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The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Myeloid and Histiocytic/
Dendritic Neoplasms

1 I

Joseph D. Khoury ('™, Eric Selary (™, Oussama Abla®, Yassmine Akkari (3% Rita Alaggic®, Jane F. Apperley(°, Rafael Bejar(’,
Emilio Berti®, Lambert Busque(®, John K. C. Chan'®, Weina Chen(3'’, Xueyan Chen'?, Wee-Joo Chng'?, Jehn K. Chei(®'"?,
Isabel Colmenero(®'*, Sarah E. Coupland'®, Nicholas C. P. Crass(®'’, Daphne De Jong'®, M. Tarek Elghetany'®, Emiko Takahashii
Jean-Francois Emile (32", Judith Ferry®?, Linda Fogelstrand®, Michaela Fontenay®*, Ulrich Germing®, Sumeet Gujral®®,

Torsten Haferlach (3%, Claire Harrison®®, Jennelle C. Hodge®, Shimin Hu(®', Joop H. Jansen®®, Rashmi Kanagal-Shamanna (',
Hagop M. Kantarjian (%', Christian P. Kratz(3*?, Xiao-Qiu Li**, Megan S. Lim**, Keith Loeb®®, Sanam Loghavi (%', Andrea Marcogliese'®,
Soheil Meshinchi®®, Phillip Michaels™, Kikkeri N. Naresh (5%, Yasodha Natkunam(®*®, Reza Nejati®®, German Ott*°, Eric Padron(®*',
Keyur P. Patel', Nikhil Patkar (5", Jennifer Picarsic*®, Uwe Platzbecker(%™, Irene Roberts™, Anna Schuh (3", William Sewell,
Reiner Siebert™, Prashant Tembhare (3%, Jeffr(at Tyner(5*, Srdan Verstovsek(*', Wei Wang (2", Brent Wood™®, Wenhin Xiao (2,

Cecilia Yeung(** and Andreas Hochhaus()®?

20
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The upcoming 5th edition of the World Health Organization (WHO) Classification of Haematolymphoid Tumours is part of an effort to
hierarchically catalogue human cancers arising in various organ systems within a single relational database. This paper summarizes
the new WHO classification scheme for myeloid and histiocytic/dendritic neoplasms and provides an overview of the principles
and rationale underpinning changes from the prior edition. The definition and diagnosis of disease types continues to be based
on multiple clinicopathologic parameters, but with refinement of diagnostic criteria and emphasis on therapeutically and/or
prognostically actionable biomarkers. While a genetic basis for defining diseases is sought where possible, the classification strives to
keep practical worldwide applicability in perspective. The result is an enhanced, contemporary, evidence-based classification of
myeloid and histiocytic/dendritic neoplasms, rooted in molecular biology and an organizational structure that permits future
scalability as new discoveries continue to inexorably inform future editions.

Leukemia (2022} 36:1703-1719; https://doi.org/10.1038/541375-022-01613-1
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia
Fal
Essential thrombocythaemia

haemia vera

Primary myelofibrosis ]

Chronic neutrophilic Ieukaernial

Chronic eosinophilic leukaemia
Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Formes frontieres

SMD

Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F351)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS, morpholegically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3B1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bone marrow, P8 peripheral blaod, cnlOH copy neutral loss of heterozygaosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neoplasm with neutrophilia

and thrombocoytosis

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified
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The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Lymphoid Neoplasms
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We herein present an overview of the upcoming 5" edition of the World Health Organization Classification of Haematolymphoid
Tumours focussing on lymphoid neoplasms. Myeloid and histiocytic neoplasms will be presented in a separate accompanying
article. Besides listing the entities of the classification, we highlight and explain changes fram the revised 4™ edition, These include
reorganization of entities by a hierarchical system as is adopted throughout the 5'" edition of the WHO classification of tumours of
all organ systems, modification of nomenclature for some entities, revision of diagnostic criteria or subtypes, deletion of certain
entities, and introduction of new entities, as well as inclusion of tumour-like lesions, mesenchymal lesions specific to lymph node
and spleen, and germline predisposition syndromes associated with the lymphoid neoplasms.

Leukemia (2022) 36:1720-1748; https://doiorg/10.1038/541375-022-01620-2
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LLC et autres LMNH-B

Mature B-cell neoplasms
Pre-neoplastic and neoplastic small lymphocytic

proliferations
(Same)
I Chronic lymphocytic leukaemia/small lymphocytic lymphoma ] (Same)
(Entity deleted) B-cell prolymphocytic leukaemia
Splenic B-cell lymphomas and leukaemias
Hairy cell leukaemia (Same) HEMOPATHIES
Splenic marginal zone lymphoma (Same)
Splenic difﬁ?se red pulpyrsnmall B-cell lymphoma (Same) HEMDPATHIE
Splenic B-cell lymphoma/leukaemia with prominent nucleoli Not previously included (encompassing hairy cell leukaemia variant and some M LOIDES
cases of B-cell prolymphocytic leukaemia)
Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma (Same)
Marginal zone lymphoma
Extranodal marginal zone lymphoma of mucosa-associated (Same)
lymphoid tissue
Primary cutaneous marginal zone lymphoma Not previously included (originally included under “extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue”)
Nodal marginal zone lymphoma (Same)

Paediatric marginal zone lymphoma (Same)
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Process technigue NGS « Wet Lab »

Y
EXTRACTION PREPARATION § AMPLIFICATION
ADN LIBRAIRIES CLONALE
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_ AVANTAGES INCONVENIENTS

CAPTURE Seuil de sensibilité Qualité ADN
0,

Kit Kappa Roche / Kit Qiagen

AMPLICON ADN dégradé euil de sensibilité
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Validation d’'un résultat

1. Hot spot mutationnel dans les hémopathies malignes

e Valeur diagnostique ?

e Valeur pronostique ?
e Valeur théranostique

2. Variant rapporté dans les hémopathies mais pas un hot spot
e Bases de données ?
e Bibliographie ?

3. Variant non rapporté dans les hemopathies -
e Doit-on le rendre au clinicien ?

4. CHIP ? Variant issu d’une h%matopo'l'ése clonale
de signification indéterminée &W

o Liee alage

e Etat « pré-leucémique » ?
5. Variant d’origine constitutionnelle ?

e Valeur de VAF 50% / 100%
e Vérification sur un autre tissu non hématopoiétique

W DNMT3A
uTET2

o ASHLL

“ Others
IAKZ
mTP53
HSF3BL
uGNB1

H SRSF2

= CBL

]
w BCORL1

os =
o CU I‘Ofl ns Danlos et al. Rev Med Interne 2019 28
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Avantages du NGS

