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Do we need novel therapies in MDS?

Kubasch, Fenaux, Platzbecker. Blood Adv 2021
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• n=1698 IPSS low/int-1

• ORR 61.5% median 17 m



Current and future treatment options for patients with MDS

Drugs under investigation for the treatment of 
MDS
Drugs approved for the treatment of MDS

*Only approved for the 
treatment of MDS in the US and Canada

Bcl, B-cell lymphoma; CD, cluster of differentiation; CTLA, cytotoxic T-lymphocyte antigen; DNMT, DNA methyl transferase; EPO, erythropoietin;  HDAC, histone deacetylase; IDH, isocitrate dehydrogenase; MDM, Mouse double minute; MDS, 
myelodysplastic syndromes; NAE, NEDD8 activating enzyme;  NEDD8, neural precursor cell expressed developmentally downregulated protein; PD, programmed cell death; PD-L, programmed cell death-ligand;  TGFb-R, transforming growth factor beta-
receptor; TIM, T cell immunoglobulin and mucin domain-containing protein; TPO-R, thrombopoietin receptor
Ad adapted from Platzbecker U. Blood 2019
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Santini et al. PLOS 2011, Ambaglio et al. Haematologica 2013, Riabov et al. BJH 2021

GDF-15 in MDS 

on erythroblasts plasma



SMAD7 SMAD2 (effector of SMAD7)

TGF-b and SMAD2/7 in MDS

• SMAD7, a negative regulator of TGF-β receptor-I kinase, is markedly reduced in MDS, and leads to 
ineffective haematopoiesis

• Increased levels of microRNA-21 are seen in MDS and reduce SMAD7 levels, thus overactivating TGF-β 
signalling

Bhagat et al. Blood 2013
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Ligand-trap to modulate ineffective 
hematopoiesis
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Luspatercept development
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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

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.
Platzbecker et al., Lancet Oncol 2017. DOI: http://dx.doi.org/10.1016/S1470-2045(17)30615-0.

Platzbecker et al. Lancet Oncology 2017

PACE Trial
Response by Subgroup



Response rates were similar regardless of SF3B1 allelic burden and total number of baseline 
somatic mutations.
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P < 0.001a
(OR 5.07, 95% CI 2.28–11.26)

n (%)
Luspatercept

(n = 153)
Placebo 
(n = 76)

Primary endpoint respondersb 58 (37.9) 10 (13.2)

Responders with 1 response 22 (14.4)c 6 (7.9)

Responders with 2 responses 23 (15.0) 4 (5.26)
Responders with ≥ 3 

responses
13 (8.5) 0

a Determined using a Cochran–Mantel–Haenszel test stratified for average baseline RBC transfusion requirement (≥ 6 vs. < 6 units/8 weeks) and baseline IPSS-R score (Very low or Low vs. 
Intermediate). b Defined as the absence of any red blood cell transfusion during any consecutive 56-day period during weeks 1–24. c Eleven patients were transfusion-free during the entire post-
treatment period. 

Fenaux & Platzbecker et al. NEJM 2020, ASH 2020

MEDALIST Trial
RBC-TI Response by Primary Endpoint



MEDALIST Trial
Duration of RBC-TI Response in Primary Endpoint Responders

a During indicated treatment period. Patients who maintained RBC-TI at the time of analysis are censored.

Duration of RBC-TIa (week)
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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
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Median duration (weeks) (95% CI): 30.6 (20.6–40.6) vs 13.6 (9.1–54.9)

Fenaux & Platzbecker et al. NEJM 2020



Number of patientsb
Luspatercept 73 63 55 52 48 44 40 35 32 27 24 22 11 8 5 1 1 1

Placebo 12 11 7 4 4 2 2 2 1 1 1
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Duration, median (95% CI), weeks: 79.9 (53.7–112.3) vs 21.0 (10.9–NE)
Hazard ratio (95% CI): 0.485 (0.205–1.149)

Luspatercept Placebo Censored

a Cumulative duration of RBC-TI ≥ 8 weeks is defined as the sum of all durations of RBC-TI for patients achieving RBC-TI ≥ 8 weeks during the entire treatment phase. 
b In the intent-to-treat population; patients who maintained response were censored from the analysis.
NE = not estimable. Data cutoff: July 1, 2019.

