
LE MIELODISPLASIE, OGGI: 
Spunti terapeutici della quota 

di eritropoiesi inefficace	
  

Carlo Finelli 
Istituto di Ematologia.  

Policlinico S. Orsola-Malpighi. Bologna	
  



CLASSIFICAZIONE PATOGENETICA DELLE 
ANEMIE 

a) ridotta formazione di eritroblasti (I gruppo) 
(Aplasia) 
b) ridotta formazione di eritrociti (II 
gruppo) (Eritropoiesi inefficace) 
c) ridotta sintesi di emoglobina (III gruppo) 
d) ridotta sopravvivenza degli eritrociti (IV 
gruppo) (Emolisi) 



ANEMIE DEL II GRUPPO 

•  Sono caratterizzate prevalentemente da una 
ridotta formazione di eritrociti, spesso più grandi 
del normale (macrociti o megalociti). Il numero 
dei reticolociti è molto basso; a differenza di 
quanto avviene nel I gruppo, la biopsia midollare 
mostra un'enorme iperplasia eritroblastica: gli 
eritroblasti «affluiscono» a legioni dai pools 
staminali, ma proliferano e maturano 
difettosamente, morendo in gran parte prima di 
diventare eritrociti (eritropoiesi inefficace). 
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SINDROMI MIELODISPLASTICHE (MDS) 

Gruppo eterogeneo di malattie, caratterizzate da: 
 

 1) citopenia periferica 
 2) dismielopoiesi, con midollo più spesso normo-
ipercellulato, più raramente ipocellulato, con o senza 
incremento della quota blastica (comunque < 20%) 
 3) aumentato rischio di evoluzione in leucemia acuta 
mieloide (AML)   







ANEMIA in MDS 
•  More than 50% of 

patients show anemia 
(Hb < 10 g/dl) at 
diagnosis 

•  More than 90% become 
anemic during the course 
of the disease 

•  More than 80% require 
red-cell transfusion 



New IWG criteria  
(Hematological Erythroid 

Improvement for Hb < 11 g/dl) 
Blood 2006 

•  Hb increase by > 1.5 g/dl 

•  Reduction of transfusion by an absolute 
number of at least 4 RBC trasfusions/8 
weeks compared to pre-treatment 
transfusion number in the previous 8 
weeks (Hb < 9 g/dl) 

•  Responses must last > 8 weeks 



Erythropoie+n	
  is	
  Essen+al	
  for	
  Key	
  Steps	
  in	
  
Erythropoiesis	
  

Papayannopoulou T, et al. In: Hoffman R, et al., ed. Hematology: Basic 
Principles and Practice. 4th ed. 2005;267-288.  

SCF, GM-CSF,  
IL-3 

SCF, IL-1, IL-3,  
IL-6, IL-11 

EPO Dependent EPO Independent 

Decreasing EPO 
Receptor Density 

Increasing EPO 
Receptor Density 

Erythropoietin 

Pluripotent 
Stem Cell 

Burst-Forming 
Unit-Erythroid 
Cells (BFU-E)  

Colony-Forming 
Unit-Erythroid 
Cells (CFU-E) 

Reticulocytes RBCs Erythro- 
blasts 

Proerythro- 
blasts 

About 8 Days 

Iron 



ACTIVITY OF r-EPO IN MDS	
  	
  

STIMULATION 
OF NORMAL OR 
CLONAL 
ERYTHROID 
PRECURSORS 

INHIBITION OF 
PREMATURE 
APOPTOSIS 

Merchav 1990; Aoki, 1992, 
Rigolin et al, 2002 and 2004 

Aoki et al, 1992; Tehranchi et al,  
2003; Rigolin et al, 2004; Stasi et al, 
2004 
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Neoplasie di origine mieloide: uno scenario in evoluzione  |  Firenze 23 – 24 novembre 
2016   | 

Arresto in G2 
ed apoptosi del clone 5q- 

Riduzione di p53 
e ripristino dell’eritropoiesi 

Sallman DA et al, Front Oncol 
2014;4:264-9 

MDS CON DELEZIONE 5q: 
MECCANISMO DI AZIONE DELLA LENALIDOMIDE 



Potential Mechanisms for the Hematologic Effect 
of Deferasirox  

1. Messa E, et al. Haematologica. 2010;95:1308-16. 2. Ghoti H, et al. Eur J Haematol. 2007;79:463-7. 
3. Hartmann J, et al. Blood. 2008;112:[abstract 2694]. 4. Chan LSA, et al. Blood. 2008;112:[abstract 2685].  

5. Breccia M, et al. Acta Haematol. 2010;124:46-8. 6. Guariglia R, et al. Leuk Res. 2011;35:566-70. 
7. Ren X, et al. J Appl Physiol. 2000;89(2):680-6. 

Direct effect on a 
neoplastic clone or on 
bone marrow 
environment 

Promoting iron release from 
iron stores allowing use by 
hemopoietic tissue 

Reduction in oxidative 
species which correlate 
with inefficient 
erythropoiesis2–4 

Inhibition of NF-κβ leading to a reduction in  
the transcription of anti-apoptotic factors, 
cytokines, or adhesion molecules that may 
effect erythroid inefficacy1 

Increasing endogenous 
EPO levels7 

Potential mechanisms for the hematological  
effect of deferasirox5,6 





                    DISERITROPOIESI: SIDEROBLASTI AD ANELLO 
(da Liso V., in: “Sindromi Mielodisplastiche. Dalla teoria alla pratica clinica” 
Elsevier Masson, 2008) 

DEFINIZIONE DI SIDEROBLASTI 
 
- tipo 1: < 5 granuli siderotici 
- tipo 2: ≥ 5 granuli siderotici  
(non perinucleari 
-  ad anello: ≥ 5 granuli 
perinucleari (solitamente ma non 
necessariamente ≥ 1/3 della rima 
nucleare) 
- RARS o RCMD-RS: sideroblasti 
ad anello ≥ 15%  
 
 



Pathophysiology of ring sideroblasts 

•  The excess iron in the mitochondria of ring sideroblasts 
is stored in the form of mitochondrial ferritin, a ferritin 
isoform encoded by an intronless gene mapped on 
chromosome 5q23.1 (Levi et al, 2001; Cazzola et al, 
2003). Mitochondrial ferritin has ferroxidase activity, and 
is therefore likely to sequester potentially harmful free 
iron (Corsi et al, 2002; Drysdale et al, 2002), and in 
human tissues has a highly restricted expression in 
erythroid cells and testis (Santambrogio et al, 2007; 
Arosio & Levi, 2010). 