1. Exhaustivité d’analyse des génes impliqués

e Panel de genes
» Panel MYS = 30 génes en 2019 - Panel 85 génes en 2023
» Nombre de genes selon les recommandations en progression croissante +++

2. Sensibilité de détection
e Capture : sensibilité 2% (Sanger 10 a 15%)

3. Rapidité d’analyse d’'un grand nombre d’échantillons

e Fonction de la flow cell utilisée
» MiSeq:V2ouV3 :12a24 échantillons -> subsampling a 36 échantillons
» NovaSeq : 48 échantillons

<* eurofins
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia
Fal
Essential thrombocythaemia

haemia vera

Primary myelofibrosis ]

Chronic neutrophilic Ieukaernial

Chronic eosinophilic leukaemia
Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Formes frontieres

SMD

Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F351)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS, morpholegically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3B1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bone marrow, P8 peripheral blaod, cnlOH copy neutral loss of heterozygaosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neoplasm with neutrophilia

and thrombocoytosis

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified

<* eurofins
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia
Pol haemia vera

Essential thrombocythaemia

Primary myelofibrosis ]

Chronic neutrophilic leukasmia

Chronic eosinophilic leukaemia

Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Table 3. Classification and defining features of myelodysplastic neeplasms (MDS).

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F387)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS5, morphologically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3e1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bane marrow, P8 peripheral blaod, enlOH copy neutral loss of heterazygosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neoplasm with neutrophilia

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

and thrombocytosis

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified
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Apport du NGS dans la MF
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Apport du NGS dans la MF

TABLE 5 MNew prognostic madels in primary myelofibrosis (see text for references)

MIPSS70 (3-tiered) MIPSS70+ version 2.0 (5-tiered) GIPSS (4-tiered)
Genetic variables Clinical variables Genetic variables Clinical variables Genetic variables
One HMR mutation Hemoglobin < 10 g/dL
{1 point) (1 point) VHR karyotype (4 points) Severe anemia (2 points) VHR karyotype (2 points)
> 2 HMR mutations Leukocytes > 25 x 10(9)/1
(2 points) (2 points) Unfavorable karyotype (3 points) Moderate anemia (1 point) Unfavorable karyotype (1 point)
Type 1/like CALR Platelets < 100 x 10(9)/L
absent (1 point) (2 points) > 2 HMR mutations (3 points) Circulating blasts = 2% (1 point) Type 1/like CALR absent (1 point)
Circulating blasts > 2%
(1 point) One HMR mutation (2 points) Constitutional symptoms (2 points) ASXLimutation (1 point)
Constitutional symptoms
(1 point) SRSF2 mutation (1 point)
Bone marrow fibrosis ASXL 1
grade = 2 (1 point) S RS F2 U2AF1Q157 mutation (1 point)
Very low risk (median survival) Zero points (not reached) EZH2
Low risk (median survival) 0-1 points (not reached) 1-2 points (16.4 y) Zero points (26.4 y)
Intermediate-1 risk (median survival) I D H 1 One point (8 y)
Intermediate risk (median survival)  2-4 points (6.3 y) 3-4 points (7.7 y) IDH2
Intermediate-2 risk (median survival) Two points (4.2 y)
High risk (median survival) 25 points (3.1 y) 5-8 points (4.1 y) 23 points (2 y)
Very high risk (median survival) =9 points (1.8 y)

Note: Severe anemia, Hemoglobin <8 g/dL in women and < 9 g/dL in men; Moderate anemia, Hemoglobin 8-9.9 in women and 9-10.9 in men.

Abbreviations: GIPSS, genetically-inspired prognostic scoring system. Survival quotes are for all age groups; HMR, high molecular risk mutations include ASXL1, SRSF2, EZH2, IDH1, IDH2 and, in addition, for GIPSS
and MIPSS70+ version 2.0, U2AF1Q157; MIPSS70, mutation-enhanced international prognostic system for transplant-age patients (age < 70 years); MIPSS70+ version 2.0, mutation and karyotype enhanced
international prognostic system. Survival quotes are for age < 70 years; VHR, very high risk karyotype.

.:.5- eu I‘Oﬁ ns Tefferi et al — AJH 2020
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Apport du NGS dans la MF

TABLE 5 MNew prognostic madels in primary myelofibrosis (see text for references)

MIPSS70 (3-tiered) MIPSS70+ version 2.0 (5-tiered) GIPSS (4-tiered)
Genetic variables Clinical variables Genetic variables Clinical variables Genetic variables
One HMR mutation Hemoglobin < 10 g/dL
{1 point) (1 point) VHR karyotype (4 points) Severe anemia (2 points) VHR karyotype (2 points)
> 2 HMR mutations Leukocytes > 25 x 10(9)/1
(2 points) (2 points) Unfavorable karyotype (3 points) Moderate anemia (1 point) Unfavorable karyotype (1 point)
Type 1/like CALR Platelets < 100 x 10(9)/L
absent (1 point) (2 points) > 2 HMR mutations (3 points) Circulating blasts = 2% (1 point) Type 1/like CALR absent (1 point)
Circulating blasts > 2%
(1 point) One HMR mutation (2 points) Constitutional symptoms (2 points) § ASXL1mutation (1 point)
Constitutional symptoms  Type 1/like CALR
(1 point) absent (2 points) SRSF2 mutation (1 point)
Bone marrow fibrosis
grade = 2 (1 point) U2AF1Q157 mutation (1 point)
Very low risk (median survival) Zero points (not reached)
Low risk (median survival) 0-1 points (not reached) 1-2 points (16.4 y) Zero points (26.4 y)
Intermediate-1 risk (median survival) One point (8 y)
Intermediate risk (median survival) 2-4 points (6.3 y) 3-4 points (7.7 y)
Intermediate-2 risk (median survival) Two points (4.2 y)
High risk (median survival) 25 points (3.1 y) 5-8 points (4.1 y) 23 points (2 y)
Very high risk (median survival) =9 points (1.8 y)

Note: Severe anemia, Hemoglobin <8 g/dL in women and < 9 g/dL in men; Moderate anemia, Hemoglobin 8-9.9 in women and 9-10.9 in men.

