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Classificazione WHO 2016

Layer 1: Integrated diagnosis {incorporating all tissue-based
information)

Layer 2: Histological classification

Layer 3: WHO grade (reflecting natural history)

Layer 4: Molecular information

Table 3. Diagnosis example: atypical teratoid/rhabdoid tumor.

A B
Integrated diagnosis Atypical teratoid/rhabdoid tumor, WHQO grade IV Embryonal tumor with rhabdoid features, WHQO grade |V
Histological classification Embryonal tumor with rhabdoid features Embryonal tumor with rhabdoid features
WHO grade IV v
Molecular information INIT loss of protein expression/mutation or BRG1 INIT and BRG1 protein expression retained/not mutated
loss of protein expression/mutation or molecularfimmunohistochemical testing not performed

In this example, using the layered diagnosis format, the integrated diagnosis of atypical teratoid/rhabdoid tumor is only possible in the setting of
either INI1T or BRG1 loss of protein expression or mutation {column A); without these findings, only a descriptive diaghosis is possible {column B).
{Note that this is an example only and that the eventual definition will result from the WHO classification updating process.)
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Table 5. Example: integrated diagnoses for WHO grade |l adult diffuse gliomas.*
Histologic classification

Diffuse astrocytoma Oligodendroglioma “Oligoastrocytoma” or
ambiguous histology

IDH-mut, 1p/19q-nondel, | Diffuse astrocytoma, ATRX loss of Diffuse glioma™ f{oligodendrogfioma Diffuse astrocytoma, ATAX
; ATRX loss exXpression phenotypel, 1o/18g non-deleted, toss of expression
g ATRX loss of expression
.§ IDH-mut, 1p/19q-codel, Diffuse ghoma (astrocytoma Oligodendroglioma, 1p/19qg-codeleted | Oligodendroglioma, 1p/19g-
E ATRX intact phenotypel, 1p/19g-codeleted codefeted
©
§ IDH wild type Diffuse astrocytoma, IDH wild type® | Diffuse ghoma™ (otigodendroglioma Diffuse astrocytoma, 1DH
° phenotype), IDH wild type™ wild lype™
2

Testing not performed Diffuse astrocytoma, NOS Oligodendroglioma, NOS “Diffuse glioma, NOS™

This example shows how the integrated diagnostic terms for adult WHQO grade Il diffuse gliomas {names in italics in boxes) could involve a
combination of histological and molecular data, although an NOS {nhot otherwise specified) diagnosis would be made in the absence of molecular
information {bottom row). Highlighted in light gray are the cormman, narrowly histologically and molecularly defined, “classic” diffuse astrocytoma and
oligodendroglioma. Note that in this suggested scheme, the term “oligeastrocytoma” does not appear in a diagnostic box, with the last column
showing the alternative diagnoses for what has been inconsistently termed “oligoastrocytorma.”

*A similar classification scheme would apply for WHO grade |ll, anaplastic gliomas.

*This tumeor type may include gliomas that carry genstic alterations similar to primary glioblastoma feg, +7/-10, EGFR gene amplification} and are
associated with poor prognosis, in particular in the setting of anaplastic (WHO grade Ill} histology. {Note that this table is an example only; the eventual
definitions would result from the WHO classification updating process.)

Abbreviations: 1p/19g-codel = whole-arm 1p and 19q co-deletion; ATRX intact = retained nuclear expression by immunchistochemistry; ATRX
loss = loss of nuclear expression in tumor cells {with retained expression in non-neoplastic cells as positive control}; Mut = mutant form.



Classificazione WHO 2016

Histology Astrocytoma Oligoastrocytoma Oligodendroglioma
| J
s
|
IDH stat '
H us IDH mutant IDH wild-type :
I
|
I
I
lf'{ISq m:' i) 1p/19q codeleti '
other genetic o5 = tion® p/19q codeletion :
parameters l
l .
I
¢
I

Diffuse astrocytoma, /[DH mutant

Glioblastoma

[DH mutant

¥

[DH wild-type

Glioblastoma, IDH mutant

Oligodendroglioma, /IDH mutant and 1p/19q codeleted

* =characteristic butnot
required for diagnosis

Fig. 1 A simplificd algorithm for elassification of the difluse glio-
may bassd on histological and genetic features {see (ext and 2016
NS WHO for derails). A caveart to this diagram is that the diagnos-
tic “fow"” does not necessatily always proceed from histology fiest

Glioblastoma, IDH wild-type

Genetic testing not done
or inconclusive

After exclusion of other entities:
Diffuse astrocytoma, IDH wild-type
Oligodendroglioma, NOS

to moleenlar genctic featres next, since molecular signatutes can

v

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS
Oligoastrocytoma, NOS
Glioblastoma, NOS

sumetimes outweigh histological characteristics in achicving an “inte-
grated” diagnosiz, A similar algorithm can be [ollowed [or anaplastic-
level diffuse gliomas; * Characteristic but not required for diagnosis.
Reprinted from [27], with permission from the WHO



