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Liste des abréviations

AML
CALR
CR
ELN
ET
ICC
IPSET
Hb
HMR
HMR-ET
HU
LDH
MIPSS
MF
MPN
NCCN
NR
ORR
Peg-IFN
PLT
PMF
PR

PV

r-IPSET

VAF
WBC
WHO

Acute myeloid leukemia
Calreticuline

Complete response
European LeukemiaNet
Essential thrombocythemia

Internal Consensus Classification of Myeloid Neoplasm
International Prognostic Score for Thrombosis in Essential Thrombocythemia

Hemobglobine

High molecular risk

High molecular risk essential thrombcythemia
Hydroxurea

Lactate deshydrogenase levels

Mutation-enhances international prognostic systems

Myelofibrosis

Myeloproliferative neoplasms

National Comprehensive Cancer Network
No response

Overall response rate

Peginterferon alpha-2a

Platelets

Primary myelofibrosis

Partial response

Polycythemia vera

Revised International Prognostic Score for
Thrombocythemia

Variant allele frenquency

White blood count

Worl Health Organization

Thrombosis
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CONTEXTE

Les néoplasies myéloprolifératives

Les néoplasies myéloprolifératives (NMP) sont des hémopathies myéloides liées a une anomalie
acquise et clonale de la cellule souche hématopoiétique qui conduit a la production d’un exces
de cellules myéloides sans blocage de maturation. Elles regroupent plusieurs pathologies qui
partagent certaines caractéristiques clinico-biologiques telles qu’une incidence de thrombose
accrue et un risque de transformation en myélofibrose secondaire ou en leucémie aigie. II

s'agit de maladies rares et chroniques.

On distingue classiquement la leucémie myéloide chronique (LMC) des autres NMP dites
BCR::ABL négatives. Parmi les NMP BCR::ABL négatives, les trois entités principales sont la
polyglobulie de Vaquez (PV), la thrombocytémie essentielle (TE) et la myélofibrose primitive
(MFP). Il existe d'autres entités plus rares telles que la leucémie chronique a neutrophiles, la
leucémie chronique a éosinophiles ou les NMP inclassables que nous n‘aborderons pas ici. En
France, I'incidence des NMP autres que la LMC était de 3 762 cas en 2018 (1).

La classification de ces NMP repose en partie sur la lignée myéloide ou prédomine la
prolifération cellulaire : érythroide dans la polyglobulie de Vaquez et mégacaryocytaire dans la
thrombocytémie essentielle. La myélofibrose associe une hyperplasie de la lignée

mégacaryocytaire au développement progressif d’une fibrose médullaire.
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Les mutations promotrices

La compréhension, la physiopathologie et le diagnostic des NMP ont progressé de facon
majeure avec la mise en évidence de mutations somatiques récurrentes. Ces mutations dites
promotrices sont a l'origine de la prolifération cellulaire et concernent les genes JAK2 (V617F
et exon 12), MPL (W515L ou K) et CALR, et ont été identifiées respectivement en 2005 (2,3)
2006 (4) et 2013 (5,6). Ces mutations sont observées en proportions différentes selon les
pathologies. La mutation JAK2 V617F est ainsi retrouvée dans 95% des PV et environ 50 a
60% des TE et des MFP, et est responsable d'une activation constitutive de la voie JAK-STAT
indépendante des cytokines comme I'érythropoiétine (2,7). MPL est le géne qui code pour le
récepteur de la thrombopoiétine, le principal facteur de croissance de la lignée
mégacaryocytaire. De fagon similaire aux mutations de JAK2, les mutations de MPL, entrainent
une activation ligand-indépendante de la voie JAK-STAT; elles sont retrouvées dans 2 a 3%
des TE et environ 3 a 6% des MFP (4,7,8). Enfin en 2013, les mutations du géne CALR qui
code pour la calréticuline ont été identifiées. La Calréticuline est une protéine chaperonne du
réticulum endoplasmique qui, en cas de mutation du gene CALR, se lie au récepteur de la
thrombopoiétine de maniere forte et I'active constitutivement (9,10). On retrouve 20 a 25%
de mutations CALR dans la TE et 25 a 30% dans la MFP (7). Ces mutations promotrices sont
donc toutes responsables de |'activation de la voie JAK-STAT et conférent aux cellules une
prolifération indépendante des facteurs de croissance. Les patients atteints de TE ou MFP chez
qui aucune des 3 mutations promotrices n'est retrouvée sont appelés « triples-négatifs » et
représentent 10 a 20% des cas (11,12). Initialement décrites comme mutuellement exclusives,
plusieurs cas de co-mutations promotrices ont également été rapportées dans la littérature

(13,14).
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La thrombocytémie essentielle : épidémiologie et aspects cliniques

En France, la thrombocytémie essentielle est la NMP la plus fréquente avec 2 057 nouveaux
cas en 2018 (contre 1129 cas de PV, 520 cas de MFP et 872 cas de LMC, la méme année) (1).
L'age médian au diagnostic est de 69 ans, avec une prédominance féminine (58%) (1). Vingt
a quarante pourcent des patients ont un antécédent de thrombose soit précédent soit ou au
moment du diagnostic, ce qui peut constituer le mode d’entrée dans la maladie (8,15,16). I
existe également un risque de saignement, principalement cutanéomuqueux, puisque 20% des
patients atteints de thrombocytémie essentielle peuvent avoir une thrombopathie ou un
syndrome de Willebrand acquis secondaire a leur hémopathie (17). Ce risque de saignement
est majoré en cas de thrombocytose extréme (> 1500 G/L). Le plus souvent les patients sont
asymptomatiques au diagnostic, qui est porté fortuitement sur [I'exploration d’une
thrombocytose a I'hémogramme. Parfois des signes cliniques peuvent étre présents tels que
de la fatigue, des douleurs abdominales, un prurit, des sueurs nocturnes, une pesanteur
splénique, des céphalées ou encore des troubles microcirculatoires (comme une

érythromélalgie, un livédo ou une ischémie digitale) (18,19).

Le diagnostic repose sur la présence des quatre critéres majeurs ou des trois premiers critéres

majeurs associé a un critére mineur qui est soit la mise en évidence d’'un marqueur clonal ou

I'exclusion de toute autre cause de thrombocytose réactionnelle (20,21), indiqués ci-dessous.
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Criteres majeurs
1. Plaquettes > 450 x 109/L

2. Biopsie ostéomédullaire avec une prolifération prédominant sur la lignée
mégacaryocytaire avec une augmentation de nombre de mégacaryocytes
matures de grande taille au noyau hyperlobulé. Pas d'augmentation notable de
la granulopoiése ou de I'érythropoiese. Rarement densification minime de la

trame réticulinique (fibrose de grade 1)

3. Absence de criteres diagnostic pour une LMC (BCR :: ABL), une PV ou une
MFP, ou autre néoplasie myéloproliférative ou syndrome myélodysplasique

4, Mutation promotrice des genes JAK2, MPL, ou CALR

Criteres mineur

Détection d'un marqueur clonal ou exclusion d'une cause de thrombocytose

réactionnelle

Pronostic de la thrombocytémie essentielle

La thrombocytémie essentielle est une maladie de bon pronostic avec une survie globale
estimée a 20 ans de médiane, pouvant atteindre 32 ans chez les patients agés de moins de 60
ans (16).

Elle peut dans de rares cas évoluer en myélofibrose secondaire (13% a 20 ans) ou en leucémie
aigie (2,6-3,8% a 20 ans) (8,16). En France, la survie nette standardisée a 5 ans est de 91%
(22).