Abbreviations: GIPSS, genetically-inspired prognostic scoring system. Survival quotes are for all age groups; HMR, high molecular risk mutations include ASXL1, SRSF2, EZH2, IDH1, IDH2 and, in addition, for GIPSS
and MIPSS70+ version 2.0, U2AF1Q157; MIPSS70, mutation-enhanced international prognostic system for transplant-age patients (age < 70 years); MIPSS70+ version 2.0, mutation and karyotype enhanced
international prognostic system. Survival quotes are for age < 70 years; VHR, very high risk karyotype.
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Apport du NGS dans la MF

TABLE 5 MNew prognostic madels in primary myelofibrosis (see text for references)

MIPSS70 (3-tiered) MIPSS70+ version 2.0 (5-tiered) GIPSS (4-tiered)
Genetic variables Clinical variables Genetic variables Clinical variables Genetic variables
One HMR mutation Hemoglobin < 10 g/dL
{1 point) (1 point) VHR karyotype (4 points) Severe anemia (2 points) VHR karyotype (2 points)
> 2 HMR mutations Leukocytes > 25 x 10(9)/1
(2 points) (2 points) Unfavorable karyotype (3 points) Moderate anemia (1 point) Unfavorable karyotype (1 point)
Type 1/like CALR Platelets < 100 x 10(9)/L
absent (1 point) (2 points) > 2 HMR mutations (3 points) Circulating blasts = 2% (1 point) Type 1/like CALR absent (1 point)
Circulating blasts > 2%
(1 point) One HMR mutation (2 points) Constitutional symptoms (2 points) ASXLimutation (1 point)
Constitutional symptoms
(1 point) SRSF2 mutation (1 point)
Bone marrow fibrosis ASXL 1
grade = 2 (1 point) S RS F2 U2AF1Q157 mutation (1 point)
Very low risk (median survival) Zero points (not reached) EZH2
Low risk (median survival) 0-1 points (not reached) 1-2 points (16.4 y) Zero points (26.4 y)
Intermediate-1 risk (median survival) I D H 1 One point (8 y)
Intermediate risk (median survival)  2-4 points (6.3 y) 3-4 points (7.7 y) IDH2
Intermediate-2 risk (median survival) Two points (4.2 y)
High risk (median survival) 25 points (3.1 y) 5-8 points (4.1 y) 23 points (2 y)

Very high risk (median survival =9 points (1.8 y)

Note: Severe anemia, Hemoglobin <8 g/dL in women and < 9 g/dL in men; Moderate anemia, Hemoglobin 8-9.9 in women and 9-10.9 in men.

Abbreviations: GIPSS, genetically-inspired prognostic scoring system. Survival quotes are for all age groups; HMR, high molecular risk mutations include ASXL1, SRSF2, EZH2, IDH1, IDH2 and, in addition, for GIPSS
and MIPSS70+ version 2.0, U2AF1Q157; MIPSS70, mutation-enhanced international prognostic system for transplant-age patients (age < 70 years); MIPSS70+ version 2.0, mutation and karyotype enhanced
international prognostic system. Survival quotes are for age < 70 years; VHR, very high risk karyotype.
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Apport du NGS dans la MF

Treatment algorithm in myelofibrosis
based on risk stratification according ro the nuitation- and karvotype-enhanced international
prognostic scoring svstem (MIPSS70+ vervion 2.0); see fable 5 jor sk variabies and rick point allocations
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Et d’autres ?

REGULAR ARTICLE € blood advances

Genomic analysis of primary and secondary myelofibrosis redefines the I I 5

prognostic impact of ASXL1 mutations: a FIM study

Damien Luque Paz,"* Jérémie Riou,* Emmanuelle Verger,** Bruno Cassinat,** Aurélie Chauveau,” Jean-Christophe lanotto,®

Brigitte Dupriez,” Frangoise Boyer,'” Maxime Renard,"® Olivier Mansier,'''* Anne Murati,'® Jéréme Rey,'* Gabrie! Etienne,'®

Véronique Mansat-De Mas,'® Suzanne Tavitian,'” Olivier Nibourel,'®'® Stéphane Girault®® Yannick Le Bris,*"*? Francois Girodon, ™
Dana Ranta,* Jean-Claude Chomel,”® Pascale Cony-Makhoul® Piarre Sujobert.”” Margot Robles,”® Raouf Ben Abdelali,™®

Olivier Kosmider,* Laurane Cottin,"™ Lydia Roy,”"* lvan Sloma,**** Fabienna Vacheret,® Mathieu Wemeau,*® Pascal Mossuz,*”
Borhane Slama,ag Vincent Cussac,“ Guillaume Denis,*” Anouk Walter-Petrich,*' Barbara Eiurrc:m.43 Mathalie Jézéqua\.7

Stéphane Giraudier,® Eric Lippert,” Gérard Socié,*” Jean-Jacques Kiladjian,*** and Valérie Ugo,"™ on behalf of the French Intergroup of
Mysloproliferative Neoplasms

ASXL1?
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Apport du NGS dans la Thrombocytemie essentielle

/Analyse du trio : JAK2 « full exon » / CALR / MPL en 1 seule etape

S - Rapidité pour le diagnostic d'une NMP } -
(IT) - CALR : Sensibilité du NGS ! .
(@) - MPL : exhaustivité de I'exon 10 ! 4.]_
G
< Exclure I'entité OMS : SMD/NMP-SF3B1 muté et Thrombocytose ’
(@]
- I 4 - y m
\Autre mutation présente ? = preuve de clonalité v“‘, /
o™
4%
B AK2V617F
P Mutation CALR
B Triple Négatif
B Mutation MPL
° - Grinfeld etal N EnglJ Med. 2018
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Biomnis Guglielmelli et al - BCJ 2021




Apport du NGS dans la Thrombocytemie essentielle

/Analyse du trio : JAK2 « full exon » / CALR / MPL en 1 seule étape

S - Rapidité pour le diagnostic d'une NMP
S > CALR : Sensibilité du NGS !
@) - MPL : exhaustivité de I'exon 10!
Z
Q)
< Exclure I'entité OMS : SMD/NMP-SF3B1 muté et Thrombocytose
- '\
\Autre mutation présente ? = preuve de clonalité §%, /
o
4% Mutations associées a JAK2/CALR/MPL avec valeur pronostique ?
m Ak - au diagnostic
B Mutation CALR (I;—) -ausuivi —
Bl Triple Négatif 2 / risque de thrombose ? (g @ _ ntron
B Mutation MPL 8 @ - exnl
o / si évolution hématologique W sptccosome
\/ risque de transformation en MF / SMD / LA <—@ j
CARYOTYPE
.:..‘: eurofins Grinfeld etal N Engl J Med. 2018
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Apport du NGS dans la maladie de Vaquez

Analyse JAK2 « full exon »
2% 2% Q_)
(|7) & & A f\qf\ ‘Pwn'r“&:'«*her Pt g & S
O | el lblal. REELELAEUEL, | |J PRS—— Y
Z
O t I
= D;
Autre mutation présente ? = preuve de clonalité &% \'\

