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OBJECTIVES - AT THE END OF THIS TALK YOU SHOULD BE ABLE TO:

Approach the workup
of a pediatric glioma

Apply the changes in
the new WHO
classification of CNS
tumors as it applies to
gliomas

Integrate molecular
and morphologic data
to generate a layered
neuropathologic
diagnosis




WHO 2016

® Major goal of 2016 WHO was formulating concept of how CNS tumour
diagnoses could be structured in the molecular era

® |ntegrated Diagnosis — incorporating molecular and morphologic data

® [ncorporation of molecularly defined entities



WHO 2021 —-WHAT’S NEW FOR PEDIATRICS

® Major restructuring of diffuse gliomas:
® |[ncorporation of distinct pediatric-type vs adult-type entities

m Additional molecularly-defined entities

m Restructuring of ependymomas to recognize distinct location-based
and molecular entities

m Additional molecularly-defined embryonal tumors

= Move away from assigned grades based on entity name to grading within
an entity



= 3-month-old girl
presented with
diencephalic
syndrome and

nystagmus




® Rapid clinical
deterioration
despite
chemotherapy
(Vinblastine)

= Biopsy
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PEDIATRIC LOW GRADE GLIOMA — GENERAL CONCEPTS

® Most common CNS neoplasm in children
m Distinct from adult “lower grade glioma”
m Histologically diverse group of tumors arising throughout CNS

= Now categorised under one of Paediatric-type diffuse low-grade gliomas,
Circumscribed astrocytic gliomas or Glioneuronal and neuronal tumours




CLASSIFICATION

= Adult-type diffuse gliomas

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant and
| p/19g-codeleted

Glioblastoma, IDH-wildtype

= Paediatric-type diffuse high-grade
gliomas

Diffuse midline glioma, H3 K27-
altered

Diffuse hemispheric glioma, H3 G34-
mutant

Diffuse paediatric-type high-
grade glioma, H3-wildtype and IDH-
wildtype

Infant-type hemispheric glioma

OF GLIOMAS

= Paediatric-type diffuse low-grade
gliomas

Diffuse astrocytoma, MYB- or
MYBL I -altered

Angiocentric glioma

Polymorphous low-grade
neuroepithelial tumour of the young

Diffuse low-grade glioma, MAPK-
altered

= Circumscribed astrocytic gliomas

Pilocytic astrocytoma

High-grade astrocytoma with piloid
features

Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma

Astroblastoma

=  Glioneuronal and neuronal tumours

Ganglioglioma

DIG/DIA

DGONC

DNT

Papillary glioneuronal tumour
RGNT

MGNT

DLGNT

Central neurocytoma

Extraventricular neurocytoma



PEDIATRIC LOW GRADE GLIOMA — GENERAL CONCEPTS

® Molecular vs Histology
® Do | really need molecular?

® What does the molecular mean?




THE MOLECULAR LANDSCAPE OF PLGG

Alteration
Common RIAATO4Y BRAF

pLGG BRAF p.V600E
Drivers NF1

Other BRAF Fusion®
Other Other BRAF SNV*
MAPK RAF1 Fusion
Drivers KRAS SNV

MAPZKT Indel 222 Other MAPK Drivers (2,7%)
FGFR1-TKD mm FGF Receptors (6.1%)
FGF FGFR1 SNV |] mm Non-MAPK Oncogenes (4.6%)
Receptors] FGFR1-TACC1

ma Other Receptor Tyrosine Kinases (3.4%)
FGFR2 Fusion £ Undetermined (16%)

ALK Fusion
ROS1 Fusion
Receptor NTRK Fusion
Tyrosine B SHV
Kinases FPDGFB Fusion
KIT SNV
MET SNV
RET SNV
I
Secondary - | |

Ryall et al., Cancer Cell, 2020 11



MOLECULARYVS HISTOLOGY:

LOW GRADE GLIOMAS WITH ENRICHED MOLECULAR ALTERATIONS

Characteristic Gene

Papillary glioneuronal tumour PRKCA

Rosette-forming glioneuronal tumour FGFR1& PIK3CA

Myxoid glioneuronal tumour PDFGRA

Diffuse leptomeningeal glioneuronal tumour KIAA 1549-BRAF fusion, | p del
Astroblastoma, MN | -altered MNI fusion

