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PrROGNOSIS Y

Most common(60%) primary CNS tumors in adults (second most common in children)!
1 astrocytomasire one type ofLIOMAS (neoplastic transformation akuroglia).

ETIOLOGY

1 familial cases constitute only 1%.
1 associated with certagenetic syncbmes:
neurofibiomatoesis type 1Y LOW-GRADE ASTROCYTOMA®SP. in optic nervé& chiasm).

tuberous sclerosisY SUBEPENDYMAL GIANTELL ASTROCYTOMA
Tuncot's syndrome Y GLIOMAS MEDULLOBLASTOMA
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90% GBMs argorimary (i.e. arise de novo}t0%- secondary(i.e. arise from low grade
astrocytomas)

CLASSIFICATION, GRADING

WHO 2016

T

in WHO 2016classification, theIFFUSE GLIOMA category includeastrocytic and
oligodendroglial tumors
1) gradell and Il astrocytic tumorsi.e. diffuse astrocytoma and anaplastic astrocytoma
2) gradell and Ill oligodendrogliomas
3) grack Il and Il oligoastrocytomas
4) grade IV glioblastomas
5) related diffuse gbmas (e.g. those of childhood).
this approach more sharply separa&EROCYTOMAS THAT HAVE A MORE CIRCUMSCRIBED
GROWTH PATTERN, lack IDH gene alterations, and sometimes have BRAF mutationgil@eytic
astrocytoma, pleomorphic xanthoastrocytoma, and subependymal giant cell astrocytoma) from
diffuse gliomas. In other words, diffuse astrocytoma and oligodendroglioma are now nosologica
more similar than are diffuse astyd@ma and pilocytic astrocytoma.

Diffuse astrocytomas are gradasing a thregiered system similar to the Ringedystem the St.

Anne-Mayo system, and thegvriously published WHO schemes:

T

= =4

tumorswith cytological atypia alone (i.e. diffuse astrocytomas) are considered gratiede,that
also show anaplasia and mitotic activity (i.e. anaplastic astrocytomas) are considered WHO gra
Il , andtumorsthat additionally show microvascular proliferatiand/ornecrosis are grade IV.

N.B. necrosis is no longer a requirement for grade 1V
atypiais defined as variation in nuclear shape or size mccompanying hyperchromasia.
mitosesmust be unequivocal, but no special significance is accorded to their number or
morphology. The finding of a solitary mitosis in an ample specimen is not sufficient proof of WH
grade Il behaviour, but the separation of gradariorsfrom grade Ilitumorsmay be facilitated
by determination ofhe Ki-67 proliferation index.
microvascular proliferationis defined as apparentulti layering of endotheliunfrather than
simple hypervascularitgr increased number of vesgats glomeruloid vasculature
necrosismay be of any type; perinecropalisading need not be present. Simple apposition of
cellular zones with intervening pallor suggestive of iraipnecrosis is insufficient.
aforementioned criteria make their appearancepredictable sequencatypia is followed in turn
by mitotic activity, then increased cellularity, and finally microvascular proliferation and/or
necrosis

WHO 2007 WHO

.
designation grade* St. Anne/Mayo criteria

Low-grade(s. benignlastrocytomas

PILOCYTIC | -
ASTROCYTOME™*

ASTROCYTOMA 1 no criteria fulfilled
1 criterion (suallynuclear

atypig

High-grade(s. malignantpstrocytomas

ANAPLASTIC 11 2 criteria(usuallynuclear
ASTROCYTOMA atypiaandmitoses)

GLIOBLASTOMA \Y 3-4 criteria- endothelial
MULTIFORME proliferationandbr necrosis

T

T

*WHO and Kernoharsystems are not criteria bagg@yl.
** 4 histologic criteria
1) nuclear atypia
2) mitosed already grade Il
3) endothelial proliferatiofi alreadygrade 1V(tufts of piledup vascular
cells that bulge into vascular lumen; if proliferation is extreme, tuft
forms baltlike structure- glomeruloid body) - vascular endothelial
growth factor (VEGF)produced by malignant astrocytes (in response
to hypoxia) contributes to this vascular chargepably predisposes
to necrosis
4) necrosig alreadygrade IV

*** grade | tumors PILOCYTIC ASTROCYTOMRLEOMORPHIC XANTHOASTROCYTOMA
SUBEPENDYMAL GIANTCELL ASTROCYTOMAMay have endothelial proliferation and
marked atypia; nevertheless, they are slow growing and well circumscribed (grade I)
i.e. diffuse astrocytoma i s automati ca

if tumor samples are obtained by stereotactic needle biopsy, high rate of errorgEmles
generally are underestimated by needle biopsy):
4 biopsies Y grading error rate & 2
6 biopsies Y grading error rate & 2
necrosidoses its prognostic significancenecurrent tumors after radiotherafgyecauseadiation
necrosisis indistinguishable frontumor necrosis

WHO 2016 diffuse gliomas

Histology Astrocytoma Oligoastrocytoma Oligodendroglioma Glioblastoma
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Dt Cacatsfs 10H mutant 10H wild-type : IDH mutant 1DH wild-type
1
1
o
| Glioblastoma, /DH mutant l
1p/19q and ATRX loss*® . 1
other genetic TPS3 mutation® 1p/19q codeletion \
parameters ot : I Glioblastoma, IDH wild-type |
1
| i
1
1
LDiffuse astrocytoma, IDH mutant et T Lk e
]
Oligodendroglioma, IDH mutant and 1p/19q codeleted Genetic. testing n.ot done
or inconclusive

v '

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

i

v

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS
Oligoastrocytoma, NOS
Glicblastoma, NOS

* =characteristic but not
required for diagnosis

Historical Bailey and Cushingclassificatior+ based orembryologic development of astroglia

spongioblast§PONGIOBLASTOME Y a s tasTrRoOBLASEOSK Y a s AsTRocyjokpe  (
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GENETICS

GBMis extraordinarily heterogenousimor with many, may pathways that are
perturbed Qverexpressed, deleted, mujai@BM isnot like chronic myelogenous
leukemia, where 1 BGRBL translocatio underlies the entire disease.

