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Objectifs du webinaire

Présenter les examens moléeculaires (NGS) utiles au clinicien dans le cadre des SMD et
formes frontieres NMP/SMD

* Alide diagnostique
* Aide pronostique

« Aide theranostique
Savoir conseiller, en tant que biologiste de 1¢ intention, ces examens au clinicien

Présenter 'activité de notre laboratoire en NGS : SMD et LMMC

Présenter 'approche Assurance Qualité : accréditaftion NGS selon la norme NF-1SO-15189
CoTrac
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Plan

Introduction

Role du NGS
e Formes frontieres NMP/SMD

» LMC atypigue BCR-ABL neg
» SMD/NMP-SC-T
» LMMC

e SMD

Activité NGS du laboratoire
Assurance Qualité et accreditation NF-ISO-15189

Communications scientifiques
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Evolutions de la classification OMS 2008 - 2017

Myeloproliferative neoplasms —
Chronic myeloid leukaemia, BCR-ABL1-positive ~ 9875/3
Chronic neutrophilic leukaemia 9963/3
Palycythaemia vera 9950/3
H H Primary myelofibrosis 9961/3 -
WHO Classification of Tumours of B e aemia oot
H H H H Chranic eosinophilic leukaemia, NOS 9964/3
HaematOPOIQtlc and Lym phOId Tlssues Myeloproliferative neoplasm, unclassifiable 9975/3 _
Mastocytosis -
Steven H. Swerdlow, Elias Campo, Nancy Lee Harris, Elaine S. Jaffe, Stefano A. Pileri, Cutaneous mastocytosis 97401
Harald Stein, Jurgen Thiele, Daniel A. Arber, Robert P. Hasserjian, Indolent systemic mastocytosis ar41n
Michelle M. Le Beau, Attilio Orazi, Reiner Siebert Systemic mastocytosis with an associated _ -
haematological neoplasm a741/3
Aggressive systemic mastocytosis a741/3
Mast cell leukaemia 9742/3
Mast cell sarcoma 9740/3 =
Myeloid/lymphoid neoplasms with eosinophilia —
and gene rearrangement
Myeloid/lymphoid neoplasms with
PDGFRA rearrangement 9965/3
Myeloid/lymphoid neoplasms with -
PDGFRB rearrangement 9966/3
Myeloid/lymphoid neoplasms with
FGFR1 rearrangement 9967/3
Myeloid/lymphoid neoplasms with PCM1-JAK2  9968/3"
—
Myelodysplastic/myeloproliferative neoplasms =
Chronic myelomonocytic leukaemia 9945/3
Atypical chronic myeloid leukaemia,
BCR-ABL1 —negative 9876/3
Juvenile myelomonocytic leukaemia 9946/3 —
Myelodysplastic/myeloproliferative neoplasm
with ring sideroblasts and thrombocytosis 9982/3
5 Myelodysplastic/myeloproliferative neoplasm,
unclassifiable 99753
§
3 Myelodysplastic syndromes -
Myelodysplastic syndrome with
single lineage dysplasia 9980/3
eaddil Myelodysplastic syndrome with ring sideroblasts
and single lineage dysplasia 9982/3
Myelodysplastic syndrome with ring sideroblasts
and multiineage dysplasia 9993/3" -
Myelodysplastic syndrome with
multilineage dysplasia 9985/3
Myelodysplastic syndrome with excess blasts 9983/3
Myelodysplastic syndrome with isolated del(Sq)  9986/3
Myelodysplastic syndrome, unclassifiable 9989/3
Refractory cytopenia of childhood 9985/3
—
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Evolutions de la classification OMS 2008 - 2017

WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues

Steven H. Swerdlow, Elias Campo, Nancy Lee Harris, Elaine S. Jaffe, Stefano A. Pileri,
Harald Stein, Jurgen Thiele, Daniel A. Arber, Robert P. Hasserjian,
Michelle M. Le Beau, Attilio Orazi, Reiner Siebert
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eloproliferative neoplasms
Chronic myeloid leukaemia, BCR-ABL1-positive ~ 9875/3

Chronic neutrophilic leukaemia 9963/3
Palycythaemia vera 9950/3
Primary myelofibrosis 9961/3
Essential thrombocythaemia 9962/3
Chronic eosinophilic leukaemia, NOS 9964/3
Myeloproliferative neoplasm, unclassifiable 9975/3
Mastocytosis
Cutaneous mastocytosis 97401
Indolent systemic mastocytosis 741N
Systemic mastocytosis with an associated

haematological neoplasm a741/3
Aggressive systemic mastocytosis a741/3
Mast cell leukaemia 9742/3
Mast cell sarcoma 9740/3

Myeloid/lymphoid neoplasms with eosinophilia
and gene rearrangement
Myeloid/lymphoid neoplasms with

PDGFRA rearrangement 9965/3
Myeloid/lymphoid neoplasms with

PDGFRB rearrangement 9966/3
Myeloid/lymphoid neoplasms with

FGFR1 rearrangement 9967/3

eloid/lymphoid neoplasms with PCM1-JAK2  9968/3"
Myelodysplastic/myeloproliferative neoplasms
Chronic myelomonocytic leukaemia 9945/3
Atypical chronic myeloid leukaemia,

BCR-ABL1-negative 9876/3
Juvenile myelomonocytic leukaemia 9946/3
Myelodysplastic/myeloproliferative neoplasm

with ring sideroblasts and thrombocytosis 9982/3
Myelodysplastic/myeloproliferative neoplasm,

unclassifiable 9975/3
Myelodysplastic syndromes
Myelodysplastic syndrome with

single lineage dysplasia 9980/3
Myelodysplastic syndrome with ring sideroblasts

and single lineage dysplasia 9982/3
Myelodysplastic syndrome with ring sideroblasts

and multiineage dysplasia 9993/3"
Myelodysplastic syndrome with

multilineage dysplasia 9985/3
Myelodysplastic syndrome with excess blasts 9983/3
Myelodysplastic syndrome with isolated del(Sq)  9986/3
Myelodysplastic syndrome, unclassifiable 9989/3
Refractory cytopenia of childhood 9985/3
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Evolutions de la classification OMS 2008 - 2017

