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[ Epidémiologie & Carcinogénese 1 Classification moléculaire Jl Biologie moléculaire & Diagnostic
Epidémiologie H
>Rare : 15/million d’habitants/an Gastro-Intestinal Stromal Tumour (GIST)
>Le plus fréquent des sarcomes : <1% ’

>GIST : 600-900 cas/an (France)
S >Sarcomes : 4000 cas/an (France)J

e

A

B Stomach

B sSmall bowel
B Colon, rectum
B Esophagus

I Other /

Santepubliquefrance.fr Photo : wikipedia.fr (libre de droit) Marino, Ann Ital Chir 2020 Miettinen, Virchows Arch 2001
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Epidémiologie & Carcinogénese

Classification moléculaire

Biologie moléculaire & Diagnostic

/ KIT/PDGFRA [

(gain-of-function mutation)
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Carcinogénése

[>Mutations activatrices de RTK

) 4

>Voies de prolifération cellulaires
> JAK-STAT3
>PI3K-AKT-mTOR
>RAS-RAF-MAPK

v

)

4 N

[>Régulation des fonctions cellulaires
>Prolifération
> Apoptose
[>Chemotaxie
>Adhésion

- )

Li, Oncotarget 2017
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Epidémiologie & Carcinogénese 1 Classification moléculaire Jl Biologie moléculaire & Diagnostic

Desc. examen : SCANNER THORACO-ABDOMINO-PELV.. Pos. patient: FFS
Desc. série : AXPORTAL Desc. examen : SCANNER THORACO-ABDOMINO-PELV..
6 Desc. série : AXPORTAL

<605-51

L
‘&\ )
N=aem. “DTT27 B N2 dem. : DIT2754038835
Pos. patient: FFS Pos. patient: FFS
Desc. examen : SCANNER THORACO-ABDOMINO-PELYV. Desc. examen : SCANNER THORACO-ABDOMINO-PELV...
Desc. série: AXPORTAL Desc. série : AXPORTAL
605 - 52

605-51

| Courtoisie du Dr CHAIGNEAU |
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(a ™

Molecular Sub-Classification of GIST

m KIT exon 11

77% H KIT exon 9

u KIT other
(13&17)

10% m PDGFRA

m SDH deficient
" BRAF

H RAS

13%

m RTK
translocation

u NF1

' Quintuple
wild type

\_ J

Tsvetkova, European Oncology and Haematology 2015
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KIT mutant GIST

>Morphologie :
>« Spindle cell »

KIT mutant '\!

PDGFRA mutant GIST

>Morphologie :
>« Epithéloide »

Dermawan, Annual Review of Pathology 2022
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(e 2 )

SDHB mutant GIST

BRAF mutant GIST

TR TR TN
\'ﬂ& . ‘mﬁ’t

Dermawan, Annual Review of Pathology 2022
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‘ Présentation I Mutations “ Imatinib |

f [
i KIT ~ PDGFRA
EC Ig-like domains EC Ig-like domains
D1 D1
D2 D2
D3 D3
D4 D4
D5 Exon 9 D5
: 777J7M7drorrrr1a|n 7777777777777 JM domain Exon 12
TK1 domain Exon 13 TK1 domain - 14
(ATP binding pocket) Exon 14 (ATP binding pocket) el
TK2 domain TK2 domain g 18
(activation loop) Exon 17/18 (activation loop) ek
>Physiologiquement : Maintien des pop cellulaires >Physiologiquement : Neurotransmission
L >Hématopoiése, Gamétogénése, Mélanogénése >Motilité digestive