Over many years, astrocytomas undergo dedifferentiation into higheée lesions.
1 progression in tumor grade is associated wrttered accumulation afpecificmutations
(genetic aberrations accumulate in fixed percentage of tumors at each stage of malignan
some genetic aberrations are specific for early transformations, i.e. low grade tumors, wh

Anaplastic - Glioblstoma
Astrocytoma Multiforme

LOH = loss of heterozygosity, Rb = retinoblastoma gene,-RGFepidermal growth factor receptor.

: Anapiastic :

p53 inactivation Rb gena inactivation EGF-R amplification
PDGFa-R overexpression 9q deletion 10p deletion
17p celetion 16p delefion 10q deletion
22q celetion 19q delefion

Genes involved in gliomagenesis
I. OncogenesEGFR, PDGF, PDGHR
[I. Tumor suppressor genesCDKN2A [also known as p16INK4a], PTEN, RBIP53.
i frequent loss of heterozygosity (LOH) on chromosome arms 1p, 10p, 10q, 19q, and 2
suggests additional tumor suppressor genes.

Most common genetic alterations in GBM:
LOH at 10¢(69%)

CDKNZ2A (p16INK4a) deletion (50%)
EGFR gene amiification

TP53 mutations

PTEN mutations

IDH-1/2 mutations

ok wNE

Most frequently altere6BM cancer genes

0%

PK3R1 |0%
8%
0%

PIK3CA |0%

T ]10%
10%

IDH1 |0%

[ 1%

Rt [0

8%
°:l B Homozygous deletions
0% o Amplifications

0, o =
CoK4 F““’ O Point mutations
10%
NF1 0%
— 115%

o 2

0%
EGFR  23%

[14%
| 5%
TP53 o

CDKN2A [0%
0%

Gene

 26%

 35%

] 50%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Fraction of Tumors

Source of figure: Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human glioblastoma multiforme.
Science. 2008;321:18a1812. >>

Point mutations Amplifications

Gene Number of Fraction of MNumberof Fraction of
tumors tumors tumors tumors

CDKNZA 0f22 0% 0f22 0%
TP52 37/105 35% 0/22 0%
EGFR 15/105 14% 5/22 23%
PTEM 27/105 26% 0/22 0%
MNF1 16/105 15% 0f22 0%
CDK4 0/22 0% 3/22 14%
RB1 8/105 8% 0f22 0%
IDH1 12/105 11% 0/22 0%
PIK3CA 10/105 10% 0/22 0%
PIK3R1 8/105 E% o/22 0%

Source of figure: Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human glioblastoma multiforme.
Science. 2008;321:18a1/812.>>
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RTK/RAS/PI-3K Signaling Altered in 88%
RTK/RASIPI-3K pv - e

signaling
altered in
BS% Mutation, amplification ~ Mutation Ampification Ampliication
—————— ind5% n&% in 1% ni%
I | I |
v '
“nerr @) — @ @ i
Mutation in 2% ‘ Hutaionin 16%
L @

'\__‘__H_) Amplificafien in1%
Proleration L

h':ll"lr.gdhn I_ @ Mutation in 1%

Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization
defines human glioblastoma genes and core pathways. Nature. 2008;4586861>

P53 Signaling Altered in 87%

P53 .
signaling Activated oncogenes
altered in ¢

87%

Homozygous deletion,
mutation in 49%

Amplification in 14%

- (Cmoma )
J_ ( Amplification in 7%
— S —

Mutation, homozygous

Senescence deletion In 35%

Apoptosis

Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization
defines human glioblastoma genes and core pathways. Nature. 2008;4586861>

Rb Signaling Altered in 78%

@y @ oo

Homozygous deletion, Homozygous

Hoemozygous
mutation in 52% deletion in 47% deletion in 2%
Amplification o] Amplific uﬂnn_ . Amplification
in18% L J— — in 1%
4—»@1'492)4-»@9&9
Hemezygous deletion,

mutation in 11% RB
© slgnaling
||

altered in
G1/S progression 731%

Source of figure: Cancer Genome Atlas Research Network. Comprehensive genomic characterization
defines human glioblastoma genes and core pathways. Nature. 2008;4586861>

> 40%ANAPLASTIC ASTROCYTOMAgrade 3)n addition(to p53 mutationshowloss of heterozygosity

on chromosome 19anayalso involve mutations in other tumor suppressor géngs
retinoblastoma gene on 1B4).

> 70%GLIOBLASTOMASN additionhavelost heterozygosity fochromosome 10most common
deletion in malignant gliomas!);

30-40% GLioBLAsTOMAShaveamplification of EGFR gene(7p13p11), which also may have gene

rearrangement (Y tyrosine kinase

acti vit\
autocrine mode).

