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La sottoscritta  Elisabetta Schiavello
ai sensi dell’art. 3.3 sul Conflitto di Interessi, pag. 17 del Reg. Applicativo dell’Accordo Stato-
Regione del 5 novembre 2009,

dichiara
❏ che negli ultimi due anni NON ha avuto rapporti diretti di finanziamento con soggetti 

portatori di interessi commerciali in campo sanitario



HISTORY
• 1993-97 PNET: descriptive diagnosis 
• 2000 supratentorial PNET
• 2007 CNS-PNET : heterogeneous group with descriptive- morphological 

characteristics but lacking specific diagnostic criteria 

• WHO 2016: PNET introduction of genome wide 
molecular diagnostics unveiled  molecular 
heterogeneity

• WHO 2021: incorporation of specific molecular-
genetic alterations into the diagnostic  criteria

Louis et al

rare CNS  embryonal tumors• 16% of CNS tumors: MBL, ATRT, ETMR and 
others rarer entities

• infants/ young children
• highly cellular tumors: small, blue, round cells 
• with tendency for dissemination



Gojo J. et al



• ETMR
• CNS neuroblastoma, FOXR2-activated (CNS NB-FOXR2) 
• CNS tumour with BCOR-ITD (CNS BCOR-ITD)

• primary intracranial sarcoma, DICER1-mutant(CNS DICER1) 
• CIC-rearranged sarcoma  (CNS CIC)

• Pineoblastoma
• Astroblastoma MN1 altered (glioma sub-type??)

 other novel tumour types with distinct molecular features such as gene fusions involving PATZ1, BCOR/BCORL1 or 
PLAGL1 have recently been described and are not included in the 5th edition of the WHO classification of CNS 
tumours, yet

the classification is expected to undergo constant evolution and refinement in the coming years…

are now listed in the group of mesenchymal 
tumours of uncertain differentiation



embryonal tumour with multilayered rosettes- ETMR



Khan S. et al



159 pts, centrally reviewed

C19MC-altered ETMRs (red) and
ETMR NOS (light blue)



ETMR, essential diagnostic criteria

• typical morphological pattern: ETANTR, 
EBL, MEPL

• IHC: LIN28A expression, is supportive but 
not specific (also in HGG/ATRT)

• 90%: recurrent amplification of C19MC (by 
FISH or methylation)- chr19 miRNA 
cluster

• 5%: DICER1 mutation (genetic counselling)
• rare negative C19MC/DICER1: miR-17-92 

microRNA amplification, chr13
Korshunov A, Acta Neurop 2014

N=97

LIN28



Li C, Cancer Cells 2009
N=11

Spencer  T, Acta Neurop 2014
N=54

Korshunov A, Acta Neurop 2014
N=97

ETMR- previous retrospective series



EFS(n=57) and OS(n=51) for 
pts treated HD CT  with or 
without RT

better OS associated with :
- NON METASTATIC
- NON-BRAINSTEM

- GTR
- HD-CT 
- RT

Khan S. et al

159 pts
108 pts with curative intent: 

2yrs EFS 31%; OS 29%

multivariable
analysis

univariate
analysis





despite response rates on CT of 30%
38/40 (95%) relapse/progressions occurred on treatment

von Hoff, 2021



• median age 2.9 yrs
• 35 pts (9 M+)
• 30 pts non-brainstem:

5-yr PFS/OS: 35/47% with       
CARBO/ETO + HDCT (n = 17)
• all 4 pts with brainstem 

tumor died within 10 
months after diagnosis

• indipendent prognostic
factors (multiv):

- supratentorial
- M0
- no residual tumor
- CBDCA/VP16+HDCT
• of 9 survivors: 6 treated 

with RT (CSI 4; focal 2)



Hanson D, Chi S et al.



