"Diagnostiquer les néoplasies myeloprolifératives:
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Le diagnostic des neoplasies
H" myeloproliferatives (NMP) ?

Une déemarche logique, rationnelle, basée surla collecte

sequentielle d'elements objectifs (preuves)...
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Practical algorithm for diagnosis of myeloproliferative neoplasm
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Programme

. Les “néoplasies myeloprolifératives",
qu'est-ce que C'est ?

. Lademarche diagnostique (OMS, PVSQG,...);

Il. Les outils du diagnostic;

V. Quels buts pour ces examens (diagnostic;
choix du traitement, suivi de la maladie...)

V. Conclusions.




Les neoplasies
myeloproliferatives (NMP)

Pour comprendre la demarche diagnostique, il
faut connaitre:

- les méecanismes normaux de la formation des
cellules sanguines et

- les anomalies qui conduisent au
developpement des maladies. ..
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» Les "neoplasies myéloproliferatives (NMP)",
qu'est-ce que c'est ?

...

du traitement, suivi de la maladie
= Conclusions




NMP: un groupe héterogene de maladies

WHO myeloid neoplasm and acute leukemia classification 2016

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia (CML), BCR-ABL1"

Chronic neutrophilic leukemia (CNL)

Polycythemia vera (PV)

Primary myelofibrosis (PMF)
PMF, prefibrotic/early stage NMP classiques, « Phi-négatives »
PMF, overt fibrotic stage

Essential thrombocythemia (ET)

Chronic eosinophilic leukemia, not otherwise specified (NOS)

MPN, unclassifiable

Arber et al, BLOOD, 19 MAY 2016




Partageant des caracteristiques communes:

L accumulation de cellules sanguines « matures »
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Formation des cellules sanguines:
|| Lamoelle osseuse hématopoiétique
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Formation des cellules sanguines:

L’hématopoiese
Haematopoietic stem cell
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Adapted from | Knoops, BHS course



L’'hématopoiese _ ) | Facteurs de croissances

Adapté de Dr L. KNOOPS, BHS course e
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L'hématopoiese: des cellules “hématopoiétiques”...et des

molécules de différentiation, les “cytokines”

Cell. souches.
Multipotentes

CeII.l

progénitrices
primitives

Précurceurs
engages

l

Cellules
engagées
dans une ligné

!

Cellules
sanguines
matures

Multipotent stem cell

Facteurs

de croissances

SCF
TPO

SelheQ .
‘e

TPO EPO

Primitive progenitor cells

Committed precursor cells
| ) J
i -

X

-7
IL-2

IL-7

Lineage committed cell
‘ N )
e S _//

l IL-7
IL-2

NK Cells

Neutroph-iE, ;)slnophils,
basophils

Kaushansky K. N Engl J Med 2006;354:2034-2045.



Origines de la production « ANORMALE » des cellules sanguines:
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Anomalies de la production des cellules
sanguines: Les néoplasies myéloprolifératives
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* Les “syndromes myeloproliferatifs", qu‘est-ce que
c'est?

» Lademarche diagnostique (OMS, PVSG,..))

= Les outils du diagnostic:
o |'examen clinique et |' “interrogatoire * (anamnese)
o La « prise de sang »
o La ponction de moelle osseuse hematopoietique
o La biopsie de moelle osseuse hematopoietique
o Les tests biochimiques (dosage d’erythropoietine)
o La cytometrie en flux
= Les examens des chromosomes
o | es examens de génes

= Quels buts pour ces examens (diagnostic: choix du
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Practical algorithm for diagnosis of myeloproliferative neoplasm

!

Polycythemia vera Essential
suspected thrombocythemia
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Blood mutation screening
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Diagnosis unlikely
If JAK2 unmutated and
serum erythropoietin level
normal or increased

Tefferi, Barbui, Am J Hematol 2017; 92: 95—108
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Primary
myelofibrosis
suspected

Bone marrow biopsy
with mutation screening
and cytogenetics

v

Diagnosis considered If bone marmow
morphology is consistent with PMF and

1. JAK2, CALR or MPL mutated or_

2. tnsomy 9 or del(13q) present or

3. Other myeloid malignancies are excluded




La déemarche diagnostique des NMP:

| La collecte minutieuse d'éléments objectifs (preuves)
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La demarche diagnostique des NMP:

|| Untravail collaboratif

University of Michigan Comprehensive Cancer Center

Readg!
Let's start sequencing.
but whole sequencing!
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. . 2016 Revised WHO Diagnostic Criteria for Myeloproliferative Neoplasms
Criteres majeurs/mineurs

Polycythemia

Vera (PV)

emoglobin (Hgb)
>16.5 g/dL (men)
>16 g/dL (women)
or

Hematocrit
>48% (men)
>48% (women)
or

-

1 red cell mass>25% aboWe mean

.