Differenze classificative

TUMOURS OF NEUROEPITHELIAL TISSUE Neuronal and mixed neuronal-glial tumours
Dysplastic gangliocytoma of cerebellum
Astrocytic tumours (Lhermitte-Duclos) 9493/0 WHO grades Of se'e(:t CNS tumours
Pilocytic astrocytoma 9421/11 Desmoplastic infantile astrocytoma/
Pilomyxoid astrocytoma 9425/3* ganglioglioma 9412/1

Subependymal giant cell astrocytoma 9384/1 Dysembryoplastic neuroepithelial tumour  9413/0 Diffuse astrocytic an d OIlgOdendr Ogllal tU mours
Pleomorphic xanthoastrocytoma 9424/3 Gangliocytoma 9492/0

Diffuse astrocytoma 9400/3 Ganglioglioma 9505/1 Dlﬁuse aStrOC)’tOma, IDH’mutant “
Fibrillary astrocytoma 9420/3 Anaplastic ganglioglioma 9505/3 : 2
Gemistocytic astrocytoma 9411/3 Central neurocytoma 9506/1 Anap|aSt|C aSI fOCVI()ma. I D H mUtant :{;
Protoplasmic astrocytoma 9410/3 Extraventricular neurocytoma 9506/1* : A
Anaplastic astrocytoma 9401/3 Cerebellar liponeurocytoma 9506/1* G I |Ob'aStoma' | D H Wi I dtype | V
Glioblastoma 9440/3 Papillary glioneuronal tumour 9509/1* i -
Giant cell glioblastoma 9441/3 Rosette-forming glioneuronal tumour GI IOblaStoma' | D H mUtant V
Gliosarcoma 9442/3 . of the folurth ventricle 3509/11’ Diffuse midline g'loma. H3 K27 M-mutant I
Gliomatosis cerebri 9381/3 araganglioma 680/ >
Oligodendroglioma, IDH-mutant and 1p/19q-codeleted I
Oligodendroglial tumours Tumours of the pineal region : : : 5
Oligodendroglioma 9450/3 Pineocytoma sen  Anaplastic oligodendroglioma, IDH-mutant and i
Anaplastic oligodendroglioma 9451/3 Pineal parenchymal tumour of N
intermediate differentiation 9362/3 1 p/ 1 gq COd eleted
Oligoastrocytic tumours Pineoblastoma 9362/3
Oligoastrocytoma 9382/3 Papillary tumour of the pineal region 9395/3* 1
Anaplastic oligoastrocytoma 9382/3 Other aStrocytlc tumours l
Embryonal tumours i | ma
Ependymal tumours Medulloblastoma 9470/3 P : locytlc aStrocyt.o l
Subependymoma 9383/1 Desmoplastic/nodular medulloblastoma 9471/3 Subependymal glant cell aStrOCytoma
Myxopapillary ependymoma 9394/1 Medulloblastoma with extensive .
Ependymoma 9391/3 nodularity 9471/3* Pleomor pth xanthoastr: ocytoma Il
Cellular 9391/3 Anaplastic medulloblastoma 9474/3* . s
Papillary 9393/3 Large cell medulloblastoma us  Anaplastic pleomorphic xanthoastrocytoma il
Clear cell 9391/3 CNS primitive neuroectodermal tumour ~ 9473/3
Tanycytic 9391/3 CNS Neuroblastoma 9500/3
Anaplastic ependymoma 9392/3 CNS Ganglioneuroblastoma 9490/3 Ependymal tumours |
Medulloepithelioma 9501/3
Choroid plexus tumours Ependymoblastoma 9392/3 S R be pendymo ma
Choroid plexus papilloma 9390/0 Atypical teratoid / rhabdoid tumour 9508/3 Myxo papi | |ary epe ndymoma l
Atypical choroid plexus papilloma 9390/1* ”
Choroid plexus carcinoma 9390/3 E pendymoma
TUMOURS OF CRANIAL AND PARASPINAL : %)
Other neuroepithelial tumours NERVES Ependymoma. REI—A fUSlon—DOS|t|V9 “ or :::
Astroblastoma 9430/3 H
Chordoid glioma of the third ventricle 9444/1 Schwannoma (neurilemoma, neurinoma)  9560/0 Anap'aSt|C ependymoma
Angiocentric glioma 9431/1* Cellular 9560/0
Plexiform 9560/0 i
Melanotic 9560/0 Other gllomas y |
T o B S B o b R wgo AANGIOCEnNtric glioma .
;e:::;tﬁ;sbmz?nglov benign tumours, /3 for malignant tumours and /1 for borderfine Plaxiform 9550/0 ChOdeld g ||Oma Of thl rd Vent”CIe l |
] D-0. Whie they

i forthedth
are expected to be incorporated into the next ICD-O edition, they currently remain subject to
change.



