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Biologie des mutations IDH dans les hémopathies myéloides

LES MUTATIONS IDH



Mutations IDH1
Premiere dans le cancer colorectal

The Genomic Landscapes of Human
Breast and Colorectal Cancers

Laura D. Wood,* D. Williams Parsons,* Sidn Jones,™* Jimmy Lin,'* Tobias Sjéblom,*+
Rebecca ]. Leary, Dong Shen,® Simina M. Boca,? Thomas Barber,*t Janine Ptak,*

Natalie Silliman," Steve Szabo,” Zoltan Dezso,® Vadim Ustyanksky,” Tatiana Nikolskaya,>*
Yuri Nikolsky,> Rachel Karchin,® Paul A. Wilson,® Joshua S. Kaminker,® Zemin Zhang,®
Randal Croshaw,” Joseph Willis,® Dawn Dawson,® Michail Shipitsin,’ James K. V. Willson,°
Saraswati Sukumar,* Kornelia Polyak,® Ben Ho Park,* Charit L. Pethiyagoda,'?

P. V. Krishna Pant,'? Dennis G. Ballinger,'? Andrew B. Sparks,2§ James Hartigan,*

Douglas R. Smith,** Erick Suh,'® Nickolas Papadopoulos,® Phillip Buckhaults,” Sanford D. Markowitz,**

Giovanni Parmigiani,1|| Kenneth W. Kinzler,1|| Victor E. \J‘elculescu,lll Bert Vugelsleinlll

Human cancer is caused by the accumulation of mutations in oncogenes and tumor suppressor
genes. To catalog the genetic changes that occur during tumorigenesis, we isolated DNA from
11 breast and 11 colorectal tumors and determined the sequences of the genes in the
Reference Sequence database in these samples. Based on analysis of exons representing
20,857 transcripts from 18,191 genes, we conclude that the genomic landscapes of breast
and colorectal cancers are composed of a handful of commonly mutated gene “mountains”
and a much larger number of gene “hills” that are mutated at low frequency. We describe
statistical and bioinformatic tools that may help identify mutations with a role in
tumorigenesis. These results have implications for understanding the nature and heterogeneity of
human cancers and for using personal genomics for tumor diagnosis and therapy.

table $3. Somatic mutations discovered in RefSeq genes

Gene RefSeq Tumor Tumor Screen Nucleotid _— Nucleotide (cDNAJE Amino acid

Accession Type ucleotide (genomic) ucleotide (c ) (protein)”
I IDHA MM_005896.2 W22 Colorectal Discovery g.chr2:208938619C=T c.394C=T p-R132C l

IFMAL NIV UOUBUS gal. oreast Lhscavery g.chrdzZ1a /43901 c.oJlL=] paT1ifL

IFMNB1 MM _002176.1 BoC Breast Discovery g.chr9:21067377G=T c.492G=T p-W1B4C

IGFBP3 MNM_000598.2  Hx218 Colorectal Validation g.chri-48727781C>T c.754C>T p.R252C

IGFBP3 MM _000598.2 W27 Colorectal Discovery g.chri:45733960C=T c.20C=T p-T7TM

IGSF22 MNIM_173588 Mx27 Colorectal Discaovery g.chr11:18693782G=A c.1304G=A p-R435H

2 FE2 KIKA A72IE00 HawrP40 Malarnstal Vialidatinm A rhet1-1200A N2 A ~ 142~ A m 207

Une mutation parmi 2694 autres

Wood LD et al. Science. 2007;318(5853):1108-13.



Mutations IDH1
Récurrence dans le glioblastome

An | dG ic Analysis of
n nte g rate e n 0 m I c n a vs I s 0 Table 2. Most frequently altered GBM CAN-genes. All CAN-genes are listed in table S7.