La principale morbidité au cours du suivi est liée au risque de thrombose, dont I'incidence est
de 1,9 patient-année, parfois responsable de séquelles lourdes pour le patient (23). L'objectif
des traitements est donc de prévenir la récurrence de thrombose plus que de réduire le risque
de progression hématologique. Plusieurs scores ont été développés successivement pour
prédire le risque de nouvelle thrombose au cours du suivi. Dans la classification ELN de 2011,

les patients appartiennent au groupe de « haut risque » en cas d'antécédent de thrombose
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et/ou d'age supérieur a 60 ans. Le score IPSET (International Prognostic Score for Thrombosis
in Essential Thrombocythemia) classe les patients en trois groupes dits de « haut risque »,
« risque intermédiaire » ou « faible risque » en fonction de I'age (supérieur a 60 ans), de la
présence de facteurs de risques cardiovasculaires, d'un antécédent de thrombose ou d'une
mutation de JAK2V617F. La version révisée de 2015, le r-IPSET, simplifie cette classification
qui tient compte du statut mutationnel de JAK2V617F, de I'age (> 60 ans) et d'un antécédent
de thrombose. Dans le r-IPSET, les patients sont classés en quatre groupes : « trés faible
risque », « faible risque », « risque intermédiaire » et « haut risque » de thrombose.

Récemment, une large étude de 1055 patients atteints de néoplasie myéloproliférative suggére
que les facteurs de risque de thrombose artériel seraient différents de ceux de la thrombose
veineuse (24). Les facteurs de risque associés a la thrombose artérielle seraient I'age > a 60
ans, la présence de facteurs de risque cardiovasculaires, les mutations additionnelles de TET2
et DNMT3A, ainsi qu’un antécédent de thrombose artérielle ; alors que ceux d’une récurrence
de thrombose veineuse seraient la présence d’'une mutation JAK2V617F avec une charge

alléliqgue >50% et un antécédent de thrombose dans un territoire veineux (24).

Depuis 2016, la myélofibrose pré-fibrotique (PreMF) est différenciée de la forme avancée de la
myélofibrose primitive, selon les criteres diagnostics listés dans le tableau ci-dessous (25).

En pratique, la myélofibrose préfibrotique peut-étre difficile a distinguer de la thrombocytémie
essentielle. En tenant compte de cette classification, 16% des TE ont été reclassées en PreMF
dans une cohorte internationale de 1104 patients (26). Dans cette méme cohorte, les patients
avec une myélofibrose pré-fibrotique avaient un moins bon pronostic que ceux atteints de TE
avec une incidence cumulée a 10 ans de transformation en myélofibrose de stade avancée de
12,8%, en leucémie aigiie de 5,8% et de déces de 24,4% contre 0,8%, 0,7% et 14,8% en cas

de TE, respectivement.
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Criteres diagnostiques de la myélofibrose pré-fibrotique :

Criteres majeurs

1. Biopsie ostéomédullaire avec une prolifération prédominant sur la lignée
mégacaryocytaire avec des atypies, une fibrose médullaire ne dépassant pas
le grade 1 associée a une augmentation de la cellularité, une prolifération de

la lignée granuleuse et souvent a une diminution de I'érythropoiese

2. Absence de criteres diagnostic pour une LMC (BCR :: ABL), une PV ou une TE,
ou autre néoplasie myéloproliférative ou syndrome myélodysplasique
3. Mutation promotrice des génes JAK2, MPL, ou CALR

ou si absence de ces mutations, présence d’un marqueur clonal tel que ASXL1,
EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1
ou absence de cause réactionnelle de fibrose médullaire (infection, maladie

auto-immune, hémopathie lymphoide, métastase médullaire, cause toxique)

Critéres mineur

Anémie non liée a une comorbidité

Hyperleucocytose = 11 G/L

Splénomégalie palpable

Augmentation des LDH

Présence d'érythroblastes sanguins

Traitements de la thrombocytémie essentielle

Actuellement, les recommandations de I'ELN (27) et du NCCN (28) (National Comprehensive
Cancer Network) préconisent d'initier un traitement cytoréducteur chez les patients de haut
risque en association avec un antiagrégant. L'hydroxurée (HU) est le seul traitement
recommandé en premiére ligne et ayant I’AMM en France (27,28). Cependant, l'interferon est
une alternative proposée aux patients jeunes compte-tenu de sa capacité a réduire la charge

allélique (27,29,30). En cas de rechute ou de progression, un traitement par interferon ou
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anagrélide peut étre proposé en deuxieme ligne (27). La place du ruxolitinib, un inhibiteur des
tyrosines kinases JAK1 et JAK2, est en cours d'évaluation chez les patients en rechute (31).

Plusieurs définitions de la réponse au traitement ont été développées. Les derniéres définitions
actualisées en 2013 integrent la réponse histologique évaluée sur la biopsie ostéomédullaire,
peu réalisable en pratique (32). La définition de la réponse couramment utilisée est celle de

I'ELN de 2009, indiquée dans le tableau ci-dessous (33).

Définition de la réponse clinico-hématologique dans la thrombocytémie essentielle

Réponse compléte 1) Taux de plaquettes < 400 x 10%/L, et
2) Pas de symptomes en lien avec la maladie, et
3) Rate de taille normale a l'imagerie, et

4) Taux de leucocytes < 10 x 10°/L

Réponse partielle | Chez les patients qui n‘atteignent pas les criteres de réponse compléte,
taux de plaquette < 600 x 10°/L ou diminution de > 50% depuis

Iinitiation du traitement

Sans réponse Toute réponse qui ne remplit pas les criteres de réponse partielle

La résistance ou intolérance a I'hydroxyurée est définie par un taux de plaquette > 600 G/L
aprés au minimum 3 mois de traitement a posologie efficace, ou bien un taux > 400 G/L
associé a une anémie ou leucopénie, ou toute manifestation cutanéomuqueuse jugée

inacceptable (notamment les ucléres) ou épisode de fievre en lien avec le traitement (34).

Plus de la majorité des patients répondent au traitement de premiére ligne : dans une large
cohorte espagnole de 1104 patients atteints de TE, 69% étaient en réponse compléte, 26% en

réponse partielle et 5% n’‘ont pas répondu (35). Environ 20% des patients deviennent
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résistants ou intolérants au traitement par HU au cours de leur suivi, ce qui est de mauvais
pronostic. Ces patients ont un risque accru de transformation en myélofibrose et une survie
globale a 10 ans nettement diminuée a 26% contre 79% chez les patients non

résistants/intolérants (36).

Séquencage haut-débit et profil mutationnel de la thrombocytémie essentielle

Récemment, le séquencage de nouvelle génération (NGS), désormais accessible en routine, a
permis de mieux comprendre le paysage mutationnel des néoplasies myéloprolifératives
BCR: :ABL négatives (37). Le NGS est une méthode qui permet de séquencer massivement des
millions de fragments d’ADN simultanément avec une grande sensibilité. Un panel de genes
d'intérét est choisi en amont, en fonction de I'indication pour laquelle le NGS est réalisé.

Avec cette technique, de nouvelles mutations, dites additionnelles par rapport aux mutations
promotrices, ont été découvertes. Ces mutations peuvent étre retrouvées dans dautres
hémopathies que les néoplasies myéloprolifératives et touchent des génes qui sont impliqués
dans différentes fonctions cellulaires : la régulation épigénétique (DNMT3A, TET2, IDH1, IDH2,
ASXL1, EZH2), la signalisation cellulaire (NRAS, KRAS, SH2B3, CBL), I'épissage génétique
(SRSF2, SF3B1, U2AF1) ou encore le cycle cellulaire (TP53, NFE2, RUNX1) (38).

Ces mutations somatiques additionnelles sont présentes chez environs 44% des patients
atteints de TE (39). Les genes les plus fréquemment mutés sont TET2 (entre 3 at 10%), ASXL1
(5 a 10%), DNMT3A (1 a 5%), NFE2 (1 a 7%). Dans les NMP, certaines mutations, comme
celles du spliceosome ou de TP53, sont associées a un risque de progression en myélofibrose
secondaire ou leucémie aiglie (40). L'association entre les mutations additionnelles et le
pronostic a surtout été décrit dans la myélofibrose primitive, ou les mutations dite de « haut
risque moléculaires » (HMR) des genes ASXL1, EZH2, SRSF2, IDH1 et IDH2 sont associées a

plus de transformation en leucémie aiglie et a une survie globale diminuée (41). Dans la
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thrombocytémie essentielle, les mutations de SRSF2, SF3B2, U2AF1 et TP53 sont associées a
un mauvais pronostic et inclues dans le score MIPSS-ET (Mutation-enhanced international
prognostic systems-Essential thrombocytemia), qui prédit la survie globale chez les patients

atteints de thrombocytémie essentielle (42).