[ ] JAK2Ve17F

I MutationJAK2exon 12
PV JAK2 sauvage
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o Grinfeld et al N Engl J Med. 2018
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Apport du NGS dans la maladie de Vaquez
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OMS 2022 : Intérét pronostique du NGS dans les NMP

omMSs
022 TET2
While JAK2, CALR, and MPL mutations are considered driver ASXL1
events, mutations in other genes — particularly TET2, ASXL1, and
DNMT3A — are found in over half of patients with MPN. Mutations DNMT3A
affecting splicing requlators (SRSF2, SF3B1, U2AF1, ZRSR2) and
other regulators of chromatin structure, epigenetic functions and
cellular signaling (e.g., EZH2, IDH1, IDH2, CBL, KRAS, NRAS, STAG2, SRSF2
TP53) are less common. These additional mutations are more SF3B1
frequent in PMF and advanced disease compared to PV and ET,
. e U2AF1
and some are known to correlate with a poorer prognostic risk
(e.g, EZH2, IDH1, IDH2, SRSF2, U2AF1, and ASXL1 mutations ZRSR2
in PMF). - EZH2
IDH1
: : : IDH2
- Aide diagnostique +++ CBL
- Aide pronostique pour les MFP +++ KRAS
- Données a préciser pour I'impact pronostique d’anomalies NRAS

moléculaires dans les PV / TE autres que JAK2/CALR/MPL

STAG2
TPS53
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Scores pronostiques MIPSS-PV et MIPSS-TE

Table 3. Clinical-molecular prognostic scores in polycythemia vera and essential thrombocy themia.

Prognostic Score .. . . / Molecular Variables . . . .
[Rtonnicl Clinical Variables (Points) (Points) Risk Categories (Points) Survival *
. Leukocyte count Low ((-1) 24
MIPSE“T“LEEE“ >15 x 10°/L (1); thrombosis SRSF2 mutation (3) Intermediate (2-3) 13.1
okl 1o history (1); age > 67 years (2) High (4-7) 32
MIPSS-ET, Tefferi Leukncyle saurt SRSF2, SF3B1, U2AF1, and Low & 1) i3
et al. [05] =11 x 107 /L (1); age > 60 TP53 mutation (2) Intermediate (2-5) 141
I years (4); male sex (1) \_ -/ High (6-8) 7.9
MIPS5, Mutation-Enhanced International Prognostic Scoring Sy stem; PV, B8lyoy themia vera; ET, essential thrombocy themia. * Survival
I years.
PV : utilité du NGS !
uniqguement SRSF2 !
TE :
4 génes ! : SRSF2 — SF3B1 - U2AF1 -TP53  ASXL1
‘:'5: cu rOfi ns Loscocco et al. 2021 46
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Scores pronostiques MIPSS-PV et MIPSS-TE

Table 3. Clinical-molecular prognostic scores in polycythemia vera and essential thrombocy themia.

Frogisuatic Seae Clinical Variables (Points)

Molecular Variables

Survival "‘\

@sk Categories (Points)

[Reference ] (Points)
T _ Leukocyte count Low (0-1) e—( 24 )
Mlmffvalﬂ&” >15 x 10%/L (1); thrombosis SRSF2 mutation (3) Intermediate (2-3) 131
ehaL ) history (1); age > 67 years (2) High (4-7) (G2)
MIPSS-ET, Tefferi Leukpcyte foun: SRSF2, SF3B1, U2AF1, and L& D) 313
et al. [95] =11 x 10° /L (1); age > 60 TP53 mutation (2) Intermediate (2-5) -
s years (4); male sex (1) a K High (6-8) )

MIPS5, Mutation-Enhanced International Prognostic Scoring System; PV, polycythemia vera; ET, essential thrombocy themia. * Survival

in years.
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia

Polyeythaemia vera

Essential thrombocythaemia

Primary myelofibrosis

Chronic neutrophilic leukasmia

Chronic eosinophilic leukaemia

Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Formes frontieres

Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F387)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS, morpholegically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3e1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bone marrow, P8 peripheral blaod, cnlOH copy neutral loss of heterozygosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

[ Chronic myelomonecytic leukaemia ]

Myelodysplastic/myeloproliferative neoplasm with neutrophilia

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

and thrombocytosis

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified

<* eurofins
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Table 6. Diagnostic criteria of chronic myelomonocytic leukaemia.

Prerequisite criteria

1. Persistent absolutd (0.5 x 10%/L)lnd relative (=10%) peripheral

blood monocytosis:

2. Blasts constitute <20% of the cells in the peripheral blood and bone
marrow.”

3. Not meeting diagnostic criteria of chronic myeloid leukaemia or
other myeloproliferative neoplasms.

4, Not meeting diagnostic criteria of myeloid/lymphoid neoplasms
with tyrosine kinase fusions.t

Supporting criteria

Dwveplasia Involving =

Requirements for diagnosis

- Pre-requisite criteria must be present in all cases.

If monocytosis is = 1x 10°/L: one or more supporting criteria must
be met.

If monocytosis is 20.5 and <1 x 10°/L: supporting criteria 1 and 2

[ e 1T

Subtyping criteria
- Myelodysplastic CMML (MD-CMML): WBC < 13 x 10°/L
- Myeloproliferative CMML (MP-CMML): WBC = 13 x 10°/L

Subgrouping criteria (based on percentage of blasts and
promonocytes)

CMML-1: <5% in peripheral bloed and <10% in bone marrow
CMML-2: 5-19% in peripheral blood and 10-19% in bone marrow

49
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Apport du NGS dans les LMMC o e®
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Apport du NGS dans les LMMC o e®

W
O 4 Panel génes : G;; F"’“;’;r;”% (i o I
= ASXL1 32-44 ChL 6-22
2 DNMT3A 2-12 Nm,;ﬁ 31:;2
o > TET2 — SRSF2 = aide diagnostique 2% B E 67
©) N IDHZ 6-7 k2 1-10
< BCOR 6-7 RUNX1 8-23
- v SRSF? 2952 SETBP1 4-18
a \ (’,\‘\\ U2AF1 410 ggz ’ J
/Mutations a valeur pronostique \
f:J / risque de transformation en LA - allogreffe
3 ASXL1 / NRAS / RUNX1 / SETBP1 (CPPS-mol)
Z
&
o NPM1 / FLT3 - diagnostic a rediscuter (LMMC-2 / LAM-M4) y
" CARYOTYPE