H u m a n G I i 0 b I a sto m a M u Itif0 rm e Point mutations* Amplificationst Homozygous deletionst
. N . Fraction of tumors
No. of Fraction of No. of Fraction of No. of Fraction of s Passenger
Cene tumors tumors (%) tumors tumors (%) tumors tumors (%) alt:r'a':'i:nn‘('t’/o) probabilityf
D. Williams Parsons,™?* Sian Jones,'* Xiaosong Zhang,* Jimmy Cheng-Ho Lin,** oA o022 0 022 0 122 50 50 <001
Rebecca J. Leary,™* Philipp Angenendt,** Parminder Mankoo,® Hannah Carter,? 1-Mei Siu,* i i 2 o b o > i i
Gary L. Gallia,* Alessandro Olivi,* Roger McLendon,® B. Ahmed Rasheed,’ Stephen Keir,® PTEN 271105 26 0/22 0 V22 5 30 <0.01
: 2 [ 0 3 7 a8 8 : : 1 NF1 16/105 15 0/22 0 0/22 0 15 0.04
Tatiana le-alske;ya, Yuri N1kt.llsk9y, Dana A. Busam, H;mna Tekleab,” Luis A. QIaz ]r‘., 1o coka 022 o 3022 1 022 0 1 001
James Hartigan,” Doug R. Smith,” Robert L. Strausberg,” Suely Kazue Nagahashi Marie, I 22 + = =
. . oy = - = = IDH1 12/105 11 0/22 0 0/22 0 11 0.01
Sueli Mieko Oba Shinjo,'® Hai Yan,® Gregory J. Riggins,* Darell D. Bigner,’ ppm— e o e § i o - :,,J
Rachel Karchin,® Nick Papadopoulos,® Giovanni Parmigiani,* Bert Vogelstein,'t PIKGRL 8105 8 022 0 022 0 8 010
. 1 : 1 *F f h point mu di he fraction of mutated GBM; f the 105 samples in the Discovery and Prevalence S . CDKN2A and CDK4 lyzed for poi
Victor E. Velculescu,”f Kenneth W. Kinzler't entatlons inthe rivalebce Sceen becan 1 sequence altraiors wire debed 1 thess gones i the Dlscovery et 1Faacion o amers wihsmptkatloasand Geieuns ndiats
the number of tumors with these types of alterations in the 22 Discovery Screen samples. $Passenger probability indicates the probability obtained using the average of the lower and
upper bound background mutation rates (12).
Glioblastoma multiforme (GBM) is the most common and lethal type of brain cancer. To identify
the genetic alterations in GBMs, we sequenced 20,661 protein coding genes, determined the
presence of amplifications and deletions using high-density oligonucleotide arrays, and performed Table 4. Characteristics of GBM patients with IDH1. mutations
gene expression analyses using next-generation sequencing technologies in 22 human tumor IDH1 mutation
3 3 3 3 3 ” Patient age Recurrent  Secondary  Overall survival < 3 . i ion of PTEN,
samples. This Fumprehenswe analysis led to the discovery of a va.nety.uf genes t.hai were nf}i k!'luwn patient 1D (T Sex P i years Nucleotide ~ Amino acid [0 O e o NFL
to be altered in GBMs. Most notably, we found recurrent mutations in the active site of isocitrate o = - . NG o e Pre— vie "
dehydrogenase 1 (/DHI) in 12% of GBM patients. Mutations in IDHI occurred in a large fraction of Bri11p 32 M No No a1 G395A R132H Yes No
: : : : : .. : : Bri2p 31 M No No 1.6 G395A R132H Yes No
young patients and in most patients with secondary GBMs an.d were assoc]ated with an increase in Sri0d0 % ¢ e o o ik RS Ve tio
overall survival. These studies demonstrate the value of unbiased genomic analyses in the Br106X 36 M No No 38 G395A R132H Yes No
. . n . . n : . Br122X 53 M No No 7.8 G395A R132H No No
char?c_leri_zauon of human brain cancer and identify a potentially useful genetic alteration for the b % M P Ves 49 Giosh P Voo No
classification and targeted therapy of GBMs. Br237T 26 M No Yes 26 G395A R132H Yes No
Br211T 28 F No Yes 0.3 G395A R132H Yes No
Br27P 32 M Yes Yes 1.2 G395A R132H Yes No
Br129X 25 M Yes Yes 3.2 C394A R132S No No
Br29p 42 F Yes Unknown Unknown G395A R132H Yes No
IDH1 33.2 67% M 25% 42% 3.8 100% 100% 83% 0%
mutant
patients
(n=12)
IDH1 53.3 65% M 16% 1% 11 0% 0% 27% 60%
wild-
type
patients
(n=93)
*Patient age refers to age at which the sample was obtained. tRecurrent GBM designates a GBM which was resected >3 months after a prior diagnosis of GBM. $Secondary GBM
designates a GBM which was resected > 1 year after a prior diagnosis of a lower grade glioma (WHO I-Ill).  §Overall survival was calculated using date of GBM diagnosis and date of death or

last patient contact: Patients Br10P and Br11P were alive at last contact. Median survival for IDH1 mutant patients and IDH1 wild-type patients was calculated using logrank test. Previous
pathologic diagnoses in secondary GBM patients were oligodendroglioma (WHO grade 1I) in Br123X, low grade glioma (WHO grade I-11) in Br237T and Br211T, anaplastic astrocytoma (WHO
grade 111) in Br27P, and anaplastic oligodendroglioma (WHO grade Il) in Br129X. Mean age and median survival are listed for the groups of IDH1-mutated and IDH1-wild-type patients.

Parsons DW et al. Science. 2008;321(5897):1807-12.



Mutations IDH1 et IDH2
Gliomes

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

IDH1 and IDH2 Mutations in Gliomas

Hai Yan, M.D., Ph.D., D. Williams Parsons, M.D., Ph.D., Genglin Jin, Ph.D.,

Roger McLendon, M.D., B. Ahmed Rasheed, Ph.D., Weishi Yuan, Ph.D.,
Ivan Kos, Ph.D., Ines Batinic-Haberle, Ph.D., Sidn Jones, Ph.D.,

Gregory J. Riggins, M.D., Ph.D., Henry Friedman, M.D., Allan Friedman, M.D.,
David Reardon, M.D., James Herndon, Ph.D., Kenneth W. Kinzler, Ph.D.,
Victor E. Velculescu, M.D., Ph.D., Bert Vogelstein, M.D.,
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Yan H et al. N Engl J Med. 2009;360(8):765-73.