Nature. 2011 Sep 11;478(7367):64-9 



SPLICING	
  
•  splicing	
  Processo	
  di	
  trasformazione	
  (maturazione)	
  di	
  una	
  molecola	
  

di	
  RNA	
  mediato	
  dalla	
  rimozione	
  di	
  alcune	
  sequenze	
  (introni)	
  e	
  
dall’unione	
  di	
  quelle	
  rimanen+	
  con	
  formazione	
  di	
  un	
  RNA	
  maturo	
  
per	
  le	
  successive	
  funzioni	
  (in	
  par+c.,	
  per	
  la	
  traduzione,	
  nel	
  caso	
  
dell’mRNA).	
  Lo	
  s.	
  riguarda	
  sia	
  i	
  tRNA,	
  sia	
  gli	
  rRNA	
  che,	
  sopraGuGo,	
  
gli	
  mRNA.	
  Il	
  trascriGo	
  primario	
  di	
  ogni	
  gene	
  che	
  codifica	
  una	
  
proteina	
  (pre-­‐mRNA)	
  ha	
  infaK	
  la	
  stessa	
  organizzazione	
  del	
  gene	
  
stesso.	
  Esso	
  con+ene	
  brevi	
  traK	
  di	
  RNA	
  codifican+	
  i	
  polipep+di	
  
(esoni)	
  intervalla+	
  da	
  lunghe	
  regioni,	
  spesso	
  con	
  funzione	
  
regola+va,	
  non	
  codifican+	
  (introni).	
  Un	
  +pico	
  gene	
  di	
  mammifero	
  è	
  
distribuito	
  su	
  16	
  kb	
  di	
  cui	
  solo	
  una	
  piccola	
  parte	
  codificante;	
  a	
  
seguito	
  della	
  rimozione	
  degli	
  introni,	
  l’mRNA	
  ha	
  una	
  lunghezza	
  
media	
  di	
  circa	
  2,2	
  kb.	
  Lo	
  s.,	
  insieme	
  ad	
  altre	
  modificazioni	
  degli	
  RNA	
  
di	
  nuova	
  sintesi,	
  ha	
  luogo	
  nel	
  nucleo	
  della	
  cellula.	
  



Subtype N. pts SF3B1 mutation (%) 

Myelodysplastic syndromes 

RA 122 14 (11.5%) 

RARS 105 83 (79.0%) 

RCMD 96 6 (6.3%) 

RCMD-RS 52 30 (57.7%) 

RAEB-1 83 7 (8.4%) 

RAEB-2 53 6 (11.3%) 

MDS del(5q) 22 4 (18.2%) 

Myelodysplastic/myeloproliferative neoplasms 

CMML 62 4 (6.5%) 

RARS-T 18 12 (66.7%) 

MDS/MPN-U 3 0 

SF3B1 mutations in patients in myeloid neoplasms 

Blood 2011 ;118:6239-46  

Mutations of SF3B1 (25-30% of MDS) 

Malcovati et al, Blood 2011 

SF3B1, a gene encoding a core component of RNA splicing machinery 



MDS con Mutazione di SF3B1 

Malcovati E et al. Blood 2015 

v  n=293 pazienti con neoplasie mieloidi e >1% sideroblasti ad anello (RS) 
v  SF3B1 mutata nell’81% delle RARS o RCMD-RS 

OS 

CIP 

v   Le MDS con RS non-mutate per SF3B1  
presentano displasia multilineare e prognosi  
sfavorevole 















Sotatercept and Luspatercept: Novel Ligand 
Traps for TGF-β Superfamily Ligands 

1. Komrokji R, et al. Blood. 2014;124(21) [poster presentation; abstract 3251]. 2. Carrancio S, et al. Br J Haematol. 2014;165(6):870-882. 3. Suragani 
R, et al. Nat Med. 2014;20(4):408-414. 4. Platzbecker U, et al. Blood. 2014;124(21) [oral presentation; abstract 411]. 5. Iancu-Rubin C, et al. Exp 
Hematol. 2013;41(12):155-166.e17.  









Luspatercept-ACE536 

1.Attie, K et al Am J Hematol 2014;89:766 

2.Suragani R, et al. Nat Med. 2014;20(4):408-414.  

•  È una proteina di fusione tra dominio extracellulare modificato del recettore di tipo IIB dell’activina (ActRIIB) 
e la porzione Fc dell’IgG umana 

•  Agisce come ligand trap di vari ligandi di TGF-β,  

•  tra cui GDF11, regolatore negativo degli stadi tardivi della differenziazione eritroide  àda cui l’inibizione 
del signaling Smad2/3  
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Luspatercept: Overview 

•  Modified extracellular domain of activin 
receptor type IIB (ActRIIB) linked to the 
Fc protein of human IgG 

–  Modified to decrease binding to activin A 

•  Binds to ligands in the TGF-β 
superfamily (GDF11) that regulate 
late-stage erythropoiesis and inhibits 
Smad2/3 signaling 

•  SMAD2/3 is constitutively activated in 
the hematopoietic progenitors, resulting 
in ineffective erythropoiesis1 

Suragani R, et al. Nat Med. 2014;20:408-414.  
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Luspatercept: Hypothesized Mechanism of Action 

•  In preclinical murine models, 
luspatercept2: 

