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La trombocitopenia immune nell'era
della medicina personalizzata

ITP: quali novita in questi ultimi 2 decenni?

Inguadramento classificativo
Classificazione terminologica (IWIG)
Nuove conoscenze fisiopatologia
ITP: singola malattia vs sindrome
E’ giusto trattarle tutte allo stesso modo ?
Linee guida internazionali (ASH, SIE, ICR)
Corretto uso dei corticosteroidi e prevenzione loro tossicita
Maggiore esperienza sull’'uso del Rituximab (selezione dei pazienti)
Nuovi agenti terapeutici oggi disponibili
o TPO mimetici (nuovi agenti, tapering)
o Fostamatinib
Nuovi algoritmi terapeutici
Ruolo della splenectomia
Nuovi agenti terapeutici in studio (Efgartigimod, Rilzabrutinib, anti BAFF, altri)
QoL

Gestione di situazioni particolari (urgenze, paziente fragile, paziente refrattario, gravidanza, trombosi, COVID19)



i

What are the second-line treatments for ITP in adults? An
overview of therapies according to the international
consensus (2019)

MMF, mycophenolate mofetil. Provan D, et al. Blood Adv. 2019;3:3780-817.
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ITP: FISIOPATOLOGIA E RUOLO DI SYK

Francesco Zaja

Universita di Trieste



Genetic susceptibility:
« HLABSDR3 (?)
 Higher incidence in pts with

Genetic susceptibility
immunodeficiency

* Role of polymorphisms FcyRlla-lllb (?)
» Higher TNF-B G/G phenotype in ITP
vs control (G/G vs G/A or A/A)

Enviroment:

* Virus-associated ITP
* HIV

« HCV

* EBV

 Helicobacter Pilorii

Immune

deregulation * Molecular mimicry




Breakdown of immune tolerance to platelet antigens

B cell mechanisms

Treg
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T cell mechanisms
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Macrophages and dendritic cells can
present antigens to Th cells

e B-cell activation

e Cytotoxic T cell activation

Platelet phagocytosis
Platelet lyisis

Platelet desyalilation
Impaired Mkpoiesis

Dysfunctional regulatory T and B cells

Adapted from Swinkels et al Frontiers in Immunology 2018



Megakaryocyte

Tc cell-mediated
platelet destruction

Impaired megakaryocyte
maturation
Reduced platelet production

Platelet autoantibody production

IL-2
IFN-y

Stasi et al; Thromb Haemostas, 2008



ITP pathogenesis T-cells

Damages of platelets and

megakaryocytes causedby  [\f]@egakaryocytes &TPO
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Kashiwagi et al International Journal of Hematology 2013
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ITP is an autoantibody based disease

Inhibition of megakaryocytes by
plasma from ITP patients: 20042
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Immune Thrombocytopenic Purpura
Autoantibodies Stimulate Apoptosis
in Megakaryocytes

Ultrastructure of Normal and ITP Megakaryocytes

Normal Megakaryocyte ITP Megakaryocyte

Houwerzijl EJ 2004




Inadequate TPO levels in patients with ITP TPO-mimetics

Romiplostim
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Mechanisms of thrombocytopenia in ITP

1. Decreased platelet survival

Platelet Count x 10%/ liter
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1.

2.

3.

Pathophysiology of primary ITP

Increased platelet destruction

Impaired platelet production

Inadequate eTPO serum level

Rationale for the development of new agents
that act against PLT destruction

Rationale for the development of the TPO-RA




B-cells & antibodies

| Antiplatelet antibodies: 1951! l Inhibition of megakaryocytes by
plasma from ITP patients: 20042
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B-cells & antibodies

Anti-platelet antibodies are produced by a restricted number of B-cell clones, who underwent somatic

hypermutation (CD4+-T cell-driven specific antigen response)?

Autoantibodies mediate platelet clearance by:
* Fc-dependent manner: phagocytosis, apoptosis, complement activation

* Fc-independent manner: desyalilation?3

1. Roark et al. Blood 2002 2. Kile nat.med 2015 3.Grozovsky et al. Nat Med 2015



B-cells & antibodies - desialylation

Megakaryocyte
egakaryocyte progenitor  Stem cell

Hepatocyte

Platelets

Desialylation can be triggered by antiplatelet antibodies, both GPIbIX and GPIllIb/Illa:
* Enhanced platelet cleareance?

» Therapeutic target ?
: : P
* Impaired platelet production?

1. Li et al. Nat Commun. 2015; 2. Marini et al Haematologica. 2021



B-cells & antibodies
Belimumab

Sutimlimab  Iptacopan
Rituximab - @ @

lanalumab

>\ . 2
Fostamatmlb/ ) _ ==< %

/ J Efgartigimod
Rilzabrutinib *

Mezagitamab Daratumumab

1. Roark et al. Blood 2002 2. Kile nat.med 2015 3.Grozovsky et al. Nat Med 2015



T-cells

Patients with chronic ITP have a clonal expansion of a particular
subset of CD8+ T cells: terminally-differentiated effector memory

(TEMRA) T cells, that display features of activation.

Patients with more refractory disease have a greater expansion of
T-cell clones.

