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Anemia of lower-risk myelodysplastic syndromes (MDSs) and primary myelofibrosis (PMF) generally becomes resistant
to available treatments, leading to red blood cell (RBC) transfusions, iron overload, shortened survival, and poor quality
of life. The transforming growth factor-g superfamily, including activins and growth differentiation factors (GDFs), is
aberrantly expressed in lower-risk MDSs and PMF. Luspatercept (and sotatercept), ligand traps that particularly inhibit
GDF11, lead to RBC transfusion independence in 10% to 50% of lower-risk MDSs resistant to available treatments, and
have started to be used in PMF. (Blood. 2019;133(8):790-794)

Introduction: the burden of anemia in
lower-risk MDSs

Until recently, lower-risk myelodysplastic syndrome (MDS) was
defined by a low or intermediate 1 score in the classical In-
ternational Prognostic Scoring System (IPSS). These patients
were thought to have low risk of acute myeloid leukemia (AML)
progression, relatively prolonged survival, but a high preva-
lence of anemia, resulting from ineffective hematopoiesis and
accounting for most clinical symptoms.! Improvements with
prognostication came with the revised IPSS that modified the
impact of the various IPSS variables (ie, cytopenias, marrow
blast percentage, and cytogenetics)? and the assessment of
somatic mutation(s) (most being unfavorable, especially if oc-
curring in combination). These parameters identified 25% of
lower-risk patients having a worse prognosis than implied by
the original IPSS. Still, 75% of IPSS lower-risk MDSs have limited
risk of AML progression, especially MDS with ringed sid-
eroblasts (MDS-RS in the World Health Organization [WHO]
2016 classification) with SF3B1 mutation (present in 90% of
MDS-RS).3

Anemia of lower-risk MDS can be treated symptomatically by red
blood cell (RBC) transfusions or by treatments aimed at in-
creasing the hemoglobin (Hb) level and preventing trans-
fusions.* Patients receiving RBC transfusions, however, generally
have chronic anemia with average Hb < 9 g/dL, associated with
fatigue, lower quality of life, excess morbidity and cardiovas-
cular mortality, and transfusion iron overload.*¢ RBC trans-
fusions also mobilize large resources, and their average annual
cost is 10 to 15000 euros (not including iron chelation).* Thus,
drug treatment potentially avoiding RBC transfusions is gen-
erally sought.
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Drug treatment of anemia in
lower-risk MDSs

Recombinant erythropoietin (EPO) and glycosylated forms
(darbepoetin) are generally the first-line treatment of anemia of
lower-risk MDSs, except in MDS with isolated del 5q, where
lenalidomide yields better erythroid response (hematological
improvement-erythroid [HI-E]) rates.”'? Erythroid response to
EPO and darbepoetin, (defined by a >1.5 g/dL increase in Hb in
transfusion-independent [TI] patients and significant reduction
or disappearance of transfusion need in transfusion-dependent
[TD] patients) is observed in 30% to 60% of patients, with a
median response duration of 18 to 24 months.”"" We and others
found that, in lower-risk MDSs, EPO and darbepoetin had no
impact on AML progression but were associated with improved
survival, strongly supporting that this treatment and/or main-
taining an adequate Hb level and/or avoiding iron overload can
reduce nonleukemic deaths in lower-risk MDSs."""3

Better response to EPO and darbepoetin is seen in patients with
low baseline EPO levels (<200 U/L), low (<2 RBC units per month)
or absent RBC transfusion requirement, normal cytogenetics, marrow
blasts <5%, and possibly fewer somatic mutations.”'%""'* In 2 large
series, we found MDS-RS to have similar response rates but shorter
responses to EPO and darbepoetin than other lower-risk MDSs."015