•  Promoted maturation of 
late-stage erythroid 
precursors in vivo 

•  Increased RBC, 
hematocrit, and Hb levels 
in a dose-dependent 
manner 

•  In a phase I clinical trial in healthy 
post-menopausal women4: 
Luspatercept stimulated RBC 
production and increased Hb 
levels at effective dose levels 

Erythropoietin 













Sotatercept	
  in	
  pa8ents	
  with	
  osteoly8c	
  lesions	
  of	
  mul8ple	
  
myeloma	
  (Abdulkadyrov	
  KM,	
  Br	
  J	
  Haematol	
  2014)	
  

•  Phase	
  IIa	
  study:	
  30	
  newly	
  diagnosed	
  and	
  relapsed	
  mul+ple	
  myeloma	
  (MM)	
  pts	
  (6	
  
placebo,	
  24	
  sotatercept);	
  all	
  pts:	
  six	
  cycles	
  of	
  combina+on	
  oral	
  melphalan,	
  
prednisolone,	
  and	
  thalidomide	
  (MPT)	
  

•  Evalua+on	
  of	
  	
  bone	
  metabolism	
  and	
  haematopoiesis	
  
•  In	
  pa+ents	
  without	
  bisphosphonate	
  use,	
  anabolic	
  improvements	
  in	
  bone	
  mineral	
  

density	
  and	
  in	
  bone	
  forma+on	
  rela+ve	
  to	
  placebo	
  occurred,	
  whereas	
  bone	
  
resorp+on	
  was	
  minimally	
  affected.	
  

•  Increases	
  in	
  haemoglobin	
  levels,	
  versus	
  baseline,	
  and	
  the	
  dura+on	
  of	
  the	
  
increases,	
  were	
  higher	
  in	
  the	
  sotatercept-­‐treated	
  pa+ents,	
  with	
  a	
  trend	
  sugges+ng	
  
a	
  dose-­‐related	
  effect.	
  

•  25%	
  of	
  pa+ents	
  received	
  all	
  four	
  sotatercept	
  doses;	
  71%	
  of	
  sotatercept-­‐treated	
  
pa+ents	
  had	
  ≥1	
  dose	
  interrup+on	
  mainly	
  due	
  to	
  increases	
  in	
  haemoglobin	
  levels.	
  
Grade	
  ≥3	
  adverse	
  events	
  (AEs):	
  17%	
  of	
  pts	
  receiving	
  placebo	
  and	
  58%	
  receiving	
  
sotatercept.	
  Grade	
  4	
  AEs	
  in	
  sotatercept-­‐treated	
  pa+ents	
  were	
  neutropenia,	
  
granulocytopenia,	
  and	
  atrial	
  fibrilla+on	
  (one	
  pa+ent	
  each).	
  	
  





Sotatercept	
  (ACE-­‐011)	
  for	
  the	
  treatment	
  of	
  chemotherapy-­‐induced	
  anemia	
  
in	
  pa8ents	
  with	
  metasta8c	
  breast	
  cancer	
  or	
  advanced	
  or	
  metasta8c	
  solid	
  
tumors	
  treated	
  with	
  pla8num-­‐based	
  chemotherapeu8c	
  regimens:	
  results	
  

from	
  two	
  phase	
  2	
  studies	
  (RaTopoulos	
  H,	
  Support	
  Care	
  Cancer	
  2016)	
  

•  In	
  study	
  A011-­‐08,	
  pts	
  with	
  metasta+c	
  breast	
  cancer	
  were	
  randomized	
  to	
  
2:2:2:1	
  to	
  receive	
  sotatercept	
  0.1,	
  0.3,	
  or	
  0.5	
  mg/kg,	
  or	
  placebo,	
  
respec+vely,	
  every	
  28	
  days.	
  In	
  study	
  ACE-­‐011-­‐NSCL-­‐001,	
  pts	
  with	
  solid	
  
tumors	
  treated	
  with	
  pla+num-­‐based	
  chemotherapy	
  received	
  sotatercept	
  
15	
  or	
  30	
  mg	
  every	
  42	
  days	
  

•  In	
  the	
  A011-­‐	
  08	
  and	
  ACE-­‐011-­‐NSCL-­‐001	
  studies,	
  more	
  pts	
  achieved	
  a	
  mean	
  
Hb	
  increase	
  of	
  ≥1	
  g/dL	
  in	
  the	
  combined	
  sotatercept	
  0.3	
  mg/kg	
  and	
  15	
  mg	
  
(66.7	
  %)	
  group	
  and	
  sotatercept	
  0.5	
  mg/kg	
  and	
  30	
  mg	
  (38.9	
  %)	
  group	
  
versus	
  the	
  sotatercept	
  0.1	
  mg/kg	
  (0	
  %)	
  group.	
  No	
  pa+ents	
  achieved	
  a	
  
mean	
  Hb	
  increase	
  of	
  ≥1	
  g/dL	
  in	
  the	
  placebo	
  group.	
  	
  

•  The	
  incidence	
  of	
  treatment-­‐related	
  adverse	
  events	
  (AEs)	
  was	
  low	
  in	
  both	
  
studies,	
  and	
  treatment	
  discon+nua+ons	
  due	
  to	
  AEs	
  were	
  uncommon	
  









Luspatercept	
  Increases	
  Hemoglobin,	
  Decreases	
  Transfusion	
  Burden	
  and	
  
Improves	
  Iron	
  Overload	
  in	
  Adults	
  with	
  Beta-­‐Thalassemia	
  

Piga	
  A	
  et	
  al.	
  Blood	
  2016	
  128:851	
  (ASH	
  2016)	
  

•  30	
  TD	
  pts	
  (base	
  study),	
  (24	
  extension	
  study).	
  
