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Introduction

Myeloproliferative neoplasms (MPN)

e Chronic myeloid malignancies : essential thrombocythemia (ET), polycythemia
Vera (PV) and myelofibrosis (MF)

* Clonal disease originating from one hematopoietic stem cell

* Excessive production of mature blood cells

Continuum of evolution




Introduction

Driver mutations lead to constitutive activation of the JAK-STAT pathway

JAK2 CALR MPL

P-STAT5

James et al. Nature 2005
Kralovics et al. NEJM 2005

Baxter et al. Lancet 2005

Levine et al. Cancer Cell 2005
Pikman et al. PLoS medecine 2006
Klampf et al. NEJM 2013

Nangalia et al. NEJIM 2013



Introduction

Additional mutations are detected in around 50% of MPN patients
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Myelofibrosis: distribution of driver mutations

Mutational

profile in
MF
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2% Unknown 25% CALRexon 9 B 30% CALRexon9
15% Triple negative M 7% Triple negative

Zoi & Cross, JCO 2017
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Myelofibrosis: distribution of driver mutations

PV

97% JAK2V617F
1% JAK2 exon 12

2% Unknown

ET

55% JAK2V617F
5% MPL exon 10
25% CALRexon 9

15% Triple negative

PMF

M 55% JAK2V617F
1 8% MPLexon 10
W 30% CALRexon?9
B 7% Triple negative

NGS in TN myelofibrosis:
> 1 additional mutation
found in 60 a 90% of cases

Zoi & Cross, JCO 2017



Myelofibrosis: distribution of additional mutations

ViEerE Frequencies of mutations, aggregated data from 970 patients with myelofibrosis
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ASXL1 mutations are the most common
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Differences between primary and secondary myelofibrosis
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and in pre/early myelofibrosis?

Pre-PMF, Overt PMF,
Variables N = 278 N = 383 P
Mutated, n (%)
ASXL1 50 (18.0) 129 (33.7) <.0001
EZHZ 10 (3.6 46 (12.0 =.0001
(3.6) (120 N=72 pre-PMF
I SRSF2 25 (9.0) 41 (10.7) 28
- mutations IDH1/2 6(2.2) 13 (3.4) 24 JAKZ-Vgi f; lIIlIIIIIIIIIIIIIIIIIIIIIIlIIlIIIIlIIIIIIIIIIIIIlIIlIIIIIIIIIII gfi 1(39859?)
ceetioney  HMR, n (%) MPL-W515 2 (3%)
=1 75 (27.0) 170 (44.4) <.0001 N I 7 (10%)
~ TETZ - 13 (18%)
=2 15 (5.4) 52 (13.6) <.0001 it Y I 12 (17%)
SrRsF2| | 1 I | 5 (7%)
/ \ DNMT3A I l - I 4 (6%)
NF1 4 (6%)
MFO MF1 ZrRSR2 | I [] ' |I 4 (6%)
ASXL1 tated; n (% RUNX1 3 (4%)
mutated; n (%) 8 (14.5) 42 (18.8) Bcor | - 2 (3%)
[ FBXW7 2(3%)
EZH2 mutated; n (%) 1(1.8) 9 (4.0) PDGERA I .I 2 (3%)
(O PMS2 2 (3%)
SRSF2 mutated; n (%) 2 (3.6) 23 (10.3) sTAG2 | i 2 (3%)
2 (3%
IDH1/2 mutated; n (%) 0(-) 6(2.7) ms3 | 8 %)
HMR; n (%
n (%) 9(16.4) 66(29.6) Cheng et al. EJHaem 2021
HMR >2; n (%) 2 (3.6) 13 (5.8)

Guglielmelli et al. Blood 2017



Association between mutations and clinical features

¢ Driver mutations
- CALR mutations: younger patients, t platelets
- JAK2 mutations: more constitutional symptoms, { hemoglobin