£%3

o W = IDH1 /IDH2 / FLT3 - rares !!l mais cibles thérapeutiques potentielles

O+

S
.% 1 aloma et a
q'.:. eurOf'nS ltzykson et al. Hemasphere 20P18|(reco tEll-li\{:t| EOL1N% 52

Biomnis Elena et al. Blood 2016




https://gxmd.com/calculate/calculator 609/cmml-cpss-mol

Calculator About References
Results r Save [l Copy Results
<. CMML CPSS-Mol Genetic Risk Score
Estimate risk of progression to AML in those with CMML using molecular genetics data 4
Questions S
Genetic Risk Group
1. Cytogenetics High (trisomy 8, complex, a...
High
2. ASXL1 Mutated 9
3. NRAS Mutated
4. RUNX1 Unmutated CPSS-Mol Score
5. SETEP1 Unmutated 7
6. BM blasts =5%
ok B
Prognosis
8. Transfusions Yes
High risk CP$S-Mol risk group: Individuals with this risk profile have a 48%
cumulative incidence of AML at 48-months and a median overall survival of
About 18 months.

The CPSS-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 ASXL1T were
independently associated with overall survival (0S). The CPSS-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 feat
myelomonocytic leukemia.

| s , be » an
and genetic lesions in the risk assessment of patients with chronic Download the app for offline access [ pp Store cogle Play
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia

Polyeythaemia vera

Essential thrombocythaemia

Primary myelofibrosis

Chronic neutrophilic leukasmia

Chronic eosinophilic leukaemia

Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Formes frontieres

Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F387)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS, morpholegically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3e1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bone marrow, P8 peripheral blaod, cnlOH copy neutral loss of heterozygosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

I Myelodysplastic/myeloproliferative neoplasm with neutrophilia ]

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

and thrombocytosis

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified

<* eurofins
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LMC atypique BCR-ABL1 neg — OMS 2017

- Peripheral blood leukocytosis = 13 x 109/L, due to increased numbers of neutrophils and their precursors
(..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 ba@ﬁﬁﬂia; basophils constitute < 2% of the peripheral blood leukocytes

- No or minimal absolute m@sﬁosis; 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 EGRR1 rearrangement, or of PCWHIAK2

- WHO criteria for BMU-p sitive chronic myeloid leukaemia, primary myelofibrosis, polycythaemia vera,
or essential thrombocythaemia@ are not met

2 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
panel s MPN, the presence of MPN features in the bone marrow, and/or MPN-associated mutations (inM,j}#éR
om tend to exclude the diagnosis of aCML; conversely, the diagnosis is supported by the presence of
SETBP1 and/or ETNK1 mutations. CSF3R mutation is uncommon and, if detected, should prompt careful
morphological review to exclude an alternative diagnosis of chronic neutrophilic leukaemia or another
myeloid neoplasm.

.is Ll 1
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iAo 2 o B e e
4 SMD/NMP avec neutrophilie — OMS 2022

- Peripheral blood leukocytosis = 13 x 109/L, due to increased numbers of neutrophils and their precursors
(..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 ba%ﬁﬂia; basophils constitute < 2% of the peripheral blood leukocytes

- No or minimal absolute mc@;sﬁosis; 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 PD&ERA, P r EGRR1 rearrangement, or of PCWHIAK2

WHO criteria for B(ZB#(QU-p sitive chronic myeloid leukaemia, primary myelofibrosis, polycythaemia vera,
or essential thrombocythaemia@ are not met

2 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
Paﬂ?‘_ s MPN, the presence of MPN features in the bone marrow, and/or MPN-associated mutations (inM,j}#;R
' om tend to exclude the diagnosis of aCML; conversely, the diagnosis is supported by the presence of
SETBP1 and/or ETNK1 mutations. CSF3R mutation is uncommon and, if detected, should prompt careful
morphological review to exclude an alternative diagnosis of chronic neutrophilic leukaemia or another
myeloid neoplasm.
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Apport du NGS dans les SMD/NMP avec neutrophilie
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia

Polyeythaemia vera

Essential thrombocythaemia

Primary myelofibrosis

Chronic neutrophilic leukasmia

Chronic eosinophilic leukaemia

Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

Formes frontieres

Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F387)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS, morpholegically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3e1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bone marrow, P8 peripheral blaod, cnlOH copy neutral loss of heterozygosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neaplasm with neutrophilia

and thrombocytosis

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified
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SMD/NMP avec SC et thrombocytose

- Anaemia associated with erythroid-lineage dysplasia, with or without multlineage dysplasia;
=15% ring sideroblasts?, < 1% blasts in the peripheral blood and < 5% blasts in the bone marrow

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

1 SF3B1 mutation a in the absence of SF3B1 mutation, no history of recent cytotoxic or growth factor therapy  pane! s
that could explain the myelodysplastic/myeloproliferative features® '

- No BMLT fusion; no rearrangement of PDPFﬁA_. P@FﬁB or FQF{t no PCMM
and no 1(3;3)(q21.3;926 2y<00v(3)(q21.3926.2), or dek&q)°

- No history of myeloproliferative neoplasm, myelodysplastic syndrome (except myelodysplastic syndrome

with ring sideroblasts), or other myelodysplastic/myeloproliferative neoplasm

4 215% 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 panel
strongly supported by thelpresence of SF3B1 mutation together with a JAK2 V617F, CALR or MPL mutation.

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

NGs

Swerdlow etal, WHO 2017 2
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SMD/NMP avec mutation SF3B1 et thrombocytose — OMS 2022

(si SF3B1 wt et SC > 15% la méme dénomination antérieure est possible)

- Anaemia associated with erythroid-lineage dysplasia, with or without multlineage dysplasia;
=15% ring sideroblasts?, < 1% blasts in the peripheral blood and < 5% blasts in the bone marrow

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

1 SF3B1 mutation a in the absence of SF3B1 mutation, no history of recent cytotoxic or growth factor therapy Paﬁ&‘ s
that could explain the myelodysplastic/myeloproliferative features® ["

- No BL}&EU fusion; no rearrangement of PDPFﬁA, P@FﬁB or Fﬁﬁm; no PCM@
and no 1(3;3)(q21.3;926 2y<00v(3)(q21.3926.2), or dek&q)°

- No history of myeloproliferative neoplasm, myelodysplastic syndrome (except myelodysplastic syndrome

with ring sideroblasts), or other myelodysplastic/myeloproliferative neoplasm

4 215% 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 Pa_ne‘_ s
strongly supported by thelpresence of SF3B1 mutation together with a JAK2 V617F, CALR or MPL mutation.