Mayr L,  et al



Preclinical studies have identified sensivity of ETMR tumor
models to  topisomerase inhibitors and PARP-inhibitors
need further evalutations (M. Kool, Heidelberg)

Clinical applicability of miR517a detection in 
liquid biopsies of ETMR patients (Madlener S, Wien)



SURGERY
- maximal safe resection
- consider re-resection

CHEMOTHERAPY (chemoresponsive tumors)
- early
- possible regimens include:
• used for AT/RT (i.e. EURHAB, IRSIII modified)
• evaluated for rare CNS embryonal tumors (i.e. P-HIT)
• evaluated for young children with high risk CNS tumors (Head start, ACNS0334)

RADIOTHERAPY
- early
- decision on fields (focal /CSI) and irradiation technique (photons/protons) should be guided by age, 

staging and the size/ location of the tumor
- <3 yrs, M0: focal RT (tumor bed)
- >3 yrs: CSI vs focal: insufficient evidence for recommendations; on individual factors/national guidelines

ESCP Treatment recommendations
European Standard Clinical Practice Guidelines



CNS neuroblastoma, FOXR2-activated



• arise in young children (median age 5-8 years)
• balanced across genders
• older age at presentation than ETMR

• only supratentorial

• in one study, CNS metastases were present in 17%
• 5-year OS >80% (Korshunov et al., 2021)

von Hoff et al, 2021



CNS neuroblastoma, FOXR2-activated

Essential diagnostic criteria:
• embryonal tumor with foci of neuroblastic or neuronal differentiation and
• chromosomal rearrangements that lead to increased expression
of the transcription factor FOXR2

• OLIG2 and synaptophysin expression

• vimentin is usually absent

in poorly differentiated tumors exclude HGG



diagnosis

after surgery

after 2 months



• estimations for prognostic parameters are difficult to identify
• prolonged survival reported also for pts with high-risk criteria (residual tumour and M+)
• focal RT  vs  CSI: higher frequency of distant relapses after focal irradiation

Von Hoff K, et al Neuroncology, 2021

63 pts



LOCALIZED disease

• maximal safe resection (consider re-resection)
• focal RT cannot be recommended (distant 

relapses reported)-> CSI

• older children: a “MBL”-like treatment with 
CSI (standard risk 23.4 Gy) and   maintenance 
CT (es BABABABA PNET5)

• young children: RT-omitting regimens 
(eventual use of salvage RT may be used)

RESIDUAL tumor
• upfront CT (i.e.CBDCA-VP16 x 2)
• second surgical opinion is recommended
• CSI and maintenance CT as localized 

disease

METASTATIC disease
• treatment according to MBL-HR/ CNS PNET 

with increased CSI dose
• upfront CT may be used with subsequent 

re-evaluation of re-surgery



CNS tumor with BCOR internal tandem duplication
(CNS BCOR-ITD)





24 cases have been described

• young children (but also also in older/ young 
adults): median age 4 yrs, range 7 mos–22 yrs

• arise in both genders
• site: across  entire CNS, but cerebellar

hemisfere: frequently involved
• high propensity for CNS and extracranial

spread 
• aggressive behaviour: poor OS: 70% after 2 

years and 50% after 4 years



heterogeneous data on treatment:

- gross total resection/re-resection
- benefit from RT (CSI)
- benefit from multiagent CT (regimen used for high risk

embryonal tumor types or sarcoma seem to be justified)
- intrathecal chemotherapy may be used (AT/RT regimen)



CNS embryonal tumor NEC/NOS
• is a tumor arising in the CNS with embryonal /immunophenotype morphology

• but lacking an alteration that would classify it as one of the molecularly defined CNS embryonal tumors

NEC not elsewhere classified
molecular analyses successfully performed but 
the results do not lead to an established WHO 
CNS5 diagnosis

NOS not otherwise specified
molecular analyses have not yet or could not be 
successfully performed

 it is strongly recommended to refer such cases 
to a national/international reference centre



https://paedcan.ern-net.eu/the-escp-project/. 
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