Current treatment of anemia after EPO or
darbepoetin failure

In addition to frequent primary resistance, most EPO or dar-
bepoetin responders eventually relapse in 70% of the cases
without progression to higher-risk MDSs but simply loss of
sensitivity of erythroid progenitors to EPO or darbepoetin.’
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After primary or secondary EPO or darbepoetin failure in lower-risk
MDSs, adding granulocyte colony-stimulating factor to this treat-
ment induces 20% to 30% of responses, although fewer when high
EPO or darbepoetin doses are used." In the absence of del(Sq),
lenalidomide yields Tl rates of ~25%,'¢ reaching 40% if lenalidomide
is combined with EPO or darbepoetin (in spite of resistance to
such treatment), but with a median duration <1 year'’; 30% to
50% response rates have been reported with hypomethylating
agents (HMAs), including with less-intensive HMA regimens.'®?
However, in 2 European studies, which included mostly anemic
lower-risk MDSs having failed EPO or darbepoetin, RBC Tl was
achieved in only ~20% of patients.?*2! Antithymocyte globulin, with
or without cyclosporine, also yields erythroid response in 30% to 40%
of highly-selected lower-risk patients.?2® Thus, treatment options
in patients failing EPO or darbepoetin remain relatively limited.

Newer treatments are being proposed in those patients.?* Among
them, luspatercept, a transforming growth factor-g (TGF-B) li-
gand trap, is probably the most promising, especially in MDS-RS.

Alterations of TGF-f3 signaling in MDSs

and activin receptor II ligand traps

The TGF-B superfamily includes a large number of proteins, that
is, activins, growth differentiation factors (GDFs), and bone
morphogenetic proteins (BMPs), mainly secreted by hemato-
poietic and mesenchymal stem cells, which play a major role
during signaling in the bone marrow hematopoietic stem cell
niche. The TGF-B family signals through 7 different type | and 5
different type Il transmembrane receptors.?> Type | receptors
(ALK2, ALK4, and ALK?), and activin receptor IIA (ActRIIA), are
typically the mediators of the activins effect.?¢ ActRlls are shared
by some of the BMPs and GDFs.?” Activin signaling is carried out
through formation of a ternary complex between the ligand and
the type Il and the type | receptors, which ultimately phos-
phorylates SMAD proteins.?>2 (Figure 1A)

TGF-B signaling normally inhibits terminal erythroid differentia-
tion by induction of apoptosis and cell-cycle arrest in erythro-
blasts.?® During early erythroid maturation, parallel suppression of
TGF-B signaling through reduced GDF expression and stimula-
tion by EPO occurs (Figure 2B).2? In MDS patients and/or MDS
mouse models, activated activin A mediating apoptosis, in-
creased TGF-B signaling, plasma GDF11, and phosphorylated
Smad2/3 suggesting constitutive activation of TGF-g signaling
have been observed, correlated with ineffective erythropoiesis,
iron overload, and erythroid hyperplasia. SMADZ2/3 inhibition
by small hairpin RNA and pharmacologic inhibition of TGF-f
receptors can enhance hematopoiesis in MDSs in vitro.30-32

Compounds inhibiting the TGF-B pathway, particularly the ActRII
ligand traps sotatercept (ACE-011) and luspatercept (ACE-536),
have thus been explored to treat anemia of lower-risk MDSs.

Luspatercept (and sotatercept) in
lower-risk MDSs

Luspatercept (and sotatercept) are ligand traps consisting of
the extracellular domain of ActRIIA linked to the human immuno-
globulin Gy (IgG4) Fc domain (Figure 2A). Although they have certain
similarities, their potential to trap especially activin A differs.