.
Dermawan, Annual Review of Pathology 2022
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L erésenaton [ wuatons | matini |

mutation

mutation
EC Ig-like domains EC Ig-like domains
D1 D1
D2 D2
D3 D3
D4 D4
10% D5
T S ABressif, Extra-gastrique ++ | [T
JM domain Exon 11 67% JM domain Exon 12 1%
TK1 domain Exon 13 TK1 domain - 14
(ATP binding pocket) Exon 14 (ATP binding pocket) B0i)
TK2 domain f TK2 domain .
(activation loop) Exon 17/18 (activation loop) Exon 18 i

non D842V 1%
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‘ Présentation I Mutations |—

| [>KIT, BCR-ABL, PGDFR alpha/beta |

mutation Imatinib mutation Imatinib

EC Ig-like domains EC Ig-like domains

D1 D1

D2 D2

D3 D3

D4 D4

D5 10% [] D5
JM domain 67% [] JM domain Exon 12 1% []

TK1 domain Exon 13 TK1 domain - 14
(ATP binding pocket) Exon 14 (ATP binding pocket) A0

TK2 domain TK2 domain
(activation loop) . Exon 17/18 (activation loop) Exon 18 i []
non D842V 1% []
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Présentation Mutations ‘ Imatinib |

o Imatinib (GLIVEC®)
0.9 - .: Survival [>A|V|M 2002 :
0.8- . . [>GIST Kit (CD117) +
. b""""b.».....i Continued response to treatment >non résécables
' & >et/ou métastatiques
Z 0.6- e \ [>x6-12m +/- résection secondaire /
5
g 057 | [>n=147 >400 vs >54% PR 11 : 80%
3]
£ o044 | DR1:1 600 mg >28% SD 9:50%
X 3 ans
0.3+
0.2
0.1
00 1 I I 1 1 1 1 I 1 I I 1 1 I I 1 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Weeks after the First Dose
Figure 1. Kaplan—Meier Estimates of Overall Survival and Time to Treatment Failure for All Patients.
Each arrowhead represents the point at which a patient’s data were censored.

Demetri, NEJM 2002
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Présentation 1 Mutations J[ Imatinib )
Ll Imatinib (GLIVEC®)
90
¢ g0 >AMM 2002 :
Z [>GIST Kit (CD117) +
T 70 >non résécables
g 60 A [>et/ou métastatiques
- Teeea, [>x6-12m +/- résection secondaire
R -
g 40 | EHR=0.29 -,
5 P-value = <0.001 P e g
g 307 Fe——— "> AMM 2009 : A
< 20 ===<Imdtinib >GIST Kit (CD117) +
10 - - - Placebo >Adjuvant
[>Risque significatif de rechute
0 >x3 ans
0 6 12 18 24 30 36 42 48 \ /
Time in Months
Number at Risk .
Placebo 86 35 10 1 0 DM .
Imatinib 93 51 21 2 0 >Néo-adjuvant ?
>GIST Wild Type ?
>n=713 > 1matinib >RFS A1 mOS 4,8y

>R1:1 P | vs placebo

P’ | 98 vs 83%

De Matteo, Lancet 2009
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& 2° 2001 1= 2° 2001
mutation mutation Imatinib mutation mutation Imatinib
EC Ig-like domains EC Ig-like domains
D1 D1
D2 D2
D3 D3
D4 D4
D5 Exon 9 10% [] D5
JM domain Exon 11 67% B JM domain Exon 12 1% []
TK1 domain Exon 13 V654A 40% L] TK1 domain Exon 14
(ATP binding pocket) Exon 14 T6701 11% ] (ATP binding pocket) Al
TK2 domain TK2 domain
(activation loop) . Exon 17/18 D816V 8% | (activation loop) Exon 18 D842V 8% O
' non D816V 30% ] non D842V 1% | 3% []
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Mécanismes Sunitinib Jl Regorafenib & Ripretinib J[ Avapritinib & autres TKI Jl Cibles futures ?