Pleomorphic xanthoastrocytoma BRAF & CDKNZ2A/B hom del
Pilocytic astrocytoma KIAA 1 549-BRAF, BRAF, NF |
Angiocentric glioma MYB fusion

Diffuse astrocytoma, MYB- or MYBL [ -altered MYB, MYBLI fusion

PLNTY FGFR2 fusion



MUTATION VS HISTOLOGY IN PAEDIATRIC LOW GRADE GLIOMA —

MIX AND MATCH

pLGG

KIAA1549-BRAF

BRAF p.V600E

Other RAS/MAPK Alterationsl

Non-RAS/MAPK AIterationsI

FGFR1 SNV|

FGFR1-TACC1]

FGFR1 TKD-duplication]
CRAF/other RAF Fusionsg

NTRK/ALK/ROS1s
FGFR2 Fusion-

PA (45%)
- =
Z s/’ GG (15%)
- ’,j! — =
< ~ | IDNET (10%)
oS = — IGNT (5%)

10DG (5%)

— 1 PXA (<3%)
BAG (<2%
1DIA/DIG 2<2%)

Ryall et al. Acta Neuropath Comms, 2020



DO | REALLY NEED MOLECULAR TESTING FOR PLGG?

= For morphologically classic entities with gross total resection, histology alone may be
sufficient

® Situations where molecular characterisation is helpful:
® Consideration is being given to radiation and need further prognostic guidance
® Small biopsy and unsure if low grade vs high grade

= Growing, incompletely resected lesion with potential for targeted therapeutics



SURVIVALVARIES BY MOLECULAR STATUS
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RESPONSE TO CHEMOTHERAPY VARIES BY MOLECULAR STATUS

REGRESSION PROGRESSION

REGRESSION PROGRESSION

B

KIAA1549-BRAF NF1

150/0/ | \ 18%

BRAFV600E I BRAF-WT/non-NF1

Fisher Exact test p=0.0226



RELAPSED KIAAT549-BRAF PATIENTS AND RESPONSE TO

CHEMOTHERAPY VS MEKI

120

B BRAFv600E Positive
B KIAA 1549-BRAF Fusion Positive

100 100

75 804

Relapse chemotherapy MEKi SR MEKi
50

40
25

204

-20 4

-25

-40 4

% Changdg in Tumor Size from Baseline

.50 i

-G0
-75

-804

-100 -100 4

Response 16/25= 64%

Fangusaro et al. Lancet Oncology, 2019



RESPONSE TO TARGETED THERAPEUTICS MAY BE BETTER

THAN TO STANDARD CHEMOTHERAPY

Chemo — BRAFi —
BRAFV600E LGG BRAFV600E LGG

% tumor change in size
REGRESSION PROGRESSION

Objective response >25% reduction

6-month response to chemo 6-month response to BRAFi

Nobre et al. JCO Precision Oncology, 2020



LGG TESTING STRATEGY

—

usionsensie st

Include:

+
MYB and MYBLI fusions
FGFR?2 fusions i‘f midline
FGFR1 fusions, ITD, SNVs
MNI fusions
PRKCA fusions
BRAF fusions and SNVs
PDGFRA SNVs

PIK3CA SNVs
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INTEGRATED DIAGNOSIS

= Biopsy, Optic pathway/ hypothalamic mass:
= Ganglioglioma
= WHO grade |
= BRAF p.V600E mutant (IHC)
= CDKNZ2A not deleted (FISH)



BRAF inhibitor started

when the patient was
critically ill in ICU

Prompt clinical and
radiological response

Improvement of
diencephalic syndrome
(calorimetry normal),
normal vision

Currently on therapy 6
years later doing well

Diagnosis After vmblastlne 10 m on dabrafenib




CASE 2

|2 yr old female presented
with

® Headaches and vomiting
x 4 week

= Diploplia and blurry
vision x 2 weeks

= Examination
= Bilateral papilledema

® No other neurological
deficit




CASE 2 - BIOPSY




CASE 2- IHC




PEDIATRIC-TYPE DIFFUSE HIGH-GRADE GLIOMAS

® [ ess common than low-grade glioma

m Usually are not the result of progression from low-grade counterpart
(except BRAFV600E)