LUSPATERCEPT IN MDS AND MPN

Sotatercept was initially developed to increase bone mineral
density in malignant bone disease or osteoporosis due its
potential targeting of activin signaling.®*-** Unexpectedly, this
was accompanied by erythroid responses.® Improvement of in-
effective erythropoiesis was subsequently shown in murine models
of chemotherapy-induced anemia® and B-thalassemia.® Reduc-
tion of oxidative stress and promotion of late-stage erythropoiesis,
mainly as a result of GDF11 inhibition, were observed.® In healthy
postmenopausal women, and in multiple myeloma, sotatercept
induced a sustained increase in Hb.**#2 The drug appears to also act
indirectly on erythropoiesis via modulation of marrow stromal cells,
whereas there is no direct effect on the proliferation of erythroid
progenitors.* In a phase 2 escalating dose trial of sotatercept in
74 anemic lower-risk MDSs refractory to erythropoietic stimulating
agents (and, in 50% patients, to HMA and/or lenalidomide), 48.6%
achieved HI-E, including 46.8% of those with high transfusion
burden and 58.3% of those with low transfusion burden. Response
rates were higher among patients with MDS-RS (58.8% vs 22.2% in
other lower-risk MDS).** The maximum tolerated dose was 1 mg/kg
every 3 weeks, with very limited side effects.

For luspatercept, in vivo studies with its murine ortholog RAP-
536 showed rapid and robust dose-dependent increase in Hb and
reticulocyte counts and normalization of the marrow myeloid-
to-erythroid ratio in the NUP98/HOXD13 MDS mouse model.?!
By reducing the expression of GDF11 and ActRIIB, RAP-536
particularly promoted differentiation of cells already committed
to the erythroid lineage, corrected erythroid hyperplasia and
ineffective erythropoiesis, and increased the number of eryth-
rocytes without acceleration of leukemic progression. RAP-536
also had no impact on iron parameters, suggesting no alteration
of iron homeostasis."

In healthy postmenopausal women, luspatercept demonstrated
sustained increase in Hb levels.*® In a phase 2 trial in lower-
risk MDS with TD anemia (generally erythropoietic stimu-
lating agent naive), patients received luspatercept 1 to 1.75
mg/kg every 3 weeks subcutaneously for up to 5 cycles.* HI-E
and RBC-TI responses were 61% (30 of 49 patients) and 55%
(16 of 29 patients), respectively. Higher response rates were
observed in MDS-RS and in patients with lower serum EPO
levels. The safety profile was favorable.

Because of its higher specificity for GDF11 and less activin binding
(therefore of potentially less off-target effects), luspatercept
rather than sotatercept has been further developed in MDSs. In
a recent randomized, placebo controlled phase 3 trial (MEDALIST)
in 229 TD MDS-RS (either EPO/darbepoetin refractory or with
a high serum EPO level), 38% and 53% of patients who received
luspatercept (1-1.75 mg/kg every 3 weeks) achieved Tl and HI-E,
respectively, vs 13% and 12% with placebo,*” and luspatercept
had a favorable safety profile. Median response duration to
luspatercept was 30.6 weeks.

Galunisertib is an oral drug that inhibits SMADZ2/3 activation,
stimulates hematopoiesis in MDSs through selective inhibition
of TGF-B receptor | kinase (ALKS), that is, through a different
TGF-B-signaling pathway than sotatercept and luspatercept,
the latter mainly restoring late stages of hematopoiesis.??
Galunisertib yielded 30% responses in lower-risk MDSs.48
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Figure 1. ActRIl pathway. (A) ActRIl pathway. (B) ActRIl pathway inhibition.

Unanswered questions with luspatercept

in lower-risk MDSs

The precise mechanisms of action of luspatercept on erythro-
poiesis in MDSs remains poorly defined, and further studies are
needed to determine the functional consequences of inhibition
of selected TGF-B superfamily members in those disorders. It is
also unclear why luspatercept appears to be more effective in
MDS-RS. MDS-RS are, however, characterized by larger ex-
pansion of marrow erythroblastic compartments than other
lower-risk MDSs, potentially at maturation stages that could
be more inhibited by some TGF-B members. Further studies

are also needed to define other potential biomarkers of
response.