Classificazione WHO

2016

Table 2 Summary of the major changes in the 2016 CNS WHO

Formulating concept of how CNS (umor diagnoses are structured in
the molecular cra

Major restructuring of dilfuse gliomas, with incorporation of geneti-
cally defined entitics

Major restructuring of medulloblastomas, with incorporation of
genetically defined entities

Major restructuring of other emibryonal tumors, with incorporation
of genetically defined entities and removal of the ferm “primitive
neuroectodermal tunior”

Incorporation of a genetically defined ependymoma variant

Novel approach distinguishing pediatric look-alikes, including desig-
nation of novel, genetically defined entity

Addition of newly recognized entities, variants and patterns

IDH-wildtype and IDH-mutant glioblastoma {entities)

Diftuse midline glioma, H3 K27M-mutant (entity)

Embryonal tumour with multilayered rosettes, CTOMC-altered
(entity)

Ependymoma, RELA fusion—positive {entity)

Diituse leptomeningeal glioneuronal fumor {(entity)

Anaplastic PXA (cntity)

Epithelioid glioblastoma (variant)

Glioblastoma with primitive neuronal component (pattern)

Multinodular and vacuolated pattern of ganglion cell turmor (pattern)

Deletion of tormer entities, variants and terms

Glivmatosis cerebri

Protoplasmic and fibrillary astrocytoma variants

Cellular ependymoma variant

“Primitive neuroectodermal tumour™ terminology

Addition of brain invasion as a criterion for atypical meningioma

Restructuring of solitary fibrous tumor and hemangiopeticytoma
(SFT/HPC) as one enlily and adapling a grading system (o accom-
modate this change

Expansion and clarification of entilies included in nerve sheath
tumors, with addition of hybrid nerve sheath tumors and separation
of melanotic schwannoma trom other schwannomas

Expansion of entities included in hematopoietic/lymphoid tumors ot
the CNS (lymphomas and histincytic tumors)

| 11



Most Common Brain and CNS Tumors by Age
CBTRUS Statistical Report: NPCR and SEER Data from 2004-2006

Age Most common Second most
histology common
histology
0-4 Embryonal/ Pilocytic
medulloblastoma astrocytoma
9-9 Pilocytic Malignant glioma,
astrocytoma NOS
10-14 Pilocytic Neuronal/glial
astrocytoma
15-19 Pituitary Pilocytic
astrocytoma

CBTRUS, Central Brain Tumor Registry of the United States
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Qurrent concepts in radiologic assessment of pediatric brain tumors
during treatment, part 1
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] n n Fig. 5 Pontine diffuse midline

glioma in a 7-ycar-old boy. a

( : rI e r I I ac O n a Axial T2-weighied MR image
(repetition time‘echo time [TR/
TE] 4,500/100 ms) shows a
typical pontine diffusc midline
glioma with expansion of the
pons and encasement of the
basilar artery (hlack arvow). 1l
defined and patchy areas of low
signal arc thought to rcpresent
MOIC aggressive tumor arcas
(white arrow), b Coronal NMuid-
attenualed inversion recovery-

weighted image shows a
hyperintense tumor with similar
patchy arcas of low signal

(arrow). ¢ Axial apparent
diffusion coefficient (ADC) map
shows corresponding areas of low
ADC values (arrow) in a confext
ol non-restricting mass. d Axial
Tl-weighted image (TR/TE 700/
12 ms) after gadolinium
administration shows faint
cnhancement (arrow)
comesponding Lo areas of low 12-
signal intensity and more

R a PN O restricted diftusion




Response Assessment in Pediatric Neuro-Oncology:
Implementation and Expansion of the RANO Criteria in a
Randomized Phase Il Trial of Pediatric Patients with Newly
Diagnosed High-Grade Gliomas

T. Jaspan, ““P.S. Morgan, ““M. Warmuth-Metz, ““E. Sanchez Aliaga, ““'D. Warren, ““R. Calmon, 7). Grill, “*'D. Hargrave,
). Garcia, and G. Zahlmann
MRI
l v
Structural Multimedal
l \ 4
T1-enhancing lesion Non-T1 enhancing abnormality
h 4
T2-FLAIR sequence
{ ; 3 !
Measurable  [4¢—— Non-measurable Diffusion Perfusion
MRI MRI
: : ‘ !
Quantitative Qualitative Qualitative assessment
assessment assessment
(Restricted/ rCBV
l isointense/ (decreased/
increased) same/
Measure LD and GPD on ‘index’ axial image l increased)
Calculate PCD and % change relative to nadir b Summated diagnosis

FIG1. Structural and multimodalimaging used in the HERBY study. LD indicates longest diameter;
GPD, greatest perpendicular diameter; PCD, product of cross-sectional enhancing diameters.

AINR Am J Neuroradiol 371581-87  Sep 2016 www.ajnr.org 1581



Childhood Cancer Survival Rates
(SEER Pediatric Monograph, 1999)

S5-year survival Increase in survival
1975-84 vs 1985-94

Retinoblastoma
Wilms’ (kidney)
Hodgkin's lymphoma
Germ cell
Lymphoid leukemia
Non-Hodgkin's lymphoma
Brain
Soft-tissue sarcoma
Neuroblastoma
Bone
Liver
Myeloid leukemia

! ) ! '

100 0 0 25
Percent surviving Percent increase




Rate per 100,000

Figure 8.
Age-standardized Incidence and mortality rates for all cancers
in children and youth, ages 0-19 years, Canada, 1970-2000