MEDALIST Trial
Cumulative Duration of RBC-TI Response

Fenaux et al. ASH 2019
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All Grade TEAE (≥ 10 % Incidence in Either Treatment Arm), n (%) Luspatercept
(n = 153)

Placebo
(n = 76)

Fatigue 41 (27) 10 (13)
Asthenia 31 (20) 9 (12)
Edema peripheral 25 (16) 13 (17)
Diarrhea 34 (22) 7 (9)
Nauseaa 31 (20) 6 (8)
Constipation 17 (11) 7 (9)
Dizziness 30 (20) 4 (5)
Headache 24 (16) 5 (7)
Back paina 29 (19) 5 (7)
Arthralgia 8 (5) 9 (12)
Dyspneaa 23 (15) 5 (7)
Cough 27 (18) 10 (13)
Bronchitisa 17 (11) 1 (1)
Urinary tract infectiona 17 (11) 4 (5)
Fall 15 (10) 9 (12)

Incidence of TEAEs in patient receiving luspatercept generally decreased over time.

a ≥ 1 event was reported as serious.

Fenaux & Platzbecker et al. NEJM 2020

MEDALIST Trial
Safety



Platzbecker et al. ASH 2020
Data cutoff: July 1, 2019.
aTransfusion burden during the 16 weeks prior to randomization.
EP, erythroid precursor; ERFE, erythroferrone; SD, standard deviation; sTfR1, soluble transferrin receptor-1.

Baseline erythroid biomarkers by clinical benefit (CB) response

Biomarker

Luspatercept 
(N = 153)

CB
(n = 89)

No CB
(n = 64) P value

Transfusion burden,a mean (SD), RBC units n = 89
10.404 (5.96)

n = 64
11.906 (4.74) 0.08520

Hemoglobin, mean (SD), g/L n = 83
89.78 (9.78)

n = 62
87.59 (11.70) 0.23526

Serum EPO, mean (SD), IU/L n = 85
184.24 (252.44)

n = 64
248.92 (262.97) 0.13297

≤ 100 n = 47
58.70 (24.04) 

n = 18
51.93 (30.94) 0.41029

> 100 to ≤ 200 n = 18
144.15 (24.18) 

n = 21
141.01 (22.62) 0.68019

> 200 n = 20
515.35 (352.01) 

n = 25
481.39 (291.27) 0.73074

BM EP, mean (SD), % n = 87
31.31 (14.35) 

n = 63
26.53 (12.22) 0.02975

Serum ERFE, mean (SD), ng/mL n = 80
21.36 (12.26) 

n = 57
20.22 (8.62) 0.52414

Serum sTfR1, mean (SD), nM n = 82
31.45 (18.81) 

n = 61
31.79 (18.57) 0.59966

Reticulocyte count, mean (SD), ×109/L n = 75
36.75 (19.14) 

n = 60
31.65 (13.30) 0.07091

MEDALIST Trial
Response by Subgroup



Kubasch, Fenaux, Platzbecker. Blood Adv 2021

Ligand-trap to modulate ineffective 
hematopoiesis



Data cutoff: July 1, 2019. 
* P < 0.05 **** P < 0.0001 vs. Baseline

Reticulocyte count at baseline and during primary 
treatment phase (Weeks 1-24)

Serum EPO at baseline and during primary 
treatment phase (Weeks 1-24)
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Long-term Efficacy and Safety of Luspatercept in Lower-Risk Myelodysplastic Syndromes (MDS): Phase 2 PACE-MDS Study
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• Consistent with previous reports, data from the 
5-year Phase 2 study of luspatercept in LR MDS 
continue to show robust efficacy across 
subgroups
• Notably, efficacy continues to be seen 

regardless of RS status and across a range of 
EPO levels, including EPO < 200 IU/L