Virtually every growth factor known to stimulate cell division has been
identified as aberrantly expressed in GBM cell lines!

EGFR gends most frequently amplifiedncogendn astrocytic tumors!
CDKN2A geneis most frequently alteredimor suppressor genie GBM!

Molecular Signatures of Glioblastoma Multiforme
- seep. Ones >>

Genetic subsefwariants of developmendf GLIOBLASTOMA MULTIFORME

P53 mutation/17p loss Chrormosomne 19q loss
PDGF/PDGFR overexprassion

Chromosome 1p loss
4

Oftigodendroglioma
Astrocytoma Oligoastrocytoma
?
¥
Anaplastic
Chromasorne 10p and 10q loss Chrornosome 10 loss
Ss¥pcyoma EGFR amplification

Chromosome 10p and 10q loss

Y 4

¥
| Glioblastoma muitifarme |

\

|Giobiastoma multiforme |

| Glioblastorna multiforme

[ Glioblastoma muttiforme |

progression from lovgrade to higkgrade tumors is much less commométliatric

patients(molecular genetic events that characterize adult process have not been
described in children).

MGMT METHYLATION

O(6)methylguanineDNA methyltransferase (MGMT) gene promoteethylationis predictor ofgood
response talkylating agents (e.gemozolomidég

i assay is done routinely on surgical specimens
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X 100-¢ :
== Unmethylated, = Overall Survival
radiotherapy s 904
m= |Jnmethylated, g 80+
radiotherapy plus v 704
temozolomide =
5 60+
Methylated, 2
: (o) 50
radiotherapy %
== Methylated, = ]l
radiotherapy plus ‘3 30
temozolomide S 20+
o
a 10+
0 1
0 6 12 18 24 30 36 4.
Months
100
90
_ 80 Overall Wald test: p <0.0001 (df=3)
®
>
‘E 70
-,
3 60
.‘g - Meth, TMZ/ RT
2
2 a0
e
)
g 30
a
20
Unmeth, TMZ/ RT
10 A
— Meth, RT
0
months
0 4 8 12 16 20 24 28 32 36 40
B Humber of patients at risk:
5 54 28 9 0 o [) 0 0 0 I —
53 &0 a4 13 $ 3 8 7 5 3 1 —S:m:m:'?:n;'/o::
45 46 33 15 7 3 2 1 0 0 0w Rpeth, RT slone
40 4% 35 28 13 14 10 6 3 1 0 Moth:TMZ/RT

Fig. 1.38 MGMT promoter methylation (meth) and progression-free survival in glioblastoma patients randomized to
treatment with radiotherapy (RT) alone or radiotherapy plus temozolomide (TMZ). Reprinted from Hegi ME et al. {982}.

Kaplan—Meier Estimates of Overall Survival according to MGMT
Promoter Methylation Status

100 -
T; 80 -
g 70 -
= 60- L
T S50- Unmethylated
§5 40- MGMT Methylated
é‘ 30 promaoter MGMT
E promaoter
= 20
& 199 p.oo0 \‘KH—
0 T L3 T T T T 7
Q 6 12 18 24 30 36 42
Months
No. at Risk
Unmethylated 114 100 59 16 7 4 1
Methylated 92 84 64 46 24 7 1
L 3 Cleveland Clinic Hegi M, etal. N Engl J Med 352:997-1003, 2005
MGMT 2y OS
promoter?
RT+TMZ Methylated 46%
RT Methylated 23%
RT+TMZ Unmethylated 14%
RT Unmethylated 2%
ll:: Cleveland Clinic Hegi M, etal. N EnglJ Med 352:997-1003, 2005

Level I Recommendationgrade Il gliomasvith MGMT promoter methylatiommave a shortened
time to recurrenc@n the absence of TMZ) and longer posturrence survival (in the presence of
TMZ), ultimately producing similar overall survival gzade Il gliomasvithout MGMT methylation.

| SOCITRATE DEHYDROGENASE (IDH )-1/2 mutation

- means O grade 2 tumor .

- IDH mutations are relatively specific thffuse gliomas

- first most common mutation to occur in glion(84% of individuals with CNS tumor have a
somatic mutation in the IDH1 or IDH2 genes).

- mostly in youngpatientswith secondaryGBM (astrocytic tumor in > 54 yo only 1% chance to
have IDH mutation).

- IDH mutation is a must for oligodendrocyte lineage tumors.

- thrombosed vessels in GBMassociated with IDHwild type.

- independent risk factor faumorrelated epilepsy

- ifgrade 4tumorisIDHmut at ed, it is called fAgrade |

9 incidence of IDH1/2 mutations
primary GBM1 4-11%
secondary GBM 50%

Vv
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1 Parson®t alfound that~12% of GBMpatients had a mutation IBH-1 gene ir> 90% mutation
was R132H;
if patient is > 55 yo, it is enough to test for R132H.
if patient is < 55 yo, need to test for other IDH %2 mutations.
- significantlybetter prognosi@GBM survival improved Jold i from 1.2 yrs to 3.6 yrs)

IDH1 mutation in Glioblastoma

(Parsons 2008)
IDH1 mutated: 3.8y median survival
IDH1 wt: 1.1y median survival

100-
< '
< 80 IDH1 Mutated
g ol (n=11)
c
-
@ 401
©
]
2 204
(@]
p<0.001 ‘
c 1 T 1 T 1
0 2 4 6 8 10
Years

1 mechanism of action

ol DH1 enzyme catalyzes t he o xkethgutarate givirga r |
rise to the generation of nicotinamide adenine dinucleotide phosphate (NADPH)

o IDH mutations result in production of oncometabolite)R¢hydroxyglutarate, which
contributes to tumorigenesis by altering numerous cellular processes, including genome
wide epigenetic changes that characterize the glioma CpG island methylator ph€@etype
CIMP).

