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Any diffuse gliomas- IDH driven in adults

Most Pediatric if not all are IDH-Wild (not IDH driven)

• Pediatric “circumscribed” Gliomas
• Pediatric “diffuse” low-grade Gliomas
• Pediatric “diffuse” high-grade Gliomas
• Pediatric neuronal/neuro-epithelial tumors
• Pediatric ependymal tumors



Ependymomas are glial tumors that arise from the ependymal cells lining the 
ventricular system and central canal of the spinal cord.

They account for about 6–10% of pediatric CNS tumors and 1–2% of adult 
intracranial tumors.

Although they can occur anywhere along the neuraxis, their location and molecular 
profile strongly influence both behavior and prognosis.

• Supratentorial – cerebral hemispheres (about 30%)
• Posterior fossa (infratentorial) – cerebellum and fourth ventricle (about 60% of 

pediatric cases)
• Spinal cord – intramedullary or filum terminale (more common in adults)











If PF lesions: h3K27 me3

Immunohistochemistry

GFAP

EMA-dot like positivity

S100

Vimentine

OLIG2: Negative

Ependymal rosettes
Perivascular 

pseudo rosettes

Intracytoplasmic 
micro rosettes

• Perivascular pseudo-rosettes and true ependymal rosettes
• Monomorphic cells with salt-and-pepper chromatin
• GFAP-positive cytoplasmic processes radiating toward 

vessels



DNA-methylation 
profiling underpins 

this scheme and 
outperforms 
histology for 

prognosis



• If supratentorial ependymoma- Check L1CAM, YAP1

• If Posterior fossa ependymomas- Check for H3K27me3 global loss, 1q gain, 6q loss

• If spinal ependymomas- Check for NF2 gene mutation, N-MYC amplification



PF Group A 
(CpG island methylator 

phenotype)

PF Group B 
(with extensive chromosomal 

aberrations)

▪  Young age  (2.5 - 4 yrs)
▪  Laterally located
▪  Invasive
▪  Increased recurrence
▪  Metastasis
▪  Increased mortality
▪  Balanced genome
▪1 q gain
▪LAMA2 over-expression

▪  Older (18 yrs)
▪  Midline
▪ Less aggressive

▪Frequent chromosomal 
aberrations
▪6q-, 22q-, 9q+, 15q+, 18q+
▪NELL2

(Witt et al, Cancer cell 2011; 20: 143-157)

➢Histologically 
indistinguishable 

➢Grade II and III 
tumors equally 
distributed in 
both groups



Hendrik et al, Cancer cell 2011; 20: 143-157



Pajtler KW, Witt H, Sill M, et al (2015), Molecular Classification of Ependymal 
Tumors across All CNS Compartments, Histopathological Grades, and Age Groups. 
Cancer Cell, 27(5):728-43.



Gross total Resection- single most important predictor of outcome that can be altered.

Despite its tough location, in 75-80% of the times, surgeons are able to achieve GTR/NTR

GTR- defined as no residual disease seen intra-op as well on postop imaging. 



Snider et al . Ped Blood Cancer. 2018; 65: e26880 





 64 Ependymoma (of a phase 2 trial)

 5 failures local only with 59.4 Gy – conformal 

radiotherapy

 Dose of 59.4 Gy is necessary. 

 Adverse effects- long term. Better RT techniques 

to spare normal tissue toxicity

• To see if irradiated volumes could be reduced to minimize CNS related side effects 

at the same local control rates

• 3-year PFS- 75%

• Local failure was 14% 

• Preserved NC outcomes at 2 years

• Limited volume radiation is enough (1cm margin enough)



Lancet Oncol 2009

153 pts, median age 2.9 yrs

7yr LC-84%, EFS-69.1%, OS-81%



The 10-year event-free and overall 
survivals were 58.5% and 72.6% 

respectively, with a median follow-up 
of 18.4 years (range, 4.2-23.3 yrs). 

Death occurred in 34 patients from ependymoma (n = 24), 
secondary malignancy (n = 6), necrosis (n = 2), shunt failure (n = 1), 
& anaphylactic reaction (n = 1). 

23 patients developed a secondary tumor including 6 cases of fatal 
high-grade glioma. 

Of the surviving cohort and those ≥18 years old, 98% obtained a 
high school diploma, 64% had a current driver’s license, 89% were 
students or employed full or part time, 32% were living 
independently, and 70% received higher education or training

IJROBP 2023



J Clin Oncol 37. © 2019

ACNS 0121 study



• GTR 1 was defined as no visible residual tumor identified under the operating 
microscope and no evidence of disease in postoperative neuroimaging. 

• GTR 2 was defined as microscopically visible residual tumor identified under the 
operating microscope and no evidence of disease in postoperative neuroimaging. 

• NTR was defined as residual tumor evident on postoperative neuroimaging with 
thickness or nodularity measuring 0.5 cm or smaller in the greatest dimension. 