® Molecularly distinct from adult-type, by definition IDHWT

® Types defined based on characteristic age, location and molecular
alterations



DIFFUSE HIGH-GRADE GLIOMAS: TUMOR TYPES

Adult-type

Anaplastic glioma or GBM

\

Pediatric-type

/\

Midline Hemispheric
AYA /l'\infant
child
4 v / l \

Astrocytoma, Oligodendrogli Glioblastoma, Diffuse Diffuse Diffuse Diffuse Diffuse high- Infantile-type
IDH-mutant oma, IDH- IDH-wildtype midline midline midline hemispheric grade hemispheric

mutant and glioma, H3 glioma, glioma, H3- glioma, H3 paediatric- glioma, H3-

Ip/19q co- K27- EGFR- wildtype with G34-mutant type glioma, wildtype

deleted mutant mutant EZHIP over- H3-wildtype

expression




MOLECULAR SPECTRUM OF DIFFUSE HIGH-GRADE

PEDIATRIC-TYPE GLIOMAS

Q\‘N\

12y10 | a0k¥

Mackay et al. Cancer Cell 2017
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® Histone mutations are most frequent recurrent
alterations




PEDIATRIC-TYPE DIFFUSE HIGH-GRADE GLIOMAS : DIAGNOSTIC

APPROACH

——————a— |

| HISTOLOGY |
| LOCATION |

]

child * infant

TESTING H3K27M H3G34R Fusion testing:
L — = , i + NTRK, ROS,
P53,ATRX, H3K27me3 ——retained MET, ALK
_ | lost P53 P53, ATRX
EGFR MMR
mutation BRAFV600E
S~ MYCN
+ RTKs
EZHIP
) ' l ) 4,
INTEGRATED Diffuse midline Diffuse midline Diffuse midline glioma, Diffuse high-grade Diffuse hemispheric Infantile-type
DIAGNOSIS glioma, H3 K27- glioma, EGFR- H3-wildtype with' EZHIP .paediatric-'.cype glioma, H3 G34- hemisphe.ric glioma,
mutant mutant over-expression glioma, H3-wildtype mutant H3-wildtype



CASE 2- IHC

0 H3K27me3 | H3K27M

- . y




CASE 2- IHC




INTEGRATED DIAGNOSIS

m Biopsy, Thalamic mass:

® Diffuse midline glioma, H3 K27-altered
= WHO grade 4
= H3.3 p.K27M (IHC)
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ADDENDED INTEGRATED DIAGNOSIS

m Biopsy, ['halamic mass:

m Diffuse midline glioma, H3 K27-altered
" WHO grade 4
= H3.3 p.K27M (IHC and NGSY)
= P53 p.HI79del (NGS)



DIFFUSE MIDLINE GLIOMA, H3 K27M-MUTANT

Other midline sites-

® Enriched in childhood
but can occur at any
age, particularly
outside the pons

m H3.3 and H3.1

® Very poor outcome

Solomon et al. Brain Path 2015
® o 0 [ X J ¢
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Pratt et al. Acta Neuropathologica (2018) 135:299-301

DIFFUSE MIDLINE

GLIOMA, H3
K27M-MUTANT B cIMPACT/WHO recommendation is to

limit this diagnosis to diffuse gliomas

m Even if DA or circumscribed/ grade |
histology, these are not low-grade gliomas




H3K27M INHIBITS PRC2 FUNCTION AND LEADS TO LOSS OF

H3K27ME3

UTX/JMJD3 |
demethylases |

Demethylation

Yo

Methylation
(repressing)

'PRC2 (Ezh2)

methyl-
transferase
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H3 WILD-TYPE DMG: EZHIP OVER-EXPRESSION

= Some DMGs have loss of Molecular heterogeneity and CXorf67 alterations in posterior fossa group A
H3K27me3 but no (PFA) ependymomas Acta Neuropathol 136(2):211-26,2018
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H3 WILD-TYPE DMG
WITH EZHIP OVER-
EXPRESSION