Myeloproliferative neoplasms
Chronic myeloid leukaemia, BCR-ABL1-positive ~ 9875/3

Chronic neutrophilic leukaemia 9963/3

Palycythaemia vera 9950/3

H H Primary myelofibrosis 9961/3

WHO Classification of Tumours of B e see1s

H H H H Chranic eosinophilic leukaemia, NOS 9964/3

HaematOPOIetlc and LymphOId Tlssues Myeloproliferative neoplasm, unclassifiable 9975/3
Mastocytosis

Steven H. Swerdlow, Elias Campo, Nancy Lee Harris, Elaine S. Jaffe, Stefano A. Pileri, Cutaneous mastocytosis 9740/1

Harald Stein, Jurgen Thiele, Daniel A. Arber, Robert P. Hasserjian, Indolent systemic mastocytosis 97411

Michelle M. Le Beau, Attilio Orazi, Reiner Siebert Systemic mastocytosis with an associated _

haematological neoplasm a741/3

Aggressive systemic mastocytosis a741/3

Mast cell leukaemia a742/3

Mast cell sarcoma a740/3

Myeloid/lymphoid neoplasms with eosinophilia
and gene rearrangement
Myeloid/lymphoid neoplasms with

PDGFRA rearrangement 9965/3
Myeloid/lymphoid neoplasms with
PDGFRB rearrangement 9966/3
Myeloid/lymphoid neoplasms with
FGFR1 rearrangement 9967/3
Myeloid/lymphoid neoplasms with PCM1-JAK2  9968/3"
‘IlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllIIIIIIIIIIIIIIIIIII..
o *Myelodysplastic/myeloproliferative neoplasms = Yo
: Chronic myelomonocytic leukaemia 9945/3 “
» Atypical chronic myeloid leukaemia, s
= BCR-ABL1—negative 9876/3 .
»  Juvenile myelomonocytic leukaemia 99463 e .
] Myelodysplastic/myeloproliferative neoplasm -
u with ring sideroblasts and thrombocytosis 9982/3 :
: Myelodysplastic/myeloproliferative neoplasm, 4
n unclassifiable 9975/3 J ]
[} n
: Myelodysplastic syndromes = :
' - Myelodysplastic syndrome with [ ]
rrites Ferre ety —rrme ] single lineage dysplasia 9980/3 -
eaddil 5 Myeladysplastic syndrome with ring sideroblasts :
= and single lineage dysplasia 9982/3 .
] Myelodysplastic syndrome with ring sideroblasts '
u and multilineage dysplasia 90933 L 3
: Myelodysplastic syndrome with .
] multilineage dysplasia 9985/3 u
- Myelodysplastic syndrome with excess blasts 9983/3 :
: Myelodysplastic syndrome with isolated del(Sq)  9986/3 n
s Myelodysplastic syndrome, unclassifiable 9989/3 L
*, Refractory cytopenia of childhood 9985/3 _ “'
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Panel de genes — capture — Sophia Genetics

CEBPA Hid_D04364 Full coding region Myelodysplastic
Clone
e e Tl eacing resien SPLICEOSOME
o - it cading region SIGNALISATION
ETV6 Miv_D01787 Full ooding region intra-cellulaire R™K(eg FLT-3)
EIH? Ni_O01 203247 Full coding region -
. L sossme I JAK2, P . ‘;RANSCRIPTION.
RUNXT NM_D01754 Full cading region CBL, SETBP1 aCt?urs et
TET2 His_001 127208 Full coding region RAS, BRAF’ co-represseurs
TPS3 LRG_TP53 [LRG-spegific mixed numbering) Full coding region PTPN11
ZRSRI Hi_005083 Full coding region
ABL1 HM_005157 4,56.7.89
AsLyT Hi_015338 9.11,12, 14
B — - EPIGENETIQUE
cuR Ni_004343 3 APOPTOSE
csL NM_005188 5.5 Méthylation
[2Ex] Hi_004119 13, 14, 15, 20 TP53' NPM1
HRAS Hi_176795 2,3
Cellular ; .
1DHT Hi_DO5E56. 4 ) Chromatin-associated
Stress 0 Bax/Bad ze
IDHZ His,_00Z168 4 (e.g. ROS) 5¢|.ypu§8m) :?:;1 EZH2 Protéines
WT Mi_000222 2,89, W, 11,13, 17, 18 polycomb
HRAS Mi_033360 2.3
MPL Hi_005373 0
WP Hi_00Z520 10, 11
NRAY Hi_D07524 3 Stromal TRAIL oao) s i ? Modulation
PTPNIT HM_D02834 3.7, 8,910, 11, 12, 13 Microenvironment - MMP-9
SETEPT Wi_015553 4
SFIBt Hi_012433 10, 11, 12, 13, 14, 15, 16 - ) Chomasomal
SREF2 H_003016 1 D'apres Dawds )m Abnormalities )(n
Cancer Biology & Therapy 2010
LZ4AFT Hi_DDETS8E .6
WT1 Ni,_024426 6,7,8,9,10
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NMP, SMD et formes frontieres

Formes
frontieres
NMP/SMD :

LMMC

LMCa
SMD/NMP-SC-T

NMP SMD
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NMP / formes frontieres NMP-SMD :