Clinical trials will also determine whether luspatercept yields
higher response rates/longer responses than EPO or darbepoetin
upfront in lower-risk MDSs including MDS-RS, and whether lus-
patercept has additive/synergistic effects in MDS with EPO/
darbepoetin (as suggested by in vitro studies),? lenalidomide, or
galunisertib.

Finally, a potential effect of luspatercept on the disease course of
lower-risk MDSs (progression or not to higher-risk MDSs and
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Figure 2. Luspatercept and sotatercept. (A) Molecular
structure of luspatercept and sotatercept. (B) Mechanism of
action of luspatercept. ACE, angiotensin-converting enzyme;
BasoE, baso erythroblast; BFU-E, burst-forming unit ery-
throid; CFU-E, colony-forming unit erythroid; OrthoE, ortho
erythroblast; PolyE, poly erythroblast; ProE, pro erythroblast;
Retic, reticulocyte.
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AML) will have to be analyzed. It is currently unclear whether drugs
currently used after EPO or darbepoetin failure like lenalidomide,
antithymocyte globulin, or HMA have such an effect on disease
progression and therefore on survival.™

Sotatercept (and luspatercept) in PMF

Anemia is also 1 of the most frequent clinical findings in primary
myelofibrosis (PMF), poorly managed with currently available
drugs and associated with worse survival.*? TGF-f signaling
plays a major role in disease development in PMF: itis expressed
at high levels in the bone marrow of patients and in animal
models, and megakaryocytes of myelofibrosis (MF) patients release
large amounts of this cytokine,>-52 whereas inhibition of TGF-8
signaling can prevent fibrosis development and reactivate normal
hematopoiesis, particularly erythropoiesis, in several models.>54
In a phase 2 trial in MF patients,> 6 of 17 patients (35%) and 1 of 8
patients (12.5%) treated with sotatercept alone and combined with
ruxolitinib, respectively, achieved erythroid response, with good
tolerance.>® A phase 2 study of luspatercept with or without
ruxolitinio was more recently started in anemic MF patients
(NCT03194542). Because spliceosome mutations like SF3B1 are
also quite frequent in myeloproliferative neoplasm, their potential
prognostic value for response will have to be evaluated.

Conclusions

The major therapeutic challenge in lower-risk MDSs (and often in
PMF) remains improving anemia, thereby reducing RBC transfusions
and cardiovascular complications, and increasing quality of life.

Current treatments of anemia in MDSs have inconstant and
generally transient efficacy. The activin receptor ligand trap
luspatercept represents a promising alternative for EPO- or
darbepoetin-refractory patients that often carry defects down-
stream of EPO activity. Interestingly, comparable results have been
observed with luspatercept in B-thalassemia, suggesting pre-
viously unrecognized commonalities between the 2 diseases.>*%

Further studies are necessary to determine the place of luspa-
tercept in the treatment of anemia of non-RS lower-risk MDSs
(second line? first line?), possibly in combination with other drugs
and also in PMF, and the precise mechanisms of action of this drug.

Authorship

Contribution: P.F., J.J.K., and U.P. wrote the paper.

Conflict-of-interest disclosure: The authors declare no competing fi-
nancial interests.

ORCID profile: J.J.K., 0000-0002-8121-438X.

Correspondence: Pierre Fenaux, Service Hématologie Séniors, Hopital
St. Louis, Assistance Publique-Hopitaux de Paris and Université Paris
Diderot, 75475 Paris, France; e-mail: pierre.fenaux@aphp.fr.

Footnote

Submitted 15 November 2018; accepted 17 December 2018. Prepub-
lished online as Blood First Edition paper, 2 January 2019; DOI 10.1182/
blood-2018-11-876888.