—e— [ncidence  —— Mortality

5 W

Year



!
1

,
G
U

Associazione italiana
registri tumori

A cura di

Paola Pisani,

Maria Luisa Mosso,
Carlotta Buzzoni,

Paolo Crosignani,

Maria Michiara,

Rosario Tumino

e AIRTUM Working Group

www.registri-tumori.it

tasso per milione

Buone notizie per i bambini italiani: dopo il 2000 si arresta anche
la crescita dei tumori maligni del sistema nervoso centrale

35

e MALIGNI
30 - MALIGNITA INCERTA
\ —@— BENIGNI
25 A
‘r_‘_,,——‘r/”' T~ ‘ux\\\\\\\ﬁk
20
15 Af””lfll\\\\\\\\.l

1985 1990 1995 2000 2005 2010

0
1980

@ Nell’ultimo aggiornamento della banca dati AIRTUM la crescita dei tumori infantili, persistente dai primi anni
Ottanta, subiva una battuta di arresto (Epidemiol Prev 2010; 34(1-2): 4). ® Questo grafico mostra un aggiorna-
mento delle tendenze temporali delle neoplasie del sistema nervoso centrale (SNC), il secondo sottogruppo di
neoplasie infantili per numerosita dopo le leucemie (22% del totale). ® | risultati confermano un aumento del-
I'incidenza del complesso dei tumori del SNC, dovuto principalmente ad anticipazione diagnostica in soggetti
sintomatici e alla maggiore attenzione riservata dai registri generali alle patologie non maligne, ma nello stesso
tempo mostra che le neoplasie maligne (in azzurro) non sono aumentate.

Per i metodi e I'approfondimento vedi www.epiprev.it/rubriche/numeri-come-notizie/intro




Registro dei Tumori Infantili del Piemonte 1970-2005
Bambini 0-14 anni
Sopravvivenza
cumulativa (CS) per tumori SNC
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Medulloblastoma Medulloblastoma
Ependimoma
Ependimoma Gliom1 di basso grado

Gliomi di basso grado
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Medulloblastoma

SIOP PNET 5 MB

Medulloblastoma >3-5 Medulloblastoma >3-5

anni anni
MO < 16 anni per LR
Resezione < 1.5 cm? < 22 anni per SR
MO
Unica modalita di Resezione < 1.5 cm?
trattamento 4 categorie con

different1 protocollil di
terapia




Medulloblastoma

AN INTERNATIONAL PROSPECTIVE TRIAL ON MEDULLOBLASTOMA IN
CHILDREN OLDER THAN 3 TO 5 YEARS WITH WNT BIOLOGICAL
PROFILE (PNET 5 MB — LR and PNET 5 MB — WNT-HR), AVERAGE-RISK
BIOLOGICAL PROFILE (PNET 5 MB -SR), OR TP53 MUTATION AND
REGISTRY FOR MB OCCURRING IN THE CONTEXT OF GENETIC
PREDISPOSITION

e PNET 5 MB-LR

e PNET 5 MB-SR
e PNET 5 MB-WNT HR
e PNET 5 MB SHH-TP53



[ Medulloblastoma > 3-5 years, < 22 years™* ]
v

Sufficient tumour material {incl. Fresh frozen tumour and blood)
Sufficient quality of staging procedures:

Pathological Review {including cmyc/nmyc-FISH, somatic CTNNB1-mutation)

Subgrouping (2nd method)
cMRI/spMRI/early post-OP MRI review
CSF cytology

¥

.
L

-~

No known cancer predisposition syndrome {except TPS3 for SHH}
Mandatory testing for TP53, PTCH, SUFU in SHH-Medulloblastoma

Testing recommended for BRCA2 and PALB2 in SHH-MB, and APC in CTNNB1-

‘ Pathogenic germline alteration
—~ L {except TPS3 for SHH)

/

Y
SHH-TPS3mut

[ PNET 5 MB WNT-HR*

all stages
all subtypes
all ages*
mandatory
assessment of
germline TP53

PNET S MB Registry ]

PNET 5 MB
SHH-TP53

" WNT-MB
¥ ¥
[ WNT | || ron vnT/ non SHH (Group 3/4) and sHH-TPs3wt | [
L 2
{ )
CTNNB1 mut+ cmyc/nmye neg. or
] nol ° <16 years group 4 and nmyt pas./ cmye neg. no
J‘ =~ MO Ma
* R<1.5cm? R = 1.5¢m?
k. CMB/DMB ) CMB/DMB

l yes

yes l

PNET S MB-LR

PNET 5 MB-SR ]

h

*exceptions: WNT-HR and SHH-TPS3 all ages eligible

Not eligible ]