Arber et al. Blood 2016;127:2391

Essential

Thrombocythemia (ET)

Plateletcount2450 x 10%L

w

Primary
Myelofibrosis (PMF)

(overt)

Mpgakaryocyte proliferation and atypia™*

and 2 grade 2 reticulin/collagenfibrosis

#**megakaryocytes with aberrant
nuclear/cytoplasmicratio and hyperchromatic
and irregularly folded nucleiand dense clustering

Primary
Myelofibrosis
(prefibrotic)
(prePMF)
Megakaryocyte proliferation and atypia*™*
and £ grade 1 reticulin/collagenfibrosis,
Increasedcellulanty, granulocytic

proliferatonand decreasederythropoiesis

'|Bbne marrow (BM) tri-linefige
yeloproliferatonwith

pleomomhic mature

megakaryocytes'

Dispensable si

Qb >18,5/16,5 ou Ht>55}(/49

[

}‘u megakaryocyte proliferation 2]
with large and mature morphology

and hyper-lobulated nuclei. Reticulin
fibrosisgrade should be<1

'Ngt meeting WHO critenia for

| [other myeloid neoplasm

Not meeting WHO critena for
other myeloidneoplasm

3

?esence of JAK2 mutatic

Points

utation

AN 01N
3 1ot meeting WHO criteria for K 3 26senceoi JAK2, CALR or MPL mutation | Presenceof JAKZ, CALR or MPL mutation
ther myeloid neoplasms — or
+ jzesenceo §JARZ, CALR or ML presence of anotherclonal marker presence of another clonal marker
or or

absence of evidence forreactive

bone mamow fibrosis

absenceof evidenceforreactive
bone mamowfibrosis

£\

Minor
criteria

1. Subnormalserum

erythropoietin level

1. &
or absenceof evidenceforreactive —
thrombocytosis

-

Presenceofaclonal marker

Anemia notothersise attnbuted
Leukocytosis 211 x 10%/L

¥

3. Palpable splenomegaly
Increasedlactate dehydrogenase
(LDH), above upper nommal limit

5. Leukoerythroblastosis

Anemianototherwise attributed

2. Leukocytosis=11 x10%L
Palpable splenomegaly
4. Increasedlactatedehydrogenase

(LDH), above uppernormmal limit

v

\/

v

\

/107 Aieatier 't ont 176 10A TABOIOYRLLIDLI 10 1PLHINOC LIPAIDNIN 1P 12 VW 1121121
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» |es outils du diagnostic:

a

= La «prise de sang »




Déemarche diagnostique:

I'exemple de la « maladie de Vaquez » ou
PolycythemiaVera »

Hematocrite

Table 4. WHO criteria for PV
WHO PV criteria

Major criteria
1. Hemoglobin >16.5 g/dL in men Sang complet
Hemoglobin >16.0 g/dL in women (V1) ] Globules blancs
or,
Hematocrit >49% in men
Hematocrit >48% in women
or, \/
increased red cell mass (RCM)* Centrifugation  Hct = (V2/V1) x 100
2. BM biopsy showing hypercellularity for age with

trilineage growth (panmyelosis) including

prominent erythroid, granulocytic, and

megakaryocytic proliferation with pleomorphic,

mature megakaryocytes (differences in size)
3. Presence of JAK2V617F or JAK2 exon 12

mutation

Plasma

Globules rouges
(V2)

Minor criterion
Subnormal serum erythropoietin level

Diagnosis of PV requires meeting either all 3 major criteria, or the first 2 major criteria

and the minor criteriont




Polycythemia

see

Vera (PV) « Prise de sang »

I Major Hemoglobin (Hgb) / Plasma
>16.5 g/dL (men) m

DIFF Scattergramm

While blood celis
Platelets

>16 g/dL (women)

Red blood cells

or

tom

Fluorescence

Hematocrit
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1 red cellmass>25% above mean anin

2 | Bone marrow(BM) tn-lineage
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i
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Frottis sanguin normal

Frottis sanguins pathologiques

This peripheral blood smear from a patient with essential
thrombocythemia shows increased numbers of platelets,
including some large forms. (H and E, 400x)
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* Les “syndromes myeloproliferatifs", qu‘est-ce que
C'est?
= Lademarche diagnostique (OMS, PVSG,...)