• The safety profile remains consistent with 
previous reports on this study and in the Phase 
3 MEDALIST trial5,6

Figure 2. Sustained Increase in Mean Hemoglobin in Low 
dƌĂŶƐĨƵƐŝŽŶ��ƵƌĚĞŶ�WĂƚŝĞŶƚƐ

 
 
 
 
 
 
 

D·MDS 
Deutsche MDS-Studiengruppe 

Figure 1. Duration of Transfusion Independence in RBC-TI Responders 

1Leipzig University Hospital, Leipzig, 2Onkologischer Schwerpunkt am Oskar-Helene-Heim, Berlin, 3Universitätsklinikum Düsseldorf, Düsseldorf, 4Ill. Department of Medicine, Hematology and Medical Oncology, Technical University of Munich, Klinikum rechs der Isar, Munich, 5University Hospital Bonn, 
Bonn, 6Johannes Gutenberg-Universität, Mainz, 7OncoResearch Lerchenfeld UG, Hamburg, 8Universitätsklinikum Frankfurt, Goethe Universität, Frankfurt/Main, Germany; 9Acceleron Pharma, Cambridge, MA, 10Bristol Myers Squibb, Summit, NJ, USA; 11Marien Hospital Düsseldorf, Düsseldorf, GermanyPoster Number: MDS-191

�Patients with lower-risk myelodysplastic syndromes (LR MDS) 
develop anemia due to ineffective erythropoiesis, leading to red 
blood cell (RBC) transfusion dependence1,2

�Diseases characterized by defective late-stage erythropoiesis 
may not respond or may have suboptimal response to 
erythropoiesis-stimulating agents, e.g. EPO therapy

� Luspatercept is a first in class erythroid maturation agent that 
binds to select transforming growth factor-ɴ superfamily ligands 
to diminish Smad2/3 signaling and enhance late-stage 
erythropoiesis3

� Luspatercept has been approved by the US Food and Drug 
Administration for the treatment of anemia in adult patients 
failing an erythropoiesis-ƐƚŝŵƵůĂƚŝŶŐ�ĂŐĞŶƚ�ĂŶĚ�ƌĞƋƵŝƌŝŶŐ�ш�Ϯ�Z���
units over 8 weeks with IPSS-R very low-to-intermediate-risk 
MDS with ring sideroblasts (RS) or with myelodysplastic/ 
myeloproliferative neoplasm with RS and thrombocytosis4

� Luspatercept has been investigated in patients with LR MDS and 
RS5, in an ongoing Phase 3 trial regardless of RS status 
(COMMANDS, NCT03682536), and as previously reported in this 
Phase 2 trial of luspatercept which includes subtypes of LR MDS 
with and without RS, regardless of prior ESA exposure, and 
various baseline transfusion burden and EPO levels6

�Here we present the final results of the long-term (5 year) 
extension study; all eligible patients have rolled into a follow-up 
study (NCT04064060)

� A Phase 2, multicenter, open-label, 3-month dose-escalation 
plus 5-year extension in adults with lower-risk MDS 

� Key eligibility criteria: IPSS low to int-risk MDS including non-
transfusion dependent and transfusion dependent; ESA-naïve 
and prior ESA; range of baseline EPO; RS+ and non-RS (RS 
negative) patients

� Treatment: luspatercept 0.125 – 1.75 mg/kg (base study); 1.0 
– 1.75 mg/kg (extension); SC q3 weeks; 2-month follow-up

� Endpoints included: 

– IWG (2006) HI-E: ,ĞŵŽŐůŽďŝŶ�;,ŐďͿ�ŝŶĐƌĞĂƐĞ�ш�ϭ͘ϱ�ŐͬĚ>�ŽǀĞƌ�ϴ�
ǁĞĞŬƐ�ĨŽƌ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ф�ϰ�ƵŶŝƚƐͬϴ�ǁŬ�ĂŶĚ�,Őď�ф�ϭϬ�ŐͬĚ>͖�ш�ϰ�
Z���ƵŶŝƚ�ĚĞĐƌĞĂƐĞ�ŽǀĞƌ�ϴ�ǁĞĞŬƐ�ĨŽƌ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�ш�ϰ�ƵŶŝƚƐͬϴ�ǁŬ

