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Incidence and clinical relevance of anemia in MDS

Anemia is present in 2/3 patients at diagnosis and in almost all during the MDS course.
It is responsable for main morbidity and mortality

Cognitive impairment, falls, reduced QoL....

Anemia associated with cardiac remodeling and hypertrophy

92% of transfusion--dependent vs
48% transfusion independent patients (P = 0.017)

Each 1 g/dL Hb increase predicted a 49% reduction in risk
of cardiac remodeling (P < 0.0001)

...for Hb <10.7 g/dL, QoL was poorer...
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Relazione tra grado di anemia
e comorbidita e mortalita cardiaca
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Ineffective Erythropoiesis

Defects in erythropoiesis, as seen with MDS, may lead to accelerated differentiation
and apoptosis of erythroid precursors, resulting in decreased RBC output

Accelerated erythroid
differentiation

Maturation blockade
(poly-E stage) and increased
apoptosis

Expansion of early
erythroid precursors

Erythroid proliferation Erythroid maturation

> > ©® — ® —

HPC BFU-E CFU-E Ortho-E Reticulocyte RBC
Erythroid proliferation Erythroid maturation
Early-stage erythropoiesis Late-stage erythropoiesis

» 1. Zivot et al. Mol Med 2018;24:11. 2. Valent et al. Haematologica 2018;103:1593-603. 3. Nandakumar et al. Br J Haematol 2016;173:206-218. 4. Fontenay-
Roupie et al. Br ) Haematol 1999;106:464-73.
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The new era of ESAs In clinical practice
THE LANCET e

Volume 323, Issue 8517, 22 November 1986, Pages 1175-1178

Originally published as Volume 2, Issue 8517

EFFECT OF HUMAN ERYTHROPOIETIN DERIVED
FROM RECOMBINANT DNA ON THE ANAEMIA OF
PATIENTS MAINTAINED BY CHRONIC HAEMODIALY SIS

ChristopherG Winearls =, MartinJ Pippard =, MichaelR Downing =, DesmondO Oliver », Cecil Reid =,
P Marv Cotes <

ORIGINAL ARTICLE

Correction of the Anemia of End-Stage Renal Disease with
Recombinant Human Erythropoietin

Joseph W. Eschbach, M.D._, Joan C. Egrie, Ph.D., Michael R. Downing, Ph.D., Jeffrey K. Browne, Ph.D., and John
W. Adamson, M.D.
N Engl J Med 1987; 316:73-78 | January 3, 1937 | DOI: 10.1056/NEJM19370108316020
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Multicenter Italian Study

44 patients were assigned to epoetin alpha (150 U/kg/d s.c. for 8 weeks) and 43 to placebo arms...

14/38 evaluable patients responded to epoetin alpha versus 4/37 to placebo (P=0.007).
....60%0 of non-pretransfused patients responded to epoetin alpha.

Basal erythropoietin (Epo) serum levels > 200 mU/| predicted for a non-response.

rHuEpo was effective in the treatment of low-risk MDS.

RA subtype, no transfusions prior to rHuEpo, and low basal Epo levels

were associated with higher probability of response.

Italian Cooperative Study Group, Rossi Ferrini et al, Br ] Haematol 1998
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EPOANE ad hoc analysis

Placebo  Epoetin Alfa

45
2 (4.4%)

85
27 (31.8%)
<.001
39 (45.9%)
<.001

Subjects achieved Primary endpoint®

p-value®

Subjects with Erythroid Response at any time during the first 24 Weeks of study (ad hoc analysis) 2(4.4%)

p-value ©

9 Erythroid Response determined by the Response Review Committee (RRC) according to the IWG 2006 criteria: Hb increase by 21.5 g/dL or reMyant reduction of units of Rg
transfusions by an absolute number of at least 4 RBC transfusions/8 weeks compared with the pretreatment transfusion number in the previous SNwggks and lastingg
8 weeks.

b vinliin favbvambmmnnt_memiin Adifbnvanmane mva hoyrad am blan Cichav avagad back D ridadd_

Placebo Epoetin Alfa

45 85
Strata 1: Transfusion="No' and serum erythropoietin level <200 mU/mL 1(5.0%) 18 (47.4%)
Strata 2: Transfusion="Yes' and serum erythropoietin level <200 mU/mL 1(5.3%) 9(27.3%)

Strata 3: Transfusion='"No' and serum erythropoietin level 2200 mU/mL 0 0
Strata 4: Transfusion="Yes' and serum erythropoietin level 2200 mU/mL 0 0
p-value ¢ <.001

¢ p-value for treatment group differences are based on the Cochran-Mantel-Haenszel test, 2-sided.