PNET 5 MB - LR | PNET 5 MB - SR | PNET 5 MB — WNT-HR | PNET5 MB—SHH TP53 | PNET 5 MB Registry
Mandatory s Histology by central reference assessment
asessments s Early post-operative cranial MRI by central reference assessment
* Pre- or postoperative craniospinal MRI by central reference assessment
o  MYC/MYCN amplification
e B-catenin mutation and -catenin by IHC {(Monosomy 6 optional)
s Cytology of CSF through lumbar puncture
* For all SHH-activated MB: mandatory somatic (blood control) preinclusion sequencing of PTCH, SUFU &
TP53 genes
» Please see further recommended genetic counselling and assessments on pages 10 and 174
Inclusion ¢ CMVB or DMB e CMB or DMB ¢ CMB, DMB or LCA o All stages o All stages
criteria e¢and CTNNB1 e and Group3or4 MB o All subtypes o All subtypes
mutation MB or SHH TP53 | » WNT 2= 16 years or e All ages » All ages
e and < 16 years wt WNT without e SHH MB ¢ Pathogenic
e¢and MO ¢ and MO CTNNB1 mutation e 7P53 somatic or germline
eand R < 1.5 cm? e and R< 1.5 cm? e MO or M+ germline (including alteration
s and cmyc/nmyc e and cmyc ® RO or R+ mosaicism) (except TP53
negative negative e cmyc/nmyc negative mutation for SHH}
e and nmyc or positive

negative {and
nmyc positive in
group 4 MB)




Treatment plan PNET 5 MB — LR study

LR-Study
*  WNT positive MB {CMB, DMB)
+ with CTNNB1 mutation
+ age < 16 years
+ and MO
+ and R< 1.5cm?2

Radiotherapy

{to be started within 28 {maximum 40) days after surgery)

Brain — 18.0 Gy in 10 daily fractions of 1.80 Gy

Spine — 18.0 Gy in 10 daily fractions of 1.80 Gy

Primary tumour boost — 36.0 Gy in 20 daily fractions of 1.80 Gy

Total dose to primary tumour — 54.0 Gy in 20 daily fractions of 1.80 Gy

k4

Maintenance Chemotherapy

{to be started 6 weeks after end of radiotherapy)

6 cycles ABA_BAB

Regimen A: Cisplatin 70 mg/m? day 1, CCNU 75 mg/m? days 1-2, VCR 1.5 mg/m? days 1, 8, 15
Regimen B: Cyclophosphamide 1000 mg/m? days 1-2, VCR 1.5 mg/m? day 1




Ependimoma

Supratentorial Ependymoma

RELA fusion positive
* C170rf95-RELA fusion (70%)
* Young children
* WHO grade II/1ll

Yap 1 fusion positive

* MAMLD1-YAPT or
FAM118B-YAP1 fusions

e Children

* WHO grade II/1ll

Subependymoma
» Balanced genome
* Adlults

*» WHO grade |

Group A
» Epigenetic modifications, no SNVs
* Young children

Subependymoma

. Classic
* Poor overall survival » Adolescent children,  » Balanced
Group B adults genome
s Chromosomal defects +WHGQ grade |l s Adults

* Adoelescent children, adults
* Good overall survival

* Good overall survival  * WHO grade |

Myxopapillary
Subependymoma * Adolescent children,
» Balanced genome adults
* Adults * WHO grade |
* WHO grade | ¢ Good averall survival

Pediatric Brain Tumors: Innovative Genomic Information Is
Transforming the Diagnostic and Clinical Landscape

Amar Gajjar, Daniel C. Bowers, Matthias A. Karajannis, Sarah Leary, Hendrik Witt, and Nicholas G. Gottardo

VOLUME 33 - NUMBER 27 - SEPTEMBER 20 2015

Fig 4. Several subtypes of ependymo-
mas, including WHO grades 1 to 3 disease
within all thres compatments of the
CNS—supratentorial {ST), posterior fossa
{PF), and spinal {SF)—are illustrated.
RELA-positive ependymarnag, including
YAP? fusion—-pozitive gpendvmomas and
subependymomas, arize within the ST region
of the brain. Bath fusionpositive subtypes
display histopathologic features of VWHO
grades 2 and 3 ependymomas. In the PF, the
majority of ependymomas belong to subtype
group A, and group B turnors are more infre-
quent. Both subtypes display the histologic
pattern of anapastic and WHO grade 2
gpzndymornas; in contrast, subspendyrio-
mas can be classified as WHO grace 1.
SP twmors are diagnosed as classic
ependymomas that are WHQ grade 2 or
3; myxonapillary epzndymoma znd spi-
nal subepenaymomas are WHO grade 1.
In shildren, group A and RELA-positive
timors arg diagnossd most often and
are associated with poor overall survival.
SNV, single nusleatide variant.
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MRI

FIRST STEP I
Staging Phase Surgery
I
Study entry
Post-Operative MRI + CSF
74
Central review of imaging and pathology:
Confirm diagnosis and evaluate need of second look surgery
]
= - - . -
Patients > 12 months Patients > 12 months Patients < 12 months Patients not included in
with no measurable residue with measurable and patients not eligible to one of the interventional
inoperable residue receive RT studies
Randomized phase lll trial to
evaluate the efficacy of post Randomized frontline Randomized phase Il Observational study
radiation maintenance phasell chemotherapy chemotherapy study:
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Cerebellum

Diencephalon

Fig.1 Classic paediatric low-grade diffuse glioma histology. The
absence of mitotic figures, necrosis and microvascular proliferation
indicates that this is not a high-grade glioma. The circled features Brainstem
represent entrapped nuclel, a hallmark of low-grade diffuse glioma