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

L -
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JAK2
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MPL
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SETBP1
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Table 1. Myeloproliferative neoplasms.

Chronic myeloid leukaemia

Polyeythaemia vera

Essential thrombocythaemia

Primary myelofibrosis

Chronic neutrophilic leukasmia

Chronic eosinophilic leukaemia

Juvenile myelemonocytic leukaemia
Myeloproliferative neoplasm, not atherwise specified

SMD

Table 3. Classification and defining features of myelodysplastic neeplasms (MDS).

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF387
mutation® (MDS-5F387)

MDS5 with biallelic TP53 inactivation
(MDS-biTP53)

MDS5, morphologically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS with increased blasts (MDS-IB)
MDs-1B1
MDs-1B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PE or Auer rods

5-19% BM; 2-19% PB

Cytogenetics

5¢ deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3e1

Two or maore TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss ar enlOH

“Detection of 215% ring sideroblasts may substitute for 5F387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
”By definition, £25% bone marrow cellularity, age adjusted.
BM bane marrow, P8 peripheral blaod, enlOH copy neutral loss of heterazygosity.

Table 5. Myelodysplastic/myeloproliferative neoplasms.

Chrenic myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neoplasm with neutrophilia

Myeladysplastic/myeloproliferative neoplasm with SF3BT mutation

and thrombocytosis

Myelodysplastic/myeloproliferative neoplasm, not otherwise specified

<* eurofins
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SMD

WHO Classification of Tumours of
Haematopoietic and Lymphoid Ti
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Entity name

MDS-SLD

MDS-MLD

MDS-RS
MDS-RS-SLD

MDS-RS-MLD

[MDS with iselated del(5q
DS-EB D
MDS-EB-1
MDS-EB-2
)
MDS-U

with 1% blood blasts

with SLD and pancylopenia

based on defining
cytogenetic abnormality

Number of

dysplastic lineages

Number of

cytopenias®

1-3

Ring sideroblasts as

percentage of mamrow
erythroid elements

<15% [ <5%®

<t1a%h [ <5% ¢t

=10% [ =0% ¢®

z215% [ =5%©

None or any

Mone or any

None or any

Neone or any

None or any

<15%1

Bone marrow (BM)
and peripheral bload
{PB) blasts

BM < 5%,
PB < 1%,
o Auer rods

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

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

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

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

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

BM 10-1%% or PBE 5-15%
or Auer rods,
BM and PB < 20%

BM < 5%,
PE=1%¢,
no Auer rods

BM < 5%,
FB <1%,
no Augr rods

BM < 5%,
P8 < 1%,
no Auer rods

Cytogenetics by conventional
karyotype analysis

Any, unless fuifils all criteria for
MDS with izolated del{5q)

Any, unlass fuifils ail criteria for
MDS with isolated del{5q)

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

Any, unless fulfils all criteria for
MD'S with isotated del{5q)

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

Any

Any

Any

Any

MDS-defining abnormality =

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

* Cytopenias defined as haemoglobin concentration < 10 gfdL, platelet count < 100 x 10%L and absolute neutrophil count < 1.8 x 1081, although
MDS can prezent with mild anaemia or thrombocytopenia above these levels: PB moniocytes must be < 1 x 1081

£ FSF3B1 mutation is present.

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

4 Cases with = 15% ring siderobiasts by definition have significant erythroid dysplasia and are classified a5 MDS-RS-SLD.

s mAe ana

Swerdlow et al, WHO 2017

Classification

OMS 2017

SF3B1

« evoque »

panel s
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Table 3.

MDS with defining genetic
abnormalities

MDS with low blasts and isolated
5q deletion (MDS-5q)

MDS with low blasts and SF3B1
mutation® (MDS-5F381)

MDS with biallelic TP53 inactivation
(MD5-biTP53)

MDS, morphologically defined
MDS with low blasts (MDS-LB)
MDS, hypoplastic® (MDS-h)
MDS5 with increased blasts (MDS-1B)
MDS-IB1
MDS-B2

MDS with fibrosis (MDS-f)

Blasts

<5% BM and <2% PB

<20% BM and PB

<5% BM and <2% PB

5-9% BM or 2-4% PB

10-19% BM or 5-19%
PB or Auer rods

5-19% BM; 2-19% PB

SMD et OMS 2022

Classification and defining features of myelodysplastic neoplasms (MDS).

Cytogenetics

5q deletion alone, or with 1 other
abnormality other than monosomy 7
or 7q deletion

Absence of 5q deletion, monosomy 7,
or complex karyotype

Usually complex

Mutations

SF3B1

Two or more TP53 mutations, or 1
mutation with evidence of TP53 copy
number loss or cnLOH

‘Detection of =15% ring sideroblasts may substitute for SF387 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.
BBy definition, €25% bone marrow cellularity, age adjusted.
BM bone marrow, PB peripheral blood, cnLOH copy neutral loss of heterozygosity.

<* eurofins
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SF3B1
TP53
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&W SMD et OMS 2022

Table 3. Classification and defining features of myelodysplastic neoplasms (MDS).

Blasts

MDS with defining genetic
abnormalities

MDS with low blasts and isolated <5% BM and <2% PB
- 5q deletion (MDS-5q)

MDS with low blasts and SF3B7
mutation® (MDS-SF381)

MDS with biallelic TP53 inactivation <20% BM and PB
(MDS-bITPS3) " mpsS/AML

MDS, morphologically defined
MDS with low blas: <5% BM and <2% PB
MDS, hypoplastic® (MDS-h)
MDS with increased blas
MDS-B1 5-99% BM or 2-4% PB

MDS-IB2 10-19% BM or 5-19%
PB or Auer rods

MDS with fibrosis (MDS-f) 5-19% BM; 2-19% PB

Cytogenetics Mutations

5qg deletion alone, or with 1 other méme si présence
abnormality other than monosomy 7 d’une mutation SF3B1 ou TP53 !
or 7q deletion

Absence of 5q deletion, monosomy 7,  SF3B1
or complex karyotype

Usually complex Two or more TP53 mutations, or 1
mutation with evidence of TP53 copy
VAF ? number loss or cnLOH

“Detection of =15% ring sideroblasts may substitute for SF3B1 mutation. Acceptable related terminology: MDS with low blasts and ring sideroblasts.

BBy definition, <25% bone marrow cellularity, age adjusted.

BM bone marrow, FB peripheral blood, cnLOH copy neutral loss of heterozygosity.

<* eurofins
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Les scores actuellement utilisés dans les SMD ...