Fenaux et al., Leukemia, 2018
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Terapia con ESAs: impatto sulla sopravvivenza

Jadersten et al, JCO 2008
A
1.0
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£ ., L
s o \ (n=121)
S 02 HR=0.61 e
= it Pt Not treated

0 2 H 6 g8 10 12 14 16 (n=237)

Time (years)

At multivariate analysis treatment with EPO+ G-CSF was associated with:

- better overall survival HR: 0.61[0.44-0.83] p=0.002
- lower risk of NLD HR: 0.66 [0.44-0.99] p=0.042
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Terapia con ESAs: impatto sulla sopravvivenza

A 100% -, B
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0o 1 2 3 4 5 6 7 8 9 10 Years since diagnosis or rEPO treatment
Years since diagnosis or rEPO treatment
At multivariate analysis the use of rEPO is The advantage in survival is limited
independently associated with a longer OS to patients responding to rEPO

HR: 0.43 [C]1 95% 0.25-0.72] Park S. et al, Blood 2008
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The first choice of treatment of anemic lower risk MDS patients should be
ESAs...

...although used for decades,
are still not yet managed optimally...

Selection criteria
Optimal treatment doses
Periods of treatment

Esa failure

Santini V, Hematology Am Soc Hematol Educ Program. 2016 Dec 2;2016(1):462-469.
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Factors predictive for response to ESAs

. Biologics
. Blasts <10%
+~ Normal Caryotype
. Endogenous EPO < 500 U/L
+~ Number of mutations

. Clinics
. Diagnosis of refractory anemia
. IPSS low or intermediate-1
. Short disease duration

«  Trasfusion-independence y ,
Adapted from Santini V. The Oncologist 2011
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L’appropriata selezione dei pazienti
migliora 'outcome della terapia con ESAs

15% di risposte ) >60% di risposte

Pazienti SMD non Pazienti SMD
selezionati. selezionati per

* Diagnosi recente

e Trasfusione-
indipendenza

« EPO sierica <200 U/I

« Citogenetica normale

* IPSS Low-risk, Int-1
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NORDIC group scoring system for predicting response to EPO

—(SCORE > +1)7 Good response
(74%, n=34)
| SCORE = -1 - +1 Intermediate response
GA’ RARS, RAEB) ( ) (23% n=31)
I ) Poor response
(SCORE <-1 ’——— (7%, n=29)

Treatment response criteria Treatment response score
CR Stable Hemoglobin >11.5 g/dl S-EPO <100 +2
U/l 100-500 + 1
PR Increase in Hb with >1.5 g/dI >500 -3
or total stop in RBC transf.
Transf. <2 units/m + 2

URBC/m -=or>2units/m -2

Hellstrom-Lindberg et al. Br J Haematol 1997
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“European” ESA score for predicting response to EPO

In multivariate analysis, IPSS-R, serum EPO, and serum ferritin were significantly associated with
erythroid response (p < 0.0001, p < 0.0001, p = 0.002, respectively)

- EPO>200=1

Ferritin > 350 = 1 0 85%
IPSSR: 1 oo
Very low=0
Low =1 2 64%
Intermediate
3 40%
>4 20%
Courtesy of Enrico Balleari Santini V, et al. Blood. 2013.
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ITACA: A New Validated International ESA-Response Score

- EPO
=ITACA (p<.0001)

— 90 = MDS-CAN (p<.0001)
> 100 - 0 IPSS-R-based (p<.0001)

80 - m Nordic (p<.0001)
<100 =1 o
* Transfusion 60
dependent =0 S0
40
independent =1 20
* IPSS 20
* INT-1 or Higher=0 | 1o
0

e Low =1

*

« ITACA has the highest discriminating power for predicting ESA response based on the
highest Somers D, greatest decline in Aikaike information criterion (AIC) and highest G2
compared with the other models. Buckstein et al. Am J Hematol 2017
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Somatic mutations are predictive of response to ESAs in lower-risk MDS

SF3B1
U2AF1
SRSF2
ZRSR2
TET2
DNMT3A
IDH1/2
KDMGA
ASXL1
EZH2
RUNX1
TP53

BCOR

U s R

PTPN11
PHF6

STAG2
Karyotype
Response IWG 2006 .

cohesins

>2 somatic mutations predlct for no response to ESAs in LR- MDS
< 2 mutations: 74% vs 46% >2 mutations (P=0.01)

Kosmider O et al, Haematologica 2016
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Risposta ematologica Epo alfa: 40.000 Ul BIW

RA, RARS,
20 = RAEB
80 -
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60 -