Spinal Cord

Fig. 2 Prevalence of paediatric low-grade diffuse glioma throughout
the brain

Brain Tumor Pathol (2017) 34:51-61
A comprehensive review of paediatric low-grade diffuse glioma:

pathology, molecular genetics and treatment

Scott Rvall”? - Uri Tabori'? - Cvnthia Hawkins>*
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Pediatric Gliomas: Current Concepts on Diagnosis, Biology,

and Clinical Management

Dominik Sturm, Stefan M. Pfister, and David T.W. Jones

Fig 1. Distribution of pediatric low-grade
glioma nistologies and melecular genetic al-
terations by anatomic tumor location. Inner pie
charts represent relative frequencies of the
most comman peciatric  low-grade glioma
histologic entities represented by cclors as
indicgted. Quter rings represert the most
common molecular genetic alterations asso-
ciated with each histologic entity in & given
location. Original data from the German Cancer
Research Center in Heidelberg aligned with
published data from other studies.! 651212621
DA, diffuse astrocytorna, DNET, dysemnbryo-
plastic neuroepithelial tumor; GG, gangliogliona;
PA, pilocytc astrocytoma; PXA, pleomophic
xanthoastrocytoma; SEGA, subependymal giant
cell astracytoma.

CLE




Gliomi di1 basso grado

SIOP LGG 2004 FUTURO??

WORK
IN
PROGRESS

L



SIOP LGG 2004

> Operation / Clinical diagnosis
Complete /\ Incomplete/No surgery
No symptoms/ ‘/\ Indication for treatment
No progression
Decision for treatment
Age under 8 Years Age 8 years and older
! l M
Observation Chemotherapy Radiotherapy
Children Children
without NF I with NF I
Relapse/ ‘
Progression Randomization
Intensified Induction Standard Induction
Vincristin + Vincristin +
Carboplatin = Carboplatin
Etoposide







Chirurgia

o Impatto prognostico
o Metodiche
o Sede

o Effetti collaterali






Radioterapia

Clinical trial designs generally include one or more hypotheses that address
the following radiation oncology tenets:

(1) Reduce the RT target volume to decrease side effects without affecting
the rate of local tumor control or pattern of failure.

(2) Concurrently administer chemotherapy and RT to improve disease
control with acceptable treatment-related toxicity in patients with
high-risk malignancies.

(3) Individualize the treatment of children with specific malignancies on the
basis of prior trial results and prognostic factors to include or eliminate
RT or reduce radiation doses.

(4) The distribution of radiation dose to an at-risk organ will correlate with
that organ’s functional outcome.

Pediatr Blood Cancer. 2013 June ; 60(6): 1037-1043.

Children’s Oncology Group’s 2013 Blueprint for Research: Radiation Oncology

Thomas E. Merchant, DO, PhD1,*, David Hodgson, MD, MPH2, Nadia N.I. Laack, MD, MS3, Suzanne Wolden, MD4,
Danny J. Indelicato, MDS, and John A. Kalapurakal, MD6 on behalf of the COG Radiation Oncology Discipline
Committee
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Proton therapy for central nervous system tumors in children

Matthew M. Ladra® | Shannon M.MacDonald? | Stephanie A. Terezakis?

The growth in the number of proton centers has been remarkable in
the past decade. At present, there are 63 operating proton centers
worldwide and 25 in the US.! Childhood malignancies are a priority

1. The National Association for Proton Therapy. Source for pro-
ton therapy centers map and numbers of centers in operation.
http://www.proton-therapy.org/map.htm. 2016.
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Neurocognitive Dysfunction in
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Neurocognitive consequences of a paediatric brain tumour and its
treatment; a meta-analysis
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J Neurosurg Pediatrics 10:89-95, 2012

Consensus definitions of complications for accurate
recording and comparisons of surgical outcomes in pediatric
neurosurgery

Clinical article

Jamrs M. DrakE, M.B.B.CH.,! AsH SINGHAL, M..D.,2 ApHAYA V. KUuLKARNI, M.D., PH.D.,!
GaBRrIELLE DEVEBER, ML.D.,! D. DouGLAS COCHRANE, M.D.,> AND THE CANADIAN PEDIATRIC
NEUROSURGERY STUDY GROUP

'Division of Neurosurgery, The Hospital for Sick Children, The University of Toronto, Ontario; and *Division
of Pediatric Neurosurgery, British Columbia Children’s Hospital, Vancouver, British Columbia, Canada

TABLE 2: Surgical morbidity data collection form*

CSF Circulation
Shunt mechanical failure <30 days
Shunt infection
ETV failure <30 days
CSF leak
minor
major
pssudomeningocels
minor
major
intracranial CSF collection
postop hydrocephalus
Qther Infection
wound infection
meningitis
saptic
aseptic
Hemorrhage/Stroke/Deficit
new neurclogical deficit - expected
hew neurclogical deficit — unexpected - transient

new neurclogical deficit — unexpected — permanent —
{PSOM___)

cerebellar mutism {score
unaxpected intraop hemorrhage
postop hemarrhage
intraventricular
subdural
extradural
intraparenchymal
postop infarct/thrombosis
arterial
venous
venous sinus thrombosis
postop brain edema
unexpected seizura
intraop death
unexpected postop death <30 days
other
Total