Tumeor Classificationy

MNo. of Median
Tumors Ageof Male Median
Analyzed Patient;; Sex Survival

Tumors with
IDH Mutations

IDH1  IDH2Z Combined
yr % o no. F

Astrocytic tumors

Pilocytic astrocytoma (grade ) 21 5 48 ND 0 0

Subependymal giant-cell astrocytoma (grade |} 2 l6 100 WD 0 NA

Diffuse astrocytoma (grade 11) 30 34 51 132 25 2 90

Pleomorphic xanthoastrocytoma (grade 11) 7 11 14 44 1 NA 14

Anaplastic astrocytoma (grade I11) 52 38 67 51 36 2 73

Secondary glioblastoma (grade IV}§ 13 13 70 16 11 0 85

Primary adult glioblastoma (grade IV) 123 59 60 15 0 5

Primary pediatric glioblastoma (grade IV) 15 5 60 8 0 0
Oligodendroglial tumors

Oligodendroglioma (grade I1) 51 37 63 135 41 2 84

Anaplastic oligodendroglioma (grade 111) 36 45 64 84 31 3 94
Oligoastrocytic tumors

Oligoastrocytoma (grade |1} 3 38 67 ND 3 NA 100

Anaplastic oligoastrocytoma (grade 1) 7 30 57 ND 7 NA 100
Ependymoma (grade 1) 30 5.5 45 ND 0 0 0
Medulloblastoma (grade IV) 55 7 65 27 0 0



Mutations IDH1 et IDH2
Tumeurs cartilagineuses
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The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ||

Recurring Mutations Found by Sequencing
an Acute Myeloid Leukemia Genome

Elaine R. Mardis, Ph.D., Li Ding, Ph.D., David J. Dooling, Ph.D.,

ABSTRACT

BACKGROUND
The full complement of DNA mutations that are responsible for the pathogenesis of
acute myeloid leukemia (AML) is not yet known.

ion ID

| 3,872,936 Tumor SNVs were detected |

| 3,464,449 SNVs passed Maq software

SNP filter

3,377,680 SNVs were also
detected in skin

86,769 Had a somatic score above 15 |

66,513 Had been described
o previously

20,256 Were novel potential somatic SNVs

[

113 Tier 1 SNVs

749 Tier 2 SNVs

3188 Tier 3 SNVs 16,206 Tier 4 SNVs

Table 3. Characteristics of the Patients, According to IDH1 Genotype.™

Without IDH1 With IDH1

METHODS 101 Were low 12 Were high 178 Were low ‘ 104 Were high 467 Were low 441 Were high 901 Were high
. o . % confidence confidence confidence confidence confidence but confidence confidence
We used massively parallel DNA sequencing to obtain a very high level of coverage not tested I—' |—‘
(approximately 98%) of a primary, cytogenetically normal, de novo genome for AML
with minimal maturation (AML-M1) and a matched normal skin genome.
0 Were validated || 10 Were validated 1 Was validated 51 Were validated
Table 2. Tier 1 Mutations.*
Annotated Mutation SIFT  Conservation Base Best
Gene Type icti Score G i Variant Frequency Probef
Skin  Tumor  cDNA
%
Missense S30L Tolerated 597 1 103 4927 463 27,990
Missense G120 Deleterious 616 1 066 4300 420 7,468
Missense R132C Deleterious 445 1 081 4606 639 11,400
Missense G834D Deleterious 472 0.018 0.67 46.22 0.4 NA
ANKRD26 ~ Missense K1300N Deleterious 444 1 070 5173 331 514
LTA4H Missense F107S Tolerated 539 0.946 068 4528 479 12,138
FREM2 Missense Q2077E Tolerated 464 1 0.37 48.92 03 NA
C190rf62 Splice-site Exon 5-1 NA 444 1 027 3871 388 5,021
SRRM1 Silent PE91 NA 553 0.988 097  46.61 ND 12,858
PCDHAG Silent A73L NA NS 0423 066  49.75 ND Absent
In-frame Codon 177 NA 513 1 028 2857 520 15,298
insertion in-frame ins L
NPM1 Frame-shift W288fs NA 689 1 0 4546 854 27,150
insertion
-

Mutation Mutation

Variable (N=172) (N=16) P Value
Age at study entry — yr 46.3+15.8 48.9+15.4 0.52%
Race — no. (%)% 0.88§

White 140 (81) 13 (81)

Black 14 (8) 1 (6)

Other 18 (10) 2(12)
Male sex — no. (%) 101 (59) 9 (56) 1.00f
Bone marrow blasts at diagnosis — %  69.3+18.1  76.7+16.4 0.127
Cytogenetic profile — no. (%) 0.001§

Normal 67(39) 13 (8])

Other 105 (61) 3(19)
Cytogenetic risk group — no./total no. (%) 0.001§

Favorable 58/169 (34) 0/16

Intermediate or normal 97/169 (57) 16/16 (100)

Poor 14/169 (8)  0/16
AML-M3 subtype — no. (%) 40 (23)  0/16 0.03§
Underwent transplantation — no. (%) 27 (16) 3(19) 0.72§
Mutation — ne. (%)

NPM1 36 (21) 7 (44) 0.06{

FLT3

Internal tandem duplication 36 (21) 4(25) 0.75§
D835 10 (6) 1(6) 1.00§
RAS 19 (11) 1(6) 1.00§

Mardis ER et al. N Engl J Med. 2009;361(11):1058-66.