Oow 4w 8w 24w 50 -

LI 1
RR RR 40 -

30 -
20 -
10 -

40000BW | 40000QW |

4 Weeks 8 Weeks

Epo alfa 80.000 Ul: 68% di risposta

Aloe-Spiriti, Annals of Hematology 2005
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Higher Versus Standard EPO Doses in MDS o
Erythroid response to EPO

60

p=0.26

50 -

40 -

____mresponders

30 -
no responders

20 -

10

O ] T 1
standard dose higher dose

Balleari E et al, Cancer Medicine 2019
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Higher Versus Standard EPO Doses in MDS
Overall survival of propensity-score matched patients according to rhEPO doses

1,01
N Median OS
—_— SD cohort 208 58.5 mos P=0.78
0.8
== == HDcohort 104 80.2 mos
<
-
= 087
g
= T
L 047 (P
O
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Figure 1

Balleari E et al, Cancer Medicine 2019
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Response to EPO has a positive impact on both Qol and OS in MDS anemic pts;

However:

Itis observed in no more than = 50-70%; the median duration of response is=1,5-2Vy.

VOLUME 35 - NUMBER 14 - MAY 10, 2017

Outcome of Lower-Risk Patients With Myelodysplastic
Syndromes Without 5q Deletion After Failure of
Erythropoiesis-Stimulating Agents

1698 pts nd [j
ESA response rate 61,5% 27 line treatment
Median duration of response 17 months BSC 627 (61%)
HMA 194 (16.9%)
1147 (67,6%) % pts with failure Len 148 (12.9%)
-654 refractory Others 108 (9.4%)

-494 relapsing
Park S et al, JCO 2017



Clinica e Terapia delle Sindromi Mielodisplastiche

LENALIDOMIDE IN MDS NON DEL5q: PROTOCOLLO MDS 005

26.9% M LEN (n = 160)
o5 M Placebo (n = 79)
20 - 17.5%

Patients (%)
o

10 -
S 7 2.5%
. 0%
RBC-TI 2 8 weeks RBC-TI 2 24 weeks

Santini V et al. JCO 2016;34:2988-96
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the phase 2 study
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Luspatercept for lower risk MDS:

i ‘. . | .
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Luspatercept for lower risk MDS

Luspatercept

* Luspatercept is an investigational first-in-class erythroid maturation agent that neutralizes

select TGF-B superfamily ligands to inhibit aberrant Smad2/3 signaling and enhance late-stage
erythropoiesis in MDS models?

* |In a phase 2 study in LR, non-del(5q) MDS, luspatercept yielded a high frequency of transfusion
reduction or RBC-Tl in patients with MDS-RS vs other subtypes?

Luspatercept
ActRIIB / IgG1 Fc recombinant TGF-B
fusion protein superfamily ActRIB
i Modified ligand

b €xtracellular
domain of
= ActRIIB

Cytoplasm

Human
IgG1 Fc
» domain

ActRIIB, human activin receptor type I1B; IgG1 Fc, immunoglobulin G1 fragment crystallizable; RBC-TI, red blood cell transfusion independence; 1. Suragani RN, et al. Nat Med. 2014;20:408-414;
RS, ring sideroblasts; TGF-B, transforming growth factor beta.

2_Platzbecker U, et. A. Lancet Oncol. 2017; 18:1338.
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ORIGINAL ARTICLE ‘

Luspatercept in Patients with Lower-Risk
Myelodysplastic Syndromes

0 W Luspatercept (N=153) [ Placebo (N=76)

454 p20001
% R P<0.001
354 P<0.001

Percentage of Patients

=8 Wk =12 Wk =12 Wk =16 Wk =16 Wk
(wk 1-24) (wk 1-24) (wk 1-48) (wk 1-24) (wk 1-48)
No. of Patients with
Response (% [95% CIJ)
Luspatercept S8(38[30-46)  43(28[21-36)  S1(33[2641)  29(19[13-26) 43 (28[21-36)
Placebo 10 (13 [6-23) 6 (83-16) 9 (12[6-21)) 3 (4[1-11]) 5 (7[2-15)

Feanux P. et al NEJM 2020

Figure 1. Independence from Red-Cell Transfusion.
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MEDALIST Trial
Duration of RBC-Tl Response in Primary Endpoint Responders

Median duration (weeks) (95% CI): 30.6 (20.6-40.6) vs 13.6 (9.1-54.9)
Luspatercept

Placebo
+ + Censored

© O =
© © O

RBC-TI
o oo
oo N

o O
w b

Probability of Maintaining

O O«
NN

(@)

0 10 20 30 40 50 60 70 80 90 100 110 120
Duration of RBC-TI? (week)

Number of patients
Luspatercept 58 49 37 29 22 18 10 6 3 2 1 1 0
Placebo 10 9 3 2 2 2 0

1. Fenaux et al. ASH 2018
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