SRSF2 PV

LMCa TE
SETBP1 b
CALR
MPL
Formes
S NMP/SMD-SC-T
frontieres o
NMP/SMD : CSF3R
NMP <
WP-DP >
(PV-TE-MFI) et *q e
LMCa 4= =
WP-DG
SM D/NMP'SC'T Q)"\ JAK2 )0% EZH2
TP53 $ B @ —
Q : MPL @ —
TET2 STEP1 D [IE) [Presedisttmmunihi
CSF3R RESISTANCE ANTI JAK
RUNX1 SF3B1 IDH2
NRAS KIT
NPM1
KRAS
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Formes frontieres NMP-SMD / SMD

LMMC
L 19 génes
PANEL 199 Formes
frontieres
< X :
NMP/SMD :

LMMC

SMD
PANEL 29 genes
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LMC atypique BCR-ABL1 neg - OMS

- Peripheral blood leukocytosis = 13 x 109/, due to increased numbers of neutrophils and their precursors
(i.e. promyelocytes, myelocytes and metamyelocytes), with neutrophil precursors constituting
2 10% of the leukocytes

- Dysgranulopoiesis, which may include abnormal chromatin clumping

- No or minimal absolute baMia; basophils constitute < 2% of the peripheral blood leukocytes

- No or minimal absolute mc@asﬁosis; monocytes constitute < 10% of the peripheral blood leukocytes

- Hypercellular bone marrow with granulocytic proliferation and granulocytic dysplasia,
with or without dysplasia in the erythroid and megakaryocytic lineages

- <20% blasts in the blood and bone marrow
- No evidence of PDBERA, P r FGRR1 rearrangement, or of PCIW<JAK?2

- WHO criteria for BC;B*G L1-pasitive chronic myeloid leukaemia, primary myelofibrosis, polycythaemia vera,
or essential thrombocythaemia? are not met

3 Myeloproliferative neoplasms (MPNs), in particular those in accelerated phase and/or in post-polycythaemia
vera or post-essential thrombocythaemia myelofibrosis, if neutrophilic, may simulate aCML. A history of
MPN, the presence of MPN features in the bone marrow, and/or MPN-associated mutations (in JAK2, CAER
or ML) tend to exclude the diagnosis of aCML; conversely, the diagnosis is supported by the presence of
SETBP1 and/or ETNK1 mutations. CS/3R mutation is uncommon and, if detected, should prompt careful
morphological review to exclude an alternative diagnosis of chronic neutrophilic leukaemia or another

myeloid neoplasm.

<~ eurofins Swerd | WHo2017 13
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PRONOSTIC

| Apport du NGS dans la LMC atypiqgue BCR-ABL1 neg

100+
/ | PROFIL MOLECULAIRE \
> srsr SETBP1] ETNK1

DIAGNOSTIC

S 5 HETEROGENE
E 70- - Pas 1 mutation pathognomonique
- - mais SETBP1 et ETNK1
m o a
@) E 0 2 semblent étre de « bons candidats »
- — % ’ (@)
7p) S /’ % a0d
~ y2 @
= | BCRSABL  §
O /’ RN 8 20-
x /’ o b ] .
GJ a 104 C“\? 'I = ¥ . 1 z
- * ) | P 9 x
© ’ ' T - ' ' T
£ % S 2 N N e v M > o < U 7 ] v
& & cg—‘g( &l‘@ Qi‘éz & sl?g s O@Q? & F é’e‘*- & &5 & & o"{\& & @""\\ 4,Q':"’Q‘ &
\ CBRIR Ik CALR Mm/
= [ Et surtout si SETBP1 muté : pronostic péjoratif J
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SMD/NMP avec SC et thrombocytose

- Anaemia associated with erythroid-lineage dysplasia, with or without multilineage dysplasia;
215% ring sideroblasts?, < 1% blasts in the peripheral blood and < 5% blasts in the bone marrow

- Persistent thrombocytosis, with platelet count = 450 x 109/L

- SF3B1 mutation or, in the absence of SF3B1 mutation, no history of recent cytotoxic or growth factor therapy
that could explain the myelodysplastic/myeloproliferative features®

- No BCR-ABL1 fusion; no rearrangement of POBERA, PDBFRB or FGFRA; no PCAPPIAK?2
and no 1(3;3)(q21.3;926 2»<i0v(3)(q21.3q26.2), or dek&q)c

- No history of myeloproliferative neoplasm, myelodysplastic syndrome (except myelodysplastic syndrome
with ring sideroblasts), or other myelodysplastic/myeloproliferative neoplasm

4 >15% ring sideroblasts is a required criterion even if SF3B1 mutation is detected.

b The diagnosis of myelodysplastic/myeloproliferative neoplasm with ring sideroblasts and thrombocytosis is
strongly supported by the presence of SF3B1 mutation together with a JAK2 V617F, CALR or MPL mutation.

® In a case that otherwise meets the diagnostic criteria for myelodysplastic syndrome with isolated del(5q).

<% eurofins
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| Apport du NGS dans lI'entite SMD/NMP-SC-T

/

. N

JAK2 TE
= 4
(Ij_) ALR
MPL
MFP
O
> | SF3B1
O SMD-NMP-SC-T
g SF3B1
A
K + ... TET2/ASXL1/DNMT3A/ SETBP1
O
0
% + [ mais si mutation ASXL1 / SETBP1 : pronostic péjoratif J
iz
o
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| LM M C ] Monocytose > 1 G/L