Mutations IDH1 et IDH2
LAM

VOLUME 28 : NUMBER 14 - MAY 10 2010

JOURNAL OF CLINICAL ONCOLOGY

O'R IGHIIN:A L REP ORT

IDHI and IDH2 Gene Mutations Identify Novel Molecular
Subsets Within De Novo Cytogenetically Normal Acute
Myeloid Leukemia: A Cancer and Leukemia Group B Study

Guido Marcucci, Kati Maharry, Yue-Zhong Wu, Michael D. Radmacher, Krzysztof Mrézek, Dean Margeson,
Kelsi B. Holland, Susan P. Whitman, Heiko Becker, Sebastian Schwind, Klaus H. Metzeler, Bayard L. Powell,
Thomas H. Carter, Jonathan E. Kolitz, Meir Wetzler, Andrew ]. Carroll, Maria R. Baer, Michael A. Caligiuri,
Richard A. Larson, and Clara D. Bloomfield

VOLUME 28 - NUMBER 22 - AUGUST 1 2010

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

IDH1 and IDH2 Mutations Are Frequent Genetic
Alterations in Acute Myeloid Leukemia and Confer Adverse
Prognosis in Cytogenetically Normal Acute Myeloid
Leukemia With NPM1 Mutation Without FLT3 Internal

Tandem Duplication

Peter Paschka, Richard F. Schlenk, Verena 1. Gaidzik, Marianne Habdank, Jan Krinke, Lars Bullinger,
Daniela Spiith, Sabine Kays fanuela Zucknick, Katharina Gotze, Heinz-A. Horst, Ulrich Germing,
Hartmut Dohner, and Konstanze Dihner

Abbas S et al. Blood. 2010;116(12):2122-6.

Green CL et al. Blood. 2010;116(15):2779-82.
Marcucci G et al. J Clin Oncol. 2010;28(14):2348-55.
Paschka P et al. J Clin Oncol. 2010;28(22):3636-43.
Schnittger S et al. 2010;116(25):5486-96.

CLINICAL TRIALS AND OBSERVATIONS

IDH 1 mutations are detected in 6.6% of 1414 AML patients and are associated
with intermediate risk karyotype and unfavorable prognosis in adults younger than
60 years and unmutated NPM 1 status

Susanne Schnittger,’ Claudia Haferlach,! Madlen Ulke," Tamara Alpermann,! Wolfgang Kern, and Torsten Haferlach'

"Munich Leukemia Laboratory, Munich, Germany

MYELOID NEOPLASIA

Brief report

The prognostic significance of /DH mutations in younger adult patients with
acute myeloid leukemia is dependent on FLT3/ITD status

Claire L. Green,' Catherine M. Evans,' Robert K. Hills,? Alan K. Burnett,? David C. Linch,' and Rosemary E. Gale'

Department of Haematology, UCL Cancer Institute, London, United Kingdom; and 2Department of Haematology, Cardiff University School of Medicine, Cardiff,
United Kingdom

MYELOID NEOPLASIA

Brief report
Acquired mutations in the genes encoding IDHI and IDH2 both are recurrent
aberrations in acute myeloid leukemia: prevalence and prognostic value

Saman Abbas,! Sanne Lugthart,’ Frangois G. Kavelaars,' Anita Schelen,” Jasper E. Koenders,' Annelieke Zeilemaker,'
Wim J. L. van Putten,? Anita W. Rijneveld,' Bob Léwenberg,' and Peter J. M. Valk'

Departments of 'Hematology and ?Trials and Statistics, Erasmus University Medical Center, Rotterdam, The Netherlands



Mutations IDH1 et IDH2

LAM

Protein length 50 100 150 200 250 300 360 400
_ ®Ag132Len
383 mutations @ Arg132Gly
D Arg132Ser
@ Arg132His
@ ~o132cys
IDH1 | i | i | i |
NM_005896 | 50 100 i 150 | 200 | 250 i 200 i 250 i 400
drag to resize
Protein length 50 100 150 200 250 300 350 400 450
@ Arg140Gly
535 mutations @Arg140Leu
@ArgMOTrp @ !le170_Arg172delinsValGlyTrp
@ Arg172Tip
@Al’g 1 4OGIn®Arg1 72Lys @172 Hisi73delinsSerAsn
@ Arg172 His173delinsSerAla
IDH2 i i i i i i i ; i i
NM_002168 i 50 | 100 | 150 i 200 | 250 | 300 | 350 | laoo | 45

CHU de Toulouse, données non publiées
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Mutations IDH1 et IDH2
LAM, Survie globale

= IDHWT = DH1 R132C - IDH1 R132H = IDH1 ather

— WT == IDH1 mut = IDH2 mut "
1.00 4
0.75
:E 0.50
0.75 - £
r—y 0.25 -
E
S
S 050 4 - : . : : :
= 0 12 24 36 48 60
= Time
g MNumber at risk
2 K IDHWT o 3946 2283 1614 1292 1040 923
IDHIR132C 4 179 97 61 48 35 34
0.25 4 ot Rz 4 177 108 77 63 49 45
IDH1 other 4 67 45 23 17 13 12
6 1‘2 2‘4 3‘6 4E 6‘0
Time
0'00 N B = IDHWT ——IDH2 R140 —— IDH2 R172
T T T T T T 1.00
0 12 24 36 48 60
Time 0.75 1 IDH2 R172K
Number at risk g
€ 0504
WT 3946 2283 1614 1292 1040 923 g
IDH1 mut 4{ 409 242 156 125 95 89 .
IDHZ mut 574 327 240 185 142 118
T T T T T T 0004
0 12 24 36 48 60 T T T T T T
. 0 12 24 36 48 60
TImE Time
Number at risk
I0HWT -] 3946 2283 1614 1292 1040 923
I0H2 R140 4 445 241 183 148 113 95
IDHZRT7Z 4 110 73 49 31 25 19
0 12 24 . 3 A 60

Middeke JM et al. Blood Adv. 2022;6(5):1394-405.