IPSS - 1997

Prognostic score value

0 0.5 1 15 2

Prognostic category

| Cytogenetics |Good Intermediate Poor

BM blasts, % s5 5-10 1-20 21-30
Cytopenia® 0-1 2-3

Cytogenetic group Characteristics

Good Normal, =Y, del(5q), del(20q)
Intermediate \’\16 All other karyotypic

\1\0?’ abnormalities

Poor Complex (= 3 abnormalities) or

chromosome 7 abnormalities

® -
q:‘.‘.: eurofins Greenberg et al, Blood 1997
Biomnis Greeberg et al, Blood 2012




Les scores actuellement utilisés dans les SMD ...

IPSS - 1997 IPSS-R - 2012

Prognostic score value Prognostic score value

o 0.5 1 1.5 2 3 4
o 0.5 1 15 4 Prognostic category
Prognostic category [ Cytogenetics ] Very good Good Intermediate  Poor Very poor
[ Cytogenetics |Good  Intermediate Poor ol o ¥k o s .
Hab, g/dL =10 Bto<10 <8
BM blasts, % s5 5-10 1-20 21-30
Platelets, x 10%/L =100 50 to < 100 <50
 Cytopenia® 0-1 2-3 ANC, x 10%/L =08 <08
Cytogenetic group Characteristics Cytogenetic group Characteristics
Good Normal, =Y, del(5q), del(20q) Very good \/e -, del(Nq)
. . Good N I, del(Sq), del(12p), del(20q), del(5 1 additional ab lit
Intermediate \,6 All other karyotypic " O?/\’ R PR SR A TR
O \ abnormalities Intermediate del(7q), +B, +19, i(17q), cther abnormalities not in other groups
PEBE \l\ Complex (= 3 abnormalities) or Poor =7, inv( 3/t 3q), -7 dal(7q) + 1 additional abnormality, complex (3 abnormalities)
chromosome 7 abnormalities Very poor Complex (> 3 abnormalities)
K fi Greenb |, Blood 1997
q'.:. euro NS reenberg et al, Bloo 67

- : Greeberg et al, Blood 2012
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...pour choisir un traitement adapte !

MDS
pd ~N
LOWER RISK HIGHER RISK
(IPSS low, INT-1) (IPSS INT-2, high)
(IPSS-R VL, L, INT) (IPSS-R INT, H, VH)
(BM blasts < 10%) (BM blasts > 10%)
1 e ¢
Any age Age <70-75 Age >70-75
¢v© lron chelation Intensive chemotherapy HMA (5-AZA/decitabine)
05? Growth factors szP‘ HMA (5-AZA/decitabine) Clinical trial
G&L‘(\‘ Luspatercept \" Clinical trial Intensive chemotherapy
\ HMAs
?5"6 D Lenalidomide (5g-) |
R@\W‘ Immune modulation \
Clinical trial - o v

—

T~ ALLO SCT

Garcia-Manero et al, AJH 2020
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DIAGNOSTIC
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Apport du NGS dans les SMD «#° &°
/Panel 29 genes : | \

15-20%

- SF3B1 =SMD - SC
G“\? et 10%510/510/510/510/
- Clonalité moléculaire = aide diagnostique +++ IIIIIIII.....[
\ Si cytologie médullaire non contributive / caryotype normal (40/50%) ! F i i dsecdtads /

Biomnis Garcia-Manero et al, AJH 2020
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Apport du NGS dans les SMD ¢+ oe*°

/Panel 29 genes :

~

O
5 15-20“/0153\3
- SF3B1 = SMD - SC

% G“\? 10% 10% 10% 10% I
(D 5% <% <6% <5% 5%
< - Clonalité moléculaire = aide diagnostique +++ IIIIIIIII..]..
O \ Si cytologie médullaire non contributive / caryotype normal (40/50%) ! F e i b Fifisecdadeoieed /
O Mutations a valeur pronostique \
E} - Favorable : SF3B1 (sc ?) L
Q - Défavorable : TP53, EZH2, ETV6, RUNX1, ASXL1, CBL,
&) DNMT3A, IDH1/2 .../ risque de transformation en LAM
o

\_ > Score moléculaire ? -

CARYOTYPE

.% -
<> eurofins .
Biomnis Garcia-Manero et al, AJH 2020




Apport du NGS dans les SMD ¢+ oe*°

~

L
~

_/

O /Panel 29 genes : A
|_
n
- SF3B1 =SMD - SC
% G“\? 10% 10% 10% 10%
Q)
< - Clonalité moléculaire = aide diagnostique +++ IIIIIIIIIIIDI .
- \ Si cytologie médullaire non contributive / caryotype normal (40/50%) ! . - s & » & + . |
O Mutations a valeur pronostique
5 - Favorable : SF3B1 (sc ?) L
O - Défavorable : TP53, EZH2, ETV6, RUNX1, ASXL1, CBL,
&) DNMT3A, IDH1/2 .../ risque de transformation en LAM
o
\_ > Score moléculaire ?
e CARYOTYPE
pobs
5 E = g Résistance au Iénalidomide pour les Sd 5g- : TP53
i = fﬁ 2 Cibles thérapeutiques potentielles : IDH1/IDH2 /| FLT3 - rares
™2 2z Hypométhylants : TET2 +/ ASXL1 —
«% eurofins

Biomnis
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Score moléculaire dans les SMD
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SMD et score IPSS-M

16 génes principaux

2957 patients TP53, MLL, FLT3, SF3B1, NPM1, NRAS, ETV6,
Score IPSS-M : IDH2, CBL, EZH2, U2AF1, SRSF2, DNMT3A,
- Hb ASXL1, KRAS
_ 15 génes « secondaires »

Elaquettes BCOR, BCORL1, CEBPA, ETNK1, GATA2, GNB1,
- % de blastes

IDH1, NF1, PHF6, PPMD1, PRPF8, PTPN11,

- IPSS-R cytogénetique SETBP1, STAG2, WT1

C. ~— Very Low — Moderate Low — High
IPSS-M __ Low — Moderate High — Very High
1.00 p < 0.0001
S
n 0.75 \
L .
-
G
£050{ ----- L . e o et eI
o H H i
© : : .
Q H i i
e .
8-0.25 ; :
Pl ===
0.00 ' ' '
0 1 2 3 4 5 6 7 8 9 10
No. at risk Years
.% .
«~ eurofins

. . Bernard et al, ASH Abstract 2021
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2957 patients

Score IPSS-M :

- Hb

- Plaquettes

- % de blastes

- IPSS-R cytogénétique

SMD et score IPSS-M

16 génes principaux

TP53, MLL, FLT3, SF3B1, 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

~— Very Low — Moderate Low — High

— Moderate High — Very High

p < 0.0001

C. IPSS-M
1.00{ o
\,._
A
0 0.75 \
|_|_ b
.|
G
Z0.50] - Yoo Ao Mg
e}
]
Q
<
a0.25
0.00
0 1 2
No. at risk
® -
«% eurofins
Biomnis

Comparaison IPSS-R et IPSS-M :

ipss-m |2 Very Low B Moderate Low B High
M Low B Moderate High W Very High

IPSS-R

Very High (263)
High (348)
ntermediate (551)
Low (1037)

46% des patients changent de groupe pronostique

Very Low (479)

en intégrant les données moléculaires :
- 74% basculent en risque plus élevé
- 26% basculent en risque moins élevé

- 6% des faibles risques basculent en haut risque !