•  20/24	
  (83%)	
  and	
  16/24	
  (67%)	
  TD	
  pts	
  achieved	
  a	
  ≥	
  33%	
  and	
  ≥	
  50%	
  decrease	
  

in	
  transfusion	
  burden	
  over	
  any	
  12-­‐week	
  period	
  compared	
  to	
  baseline,	
  
respec+vely.	
  Dura+on	
  of	
  response	
  ranged	
  from	
  12	
  to	
  48+	
  weeks.	
  

•  34	
  NTD	
  pts	
  	
  (base	
  study),	
  (27	
  extension	
  study)	
  	
  
•  21/27	
  (78%)	
  and	
  15/27	
  (56%)	
  NTD	
  pts	
  achieved	
  ≥	
  1.0	
  g/dL	
  and	
  ≥	
  1.5	
  g/dL	
  

increases,	
  respec+vely,	
  in	
  mean	
  Hgb	
  over	
  any	
  12-­‐week	
  period	
  compared	
  
to	
  baseline.	
  Dura+on	
  of	
  response	
  ranged	
  from	
  16	
  to	
  72+	
  weeks,	
  with	
  no	
  
trend	
  for	
  lower	
  Hgb	
  response	
  over	
  +me.	
  3/5	
  (60%)	
  pts	
  with	
  baseline	
  LIC	
  ≥	
  
5	
  mg/g	
  dw	
  had	
  a	
  decrease	
  in	
  LIC	
  ≥	
  2	
  mg/g	
  dw	
  aher	
  at	
  least	
  6	
  months	
  of	
  
treatment;	
  8/9	
  (89%)	
  pa+ents	
  with	
  baseline	
  LIC	
  <	
  5	
  mg/g	
  dw	
  maintained	
  
LIC	
  <	
  5	
  mg/g	
  dw.	
  

•  AEs	
  were	
  mostly	
  mild-­‐moderate:	
  bone	
  pain,	
  myalgia,	
  arthralgia,	
  headache,	
  
asthenia,	
  and	
  musculoskeletal	
  pain.	
  



INTERIM	
  RESULTS	
  FROM	
  A	
  PHASE	
  2A,	
  OPEN-­‐LABEL,	
  DOSE-­‐FINDING	
  
STUDY	
  OF	
  SOTATERCEPT	
  (ACE-­‐011)	
  IN	
  ADULT	
  PATIENTS	
  (PTS)	
  WITH	
  

BETA-­‐THALASSEMIA	
  
M.D.	
  Cappellini	
  et	
  al,	
  Haematologica	
  |	
  2015;	
  100(s1)	
  |	
  17-­‐18	
  (EHA	
  2015)	
  

•  30	
  of	
  46	
  pts	
  (65%)	
  in	
  the	
  sotatercept	
  0.1,	
  0.3,	
  0.5,	
  0.75,	
  and	
  1.0	
  mg/kg	
  dose	
  groups	
  
were	
  NTD	
  and	
  16	
  (35%)	
  were	
  TD).	
  	
  

•  Of	
  30	
  NTD	
  pts,	
  6,	
  6,	
  6,	
  7,	
  and	
  5	
  were	
  included	
  in	
  the	
  different	
  dose	
  groups.	
  	
  
•  Increased	
  exposure	
  was	
  associated	
  with	
  higher	
  mean	
  Hb	
  increases	
  over	
  9	
  weeks	
  

for	
  NTD	
  pts	
  (r	
  =0.78,	
  P	
  <0.0001)	
  and	
  with	
  reduced	
  transfusion	
  burden	
  over	
  24	
  
weeks	
  for	
  TD	
  pts	
  (r	
  =0.74,	
  P	
  <0.01).	
  	
  

•  Among	
  TD	
  pts	
  evaluable	
  for	
  efficacy,	
  8	
  of	
  14	
  pts	
  (57%)	
  showed	
  a	
  ≥20%	
  reduc+on	
  in	
  
transfusion	
  burden	
  on	
  treatment	
  versus	
  6	
  month	
  transfusion	
  burden	
  at	
  baseline,	
  
whereas	
  ≥50%	
  reduc+on	
  was	
  observed	
  for	
  1	
  of	
  5	
  pts	
  in	
  the	
  0.75	
  mg/kg	
  dose	
  group	
  
and	
  1	
  of	
  2	
  pts	
  in	
  the	
  1.0	
  mg/kg	
  dose	
  group.	
  	
  

•  Overall,	
  sotatercept	
  was	
  well	
  tolerated	
  and	
  25	
  of	
  46	
  pts	
  (54%)	
  remain	
  on	
  
treatment;	
  19	
  (41%)	
  pts	
  have	
  been	
  on	
  treatment	
  for	
  ≥1	
  year,	
  8	
  (17%)	
  for	
  ≥22	
  
months,	
  and	
  2	
  (4%)	
  for	
  ≥2	
  years.	
  Grade	
  ≥3	
  treatment-­‐related	
  	
  AE	
  leading	
  to	
  
discon+nua+on	
  were	
  seen	
  in	
  4	
  pts	
  (	
  worsening	
  bone	
  pain;	
  ventricular	
  
extrasystoles	
  ;	
  hypertension	
  )	
  



INTERIM	
  RESULTS	
  FROM	
  A	
  PHASE	
  2A,	
  OPEN-­‐LABEL,	
  DOSE-­‐FINDING	
  
STUDY	
  OF	
  SOTATERCEPT	
  (ACE-­‐011)	
  IN	
  ADULT	
  PATIENTS	
  (PTS)	
  WITH	
  

BETA-­‐THALASSEMIA	
  
M.D.	
  Cappellini	
  et	
  al,	
  Haematologica	
  |	
  2015;	
  100(s1)	
  |	
  17-­‐18	
  (EHA	
  2015)	
  

Table 1. Rates of Hb response for NTD pts.	
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•  The PACE-MDS study is a phase 2, open-label, 3-month dose-escalation study 
evaluating the efficacy and safety of luspatercept in patients with anemia due to LR 
MDS  

–  Patients who completed the 12-week base study were eligible to enter the 5-year extension 
study  

STUDY DESIGN 

HTB (≥ 4 units/8 week, Hb < 10 g/dL)  
LTB (< 4 units/8 week, Hb < 10 g/dL)  
 
EPO, erythropoietin; HTB, high transfusion burden; LTB, low transfusion burden; LR, lower risk; s.c., subcutaneous. 