1 IDH-mutantinhibitorshave been developed and clinical evaluation is in progress.

EGFR GENE AMPLIFICATION

= GBM or tumor(even if otherwise looks like low grade)ll behave as GBM

CDKNZ2A suppression

Level I Recommendationloss of expression of the CDK2Na either methylation or loss of
chromosome 9p is associated with malignant progressigradé Il gliomas

ATRX (ALPHA-THALASSEMIA /MENTAL RETA RDATION SYNDROME X -LINKED ) GENE

ATRX is present in every cell!
Loss of ATRX = astrocytic lineage
- gene ivolved in chromatin regulation.
- mutation in ATRX is frequently seen in grade Il/lll astrocytomas and secondary GBM

p53 gene mutationg

= astrocytic tumors (vs. oligo*)
*may gain some p53 positivity in anaplastic stage
a 3 BWGRADE ASTROCYTOMARvVEMUtations in p53 gen@7p).
Li-Fraumeni syndrom@nherited p53 mutatiori) strong predisposition to
astrocytomas!

- p53 mutation goes Ahand to hando with | DH 1
- GLIoBLASTOMASVhich showp53mutation are termesecondary glioblastom&$ype 1)- occur in

younger patients whose tumors have progressed from lower grade astrocytqgmanéuy.(de

novo type 2glioblastomatypically found in older patients with short clinical history; prognosis is

worse).

BRAF V600E mutation

- BRAF is a serine/threonine kinase protein and is a downstream effector of tRaRdEK
extracellular signategulated kinase (ERK) signaling pathway, which is responsible for cell
division and differentiation.

- mutation of the BRAF gene in which valine (V) is substituted by glutamdt(&)iat amino acid
600.

-  BRAF V600E mutations are rarely foumdadult gliomas with only -P% mutated samples in
glioblastomas and 2% in low grade adult gliomas

- BRAF mutations are in most instances mutually exclusive to canonical IDH mutations.

- clear prognostic difference could not be established yet.

-  BRAF-V600E mutations are most commonly foundhe followingprimary brain tumors

1) papillary craniopharyngiom@1-95%)

2) pleomorphic xanthoastrocytona2-60%)

3) epithelioid glioblastom#50%)

4) astroblastom&38%)

5) gangliogliomadysembryoplastic neuroepithelial tumor (DNT)
6) diffuse leptomeningeal glioneuronal tumor (DLGT)

7) gliomas diagnosed at a younger age

- itis a driver mutation in a proportion of certain diagnosedanomahairy cell leukemia,
papillary thyroid carcinoma, colorectal cancer, nemalktcell lung cancer, Langerhans cell
histiocytosis, and ameloblastoma

-  BRAF-KIAA1549 fusion is the most common BRAF alteratiorpitocytic astrocytoma

N.B. primary brain tumors with KIAA1548RAF fusion should not be treated with
first-generation BRAFdue to paradoxical activation of the RRa-F-MEK-ERK
pathway.

Adult tumors
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Diagnosis Age Typical Location Prognosis ~ BRAF alteration / frequency  Histology
GBM All ages

Mainly 55-85y s poor BRAF V60OE: 1-2%
eI All ages ‘ 11°: variable BRAF VGOOE: 2-5%
Mainly 35-45y 2 111°: poor PR
Astroblastoma Children and variable BRAF V60OE: 38%
young adults o
e /) BRAF V600E: 12-60%
PXA Mainly children @ wFabia . g
and young adults - Other MAPK fusion: rare
Papillary Cranio- / —\ .
oharyngioma _ Mean 40-55y \é/» y  good BRAF V600E: 81-95%
~
Melanoma 35-71y BRAF V60OE: 42%
; Mean 56 g
Metastasis y NRAS: 18%
Pediatric tumors
Diagnosis Age Typical Location Prognosis  BRAF alteration / frequency  Histology
/:,\\ fusion:good  KIAA1549-BRAF: 70%
PA 5-20y w V60OE: poor  BRAF V6OOE: 5% (ep!
Other MAPK alteration: 5%
G BRAF V600E: 20-60%
GG iﬁ""m;’ @ good BRAF Non-V600E: 12%
Aty = KIAA1549-BRAF: rare
Mainly infantile g00d BRAF V600E/D: 45%
DIA/DIG 0-24m : Other BRAF : rare
- KIAA1549-BRAF: 75%
DLGT Mainly children ki RAF1:rare
Median 5y </ BRAF V60OE: rare
o S @ S
Mean 15y ‘7- g00 ermline ‘rare

FGFR1:some

DLGT: diffuse leptomeningeal glioneuronal tumor, DNT: dysembryoplastic neuroepithelial tumor

PATHOLOGY

N.B. only JUVENILE PILOCYTIC ASTROCYTOMA&Selocalized, all other tumors arefiltrative (invasive
phenotype is acquired early in tumorigengsis
1 calcification occursonly in minority.

