN
• Focal conformal radiotherapy
• Excellent tumour outcomes and acceptable morbidity, even in children younger than 3 
years (Clin Oncol 2019)

Radiotherapy





CSI vs focal RT

• In past, craniospinal irradiation (CSI) for all EPN

• However, local site is mc site for failure

• Currently CSI is indicated only if CSF dissemination

✓ No benefit from routine use of CSI (J Neurosurg 1997)

✓ Local RT achievs good local control with low risk of spinal dissemination (J 

Neurooncol. 2002;56(1):87–94)

✓ No benefit of CSI in non-metastatic setting (IJROBP 2004)

✓ Limited volume RT achieves high rate of local control with a stable neurocognitive

outcome (JCO 2004)



RT planning and target delineation 

• 3DCRT or IMRT, Simulation with thermoplastic cast

• GA or sedation may be required

• Fusion MRI with planning CT

• GTV - based on the postop MRI, tumour bed and residual

• Older protocols recommended an expansion of 1 cm from 

the GTV to the CTV

(Lancet Oncol 2009;10:258-266 & Radiother Oncol2010;96:216-222)

• Newer protocols use a margin of 0.5 cm 

ACNS0831 (0.5 cm)-ongoing

• PTV-0.5 cm, OARS



RT dose
• The current standard doses to the target for intracranial 

ependymoma are 54 to 59.4 Gy

• Higher doses may be recommended for areas with macroscopic 

residual

• Dose to the optic chiasm and spinal cord limited to 54 Gy or less

• Very young patients : dose may be reduced to 54 Gy in 30 daily 

fractions

Lancet Oncol 2009;10: 258-266

Neurooncol2016;18:1451-1460

IJROBP.2018;102:166-173



Is there a need to de-escalate the 
treatment for a particular group



JCO 2016

This raises a possibility of future clinical efforts to study 
therapy de-escalation for PF-EPNB pts



Role of radiation dose escalation?



• A recent retrospective study reported that the main pattern of 

relapse was within the radiation fields even at 59.4 Gy

• Is there a role of dose escalation?







EPN with CSF dissemination

• Not common at diagnosis 

• More frequently encountered in relapsed disease

• Paucity of evidence

• Resection of the primary tumour and any other areas of bulk 
disease should be attempted if possible

• Adjuvant therapies depend on the age of the child

• CSI should be considered, depending on the age of the child 
(generally avoided in <3 years)

• RT dose of 36 Gy in 1.8 Gy fractions with a boost to the primary 
tumour bed of 59.4 Gy and metastases



Craniospinal irradiation (CSI)

Target volume

• Entire brain, spinal cord and its 

meningeal coverings

Portals

• Whole Brain: Two parallel 

opposed lateral field.

• Spine: Direct Posterior field/s

OARS

• Brain stem, optic pathway, 

pituitary

• Cochlea / Inner ear

• Parotid, oral cavity, mandible

• Thyroid, larynx

• Heart, lungs, oesophagus

• Liver, kidneys ,gonads



Spinal ependymoma

• Ependymal tumors of the spinal cord are more common in adults

• WHO grade I subependymoma and MPE, and WHO grades II and III ependymoma

• Surgery is the only prognostic factor

• Lack of evidence regarding the

utility of postoperative radiotherapy

• No consistent demonstration in 

tumour-related outcomes with PORT

• If GTR is not feasible- PORT- improves PFS (Childs Nerv Syst.2012;28(12):2017-28)



Radiation dose in spinal ependymoma

• Not well defined, High doses may increase the risk of myelopathy

• Most authors currently recommend doses of 45–54 Gy (Neuro-Oncology. 

2005;7(3):254–259)

• A study by Shaw et al. used a median dose of 50 Gy, with a range of 36–57 

Gy, and suggested that total dose > 50 Gy may be superior (Curr Neurol

Neurosci Rep. 2010;10(3):240–247)

• Dose >50 Gy has no impact on PFS/OS (Neuro-Oncology 15(2):208–215, 2013)



Infantile EPN
Should we avoid RT in young children

• Duffner et al (1993): postop chemomay be used to delay or even avoid RT in 

children aged < 3 years with malignant brain tumours

• In an attempt to delay RT in very young children, several groups used post-op 

chemo in children <3 years with 42% being the highest rate of 5-year PFS 

• Infant ependymoma in a 10-year AIEOP (Associazione Italiana Ematologia

Oncologia Pediatrica) experience with omitted or deferred radiotherapy*

• Median age 22 months

• Poor rates of EFS and OS for up-front chemo in infant ependymoma

• No better neurocognitive outcome was demonstrated in the few survivors who 

never received RT *(IJROBP. 2011 Jul 1;80(3):807-14)



✓ In contrast, immediate PORT in < 3 years led to 7-year PFS of 77%, 

However, long-term follow-up for toxic effects on development are 

still pending (Lancet Oncol. 2009 Mar;10(3):258-66)

• 3-year OS was 81% for those undergoing PORT compared with 56% 

with no RT in younger than 3 years (P-0.005) J Neurooncol 2011;105:583-

590

• Thus radiotherapy deferral strategies that use chemotherapy have 

been abandoned in most institutions for children >12 months of age



EANO guidelines for post surgery treatment 





Proton therapy
• Higher radiation dose can probably compensate for the incomplete sx
• Proton dose distribution is particularly pertinent in infantile posterior fossa tumors

Control rates are predicted to be equivalent

✓ Proton radiotherapy for paediatric central nervous system ependymoma: clinical 
outcomes for 70 patients (Neuro Oncol 2013)

✓ Outcomes following proton therapy for pediatric ependymoma. 179 children (≤21 
years old) with nonmetastatic grade II/III intracranial ependymoma. (Acta Oncol.2018)

• Results: Median FU- 3 years, comparable disease control without unexpected 
toxicities, late toxicity data is awaited



• Proton Radiotherapy for Pediatric Brain Tumors Requiring Partial 

Brain Irradiation (Age between 1-25 years): Ongoing study

• Massachusetts General Hospital

• Primary outcome: Endocrine and neurological sequel at 5 years

✓ Low Grade Glioma

✓ Astrocytoma

✓ Ependymoma

✓ Ganglioglioma

• Study completion date : September 2022

http://clinicaltrials.gov/show/NCT01288235



Radiation toxicity

Acute

• Fatigue

• Mild headache

• Nausea

• Feeling sick

Late

• Neurocognitive deficits 

• Focal neurologic deficits 

• Sensorineural hearing loss 

• Growth abnormalities 

• Endocrine abnormalities 

• Secondary malignancies



Conclusion

• EPN continues to present clinicians with challenges in terms of  outcomes  

• Ependymal tumors from different compartments of the central nervous system 

are biologically distinct

• Molecular sub-classification is expected to significantly support treatment 

decisions and simplify risk stratification processes

• Surgery remains the mainstay

• Radiotherapy improves outcome in subtotal resection and grade III tumors

• Molecular subgrouping should be a part of all clinical trials 



Thank you