• STR was defined as residual tumor measuring greater than 0.5 cm on postoperative 
imaging. 



356 new pts, 1-21 yrs old

163 pts118 pts64 pts11 pts









<3 yrs >3 yrs P value

5 yr EFS 62.9% 70.5% NS

5 yr OS 87.4% 85.8% NS

Immediate postoperative radiation nullified the effect of age



Grade still very relevant in 
strata 3 and 4



79% of ST tumors had RELA fusion

No impact of RELA fusion status on outcome of patients



Ramaswamy et al, J Clin Oncol, 2016; 34(21):2468-2477 

ACNS 0121

There was no impact of 
classifying PF lesions to A and B

PF-A lesions did as well as others 
with immediate Postop RT



Impact of 1q gain

Local Failure

Distant Failure

Local Failure

Distant Failure



Strata 2- STR followed by chemo followed by Surgery & RT

No impact of 1q gain on EFS, failure patterns

OS: 20% vs. 84.6% (p=0.019)

Impact of 1q gain



Cavalli, et al Acta Neuropath 2018



Role of Maintenance 
chemotherapy after surgery & 

radiation is being evaluated



54 Gy vs. 59.4Gy, the practice varies

Current ACNS0831 protocol

CTV1: Residual tumor and resection bed + 0.5cm
CTV2: Residual tumor and resection bed, excluding the cord

Dose: 54Gy to PTV1 and 5.4Gy boost to PTV2
(previously 54Gy to children <3yrs)



Phase 2 study local postop RT 
for 1-21 yrs

74/88 pts had GTR

59.4Gy to 73 pts and 54Gy to 
<3yrs old

75% 3 yrs PFS, 
8/20 recurrences local only

J Clin Oncol 22:3156-3162. © 2004



• POG-9132:  6960cGy through Hyperfractionation

• SIOP 59.4Gy followed by 8Gy/2#

• NCDB study 548 patients

      Did not show a benefit w.r.to OS

      No data regarding local control

Kovnar, et al JNO 1997
Massimino M, et al IJROBP 2004, Neuro Oncol 2016

Vogel, et al ARO 2019, 



QUANTEC paper IJROBP 2010 Merchant, et al. IJROBP 2009



Gender, GTV volume were factors at 12 months
No. of resections, age were factors at 24 months
CSF shunting, GTV volume were factors at 60 months

No differences in outcomes based on DVH parameters 
to Brainstem

Total 68 pts
17 without deficits did not develop any deficit
4 pts developed progressive deficits

Merchant, et al IJROBP 2010

Conclusions: Incomplete recovery of brainstem function is 
related to surgical morbidity and the volume and the extent 

of tumor.



 No clear detriment with delayed RT in pediatric and 
young adult patients with localized intracranial 
ependymoma

 Given the importance of NTR/GTR on survival, we 
advise complete surgical resection whenever 
feasible, even if second look surgery is required, 
leading to a delay in adjuvant RT

 Routine delays in postoperative RT should be 
avoided, but these data suggest that it may be 
considered in selected patients who may benefit 
from second look surgery, require additional time for 
adequate healing, or to facilitate referral to a high-
volume RT center.



Conformal technique preferred

IMRT was preferred in ACNS 0121 due to 
wide availability

Proton therapy encouraged wherever 
possible- 20/356



Hearing loss

Impaired Cognition

Impaired academic performance

Endocrine Dysfunction

Growth abnormalities

Vasculopathy- CVA

Brain stem necrosis

Optic pathway dysfunction

Social issues

Psychological issues

Impaired overall QOL

Second Malignant neoplasms

Dose to Pituitary

Hypothalamic Dose

JCO 2016,JCO 2011, R Jalali, et al PRO 2019 



• Superior long-term outcomes in global 

IQ, perceptual reasoning, and working 

memory compared with the XRT group 

(all P < .05). 

• XRT group exhibited a significant decline 

whereas PRT group exhibited stable 

scores over time in all domains with the 

exception of processing speed (P = .003)

Endocrine axis X-
ray

Proton P 
value

Hypothyroidism 69% 23% 0.01

Sex hormone 
deficiency

19% 3% 0.02

Any hormone 
replacement

78% 55% 0.03

Height SDS score -2 -1.19 0.02

Eaton, et al Neuro Oncol 2016, JCO 2019







Ten cohorts comprising 908 patients with ependymoma were 
included. The patient population had an average age of 3.5 years, 
and 53.4 % were male.

Endpoints Proportion

5 yr LC 79%

5 yr EFS 65%

5 yr OS 83%

Neurological AE 17%

Brainstem AE 3%



Re-surgery followed by re-
irradiation is the usual standard



1. Time to first recurrence is one of the strongest prognostic factors in ependymoma.

2. Early failures (within 24 months) typically indicate radioresistant, molecularly aggressive 
disease (especially PFA or ZFTA+).

