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WHO Classification of CNS Tumors
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e Dominated by a morphologic approach

— Histological classification on the basis of similarity
with putative cells of origin (normal brain cells)
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Biological Grading of Brain Tumors

o Cellularity

e Cellular and nuclear polymorphism
e Mitotic and proliferative activity

e Vascular proliferates

e Tumor necroses

e Benign Tumor WHO Grade I

e Signs of Atypia WHO Grade II
e Signs of Anaplasia WHO Grade III
e Highly malignant Tumor WHO Grade 1V




Distribution of Primary Brain and CNS Tumors
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Quinn T. Ostrom et al. Neuro Oncol 2015;17:iv1-iv62
CBTRUS Histology Groupings and Histology (N = 356,858), CBTRUS Statistical Report: NPCR
and SEER, 2008-2012.



Distribution of Malignant Primary Brain / CNS Tumors

Germ Cell Tumors,
Cysts and Heterotopias
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CBTRUS Histology Groupings and Histology (N =117,023), CBTRUS Statistical Report: NPCR and
SEER, 2008-2012.



Distribution of Primary Brain and CNS Gliomas

All Other Gliomas®
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Quinn T. Ostrom et al. Neuro Oncol 2015;17:iv1-iv62
(N =97,910), CBTRUS Statistical Report: NPCR and SEER, 2008-2012.



WHO Classification of CNS Tumors

e Combined histological-

WHO Classification of Tumours of

the Central Nervous System mO|ECU|aI’ C|aSSIflcatIOn

i P s s Rl e v iy — Incorpo ration of well-
etablished molecular
parameters

— Layered approach with
histopathological
diagnosis, WHO grade
and molecular profile
as integrated diagnosis

Revised 4t" edition, 2016



IDH1 and IDHZ2 Mutations in Human Gliomas

A Mutations
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Isocytrate-Dehydrogenase (IDH)

Overall Survival
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Cave-sampling error!

. P

low grade diffuse glioma high grade diffuse glioma

() low grade diffuse astrocytoma (= true) () glioblastoma (= true)
(O low grade diffuse astrocytoma (= true) O low grade diffuse astrocytoma (= false!)

Claes et al., Acta Neuropathol (2007)114:443-458




Inter-observer variation in glioma diagnosis
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Prognostic value of 1p/19q loss
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Gliomas 2007 versus 2016

2007 WHO classification

Astrocytic tumours
Pilocytic astrocytoma
Pilomyxoid astrocytoma

Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocytoma

Diffuse astrocytoma
Fibrillary astrocytoma
Gemistocytic astrocytoma
Protoplasmic astrocytoma

Anaplastic astrocytoma

Glioblastoma
Giant cell glioblastoma
Gliosarcoma

Gliomatosis cerebri

Oligodendroglial tumours
Oligodendroglioma
Anaplastic oligodendroglioma

Oligoastrocytic tumours
Oligoastrocytoma
Anaplastic oligoastrocytoma

9421/11
9425/3*
9384/1
9424/3
9400/3
9420/3
9411/3
9410/3
9401/3
9440/3
9441/3
9442/3
9381/3

9450/3
9451/3

9382/3
9382/3

2016 WHO classification

Diffuse astrocytic and oligodendroglial tumours

Diffuse astrocytoma, IDH-mutant
Gemistocytic astrocytoma, IDH-mutant

Diffuse astrocytoma, IDH-wildtype

Diffuse astrocytoma, NOS

Anaplastic astrocytoma, IDH-mutant
Anaplastic astrocytoma, IDH-wildtype
Anaplastic astrocytoma, NOS

Glioblastoma, IDH-wildtype
Giant cell glioblastoma
Gliosarcoma
Epithelioid glioblastoma