Les mutations IDH sont fréquentes

Tumeurs IDH1

Tumeurs IDH2

Tumeurs IDH1/IDH2

Cholangiocarcinome

IDH2
' \

Carcinome sino-nasal indifférencié
IDH1

2

A

LAM

E

Gliome

A

Lymphome T angio-immunoblastique
IDH1

0%

A

Chondrosarcome

IDH2
5%

Pirozzi CJ, Yan H. Nat Rev Clin Oncol. 2021;18(10):645-61.
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Les mutations IDH sont hétérozygotes
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Stabilité des mutations a la rechute

Acquired at

Stability  Relapse

UPN# sesusinnosnissnsinusrnrononsnsnsnassuensnnusnenstising

DNMT3A (exon 23; NGS)
Diagnostic
Rechute
Stabilité 100% (19/19)

97% 5%

CEBPA (Sanger)
Diagnostic
Rechute
Stabilité 100% (5/5)

NPM1 (NGS)
Diagnostic
Rechute
Stabilité 93% (38/41)

91% na

|
B

ASXL1 (exon 12; NGS)
Diagnostic
Rechute
Stabilité 88% (22/25)

IDH1 (NGS)

Diagnostic

Rechute
Stabilité 88% (23/26)

IDH2 (NGS)
Diagnostic
Rechute
Stabilité 87% (26/30)

FLT3 ITD (fragment)
Diagnostic
Rechute
Stabilité 50% (25/50)

75% 41%

¥ Wi,

CHU de Toulouse, données non publiées Kronke et al, Blood. 2013;122(1):100-108

i

FLT3 (exon 20; NGS)
Diagnostic
Rechute
Stabilité 23% (3/13)




Stabilité des mutations IDH

Comparaison analyses IDH1 et IDH2 au diagnostic et a la rechute
>6 mois du diagnostic; 375 LAM

IDH1

8+/-

319-/-

200 X0

47+[/+ 5-/+

312-/-
11+/- /

IDH2

CHU de Toulouse, données non publiées



Mutations IDH1 et IDH2
Co-mutations

IDH1  |DH2 -

2

490 688

X
i
$
50%
—e— IDH1_R132C 20
—e— IDH2_R140Q
40%
IDH2_R172K
30%
("9
<
>
20%
0

0 6 12 18 24
CHU de Toulouse, données non publiées Mois
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LES CO-MUTATIONS IDH



Mutations IDH1 et IDH2
Co-mutations LAMSA-2007
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Mutations et TET2 exclusives
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Morita K et al. Nat Commun. 2020;11(1):5327.

* FOR =0.1
#* FOR=0.05
ok FOR = 0.001

* FDR<0.1
#*% FDR=<0.05
##%% FDR = 0.001




Mutations IDH1 et IDH2
Co-mutations

O SF3B1_p.K666N B SRSF2_p.P95H IDH1_p.R132S @ FLT3-ITD B FLT3 p.D835E O NRAS_p.G12D
@ PTPNT11_p.F71L O WT1_p.R380W 0O WT1_p.V371fs @ IDH1_p.R132C @ WT1_p.R369fs 1@ WT1_p.R380fs

NRAS WT1 p.R369fs

C1D3 C7D34 C3D2
AML-04-001 azacitidine + quizartinib AML-04-002 crenolanib AML-04-003
PB blast 56% BM blast 24% PB blast 51%

0O NPM1_p.L287fs 0 IDH2_p.R140Q 8 IDH1_p.R132H B KRAS_p.G12D 0O PTPN11_p.A72G @ NRAS_p.G13R
B NRAS_p.G12A @ FLT3-ITD 0O KRAS p.G12A B FLT3 p.D835H 0O PTPN11_p.D61H 0O PTPN11_p.G503A

FLT3 p.D835H
IDH1

PTPN11 p.D61H

PTPN11 p.A72G

KRAS p.G12D
AML-38
C2D1 C3D23 C4aD26
AML-38-001 cytarabine + quizartinib AML-38-002 ' cytarabine+ = AML-38-003
BM blast 33% BM blast 42% quizartinib BM blast 53%

Morita K et al. Nat Commun. 2020;11(1):5327.



Mutations IDH1 et IDH2
Co-mutation NPM1 favorable

100 1
75 -
50 -+

25 -

0S censored at HSCT (%)

— NPM1 wild-type

NPM1 mutated

0 12 24 36 48 60 72
Time (months)

N at risk
NPM1-Wt 62 30 16 10 2 1 0
NPM1-Mut 53 38 31 21 11 5 1

Duchmann M et al. Blood. 2021;137(20):2827-37.