» |es outils du diagnostic:
o |'examen clinique et |' “interrogatoire * (anamnese)
o La « prise de sang »
= La ponction de moelle osseuse hématopoiétique

o Les tests biochimiques (dosage d’erythropoietine)
o La cytometrie en flux

o Les examens des chromosomes
o | es examens de genes

= Quels buts pour ces examens (diagnostic: choix du
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Frottis moelle osseuse normale Thrombocythémie essentielle

PATHPEDIA.COM




Essential thrombocythemia

EJ .i l [1 l. E.l-lt ::l.l vi
1. Platelet count = 450 x 109/L
2. Bone marrow biopsy showing proliferation mainly of the megakaryocyte lineage with inareased numbers of

enlarged, mature megak aryocytes with hyperlobulated nudei. No significant inarease or left-shift in neutrophil

granulopoiesis or erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers

Not meeting WHO criteria for BCR-ABL1-positive chronic myeloid leukemia, polycythemia vera, primary

myelofibrosis, myelodysplastic syndromes, or other myeloid neoplasms

4. Presence of JAKZ, CALR or MPL mutation

Minor ariterion

¢ Presence of a donal marker or absence of evidence for reactive thrombocytosis

Diagnosis of ET requires meeting all four major criteria or the first 3 major criteria and the minor criterion

Elisa Rumi, Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957



Ponction de moelle hematopoiétique,
buts:

= Rechercher une maladie hematologique autre
qu'une NMP (SMP); i.e syndrome
myelodysplasique (SMD), LMC, ...

= Prelever de la moelle hematopoietique pour
realiser une analyse des chromosomes
(caryotype) et rechercher des anomalies
associee a des diagnostics particuliers (i.e
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* Les “syndromes myeloproliferatifs", qu‘est-ce que
c'est?

= Lademarche diagnostique (OMS, PVSG,...)

» |es outils du diagnostic:
o |'examen clinique et |' “interrogatoire * (anamnese)
o La « prise de sang »
o La ponction de moelle osseuse hematopoietique
= La biopsie de moelle osseuse hématopoiétique
o Les tests biochimiques (dosage d’erythropoietine)
o La cytometrie en flux
= Les examens des chromosomes
o | es examens de génes

= Quels buts pour ces examens (diagnostic: choix du
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Table 4. WHO criteria for PV
WHO PV criteria

Major criteria

1. Hemoglobin >16.5 g/dL in men
Hemoglobin >16.0 g/dL in women
or,

Hematocrit =49% in men

Hematocrit >48% in women

or,

increased red cell mass (RCM)*

2. BM biopsy showing hypercellularity for age with

trilineage growth (panmyelosis) including
prominent erythroid, granulocytic, and
megakaryocytic proliferation with pleomorphic,
mature megakaryocytes (differences in size)
3. Presence of JAK2V617F or JAK2 exon 12
mutation
Minor criterion
Subnormal serum erythropoietin level
Diagnosis of PV requires meeting either all 3 major criteria, or the first 2 major criteria
and the minor criteriont

Arber et al, BLOOD, 19 MAY 2016 x VOLUME 127, NUMBER 20




Morphologie des megakaryocytes (plaquettes)

loose cluster dense cluster
quantity

size (small)

size (large to giant) ‘
maturation defects

nuclear lobulation

bulky nuclei

naked nuclei

ET CIMF

(hyperiobulated nuclei) (bulky nuclei)

Contribution essentielle au diagnostic différentiel des NMP (TE, PMF, préfibrotic PMF)

J. Thiele, H.M. Kvasnicka1 and V. Diehl, Histol Histopathol (2005) 20: 633-644
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La biopsie osteo-medullaire:
Evaluation du degres de fibrose
medullaire

Table 3. Semiquantitative grading of BM-F

Grading

MF-0 Scattered linear reticulin with no intersections (crossovers)
corresponding to normal BM

MF-1 Loose network of reticulin with many intersections,
especially in perivascular areas

MF-2 Diffuse and dense increase in reticulin with extensive
intersections, occasionally with focal bundles of thick
fibers mostly consistent with collagen, and/or focal
osteosclerosis*