Glioblastoma, IDH-mutant

Glioblastoma, NOS

Diffuse midline glioma, H3 K27M-mutant

Oligodendroglioma, IDH-mutant and
1p/19g-codeleted
Oligodendroglioma, NOS

Anaplastic oligodendroglioma, IDH-mutant
and 1p/19g-codeleted
Anaplastic oligodendroglioma, NOS

Oligoastrocytoma, NOS
Anaplastic oligoastrocytoma, NOS

9400/3
9411/3
9400/3
9400/3

9401/3
9401/3
9401/3

9440/3
9441/3
9442/3
9440/3
9445/3*
9440/3

9385/3*

9450/3
9450/3

9451/3
9451/3

9382/3
9382/3



IDH1 and ATRX IHC for Glioma Classification
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IDH1 and ATRX IHC for Glioma Classification
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Diffuse glioma — integrated diagnosis
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Diffuse glioma — integrated diagnosis
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Incidence and mortality of CNS tumors (USA 2008-2012)
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a. All incidence rates other than Brain & CNS Tumors were estimated using United States Cancer Statistics (USCS). USCS data from 2012 were not available
at time of publication

Fig. 2. Average Annual Age-Adjusted Incidence Rates” of All Primary Brain and CNS Tumars in Comparison to Other Common Cancers for A) Adults
(Age 204 years} and B) Children and Adolescents (Age 0-19 years) and Mortality Rates of All Primary Brain and CNS Tumeors in Comparison to Other

Common Cancers in C) Adults (Age 20+ years) and D) Children and Adolescents (Age 0-19 years), CBTRUS Statistical Report: NPCR and SEER
2008-2012, USCS 2008-2011", NCVS 2008-2012.

Quinn T. Ostrom et al. Neuro Oncol 2015;17:iv1-iv62
CBTRUS Histology Groupings and Histology (N = 356,858), CBTRUS Statistical Report: NPCR
and SEER, 2008-2012.



Pediatric cancer death rates (USA) II

United States, 1999 and 2014

Figure 4. Percent distribution of cancer deaths for children and adolescents aged 1-19 years, by anatomical site:

100

2.3

Unspecified site

20-

9.0

Percent

54.8

—53.4

1999

2014

1.8/ 39

_ \ Non-Hodgkin's lymphoma
7.7 .

All other specified

- Liver and intrahepatic bile ducts
\ Kidney and renal pelvis’

Mesothelial and soft tissue

- Thyroid and other endrocrine
glands

Bone and articular cartilage

Brain’

Leukemia’

‘Difference in percentages for 1999 and 2014 was slatistically significant (p < 0.05).

NOTE: Access data table for Figure 4 at: hitp://vwww.cdc.govinchs/data/databriefs/db257 table. pdf#4

SOURCE: NCHS, National Vital Statistics System, ICD-10 underlying cause-of-death codes: Leukemia (C91-C95), brain cancer (C71), bone and articular
cartilage (C40-C41), thyroid and other endocrine glands (C73-C75), mesothelial and soft tissue (C45-C49), non-Hodgkin's lymphoma (C82-C85), kidney and
renal pelvis (C64-C65), liver and intrahepatic bile ducts (C22), all other specified sites not shown separately (C00-C97), and unspecified site (C80)

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control and Prevention
National Center for Health Statistics




Regional distribution of CNS-tumors in patients < 20 years

Olfactory Tumors of

Occipital Lobe 'M® NGOS?LC&W"V
1% 1%

Other Ne1rvo°ys System

8%

Cerebellum
18.5%

Meninges

Parietal Lobe
2.7%

Spinal Cord and 2?;:38 Equina Other Brain

15.2%

Frontal Lpbe

3%

Cerebrum
5.9%

Brain Stem

Ventricle 12.4%

6.3%

Temporaolv Lobe Pituitary and
6.5% Cranial Nerves Craniopharyngeal duct
7.5% 8.1%

a. Percentages may not add up to 100% due to rounding.

Fig. 17a. Distribution® in Children and Adolescents (Age 0-19 years) of Primary Brain and CNS Tumors by Site (N =23,113), CBTRUS Statistical
Report: NPCR and SEER, 2008-2012.