KT o | i | o2 | o225, Sunitinib (SUTENT®)

EC Ig-like domains

D >AMM 2006 :
DZ y 4 V4 rd .
D3 [>12 non résécables / métastatique
D4 . . . V4 ’ . . .
S . = g [>Si toxicité / résistance L1 Imatinib
Mdomain § Bon1l | 67% O 0
TK1 domain Exon 13 V654A 40% &= O 100 = o
ATP bindi ket Sunitinib (n=207)
(ATP binding pocket) Exon 14 T6701 11% [ | O 90 median 273 weeks
TK2 domain o —=—+—-  Placebo (n=105)
(activation loop) Exon 17/18 D816V 8% ’ [E ] 80 median 6-4 weeks
non D816V 30% . .

70 — HR=0-33

g
2
3
2
o
2 & 95% CI (0-23-0-47
PDGFRA ik 2° 2001 2006 ;] G
mutation mutation Imatinib Sunitinib £ 50
o
EC Ig-like domains é. 40 —
D1 3
D2 g 30
D3 S 20 .
D4 @
£ ———
D5 S 10 b i
I
0 T T T T T T T T 1
JM domain Exon 12 1% = - 0 6 12 18 24 30 36 42 48 54
TK1 domain E 14 Time (weeks)
(ATP binding pocket) A0l
Number at risk
TK2 domain ; Sunitinib 207 106 67 53 34 18 5 1 0
(ctivation loop) Exon 18 D842V 8% [ | ] S 5 ) 1 o . o o
non D842V 1% | 3% O O acebo 105 36

Dermawan, Annual Review of Pathology 2022

Demetri, Lancet 2006
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KIT J mut]aation mutzaetion Imz:t?rlib Suzn??igib Regi?;fzenib RegO rafe n i b ( N EXAVA R g )

EC Ig-like domains

D1 >AMM 2016 :
Dz y 4 V4 y 4 L]
D3 >13 non résécables / métastatique
D4 L] . . V4 ’ L]
i toxici resistance L1-2
o RN = : = >>Si toxicité / résistance
JM domain Exon 11 67% [l [l O
TK1 domain Exon 13 V654A 40% ] O [ |
(ATP binding pocket) Exon 14 T6701 11% m O B . bl i i, Rl
egorafenib, N= acebo, N=
TK2 domain Medi 4-8 months 0-9 th
Y E 17/18 D816V 8% edian PFS months
(activation loop) = par = = = 1:00 1 (95% Cl) (41-58) (09-11)
Number of events 81 (60-9%) 63 (95-5%)
=
i)
PDGFRA i 2 2001 2006 2012 8 0751
mutation mutation Imatinib Sunitinib Regorafenib 2
=
» ; S
EC Ig-like domal{r;s1 E 0-50 - —— Regorafenib
= — Placebo
D2 @
©
D3 ©
2 025 =
D4 s I_._.
D5 @
0 T T T T 1
JM domain Exon 12 1% ] O ] 0 2 4 6 8 10
TK1 domain fom 14 Months from randomisation
(ATP binding pocket) Patients at risk
Regorafenib 82 72 27 9
( “TK2 domain I D842V 8% | O | Placebo 12 5 0 0
activation loop)
non D842V 1% | 3% ] O O

Dermawan, Annual Review of Pathology 2022 Demetri, Lancet 2013
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7\
1° 27 2001 2006 2012 2020 H H .- ®
KIT mutation mutation Imatinib Sunitinib Regorafenib Ripretinib R' p retl ni b ( QI N LO C K )
EC Ig-like domains
DI >AMM 2022 :
Dz y 4 V4 rd .
D3 >14 non résécables / métastatique
D4 . . . V4 ’ .
o IR = - - - >Si toxicité / résistance L1-2-3
e - - w |
TK1 domain Exon 13 V654A 40% i O 5] [ 100 Median PFS 6-3 months vs 1-0 month*
(ATP binding pocket) Exon 14 T6701 11% [ O I} [ HR 0-15, 95% Cl, 0-09-0-25
- p<0-0001
TK2 domain ES
(activation loop) Exon 17/18 D816V 8% E i | ] ] -
non D816V 30% . . . . § _________________________________________________________
g 404
3
e D2 2001 2006 2012 2020 T 20 oy
PDGFRA mutation mutation Imatinib Sunitinib Regorafenib | Ripretinib e e i ( fﬁzh) }g%cé:
0 -
EC Ig-like domains 6 é A é é 1'0 1'2 1'4
= s Mortts
D2 | %
D3 Median OS 15-1 vs 6:6 months
HR 0:36, 95% Cl, 0-21-0-62
D4 100 -
D5
& 804
JM domain Exon 12 1% ] ] B O % 60 -
TK1 domain — g el
(ATP binding pocket) K Median 05
2 20 (months)  95% CI
T2 domai % d- gl e
R nolr;‘g;)”) Exon 18 D842V 8% [ ] [ ] ] 1 0 -
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Dermawan, Annual Review of Pathology 2022