AUTOUR DU CYCLE DE KREBS



Le cycle de Krebs
cides tricarboxyliques

SLC1AS el.unm MCT1 MCT4
Pyruvate |-

Asp Glucose Lactate Lactate a} o
" lydrogen Adenosine

m SH + NAD

. J - @ carbon ATP> triphosphate
Lysosome Nucleotides SR \ADF : Pyruvate dehydroge

A €O, +NADH, H Oxygen Guanosine
Macropinosome 2t Y9 GTR
‘ Glycolysis @ triphosphate
9 Ribose Sulfur

0 J v ( AcetyGok) [ Js

[ 4 @4 — . Asp Q Coenzyme Q Coenzyme A

® S i I W NAD! : NADH Nicotinamide adenine dinucleotide
. Pyruvate ¢ °nase Enzyme
Nutrient Gly <> Ser OAA .L_L Malate tsitE eynit
scavenging 1
T Py 1 ® @Ke» Gl NAD Waker
Attophagaacme ® @anmino acid® —— (GEOTSIN ADR = Acetyl-CoA
P o ® \» — NADPH
_ ® ATP /| @Ew e
3 5 t NADP*
Asn Ala ~-— Pyruvate Lactate Lipids
SLC1A5 ‘

Isocitrate dehydrogenase

Folate Acetyl-CoA
—%—’ Gln L (—v Citrate W
Met THF OM

P NAD:
Isocitrate
o IDH2
L MET Folate Malate NADH
cycle cycle t TCA cycle .y I D H 1
AH X .
s - NADP - NAD NADPH
HeY BIBD_ADP ey Glu NADH NADPH
SLC3A2 } 1 u 3 Succinate —
Cystine ———» Cys ly o PN 4
Glu - ‘ﬁ‘.\({j TS, em NADP*
k— - L-2HG (D22HE
ai OXPHOS
aGe

SLC7A11 Gly“l NADP" (NADPH aKG Succinate Acetyl-CoA CoA

GSH ALZ-» GSSG K j k j

GPX4

Ferroptosis : : ; ; ;
[\ (\ © Methylation
e Aceylation

SAH SAM Acetate

Brunner JS, Finley LWS. Mol Cell. 2021;81(18):3878- el.



Parsons DW et al. Science. 2008;321(5897):1807-12.

Structure IDH
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Ward PS et al. Cancer Cell. 2010;17(3):225-34.



Biologie des mutations IDH

Isocitrate Mutated IDH1 and IDH2 inhibitors §
(=)
Name Target References
o O’H rg o
AGI-5198 IDH1 R132H/C [36,157] =
O\ ML309 IDH1 R132H/C [158] g
Hy H 1-Hydroxypyridin-2-one  IDH1 R132H/C [159] [
Bis-imidazole phenol IDH1 R132H/C [160] g
o 0 GSK231 IDH1 R132H [35] <
EXEL-9324 IDH1 R132H [161] =
BRD2879 IDH1 R132H [162) (&)
AGI-6780 IDH2-R140Q [37]
H L0 AG-221 IDH2-R140Q [163,164)
Normal Cancer
NADP* NADPH
NADPH + CO,
)
Mutated IDH1 =
Mutated IDH2 s
a
X
Q
p=
o>
o
(o] (o]
0 4

R-2-hydroxyglutarate

\ 0KG-dependent enzymes (

Gagné L et al. Trends Cell Biol. 2017;27(10):738-52.
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Ward PS et al. Cancer Cell. 2010;17(3):225-34
Figueroa ME et al. Cancer Cell. 2010;18(6):553-67




Biologie des mutations IDH dans les hémopathies myéloides

EN PRATIQUE DIAGNOSTIC



Prise en charge LAM
En pratique au CHU de Toulouse...

Toutes LAM,
Diagnostic et rechute

* 9 mutations récurrentes

* Analyse de fragment (sens. 1%)
— FLT3 ITD (exons 13 a 15)

* NGS (sens. 0,5%)

— PCR amplicons 8 exons

* ASXL1 exon 12

e DDX41 exon 15

* DNMT3A exon 23

* FLT3 exon 16

* FLT3 exon 20

* |IDH1 exon 4

* IDH2 exon 4

* NPM1exon 12
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woof +21 pb, 3% de I'alléle normal
1o0] +30 pb, 85% de I'alléle normal
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Lu Ma Me lJe Ve Sa Di Lu

Ext = PCR1
& Ma. IGVY NMID HGVS.c HGVS.p Géne  Fréqu.. Profo.. Profo..

chr2:209113070-A>G

. FA & NM_005896.3 €.414+23T>C IDH1 0.08 9 11770

chr2:209113113-G>A

NM_005896.3 €.394C>T p.Argi32Cys IDH1 25.86 3040 11 757

4 H (']

o A & NM_005896.3 €.394C>T p.Arg132Cys IDH1 26.12 5346 20 469




Prise en charge LAM
En pratique au CHU de Toulouse...