3. Late recurrences tend to have prolonged post-recurrence survival, often with durable control 
after surgery and re-irradiation.

4. Post-recurrence PFS is roughly one-third to one-half of the initial PFS in most series, but may 
equal or exceed it in late-relapsing indolent subtypes (PFB, YAP1+, spinal).

5. Re-irradiation is safe and beneficial for localized relapse, especially with proton therapy 
minimizing cumulative dose to critical structures.

6. Long-term surveillance (>10 years) is essential — some PFB recurrences appear after a decade.



Median follow up of 37 months 
3-yr PFS and OS were 40% and 51%.

•  GTR at recurrence
• early salvage re-RT 
• longer (> 2 years) DFI 

Salvage re-RT was well tolerated with 
5.5% developing symptomatic radiation 
necrosis

Better 
Outcomes

JNO 2020

49% progressed after salvage RT

29% neuraxis dissemination
20% local progression

• Systemic chemo to delay re-RT in salvage 
setting was detrimental 



• St.Jude’s data (101 children) and Sick Kids data (31 children) demonstrate better 
EFS in pts treated with CSI for focal recurrence

Tsang, et al IJROBP 2017, Neuro Oncol 2019

• Need for full doses of RT in salvage RT setting, generally well tolerated.

• Molecular markers dictate survival

• Systemic chemotherapy to delay re-RT is detrimental





25 pts, were treated between 2018-2023; 17 males, 8 females

17 newly diagnosed, 6-local recurrences, 2-distant recurrences

Median age-10.8 yrs (9mo-52 yrs); <3yrs-24%, 3-18yrs-56%, and >18years-20%

18pts- PF ependymoma, 4 pts- ST ependymoma & 3-spinal ependymoma 

Posterior 
fossa

Supra-
tentorial

Spinal

Grade 2 -11(44%) 10(40%) 1(4%) 1

Grade 3-14(60%) 9(36%) 3(12%) 2(8%)

Molecular Alteration: 

All 10 PF-A Ependymomas had H3K27me3 global loss, of which 3 
had 1q gain.

Among ST Ependymomas- 2 patients had ZAFTA fusion, 1 had 
Yap1 fusion.



New Cases-Total-17
➢ 29.4%(5 patients) underwent multiple surgeries to 

maximize the extent of resection at APCC
 (1 patient had systemic chemotherapy before 2-nd surgery)
➢ 94.1 % (16 patients) had a gross total or near total 

tumour resection before radiotherapy 
➢ 41.2%(7 patients ) had a shunt insertion

Recurrent Cases-Total-8 (Local recurrence-6, Distal 
recurrence-2)
➢ 62.5 % (Total-5 patients) underwent surgery for local 

recurrence
➢ 1 patient refused Surgery 
➢ 2 patients had multi-site recurrences- not offered 

surgery
➢ 2 (25%) patients achieved GTR



 Radiation dose to postop bed-54 GyE/30#  to  59.4 GyE/33#
 Craniospinal irradiation 35 Gy/21# followed by boost(18 GyE/10# or 19.8 GyE/11#)
 The median time for Re RT From Initial radiation-37 months
 28 % (7 patients) needed  IV sedation under the care of a pediatric anesthesiologist (< 5 Years)

Target Volume; Definition

GTV Residual gross tumor plus the tumor bed

CTV GTV plus a 15 to 20 mm expansion, modified
for anatomic barriers to tumor spread 

Posterior fossa-Upto C2

PTV1 Clinical target volume (CTV) plus a
3mm symmetric expansion-54 GyE/30#

PTV2 GTV  plus a 3mm symmetric
Expansion-1.8 GyE/1# Or 5.4 GyE/3#(Age,resection 
status,Grade and molecular pattern)



➢ Median Follow up- 18 months
➢ Two years of local control rate of newly diagnosed ependymoma was 85.7% after proton therapy. 

(One patient had local progression after 22 months)
➢  One year and two years local control rates were 62.5% and 28.6% in recurrent ependymoma

Months Months

PFS PFS

PFS following Proton re-irradiation
PFS after 1st-Proton therapy





Surgery GTR/NTR is the key

Impact of postoperative radiation: 
GTR/NTR, STR

Huge impact on outcome

Impact of grade, age, molecular 
classification

Discussed

Radiation Dose and volume 54-59.4Gy, focal RT1 unless disseminated

Impact of technique
Advanced techniques must

Proton therapy preferable in RT1 and RT2 

Recurrent setting
CSI preferable, full doses

Don’t delay re-RT



Pediatric Gliomas

• Pediatric “circumscribed” Gliomas
• Pediatric “diffuse” low-grade Gliomas
• Pediatric “diffuse” high-grade Gliomas
• Pediatric neuronal/neuro-epithelial tumors
• Pediatric ependymal tumors
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