Infiltration with tumor cells

Ratio of umar calls: 1:1 110 1:100
10 lotal ces

me 92% 6% 1.8% 0.2%
coll |

brain adjacent  from fumar  [hatant
Tumor 10 umor edge brain
"]

g '

Lt .
& . - '

¥ aww "

. 4

1:1000

[*] Glioma cells always reside outside of contrast
enhancing margin and cannot be visualized

[*] Almost all recurrences local w/in 2 cm of

resection cavity

[*] Need to better visualize tumor cells for
maximal resection

Claes A et al. Acta Neuropathol 2007, Kelly PJ et al. J Neurosurg 1987

Glioma in cerebral hemispherdlifficult to tell where margin is:

Postop MRIT1 w/Gad
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Source of pi<Ttheer d:ntfeWenteRatPrat hol ogy L ¢npEowasdtCoKiatt, MDp>r Me di c a

B

Figure 29-24. Diffuse astrocytoma. Expanded white matter of right
cerebral hemisphere and thickened corpus callosum (coronal sec-
tion).

LOCATION

Any part of brain!;LOW-GRADE ASTROCYTOMA®ROre common below tentorium,
HIGH-GRADEASTROCYTOMA$ above tentorium.

PiLocYTIC ASTROCYTOMASStypically occur in children and young adults, usually in cerebellum.

1 70-80%cerebellar astrocytomagcur in children (most commonhUVENILE
PILOCYTIC ASTROCYTONA
differential diagnosis is cerebellBEMANGIOBLASTOMA
also common close to midline'{¥entricle, hypothalamus, thalamus, optic chiasm,
brain stem).
occasionally irhemispheres (frontal, temporal, parietal lobes).
pilocytic astrocytomaare slowgrowing tumors even when their size, histologic
appearance, clinical symptoms, or radiographic appearance suggests otherwise.

PLEOMORPHIC XANTHOASTROCYTOMANOSt commorsuperficially in temporal lobe in teens and young
adults.

SUBEPENDYMAL GIANTCELL ASTROCYTOMAalmost exclusive ituberous sclerosj)s- most common in
lateral wall of & ventricle.
ASTROCYTOMAS tend to occur in cerebral lobes (esp. frontal).

MALIGNANT ASTROCYTOMASanywhere rimarily in frontal lobes)spreadacross corpus callosum is
common; also may spread through ventricular system or subarachnoid space.

I multicentric in 5% cases.

E |

E |

DIAGNOSTIC ENTITIES : 1. CIRCUMSCRIBED
ASTROCYTIC GLIOMAS

PILOCYTIC ASTROCYTOMA

(WHO gradel)

Genetics
- essentially all havearious mutations affectinglAPK pathway :

e 201 Genelic atleratons aftctng the MAPK pattway in piocytc astocytomas and hei dagnosis: tity; adspled from Cofis VP et al. (482

| BRAFang  Tandem duplicatons resuling in KIAAIS4S-BRAF fusion proteins
KiAATs49  ® having the BRAF kinase domain and with the BRAF Nemminal  >70%  CO™0n In pllocytic astrocytomas, particularty cerebeltar.

Teguiatory domain replaced by the N-terminal end of KIAA1549 rare in other tumour forms

BRAF and Manmmmmwmmm.a
vanous other mummmwmmmmm 5% mnmxﬂmm;mmmm

| genes mmmﬂmwunm:nllmdmm

Occurs mainly in supratentorial pelocytic astrocytomas,

BRAF VBODE mytation ~5%  also n gangliogiomas, pleomorhic xanthoastrocytomas,
and dysembryoplastic neuroepithelial tumours

NF 1 Loss of wild type and relained inherted mutation 2% Typically germiine; ciosely associaled with optic pathway
pilocytic astrocyloma

FGFR1 Mutation <5% Found mainly m midiine pilocytic astrocytomas: frequency
not established in other enlities

FGFR1 Fusons { internal tandem duplication <5y Rare in placytc astrocyloma; also obsarved m other low-
grade gliomas

NTRK family  Fusions 2% Rare in pilocytic astrocyloma; frequency not eslablished
in other entibes

KRAS Mutation Single  Rare in pilocytic astrocytoma; frequency not estatilished

cases In other entdies

T Fusions with consequences similar 1o those of BRAF fusions e
Wmﬂmemlwdmannandnsmammbygmu. Single  Rare m plocytic astrocytoma; requency not established in
terminal end of SGRAPS cases  other enties

most commonly>70%)t andem dupl i cation of BRARKIAALSAO o |
fusioni constitutively activates MAPK.
IDH-1 negativevs. diffuse astrocytomas)

TP53 plays no role.
pilocytic astrocytoma ikallmark of NF1 (esp. optic glioma) neurofibromin protein acts in

MAPK pathway
15% of NF1 patients develop pilocytic astrocytoma (esp. optic pathways); 1/3 of

patients with optic glioma have NF1

E =


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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1

Noonan syntreme(neurecardiofacialcutaneousj germline mutations of MAPK pathway
genes Y associated pilocytic astrocytomas.