TEMRA cells are inversely correlated with platelet count

When co-cultured with platelets, these cells promote platelet
activation and apoptosis

CD8" TEMRA

Platelet count

Time

CDé62P
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TCR MHC
Class |
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L CD8" TEMRA cells J [ Activated platelets }

Malik A et al. Blood 2023; Lazarus & Semple, Blood 2023



Syk pathway
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The importance of Syk in FcR and BCR signaling

A

Antigen

Immune
complex

Fostamatinib is an inhibitor of Syk, a tyrosine kinase involved in the FcR and BCR signaling
pathway






Non-immune functions of Syk

/ Neutrophil extracellular traps (NETs) \

CLEC-2-

FcyRIIA- podoplanin

IgG

Vessel lumen

A Ab/Ag complex

Endothelium

Cerebral thrombosis ..
) Platelet activation
Atherosclerosis «—
Coronary thrombosis
Pulmonary embolism
Deep vein thrombosis

Modified from Thalin C, et al. Arterioscler Thromb Vasc Biol. 2019;39:1724-1738



Fostamatinib: a Syk inhibitor

* Small molecule, orally administered, pro-drug for active moiety, R406

 R406 is potent inhibitor of Syk (inhibition of phosphorylation)

* In a mouse model of passive ITP, inhibition of Syk using Fostamatinib reduced platelet

destruction, underscoring the role of Syk in phagocytosis of antibody-coated platelets

Podolanczuk A, et al . Blood. 2009;113:3154-3160. Bussel J et al, AJH 2018;93:921-930; Braselmann, et al J Pharmacol Exp Ther 2006 Dec;319(3):998-1008



Fostamatinib in the management of ITP

The antibody coated platelet attaches to the Fcy expressed on
macrophages and other APC

This reaction activates Syk

Syk triggers macrophages to involve the attached antibody coated-
platelet mediating phagocytosis

Fostamatinib inhibits the activation of Syk and represents a novel
mechanism of blocking IgG receptor signaling in macrophages

Macrophage
(APC)

Cooper N and Ghanima W, NEJM 2019
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Of mice and men: an open-label pilot study for treatment of immune
thrombocytopenic purpura by an inhibitor of Syk

Anna Podolanczuk,’2 Alan H. Lazarus,® Andrew R. Crow,? Elliot Grossbard,* and James B. Bussel®

240

Table 3. All adverse reactions reported by patients on stud
. P Yy P y
Pa t | e n tS 1 6 10 l Patients reporting Reaction probably
J_ [ Adverse reaction reaction, n related to R788
Median age, y (range) 66 (31-88) 180 - T Drousinessatgue Lo o
. . g 150 SBP increased by = 10 mm Hg 5 <— Yes
Median ITP duration, y 9 (1to>29) X ] e [ ‘ Yee
(range) R stz | gy s : -
Abdominal pain 3 Yes
History of 3 prior 15 (94%) o e : o
treatments, n (%) Ml W] - Lr AT 2 i : e
0 T T T UTI 1 No
Median baseline platelet 16 (2-28) o Maintained ~ Non-mainisined  Nonsespander Al Paients — 1 o
count, n 10x%/L, (range) . ] o
Lung hemangioma 1 No
LAD 1 No
Persistent responses 8 (50%)
Non sustained responses 4
No response 4

Podolanczuk A, et al . Blood. 2009;113:3154-3160.



Spleen Tyrosine Kinase Inhibition Attenuates
Autoantibody Production and Reverses Experimental
Autoimmune GN
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Fostmatinib may attenuate the induction and progression of autoimmunity, without associating
immunosuppressive effects

McAdoo SP, et al. ] Am Soc Nephrol. 2014;25:2291-2302



Long-term analysis (5 years)- Safety (thromboembolic events)

SYK inhibition with fostamatinib may decrease the risk of thromboembolic events (TEE) in ITP patients

 InFIT1, FIT2 and FIT3 1/146 (0.7%) patient had a transient ischemic attack in a patient with pre-existing
atherosclerosis, which resolved spontaneously (median number of TEE risk factors 2 (0-7).

 The rate of TEEs reported in ITP patients receiving TPO-RAs in multiple studies ranged from 0 to 9%

* In an acute stroke model, SYK inhibition/depletion:

o protected mice from aortic thrombosis and diminished brain infarction size

o without increasing hemorrhage risk
* SYK s required for GPVI and CLEC-2 receptor signaling in mouse and human platelets. Both receptors are
involved in platelet activation and TEEs but are non essential for normal hemostasis in mice

* R406 (active metabolite of fostamatinib) inhibits GPVI and CLEC-2 signaling in human platelets in vitro

Cooper et al Ther Adv Hematol. 2021 Apr 30;12:20406207211010875
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Discoidin Domain Receptor 1 Protein Is a Novel Modulator of
Megakaryocyte-Collagen Interactions”

Received for publication, October 29, 2012, and in revised form, March 18,2013 Published, JBC Papers in Press, March 24, 2013, DOI 10.1074/jbc.M112.431528
Vittorio Abbonante™, Cristian Gruppi®, Diana Rubel®, Oliver Gross®, Remigio Moratti*, and Alessandra Balduini*"'

Collagen receptor discoidin domain receptor 1 (DDR1) regulates human MK migration by the
modulation of phosphatase SHP1 and SYK activity

DDR1 is involved in the complex modulation of MK-collagen interactions

Inhibition of DDR1 binding to type | collagen determines a decrease in MK migration due to the
reduction in SHP1 phosphatase activity and consequent increase in the phosphorylation level of its
main substrate Syk

Consistently, inhibition of Syk activity restored MK migration on type | collagen

DDR1 is a new regulator of MK function



Take home messages

SYK pathway: azione pleiotropica

Inibizione SYK: una nuova modalita di azione terapeutica
Blocco di SYK: azione su diversi targets

Protezione sul rischio trombotico; ruolo su emopoiesi ?

Nuova opportunita terapeutica da collocare nell’algoritmo terapeutico dei pazienti affetti da ITP
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