MYELOGRAMME
Myé| ogramme Richesse normale ou augmentée

Dysgranulopoiese
Monocytose excessive

1221100000 _“-

65-75 ans LMMC-0 < 2 % blastes Sg < 5% blastes MO
LMMC-1 2 -4 % blastes Sg ET 5-9% blastes MO
C”nique . 10 — 19 % blastes MO
LMMC-2 5-19 %blastesSg  ET/OU ou .
présence de corps d’Auer ag soit le nb
SPM/HPM de blastes
Remarque : 2 catégories
S 0
* <13 G/L (60 % des pts), appelée aussi variante myélodysplasique - —
* >13 G/L, ou variante myéloproliférative - - m" oo
Traitement : , I B
Immunophénotypage des monocytes sur sang  wq _* " | “HK louwce
- Allogreffe +++ 1 x
7 . 10° 10! 107 10°
- Vidaza/ Hydrea si non éligible allogreffe Caryotype meédullaire
_ _ EXCLUSION translocation t(9;22)(q34;g11) +++ évoquant une LMC
- Traltement symptomatique Si éosinophilie: exclusion réarrangement PDFGRA / PDFGRB / FGFR1 / fusion PCM1-JAK2
Anomalie(s) clonale(s) (<30% des cas)
Risque élevé : trisomie 8 , ano chr 7 ou caryotype complexe
. _ Risque faible : normal ou perte isolée de I'Y
Evolution : Risque intermédiaire : autres anomalies
- LAM < 15-30%
NGS +++ (sur sang ou sur moelle)
<& eurofins _— 17
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LMMC
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1.
2.

3.

4.
5.

Persistent peripheral blood monocytosis (= 1 x 10%L) with monocytes accounting for
WHO criteria for BCB>F€L1—positive chronic myeloid leukaemia, primary myelofibrosis,
polycythaemia vera and essential thrombocythaemia? are not met

No rearrangement of P}DE@A P@F&B or F@ﬁ{and no PCMBM:@ (which should be specifically
excluded in cases with eosinophilia)

Blasts® constitute < 20% of the cells in the peripheral blood and bone marrow
Dysplasia involving 2 1 myeloid lineages

or

If myelodysplasia is absent or minimal, criteria 1—4 are met and:
- an acquired, clonal cytogenetic or molecular genetic abnormality is present in haematopoietic cellse
or
- the monocytosis has persisted for 23 months and all other causes of monocytosis
(e.g. malignancy, infection, and inflammation) have been excluded

4 Myeloproliferative neoplasms (MPN) can be associated with monocytosis or it can develop during the course
of the disease; such cases can mimic CMML. In these rare instances, a documented history of MPN excludes
CMML, whereas the presence of MPN features in the bone marrow and/or MPN-associated mutations (in
JAK2, CALR orMPL) tends to support MPN with monocytosis rather than CMML.

b Blasts and blast equivalents include myeloblasts, monoblasts and promonocytes. Promonocytes are monocytic
precursors with abundant light-grey or slightly basophilic cytoplasm with a few scattered fine lilac-coloured
granules, finely distributed stippled nuclear chromatin, variably prominent nucleoli and delicate nuclear folding
or creasing. Abnormal monocytes, which can be present in both the peripheral blood and the bone marrow,
are excluded from the blast count (see Introduction and overview of the classification of myeloid neoplasms,
Fig. 1.04, p. 18).

© In the appropriate clinical context, mutations in genes often associated with CMML (e.g! TET2, SRSF2,

ASXL1 and SETBP1) support the diagnosis. However, some of these mutations can be age-related or present
In other neoplasms; therefore, these genetic findings must be interpreted with caution.

Swerdlow et al, WHO 2017



| Apport du NGS dans les LMMC

5%‘*%0‘6\’\’6

)

/ P | N . Gene Frequency, %  SF3B71 6-10
O anel genes : — ool ZRSR? 4-8
= ASXL1 32-44 CBL 8-22
N DNMT3A 2-12 ;gig 1:122
O > TET2 — SRSF2 = aide diagnostique 22 W 6-7
@) IDHZ 6-7 JAK2 1-10
2 B o e &
— SRSF2 29-h2
O \ G\‘\\? U2AFT 4-10 gf_gz e
/Mutations a valeur pronostique
lL:) / risque de transformation en LA - allogreffe
3 ASXL1/NRAS/RUNX1/SETBP1 (CPPS-mol)
Z
2
o NPM1 / FLT3 - diagnostic a rediscuter (LMMC-2 / LAM-M4)
CARYOTYPE
0
233
o U = IDH1 / IDH2 / FLT3 - rares !!l mais cibles thérapeutiques potentielles
O F
2
<& eurofins Paloma et al BJH 2019

Biomnis

Itzykson et al. Hemasphere 2018 (reco EHA et ELN)
Elena et al. Blood 2016



Calculator About References

¥ < CMML CPSS-Mol

Estimate risk of progression to AML in those with CMML using molecular genetics data

Questions

1. Cytogenetics High (trisomy 8, complex, a...
2. ASXL1 Mutated
3. NRAS Mutated
4. RUNX1 Unmutated
5. SETBP1 Unmutated
6. BM blasts =5%
7. WBC =13 x 10°/L
8. Transfusions Yes
About

The CP55-Mol is a new CMML-specific prognostic scoring system (CPSS) that incorporates
molecular genetic data resulting in a 4-level integrated clinical/pathological/genetic risk
stratification tool. This tool was derived from a cohort of European patients, 93% of whom
possessed 1 of 38 somatic mutations. Based on multivariable Cox regression analyses,
cytogenetic abnormalities and mutations in RUNX1, NRAS, SETBP1, and ASXL1 were
independently associated with overall survival (0S). The CPS5-Mol fully retained its ability to
risk stratify survival in an independent validation cohort of CMML patients.

References

Elena C, Galli A, Such E, et al.
Integrating clinical features and genetic lesions in the risk assessment of patients with chronic
myelomonocytic leukemia.