Diffuse and dense increase in reticulin with extensive
intersections and coarse bundles of thick fibers
consistent with collagen, usually associated with
osteosclerosis*

a Overt p”mary mye lofibrosis: 8 Fiber density should be assessed only in hematopoietic areas.
3 collagen fibrosis ' : *In grades MF-2 or MF-3, an additional trichrome stain is recommended.
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Essential
Thrombocythemia (ET) La biopsie médullaire permet de

caracteriser la morphologie des
| Platelet count>450 x 10%/L

mégakaryocytes et de quantifier
la fibrose medullaire
BM megakaryocyte proliferation

with large and mature morphology
and hyper-lobulated nuclei. Reticulin
fibrosisgrade should be £1

3 [ Not meeting WHO critena for
other myeloidneoplasms
I Presenceof JAK2, CALR or MPL

mutation

1. Presenceofaclonal marker
or absenceof evidenceforreactive

thrombocytosis

b

ET clagnosis requires meetng all & major CrReria of
Arstinvee MAOr CTRENA anT ONe MINGC CrRerion



Primary Primary

. . P : : Myelofibrosis
La biopsie medullaire permet de Myelofibrosis (PMF) (greﬁbmﬁc)
caractériser la morphologie des S L (i3
megakarYOCytes et de quantiﬁer Megakaryocyte proliferation and atypia™* | Megakaryocyte proliferation and atypia*™*

14 .
la,ﬁbrose medUlla/re and 2 grade 2 reticulin/collagenfibrosis and <€ grade 1 reticulin/collagenfibrosis,

Increasedcellulanty, granulocytic

proliferationand decreased erythropoiesis

#**megakaryocytes with aberrant
nuclear/cytoplasmicratio and hyperchromatic
and irregularly folded nucleiand dense clustering

[Not meeting WHO critena for meeting

other myeloidneoplasm other myeloidneoplasm

Presenceof JAK2, CALR or MPL mutation |Presenceof JAK2, CALR or MPL mutation
or or

presence of anotherclonal marker presence of anotherclonal marker

or or

absenceof evidenceforreactive absenceof evidenceforreactive

bone mamrowfibrosis bone marmowfibrosis

Anemia nototherwise attnbuted . Anemianototherwise attnbuted
Leukocytosis 211 x 10%/L . Leukocytosis211 x10%/L

Palpable splenomegaly . Palpable splenomegaly

Increasedlactate dehydrogenase . Increasedlactatedehydrogenase
(LDH), above uppernomal limit (LDH), above uppernomal limit

Leukoerythroblastosis

\1/ \1/

PMF Clagnogis requires meeting all I major Crieria ang PrOPMF CgN0sis requines meeting all I major Criera and
A R 0N MINOr Criverion AR R3O0 MINOr CrRenon




Le difficile diagnostic difféerentiel entre TE et PMF
pré-fibrotique

WHO-Classification
hypercellular '..
clusters of hypolobulated megakaryocytes ..
v
increased granulopoiesis 4
L

decreased erythropoiesis

pré-PMF

John O. Mascarenhas et al. Haematologica
2013;98:1499-1509

©2013 by Ferrata Storti Foundation

Thiele J et al., Blood. 2011;117(21):5710-8.

less cellular

unremarkable erythropoiesis
and granulopoiesis

large hyperlobulated
(staghorn-like) megakaryocytes

“Staghorn” Low N:C

X ¥
Multi-lobated —*% g o 10-30x
nucleus with larger than
6-10 lobes RBC size

T 20um
N TMD etal,

HematologyOutlines - Atlas

ET

/atlas_topics/61.html

b n )al:ologjca' Z
Journal of the European Hematology Association
Published by the Ferrata Storti Foundation



Table II. Diagnostic criteria for primary myelofibrosis: diagnosis
requires A1 + A2 and any two B criteria.

Myeélofibrose primitive versus secondaire

post-polycythemiafthrombocythemia

Al
A2

Bl
B2
B3
B4
B5
B6

Table III. Diagnostic criteria for post-PV and post-ET myelofibrosis:
diagnosis requires A1 + A2 and any two B criteria.