Histology

1
1

= = =a =4 =A =4 =9

biphasic patterin compacted bipolar cells with Rosenthal fibers + loose textured multipolar cells

with microcysts and occasional granular bodies.

tumor cells are maturappearing astrocytesjicrocystic changés fibrillary astrocyteqwith long,

thin "hairlike" processesind stellate cellsharacteristidckosenthal's fibergelongated eosinophilic

masscomposed of alphB-crystallini modified process of astrocyte; also seen in reactive gliosis)
*separates tumor from glial reaction

piloid (hairlike) cellsin 2 patterns: dense fascicles and loose arrangements.

Ki67 < 1%- very slow growing and maintain gradl@ver yeard can be cured surgically

relatively wellcircumscribedumors but tumor cells typicallyermeate brain parenchyma up to

several centimetelid

frequently associated wittysts(with mural nodule of solid tumor).

locationi cerebellum and midline structures (brain steoptic pathways, hypothalamus).

*dorsal exophytic brain stem glioma (vs. diffuse astrocytoma of pons)
may infiltrate leptomeningesery occasionally seeds neurakist that does not mean further
aggressive growth.
may haveegressive featuresnecrosis (but it is infardike and not palisading), hyalinized
vesselscalcifications(dif. from craniopharyngioma)
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Astrocytoma - “.-
In this well-differentiated F Jl %
cerebral astrocytoma, mostof =~ "% °
the cells bear numerous % #

are arranged around blood

vessels in a manner similar to
astrocytic processes in normal

grey matter.
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Epidemiology
1 most common glioma in children and adolescents

1 5.4% of all gliomas

Imaging

71 intensely enhancing due to high vascularity.

PLEOMORPHIC XANTHOASTROCYTOMA (PXA)

(WHOgradelY WHO 202

grade 2

- high degree ofastrocytic pleomorphisntipidized giant cells(frequently multinucleatedpbundant
reticulin depositsand chronic inflammatory cell infiltrates.

BRAF V600E mutatiof!! (plus, no IDH mutation)

1 median patient agie22 years.

1 Ki-67<
prognosis.

1 %; [

1 good prognosis (90%-%ear survival)

f

O 5

mi t o anepsastic PXA @radeBpiFsignificantly wosse ¢ a |

1 superficial location (espemporal lobe), cyst is frequemh@y be as cyst with nodule!).
1 imaging- strong enhancement.

Large multinucleated xanthomatous calirbw) with foamy cytoplasm:


http://www.amazon.com/gp/product/0443068887
http://www.amazon.com/gp/product/0443068887
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Salient diagnostic cluelarge cell with foamy cytoplasm:
N > B ¢ -
" ';# 5[ na NN
e ‘ ‘. B ; : ) ! - '). X

SUBEPENDYMAL GIANT -CELL ASTROCYTOMA (SEGA)

(WHO grade)
Due to mixed glioneuronal phenotype, sometimes c&l&stPENDYMAL GIANT -CELL TUMOR

- several types of cells, typically including small elongated cells as wgihas multinucleated
globoid cells(resemble gemistocytes).
L e, WS g
. 4*.‘ ” -; _-,,‘ )‘

i

unique totuberous sclerosig (present in 515% TS patientsjeep. Pha5>>

located in wall of lateral ventricle, near foramen of Monro

histologically identical teubependymal nodulesqtc a | | e d-g i € & B)thatbng s O
ventricles in tuberous sclerosis.

often calcified.

hyalinized vessels and lymphocytic infiltration are consistent.

Ki-67 3%.

imagingi marked contrast enhancement.

treatment surgery / mTOR inhibitors (everolimus).

=2 =8 =8 -4 A =A =4 =9

ASTROBLASTOMA

DIAGNOSTIC ENTITIES: 2. ADULT -TYPE DIFFUSE
GLIOMAS

OLIGODENDROGLIOMA, IDH -MUTANT, 1P/19Q-CODELETED
See p. Oncl2 >>

ASTROCYTOMA, IDH -MUTANT
(WHO grades 2, 3, 4)
N.B. in WHO 2021 grading is no longer entirely histological, since the presence of CDKN2A/B

homozygous deletion results in WHO grade of 4, even in the absence of microvascular proliferation
necrosis


http://www.neurosurgeryresident.net/Pha.%20Phacomatoses,%20Neurocutaneous%20disorders/Pha5.%20Tuberous%20Sclerosis.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc12.%2520Oligodendrogliomas.pdf
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N.B. in WHO 2021, term fgl i-wilbtypagadeodnasirocytons@ler e s
glioblastoma = worst of the worst)

DIFFUSE ASTROCYTOMA (formerly - LOW-GRADE ASTROCYTOMA )
(WHO grade?)

GeneticfWHO 2021)

1 for IDH-wildtype diffuse astrocytic tumors in adults, presencatdéast ongenetic parameter
(TERT promoter mutatigrEGFR gene amplificatigrtombined gain of entire chromosomand
loss of entire chromosome L0+ 7 / F sufficjent to assign the WHO grade

GeneticYWHO 2016)
- divided into IDHmutant, IDHwildtype and NOS categories

1 great majority fdbk into thelDH -mutant category (more favorable prognosis thanIDH-
wildtype 1 applies to both grade Il and grade Il tumors).

9 if immunohistochemistry for mutant R132H IDH1 protein and sequencing for IDH1 codon 132 ar
IDH2 codon 172 gene mutations are both negative, or if sequencing for IDH1 codon 132 and ID
codon 172 gene mutations alone is negative, then the lesion can heséichg@$DH -wildtype.