REFERENCES assessing the efficacy and safety of epoetin-a stimulating agents in lower risk myelodys-
in anemic patients with low-risk MDS. plastic syndromes? Haematologica. 2016;

" ﬁ;ﬁf:;iﬁ;s cco‘i?‘ng';:’ier:‘;o'\r"&a‘fjaat:ag Leukemia. 2018;32(12):2648-2658. 101(7):¢280-6283.
prognosis in myelodysplastic syndromes. 9. Platzbecker U, Symeonidis A, Oliva EN, etal. A 15. Park S, Hamel J-F, Toma A, et al. Outcome of
Blood. 1997;89(6):2079-2088. phase 3 randomized placebo-controlled trial lower-risk patients with myelodysplastic syn-

2. Greenberg PL, Tuechler H, Schanz J, et al. of darbepoetin alfa in patients with anemia dromes without 5q deletion after failure of
Revised International Prognostic Scoring and lower-risk myelodysplastic syndromes. erythropoiesis-stimulating agents. J Clin
System for myelodysplastic syndromes. Leukemia. 2017;31(9):1944-1950. Oncol. 2017;35(14):1591-1597.

Blood. 2012;120(12):2454-2465. 10. Santini V, Schemenau J, Levis A, et al. Can the 16. Santini V, Almeida A, Giagounidis A, et al.

3. Papaemmanuil E, Gerstung M, Malcovati L, revised IPSS predict response to Randomized phase IIl study of lenalidomide
et al; Chronic Myeloid Disorders Working erythropoietic-stimulating agents in patients versus placebo in RBC transfusion-dependent
Group of the International Cancer Genome with classical IPSS low or intermediate-1 MDS? patients with lower-risk non-del(5q) myelo-
Consortium. Clinical and biological implica- Blood. 2013;122(13):2286-2288. dysplastic syndromes and ineligible for or
tions of driver mutations in myelodysplastic 11. Park S, Grabar S, Kelaidi C, et al; GFM group ;j::itsorj/(t:(/)meg;hcl'glpgIc)e1sé)§3‘szt1|(r2r1gj)|‘e;t;r;3%_2996
syr?dromes Blood. 2013;122(22):3616-3627, (Groupe Francophone des Myélodysplasies). ' ’ ' ’ '
quiz 3699. Predictive factors of response and survival in 17. Toma A, Kosmider O, Chevret S, et al.

4. Fenaux P, Adés L. How we treat lower-risk myelodysplastic syndrome treated with Lenalidomide with or without erythropoietin in
myelodysplastic syndromes. Blood. 2013; erythropoietin and G-CSF: the GFM experi- transfusion-dependent erythropoiesis-
121(21):4280-4286. ence. Blood. 2008;111(2):574-582. stimulating agent-refractory lower-risk MDS

) o without 5q deletion. Leukemia. 2016;30(4):

5. Anand |, McMurray JJV, Whitmore J, et al. 12. Fenaux P, Giagounidis A, Selleslag D, et al; 897-905.

Anemia and its relationship to clinical out- MDS-004 Lenalidomide del5q Study Group. A . )

come in heart failure. Circulation. 2004;110(2): randomized phase 3 study of lenalidomide 18. Komrokji R, Swern AS, Grinblatt D, et al.

149-154. versus placebo in RBC transfusion-dependent Azacitidine in lower-risk myelodysplastic syn-
patients with low-/intermediate-1-risk myelo- dromes: a meta-analysis of data from pro-

6. Shander A, Cappellini MD, Goodnough LT. dysplastic syndromes with delS5q. Blood. spective studies. Oncologist. 2018;23(2):
Iron overload and toxicity: the hidden risk of 2011;118(14):3765-3776. 159-170.
multiple blood transfusions. Vox Sang. 2009; . )
97(3):185-197. 13. Jadersten M, Malcovati L, Dybedal |, et al. 19. Jabbour E, Short NJ, Montalban-Bravo G,