<& eurofins

Biomnis

Results Save [B Copy Results

Genetic Risk Score

Genetic Risk Group

| |

High

CPS5-Mol Score

Prognosis

High risk CP85-Mol risk group: Individuals with this risk profile have a 48%
cumulative incidence of AML at 48-months and a median overall survival of
18 months.

Download the app for offline access G

* Google Play
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WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues

<% eurofins
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Entity name

MDs-SLD

MDS-MLD

MDS-RS-MLD

[MDS with isolated del(5g
DS-EB )
MDS-EB-1
MDS-EB-2
)
MDS-U

with 1% blood blasts

with SLD and pancytopenia

based on defining
cytogenetic abnormality

Number of

dysplastic lineages

2-3

1-3

1-3

1-3

Mumber of

cytopenias®

1-2

1-2

1-3

13

Ring sideroblasts as

percentage of marrow
erythroid elements

<15% [ <5% v

<15% / <5% v

=15% [ =5% ®

=15% [ =5% v

Mone or any

None or any

MNone or any

MNone or any

MNone or any

<19%1

Bone marrow (BM)
and peripheral blood
(PB) blasts

BM < 5%,
PB < 1%,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

BM 5-9% or PB 2—4%,
BM < 10% and PB < 5%,
no Auer rods

BM 10-158% or PB 5-19%
or Auer rods,
BM and PB < 20%

BM < 5%,
PB=1%¢,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

BM < 5%,
PB < 1%,
no Auer rods

Cytogenetics by conventional
karyotype analysis

Any, unless fulfils all criteria for
MDS with isolated del{5q)

Any, unless fulfils all criteria for
MDS with isolated del{5q)

Any, unless fulfils all criteria for
MDS with isolated del{5q)

Any, unless fulfils all criteria for
MDS with isolated del{5q)

del(5q) alone or with
1 additional abnormality, except
loss of chromosome 7 or del{7g)

Any

Any

Any

Any

MD5-defining abnormality &

MDS-EB, MDS with excess blasts; MDS-MLD, MDS with multiineage dysplasia; MDS-RS, MDS with ring sideroblasts; MDS-R5-MLD, MDS with ring sideroblasts and
multiineage dysplasia; MDS-RS-5LD, MDS with ring sideroblasts and single lineage dysplazia; MDS-SLD, MDS with single ineage dysplasia; MDS-U,
MDS, unclassifiable; SLD, single lineage dysplasia.

® Cytopenias defined as haemoglokin concentration < 10 g/dL, platelet count < 100 x 10°/L and absolute neutrophil count < 1.8 x 1091, although
MDS can present with mild anaemia or thrombocytopenia above these levels; PB monocytes must be < 1 x 108/L.

& If SF3B1 mutation is present.

© 1% PB blasts must be recorded on = 2 separate occasions.

4 Cases with = 15% ring sideroblasts by definifion have significant erythroid dysplasia and are classified as MDS-RS-SLD.

B FEW

Classification
OMS 2017

Uniguement

SF3B1

panel s

Swerdlow et al, WHO 2017
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| es scores actuellement utilisés dans les SMD ...

IPSS - 1997

Prognostic score value

0 0.5 1 1.5 2

Prognostic category

Cytogenetics |Good Intermediate Poor
BM blasts, % =5 5-10 1n-20 21-30
LCytopeniaa ) 0-1 2-3

Cytogenetic group Characteristics
Good Normal, -Y, del(5q), del(20q)
Intermediate \,\,6 All other karyotypic

\ho abnormalities

Complex (= 3 abnormalities) or
chromosome 7 abnormalities

Poor

<& eurofins

Biomnis

IPSS-R - 2012

Prognostic score value

0.5 1 1.5 2 3 4

Prognostic category

Cytogenetics Good Intermediate Poor Very poor
(BM blasts, % | >2to<5 5-10 >10

Hab, g/dL Bto <10 <8
Lplatele’cs. X 'I'D’,-"LJ 50 to <100 < 50

ANC, x 10%L <08

Cytogenetic group Characteristics

Very good =Y, del(Nq)

Good Normal, del(5q), del(12p), del(204q), del(5q) + 1 additional abnormality

Intermediate
Poor

Very poor

del(7q), +8, +19, i(17q), other abnormalities not in other groups
=7, inv(3)/t(3q), -7/del(7q) + 1 additional abnormality, complex (3 abnormalities)

Complex (> 3 abnormalities)

Greenberg et al, Blood 1997
Greeberg et al, Blood 2012



.pour choisir un traitement adapte !

MDS
/ N
LOWER RISK HIGHER RISK
(IPSS low, INT-1) (IPSS INT-2, high)
(IPSS-R VL, L, INT) (IPSS-RINT, H, VH)
(BM blasts < 10%) (BM blasts > 10%)
1 e ‘
Any age Age <70-75 Age >70-75
¢v© Iron chelation Intensive chemotherapy HMA (5-AZA/decitabine)
(of Growthfactors ;. HMA (5-AZA/decitabine) = Clinical trial
©"_ . Luspatercept \¥ Clinical trial Intensive chemotherapy
ea\fot HMAs
R IO Lenalidomide (5q-) I
R@\W Immune modulation l :
Clinical trial - o v

—

T~ ALLO SCT
<& eurofins

Biomnis Garcia-Manero et al, AJH 2020



| Apport du NGS dans les SMD

DIAGNOSTIC

PRONOSTIC

REPONSE
NOSTIQUES

AU TRTT ET
"CIBLES THERA-

<& eurofins

6P‘$ N\Oe\’\f/

/Panel 29 genes .

A

cY

- Clonalité moléculaire = aide diagnostique +++
Si cytologie médullaire non contributive / caryotype normal (40/50%) !