« INVICTUS » Blay, Lancet Oncol 2020
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|
1° 2% 2001 2006 2012 2020 142 sm 8 ®
KIT mutation mutation Imatinib Sunitinib Regorafenib Ripretinib Ava p rltl ni b (AYVA K I T )
EC Ig-like domains

o B sensitivity > Accés Précoce 2021 :

D2 M Resistance T, , .
D3 >11 non résécables / métastatique

o [>Si mutation D842V de PDGFRA

D5 Exon 9 10%

JM domain Exon 11 67%

TK1 domain Exon 13 V654A 40%
(ATP binding pocket) Exon 14 T670111%

Si prescription : penser AVIATOR2020

N
(&)}
1

TK2 domain
(activation loop)

86% ORR?*
95% Clinical benefit ratef
95% with tumor reduction

Exon 17/18 D816V 8%
non D816V 30%

~

baseline in target lesion diameter (%)
%)
2

04

PDGFRA 1°_ 2°_ 20(_)1_ 2996_ 2012 _ .202_0_ 202(_) )
mutation mutation Imatinib Sunitinib Regorafenib Ripretinib Avapritinib
EC Ig-like domains
D1
D2
D3

D4
D5

[
o
L

Maximum percent reduction from
1
\‘
(631

JM domain Exon 12 1% - - - . .

TK1 domain 4
(ATP binding pocket) Exon 14 -100

TK2 domain

o
(activation loop) Exon 18 D842V 8%

non D842V 1% | 3% Patients

=> VOYAGER : Ph3 L3-4 vs regorafenib

« NAVIGATOR » Heinrich, Lancet Oncol 2020

Dermawan, Annual Review of Pathology 2022
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Genetic alterations ﬁincludin KIT/PDGFRA
mutations and amplification

Pazopanib (VOTRIENT®) (FGFR)

* Upregulation

—] Inhibition ;
el
™ Transcription Extrac®’ )
J— >PAS DAMM
Progression-free survival by primary mutational status
Mitochondrion
Proteosomal o
% degradation S ——c—kit, Exon 9 (n =13)
— c-kit, Exon 11 (n = 31)
@ —— No mutation detected (n = 11)
Prolyl —— Not available (n = 13)
hydroxylase
e - e
Succinate |
8 ] -l
HIF1-o
& =
A |
« Survival 7 X L
il , ] « Inhibition of apoptosis '
: ; o -
Oncogenic gene transcription + Cell growth and proliferation I | ] |
0 12 26 52 78
Nucleus EZH2
Weeks from start of treatment

Dermawan, Annual Review of Pathology 2022

PAZOGIST Mir, Lancet Oncol 2016 ; Eriksson, ESMO Open 2021




Introduction Kit/PDGFRA ]_[ Wild Type ][ Conclusion
Mécanismes Sunitinib Jl Regorafenib & Ripretinib J[ Avapritinib & autres TKI Jl Cibles futures ?