Erythropoietin and granulocyte-colony stim- et al. Randomized phase 2 study of low-dose
7. Hellstrom-Lindberg E. Efficacy of erythro- ulating factor treatment associated with im- decitabine vs low-dose azacitidine in lower-
poietin in the myelodysplastic syndromes: proved survival in myelodysplastic syndrome. risk MDS and MDS/MPN. Blood. 2017;
a meta-analysis of 205 patients from 17 J Clin Oncol. 2008;26(21):3607-3613. 130(13):1514-1522.
studies. Br J Haematol. 1995;89(1):67-71.
14. Kosmider O, Passet M, Santini V, et al; GFM, 20. Tobiasson M, Dybedahl |, Holm MS, et al. Limited

8. Fenaux P, Santini V, Spiriti MAA, et al. A phase FISM and D-MDS. Are somatic mutations clinical efficacy of azacitidine in transfusion-

3 randomized, placebo-controlled study predictive of response to erythropoiesis dependent, growth factor-resistant, low- and

LUSPATERCEPT IN MDS AND MPN

€ blood® 21 FEBRUARY 2019 | VOLUME 133, NUMBER 8 793

20z aunr g0 uo jsenb Aq Jpd'8889/8p00Iq/0% LGS L/06./8/EE |/sPd-BloIE/POO|qABU"SUOREDIIgNdyYsE//:dlY WOy papeojumoq


http://orcid.org/0000-0002-8121-438X
mailto:pierre.fenaux@aphp.fr
https://doi.org/10.1182/blood-2018-11-876888
https://doi.org/10.1182/blood-2018-11-876888

2

-

22.

23.

24.

25

26.

27.

28.

29.

30.

3

=

32.

33.

34.

794

Int-1-risk MDS: results from the nordic
NMDSGO8A phase Il trial. Blood Cancer
J. 2014;4(3):¢189.

. Thépot S, Ben Abdelali R, Chevret S, et al;

Groupe Francophone des Myélodysplasies
(GFM). A randomized phase |l trial of azacitidine
+/- epoetin-B in lower-risk myelodysplastic
syndromes resistant to erythropoietic stimulating
agents. Haematologica. 2016;101(8):918-925.

Sloand EM, Wu CO, Greenberg P, Young N,
Barrett J. Factors affecting response and
survival in patients with myelodysplasia
treated with immunosuppressive therapy.

J Clin Oncol. 2008;26(15):2505-2511.

Stahl M, DeVeaux M, de Witte T, et al. The use
of immunosuppressive therapy in MDS: clini-
cal outcomes and their predictors in a large
international patient cohort. Blood Adlv. 2018;
2(14):1765-1772.

Kubasch AS, Platzbecker U. Facing the chal-
lenge: novel treatment options for patients
with myelodysplastic syndromes.
HemaSphere. 2018;2(suppl 2):135-137.

. Akhurst RJ, Hata A. Targeting the TGF sig-

nalling pathway in disease. Nat Rev Drug
Discov. 2012;11(10):790-811.

Worthington JJ, Klementowicz JE, Travis MA.
TGFB: a sleeping giant awoken by integrins.
Trends Biochem Sci. 2011;36(1):47-54.

Tsuchida K, Nakatani M, Hitachi K, et al.
Activin signaling as an emerging target for
therapeutic interventions. Cell Commun Sig-
nal. 2009;7(1):15.

Zermati Y, Fichelson S, Valensi F, et al.
Transforming growth factor inhibits erythro-
poiesis by blocking proliferation and acceler-
ating differentiation of erythroid progenitors.
Exp Hematol. 2000;28(8):885-894.

Xie Y, Bai H, Liu Y, Hoyle DL, Cheng T, Wang
ZZ. Cooperative effect of erythropoietin and
TGF-B inhibition on erythroid development in
human pluripotent stem cells. J Cell Biochem.
2015;116(12):2735-2743.

Suragani RN, Cadena SM, Cawley SM, et al.
Transforming growth factor-B superfamily li-
gand trap ACE-536 corrects anemia by pro-
moting late-stage erythropoiesis. Nat Med.

2014;20(4):408-414.