* ETV = endoscopic third ventriculostomy.
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Post-op presentation Follsv: up presentation
- Gail disturbance, normal gait. - Ataxia, dysmatria.
- Dysdiadochokinesia, dysmetria/motor coardination problems, clumsiness, impaircd handwriting, - Swallowing still regovaring. pseudobulbar symptoms. facial nerve palsy.
declined fine motor ability. form of ataxia. - Mild gait and halanee prablema.
- Hand tremor, leg weakness, hemiparesis, muscle wasting. - Saristis sttantion daficit and bahaviaural problams, ‘global sognitiva
- Growth ratardation. impairmant’, learning dirfisulties, accessing specjal edugatian services, having
- Hydrocephalus, headaches, brainstem compression, bilateral abducens paresedpalsy. regular paychological input, continuous support from 2ocial zervices,
- Papillocdemalchoked disc, visual disturbance, horizontal nystagmus, convergent strabismus, daprassion, fusttation, amational lability. )
squint. - Atrophy of cerebellum, vermis and brainstem. encephalomalacia. tumaur
- Hearing loss. regrovith.
- Nermal speech, slurred specch. - Eya movamsnt prablems. convargsnt strakismus.
- Verlige, naussa, halanca difficulty, dizziness. - Wheelchair uger, neaded 2 walker rar ambulation.
- Decreased appelile, weighl loss, abdominal pain. vomiling. - Long term inpatient rehakililatian, impaited activities af daily living.
- Elcvatcd blood pregsure. - Full ragavsry.
- Facial narva parasis, nack painistiffnass, - Death 5
- Monenucleosis,
- Lethargy, somnalencefdrowsiness, Initability, behavioural disturbance, character modification,
aggrassion, withdrawn, ametional disorder, confusion Eoll:mup |: nguigerctltﬁ::il: 1s till recavaring, slaweasl apaeach
- Slow academic performance, poor verbakauditory memory, neurclogical detedoration, YA, seae, of PN alol All LIosoNorg. s anec spoanny
- Coma, loss of CONSCIQUSNCSS, CXtonSar Spasms raduced apprapriata prosady, spasch “dsticit’, slurrad and
E * G slullering speach, long lerm molar speech daiicils, dysiluency,

paraphasic. aror, monatone, dacraasad spaech valuma,

increased pitch, achalalia,
Cerehellar mutism Using specilie language oulzormes n—39 in 7 papers. Phonologizal
Posterior fossa syndrome Onset n=214. Mean: 2.90 days. standard dizordara {4), exprassive languages syndroma 141, lack ot
reduced voluntary activity, concantration dewialian: 2,20 days. median; 1.5 days. made: spantansaus language {10), balaw average high lavel language
deficits, episndic abnormal crying, 1 day. skills £17, defizits in receptive and expressive tasks {1). puor
ermotional lability, iritability. lack of Muration n=202. Mean: 12.59 days, standard ayntactia somprahanzion {8), paor maan langth ot uttaranas {8),
awaranass, flat affect, raduced aye contact, deviatian 76.28 days, median: 5.5 days, impaired global matar cantral £2), impaired fagal aramatar contral
‘autistic' behaviour, withdrawn. OCD Iype made: 14 days. {2}, impaired sequencing af oral motar mavemeants tar spasch {11
behaviours, gocidl preblems. infernalising Bath anset and mutism n=135) in waterall
preblems, whining, disinhibitad giggling. plot.
global cammunication impaiment. marked " "
behaviour change, monotonous, dysphoria, Lang term imaging
depressed. inattention. ASL perfusion {1m post-op), MR Follavup heurgcagnltive and learning
Other Interventians {11, {7m), Dynamic outcomes h=194 from 16 papers
Ventiiculoperitoneal shunt past-op n-§, suszeplibility-waighled sanlrast Impairad intalliganas §28), impairad varhal
Bramarripting =21 rapomtad pasitiva attact enhanced pertusian MRI :at past samprehension {19}, impaired perceplual
in one, na improvement in olher, Fluoxeline treatment follaw-up periods). raasoning 12, loaer PRI than V21 0113,
Post-sp imaging us<4: n-2), impravement after 2d, after 44, Prolon allenualed images. Fluid impairad mamory {141, impairad processing
Artanial zpin laballing (MR partusion). zolpidam {h=11 apaach racovery aftar 144, attenuated inversion recovary speed {3%), impaired gross’line molar mavemenl
Nirfusian tensar imaging and probatilistic Corlicosleroids {h—23 no eifeel, {FLAIR). Gontrast anhancad {12), attention problems {371, reduced executive
tractography. FARI 311, t2). CT. Dynamic Thyrolropin-releasing hormasne sh—11 ha weighled 11 seans, Echo-planar ungtioning 128), vizual spatialfesrsaptual
auzsaptibility-waightad sontraat anhangadd alfact. dittusian-weightad imaging difiicullies 1271, changas in linguislis-cognilive
perusion MRI SPECT {during PFS1. Feeding lube in-2). {=10001. Ditfugion agighted tunetion {173, ward tinding problems ;21
quantified Te ECD SPECT sduring PFS), Epaach tharapy in-2i, physistharapy images for OTI. Te ECD SPECT cancentrarion problems {4), impaired proklem
PARI with diftusion wisighting, I=2). muscle relaxants in=2), ascupational 8 123d) {12w) salving 112}, social/peer problems {&}, emalional
electragncephalagram (EEG), Te HMPAD Iherapy n=1i. Family counsalling {n=1:. problems {@), OCD type behaviours {3),
SPECT, ¥enon CT CBF study, PET. Hypatasmalar therapy {n=1). withdrawsl behaviaurs 13), internalising prablems
Braingtem auditary evokad patentials {3}, no problems {8).
{BAEF). Radiological assessment,
| Acute postoperative Long term fellow-up