Base study (NCT01749514) Extension study (NCT02268383) 

Luspatercept  
s.c./3 weeks 

 
•  Non-responsive/ 

refractory to ESA or 
EPO > 500 units/L 

 
•  No prior azacitidine or 

decitabine  
 
•  No current 

lenalidomide or ESA 

Luspatercept 
1.0–1.75 mg/kg 

 
LTB: n = 13 
HTB: n = 19 

7 cohorts with escalating 
doses (≤ 5 doses) 
0.125–1.75 mg/kg 

LTB: n = 7 
  HTB: n = 20 

Expansion cohort  
1.0–1.75 mg/kg 

LTB: n = 12 
HTB: n = 19 

12 weeks Up to 5 years 
(ongoing) 

Still on extension study 
n = 20 

•  The data cutoff for these analyses was March 4, 2016 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



Base Study Dose Level 

0.125–0.5 mg/kg 
(n = 9) 

0.75–1.75 mg/kg 
(n = 49) 

Total 
(N = 58) 

Median age, years (range) 72 (27–88) 71 (30–90) 71.5 (27–90) 
Male sex, n (%) 1 (11) 33 (67) 34 (59) 
Median time since diagnosis, years (range) 4.6 (1–10) 2.3 (0–14) 2.4 (0–14) 
Transfusion burden       

LTB, n (%) 2 (22) 17 (35) 19 (33) 
Median Hb level, g/dL (range) 8.7 (8.3–9.0) 8.7 (6.4–10.1) 8.7 (6.4–10.1) 

HTB, n (%) 7 (79) 32 (65) 39 (67) 
Median RBC transfusion burden, units/8 weeks (range) 8.0 (4.0–8.0) 6.0 (4.0–18.0) 6.0 (4.0–18.0) 

Prior ESA treatment, n (%) 3 (33) 35 (71) 38 (66) 
Baseline EPO, n (%) 

< 200 IU/L 3 (33) 25 (51) 28 (48) 
200–500 IU/L 2 (22) 11 (22) 13 (22) 
> 500 IU/L 4 (44) 13 (27) 17 (29) 

RS status, n (%) 
RS+ (RS ≥ 15%) 5 (56) 40 (82) 45 (78) 
RS− 3 (33) 7 (14) 10 (17) 
Unknown 1 (11) 2 (4) 3 (5) 

SF3B1 mutation status, n (%)       
Positive 3 (33) 30 (61) 33 (57) 
Negative 5 (56) 15 (31) 20 (35) 
Unknown 1 (11) 4 (8) 5 (9) 

KEY BASELINE PATIENT CHARACTERISTICS 

EPO, erythropoietin; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; HTB, high transfusion burden; LTB, low transfusion burden; RBC, red blood cell; RS, ring 
sideroblasts. 
Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



RESULTS  

•  Median duration of treatment was 6.8 months (range 2.0–19.8)  
–  20 patients ongoing as of the data cutoffa 

•  Median duration of follow-up was 243 days (IQR 304) 

•  Of 51 patients treated with 0.75–1.75 mg/kg luspaterceptb, 32 (63% [95% CI 
48–76]) achieved HI-E  

–  21/34 (62%) patients with prior ESA use achieved HI-E, compared with 11/17 (65%) 
patients without prior ESA use 

–  5/8 (63%) patients who had previously received lenalidomide achieved HI-E, 
compared with 27/43 patients (63%) who had not previously received lenalidomide 

–  19/25 (76%) patients with baseline EPO < 200 IU/L, 7/12 (58%) with baseline EPO  
≥ 200 to ≤ 500 IU/L, and 6/14 (43%) with EPO > 500 IU/L achieved HI-E 

–  29/42 (69%) RS-positive patients achieved HI-E versus 3/7 (43%, P = 0.36)  
RS-negative patients 

•  Of 9 patients who received 0.125–0.5 mg/kg luspatercept during the base 
study, 2 (22% [95% CI 3–60]) achieved HI-E 

a Data cutoff was March 4, 2016. 
b Fifty-one patients received higher dose concentrations during the base and extension study; 2 patients received lower dose concentrations in the base study and higher 
dose concentrations in the extension study. 
 
CI, confidence interval; IQR, interquartile range. 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



•  13 of 19 (68%) HTB patients achieved IWG HI-E response for transfusions 
•  8 of 19 (42%) HTB patients achieved RBC-TI 
•  3 of 3 LTB patients with 2U RBC/8 weeks achieved RBC-TI 
 

A phase 2, multicenter, open-label, 3-month dose-escalation 
study to determine efficacy and safety of luspatercept in 
lower-risk MDS, followed by a 24-month extension study 



n/N (%) IWG HI-Ea RBC-TIb 

All patients 32/51 (63) 16/42 (38) 
Transfusion burden     

LTB (< 4 RBC units/8 weeks) 11/17 (65) 6/8 (75) 

HTB (≥ 4 RBC units/8 weeks) 21/34 (62) 10/34 (29) 
Prior use of ESAs     

Yes 21/34 (62) 11/29 (38) 
No  11/17 (65) 5/13 (39) 

Prior use of lenalidomide     
Yes 5/8 (63) 1/8 (13) 
No  27/43 (63) 15/34 (44) 

Serum erythropoietin level     
< 200 IU/L 19/25 (76) 10/19 (53) 
≥ 200 to ≤ 500 IU/L 7/12 (58) 4/9 (44) 
> 500 IU/L 6/14 (43) 2/14 (14) 

RS status     
Positive (≥ 15% RS) 29/42 (69) 14/33 (42) 
Negative (< 15% RS) 3/7 (43) 2/7 (29) 
Unknown 0/2 0/2 

RESULTS: HI-E AND RBC-TI 

a For LTB patients, IWG HI-E is defined as ≥ 1.5 g/dL Hb increase over 8 weeks; for HTB patients, IWG HI-E is defined as a reduction of ≥ 4 RBC units over 8 weeks;  
b Patients with a baseline transfusion burden of ≥ 2 RBC units/8 weeks were included in the RBC-TI evaluable population. 