. Lin YW, Slape C, Zhang Z, Aplan PD. NUP98-

HOXD13 transgenic mice develop a highly
penetrant, severe myelodysplastic syndrome
that progresses to acute leukemia. Blood.
2005;106(1):287-295.

Bhagat TD, Zhou L, Sokol L, et al. miR-21
mediates hematopoietic suppression in MDS
by activating TGF-B signaling. Blood. 2013;
121(15):2875-2881.

Raje N, Vallet S. Sotatercept, a soluble activin
receptor type 2A IgG-Fc fusion protein for the
treatment of anemia and bone loss. Curr Opin
Mol Ther. 2010;12(5):586-597.

Lotinun S, Pearsall RS, Davies MV, et al. A
soluble activin receptor type IIA fusion protein
(ACE-011) increases bone mass via a dual
anabolic-antiresorptive effect in cynomolgus
monkeys. Bone. 2010;46(4):1082-1088.

35

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

. Fajardo RJ, Manoharan RK, Pearsall RS, et al.
Treatment with a soluble receptor for activin
improves bone mass and structure in the
axial and appendicular skeleton of female
cynomolgus macaques (Macaca fascicularis).
Bone. 2010;46(1):64-71.

Pearsall RS, Canalis E, Cornwall-Brady M, et al.
A soluble activin type IIA receptor induces
bone formation and improves skeletal in-
tegrity. Proc Natl Acad Sci USA. 2008;105(19):
7082-7087.

Mulivor AW, Barbosa D, Kumar R, Sherman
ML, Seehra JS, Pearsall RS. RAP-011, a soluble
activin receptor type lla murine IgG-Fc fusion
protein, prevents chemotherapy induced
anemia [abstract]. Blood. 2009;114(22).
Abstract 161.

Dussiot M, Maciel TT, Fricot A, et al. An activin
receptor lIA ligand trap corrects ineffective
erythropoiesis in B-thalassemia. Nat Med.
2014,;20(4):398-407.

Carrancio S, Markovics J, Wong P, et al. An
activin receptor IIA ligand trap promotes
erythropoiesis resulting in a rapid induction of
red blood cells and haemoglobin. Br

J Haematol. 2014;165(6):870-882.

Ruckle J, Jacobs M, Kramer W, et al. Single-
dose, randomized, double-blind, placebo-
controlled study of ACE-011 (ActRIIA-IgG1) in
postmenopausal women. J Bone Miner Res.
2009;24(4):744-752.

Sherman ML, Borgstein NG, Mook L, et al.
Multiple-dose, safety, pharmacokinetic, and
pharmacodynamic study of sotatercept
(ActRIIA-IgG1), a novel erythropoietic agent,
in healthy postmenopausal women. J Clin
Pharmacol. 2013;53(11):1121-1130.

Abdulkadyrov KM, Salogub GN, Khuazheva
NK, et al. Sotatercept in patients with
osteolytic lesions of multiple myeloma. Br
J Haematol. 2014;165(6):814-823.

lancu-Rubin C, Mosoyan G, Wang J, Kraus T,
Sung V, Hoffman R. Stromal cell-mediated
inhibition of erythropoiesis can be attenuated
by sotatercept (ACE-011), an activin receptor
type Il ligand trap. Exp Hematol. 2013;41(2):
155-166.e17.

Komrokji R, Garcia-Manero G, Ades L, et al.
Sotatercept with long-term extension for the
treatment of anaemia in patients with lower-
risk myelodysplastic syndromes: a phase 2,
dose-ranging trial. Lancet Haematol. 2018;
5(2):e63-e72.

Attie KM, Allison MJ, McClure T, etal. A phase
1 study of ACE-536, a regulator of erythroid
differentiation, in healthy volunteers. Am

J Hematol. 2014,89(7):766-770.