| RESULTATS NGS LAM |
RUN du 10/10/2023 Opérateur AD
Contrdle qualité du run : Cluster PF 95,29 %>Q30= 85,73
[ NPM1 [DNMT3AFLT3TKD[FLT3X16] IDH1 | IDH2 | Asxt1l | Dpxa1 |
[ H20 7| 18| 6 16 2[ 3 a4 | |
Résultats :
Analyse BDNGS
NPM1 DNMT3A FLT3 TKD FLT3 X16 IDHL IDH2 ASXLL DDX41X15
Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof. Mutation | VAF (%) Prof.
230144 NM 19097 NM 34125 NM 10705 NM 25167 NM 16816 NM 24311 NV 33164 NM 20302
231926 NM 45221 NM 37109 NM 13208 NM 36300 NM 20239 NM 36401 NM 38606 NM 11340
232004 NM 45800 NM 62086 NM 20823 NM 49938 NM 30404 NM 57036 NM 57748 NM 23729
232149 NM 5660 NM 33840 NM 7863 NM 6183 NM 14568 NM 31060 NM 33679 NM 15274
232156 NM 30036 NM 38760 NM 11679 NM 30876 NM 20979 NM 34643 NM 35133 NM 18085
232165 NM 11568 NM 30639 NM 9124 NM 21776 NM 17398 NM 27060 NM 29123 NM 28802
232180 NM 40857 NM 31997 NM 11276 NM 31030 NM 17415 NM 30798 NM 28988 NM 8401
232184 NM 16095 NM 33098 | D83sY 20 8671 NM 23109 NM 17183 NM 20467 NM 28988 NM 18921
232200 NM 40080 | R882H 46 65125 NM 16335 NM 56501 | R132L a5 41129 NM 54948 NV 58406 NM 42433
232219 NM 20674 NM 87364 NM 16231 NM 16217 NM 34112 NM 80079 NM 80076 NM 36085
232222 v 2020 Nl 2% 200 V) LYY M) 26322 v EYTTTI MY 220
l 232226 NM 54580 NM 28207 NM 11922 NM 32842 R132C 26 20540 NM 33210 NM 35906 NM 12105
232250 NV 17623 NV 2 L (55 30 El 70298 | N
232253 NM 24374 NM 34300 NM 9549 NM 26240 NM 17870 NM 29318 NM 30208 £.1550-1G>, 4,1 14462
232254 NM 64299 NM 62609 NM 23785 NM 53853 NM 33721 R140Q 33 56540 NM 57562 NM 23260
232272 NM 5816 NM 23472 NM 32434 NM 67309 NM 8251 NM 18031 NM 22060 NM 12952
< . = P . NM 16904 NM 29282 NM 28872 NM 14963
N* Echantillon v NumeroExterieur
151276 MOELLE 04/10/2023 N Suivi 1 3100467146 N 20650 N T N T 5 =TT
Prescripteur _NON_PRECISE | Service CH RODEZ “ Molis 1 2327812423 NM 16027 NM 26359 NM 25525 NM 14732
Renseignements | AM Hb Plaquettes Maolis 2
EEENLAT Leuco Blastes sg Molis 3
VGM Blastes mo
Num_Theque 232226 D tube [ga42108747 Type de congélation [ADN L Extr 3 faire O] Analyses Résultat Unité Valeurs de référence Antériorités Valideur $
Remarque Date d'extractio 06/10/2023| LM Methode Extr. |Auto Hamilton L ~|| Résultat
Date RT Position ADNc Qualité ~
. . p— - i °1: (DE5)
PCR quahTPCR quanhTMRD Ig—TCRTMLPAICGH} Petite Fiche Global Théque Recherche mutation N'1: FLT3MD
Reésultat mutation N°1: non muté (DE5)

Exp - Cible de PCR qualit: -t Résultat PCR ~1 Nb# -

Détails PCR qualitative

a
“

DateAnal - Expi -

HALOPLEX L AN En.cours, CR.06£10/2023-08:11 17/10/2023 [ ]

O IDH1_X04 Muté NM_[I[IEBQ&Z[\DH‘I_V[I[H)IE‘394C>T, NM_[I[IEE?ﬁ.Z[IDH1_iﬂﬂ1):p.Arg‘\32 AD 10/10/2023 l

| Y e Tion mute T 0 0720

[0 bbx41_x15 Hon muté AD 10/10/2023

[0 pNmMT2A x23 MNon muté AD 10/10/2023

O |FLT3.X13_ITD Mon muté LE 09/10/2023

O FLT3.X16 Non muté AD [10/10/2023

[ |FLT3_X20_TKD Non muté AD 10/10/2023

[ | IbHz_x04 Mon muté AD [10/10/2023

O | NPmI_X12 Non muté AD 1071072023
Enr M MoK Aucun filtre | [Rechercher B
Conclusion |Détection d'une mutation d'IDH1 (R132C) & un niveau intermédiaire. Absence de détection de mutations d'ASXL1 (exon <porter conclu.

BioMol  |12), de DDX41 (exon 15), de DNMT3A (exon 23), de FLT3 (ITD et TKD, exons 16 et 20), d'IDHZ (exon 4) et de NPM1
(exon 12). NGS myélode étendu en cours.