Rumi et al. Blood 2014; Tefferi et al. Leukemia 2014

Phenotype

- mutations
associations

1.00

0.75

** U2AF1 mutations <=> anemia,
thrombocytopenia

Unmutated 0.50

1.00
0.75
0.50
fre— 7 ——

Tefferi et al. Leukemia 2018 -- e
= | saany 00— 0.0 fbove ' Onehundred®450x 1000/ 'Below 100x
I QI57P/R None Mild Moderate Severe 450 x 10(9)/1

Sex adjusted anemia categories 10091
Platelet count categories



Prognostic impact of driver mutations

Overall survival

1.0 CALR mutant (median OS 17.7 yr)
= 0.9- JAKZ2 mutant (median OS 9.2 yr)
g ) MPL mutant (median OS 9.1 yr)
£ 0.8 Triple negative (median OS 3.2 yr)
[
5 0.7
2 0.6-
o]
g 051 => Independently of IPSS
g 0.4+
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% 0.3+ 1
. S 0.2
Prognostic £
. 3 0.1
impact of
mutations 00, T T T w T l
0 5 10 15 20 25 30
Time, years
No. of patients at risk:
CALR mutant 140 72 37 19 9 1
JAKZ mutant 396 135 39 13 7 3
MPL mutant 25 10 5 3 2 0
Triple negative 53 11 2 0 0 0

For leukemic transformation => only triple-negative patients had a higher risk

Rumi et al. Blood 2014; Tefferi et al. Blood 2014



The better prognosis of CALR mutations is restricted to type-1 mutations
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Additional mutations: High Risk Mutations (HMR)

» HMR: mutations in ASXL1, EZH2, IDH1/2 or SRSF2 genes
» For PMF only

» Impact on overall survival and leukemic evolution
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Vannucchi, Leukemia 2013



High Risk Mutations (HMR) => Integration in prognostic scores

» HMR: mutations in ASXL1, EZH2, IDH1/2 or SRSF2 genes

» Impact on overall survival and leukemic evolution " b 001
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Guglielmelli, JCO 2018



Prognostic

impact of
mutations

The prognostic scores with molecular data in PMF

A All scores have been developed in PMF patients at the time of diagnosis

MIPSS70

MIPSS70+v2

GIPSS

Hb<10g/dL 1pt
Leuko>25G/L 2pts
Plat<100G/L 2pts
Blasts>2%. 1pt
Symptoms 1pt
Severe anemia 2pts

Moderate anemia 1pt

Blasts>2% 1pt
Symptoms 2pts
No CALR typel 2pts
No CALR typel 1pt
Unfavorable 1pt
Karyotype 2pts

VHR karyotype

BM fibrosis>2 1pt

HMR+ 1pt
22 HMR 2pts
No CALR 1pt
typel

One HMR 2pts
>2 HMR 3pts
Unfavorable 3pts
Karyotype 4pts
VHR karyotype
ASXLI-mut 1pt
SRSF2-mut 1pt
U2AF1-mut 1pt

HMR: ASXL1, EZH2, IDH1, IDH2, SRSF2 and U2AF1 Q157 for MIPSS70+v2

Low (0-1pt): not reached
Int (2-4pts): 6.3 years

High (>5pts): 3.1 years

Very low (Opt): NR

Low (1-2pts): 16.4 years
Int (3-4pts): 7.7 years

High (5-8pts): 4.1 years
Very high (29pts): 1.8 years

Low (Opt): 26.4 years
Int-1 (1pt): 8 years
Int-2 (2pts) : 4.2 years
High (>3pts): 2 years

Guglielmelli, JCO 2018

Tefferi, JCO 2018

Tefferi, Leukemia 2018



MIPSS70 seemed to be applicable in secondary myelofibrosis

MIPSS70 MIPSS70+ v2
1.00 A — 1.00 -
0.754 0.75+
0.50- 0.50- —
m——\/ery low
0.254 0.251 —_— Low
— Low = |ntermediate
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Impact Of T T T T T T T T T T T I I I T T I I 1 I 1 I
. o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 S 6 7 &8 9 10
mutations . : . . : .
Time from MF diagnosis (years) Time from MF diagnosis (years)
Number at risk Number at risk
Low 2 2 1 A 1 0 Very low 1 1 1 1 1 0
Interm 44 35 23 13 5 1 Low 11 11 6 1 0
High 17 10 5 2 2 2 Interm 15 11 7 3 2 0
High 28 21 13 7 5 1
Very high 3 0 0 0 0 0