Patients Treated with Luspatercept 0.75–1.75 mg/kg Achieving IWG HI-E and RBC-TI Over  
8 Weeks in the Base and Extension Studies 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



n/N (%) IWG HI-Ea RBC-TIb 

SF3B1 mutation status     

Positive 24/31 (77) 11/25 (44) 

Negative 6/15 (40) 5/13 (39) 

Unknown 2/5 (40) 0/4 

Any splicing factorc     

Positive 27/37 (73) 15/30 (50) 

Negative 5/14 (36) 1/12 (8) 

IPSS classification     
Low risk 18/23 (78) 7/14 (50) 

Intermediate-1 risk 14/27 (52) 9/27 (33) 

Intermediate-2 risk 0/1 0/1 

IPSS-R classification     
Very Low to Low risk 20/31 (65) 11/23 (48) 

Intermediate risk 10/17 (59) 5/16 (31) 

High to Very High risk 2/3 (67) 0/3 

RESULTS: HI-E AND RBC-TI (cont.) 

a For LTB patients, IWG HI-E is defined as ≥ 1.5 g/dL Hb increase over 8 weeks; for HTB patients, IWG HI-E is defined as a reduction of ≥ 4 RBC units over 8 weeks.  
b Patients with a baseline transfusion burden of ≥ 2 RBC units/8 weeks were included in the RBC-TI evaluable population.  
c Splicing factors assessed were SF3B1, SRSF2, U2AF1, and ZRSR2. 

ESA, erythropoiesis-stimulating agent; HTB, high transfusion burden; HI-E, hematologic improvement–erythroid; IPSS, International Prognostic Scoring System; IPSS-R, 
Revised International Prognostic Scoring System; IWG, International Working Group; LTB, low transfusion burden; RBC, red blood cell; RS, ring sideroblast; TI, transfusion 
independence. 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



RESULTS: FACTORS ASSOCIATED WITH RESPONSE 

Factors Associated With IWG HI-E Response 

 

 

 

 

 

 

 

 

 

 

  
Estimated Coefficient P Value 

Univariate analysis  

IPSS category (Low vs Int-1/Int-2) 1.28 0.04 

Baseline EPO (continuous) −0.00019 0.60 

Baseline EPO < 100 vs ≥ 100 IU/L 1.55 0.03 

Baseline EPO < 200 vs ≥ 200 IU/L 1.15 0.06 

Prior ICT (yes vs no) 0.067 0.91 

Prior ESA (yes vs no) −0.127 0.84 

RS ≥ 15% (no vs yes) −1.09 0.19 

Presence of SF3B1 mutation (yes vs no) −1.638 0.02 

Multivariate analysis  

Baseline EPO < 100 vs ≥ 100 IU/L 1.71 0.04 

Presence of SF3B1 mutation (yes vs no) −1.96 0.01 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 

EPO, erythropoietin; ESA, erythropoiesis-stimulating agent; HI-E, hematologic improvement–erythroid; ICT, iron chelation therapy; Int, Intermediate; IPSS, International 
Prognostic Scoring System; IWG, International Working Group; RS, ring sideroblast. 



RESULTS: FACTORS ASSOCIATED WITH RESPONSE 
(cont.) 
Factors Associated With RBC-TI 
 

 

 

 

 

 

 

 

 

  
Estimated Coefficient P Value 

Univariate analysis  

IPSS category (Low vs Int-1/Int-2) 0.74 0.27 

Baseline EPO (continuous) −0.0025 0.04 

Baseline EPO < 100 vs ≥ 100 IU/L 1.96 0.01 

Baseline EPO < 200 vs ≥ 200 IU/L 1.15 0.08 

Baseline EPO < 500 vs ≥ 500 IU/L 1.80 0.04 

Prior ICT (yes vs no) −1.73 0.02 

Prior ESA (yes vs no) −0.02 0.97 

RS ≥ 15% (no vs yes) −0.61 0.50 

Presence of SF3B1 mutation (yes vs no) −0.23 0.74 

Multivariate analysis  

Baseline EPO < 500 vs ≥ 500 IU/L 2.14 0.02 

Prior ICT (yes vs no) −2.04 0.01 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 

EPO, erythropoietin; ESA, erythropoiesis-stimulating agent; ICT, iron chelation therapy; Int, Intermediate; IPSS, International Prognostic Scoring System; IWG, International 
Working Group; RBC, red blood cell; RS, ring sideroblast ; TI, transfusion independence. 



RESULTS: MUTATION ANALYSIS 

•  24/31 (77%) SF3B1 mutation-
positive patients achieved HI-E 

–  all were RS-positive  

•  6/15 (40%) SF3B1 mutation-
negative patients achieved HI-E 

–  3/6 responders (50%) were  
RS-positive 

Mutation Profile of IWG-Defined HI-E Responders 
Versus Non-Responders 

SF3B1 

SRSF2 

U2AF1 

ZRSR2 

DNMT3A 

TET2 

ASXL1 

TP53 

RUNX1 

IDH1 

ETV6 

CBL 

PHF6 

IWG HI-E Responder IWG HI-E Non-Responder 

Mutation 
status 

Positive Unknown Negative Positive Unknown Negative 

Gene 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 

HI-E, hematologic improvement–erythroid; IWG, International Working Group. 



PLATZBECKER ET AL. RESULTS & AUTHORS’ CONCLUSIONS 

Platzbecker et al. Mutational Profile and Analysis of Lower-Risk Myelodysplastic Syndromes (MDS) Patients Treated With Luspatercept: Phase 2 PACE-MDS Study. Poster 
presentation at the 59th Annual Meeting of the American Society of Hematology (ASH); December 9–12, 2017; Atlanta, GA, USA. Abstract 2982. 