Une association entre paysage mutationnel et réponse au traitement ?

Les patients ayant une mutation du gene CALR ou MPL semblent moins bien répondre au
traitement de premiere ligne que les patients avec une mutation du gene JAK2V617F ou que
ceux triples-négatifs (35). Bien que les mutations additionnelles soient associées au pronostic,
peu d'études se sont intéressées a leur effet sur la réponse au traitement. Une premiere étude
menée par Quintas-Cardama sur 82 patients (43 PV et 39 TE) traités par Peginterferon 2-alpha
dans le cadre d’une étude de phase II, a mis en évidence une fréquence plus élevée de
mutations additionnelles chez les patients qui n‘obtenaient pas de réponse hématologique
complete (43). Dans une deuxiéeme étude sur 31 patients atteints de thrombocytémies
essentielles mutées CALR traités par interferon pegylé, les patients porteurs d’une mutation
additionnelle répondaient moins bien, avec un taux plus élevé de non réponse et de réponse
moléculaire mineure (44). Ces deux études ne concernaient que la réponse sous interféron et

les patients avaient majoritairement déja été traités par un traitement cytoréducteur.
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HYPOTHESES ET OBJECTIFS

Alors que I'absence de réponse au traitement est associée a un pronostic péjoratif, il est encore
difficile de déterminer quels patients vont répondre ou non au traitement. Il apparait donc
important de développer des outils permettant de prédire au mieux quels patients ne
répondront pas de maniere optimale au traitement afin d'adapter d’emblée le traitement chez
eux. Dans cette optique, I'apport du profil moléculaire n’a été que peu étudié. Le but de ce
travail est donc de décrire I'association éventuelle entre les mutations additionnelles au
diagnostic et la réponse au traitement de premiére ligne par hydroxurée ou interferon pegylé

dans la thrombocytémie essentielle.

Les objectifs sont :
- objectif principal : association entre profil mutationnel évalué par NGS et réponse au
traitement évalué a 12 mois

- objectifs secondaires :
o évaluation de la réponse au traitement évalué aprés un an
o évaluation de I'association potentielle des mutations additionnelles et le risque

de progression en myélofibrose et en leucémie aigue

o évaluation de l'association potentielle des mutations additionnelles et la

survenue d'un évenement thrombotique au cours du suivi
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ABSTRACT

Introduction

Essential thrombocythemia (ET) are BCR::ABL1 negative myeloproliferative neoplasms that
require treatment to reduce thromboembolic events which are the main cause of morbidity
during follow-up. Since patients with resistance or intolerance have an adverse prognosis, it
would be interesting to predict which patient will respond to first-line treatment. We therefore
aim to describe the association between additional mutations at diagnosis and response to
first-line treatment in essential thrombocythemia.

Methods

In this retrospective monocentric study at Angers University Hospital, patients diagnosed with
ET and who had a DNA blood sample from diagnosis available for Next-Generation-Sequencing,
were eligible. For inclusion, first line treatment with hydroxyurea (HU) or pegylated interferon
therapy (peg-IFN) with a follow-up available at one year was necessary.

Results

We included 121 patients diagnosed between 2005 and 2022, receiving HU as first-line therapy
(n=86, 71%) or peg-IFN (n=35, 29%), with a median follow-up of 8 and 6 years, respectively.
The most frequent additional mutations were: TET2 19/121 patients (15,7%) DNMT3A 13/121
(10,7%), MPL not W515 K/L 8/121 (6,6%), ASXL1 5/121 (4,13%), and mutations of splicing
factors SRSF2 and SF3B1 8/121 (6,6%). None of the patients with peg-IFN therapy progressed
to myelofibrosis (MF), whereas 16/86 patients (19%) treated with HU developed secondary
myelofibrosis. At 12 months of treatment, 75 (62%) patients achieved complete response, 37
(31%) partial response, and 7 (6%) no response. At least one additional mutation at diagnosis
was associated with less complete response (HR 0,66 [0,44-0,99] p=0,045) whereas peg-IFN
therapy was associated with complete response (HR 2,01 [1,29-3,15] p=0,002). The presence

of additional mutation or TET2 mutation at diagnosis was associated with progression to MF or
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acute myeloid leukemia (p<0.0001) and only TET2 was significantly associated with reduced
overall survival (p<0.001).

Conclusion

In conclusion, our results suggests that additional mutations at diagnosis is a risk factor for
not achieving complete response. Furthermore, additional mutation and TET2 mutations are

associated with hematological evolutions.
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INTRODUCTION

Essential thrombocythemia (ET) is a BCR::ABL1 negative myeloproliferative neoplasm (MPN)
driven by mutations in the JAK2 V617F (50-60% of patients), CALR (20-30%), or MPL (2-5%)
driver genes whereas 10 to 20% of patients have no driver mutation detected, called “triple-
negative” (2-7,11,12,15,42,45). A history of thrombosis at or before diagnosis occurs in about
20-40% of cases and ET can progress to myelofibrosis (MF) in 13% of cases and to acute
myeloid leukemia (AML) in 2,6-3,8% at 20 years (8,16).

The main goal of treatment is to reduce vascular events, the main source of morbidity during
the follow-up, with an incidence of 1,9 patients-years of thrombosis recurrence (23). According
to the ELN (46) and the National Comprehensive Cancer Network (NCCN) guidelines (28),
cytoreduction is recommended for patients at high risk of thrombosis defined by an age over
60 years, prior thrombosis and/or JAK2 mutation. Hydroxyurea (HU) is the recommended first-
line cytoreductive therapy but interferon may be used as an alternative especially in younger
patients, as it is known to reduce the JAK2 allele burden (29,30,47) which may limit
progression. Twenty percent of patient developed resistance/intolerance to HU, which is
associated with a higher rate of transformation to myelofibrosis and a high risk of death (36).
With the rise of high-throughput sequencing, also known as next-generation sequencing
(NGS), the mutational landscape of MPN is being better understood (38). An additional somatic
mutation to the driver mutation occurs in 44% of patients with ET and some of them, such as
TP53 or spliccosome mutations, may be associated with progression in myelofibrosis or acute
leukemia (39,40). This has led to the development of a prognostic score, the mutation-
enhanced international prognostic systems (MIPSS-ET), which predicts overall survival in ET
by incorporating the ‘adverse mutations’ in SRSF2, SF3B1, U2AF1 and TP53 genes (42).
Although additional mutations are associated with prognosis, few studies have evaluated their

association with treatment response, in contrast to primary myelofibrosis (PMF). Indeed,
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ASXL1 and EZH2 mutations are associated with a shorter time to treatment failure, and high
molecular risk (HMR) mutations are associated with a loss of response to ruxolitinib in PMF
(48-50). In ET, two studies found that the frequency of additional mutations was correlated
with a worse response, but they only included interferon therapy and had small sample size
(43,44).

Therefore, we aim herein to describe the association between additional mutations at diagnosis
and response to first-line treatment with hydroxyurea or pegylated interferon in essential

thrombocythemia.
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METHODS

1. Patients selection

In this monocentric retrospective study at Angers University Hospital, patients were included
if they were > 18 years old with a diagnostic of ET according to the diagnosis criteria of the
WHO classification (2016 or 2022) or ICC 2022 (20,21,25), receiving first-line therapy with
hydroxyurea (HU) or pegylated interferon (peg-IFN) and had a minimum follow-up of one year.
Patients who experienced intolerance or no response during the first year of treatment were
also included. Patients were excluded if the diagnosis was before 2005, if they were diagnosed
with a second hematologic malignancy that required therapy, if first-line treatment was not
HU or peg-IFN (e.g., anagrelide or pipobroman), or if they denied participating in clinical trials.
All patients were enrolled into the collection "Hémopathies Malignes” of the hospital of Angers
who was approved by the CPP (Comité de Protection des Personnes) of Angers (France) Ouest
II. A written informed consent was obtained from the patient for the use of clinical and
biological data including DNA sequencing. This study was registered by the French authority
CNIL (Commission nationale de l'informatique et des libertés, French Data Protection Authority,

authorization ar23-0018v0).