Guerra et al. AJH 2024



Redefinition of HMR? The impact of ASXL1 mutations

» French (FIM) cohort of 479 myelofibrosis
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Prognostic

impact of
mutations

Redefinition of HMR? The impact of ASXL1 mutations

v' Age, gender, hb, platelets, WBC, PMF/SMF, driver mutations, genomic groups

Platelets: HR: 0,99 [0,99-0,99] p=0,012
CALR HR: 0,28 [0,11-0,71] p=0,0077
TP53 HR: 8,68 [3,32-22,73] p<0,0001
Alive with High Risk HR: 3,7 [1,58-6,64] p=0,0013

n=272

Leukemic
myelofibrosis "= 56 transformation
n=151 n=43
NS
Age HR: 1,05 [1,03-1,07] p<0,0001
Hb: HR: 0,81 [0,74-0,89] p<0,0001 eculte validated
WBC: HR: 1,04 [1,02-1,05] p<0,0001 Results validated in an
TP53 HR: 3,03 [1,66-5,56] p=0,0003 Death independent cohort

High Risk HR: 1,77 [1,18-2,67] p=0,006 (Grinfeld et al. NEJM 2018; N=276)

Luque Paz et al. Blood Advances 2021



Redefinition of HMR? The impact of ASXL1 mutations

Primary myelofibrosis
— » A question of allele burden?
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Prognostic

impact of
mutations

In the context of Stem Cell Transplantation

e MTSS score: ASXL1 mutations

* TP53 mutations: the number of allele matters

Probability

Kaplan-meier OS curves according to MTSS risk groups in training and validation cohorts

Training Validation
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<150x 10%L  >25x10%/L performance status 257 years driver mutation mutation unrelated donor
<90% genotype
HR 1.67 1.57 1.50 1.65 2.40 1.42 2.08
Score 1 1 1 1 2 1 5

1

Overall survival

1

Relapse

Gagelmann, Blood 2019 & Blood 2023
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Additional mutations and response to therapy

 Presence of additional mutations is associated to resistance to HU, IFN and

ruxolitinib Quintas-Cardama, Blood 2013; Verger, Blood 2015; Newberry, Blood 2017;
Alvarez-Larran et al. Leukemia 2020

* During IFN therapy: emergence of DNMT3A mutations associated to resistance

202 patients, NGS at diagnosis and at 24 months

15 - Treatment-emergent Treatment-emergent
5 DNMT3A mutations non-DNMT3A mutations
g Knudsen, Blood Advances 2022 15 - 15 -
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Acquisition of mutations during ruxolitinib treatment is associated with a worse

Prognosis
. 1.0 -
Clonal progression HR=2.7 (95% Cl, 1.3-5.8)
P=0.006
1.0 0.8 -
& | P=.003 — - (N;I() clolnéal e-lwt)_lutior: Etj FU
c * = ] - onal evolution a
.g § YES E 0.6 =~ No clonal evolution at FU-censored
g g_) 0.6- = -+ Clonal Evolution at FU-censored
w— O e
© n S 0.4-
c o o
O O 047
5§ NO 02 _
o = 021 |
S
o [
0.0 0.0 -
Mutations 0 11 2 3 : 5 0 12 24 36 48 60 72
and Survival after discontinuation (months)

therapies

Pacilli, Blood Cancer Journal 2018 Newberry, Blood 2017



Conclusions

* Next-generation sequencing allows the detection of additional
mutations

» Diagnostic marker in triple-negative patients
» Prognostic marker => molecular scores
 Extension of HMR? TP53 multi-hit

* Indications for molecular evaluation during follow-up need to be defined
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