Genetic alterations ﬁincludin
mutations and amplification

* Upregulation
— Inhibition

ace
™ Transcription pxtracellutar SPeC

Mitochondrion
Proteosomal
% degradation

p 3%
SDH
Prolyl
/\ hydroxylase
* Succinate

HIF1-o

Y

HIF1-o

Me
\

Me P  /

. o
Me ) & &°
I 0$é{(\‘\\'b
- & \
o

Nucleus EZH2

Dermawan, Annual Review of Pathology 2022

'—>
VWOVPVLOVOVLOVO

Oncogenic gene transcription

KIT/PDGFRA
FGrg

Mer
EGrp

- Survival
« Inhibition of apoptosis
- Cell growth and proliferation

Pazopanib (VOTRIENT®) (FGFR)

>PAS DAMM

L Masitinib (MASIVET®) }(FGFR)

L [>// SEP, Asthme, Alz.. J

L Dasatinib (SPRYCEL®) }
>+ IMATINIB
>+ IPILLMUMAB

L Lenvatinib 1

L [>LENVAGIST (Ph2 L3+) J

Mir, Lancet Oncol 2016 ; Eriksson, ESMO Open 2021
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Genetic alterations (includin KIT/PDGFRA
mutations and amplification

* Upregulation
— Inhibition |
™ Transcription extracellV

>Crizotinib
>Cabozantinib

Proteosomal
degradation

/\ [>Brinimetinib + imatinib

>Alpelisib
> Palbociclib

« Survival
« Inhibition of apoptosis

- Cell growth and proliferation l> L2 a pres imatinib ?

Nucleus
(XX}
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Mécanismes Sunitinib Jl Regorafenib & Ripretinib Jl Avapritinib & autres TKI J[ Cibles futures ?
Genetic alterations (includin KIT/PDGFRA
mutations and ampﬁiﬁcation &

* Upregulation
— Inhibition
™ Transcription

L mAB conjugué anti KIT }

Extrace\\u\ar spac’e

L >LOP628 (+ Maytansine) J

Mitochondrion
Proteosomal

degradation 4

L mAB anti CTLA + anti KIT }

Prolyl
/\ hydroxylase

Succinate

L >1pilimumab + Imatinib J

SDH
{

HIF1-o

[ mAB anti PDL1 + anti VEGF }

L > Avelumab + Axitinib J

Y

HIF1-o

X LBquuer la transcription KIT}
Me 4 v
N ,('\00
i N = - Survival > Flavopiridol ALVOCIDIB
.- & LOVOVDBOVOUWD » « Inhibition of apoptosis
o \ Oncogenic gene transcription + Cell growth and proliferation

Nucleus (XX

Dermawan, Annual Review of Pathology 2022

Balachandran, Nat Med 2011 ; D’Angelo, Clin Cancer Res 2017 ; Reilley, Cancer 2017
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SDH |

NF1 RAS RAF

Quadruples négatives

[ GIST associées a la SDH

> Carence en Succinate Dehydrogenase (SDH)
>Majorité des GIST pédiatriques, 8% totales
>Enfant & jeunes adultes, prédominance F>M
>Quasi exclusivement Gastriques

>Triade de Carney (1977) :
>GIST, Paragangliome, Chondrome pulmonaire
>Quasi exclusivement féminin
>Inactivation épigénétique par hyper-
méthylation du promoteur SDHC

>Diade de Carney = Sd de Carney-Stratakis :
>GIST (gastrique+++), Paragangliome
>Transmission autosomale dominante
>Mutation germinale inactivatrice d’un géne
codant pour une sous unité du complexe SDH

Dermawan, Annual Review of Pathology 2022

Genetic alterations ﬁ
mutations and amp

* Upregulation
— Inhibition
™ Transcription

Mitochondrion

*\ST‘/
* Succinate

Nucleus

Proteosomal
% degradation )

includin
ification

KIT/PDGFRA

Extrace\\u\ar space

Prolyl
hydroxylase

HIF1-o

Y

HIF1-o

Y

l_>
LOVOVOVIVOVD

Oncogenic gene transcription

« Survival
« Inhibition of apoptosis
« Cell growth and proliferation
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SDH NF1 RAS RAF ‘ Quadruples négatives l