2. Definitions for risk stratification and response

Patients were assigned to risk categories of thrombosis according to the conventional risk
classification defined by the European Leukemia Net (ELN) (47), the International Prognostic
Score for Thrombosis in Essential Thrombocythaemia-thrombosis (IPSET) (46), and the
revised IPSET score (r-IPSET) updated in 2015 (51). In the conventional classification, patients
are considered as high thrombotic risk if they are older than 60 years and/or have an history

of thrombosis. There are four categories in the r-IPSET: “very low risk” (no history of
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thrombosis, age < 60 years and mutation other than JAK2); “low risk” (no history of
thrombosis, age < 60 years with JAK2 mutation); “intermediate risk” (no history of thrombosis,
age > 60 years and mutation other than JAK2), and “high risk” (history of thrombosis or age
> 60 years with JAK2 mutation).

Response is defined according to the 2009 ELN criteria (33) : complete response (CR), durable
(212 weeks) platelets count < 400 x 10°/L, WBC < 10 x 10%/L, no disease-related symptoms,
and normal spleen size on imaging; partial response (PR), not fulfilling criteria for CR, platelet
count < 600 x 10%/L or decrease > 50% from baseline; and no response (NR) is any response
that does not satisfy partial response. Timing of CR was the day when a count of platelets <
400 G/L was first observed, only if two consecutive results were obtained. Loss of response
was defined as the situation in which a patient achieving a CR loses response (NR), and loss
of partial response when a patient in CR becomes in PR. Overall rate of response is the
proportion of patients achieving CR and PR.

Intolerance is defined as interruption of treatment due to a side effect. Ineffectiveness is when
the treatment was changed because of the failure of therapy.

Here, we defined high risk mutations (HMR-ET) as the combination of adverse mutations in
the MIPSS-ET and those considered at high molecular risk in PMF : SRSF2, SF3B1, U2AF1,

TP53, ASXL1, EZH2, IDH1, IDH2 (41,42).

3. Data collection

At diagnosis, the following data were collected: age at diagnosis, gender, type of driver
mutation, laboratory parameters (hemobglobin [Hb], white blood counts [WBC], platelet
counts [PLT], lactate deshydrogenase levels [LDH]), symptoms, splenomegaly, cardiovascular

risk factors, history of thrombosis before or at diagnosis and the presence of JAK2V617F, CALR,
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or MPL mutations with the variant allele frequency (VAF). At initiation treatment, we recorded
age, laboratory parameters, and history of thrombosis.

The response was evaluated at 12 months (less or more than one month) or earlier if the
treatment was stopped, and at 24, 36, 48 and 60 months (less or more than 3 months). When
assessing response, follow-up data were censored at the time of treatment stopped or change,
or in case of hematological evolution such as secondary MF, polycythemia vera (PV) or AML.
During the follow-up the following data were collected: transformation in PV, secondary
myelofibrosis or AML, arterial or veinous thrombosis, death and if it was related to ET, and
date of last follow-up.

Clinical data were collected until last follow-up on December 2023.

4. Biological analysis

For every patient, Next Generation Sequencing (NGS) was performed on DNA sample from
peripheral blood at diagnosis stored in the biobank “Centre de Ressources Biologiques” in
Angers University hospital, on an Illumina. The panel was designed to cover all exons of 52
genes involved in myeloid malignancies, listed in Table SI. The sensitivity was set to 2%. Only

pathogenic (A) or likely pathogenic (B) mutations were retained for the analysis.

5. Statistical analysis

Statistical analysis were performed with R v4.2 (R: A Language and Environment for Statistical
Computing, Vienna, Austria). For comparison between groups, t-test or ANOVA was used for
continuous normal-distributed variable and Kruskal-Wallis test was used for continuous non-
normally distributed variables. Chi-squared or exact Fisher’s exact test was used for categorical

variables. To evaluate the factors associated with response at each time-point, we used a
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multinomial logistic regression and results were represented in a forest plot (ggplot2).
Hematological evolution free survival is defined as the time from initiation of treatment until
disease progression to acute leukemia or myelofibrosis. Survival was represented by Kaplan-
Meir curves and Cox models were performed including all variables of interest with a step-by-
step downward selection. Competitive Fine and Gray models were used to study the incidence
of complete remission with treatment discontinuation as competitor and the specific effect of

variables in each transition was accessed by a multistate model.
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RESULTS

1. Patient characteristics

We screened 322 ET patients followed at the Angers University Hospital and included 121
patients diagnosed between 2005 and 2022, who received HU (n=86, 71%) or peg-IFN (n=35,
29%) as a first-line therapy (Figure 18).

Most patients were treated during the first year following diagnosis but some of them were
treated several years after, with a maximum of 11 years (Figure S2). At treatment initiation,
patients in the peg-IFN group were younger (median 60 years [19-72]) than patients treated
with HU (67 years [23-90]), explaining why most patients who received HU were considered
high-risk according to r-IPSET compared to those treated with peg-IFN (63% vs 46%,
p=0.021) (Table I). Among patients, 36% of patients treated by HU and 22.9% of those treaty
by peg-IFN had an history of thrombosis before or at initiation of therapy (p=0.233).

Of the 121 patients, 70 (58%) had a JAK2V617F driver mutation, 26 (21.5%) a CALR mutation,
5(4%) a MPL mutation, and 20 (16.5%) were triple negative (Figure 1A). Sixty-three patients
(52%) had one or more additional mutation at diagnosis, with similar distribution between the
two treatment groups (Table I). Most patients harbored only one additional mutation (Figure
1B). The most frequent additional mutations involved TET2 (19/121 patients, 15.7%) DNMT3A
(13/121, 10.7%), non-W515K/L MPL (8/121, 6.6%), ASXL1 (5/121, 4.13%) genes, and
splicing factors SRSF2 and SF3B1 (8/121, 6.6%) (Table 1, Figure 1C). The proportion of
patients with mutations in HMR-ET genes was 19/121 (15.7%). The distribution of variant
allele frequency of the most prevalent genes JAK2V617F, CALR, TET2 and DMNT3A are

depicted in Figure 1D.
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2. Response to treatment

At 12 months of treatment with HU, 57% achieved CR, 37% PR, and 6% had no response.
With peg-IFN therapy, 74% achieved CR, 20% PR, and 6% did not respond. Seventeen patients
discontinued their treatment at 12 months or earlier, including 9 patients intolerant (4/35
patients (11.4%) with peg-IFN and 5/86 patients (5.8%) treated with HU). The reasons for
discontinuation and their response to second-line therapy are listed in Table S1. The evolution
of responses at each year during the first 5 years of treatment was represented by a Sankey
diagram in Figure 2. During follow-up, the majority of patients under first-line therapy
remained in CR (66%, 58%, 59% and 65% at 2, 3, 4 and 5 years respectively, Figure 2). At
5-years, a total of 34 patients discontinued their first-line treatment.

Analysis of treatment response at 12 months showed that no factor was statistically associated
with complete response (Figure 3). Patients without response at 12 months were more likely
to have TET2 mutations although this did not reach statistical significance (OR 4.9 [0.9-25.6],

p=0.058), independently of therapy used.