Quinn T. Ostrom et al. Neuro Oncol 2015;17:iv1-iv62
CBTRUS Histology Groupings and Histology (N = 356,858), CBTRUS Statistical Report: NPCR
and SEER, 2008-2012.



Histological distribution of CNS-tumors in patients < 20 years

Oligoastrocytic Tumors*
0.6%

Lymphoma

0.3%

Pilocytic Astrocytoma*

Oligodendrogliomas*®
' 15.5%

1%
Meningioma
2.6%
Glioblastoma*
2.9%
Craniopharyngioma
3.4%

Glioma Malignant, NOS*
11.7%

Germ Cell Tumors, Cysts £
and Heterotopias

3.9%
llobl \d
Nerve Sheath Tumors gg ‘;lf,c oblastoma
5.1% o

Embryonal Tumors

11.4%
FpendymE Tmars ATRT! 14.2 %

- PNET914.0 %

Neuronal and Mixed = All Other™ 8.1 %

Neuronal Glial Tumors*
6.9% Tumors of the Pituitary
10.8%

Other Astrocytomas*©

%

All Other*d
10.5%

Fig. 17b. Distribution® in Children and Adolescents (Age 0-19 years) of Primary Brain and CNS Tumors by CBTRUS Histology Groupings and Histology
(N = 23,113), CBTRUS Statistical Report: NPCR and SEER, 2008-2012.

Quinn T. Ostrom et al. Neuro Oncol 2015;17:iv1-iv62
CBTRUS Histology Groupings and Histology (N = 356,858), CBTRUS Statistical Report: NPCR
and SEER, 2008-2012.



Pilocytic Astrocytoma
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Pilocytic astrocytoma
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bipolar cells with long,
thin “hairlike”
processes

that are GFAP-positive

Rosenthal fibers, eosinophilic granular
bodies, and microcysts are often
present; necrosis and mitoses are

rare.




Smear preparation — bipolar tumour cells
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Pilocytic astrocytoma — genetical alterations

Hemispheric/ 3rd ventricle

B «x1AA1549:8RAF oy '
nfratentoria

O
\?///

Collins et al., Acta Neuropathol (2015) 129:775-788

. *Other RAF fusion

B «8RAF mut

B <xras mut
.-FGFRmI mut/fus/dup
. *NTRK fusion

" oNF1 (germline)

ﬂ *None identified
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CHAPTER 8
Embryonal Tumours

Med:llablastoma(M-lOgmde v)

A malignant, invasive embryonal tumour of the cerebelium with
preferential mandestation in children, predominantly newonal
difierentiabon, and an inherent tendency lo metastasize vis
CSF pathways.

Central nervous system primitive neuroectodemal

tumours (WHO grade V)

A heterogenecus group of fumours ocourring predominantly
children and sdolescents. They may arise n the cersbral
hemiapheres, brain stem or epinal coed, and are composed of

undifferantiated or poorly difierentisted neurcepihelzl cells
which may display divergent differentistion along neuronal
sstrocytic, and ependymal lines ""J: supratentorial PNET i=

an ambryonal tumour chr-‘m«j of undiferantiated or poorly
:1 ferentiated nauros Tumoure with only neuronal
al neurcblastomas or, if
gangiion celis an t, cerebral ganglionsurcbiastomas
Tumours that recreate features of neural tube formation are
fermed medulloepitheliomas. Tumours with ependymoblashic
rosettes are termed apendymoblas Features common to
zll CNS PNET yanants include early onset and aggressive
clinica! behaviour.