Bone marrow fibrosis >3 (on 0—4 scale). Al
Pathogenetic mutation (e.g. in JAK2 or MPL), A2
or absence of both BCR-ABLI and reactive B1
causes of bone marrow fibrosis B2

Palpable splenomegaly

Bone marrow fibrosis >3 (on 04 scale)

Previous diagnosis of ET or PV

New palpable splenomegaly or increase in spleen size of >5 cm
Unexplained anaemia with 20 g/l decrease from baseline

haemoglobin

Unexplained anaemia B3 Leuco-erythroblastic blood film.
Leuco-erthroblastosis B4 Tear-drop red cells
Tear-drop red cells B5 Constitutional symptoms*
Constitutional symptoms* B6 Histological evidence of extramedullary haematopoiesis.
Histological evidence of extramedullary
haematopoiesis Step 1 Step 2

Cazzola M et#l., haematologica/the hemat*ogy journal | 2006; 91(2)
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» Les outils du diagnostic:

Les examens des chromosomes




Pourquoi examiner les chromosomes
(caryotypage)?

Essential thrombocythemia

Minicw criferis

Platelet count = 450 x 109/L
Bone marrow biopsy showing proliferation mainly of the megakaryocyte lineage with inaeased numbers of
enlarged, mature megak aryocytes with hyperlobulated nudei. No significant inarease or left-shift in neutrophil

granulopoiesis or erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers

Not meeting WHO critena for BCR-ABL 1-positive chronic myeloid leukemia, polycythemia ve

myelofibrosis, myelodysplastic syndromes, or other myeloid neoplasms

Presence of JAKZ, CALR or MPL mutation

Minor ariterion

* Presence of a donal marker or absence of evidence for reactive thrombocytosis

Diagnosis of ET requires meeting all four major criteria or the first 3 major criteria and the minor criterion

Elisa Rumi & Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957




La translocation (9;22) caracteristique des LMC
A BCR-ABL1 in CML and ALL P oo T e Purr Proti.

N Clhgormonreton

BCR-ABL1
protein

L G

BCR-ABL1
|——- mMRNA

Activation of
downstream pathways
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La cytogénetique: le caryotypage

moelle hématopoiétique

add tissue add chemical to
sample -  stimulate mitosis
. incubate
for 2-3 days

Culturein a
grovwth medium

kB B R

An 8 HR WY
KE KX K
R

cut out chromosome identify and
pictures and arrange photograph
into karyotype chromosomes

add chemical to transfer cells to tube
stop mitosis in and centrifuge to
metaphase concentrate in layers

put cells onto
microscope slide

transfer to tube
containing
fixative

add stain to

enhance

chromosomes

Adapted from N. Van Roy, BHS course
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= Les "Neoplasies myeloproliferatives", quest-ce
que c'est ?

= La demarche diagnostique (OMS, PVSG,...)

» Les outils du diagnostic:
= L'examen clinique et I’ “interrogatoire " (anamnese)
o La ponction de moelle osseuse hematopoietique
o La biopsie de moelle osseuse hematopoietique
o |Les tests biochimiques (dosage d'erythropoiétine)
o La cytomeétrie en flux
o Les examens des chromosomes
-~ Les examens de genes

= Quels buts pour ces examens (diagnostic: choix




Les techniques de biologie moleculaire (genes)

World Continent Country U.S. State

=K

Chemical

Chromosom bases

Global View \



Mutations acquises par des cellules souches
hématopoiétiques

M&m Normal Bone Cell
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Plusieures mutations cooperent
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Polycythemia vera

Major criteria

1. Hemoglobin >16.5 g /dL in men or >16.0 g/dL in women, OR hematocrit >49% in men or >48% in women, OR
increased red cell mass (more than 25%
BM biopsy showing hypercellularity for age with trilineage growth (panmyelosis) induding prominent erythroid,

granulocytic and megakaryocytic proliferation with pleomorphic mature megakaryocytes (differences in size)

e ———— T N e ——
Presence of JAKZ (V617F) or JAKZ exon 12 mutation

Minor criterion

¢ Subnormal serum erythropoietin level

Diagnosis of PVrequires meeting all 3 major criteria or the first 2 major criteria and the minor criterion

Note. Criterion number 2 (BM biopsy) may not be required in cases with sustained absolute erythrocytosis: hemoglobin
levels >18.5 g/dL in men (hematoarit, 55.5%) or »16.5 g/dL in women (hematocrit, 49.5%) if major criterion 3 and the minor
criterion are present. However, initial myelofibrosis (present in up to 20% of patients) can only be detected by performing a
BM biopsy; this finding may predict a more rapid progression to overt myelofibrosis (post-PV myelofibrosis)