Then, the global dynamics of complete response and treatment discontinuation were studied
using a multistate model (Figure 4). The presence of at least one additional mutation at
diagnosis was a risk factor for not achieving complete response (HR 0,66, [0,44-0,99]
p=0,045) whereas the presence of JAK2V617 mutation or a treatment with peg-IFN were
associated with complete response (HR 1,69, [1,10-2,58] p=0,015; HR 2,01, [1,29-3,15]
p=0,002, respectively). For patients achieving CR, the presence of at least one additional
mutation was a risk factor of treatment interruption (HR 4,45, [1,23-16,12] p=0,002), whereas
peg-IFN was a protective factor against treatment interruption (HR 0,17 [0,04-0,66] p=0,01).
No risk factors were found for the patients transitioned from initiation treatment to interruption

treatment without achieving complete response.
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Patients with peg-IFN therapy responded earlier than those treated with HU with a median
time of CR of 3.2 months with peg-IFN and 6,2 months with HU (Figure 5A). Patients with a
JAK2 driver mutation experienced an earlier response dynamic than triple negative patients
and in to a lesser extend CALR-mutated patients (Figure 5B). Patients with mutations in TET2
gene responded later than those without, similar to those with at least one additional mutation

compared to patients without (Figure 5C and 5D).

3. Thrombosis and progression to myelofibrosis/acute
leukemia

Median follow-up was 8,4 and 6,1 years from treatment initiation until last follow-up, for
patients treated with HU and peg-IFN, respectively. Fifteen patients died during the follow-up,
with 47% of the cases related to ET. During follow-up, a first thrombotic event occurred in
22% of patients treated with HU and 9% of those treated with peg-IFN. The presence of an
additional mutation was not associated with a thrombotic risk during follow-up (p=0.86) (data
not shown). Leukemic evolution occurred in 6% and 3% in the HU-group and peg-IFN group,
respectively. None of the patients with peg-IFN therapy progressed to myelofibrosis, whereas

16/86 patients (19%) treated with HU developed secondary myelofibrosis.

At diagnosis, the presence a TET2 mutation and of any other additional mutation was
associated with progression to MF or AML (p<0,001) (Figure 6). This finding was confirmed
in multivariate analysis considering the following variables: age (> 60 years), gender,
thrombocytosis (> 700 G/L), leukocytosis (>11 G/L), response at 12 months. Indeed, TET2
mutations (HR: 13.4 [2.96-60.1], p=0.0007) and the presence of any other additional

mutation (HR: 4.3 [1.09-16.72], p=0,037) were associated with a risk of hematological
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transformation, and other variables were not significant. The presence of TET2 mutations, but
not of any other additional mutation, was also associated with a reduced overall survival (HR
7.2 [1,95-26,9] p=0,03; Figure 6), independently of the age at the time of diagnosis.

Of note, the presence of mutations classified as HMR-ET was not associated with hematological

progression or overall survival (Figure 6B and 6D).
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DISCUSSION

Essential thrombocythemia is characterized by chronic, and more often indolent evolution. The
aim of cytoreductive treatment is to prevent the thrombotic complications. A Spanish cohort
of 166 patients with ET reported a higher rate of transformation to myelofibrosis and high risk
of death among patient resistant to HU (HR: 6.2, 95% CI: 2-3-16-7,P<0.001) (36). To date,
there is no predictive marker at diagnosis for treatment response. It would therefore be of
interest to identify these patients at diagnosis in order to personalize the choice of treatment
and the monitoring during the follow-up. Here, we present data from a real-life cohort of first-
line treated ET with an extensive characterization of the mutational landscape by high-

throughput sequencing.

We observed a high level of response to first-line treatment, with 57% achieving CR with HU
and 74% with peg-IFN, and a global ORR of 94% at one year of treatment. The only
randomized trial comparing HU and peg-IFN as first line treatment in ET found lower rates of
CR at 12-months with 45% for HU (ORR : 71%) and 44% for peg-IFN (ORR : 69%) (52). Of
note, these results were in intention-to-treat (ITT) whereas our study included only patients
who received treatment. However, our results are consistent with those of Desterro et al, who
reported their real-life experience in United-Kingdom of first-line therapy with interferon, with
a follow-up of 17 years (53). They observed CR in 75% of cases and partial hematological
response (defined as platelet count < 700 x102/I in their study) in 25% of cases. In a national
registry from Spain, Alvarez-Larran and al reported 1104 patients first-line treated (88% with
HU) with 69% achieved CR, 26% PR and 5% no response (35). In their study, the time to
achieve complete hematological response was longer and the probability of developing

resistance/intolerance was higher among patients with CALR and MPL mutation compared to
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those with JAK2 mutation or TN. In our study, JAK2 mutation was a protective factor to achieve

CR.

Here, patients seemed to benefit from peg-INF therapy. Surprisingly, we noted a shorter time
to response with peg-IFN compared to HU (3.2 vs 6.2 months). In the UK cohort, the median
time to achieve a complete hematological response with peg-IFN was 6.5 months (53). In the
Spanish cohort, the median time of CR with HU was different according to the driver mutation
with 5.6 months, 12.7 months, 14.2 months, and 27 months for patients with JAK2, TN, MPL,
or CALR mutations, respectively (35). It is noteworthy that none of the patient treated with
peg-IFN progressed to myelofibrosis, consistent with the findings of Desterro et al(53).
Although peg-IFN is not recommended as the first-line cytoreductive therapy, this result
supports our practice, shared by others (54), to propose peg-IFN as first line treatment to
younger patients to limit the risk of progression. Furthermore, peg-IFN therapy appeared to
be a protective factor in achieving complete remission (CR) and in preventing treatment

interruption for patients who achieved CR.

Additional mutations and association with prognosis is mainly described in myelofibrosis, were
ASXL1, EZH2, SRSF2, and IDH mutations are considered as “high molecular risk” mutations
because associated with transformation to AML and worse overall survival (41). In ET, SRSF2,
SF3B1, U2AF1 and TP53 are considered as adverse mutations and included in de MIPSS-ET
score for predicting survival (42). However, there is few studies about their association with
response treatment (43,44). Here, as Quintas-Cardama and al. and Verger and al. found that
the frequency of additional mutations was correlated with a worse molecular response, we

observed that the presence of additional mutations was a risk factor for not achieving complete
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response not only for patients treated with peg-IFN but also for patients treated with HU.

Furthermore, additional mutations were associated with transformation to MF and AML.

We are aware of some limitations in our study. First, clinical data were collected retrospectively
and in a single center, which may introduce biases or errors in data interpretation. Second,
the number of patients without response at 12 month is small, potentially limiting the statistical
power to detect significant differences in treatment response. Third, the number of patients
treated more than two years over subsequent years is decreasing, and these results should
therefore be interpreted with caution. Larger multicentric cohorts and external validation

cohorts are needed to confirm the adverse prognosis associated with TET2.

In conclusion, our results suggest that the presence of at least one or more additional mutation
at diagnosis is a risk factor for not achieving complete response. Additional mutations and
TET2 mutations appeared to be adverse prognosis factors, as they were associated with
transformation to myelofibrosis and acute leukemia. Patients seemed to benefit from peg-IFN
therapy which was a protective factor in achieving CR, allowed patients to achieve CR earlier
than those treated with HU, and had no progression to secondary myelofibrosis. Larger
multicentric cohorts and external validation cohorts are needed to confirm the association

between additional mutations at diagnosis and treatment response.
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CONCLUSION/PERSPECTIVES

Pour les patients atteints de TE recevant un traitement de premiere ligne, nos résultats
suggerent que la présence d’au moins une mutation additionnelle au diagnostic est un facteur
de risque de ne pas obtenir de réponse complete, et est associée a la progression en
myélofibrose ou leucémie aiglie. Dans notre cohorte, les mutations de TET2 sont associées a
un risque de transformation hématologique ainsi qu’a une survie globale diminuée.

Les patients semblent bénéficier du traitement par interferon pegylé, qui semble étre un
facteur protecteur a I'obtention d’une réponse complete et permet d’obtenir une réponse plus
rapidement que sous hydroxyurée. Enfin, aucun patient sous interferon pegylé n'a développé
de myélofibrose secondaire, contrairement a ceux traités par hydroxyurée.