– RBC-TI: RBC-ƚƌĂŶƐĨƵƐŝŽŶ�ŝŶĚĞƉĞŶĚĞŶĐĞ�ш�ϴ�ǁĞĞŬƐ
– Duration of response

Data cut off date 20 May 2020

Introduction

Study Design

Baseline Characteristics
dĂďůĞ�ϭ͘��ĞŵŽŐƌĂƉŚŝĐƐ�ĂŶĚ��ĂƐĞůŝŶĞ��ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ

WĂƚŝĞŶƚƐ�ƚƌĞĂƚĞĚ�Ăƚ�ĚŽƐĞ�ůĞǀĞůƐ�шϬ͘ϳϱ�ŵŐͬŬŐ
Median (range) unless otherwise noted 

Response
Safety

Acknowledgements/References

� Majority of adverse events (AEs) were grade 1 or 2

� Eight possibly related grade 3 non-serious AEs (in 1 patient each 
unless noted): ascites, blood bilirubin increase, bone pain (in 2 
patients), hypertension (in 2 patients), mucosal inflammation, 
platelet count increase, transformation to AML 

� Four possibly related SAEs (in 3 patients): general physical 
health deterioration (1 patient), muscular weakness & 
musculoskeletal pain (1 patient), and myalgia (1 patient)

WĂƚŝĞŶƚƐ�ƚƌĞĂƚĞĚ�Ăƚ�ĚŽƐĞ�ůĞǀĞůƐ�ш�Ϭ͘ϳϱ�ŵŐͬŬŐ�ǁŝƚŚ�ďĂƐĞůŝŶĞ�Z���ш�Ϯ�ƵŶŝƚƐͬϴ�ǁĞĞŬƐ

Response

Summary/Conclusions

WĂƌĂŵĞƚĞƌ N=108
Age, yr 72 (29-90)
Sex, male, n (%) 72 (67%)
Time since diagnosis, yr 1.8 (0.0-13.6)
WƌŝŽƌ��^��ƚƌĞĂƚŵĞŶƚ͕�n (%) 47 (44%)
�ĂƐĞůŝŶĞ��WK͕�n (%)

<200 IU/L
200-500 IU/L
>500 IU/L

58 (54%)
25 (23%) 
25 (23%)

Ring sideroblast (RS) status, n (%)
Z^н�;Z^�ш�ϭϱйͿ 62 (57%)
Non-RS 44 (41%)
Unknown 2 (2%)

Transfusion burden, n (%)
< 4U RBC/8 weeks 63 (58%)

Hemoglobin, g/dL 8.7 (6-10)
ш�ϰh�Z��ͬϴ�ǁĞĞŬƐ 45 (42%)

Transfusions, units/8 wk 6 (4-18)

Response Rates
IWG HI-E, n/N (%)

(N=108)
RBC-TI, n/N (%)

(N=73)
All patients 58/108 (54%) 32/73 (44%)
ESA exposure
ESA-naïve 33/61 (54%) 20/37 (54%)
Prior ESA 25/47 (53%) 12/36 (33%)

RS status*
RS+ 42/62 (68%) 22/42 (52%)
Non-RS 16/44 (36%) 10/29 (35%)
�ĂƐĞůŝŶĞ��WK
< 200 IU/L 39/58 (67%) 21/35 (60%)
200-500 IU/L 13/25 (52%) 8/16 (50%)
> 500 IU/L 6/25 (24%) 3/22 (14%)

Transfusion burden
< 4U RBC/8 weeks 34/63 (54%) 20/28 (71%)
ш�ϰh�Z��ͬϴ�ǁĞĞŬƐ 24/45 (53%) 12/45 (27%)