Elisa Rumi, Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957




Essential thrombocythemia

Mnjcr criferi

Platelet count = 450 x 109/L

Bone marrow biopsy showing proliferation mainly of the megakaryocyte lineage with inaeased numbers of
enlarged, mature megak aryocytes with hyperlobulated nudei. No significant increase or left-shift in neutrophil
granulopoiesis or erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers

Not meeting WHO criteria for BCR-ABL1-positive chronic myeloid leukemia, polycythemia vera, primary

myelofibrosis, myelodysplastic syndromes, or other myeloid neoplasms

Presence of JAKZ, CALR or MPL. mutation

Minor ariterion

* Presence of a donal marker or absence of evidence for reactive thrombocytosis

Diagnosis of ET requires meeting all four major criteria or the first 3 major criteria and the minor criterion

Elisa Rumi, Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957




Overt primary myelofibrosis

Major criteria

1. Presence of megakaryocytic proliferation and atypia, accompanied by either reticulin andfor collagen fibrosis
grades2 or 3
Not meeting WHO criteria for BCR-ABL1 -positive chronic myeloid leukemia, polycythemia vera, essential

thrombocythemia, myelodysplastic syndromes, or other myeloid neoplasms

Presence of JAKZ, CALR or MPL mutation or in the absence of these mutations, presence of another clonal marker,

or absence of minor reactive BM reticulin fibrosis (minor reticulin fibrosis secondary to infection, autoimmune
disorder or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm, metastatic

malignancy, or toxic myelopathies)

Minor ariteria

Presence of at least 1 of the following, confirmed in 2 consecutive determinations:
* Anemia not attributed to a comorbid condition

e Leukocytosis (WBC count 211 x 107/L)

 Palpable splenomegaly

* Lactate dehydrogenase (LDH) level increased to above upper normal limit of institutional reference range

Diagnosis of overt primary myelofibrosis requires meeting all 3 major criteria, and at least 1 minor criterion

Note.In the absence ofany of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg,
ASXL1, EZHZ2, TETZ2,IDH1/IDH2, SRSF2, SF3B1) are of help in determining the donal nature ofthe disease.

Elisa Rumi, Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957




Genes mutés -> Protéines modifiées
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NMP: A Communication Failure

Les cytokines transmettent leurs signaux via une « voie de signalisation, la voie « JAK/STAT »

WNT
« Frizzled
Disheveled

GSK3p Genes
APC

E?:‘ B-catenin i
@\ TCF ‘ _ MmRNA
S

MYc

INK4B RB E2Fs Cell divides
©

INK4A CYCD-CDK4 s
LT ':r\‘F'. Cell becomes immortal
©—XO © CYCE-CDK2

ARF MDM2  p53 WAF1 ALT
e Protein
dosages BAX
I change
MAPK Cell alters
® metabolism
and behavior

®_ Cell autodestructs

[GRBZ-SOS

Growth RTK
factor
‘i—h—’ G protein

BTN s - .
Prefibrotic/early primary myelofibrosis : Cytokine GPCR
. e moo e >

Artwork by Jeanne Kelly. © 2002.
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NMP: A Communication Failure
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© Q— 0O CYCE-CDK2

ARF  MDM2 p53 WAF1
OO@ D

Proteins

BAX Cell
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z MAPK

MEK

d RAF RSK
( RAS pTEN @PP2AG elF4E
GRB2-S0S

Growth RTK P13K AKT
factor

G protein

.\ Cytokine GPCR

Artwork by Jeanne Kelly. © 2002.
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Origines de la production ANORMALES des cellules sanguines:

aCML

/

a“a i
“‘°‘9 cKiT D816V () )

\\ ROCK{ ' Tllf
RY == . FIP1L1-PDGFRa (?F

CML-like —
MPN

CSF3R T6]8|
s ) TT——aCML

7

hemotopoietic stem cell @
erythroid progenitor o
megakaryocyte progenitor @
mast cell progenitor ('l
myeloid progenitor @

or

Morotti A, et al., Blood Rev (2016), http://dx.doi.org/10.1016/j.blre.2016.11.004



Physiopathologie moléculaire des NMP,
'impact de la mutation V617F [AK2

Wild-type JAK2 Wild-type JAK2 JAK2 with V617 F mutation
without erythropoietin with erythropoietin without erythropoietin