Bernard et al, ASH Abstract 2021
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for Myelodysplastic Syndromes
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“Hazard ratio for risk of AML-t or death from
the average patient.
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LLC et autres LMNH-B

Mature B-cell neoplasms

Pre-neoplastic and neoplastic small lymphocytic
proliferations

I Chronic lymphocytic leukaemia/small lymphocytic lymphoma l

(Entity deleted)
Splenic B-cell lymphomas and leukaemias
Hairy cell leukaemia

lenic marginal zone | homa
Splenic diffuse red pulp small B-cell lymphoma
Splenic B-cell lymphoma/leukaemia with prominent nucleoli

Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma
Marginal zone lymphoma

Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue

Primary cutaneous marginal zone lymphoma

Nodal marginal zone lymphoma
Paediatric marginal zone lymphoma

<% eurofins
Biomnis

(Same)
(Same)
B-cell prolymphocytic leukaemia

(Same)
(Same)
(Same)

Not previously included (encompassing hairy cell leukaemia variant and some
cases of B-cell prolymphocytic leukaemia)

(Same)

(Same)

Not previously included (originally included under “extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue”)

(Same)
(Same)

HEMOPATHIE
MYELOIDES

HEMOPATHIES
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NGS et LMNH
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MAPK signaling pathway
B=cell receptor signaling
T=cell activation

JAK-STAT signaling

chemotaxis/survival
NF-kB signaling

epigenetic modifier

cell cycle regulation

DMA damage repair
transcription

MOTCH signaling

RMA processing and ribosomes

TNF signaling
apoptosis
Toll-like receptor signaling

<% eurofins
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NGS et LMNH
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Apport du NGS dans la LLC

o
I
QD |
/ DEFAVORABLE (’ \
O NOTCH1 (10%) TP53 / NOTCH1 / XPO1 PAS DE
= SF3B1 TP53 /SF3B1 n : VALEUR
7p) TP53 *PRONOSTIQUE
O Caryotype :
Z XPO1 NOTCH1 e +12
O :‘,Fg'ﬁ XPO1 ¢ del(11q) MYD88
14 BIRC3 4= del(11q)
o BIRC3 MYD8S 4= del(13q)
EGR2
\ATM /
RPS15 Score pronostique : CLL-IPI
H -
EZE 'lng TP53 > BTKi (bru/Acalay {——> R > BTK / PLCG2 e
L 3 R Venetoclax : BCL2 /mcL1/BAX / BRAF |

<’

Mansouri et al 2022
Hallek et al. 2021
Brieghel et a. 2020
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LLC | recommandations FILO | algorithme de traitement de 1™ ligne

LLC symptomatique (criteres iwCLL)

MARS 2023
En l'absence déligibilité a un essai thérapeutique
I |
pas d'anomalie de 7P53 anomalie de 7P53
|
| |
Statut /GHV mute Statut /GHV non mute
1. Ven + obinutuzumab® 1. BTKi en continu
a lbru, Acala, Zanu
' ) T . x K z : | hoix BTKi selon profil cardi lai
2. BTKi en continu Thérapies ciblées a durée fixe BTKi en continu el bt e :
o lbru, Acala + obinutuzumab, Zanu 2 Ven + obinutuzumab® OU o Ibru, Acala + obinutuzumab, Zanu | | 2. sj BTKi contre-indiqués
choix BTKi selon profil cardiovasculaire a Ibru+ Ven chaix BTKi selon profil cardiovasculaire = | 5 yan + obinutuzumab®

3. Autres options
o lbru+ Ven

o FCR, si éligible : pas de del T1g, de
subset 2 ou de caryotype complexe Code couleur

Traitement Remboursé
(* AMM, acces précoce, si inéligible FCR et CI aux BTKi)

AMM mais pas de remboursement

.% -
<& eurofins Recommandations FILO 2023
Biomnis




Apport du NGS dans la maladie de Waldenstrom

2 | MYD88 (90%)

© CXRC4 (40%)
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< CD79B

=) NOTCH2
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g g DEFAVORABLE
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: _ CXCR4

wE(

Z&| R - BTKi (Ibrutinib) CXCR4 / BTK / PLCG2
5 2 MYD88 S - Rituximab m
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L
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=
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Prise en charge des NGS

EX
= Evaluation de la HAS des actes inscrits au RIHN
(Référentiel des actes Innovants Hors Nomenclature)
Innovation
sante 2030 e Alexception du BCR-ABL (08/04/21 — B460), aucun acte de biologie moléculaire

somatique n’est inscrit a la NABM
e Pourtant ces actes sont DIAGNOSTIQUE / PRONOSTIQUE / THERANOSTIQUE
e En pratique : utilisation du RIHN ou HN pour la cotation de ces actes
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Prise en charge des NGS

= 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 |a France ‘
la 1= nation européenne
innovante et souveraine
en santé, AN

somatique n’est inscrit a la NABM
e Pourtant ces actes sont DIAGNOSTIQUE / PRONOSTIQUE / THERANOSTIQUE
e En pratique : utilisation du RIHN ou HN pour la cotation de ces actes :

N452 Forfait séquengage haut débit (NGS) < 20 kb 882,90 € Selon indications fixées par I'INCa et la DGOS
N453 Forfait séquengage haut débit (NGS) > 20 kb et < 100 kb 1503,90 € Selon indications fixées par I'INCa et la DGOS
| FEEEERIEmEE e dﬁg't A e Selon indications fixées par I'NCa et la DGOS
Autres mutations a impact diagnostique et/ou
. . . e théranostique des syndromes myéloprolifératifs (forfait 2 a
N455 Forfait mutationnel syndromes myéloprolifératifs 124,20 € 5): CALR exon 9, MPL W515 , JAK2 exon 12, CSFR3
exons 14 a 17, SETBP1 exon 4. Par cible
.% .
<> eurofins o3
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