WƌĞĨĞƌƌĞĚ�dĞƌŵ n (%)
Fatigue 8 (7.0%)
Headache 8 (7.0%)
Hypertension 7 (6.1%)
Arthralgia 5 (4.3%)
Bone Pain 5 (4.3%)
Diarrhea 5 (4.3%)
Injection Site Erythema 4 (3.5%)
Myalgia 3 (2.6%)
Edema peripheral 3 (2.6%)

Response

N=115, all patients treated at all dose levels
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Median (range) duration of treatment (N=108): 
10.4 (0.7-63.6) ŵŽŶƚŚƐ

DŽŶƚŚƐ

Low-transfusion-burden patients: < 4 units/8 wk, Hb <10 g/dL
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PACE Trial
LUSP in RS+ and RS-



Kubasch, Fenaux, Platzbecker. Blood Adv 2021

Luspatercept development
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HMA in early LR-MDS

3d DAC vs. 3d AZA q4w

Jabbour et al. Blood 2017

• N=113
• 85% INT by IPSS-R
• 19% ESA pre-treatment
• Median time from diagnosis: 5 weeks

• HI: 18%
• Median response duration: 18 months



Oral AZA vs. PBO

Garcia-Manero et al. JCO 2021

• IPSS int-1

• RBC-TI: 31% vs. 11% of patients, (P=0.0002)

• median durations of 11.1 and 5.0 months

• Platelet response: 24.3% vs. 6.5%

HMA in late LR-MDS



a Kaplan Meier method; b Cumulative Duration of TI ≥ 8 weeks is defined as the sum of all periods of TI ≥ 8 weeks during the treatment; c
Maximum Hb rise of ≥ 3g/dL from pretreatment level (pretreatment level defined as mean Hb / 8 weeks).
CI, confidence interval; Hb, hemoglobin

*Longest TI > 2.7 years

Parameters N = 38
8-week TI, n (%)

Time to onset of 8-week TI, weeks, median (range)
Duration of TI, weeks, median (95% CI)a

Cumulative duration of TI ≥ 8 weeksb, median (95% CI)a

Hb rise ≥ 3.0 g/dL during TIc, n (%)

16 (42)
8.3 (0.1-40.7)

88.0 (23.1 – 140.9*)
92.3 (42.9, 140.9)

12 (32) 
24-week TI, n (%)

Hb rise ≥ 3.0 g/dL during TIc, n (%)
12 (32)
11 (29)

1-year TI, n (%) 11 (29)

Steensma et al. JCO 2021

Imetelstat Trial in ESA Failure MDS
Response 
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Reduction of SF3B1 VAF by Imetelstat Treatment
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Reduction of SF3B1 VAF with Imetelstat treatment A.
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Longest transfusion free interval (weeks)

% SF3B1 VAF Reduction vs the Longest TI DurationB
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Reduction of SF3B1 VAF vs the longest TI durationB.

Imetelstat Trial in ESA Failure MDS
On target effects

Steensma et al. JCO 2021



Inflammasome activation
à Anti-Inflammatory Therapy

Treatment Stratification 4.0 – On the way to precision medicine?

TP53 à APR246, Magrolimab (not approved)
Bcl-2 à Venetoclax (not approved)

TIM-3 à Sabatolimab (not approved)

Ferritin levels à Iron chelation
EPO à ESA treatment

IDH1/2 Mutation à IDH1/2 Inhibitors (not approved)

RS+ à Luspatercept
Spliceosome mutation à spliceosome modulators (not approved)

del(5q) à Lenalidomide



The “Immunome” in MDS: Culprit and Target or Bystander ?

Winter et al. Journal of Clinical Oncology 2020 



Daratumomab in LR-MDS

Garcia-Manero et al. AJH 2021

NK-cells

Tregs



Increased FGF-23 levels are linked to ineffective 
erythropoiesis and impaired bone mineralization in 
myelodysplastic syndromes

Weidner et al. JCI Insight 2020



Summary

• Era of „targeted“ therapy in LR-MDS is about to start
• Luspatercept effective in RS-MDS
• „Late 1st line“ studies are ongoing in RS-/RS+

• Novel approaches: Imetelstat, anti-inflammatory agents
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