Genetic alterations ﬁincludin KIT/PDGFRA
/—[ GIST associées a la voie RAS/MAPK }—\

mutations and amplification
* Upregulation
—] Inhibition

ace
™ Transcription EXF‘aC"f.\‘“‘ar sea—

MR ™" proteosomal >Neurofibromatose de type 1 :
Aefinatan >Risque : 7% / vie
SDH o \ _— DAutosom.ique domir.mante (.>> somatique)
oo A eurofibromin >Dysfonction Neurofibromine
v >Inhibe voie RAS/MAPK
e G Sl [>GIST multiples, Intestin gréle ++

o /

>Multiples et rares
>BRAF V600E (driver // mélanome, CCR, CB)

e « Survival [>RAS (CO”aboratiVE)
W@MW » - Inhibition of apoptosis ,
Oncogenic gene transcription - Cell growth and proliferation

Nucleus

Dermawan, Annual Review of Pathology 2022
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Kit/PDGFRA
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Conclusion

|

SDH

NF1 RAS RAF

Quadruples négatives

GIST quadruples négatives

>Multiples et rares
>Mutations activatrices drivers
[>PIK3CA

>Surexpression / Activation
>EGFR
>1GF1

>Fusions
>FGFR1-HOOK3 & FGFR1-TACC
>NTRK3-ETV6 & LMNANTRK1
> Larotrectinib & Entrectinib

>Hyperméthylation

\_

>EZH2
>Tazemetostat

Genetic alterations (incluc
mutations and amplification

* Upregulation

— Inhibition

|'> Transcription

Mitochondrion

O

@6

* Succinate

/

Dermawan, Annual Review of Pathology 2022

Nucleus

A

KIT/PDGFRA

ﬁincludin

Extrace\\u\ar space

\

HIF1-o

Proteosomal
degradation

Prolyl
hydroxylase

\
mTOR

Y

HIF1-o

Me
\.

Y

%O :
o - Survival

?~
o*‘é

<&
x\\\‘?é \

,—>
VOLPVLEVOVOLO W

Oncogenic gene transcription

EZH2

« Inhibition of apoptosis
- Cell growth and proliferation

Boichuk, Cancers 2020
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GIST & biologie moléculaire

KIT+, DOG1, SDHB, NF1, BRAF (IHC) J

Mutation KIT Exon 9 (Génotypage) J G I ST

AWAREN3SS
% DAY 13/07

KIT Exon 9 vs 11, PDGFRA Exon 18 D842V J

Nouvelles cibles (selon Séquencage) J




Merci pour votre attention



Besancon UNIVERSITE . INSTITUT REGIONAL
centre hospitalier régional universitaire BOURGOGNE FRANCHE-COMTE FEDERATIF DU CANCER H

CHRU
UBFC % IRFC UVIQ/ C .o

Unité de Méthodologie et de Qualité de Vie en Cancérologie

\ ° ° ¥ 4 ° \
GIST : modele pour la biologie moléculaire

Du diagnostic a la thérapeutique

Dr Clément BOLOGNINI
27 avril 2023
Chef de Clinique Oncologie Médicale
CHU Jean Minjoz - Besanc¢on




[

Introduction | Kit/PDGFRA

][ Résistances

SDH & NF1/RAS/RAF

Quadruples négatives

[ WidTee ) conclusor

Cibles futures ?

/—E Le mystere des micro-GIST

—

>20 3 30% des adultes porteurs

>Mutations KIT & PDGFRA sans prolifération !

>Mutations supplémentaires nécessaires ?

-

o

CDKN2A, RB1, TP53 & MDM2 ?

>Cycle cellulaire & Anti-CDK4-6 ?

Dystrophine

>Réle de liaison CML & MEC (vs migration/invasion)

>Valeur pronostique ? Thérapeutique ?

Micro-GIST

KIT/PDGFRA

Metastatic/Resistant GIST

—
Patient Age

Li, Oncotarget 2017
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