Atypical teratoldirhabdold tumour (WHO grade M
A highly maiignant CNS tumour predominantly manid
young childran, typically contaning rhabdoid ¢ ellr 0
primtive neurcectodermal calls and wih dive
slong epi hymal, neuronal or glial . 8880CH
ated with mact vatrnc the /N {ASNFS gene n virtually all cases
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CHAPTER 8

Embryonal tumours

Medulloblastomas, genetically defined
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated

Medulloblastoma, non-WNT/non-SHH

Medulloblastornas, histologically defined
Medulloblastoma, classic
Desmoplastic/nodular medulloblastoma
Medulloblastorna with extensive nodularity
Large cell / anaplastic medulloblastoma

e AR = Iy .

Embryonal tumour with multilayered rosettes, C19MC-altered
Medulloepithelioma
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Louis et al., 2016. WHO classification of tumours of the central nervous system



Medulloblastoma
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Molecular subgroups of medulloblastomas

Neumann et al.,

WHO
classification

Molecular
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Molecular subgroups of medulloblastomas and outcome
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Reference cohort (

ETMR
WNT

MB
MB,
MB
MB
MB,
ATHT
ATRT
ATRT

C

DMG,
GBM,
GBM,
GBM,
GBM
GBM
GBM,
2 GBM,

|

3

CN

10
LIPN
LGG,
LGG,
LGG,
RETB

> ENB
ENB

GG,

IR N

|

CPH,
CPH,

a ok kb

~N N

i

PITUI

EPN,
EPN,
EPN,
EPN,
EPN
EPN,
SUBE
SUBE

A NS

SEahanN

Relation toa WHO entities (category)

1 Equivalent

n

Subcla

PITAD
PITAD,
PITAD
PITAD,
PITAD,
> PITAD,
PITAD,

33

G4
SHH CHL AD
SHH INF

MYC
. SHH
. TYR

CNS NB, FOXR2
HGNET, BCOR

K27
G34
MES
ATK I
ATK I
HTHK M
MID
MYCN

LGNT

DIG/DIA
DNT
RGNT

A
B
nC
GG

ADM
PAP

ACH

FSH LH
PRL

STH SPA
TSH
STHDNS A
STHDNS B
SCO, GCT

HELA
YAP

PF A
PFB
SPINE
MPE

PN, PF
PN, SPINE

SUBEPN, ST

3 Not &

juivalent ([combining graces)
4 Not equis
5 Not rec

91 classes) b

{-SNE dimensionality reduction (2,801 samples)

1 CHGL

LGG, SEGA
LGG, PA PP
LGG, PAMID
ANA PA
HGNET, MN1
IHG

LGG, MYB
LGG, PANGG S
PXA

-

SshasuouvnoNn

SCHW
SCHW, MEL

> PTPR, A
PTPR, B
PINT.PEB
PINT,PBA
PINT, PPT

wWasno

1 CHORDM
WS

1 HMB
MNG

SFT HMPC
EFT, CIC

W -

“

MELAN
MELCYT

w

PLEX, AD
PLEX, PED A
PLEX, PED B

ww

Qe

CNS NB, FOXR2

A IDH
A DH
O IDH

HG

wWww

LYMPHO

PLASMA

wlopoistio

Haen

ADENOPIT
WM
CEBM
HEMI
HYPTHAL
INFLAM
PINEAI
PONS
REACT

LGG. DIG/DIA
SCHW, MEL
SUBEPN, SPINE
LGG, MYB

IHG

LGG, PA/GG S
LGG, GG
DLGNT

LGG, SEGA
Control REACT

1
2
3
4
5
6
7
8
9
10

lent (combining entites)

ognized by WHO

DMG, K27

sTHONS B AP

STH DNS A, PRI

rSH Y

STHSPA =
ADENOPIT

MB, WNT

FSH LH

g
| A8

ACTH

ENB, A
RETB
ENB. B
MB, G3

PINT.PBB  PINT

o
PINEAL
CPH, ADM
CPH, PAP
EWS
e SFT. )
WNG  PMPC oo
2
w4
HMB
PXA 8 4
4 ¢
& f
P 74
4 v

3

CHORDM

EFT, CIC» .