Il semble que la prise en compte des mutations additionnelles au diagnostic puisse étre
intéressant pour prédire quels patients vont répondre au traitement de premiére ligne. Ces
résultats doivent étre confirmés par des études multicentriques ou une cohorte de validation
externe. C'est I'objectif d’'un des projets réalisé au CHU d’Angers, BioPredictorSMP. Cette étude
a pour but d'établir un score au diagnostic intégrant les données moléculaires obtenues par
NGS associées a dosage de cytokines plasmatiques afin d'aider au choix du traitement de
premiére ligne des patients atteints de TE. Cette étude prospective multicentrique est en cours

d’inclusion.
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Figure 1 : Molecular characteristics of 121 patients at diagnosis.

A. Distribution of driver mutations JAK2, CALR, MPL and patients triple-negatives (TN). B.
Distribution of the number of additional clonal mutation per patient. C. Number of additional
mutation by gene in the whole cohort. The y-axis represents total count of mutations founded,
x-axis the 32 mutated genes classed by order of frequency in our cohort. D. Distribution of
variant allele frequency (VAF). The violin plots represent the distribution of VAF among patients

with mutations in the genes JAK2V617F, CALR, TET2, DNMT3A, respectively.
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n=121 n=97 n=79 n=64 n=57

. Complete response Partial loss of response . Stop treatment
. Partial response . Loss of response . End of follow-up
. No response Missing data

Figure 2: Response at 1, 2, 3, 4 and 5 years

Time points of evaluation of the response at 1, 2, 3, 4 and 5 years were represented with
transitions between each. The total height of the columns is proportional to sample size at
each time point. Number of patients undergoing therapy is indicated below the columns. This
Sankey diagram represents flow among eight states: complete response, partial response, no

response, partial loss of response, loss of response, missing data, stop treatment, end of follow

up.
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Figure 3. Factors associated with response at 1 year (A), 2, 3, 4 and 5 years (B)

Forest plot representing odds ratio and 95% confidence interval for the different factors.

A. Represents the factors associated with CR, PR and NR at 1 year. B. Are represented the

factors associated with CR at 2, 3, 4 and 5 years of follow-up.

CR: complete response, PR: partial response, NR: no response, ELN high risk : > 60 years

and/or history of thrombosis. No-JAK2V617F : absence of JAK2V617F mutation. HMR-ET:

SRSF2, SF3B1, U2AF1, TP53, ASXL1, EZH2, IDH1, IDH2.
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A Outcomes in patient with first-line treatment
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B Factors associated with state transition
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Figure 4. Outcomes in patients with first-line treatment (A) and factors associated
with state transition (B).

A. Predicted outcomes in patient with first-line treatment, illustrated by multi-state model.
Four states are represented: treatment interruption because of resistance (in red), treatment
interruption for other reason (in orange), patients in complete response (in green), and patient
under therapy (in blue) who did not achieved any of the three preceding states. Black curves
show the predicted Kaplan-meier curves of event-free-survival until achievement of complete
response, interruption treatment for resistance and complete response, respectively. The x-

axis represents time in years, with 0 indicating the treatment initiation.

B. Multi-state model analysis with proportional cox model results for each transition.
Significant factors associated with state transition are indicated, with risk factor written in red
and protective factors in green. Treatment interruptions for resistance or other motive were
gathered for analysis. Hazard ratios (HR) are presented with their 95% interval confidence.
For each transition, the following factors age > 60 years, driver mutation, > additional

mutation and type of treatment were tested, followed by a backward step by step selection.
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Figure 5 : Cumulative incidence of complete response.

Competitive Fine and Gray models show the cumulative incidence function curves of complete
remission with treatment discontinuation as competitor according to treatment (A), driver
mutation (B), presence of TET2 mutation (C), and presence of at least one additional mutation

at diagnosis (D).
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Figure 6 : Comparison of hematological evolution and overall survival according to
mutational status at diagnosis. Kaplan-meier curves for hematological evolution free-
survival (A, C) and overall survival (B, D) according to mutational status at diagnosis. The
number patient at risk for each groups are shown in the each table below the curves.

A and B: In blue, patient with no additional mutations. In green, patients with at least one
additional mutation except those with a TET2 mutation. In red, patients with TET2 mutations.
C and D: In blue, patient without any mutations in HMR-ET genes .In red, patients with at
least one mutation “HMR-ET” (SRSF2, SF3B1, U2AF1, TP53, ASXL1, EZH2, SRSF2, IDH1,

IDH2).
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Table I : Characteristics at treatment initiation

Characteristics at treatment initiation peg-IFN HU o value
N=35 N =86
Clinical data
Median age - (y) 60 [19-72] 67 [23-90] <0,001
Male sex - no (%) 18 (51,4) 31 (36) 0,17
Thrombosis, no (%) 8(23) 31(36) 0,11
Arterial thrombosis, no (%) 5(14) 17 (20) 057
Veinous thrombosis, no (%) 3(9) 14 (16) '
Biology
Hemoglobin (g/dL) 14,5[11,9-17,2] 14,5 [8,8-17,7] 0,831
Platelet count (G/L) 665 [335-1772] 729 [435-1963] 0,632
Leucocyte count (G/L) 7,8 [3,4-12,8] 8,3[2,9-17,4] 0,221
r-IPSET 0,021
High risk 16 (46) 54 (63)
Intermediate risk 6(17) 19 (22)
Low risk 3(9) 7 (8)
Very low risk 10 (29) 6(7)
ELN 0,035
High risk 23 (66) 73 (85)
Low risk 12 (34) 13 (15)
Driver mutation 0,47
JAK2 V617F - no (%) 19 (54) 51 (59)
CALR - no (%) 9 (26) 17 (20)
MPL - no (%) 0(0) 5(6)
TN - no (%) 7 (20) 13 (15)
Patients with additional mutations
None - no (%) 20 (57,1) 38 (44,2) 027
21-no (%) 15 (42,9) 48 (55,8) '
22-no (%) 6(17,1) 18 (20,9) 0,82
TET2 - no (%) 3(8,6) 16 (18,6) 0,27
DNMT3A - no (%) 4(11,4) 9(10,5) 1
ASXL1 - no (%) 2(5,7) 3(3,5) 0,63
MPL (notW515) - no (%) 5(14,3) 3(3,5) 0,04
Splicing - no (%) 1(2,9) 7(8,1) 0,43
HMR-ET - no (%) 4(11,4) 15 (17,4) 0,59
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Peg-IFN : Peginterferon alpha-2a; ELN: > 60 years and/or history of thrombosis, HMR-ET :
SRSF2, SF3B1, U2AF1, TP53, ASXL1, EZH2, SRSF2, IDH1, IDH2; HU : Hydroxyurea; LDH :
Lactate deshydrogenase, r-IPSET : revised IPSET : high risk (thrombosis history or age > 60
years with JAK2 mutation), “intermediate risk” (no thrombosis history, age > 60 years and
JAK2-unmutated), “low risk” (no thrombosis history, age < 60 years and JAK2-mutated) and

“very low risk” (VRL) (no thrombosis history, age < 60 years and JAK2-unmutated)
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SUPPLEMENTAL

322 medical
records sreened

/201 Not included \

29 : Diagnosis before 2005

71 : no bone barrow biopsy available

) 44 : No treatment

15 : No follow-up available at 12 months

23 : Diagnosis not in Angers University Hospital

7 : Second hemopathy that requires therapy
4 : Other diagnosis retained : MF, polyglobulie, POEMS

\ 4 7 : First-line treatement with anagrelide
1: Refusal of consent
121 Patients \ /
included

Figure S1. Flow chart. 322 medical records screened, 201 patients with the reason for no

inclusion. 121 patients included.
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Comparison of hematological evolution and overall survival according to response at 12 months
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Figure S3. Comparison of hematological evolution and overall survival according to response

at 12 months. Kaplan-meier curves. Complete response (CR) is represented in blue, Partial

response (PR) is represented in green, No response (NR) in red. The number patient at risk

for each groups are shown in the each table below the curves.