Fig. 3 Logic model presenting acute post-oporative and long-term follow-up exteacted dara
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Posterior fossa syndrome following brain tumour resection:
review of pathophysiology and a new hypothesis
on its pathogenesis

Shivaram Avula’'@® - Conor Mallucci® - Ram Kumar* - Barry Pizer*

Distant factors due to neuronal
dysfunction

Crossed cerebello-cerebral diaschisis due
to trans-synaptic degeneration

Transient dysfunction of dopaminergic
neurons In the mesencephalon

Thalamus

/’ Local factors related to surgery

Vasospasm — vessels supplying
the brainstem and cerebellum

Red nucleus g .
ScP Ty - : -
£ ‘_@},— IAllJT.oW)’ S Axonal injury

Purkinje cells “"&*'m‘!‘ Trans-synaptic degeneration

Dentate nucleus : }\. Surgical injury and oedema
- Direct mechanical injury
- Thermal injury related to CUSA

“ig. 3 An [llustration sumimarising the various factors that have been attributed to the pathogenesis of PFS
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Neurocognitive Dysfunction in

Survivors of Childhood Brain Tumors
Nicole ] . Ullrich, MD, PhD,*' and Leanne Embry, PhD*

Neurotoxic effects, often referred to as “late effects,” are
thought to fully manifest between 2 and 5 years after

completion of treatment and are often associated with

pronounced and ChmniEaifEFEFfé‘&‘E?‘may occur in a variety of domains,

including physical, medical, social, emotional,

behavioral, and neurocoghnitive functioning
it is estimated that 40%-100% of pediatric brain

tumor survivors experience deficits in cognitive

function related to the tumor and/or its treatment.

Armstrong GT, Liu Q, Yasui Y, et al: Long-term outcomes among adult survivors of
childhood central nervous system malignancies in the childhood cancer survivor study. J
Natl Cancer Inst 101:946-958, 2009
Moore BD 3rd: Neurocognitive outcomes in
survivors of childhood cancer. J Pediatr Psychol Turner CD, Chordas CA, Liptak CC, et al: Medical, psychological, cognitive and
30:51-63, 2005 educational late-effects in pediatric low-grade glioma survivors treated with surgery only.

Pediatr Blood Cancer 53:417-423. 2009



Survivors were also found to perform poorly on measures of

attention, memory, executive function, processing speed,

intelligence

attention

brain speed
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Fig. 1 Comparison of measurcd Comparisons of IQ in survivors of childhood
1Q and corresponding p values in
four studics shows CNS tumors
medulloblastoma survivors 115
having a lower TQ} than the
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Table 1 Risk Factors for Neurocognitive Dysfunction

Tumor-Related Factors

Host Factors

Presence/absence of
hydrocephalus
Tumar location
Tumaor size
Weakness/sensory deficits
Cranial nerve deficits
Duration of symptoms
Presence/absence of
seizures
Need for anticonvulsants
Steroid use

Age at diagnosis
Age at treatment
Gender
Genetic polymorphisms
Presence/absence of
neurogenetic syndrome
Pretreatment/baseline level
of functioning
Socioeconomic status
Other medical
complications/illnesses
Sleep disorders
Fatigue
Hypertension
Sensorineural hearing
loss
Visual impairment
Endocrine dysfunction

Treatment factors

Environmental/
Psychosocial factors

Surgery
Neurologic injury
Motor/sensory deficits
Ataxia
Perioperative infarction
Hemorrhage
Posterior fossa syndrome
Chemotherapy
Neuropathy
Hearing deficit
Headaches
Fatigue
Encephalopathy
Leukoencephalopathy
Intrathecal chemotherapy
Steroid use
“Chemobrain”
Radiation therapy
Radiation dose
Radiation field
Use of radiosensitizer
Radiation tissue injury
White matter injury
Radiation necrosis
Stroke or vasculopathy
Vision changes
{cataracts)

School absences
Adequacy of educational
supports
Access to
neuropsychological
assessments
Hospital-based school
cansultation
Educational/vocational
supports
Technical support
Books on tape
Assistive devices
Computers
Loss of socialization/peer
experiences
Emotional distress {patient/
sibling/family)
Changes to physical
appearance
Psychological adjustment
Self-image/psychological
distress
Depression/anxiety
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