» 9

MELCYT 10
PLASMA »

MELAN

]

LU N

v
LYMPHO
GBM
cem, MD T I GBM, MYCN
¥z GBM, MES
Sis

= 1

ANA PA

s
-
s

GBM, RTK Il

HGNET, MN1

GBEM, RTK 1)

HGNET, BCOR

B

ETMR

PITUI,

INFLAM
= CHGL

Controt

A IDH
Al O IDH

A IDH, HG

PINT.PBA

PPT

PLEX, AD
PGG, nC if
*»
@ PLEX PEDA
PLEX, PEDB

SCO

PTPR, B

8 EPN, M

LGG, PAMID

3SR
'\*‘.év;‘v)) LGG, PA PF
- 'Y

5

LGG, RGNT
EPN, YAP
-
DNT

o
SUBEPN, ST

LGG,

CN
CEBM

MB,

LIPN »

MB, SHH

%

EPN, PF A

ATRT, TYR

-
R> ATAT, SHH
BN

ATHT, MYC

'E

W EPN, SPINE g

EPN, RELA

.& EPN, PF B

SUBEPN, PF

SHH CHL AD

Capper et al, Nature 555:469-474 (22.

March 2018)




dkfz.

GERMAN

Methylation profiling report

Supplier information

Sample identifier: Sample 1

Sentrix ID: 3999078080 R05C02 Array type:

Material type: FFPE DNA Material type:

Gender: male Gender:

Supplier diagnosis: Glioblastoma (WHO grade Legend: v OK
Iv)

Brain tumor methylation classifier results (v11b2)

Methylation classes (MCs with score >= 0.3)

methylation class family Glioblastoma, IDH wildtype
MC family members with score >= 0.1
methylation class glioblastoma, IDH wildtype, subtype RTK I
methylation class glioblastoma, IDH wildtype, subtype RTK |

Legend: v Match (score >= 0.9)
DNA quality cases,

CANCER RESEARCH CENTER
IN THE HELMHOLTZ ASSOCIATION

X No match (score < 0.9): possibly still relevant for low tumor content and low

jelberg University Hospital MolecutarNeuropathology.org

Automatic prediction
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FFPE DNA v

male v

XWarning, missmatch of prediction
and supplier information

Supplier information or
prediction not available

Calibrated score Interpretation

0.99 match v
0.78 match @
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® Match to MC family member
(score >= 0.5)
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DNA methylation-based classification of
central nervous system tumours
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Diffuse astrocytoma,
1DH wild-type

Anaplastic astrocyloma,
IDH wild-type

Glioblastoma,
IDH wild-type

Pilocytic astrocytoma
Pilocytic astrocytoma,
pomyxoid variant

PXA

Anaplastic pleomorphic
xanthoastrocytoma
Anaplastic PA

Ependymoma

Anaplastic ependymoma

Astroblastoma

Choroid plexus
carcnoma

DNT

Ganglioglioma

DIG/DIA

RGNT

Paraganglioma
Medubioblastoma, NOS
ETMRA, NOS

ATAT

CNS embryonal tumour,
NOS

Schwannoma — —

Methylation class

GBM, RTK |

GBM, RTK Il

GBM, RTK IlI
GBM, MES

GBM, MID

GBM, MYCN
GB8M, G34
DMG, K27

PXA

ANA PA
A IDH
SUBEPN. PF

EPN, MPE

EPN, RELA
LGG, DNT
LGG, GG
LGG, RGNT

LGG, PA PF

LGG, PA MID
LGG. ST PA/GG
LGG, MYB

MB, G3

ATRT, SHH
EWS

HGNET, BCOR
HGNET, MN1

IHG

- MNG

Malignant melanoma

MELCYT

Establishing new diagnosis in 129 cases (12%)

B WHO grade unchanged Il WHO downgraded

B WHO upgraded

MB, SHH CHL AD

Integrated diagnosi

Glioblastoma,
IDH wild-type

Ditfuse midline
glioma, H3 K27M

PXA

(Anaptastic PA)