- SF3B1 = SMD - SC

o

T ?
wwww

~

10% 10% 10% 10%

||I|||||m...u.

tb..lb....ii#.“’-.t

/\

Mutations a valeur pronostique
- Favorable : SF3B1 (sc?)
- Défavorable : TP53, EZH2, ETV6, RUNX1, ASXL1, CBL,
DNMT3A, IDH1/2 ... /risque de transformation en LAM
\_ - Score moléculaire ? -
CARYOTYPE
/ . . . \
Résistance au lénalidomide pour les Sd 5qg- : TP53
Cibles thérapeutiques potentielles : IDH1/IDH2 / FLT3 - rares
Hypomethylants : TET2 + / ASXL1 —
. J

Biomnis

Garcia-Manero et al, AJH 2020
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Score moléculaire dans les SMD
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| SMD et score IPSS-M

2957 patients
Score IPSS-M :
- Hb

- Plaguettes

- % de blastes

IPSS-R cytogénétique

16 génes principaux

TP53, MLL, ELT3, SE3B1, NPM1, NRAS, ETV6,

IDH2, CBL, EZH2, U2AF1, SRSF2, DNMT3A,

ASXL1, KRAS
15 génes « secondaires »

BCOR, BCORL1, CEBPA, ETNK1, GATA2, GNB1,
IDH1, NF1, PHF6, PPMD1, PRPF8, PTPN11,

SETBP1, STAG2, WT1

C — Ve — — Hi

. 3 ry Low Moderate Low High
IPSS-M _ Low — Moderate High — Very High

1.00 " p < 0.0001
5
)
»n 0.75 ‘
L
-
©
£0.50{  ---e Yoo Ao Moo T e
e} H i
m '
Q : ‘
9 1
Q0.25 = ;
Z —
0.00 ' '
0 1 2 3 4 5 6 7 8 9 10
No. at risk Years
() -
<% eurofins
Biomnis

Comparaison IPSS-R et IPSS-M :

I Very Low B Moderate Low B High
IPSS-M B Low B Moderate High M Very High
Very High (263)
High (348) e —

ntermediate (551) 4
Low (1037) £

Very Low (479)

25

50 ' 100
%

46% des patients changent de groupe pronostique

en intégrant les données moléculaires :
- 74% basculent en risque plus élevé
- 26% basculent en risque moins éleve
- 6% des faibles risques basculent en haut risque !

Bernard et al, ASH Abstract 2021



| Bon de demande
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Bon de demande

Blologle des Hemopathles malignes

Cytologla CMF) &t Biokogls moléculalrs
Hématologie cellulaire et cytogénéting Génétin cologie moléculaire Correspondant
T 04?‘25023&5 Fax 04 72 80 23 88 T4 04?23025?8 Fax: 04?‘2.‘.’4]25?9
Emai: biomnis.com Emai: hiomnis.com

PATIENT(E) MEDECIN PRESCRIPTEUR
MNom : Nom du médecin :
MNom de nai Prénom
Prénom : d :
Date de naissance : CP:iLe v 10 | Mille:
Adresse : Tél -
CPoL 11 Mille: Fax :
TéL sexe [JF OOIM E-mail :

FACTURATION
[ Hépital autre -
[ Prise en charge* [ Patient*

(o] i payeur :

Régime 1L 1Dépt : Centre :
W'deSS L1111 L1 |

AMNALYSES DEMANDEES ET PRELEVEMENTS [CODE ANALYSE EUROFINS BIOMNIS]

CYTOLOGIE

O Sang : formuie approfondie {1 froftis non cofors) [F5]
OMoelle : myslogramme (4 3 & lames non colorées) [MYELOD]
O Ganglion : sdénocgramme (froftis non colorés) [ADENG]

O Autre :

{*Joinc

érafvement [ombnnance al ;ue  copie de [attestaton 5.

jon patient, veulliez nous préciser ci-dessus Madresse du

TYPAGE IMMUNOLOGIQUE [IPHEN]
[1Sang : (1 tube EDTA + 1 frottis non colord)
CIMoelle : (1 fube EDTA + 1 frottis non colors]

NB : pour les bl smml itaires quantitatifs, merci de
(ICD48], [B1], [NKI).

s
Ne pas utiliser ce bon de demande.

CYTOGENETIQUE

O Conventionnelle (caryotype) MOHC1] [ Moléculaire (FISH) [MOHC2] - Frécisar -
O sang: (ftubehéparing) [ Moelle : (1 tube hépariné] [ Ganglion

BIOLOGIE MOLECULAIRE

[ BCR-ABL Qualitatif diagnostc) [BCR]
[OBCR-ABL Quantitatif jsuii) [BCRE]
[Mutation domaine tyrosine kinase ABL (resistance [TK] [ABLR]
CJAKZ VE1TF n‘?T-F'GF{) [mu]
[JPanel NGS "Né érative (NMP) - D
[MYSDG] (JAK2, CALR MPL CSFIR, SETEP, SRSF2, SFa51)
COPanel NGS "Né i é iférative (NMP) - Di
Promstlc" [MYSDP] Wm!mmmmm

msilbmﬂm

DF'anel NGS "LMMC™ [MYSMO]
(ASXL VCBLONMT A EZH2 LTS IDHTADHZ UAR S KRASNPMTNRASTRUNGT

THTPSILRAFIERSRD)
[IPanel NGS "SMD" [MYSMD]
{ VBRARCALR/CBL CEERA/CSF IR DNWT A ETVGEZHSFLTIHRASIDHT

m:m
OPanel NGS "LAM" [MYSLA]
(ASXL1BRARCALR/CEL CEERA/CSF IRDNWTAETVGEEHSFLTIHRASIDHT

[
TET2TPSIUZAFIWTIERSR)

CITP53 (NGS) [MYS53]
CIIG-VH (NGS) [IGVH]
[]BRAF [NGS) [MYSER]
CICHIT (NGS) [MYSKT]
[ Clonalité B [CLONE]
O Clonalité T [CLONT]
CIMYDS8 [MYDEE]
[ICXCR4 [CXCR4]