Table S1 : Panel of genes

ASXL1 ATM ATRX BCOR BCOR1 CALR CBL CEBPa
CHEK2 CSF3R Cux1 DDX41 DNMT3A DOTL1 EED ETNK1
ETV6 EZH2 FLT3 GATA2 IDH1 IDH2 IKZF1 JAK?2

KDMB6A KIT KMT2A KRAS MPL NF1 NFE2 NMP1
NRAS PDS5B PHF6 PTEN PTPN11 RAD21 RUNX1 SETBP1
SF3B1 SH2B3 SMC1A SMC3 SRSF2 STAG2 SUz12 TET2

TP53 U2AF1 WT1 ZRSR2
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Table S2. Interruption of treatment at 12 months or before

Lst line Motive :I'ype of 2nd line Tx Evolution
Tx intolerance
CR at 2m, loss of response at 22m
HU 11m Ineffectiveness Anagrelide  Transformation to MF at 9y after diagnosis/8y
after 1st line Tx
. No response, addition of HU at 3m. RC with
HU 3m Ineffectiveness peg-IFN bitherapy at 11 m
HU 4m Ineffectiveness Anagrelide CR at 3m, first lost of response at 4m
HU 10m Ineffectiveness Anagrelide CRat3m
PR
HU 15d Intolerance MAS Anagrelide Transformation to MF at 7y after
diagnosis/after 1st line treatment
HU im  Intolerance Fever Pipobroman CR at. 11m, first loss of response after 9y of
2nd line Tx
HU 3w Intolerance Fever,. ATEEETE CR at 5rT1, loss partial of response at 5y,
myalgia fluctuations
Stopped at 15d for dyspnea.
HU 6m Intolerance Cutaneous®! Anagrelide No Tx during 4y and 3rd line with Pipobroman
wich led to PR.
HU 1m Intolerance Fever Anagrelide CRat2m
CR at 1,5m, loss of response at 8m which
HU 9m  Young age peg-IFN leads to adjunction of HU
HU 7m  Other* peg-IFN CR at 13d, 1first loss of partial response at
2m, fluctuations
peg-IFN 8m Ineffectiveness Anagrelide CR at 6m
CR at 1m, after 8m by HU switch by IFN-a
peg-IFN 7m Ineffectiveness HU (patient request) which led to CR during 6m
until loss of response
peg-IFN 18d Intolerance Cutaneous® Anagrelide PR
Platelet count between 400 and 500 G/L,
peg-IFN 5m Intolerance Myalgia No Tx Transformation to PV at 9y after
diagnosis/initiation of 1st line treatement
CR at 8m and stopped at 5y for cutaneous
Hepatic toxicity (cancer)
peg-IFN  20d  Intolerance cytolysis HU 3d line with anagrelide : RP but relapse atrial
fibrillation, resuming HU
PR then NR, stopped at 4y for no response
peg-IFN 4m Intolerance Cutaneous* HU 3d line with anagrelide ineffective; resuming

HU in 4th line : PR

*choice of heamatologist

1. sclerodermia, 2: ulcer, 3:vesicular eruption, 4:without specification

d : day, peg-IFN

perginterferon alpha-2b, m

syndrome, PV : polychemia vera, Tx : treatment

months, MAS : macrophage activation
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Table S3. Characteristics of patient with or without TET2 mutations

Characteristics at treatment initiation TET2-nm TET2-m o value
N =102 N=19
Clinical data
Median age - (y) 65 [19-90] 67 [51-80] 0,053
Male sex - no (%) 45 (44,1) 4(21,1) 0,104
Thrombosis, no (%) 33 (32,4) 5(26,3) 0,802
Arterial thrombosis, no (%) 19 (18,6) 3 (15,8) 1
Veinous thrombosis, no (%) 14 (13,7) 2 (10,5)
Biology
Hemoglobin (g/dL) 14,5 [8,8-17,7] 14,2 [12,2-17,2] 0,492
Platelet count (G/L) 703 [335-1963] 700 [562-1513] 0,4
Leucocyte count (G/L) 8,20 [3,40-17,4] 9,07 [2,85-16] 0,359
r-IPSET 0,08
High risk 60 (58,8) 10 (52,6)
Intermediate risk 19 (18,6) 6 (31,6)
Low risk 7 (6,86) 3 (15,8)
Very low risk 16 (15,7) 0(0)
ELN 0,761
High risk 80 (78,4) 16 (84,2)
Low risk 22 (21,6) 3 (15,8)




Table S4 : List of additional clonal mutations at diagnosis

‘GENE

| Nucleotide nomenclature

| Protein consequence

VAF (%) Classification

ABL1 ¢.C3152T p.A1051V 2,2 B
ASXL1 ¢.1934dupG p.G646Wfs*12 20 A
ASXL1 ¢.1934dupG p.G646WFs*12 10,5 A
ASXL1 ¢.1934dupG p.G6A6WFs*12 75 A
ASXL1 ¢.1934dupG p.G646Wfs*12 22 A
ASXL1 ¢.C2083T p.Q695X 44 A
ATM ¢.5889dup p.K1964fs*0 2,1 A
ATM ¢.1523delT p.G509Efs*2 45 A
ATM ¢.C7354G p.L2452V 3 B
BCOR c.G4741T p.D1581Y 57 B
BCOR c.G4514A p.C1505Y 51 B
BCORL1 ¢.C4258T p.R1420X 5,8 A
CALR c.A92G p.D31G 321 B
CBL ¢.C1250T p.P417L 11,3 A
CBL €.1363_1364insATG p.Y455delinsYD 18.7 B
CBL c.G1211A p.C404Y 4 A
CBL c.A1112G p.Y371C 31 A
CHEK2 c.A880T p.1294F 47,3 B
CHEK2 €.T856C p.C286R 52,2 B
CHEK2 ¢.1591delG p.D531fs 54 A
CUX1 c.G262A p.v8sl 51 B
DNMT3A ¢.G1227A p.W409X 31 A
DNMT3A c.C2644T p.R882C 20 A
DNMT3A ¢.G2645A p.R882H 37,6 A
DNMT3A ¢.1278_1279de p.E427Rfs*16 4,4 A
DNMT3A €.G2059T p.V687F 28,1 A
DNMT3A ¢.1061_1076de p.F3545fs*47 8,2 A
DNMT3A €.2401_2408del p.M801Afs*7 2,7 A
DNMT3A ¢.C2185T p.R729W 54 A
DNMT3A ¢.2656delC p.Q886Rfs*19 31.2 A
DNMT3A €.2322+1G>A 12.3 B
DNMT3A ¢.C2309A p.S770X 33,9 A
DNMT3A ¢.C2185G p.R729G 2,7 B
DNMT3A ¢.G2645A p.R882H 31 A
DNMT3A c.1061delT p.F3545fs*52 5 A
ETNK1 c.A731G p.N244S 6,1 A
ETV6 ¢.1139dupG p.N382Kfs*2 5,7 A
EZH2 €.T401C p.M134T 11.8 B
EZH2 ¢.1876-2A>G 6,8 B
IDH2 ¢.C418T p.R140W 74

JAK2 c.A1838G p.Y613C 24 B
JAK2 c.G1849A p.V617| 12 B
KMT2A c.T9778A p.F32601 11,8 B
KMT2A ¢.G8965A p.E2989K 42,8 B
KMT2C ¢.G2926A p.A976T 5,7 B
KMT2C €.T918G p.Y306X 4,7 A
KMT2C ¢.G3401A p.S1134N 04 B

VI



KRAS
MPL
MPL
MPL
MPL
MPL
MPL
MPL
MPL
NF1
NFE2
NFE2
NFE2
NFE2
PDS5B
RAD21
RAD21
SF3B1
SF3B1
SF3B1
SF3B1
SH2B3
SH2B3
SRSF2
SRSF2
SRSF2
SRSF2
STAG2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2
TET2