N.B. diffuse astrocytoma, IDHildtype is an uncommon diagnosisuch cases need to
be carefully evaluated to avoid misdiagnosis of lower grade lesions such as
gangliogliomas; moreover, anaplastic astrocytoma,-idldtype is also rare, and most
such tumors will feature genetic findings highly characteristiDH-wildtype
glioblastoma.

9 if IDH testing is not available or cannot be fully performed (e.g., negative immunohistochemistry
without available sequencing), the resulting diagnosis wouN®®.

Histology
1 slighthypercellularity(more cellular than normal brainniform cells (closely resemble mature
resting or reactive, nonanaplastic astrocytesjjuclear pleomorphisrfor very slight) no

endothelial proliferation, no mitotic activifpr very rare)
& X "&l’l B ‘°-‘. oA ¥ P 4T .: '6’-“""‘.'
A RO

)
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1 Ki-67 proliferation index is usually < 4%.
1 majordifferentiali reactive astrocytosi#: look for RI32Hmutant IDH1).

N.B. most of low grade astrocytomas are positive for IDH1 R132H mutant grotein

Glioma (at left) shows greater cellularity and pleomorphism than adjacent brain (at right), but margin is not distinct:

3 .

Source of pi<Tther d ntfeWenkeRatPhat hol ogy L @bEadwaedtCoKiayy, MDye>r Me di c al

Expanded white matter of left cerebral hemisphere and thickened corpus callosum and fornices:


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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N )
Source of picture: Ramzi S. Cot Pealn199ORobbi ns Pat hol ogic Basi
W. B. Saunders Company; ISBNB: 9780721673356 >>

ned gyarows):
‘

r

Frontal tumor expanded flatte

Source of picture: Ramzi S. Cot feln199®Robbi ns Pat hol ogic Basi
W. B. Saunders Company; ISBNB: 9780721673356 >>

Glioma demonstrates mass effect; note neoplasm variegation (areas of red, tan, white, and brown):

TET 2 [y G ) ‘ VT T e R S WA ‘-
R RIELT TSR AR LA RIS LLLYRORDEI R RLE RO LALLM A E ORI

Source of pi<Tthier d:ntfeWenkeRatPhat hol ogy L ¢pEowaedtCoKialf, MDy>r Me di c al

GEMISTOCYTIC ASTROCYTOMA

- the only distinct variant of diffuse astrocytoma/NHO 2016 protoplasmicandfibrillary variants
have been eliminatéd

Normal astrocytesshow no H&Estainable cytoplasm that is distinct from the background
neuropil.Reactive astrocytesare defined by enlarged nuclei and the presence of stainable, defined
cytoplasm, culminating in thgemistocyte which has a mass of eosinophilic cytoplasm, often an
eccentric nucleus, and cytoplasm that extends into fine processes

1 gemistooytic astrocytGr. plump]- greatlyswollen,brightly eosinophilic normaleactive
astrocytgabundant glial fibrils and expaed cytoplasmyvith eccentric nucleus [mayave two
nuclei]

0 usually appear during acute injury; after that, gradually shrink in size.

0 also found in some chronic diseases and in gemistocytic astrocytomas (gemistocytes
known todedifferentiate to high grade glioraairapid pace, usually indicative of poor
prognosis):

Presence of 20% gemistocyte@n otherwise lowgrade astrocytoma)
suggests course similar AGAPLASTIC ASTROCYTOMA
ARGemi stocytes are badbo
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Fig.1.09 Gemistocytic astrdcytoma, A Tumour cells have abundant eosinophili;: cy(oplasm'. with nuclei d}splaced to the periphery. B PerivasculaF lyhpho&yiic iﬁﬁltrates aré common.


http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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gemistocytes
s x

0

ANAPLASTIC ASTROCYTOMA
(WHO gradel)

Genetics
1 divided into IDHmutant, IDHwildtype and NOS categoriéssee above >>

Histology
1 moderatehypercellularity anaplasianuclear pleomorphisnimcreased mitoses, endothelial
proliferation:

¥ AT ,.1_:,'- - w" R
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B & i D A - : n 2 L. . * £ ==
Fig. 1.14 Anaplastic astrocytoma. A Marked nuclear pleamorphism. Note the atypical mitosis in the centre. B Hypercellularity and hyperchromatic, irregular, so-called naked nuclei

Note very pleomorphic cell in center:
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GLIOBLASTOMA , IDH-wildtype (formerly i GLIOBLASTOMA
MULTIFORME )

(WHO grade %
Geneticg2021CNS WHO)
IDH-wildtype diffuse and astrocytic glioma in adults if there is

a) microvascular proliferation

b) necrosis

c) TERT promoter mutation

d) EGFR gene amplification

e)+7/ 110 chr omosome

number changes

copy

Geneticg§2016 CNS WHO)
1) glioblastoma, IDHwildtype (about 90 % of cases)

2) glioblastoma, IIH-mutant (about 10 % of cases)
3) glioblastoma, NOS
1 definition of full IDH evaluation can differ for glioblastomas in older patients relative to

glioblastomas in younger adults and relative to WHO grade 1l and grade Il diffuse gliomas: in th
latter situations, IDH sequencing is highly recommended following nedafiggH IDH1
immunohistochemistry, whereas the near absence eRA82H IDH1 and IDH2 mutations in
glioblastomas from patients/er about 55 years of agaggests that sequencing may not be
needed in the setting of negative R132H IDH1 immunohistochenmssych patients.