O Autre -

Date de prelé (3 I | R | IR |

[ Panel NGS "Néoplasie Myéloproliférative (NMP) - Diagnostic"
[MYSDG] (JAK2, CALR, MPL, CSF3R, SETBP1, SRSF2, SF3B1)

1 Panel NGS "Néoplasie Myéloproliférative (NMP) - Diagnostic/
Pronostic" [MYSDP] (ASXL1/CALR/CBL/CSF3R/DNMT3A/EZH2/ IDH1/

IDH2/JAKZ/KIT/KRAS/MPL/NPM1/NRAS/RUNX1/SETBP1/SF3B1/SRSF2Z/TETZ/
TP53/U2AF1/ZRSR2)

[1Panel NGS "LMMC" [MYSMOQ]
(ASXL1/CBL/DNMT3A/EZH2/FLT3/IDH1/IDH2/JAK2/KRAS/NPM1/NRAS/RUNX1/
SETBP1/SF3B1/SRSF2/TET2/TP53/U2AF1/ZRSR2)

[1Panel NGS "SMD" [MYSMD]
(ASXL1/BRAF/CALR/CBL/CEBPA/CSF3R/DNMT3A/ETVE/EZH2/FLT3/HRAS/IDH1/
IDH2/JAK2Z/KIT/KRAS/MPL/NPM1/NRAS/PTPN11/RUNX1/SETBP1/SF3B1/SRSF2/
TET2/TP53/U2AF1/WT1/ZRSR2)

[1Panel NGS "LAM" [MYSLA]
(ASXL1/BRAF/CALR/CBL/CEBPA/CSF3R/DNMT3A/ETVE/EZH2/FLT3/HRAS/IDH1/
IDH2/JAK2/KIT/KRAS/MPL/NPM1/NRAS/PTPN 11/RUNX1/SETBP1/SF3B1/SRSF2/
TET2/TP53/U2AF1/WT1/ZRSR2)

172

<& eurofins

Biomnis
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| Fiches produits

Biomnis

Néoplasies Myéloprolifératives (NMP)

Conseils de prescription devant une suspicion
de NMP ou un suivi de NMP

Bilan de THROMBOCYTOSE
(TE 7/ sMonmpscT 7) 3

Suspicion de
MYELOFIBROSE

Panel NGS
NMP-Diagnostic / Pronostic

S éwoterion 3

S doiusion clrio-Bioiogiqus

Ausm prouve do clonaiiné molbcutare 7

< eurofins

Biomnis

8

< eurofins ’
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Leucémie myélomonocytaire
chronique (LMMC)

Le panel NGS "LMMC" consiste en une analyse de 19 génes : ASXL1/CBLUDNMT3A/EZH2/
FLT3/IDH1/IDH2/JAK2/KRAS/NPM1/NRAS/RUNX1/SETBP1/SF3B1/SRSF2/TET2/TP53/
U2AF1/ZRSR2

Il présente un triple intérét diag ique, pr ique et thér iq
e Selon FOMS 2017, F'analyse des génes TET2, SRSF2, ASXL1 et SETBP1 peut
participer au dagnostlc de LMMC (critére 5 de I‘OMS 2017 en amoclabon avec les
critéres 12 4), en enf de d %
L'association des mutations TET2/SRSF2 est trés évocatrice d’'une LMMC.

e Ce panel apporte & une aide pi et une aide au choix
thérapeutique. Selon les nouvelles recommandations ELN 2018, un panel
minimum de 4 génes est obligatoire (ASXL1 NRAS, RUNX1, SETBP1) pour une
declson d'allogreffe et un panel de 20 genes est recommandé pour toute décision

ique. L'impact abordé avec ce panel (cibles
thérapeutiques IDH1, IDH2, NPM1 etFLT3)

NE : les génes BCOR et NF1 ne sont pas inclus dans le panel proposé et le géne TP53 a
été ajouté par rapport aux recommandations ELN 2018.

Remarque : la recherche d'un transcrit de fusion BCR-ABL, des réarangements de
PDGFRA, PDGFRB, FGFR1 ou du transcrit de fusion PCM1~JAK2 ne peul pas étre reallsee
par cette analyse NGS (analyse d'ADNg). Des i sont

au laboratoire Eurofins biomnis pour ces 5 réarangements géniques.

Pour rappel, les ées d'hé ire, hi iques (BOM), de
et de biologie moléculaire doivent étre ées pour un di ic et/ou un pi
d'hémopathie maligne.

13

- Mars 2019

eurofins |
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Syndromes Myélodysplasiques (SMD)

Le panel NGS “SMD” consiste en une analyse de 29 génes : ASXL1/BRAFICALR/CBLY
CEBPA/CSFIR/IDNMTIA/ETYE/EZHZ/FLTIHRAS/IDH/IDH2/JAKZKIT/KRAS/IMPLY
NPM1/NRASIPTPNT/RUNX1/SETBP1/SF3B1/SRSFATET2TPSIUZAF1/WT1/ZRSR2

Il présente un triple intérét diag ique, p igue et thé ils]

NB :

L'intérét pr tig tpré inant caril permet de définir des facteurs moléculaires
de pronostic dé ions TPS3, EZHZ, ETVE, RUNX1 ,AS¥L1)ou favorable
(mutation SF3B1) permettant de guider la stratégi apeutique. Il peut app

une aide pour la prédiction d'une réponse thérapeutique (ex : pour [ & des
agents hypométhylants - impact positif d'une mutation TET2, impact négatif en cas de
mutation ASXL1 ou de non mutation TET2 ou DNMT3A, pour une réponse a FEPO :
impact positif d’'une mutation SF3B1, impact négatif d'une mutation TPS3, dans le
cadre d'un syndrome 5g- traité par lénalidomide : impact négatif d°une mutation TP53).