AE, adverse event; ESA, erythropoiesis-stimulating agent; RS, ring sideroblast. 

•  Of the mutations assessed, patients with SF3B1 
mutations had the highest HI-E response rates (72%) 

•   The most frequent co-mutations were SF3B1 and 
TET2 (20%) and SF3B1 and DNMT3A (17%) 

•  IWG HI-E responders had significantly higher bone 
marrow erythroid cells and precursors (P = 0.0204) 

Mutation, n/N (%) IWG HI-E 

SF3B1 33/46 (72%) 

TET2 17/29 (59%) 

DNMT3A 11/18 (61%) 

ASXL1 6/13 (46%) 

SRSF2 3/9 (33%) 

•  Overall, 52 of 99 (53%) patients achieved IWG HI-E 
–  40 of 62 (65%) RS+ patients achieved HI-E versus 12 of 35 (34%) RS− patients 

•  29 of 67 (43%) patients receiving luspatercept achieved RBC-TI ≥ 8 weeks 

•  The majority of AEs reported were grades 1–2 
–  8 possibly related grade 3 AEs and 4 possibly related serious AEs were reported 

Patients receiving luspatercept continued to demonstrate sustained improvements in 
erythroid response, with a high proportion achieving RBC-TI ≥ 8 weeks 

Treatment benefit was similar between ESA-naïve and ESA-treated patients 

The majority of patients had at least 1 mutation in the genes analyzed 



•  Higher response rates were observed in patients 
with RS, lower EPO levels, and SF mutations 

Subgroup  n (%) IWG HI-E 
Response Rate 

RBC-TI 
Response Rate 

All 24 of 49 (49) 14 of 40 (35) 
 RS+ 22 of 40 (55) 12 of 31( 39) 
 RS-  2 of 7 (29)  2 of 7( 29) 
 SF3B1 mutation 18 of 30 (60)  9 of 24 (38) 
 Any SF mutation 20 of 36 (58) 13 of 29 (45) 

EPO < 200 U/L 16 of 25 (64) 10 of 18 (56) 
EPO 200–500 U/L  4 of 11 (36)  3 of 9 (33) 
EPO > 500 U/L  4 of 13 (31)  1 of 13 (8) 

Prior ESA 16 of 35 (46) 10 of 29 (35) 
ESA naïve  8 of 14 (57)  4 of 11 (36) 

Platzbecker U, et al. Biomarkers of Ineffective Erythropoiesis Predict Response to Luspatercept in Patients with Low or Intermediate-1 Risk MDS: Final Results 
from the Phase 2 PACE-MDS Study. Poster presented at: Annual Meeting and Exposition of the American Society of Hematology 2015; December 5‒8; 
Orlando, FL. Abstract 2862. 

EPO, erythropoietin; ESA, erythropoietin stimulating agent ; RS, ring sideroblasts; SF, splicing factor; SF3B1, Splicing Factor 3b, Subunit 1.  



RESULTS: SAFETY  

TEAE, treatment-emergent adverse event. 

Related TEAEs Occurring in the Base and Extension Studies 
 
 
 
 
 
 
 
 
 
 

• Grade 1−2 TEAEs reported in 1 patient included: arthralgia, chest discomfort, decreased 
appetite, flatulence, hyperkalemia, hypotonia, injection site pain, injection site pruritus, 
injection site rash, injection site reaction, injection site swelling, nausea, peripheral 
edema, pain in extremity, platelet count increase, pruritis, rash, rash pruritic, tremor, and 
vomiting 
• No related grade 4−5 TEAEs were reported 

 

Preferred Term, n (%) 

Grade 1–2 TEAEs  

(N = 58) 

Grade 3 TEAEs  

(N = 58) 

Fatigue 4 (7) 0 

Bone pain 3 (5) 0 

Diarrhoea 3 (5) 0 

Myalgia 2 (3) 1 (2) 

Headache 2 (3) 0 

Hypertension 2 (3) 0 

Injection site erythema 2 (3) 0 

Increased blast cell count 0 1 (2) 

General physical health deterioration 0 1 (2) 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 



AUTHORS’ CONCLUSIONS 

• Higher dose levels of luspatercept induced HI-E in 63% and RBC-TI in 
38% of patients with lower-risk MDS and anemia 

• RS positivity and SF3B1 mutations were associated with higher 
response rates, and may be predictive of response to treatment 

•  Luspatercept was well tolerated with no cytopenias reported in patients 
receiving treatment 

• Overall, these data support the use of luspatercept in patients with 
lower-risk MDS and anemia; based on these data, a randomized, 
placebo-controlled, phase 3 study of luspatercept in patients with lower-
risk, RS-positive MDS is currently ongoing 

Platzbecker U, et al. Luspatercept for the treatment of anaemia in patients with lower-risk myelodysplastic syndromes (PACE-MDS): a multicentre, open-label 
phase 2 dose-finding study with long-term extension study. Lancet Oncol. 2017. doi: http://dx.doi.org/10.1016/S1470-2045(17)30615-0. 
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MEDALIST: Study Design  
Phase 3 Study Design in RS(+) LR-MDS pts  
 

 
MDS RS + 

IPSS-R Very Low, 
Low,  

Int risk. 
No prior treatment 

with disease 
modifying agents 
(e.g. iMIDs, HMAs, 

investigational 
agents) 

 
N=210 

 
 