1 Epo

P

JAK2——
V617F

p

/1N

STAT RAS-MAPK
PI3K

Campbell, N Engl J Med 355;23 december 7, 2006



Stem Cell

JAK2V617F level
|"l \‘-\\ ‘J‘Jf —
\
\ | |

o

¢
Erythroblast Megakaryoblast Myeloblast

' }

Polycythemia Essential
Vera Thrombocytosis

Morotti A, et al, Blood Rev
(2016), http://dx.doi.org/10.1016/j.blre.2016.11.004



Prefibrotic myelofibrosis

Major criteria

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis >grade 1, accompanied by increased age-adjusted
bone marrow cellularity, granulocytic proliferation, and often deareased erythropoiesis
Not meeting WHO criteria for BCR-AB L1 -positive chronic myeloid leukemia, polycythemia vera, essential

thrombocythemia, myelodysplastic syndromes, or other myeloid neoplasms

Presence of JAKZ, CALR or MPL mutation or in the absence of these mutations, presence of another clonal marker] or

absence of minor reactive BM reticulin fibrosis (minor reticulin fibrosis secondary to infection, autoimmune disorder or
other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm, metastatic malignancy, or toxic

myelopathies)

Minor ariteria

Presence of at least 1 of the following, confirmed in 2 consecutive determinations:
« Anemia not attributed to a comorbid condition

¢ Leukocytosis (WBC count 211 x 107/L)

e Palpable splenomegaly

« Lactate dehydrogenase (LDH) level increased to above upper normal limit of institutional reference range

Diagnosis of prefibrotic myelofibrosis requires meeting all 3 major criteria, and at least 1 minor criterion

Note. In the absence ofany of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg,
ASXL1, EZHZ, TETZ2, IDH1/IDH2, SRSF2, SF3B1) are of help in determining the clonal nature of the disease.

Elisa Rumi, Mario Cazzola, Blood, 2016, DOI 10.1182/blood-2016-10-695957
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* Les “syndromes myeloproliferatifs", qu‘est-ce que
c'est?

= Lademarche diagnostique (OMS, PVSG,...)

» |es outils du diagnostic:
o |'examen clinique et |' “interrogatoire * (anamnese)
o |a « prise de sang »
o La ponction de moelle osseuse hematopoietique
o La biopsie de moelle osseuse hematopoietique
o La cytometrie en flux
= Les examens des chromosomes
o | es examens de genes
-~ Les tests biochimiques (dosage d‘érythropoiétine)

= Quels buts pour ces examens (diagnostic: choix du




Les tests biochimiques:
dosage d'erythropoiétine, lactate déshydrogenase (LDH)

Polycythemia Essential Primary Primary
. p Myelofibrosis
Vera (PV) Thrombocythemia (ET) Myelofibrosis (PMF) (prefibrotic)
(overt) (prePMF)

Anemianototherwise attributed

]
. Subnormal serum 1. Presenceofaclonal marker 1. Anemianotothervise attnbuted
erythropoietin level : .
y ' or absenceof evidenceforreactive 2.

1.
Leukocytosis 211 x 10%/L 2. Leukocytosis211x10%L
thrombocytosis 3. Palpable splenomegaly 3. Palpable splenomegaly

4. Increasedlactatedehydrogenase 4. Increasedlactatedehydrogenase
(LDH), above uppernomal limit (LDH), above uppernommal limit

5. Leukoerythroblastosis




Physiopathologie moléculaire
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* Quels buts pour ces examens (diagnostic; choix du

= Conclusions
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Erythrocytose

yes

no
‘ absent ’
Low Serum EPO level Any level
Negative JAK2 exon 14 or 12 Positive

< BM biopsy b

* Hypercellularity for age
* Trilineage growth (panmyelosis)
* Mature megakaryocytes

' ;

Exclud; CML

-

>16.5 (F), >18.5 (M)
and low EPO level

} [ ves

Negative

Alteration of PLT and/or WBC
and/or splenomegaly and/or

PV

Yes No MPN-related symptoms
l Yes No
n PV
I !
( BM biopsy )
Evaluate for PMF

' l—(Hb level (g/dL) )
Normal-high

no 1

{ BM biopsy >

* Hypercellularity for age
* Trilineage growth (panmyelosis)
* Mature megakaryocytes

; '

Yes No
PV
Evaluate for other MPNs

Figure 1. Algorithm for evaluation of MPN phenotype with erythrocytosis. *Test JAK2 V61 7F first and exon 12 JAK2 mutations if V617F is negative. CML,

chronic myeloid leukemia; Epo, erythropoietin; F, female; M, male; MK, megakaryocytes; PLT, platelet; WBC, white blood cell.