Q
®

20+ ’ y H3-WT DMG

? . H3.1-K27M DMG
Outcome and age e g S

2 = alue 0.
distribution similar g 10 . KL E
to H3K27M % . PRI O §

< o
These likely belong 0 : : : 0 —
i H3.1 H3.3 H3 0 2'0 4'0 6'0
in DMG, H3 K27M KM e s The (riontha)

mutant group

Acta Neuropathol 139: 1109-1113,2020



DMG, EGFR-MUTANT

Acta Neuropathologica (2020) 139:1071-1088
https://dol.org/10.1007/500401-020-02155-5
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Pediatric bithalamic gliomas have a distinct epigenetic signature
and frequent EGFR exon 20 insertions resulting in potential sensitivity
to targeted kinase inhibition
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DIFFUSE MIDLINE GLIOMA, H3 K27-ALTERED

m Category expanded to

recognise all diffuse gliomas
with H3K27me3 loss

Midline
DMG, DMG, DMG,
H3.3 K27- H3.1/3.2 EGFR-
mutant K27-mutant || mutant

DMG, H3-
wildtype with
EZHIP over-

expression




CASE 3

= / month-old boy
presented with

poor feeding
and increased

head
circumference

m Partial resection




DIGITAL SLIDE




CASE 3 H&E
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DIFFUSE HIGH-GRADE GLIOMAS: TUMOR TYPES

Adult-type

Anaplastic glioma or GBM

\

Pediatric-type

/\

Midline Hemispheric
AYA /l'\infant
child
4 v / l \

Astrocytoma, Oligodendrogli Glioblastoma, Diffuse Diffuse Diffuse Diffuse Diffuse high- Infantile-type
IDH-mutant oma, IDH- IDH-wildtype midline midline midline hemispheric grade hemispheric

mutant and glioma, H3 glioma, glioma, H3- glioma, H3 paediatric- glioma, H3-

Ip/19q co- K27- EGFR- wildtype with G34-mutant type glioma, wildtype

deleted mutant mutant EZHIP over- H3-wildtype

expression




3 MAIN SUBGROUPS OF INFANT GLIOMAS

. 1ee Hemispheric Hemispheric
Midline Ras/MAPK IG P P
Ras/MAPK IG RTK IG
Location Midline , ,
LGG v HGG "NNNNNNNNNENNNRNNNNRNNANSRNRRRNNNNNNRNSHGORE . f’a'” Him's"he'es =
Outcome 58 EEEEE EEEEE E mN 2R B B N W EEEN OH W ] EEEE
Vier | NNENNNNSNSSNSNSNENENE 6 HE- 6 SSNSNSANSNSNSSSNNNNSNEE NEEN-HE-GNNSNG(NNE NENNSESNNNNEANARERERES - SENEENEENEEES
Tier 2 I g e e @ B e sssss @ L L L S
BRAF Fused JENNENNEERRNRRNENR i I umm
BRAF V60OE IRNRRRERRENR uerronon
FGFR1 1 (1111
ALK LTI T NN
ROS1 1] N\N\N
NTRK 1/2/3 ] ([ TT]]]]
MET -I
MYBL
oy 10 I e
CDKN2Adel ‘
None imngn um i CTITTTITTT LT ]
Other Locations lOPHG lPost Fossa Brainstem Spine Tier 1 lDone « ddPCR only failed or not done
LGG vs HGG T LGG HGG \LGG;HGG Tier2 MCNarray [RNA Seq & NS panel 2

Qutcome Alive lDead Blndlng partner unknown

Stucklin, Ryall et al. Nature Commun, 2019



INFANT-TYPE HEMISPHERIC GLIOMA

= Hemispheric, high-grade gliomas arising in early childhood, mostly < |year

m Typically harbor receptor tyrosine kinase fusions: NTRK,ALK, ROS I, MET
® Better outcome than high grade gliomas in older children

m RTK fusions may be therapeutically targeted



CASE 3 MOLECULAR RESULTS

= RNA sequencing revealed CLIP2-MET fusion



FINAL INTEGRATED DIAGNOSIS

m Resection, Left hemispheric mass:

= |[nfantile hemispheric glioma

m CLIP2-MET fusion positive (RNAseq)



" Treated with
chemotherapy
(carbo/ vincristine)

= Currently off-
treatment, doing well



OBJECTIVES - AT THE END OF THIS TALK YOU SHOULD BE ABLE TO:

Approach the workup
of a pediatric glioma

Apply the changes in
the new WHO
classification of CNS
tumors as it applies to
gliomas

Integrate molecular
and morphologic data
to generate a layered
neuropathologic
diagnosis




QUESTIONS?
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