Limpact thé i peut étre abordé avec ce panel (cibles
thérapeutiques IDH1, IDHZ, SF381._).

A ce jour, Faide diagnostique du panel NGS "SMD" est limité au contemede suspicion
clinique de myé ie sans cytologie meédullaire & ice (my sans
signe de dysmyélopoiése) et sans présence d lie clonale en cytogénétiqu
évocatrice d'un SMD (caryotype sans anoma]le rhrl)rmscn'uque clonale). Les 2 seules
exceplions & cette régle sont lentité "néopl Eloproliférative
avec sidéroblastes en couronne et thrombocytose™ dans Iaq uelle un des critéres OMS
2017 est la présence d'une mutation SF3B1 et I'entité "SMD avec sidércblastes en
couronne - SF3B1 muté" pour laquelle ce diagnostic peut &tre posé & partir de 5% de
sidéroblastes médullaires (et non 15%).

les génes BCOR et STAGZ ne sont pas inclus dans le panel proposé.

Le panel NGS "SMD" permet donc une analyse ive de mutatior i "driver"
(il n'est pas adapté pour la recherche de mutations germinales).

Pour rappel, les données d'hé i ire, hi i (BOM), de cytogénétique
et de biologie moléculaire doivent étre confrontées pour un diagnostic etiou un pronostic
d’hémopathie maligne.

3
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Activité nationale NGS-Hemopathies malignes au laboratoire
CLINIQUES .
P PRIVEES = | ‘ | ||||
Diagnostic
nimiminin
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Place du NGS dans la prise en charge des NMP/SMD

EX
GOUVERNEMENT

Libersé
Egalité
Fraterwité

Innovation
santé 2030

Faire de la France AW T\

2021 - Conseil stratégique :
des industries de santé (CSIS)
e —— A

<& eurofins ’

Biomnis
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Place du NGS dans la prise en charge des NMP/SMD

Evaluation de la HAS des actes inscrits au RIHN
(Référentiel des actes innovants hors nomenclature)
Innovation
sante 2030 e Al'exception du BCR-ABL (08/04/21 - B460), aucun acte de biologie moléculaire

Faire de la France ‘_ somatique n’est inscrit a la NABM
la 1 nation européenne;
innovante et souverain

en santé

e Pourtant ces actes sont DIAGNOSTIQUE / PRONOSTIQUE / THERANOSTIQUE

e En pratique : utilisation du RIHN ou HN pour la cotation de ces actes :

(CSIS) :

N452 Forfait séquencage haut débit (NGS) < 20 kb 882,90 € Selon indications fixées par I'INCa et la DGOS

N453 Forfait séquencage haut débit (NGS) > 20 kb et < 100 kb 1 503,90 € Selon indications fixées par I'INCa et la DGOS

<& eurofins a1

Biomnis



Assurance Qualité : process d'accreditation du NGS

<% eurofins
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Assurance Qualité : process d'accreditation du NGS

— APT
/'Défl!ll_r le protocole\ - B

expérimental de

VDM Ensemble des « Mises a jour
-ssesa;:zatlon des .Bilan des premiors résultats / Evolution
essais
\ Nouvelle o

analyse

\_/

Avant le
passage
O en routine
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02/2019 éﬁ 28/03/2019 ij% 02/07/2019 6% 07/2019 ij% 14/10/2020
) =) =) =)  Avenant 1

- Ajout d’un thermocycleur Verity

— APT
(’Déﬂnl_r le protocole\ - b

expérimental de

VDM -Ensemble des Demande d’extension - Mises a jour

-Sssaah'ss,atuon des s Bian:des proviions reésultats de la portée / Evolution
essais GSO07enA

\ Nouvelle )

analyse

\/ Moo

- Avant le
passage
O en routine

01/04/2019

<& eurofins ”
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(«Définir le protocole\
expérimental de
VDM

«Réalisation des
essais

W Nouvelle
analyse

—

*Bilan des premiers
essais

*Ensemble des
résultats

. J

Nl

r
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Avant le
passage
en routine

-

19/04/2021

Demande d’extension
de la portée

Gs07 en B

N’

« Mises a jour
/ Evolution

@ ~
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(’Déﬂnlr le protocole\

expérimental de
VDM

*Réalisation des
essais

\ Nouvelle

analyse

o W
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*Bilan des premiers
essais

o J

Avant le
passage
en routine

-

*Ensemble des
résultats

19/04/2021 éﬁ 28/04/2021

Demande d’extension
de la portée

GS07 en B

) Avenant 2

- Ajout des moélles sur EDTA

« Mises a jour
/ Evolution
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/26/04/2021\ / 11/05/2021 \ /03 et 04/06/2021\ /02/12/2021\ /13/01/2022\

Envoi Rapport d’expertise Visite COFRAC Envoi Accréditation
COFRAC du COFRAC COFRAC analyse NGS

Avis partiellement satisfaisant .
1 écart non

- DV : commentaires mineurs critique bioinformatique D(.)s.sier: de Extension
(limites de détection, interférence, contamination, q‘:'al'f.'cat'or‘_d}" GSO7B
DV évaluation des performance) pipeline utilisé
et - risque de perte et de par SG pour ¢0fr‘"
doc > BIOINFORMATIQUE : corruption des données de panel MYS
BIO- séquencage, de défaillance (avec architecture
INFORMATIQUES ? architecture informatique et du flux de données ou de pannes des systemes informatique, flux de

données, maitrise des
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- Changement de kit de librairie

- Automatisation (Hamilton)

- Subsampling 24 - 36 échantillons
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