Platzbecker U, Germing U, Gétze K, et al.
Luspatercept increases hemoglobin and
reduces transfusion burden in patients with
low-intermediate risk myelodysplastic syn-
dromes (MDS): long-term results from phase
2 PACE-MDS study [abstract]. Blood. 2016;
128(22). Abstract 3168.

Fenaux P, Platzbecker U, Mufti GJ, et al. The
Medalist Trial: results of a phase 3, random-
ized, double-blind, placebo-controlled study

€ blood® 21 FEBRUARY 2019 | VOLUME 133, NUMBER 8

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

of luspatercept to treat anemia in patients with
very low-, low-, or intermediate-risk myelo-
dysplastic syndromes (MDS) with ring side-
roblasts (RS) who require red blood cell
(RBC) transfusions. In: Proceedings from the
American Society of Hematology annual
meeting; 2 December 2018; San Diego, CA.
Abstract 1.

Valcarcel D, Verma A, Platzbecker U, et al.
Phase 2 study of monotherapy galunisertib
(LY2157299 monohydrate) in very low-, low-,
and intermediate-risk patients with myelo-
dysplastic syndromes [abstract]. Blood. 2015;
126(23). Abstract 1669.

Barbui T, Tefferi A, Vannucchi AM, et al.
Philadelphia chromosome-negative classical
myeloproliferative neoplasms: revised man-
agement recommendations from European
LeukemiaNet. Leukemia. 2018;32(5):
1057-1069.

Agarwal A, Morrone K, Bartenstein M, Zhao
ZJ, Verma A, Goel S. Bone marrow fibrosis in
primary myelofibrosis: pathogenic mecha-
nisms and the role of TGF-B. Stem Cell
Investig. 2016;3(1):5-10.

Chagraoui H, Komura E, Tulliez M, Giraudier
S, Vainchenker W, Wendling F. Prominent role
of TGF-beta 1 in thrombopoietin-induced
myelofibrosis in mice. Blood. 2002;100(10):
3495-3503.

Schmitt A, Jouault H, Guichard J, Wendling F,
Drouin A, Cramer EM. Pathologic interaction
between megakaryocytes and poly-
morphonuclear leukocytes in myelofibrosis.
Blood. 2000;96(4):1342-1347.

Gastinne T, Vigant F, Lavenu-Bombled C,
et al. Adenoviral-mediated TGF-betal in-
hibition in a mouse model of myelofibrosis
inhibit bone marrow fibrosis development.
Exp Hematol. 2007;35(1):64-74.

Ceglia I, Dueck AC, Masiello F, et al.
Preclinical rationale for TGF-B inhibition as
a therapeutic target for the treatment of
myelofibrosis. Exp Hematol. 2016;44(12):
1138-1155.e4.

Prithviraj B, Daver N Pemmaraju N, et al.
Sotatercept (ACE-011) alone and in combi-
nation with ruxolitinib in patients (pts) with
myeloproliferative neoplasm (MPN)-associated
myelofibrosis (MF) and anemia [abstract].
Blood. 2017;130(supp! 1). Abstract 255.

Piga A, Perrotta S, Gamberini MR, et al.
Luspatercept (ACE-536) reduces disease
burden, including anemia, iron overload, and
leg ulcers, in adults with beta-thalassemia:
results from a phase 2 study [abstract]. Blood.
2015;126(23). Abstract 752.

Cappellini MD, Viprakasit V, Taher A, etal. The
Believe Trial: results of a phase 3, randomized,
double-blind, placebo-controlled study of
luspatercept in adult beta-thalassemia
patients who require regular red blood cell
(RBC) transfusions. In: Proceedings from the
American Society of Hematology annual
meeting; 1 December 2018; San Diego, CA.
Abstract 163.

FENAUX et al

20z aunr g0 uo jsenb Aq Jpd'8889/8p00Iq/0% LGS L/06./8/EE |/sPd-BloIE/POO|qABU"SUOREDIIgNdyYsE//:dlY WOy papeojumoq