Diffuse astro. IDH
Subependymoma

Myxopap, epend

Epend., RELA
DNT

Ganglicglioma
RGNT

Pilccytic
astrocytoma

MB, G3

MB, SHH

ATRT

Ewing sarcoma
(HGNET, BCOR)
(HGNET, MN1)
(IHG)
Meningioma
Melanocytoma

Diagnostic cases of 64 different entities
(n=1,155

Material assessment

A

Low tumour [ [ riciant quality for methylation profiling
content = A
n=51: 4%) {n=1,104; 96%)

Match (score > 0.9) No match {score < 0.9)

127
(12%)

Patholegical review

Capper et al, Nature 2018



All 5 centres combined

401 Dsagnostic samples

Score >0 9, match Score <0 8, no match
312 (78%) 89 (22%)

Patholegical rewewl
_ _ l ‘.- e
profile

b
Centre 1 Centre 2 Centre 3 Centre 4 Centre 5
local cases, routine implementation  large proportion of complex referrals large proportion of complex referrals local cases, recent implementation local cases, recent implementaton
of technology of technology
210 Diagnostic samples 84 Diagnostic samples 49 Diagnostic samples 38 Dragnostic samples 20 Diagnostic samples
184 26 52 32 35 14 22 16 19 1
(88%) (12%) 2%) (38%) (71%) (29%) {58%) ¢ (42%) \’95%) {5%)

8 CIDEE DNDE O 11

l l 1 ‘, ‘,
[N - - - .

%)

1% . 18%) (89
A new diagnosis was established in 12% of cases. b, Depiction of

individual centre results, illustrating the different composition of samples
included in the analysis, variation in the rate of non-matching cases, and of
cases for which a new diagnosis was established. Case-by-case details are

Extended Data Figure 6 | Diagnostic utility of the DNA methylation-
based classifier, assessed at different centres. a, Implementation of
the DNA methylation classifier by five external centres. In total, 401
independent biological samples were analysed. 78% matched to an
established class with a cut-off score of >0.9 (class colours as in Fig. Ia). provided in Supplementary Table 6



Cave-sampling error!
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low grade diffuse glioma high grade diffuse glioma

() low grade diffuse astrocytoma (= true) () glioblastoma (= true)
(O low grade diffuse astrocytoma (= true) O low grade diffuse astrocytoma (= false!)

Claes et al., Acta Neuropathol (2007)114:443-458
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CORRESPONDENCE
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cIMPACT-NOW update 3: recommended diagnostic criteria
for “Diffuse astrocytic glioma, IDH-wildtype, with molecular features
of glioblastoma, WHO grade IV”

Daniel J. Brat' - Kenneth Aldape? - Howard Colman? - Eric C. Holla
. . 7 . 8 . . 9,

B'_K' KlemSChm:ft DeMasters’ - Arie Perry” - Guido Reifenberger fuse astrocytic glioma that, despite appearing histologically

Michael Weller as a WHO grade I1 or I1 neoplasm, would follow an aggres-

sive clinical course more closely resembling that of an IDH-

wildtype glioblastoma:

We reached consensus that the following were the mini-
mal molecular criteria for identifying an IDH-wildtype dif-
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. EGFR amplification

OR

2. Combined whole chromosome 7 gain and whole chro-
mosome 10 loss (+ 7/— 10)

OR

3. TERT promoter mutation




Molecular subgroups of glioblastomas and outcome
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* PDGFRA amplification
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MGMT-promoter
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methylated (%) = EURe : / ¥ 4 t #
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et RS A young adults Sl 25 7
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Median OS >36 I 12 24 30 12-14
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Reifenberger et al., Advances in the molecular genetics of gliomas -
implications for classification and therapy. Nat Rev Clin Oncol. 2017

Jul: 14(7):434-452.
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