IDH-wildtype glioblastoma IDH-mutant glioblastoma
S :gmaNri{d?;i;):Iastoma, ISDeHC?r:fx?arynthiOb'aStom&
PrasirarIeaEn Not identifiable; Diffuse a_strocytoma
develops de novo Anaplastic astrocytoma

Proportion of glioblastomas ~90% ~10%
Median age at diagnosis ~62 years ~44 years
Male-to-female ratio 1.42:1 1.05:1
Mean length of clinical history 4 months 15 months
Median overall survival

Surgery + radiotherapy 9.9 months 24 months

Surgery + radiotherapy

+ chemotherapy 15 months 31 months
Location Supratentorial Preferentially frontal
Necrosis Extensive Limited
TERT promoter mutations 72% 26%
TP53 mutations 27% 81%
ATRX mutations Exceptional 71%
EGFR amplification 35% Exceptional
PTEN mutations 24% Exceptional

Histology

1 markedcellularity, high proliferation indicesanaplasia, foci of tumor necrosis ({Hgcompanied

1
1

by pseudopalisadingymor cells crowded along edges of necrotic region)

N.B. necrosis distinguishes glioblastoma multiforme from anaplastic astrocytoma!

poorly differentiated, round, or pleomorphic cells, occasional multinucleated cells.
infiltratesbrain extensively (may become enormous before turning symptoniegguently

involve and cross corpus callosumjoMATOSIS CEREBRI 1 almostentire bran infiltrated with
tumor cells (three lobes or more to both cerebral hemispheres with additional involvement of the
deep grey matter structures, brain stem, cerebellum, and spinglglmmehatosis cerebri may be
present also in grade-lll gliomas.

N.B. gliomatosis cerebri can be seeraimy of the diffuse glioma subtypes,
butis most common in anaplastic astrocytoma.

Marked cellularity with marked hyperchromatism and pleomorphgsominent vascularitynecrosiqat lef) with
neoplastic cells palisading aroundpseudopalisading)


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
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Soure of picture: Ramzi S. CotPeln199WRobbins Pathol ogic
W. B. Saunders Company; ISBNB: 9780721673356 >>

Pseudopalisadingipper lef}, neovascularity, nuclear

anaplasia, multinucleated giant celtsaer right): Cellular anaplasia, multinucleated cells, bizarre

mitosis (pper left corner.


http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html
http://www.amazon.com/gp/product/0721601871
http://www.amazon.com/gp/product/0721601871
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Glioblastoma multiforme
Areas of necrosis (arrows) are
characteristic feature of this
neoplasm, and are usually
surrounded by the nuclei of
small malignant cells. The
neoplastic cell population is R
pleomorphic, and also includes
multinucleate cells. Vascular
endothelial proliferation is
another characteristic
histological feature.

Source of picture: Jame
Livingstone; ISBN13: 9780443037122 >>

Figure 21-11. Microscopic detail <_)f
an astrocytoma, grade IV. A mitotic
figure (solid arrow), giant cell (dashed
arrow) and a cluster of endothelial
cells are evident.

Source of pi<Ttheer d:ntfeWenkeRatPlat hol ogy

Vascular neoplasm with prominent areas of necrosis and hemorrhage; note crossed midline:

L @oypEnlwaed tCoKilatt, MDyo>r

Me d i


http://www.amazon.com/gp/product/0443068887
http://www.amazon.com/gp/product/0443068887
http://library.med.utah.edu/WebPath/webpath.html
http://library.med.utah.edu/WebPath/webpath.html

EPITHELIOID GLIOBLASTOMA

- variant ofIDH-wildtype glioblastoma

1 large epithelioid cells with abundant eosinophilic cytoplasm, vesicular chromatin, and prominent
nucleoli (often resembling melanoma cells), and variably present rhabdoid cells

predilection forchildren and younger adults.

typically present as superficiadiebral or diencephalic masses.

often harbor a BRAF V600E mutation.

often lack other molecular features of conventional adult-\ididtype glioblastomas, such as

EGFR amplification and chromosome 10 losses; instead, there are fragoenygous deletions

of ODZ3.
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Although the neuroimaging features are not specific, many cases show a superficial localization an
sharp demarcation, as seen on this-postrast Tiweighted MR image (a). Histologically, the Ep

GBM may also show a discrete border with adjacent bréier) suggestive of a metastasis (b). This
mimicry is further complicated by the tumor cytology featuring large epithelioid cells with abundant
eosinophilic cytoplasm, vesicular nuclei, and large meladdmaucleoli (c). Not uncommonly, a
subset of tumocells display eccentric nuclei and paranuclear inclusions that overlap with rhabdoid
neoplasms (arrows). Some-ByBMs show features of a lower grade precursor in adjacent tissue; in
this particular example, there was focal evidence of pleomorphic xatrtbmdasma, including bizarre
giant cells despite lack of mitotic activity, numerous eosinophilic granular bodies, and xanthomatou:
appearing vacuolated astrocytes (d). GFAP expression is often limited (e) and may even be lacking
entirely. In contrast, S10frotein is strongly expressed (f), whereas other melanoma markers are
typically negative (not shown). Other glial markers, such as OLIG2 may also be positive (g), but ma
lack this protein as well. Roughly half of EBMs express BRAF V600E mutant praot&is seen in

this example (h)
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