Exporter dans

moli

Py PCR qualitative suivie d'une analyse de fragment

Mutations identifiees moelle Présence (DES)
I NM_005896.2(IDH1 v001):c.394C>T, NM_005896.2(IDH1_i001):p.Arg132Cys, fréquence allélique du variant : 26% l

Séquengage haut débit (NGS) <20kb des génes suivants : ASXL1 (exon 12), DDX41 (exon 15), DNMT3A (exon 23), FLT3 (exons 16 et 20), IDH1 (exon
4), IDH2 (exon 4), NPM1 (exon 12)

Conclusion

Synthése : Détection d'une mutation d'IDH1 (R132C) & un niveau intermédiaire. (DE5)
- Absence de détection de mutations d'ASXL1 (exon 12), de DDX41 (exon 15), de
DNMT3A (exon 23), de FLT3 (ITD et TKD, exons 16 et 20), d'IDH2 (exon 4) et de
NPM1 (exon 12)

Validé par (DE5) Pr Eric DELABESSE



Prise en charge LAM
En pratique au CHU de Toulouse...

LAM <75 ans
Diagnostic et rechute

Step 1: Classification according to genetic analyses

Reséquencage complet de 85 genes
Sensibilité 1%

Adverse-risk cytogenetic
abnormality ?

Recurrent cytogenetic abnormality/gene —> NPM1 mutation?

rearrangement?

TP53 mutation(s)
and VAF 2 10% ? —

‘_I_*

—

APL with 1(15;17)(q24.1;q21.2)/PML::RARA

AML with 1(8:21)(q22:q22. 1) RUNXT:RUNX1T1
AML with inv(16)(p13.1q22)/CBFB:MYH11

No YES

No YES No YES
AML with mutated NPM1

AML with 1(9;11)(p21.3,023.3)MLLT3:KMT2A

AML with 1(5;11)(q35.2,p15.4)/INUP98::NSD1
AML with t(11:12)(p15.4;p13.3)/NUP98.:KMD5A
AML with NUP98 rearrangement and other partners

AML with other rare recurring translocations
AML with t(1,22)(p13.3,q13.1)/RBM15.:MRTFA

Blast threshold in AML with mutated NPM1

WHO: irrespective of the number of blasts.
ICC: requires = 10% blasts in blood or BM.

ELN22 adverse-risk cytogenetic
abnormalities ?

AML with mutated TP53

ELN22 adverse

AML entity only in ICC classification.
WHO does not recognize TP53
mutations as a distinct AML entity.

AML with MDS-related
cytogenetic abnormality

Complex karyotype
Monosomal karyotype
Manosomy 5 or del(5q)
Menosomy 7

Monosomy 17/abn(17p)i(17q)

AML with t(1;3)(p36.3:q21 3)/PROM16--RPN1
AML with t(3;5)(q25.3:935.1) NPM1::MLF {

No YES ELN22
adverse
AML with t(16;21)(p11.2:q22 2)/FUSERG *
AML with t(16;21)(q24.3;q22.1) RUNXT::CBFA2T:
with (16;21)(q24.3,q22.1) RUNXT::C 3 FLT3ITD?—b YES —b

AML with inv(16)(p13.3q24.3)/CBFA2T3::GLIS2

AML with t(7;12)(q36.3;p13.2/ ETV6:MNXT del(7q)
AML with t(10;11)(p12.3:q14.2)/PICALM::MLLT10 F“?m 2p)
idic(X)(q13)

ICC: +8, del(20q
WHO: del(11q), -13/del(13q)

Secondary type mutation(s) ?

WHO: ASXL1, BCOR, EZH2, STAG2,

No » SF3B1, SRSF2, U2AF1, ZRSR2
ICC: same + RUNX1

3 —

CEBPA in-frame bZIP mutation? YES No
Single or biallelic

<]

@

E

c
2
7]

@

©
=
=

may change with MRD

AML with t(10;11)(p12.3;923.3YMLLT10::KMT2A
AML with KMT2A rearrangement and other partners
AML with 1(8;9)(p22.3,q34.1)/DEK:NUP214
1(8;16)(p11.2,p13.3)/KAT6A CREBBP
MECOM(EVI1) rearrangement

AML with 1(9;22)(q34.1;q11.2)/BCR::ABL1*

¢—I_J

YES No

Ini

AML defined by differentiation (WHO)
or AML not otherwise specified (ICC)

ELN22 adverse

Acute myeloid leukemia with minimal differentiation
Acute myeloid leukemia without maturation

Acute myeloid leukemia with maturation

Acute basophilic leukemia

Acute myelomonacytic leukemia

Acute monocytic leukemia

Acute erythroid leukemia

Acute megakaryoblastic leukemia

AML with MDS-related mutation
ELN22 adverse

AML with mutated CEBPA

AML with [gene1::gene2]
rearrangement

Blast threshold in AML with a recurrent gene rearrangement Blast threshold in AML with mutated CEBPA

i ive of
I\ggprelrrjsrggc:h:g; ;T:E?Sulr:lgfggg Elra;; WHO: requires = 20% blasts in blood or BM. Blast threshold in other AML subtypes
:feq = ) ICC: requires = 10% blasts in blood or BM. WHO & ICC: AML diagnosis requires 2 20% blasts in blood or BM
“Exception : AML with BCR::ABL1 which
requires = 20% blasts in blood or BM.

If blasts 10 to 19% = MDS with increased blasts (WHO) or MDS/AML (ICC).

Step 2: Diagnostic qualifier appended to any of the above diagnoses (if any)

post cytotoxic therapy/therapy-related post MDS or MDS/MPN

Shallis RM et al. Lancet Haematol. 2023;10(9):e767-e776.

associated with germline [gene]

variant/predisposition
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