¢.G34C
€.1543_1552delinsAAGT
¢.11771G6
¢.G1514A
€.G1544C
¢.7610C
c.C791T
¢.71796C
c.T610C
c.G7781A
€.889_900del
c.C814T
¢.7791C
€.750delT
c.4193delA
c.T2A
¢.1548dupA
c.A1877G
¢.A2098G
¢.T1909A
¢.G2225A
¢.C664G
€.955-1G>C
c.C284A
¢.C283G
c.C284A
.C284A
¢.C2360A
c.A3467T
¢.971dupA
¢.C4042T7
¢.C970T
€.5933dupT
¢.5514delT
¢.G670T
¢.680delA
¢.73692C
¢.1567_1568insGA
c.4131delC
¢.G5633A
c.1403delA
¢.C4879T
¢.T5618A
€.5008delC
¢.75618C
¢.C4106T
¢.C1588T
¢.3901_3905delinsC
¢.G5152T
¢.G1051T

p.G12R
p.(Trp515_Pro518delinsLysSer)
p.Y591D
p.S505N
p.W5155
p.5204P
p.S264F
p.L599P
p.5204P
p.R2594H
p.E297_R300del
p.R272X
p.L264P
p.F250Lfs*9
p.A1399Qfs*11
p.M1K
p.P517Tfs*20
p.N6265
p.K700E
p.S637T
p.G742D
p.L222v

p.P95H

p.P95A

p.P95H

p.P95H
p.A787D
p.N1156l
p.Q325Tfs*5
p.Q1348X
p.Q324X
p.T1979Dfs*35
p.G1839Vfs*47
p.E224X
p.T229Hfs*20
p.L1231P
p.L5255fs*8
p.C1378Vfs*69
p.R1878H
p.HA68Lfs*18
p.Q1627X
p.I1873N
p.L16770Sfs*24
p.1183T
p.51369L
p.Q530X
p.A1301fs
p.V1718L
p.E351X

125
17,2
3.8
25
10

10,6
87
5,2
34
7.7
21
3.5
7,7
54
37,4
24
25,6
13

39,9
38,8
41,9
45,5
17,6
42,8

29,6
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TET2
TET2
P53
P53
P53
W11
ZBTB33
ZBTB33
ZBTB33

¢.C4870T
¢.3107dupA
¢.7326C
.G856T
c.G469A
¢.C185A
c.T1112A
¢.1635_1636del
c.G1487A

p.Q1624X
p.H1036Qfs*5
p.F1095
p.E286X
p.V157l
p.S62Y
p.L371X
p.E547Afs*26
p.C496Y

33,5
41
21
22
49,5
3.5
94,3
4.1
27,6
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MOSNIER Carole

Les mutations additionnelles au diagnostic influencent la réponse au traitement de
premiére ligne dans la thrombocytémie essentielle

Introduction : L'objectif du traitement dans la thrombocytémie essentiale (TE), appartenant aux néoplasies
myéloproliféraives BCR ::ABL1 négatives, est de réduire le risque de récurrence thrombotique. Les patients
résistants ou intolérants ayant un mauvais pronostic, il serait intéressant de pouvoir prédire lesquels vont répondre
au traitement de premiére ligne. Notre objectif est donc de décrire I'association entre les mutations additionnelles
au diagnostic et la réponse au traitement de premiére ligne dans la thrombocytémie essentielle.

Méthode : Dans cette étude rétrospective et monocentrique réalisée au CHU d’Angers, les patients étaient éligibles
s'ils avaient recu en premiére ligne un traitement par interferon pegylé (peg-IFN) ou hydroxurée (HU). Pour tous
les patients, un séquencage haut débit a été réalisé sur les prélévements sanguins du diagnostic.

Résultats : Nous avons inclus 121 patients dont le diagnostic a été posé entre 2005 et 2022 dont 86 (71%) ont
été traités par HU et 35 (29%) par peg-IFN avec un suivi médian de 8 et 6 ans, respectivement. Les mutations
additionnelles les plus fréquentes étaient : TET2 (19/121 patients), DNMT3A (13/121), MPL autre que W515 K/L
(8/121), ASXL1 (5/121) et les mutations du splicing (SRSF2, SF3B1 8/121). Aucun patient traité par peg-IFN n‘a
évolué en myélofibrose alors que 16/86 (19%) patients traités par HU ont progressé en myélofibrose secondaire.
A un an, 75 (62%) patients étaient en réponse compléte, 37 (31%) en réponse partielle et 7 (6%) sans réponse.
La présence d'au moins une mutation additionnelle au diagnostic est un facteur de risque de ne pas obtenir de
réponse compléte (HR 0,66 [0,44-0,99] p=0,045) alors que le traitement par interferon est un facteur protecteur
(HR 2,01 [1,29-3,15] p=0,002). La présence d'au moins une mutation additionnelle ou de TET2 au diagnostic est
associée a la progression en myélofibrose et leucémie aigué myéloide (p<0,0001), et seules les mutations de TET2
sont associées a une survie globale diminuée (p<0,0001).

Conclusion : Nos résultats suggérent que la présence de mutations additionnelles au diagnostic est un facteur de
risque de ne pas obtenir de réponse compléte. De plus, les mutations additionnelles et de TET2 sont associées a la
progression en myélofibrose ou leucémie aigué.

Mots-clés : Mutations additionnelles, TET2, Interferon pegylé, Hydroxurée, Thrombocytémie
essentielle

Additional mutations at diagnosis impact the response of first-line treatment in
essential thrombocythemia

Introduction: Essential thrombocythemia (ET) are BCR::ABL1 negative myeloproliferative neoplasms that require
treatment to reduce thromboembolic events which are the main cause of morbidity during follow-up. Since patients
with resistance or intolerance have an adverse prognosis, it would be interesting to predict which patient will
respond to first-line treatment. We therefore aim to describe the association between additional clonal mutations
at diagnosis and response to first-line treatment in essential thrombocythemia.

Methods: In this retrospective monocentric study at Angers University Hospital, patients diagnosed with ET and
who had a DNA blood sample from diagnosis available for Next-Generation-Sequencing, were eligible. For inclusion,
first line treatment with hydroxyurea (HU) or interferon-a therapy (IFN-a) with a follow-up available at one year
was necessary.

Results: We included 121 patients diagnosed between 2005 and 2022, receiving HU as first-line therapy (n=86,
71%) or IFN-a (n=35, 29%), with a median follow-up of 8 and 6 years, respectively. The most frequent additional
mutations were: TET2 19/121 patients (15,7%) DNMT3A 13/121 (10,7%), MPL not W515 K/L 8/121 (6,6%),
ASXL1 5/121 (4,13%), and splicing mutations SRSF2, SF3B1 8/121 (6,6%). None of the patients with IFN-a
therapy progressed to myelofibrosis (MF), whereas 16/86 patients (19%) treated with HU developed secondary
myelofibrosis (p=0.006). At 12 months of treatment, 75 (62%) patients achieved complete response, 37 (31%)
partial response, and 7 (6%) no response. At least one additional mutation at diagnosis was a risk factor for
achieving complete response (HR 0,66 [0,44-0,99] p=0,045) whereas peg-IFN therapy was a protective factor (HR
2,01 [1,29-3,15] p=0,002). The presence of additional mutation or TET2 mutation at diagnosis was associated
with progression to MF or acute myeloid leukemia (p<0.0001) and only TET2 was significantly associated with
reduced overall survival (p<0.001).

Conclusion: In conclusion, our results suggests that additional mutations at diagnosis is a risk factor for achieving
complete response. Furthermore, additional mutations and TET2 mutations are associated with progression to
mvelofibrosis or acute leukemia.

Keywords : Additional mutations, TET2, Pegylated interferon, Hydroxurea, Essential thrombocythemia
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