R
an

do
m

iz
at

io
n 

2 

1 

Luspatercept  
1.0 mg/kg q3W  

with titration up to max  
of 1.75 mg/kg 

n=140 

Placebo 
n=70 

Stratification  
Factor #2 

IPSS-R at baseline 
§ Very Low, Low 
§ Intermediate 
 

Stratification  
Factor #1 

RBC Transfusion Burden 
§ < 6 RBC units /8wk 
§ ≥ 6 RBC units/8wk 

Week 25 Visit 
 

MDS Disease 
Assessment 

after 24 weeks 

D/C treatment if 
no clinical benefit 
or progression to 
HR-MDS (high, 

very high) or AML 

Follow-up Period  
 

For at least 2 
years post last 

dose  
for AML 

progression, 
subsequent MDS 
treatment and OS 

No crossover at any time 

Continue 
Double-Blind 

Treatment 
 

MDS Disease 
Assessment  
Every eighth 
(~q24 wks) 

extension cycle 
thereafter 

Primary Phase 
Wks 1-24 

 

Extension Phase 
After Wk 25 Visit 

Screening 

Key Efficacy Endpoints 
 

1o Endpoint: Proportion of subjects RBC-TI > 8 wks 
2o Endpoint: Proportion of subjects RBC-TI > 12 wks 

Double-blind Treatment Period 

https://clinicaltrials.gov/ct2/show/NCT02631070?term=medalist+phase+3&rank=1. Accessed April 21, 2017 





Sotatercept	
  with	
  long-­‐term	
  extension	
  for	
  the	
  treatment	
  of	
  anaemia	
  
in	
  pa8ents	
  with	
  lower-­‐risk	
  myelodysplas8c	
  syndromes:	
  a	
  phase	
  2,	
  

dose-­‐ranging	
  trial	
  (Komrokji	
  et	
  al,	
  Lancet	
  Haematol	
  2018)	
  

•  Open-­‐label,	
  mul+centre,	
  dose-­‐ranging,	
  phase	
  2	
  trial	
  (11	
  centres	
  in	
  the	
  USA	
  
and	
  France)	
  (eligible	
  pts:	
  	
  IPSS	
  risk	
  	
  low	
  or	
  Int-­‐1;	
  anaemia	
  requiring	
  RBC	
  
transfusions;	
  ineligible	
  for,	
  or	
  refractory	
  to	
  ESAs).	
  	
  

•  Pts	
  randomly	
  assigned	
  to:	
  either	
  0·∙1	
  or	
  0·∙3	
  mg/kg	
  sotatercept	
  SC,	
  and	
  
were	
  assigned	
  to	
  0·∙5,	
  1·∙0,	
  and	
  2·∙0	
  mg/kg	
  groups	
  in	
  a	
  non-­‐randomised	
  
fashion.	
  	
  

•  74	
  pts	
  enrolled	
  (51	
  (69%)	
  with	
  ring	
  sideroblasts);	
  (7	
  to	
  0·∙1	
  mg/kg;	
  6	
  to	
  0·∙3	
  
mg/kg;	
  	
  21	
  to	
  0·∙5	
  mg/kg;	
  35	
  to	
  1·∙0	
  mg/kg,	
  and	
  5	
  to	
  2·∙0	
  mg/kg).	
  	
  

•  36	
  (49%;	
  95%	
  CI	
  38–60)	
  of	
  74	
  pts	
  achieved	
  HI-­‐E;	
  29	
  (47%;	
  95%	
  CI	
  35–59)	
  of	
  
62	
  pts	
  with	
  a	
  high	
  transfusion	
  burden	
  achieved	
  HI-­‐E;	
  	
  and	
  7	
  (58%;	
  95%	
  CI	
  
32–81)	
  of	
  12	
  pts	
  with	
  a	
  low	
  transfusion	
  burden	
  achieved	
  HI-­‐E	
  	
  

•  The	
  propor+on	
  of	
  pts	
  who	
  achieved	
  a	
  response	
  was	
  higher	
  in	
  the	
  ring	
  
sideroblast-­‐posi+ve	
  pts	
  	
  than	
  the	
  ring	
  sideroblast-­‐nega+ve	
  pts	
  



Sotatercept	
  with	
  long-­‐term	
  extension	
  for	
  the	
  treatment	
  of	
  anaemia	
  
in	
  pa8ents	
  with	
  lower-­‐risk	
  myelodysplas8c	
  syndromes:	
  a	
  phase	
  2,	
  

dose-­‐ranging	
  trial	
  (Komrokji	
  et	
  al,	
  Lancet	
  Haematol	
  2018)	
  

•  The	
  most	
  commonly	
  reported	
  adverse	
  events	
  were	
  fa+gue	
  in	
  19	
  (26%)	
  of	
  
•  74	
  pa+ents	
  and	
  peripheral	
  oedema	
  in	
  18	
  (24%)	
  of	
  74	
  pa+ents.	
  	
  
•  Grade	
  3–4	
  treatment-­‐emergent	
  adverse	
  events	
  (TEAEs)	
  were	
  reported	
  in	
  

25	
  (34%)	
  of	
  74	
  pts;	
  4	
  	
  (5%)	
  pts	
  had	
  grade	
  3–4	
  TEAEs	
  that	
  were	
  considered	
  
to	
  be	
  treatment	
  related.	
  	
  

•  The	
  most	
  common	
  grade	
  3–4	
  TEAEs	
  were	
  lipase	
  increase	
  and	
  anaemia,	
  
which	
  each	
  occurred	
  in	
  3	
  (4%)	
  of	
  74	
  pts.	
  	
  

•  17	
  (23%)	
  of	
  74	
  pa+ents	
  had	
  at	
  least	
  one	
  serious	
  TEAE,	
  and	
  one	
  pa+ent	
  
died	
  from	
  a	
  treatment-­‐emergent	
  subdural	
  haematoma	
  due	
  to	
  a	
  fall.	
  

•  Luspatercept	
  is	
  derived	
  from	
  the	
  ac+vin	
  receptor	
  type	
  IIB	
  and	
  binds	
  with	
  
less	
  affinity	
  to	
  ac+vin	
  A	
  than	
  sotatercept,	
  poten+ally	
  reducing	
  the	
  risk	
  of	
  
off-­‐target	
  adverse	
  events.	
  