Francesco Passamonti and Margherita Maffioli, Hematology 2016



Thrombocytose

v
Hll absent - present
absent \ ‘
CML

l Yes ( One driver mutation ) Yes —l

< lso'?f;t:;:;':: (;r}\[tosns > No ( Any platelet and leukocyte count )

MK Imeage proliferation with e ET * MK proliferation and atypia, * MK proliferation and atypia
enIarged, mature MK * Pre-PMF * No reticulin fibrosis > grade 1 * Reticulin and/or collagen
* MK with hyperlobulated nuclei * PMF * Increased age-adjusted fibrosis grades 2 or 3
* Noincrease of granulopoiesis * Other myeloid cellularity ‘ ¢
* No increase of erythropoiesis malignancies * Increase of granulopoiesis
» <grade 1 reticulin fibers l * Decrease of erythropoiesis No** Yes
l l : . . i i + one of:
According to BM diagnosis look No** Yes
No** for additional clonal markers * Anemia
i +one of: * Leukocyte count 211 x10°/L
ET PMF + Palpable splenomegaly
@ l l * Anemia * Increased serum LDH
* Leukocyte count = 11 x10°/L * Leukoerythroblastosis
+ Cytogenetics | | » ASXL1,EzH2, || ° Palpable splenomegaly
« X-linked TET2, * Increased serum LDH
clonality IDH1/IDH2,
SRSF2, SF3B1

* Cytogenetics

Figure 2. Algorithm for evaluation of MPN phenotype without erythrocytosis. *Test JAK2 V617F first, CALR mutations if V617F is negative, and
MPL mutations if JAK2 and CALR are negative. **Evaluate for MPN, MDS, MDS/MPN, or other myeloid malignancies.

Francesco Passamonti and Margherita Maffioli, Hematology 2016



Un diagnostic précis: un préalable a

une prise en charge personnalisee

Essential thrombocythemia

Thrombosis:
* previous thrombosis

*age =260 years
+ JAK2 (V617F)

Bleeding:
* previous major bleeding
« high PLT count (=1500 x 109/L)

Polycythemic transformation:
* JAK2 (V617F)

Myelofibrotic transformation:
* CALR mutation
« co-operating mutations in myeloid genes

Leukemic transformation:
* co-operating mutations in myeloid genes

Survival:
* previous thrombosis
* leukocytosis
* co-operating mutations in myeloid genes

Polycythemia vera

Thrombosis:
* previous thrombosis
*age =260 years

Myelofibrotic transformation:
* JAK2 (V617F)-mutant allele burden>50%

* co-operating mutations in myeloid genes

Leukemic transformation:
* co-operating mutations in myeloid genes

Survival:
* previous thrombosis
* leukocytosis
* COo-operating mutations in myeloid genes

Primary myelofibrosis

Survival & leukemic transformation:
* age >65 years
* presence of constitutional symptoms
«anemia (Hb <10 g/dL)
* leukocytosis (WBC count >25 x 109/L)
* thrombocytopenia (<100 x 109/L)
« circulating blasts (=1%)
+ degree of bone marrow fibrosis
» unfavorable karyotype
« driver mutation (triple negative vs
JAK2/MPL vs CALR mutation)
* co-operating mutations in myeloid genes

Figure 5

i E. Rumi and M. Cazzola, Blood, Prepublished online December 27, 2016



Les medicaments des therapies « ciblees »

"SR Mutated
JAK2

Activated
STAT

Hyperproliferation of
hematopoietic stem cells

cytokines Splenomegaly
Abnormally elevated hematocrit

Proinflammatory

Long-term complications
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Conclusions

Neoplasies myéloprolifératives = groupe hetérogene
de maladies;

Demarche diagnostique definie par OMS/PVSC/
BCSH,;

Un diagnostic precis permet de proposer un
traitement adapte - personnalise;

Des facteurs pronostics et predictifs cytogenetiques
et moleculaires sont dorenavant inteégres aux
décisions thérapeutiques aux cotes de I'histologie;

Les perspectives sont d'adapter les traitements a
chaque patient, selon son diagnostic précis et les
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