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Abstract: Over the past decade, evidence has been mounting on the detrimental clinical sequelae of untreated anemia in patients with
non-transfusion-dependent -thalassemia (NTDT). There are no pharmacologic agents that are specifically approved for the manage-
ment of anemia in NTDT, and available options such as splenectomy, transfusion therapy, and hydroxyurea each come with their own
shortcomings, especially for long-term use. Luspatercept is an erythroid maturation agent that has been evaluated in a Phase 2,
randomized trial and showed a significant benefit in raising hemoglobin level by at least 1 g/dL in adults with NTDT and a baseline
hemoglobin level <10 g/dL. These data led to luspatercept’s approval by the European Commission for the treatment of anemia in
adults with NTDT and presents the first evidence-based approach for a novel agent that is able to ameliorate anemia in this patient
population.
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Introduction

The B-thalassemias are a group of inherited disorders of hemoglobin synthesis that are most prevalent in Southern
Europe, Eastern Mediterranean, and Southeast Asia, although with increasing frequency in Northern Europe and the
Americas due to population migrations."? The past few decades have witnessed considerable advances that transformed
the management of patients with transfusion-dependent -thalassemia (TDT), especially with regard to transfusion safety,
secondary iron overload detection, and iron chelation therapy.** In contrast, our understanding of disease mechanisms in
patients with non-transfusion-dependent B-thalassemia (NTDT) only recently started to unfold and paved the way for the
development of new therapies. NTDT patients commonly inherit homozygous or compound heterozygous B-thalassemia
mutations that are of mild-moderate severity, or inherit severe mutations with secondary modifiers (eg, a-thalassemia or
increased capacity for y-globin chain production) that alleviate the resulting ineffective erythropoiesis and anemia.
Heterozygous carriers of -thalassemia mutations can also develop NTDT when they co-inherit a-globin gene duplica-
tions. Most patients present later in childhood compared to patients with TDT and have mild-moderate anemia that does
not stimulate a decision to start lifelong regular transfusion therapy.>® Evidence over the past two decades, however, has
established that when left untreated, ineffective erythropoiesis and anemia can lead to significant morbidity and mortality
in patients with NTDT.”
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In this review, we further expand on the unmet need for managing anemia in NTDT and highlight the rationale and
key data from a novel erythroid maturation agent, luspatercept, which has been developed to address such unmet needs in
this patient population.

Anemia at the Core of Pathophysiology in NTDT

Ineffective erythropoiesis and anemia are the hallmark of pathophysiology in patients with NTDT, which can also give
rise to other secondary mechanisms of disease including primary iron overload and hypercoagulability.’® When left
untreated, these pathologies can lead to serious and often irreversible clinical morbidity that manifests in every organ
system, especially as patients advance in age (Figure 1)."'

Ineffective erythropoiesis and medullary expansion can lead to skeletal deformity and osteoporosis as well as
hepatosplenomegaly and extramedullary hematopoiesis.® When it comes to anemia, it is now established that
a hemoglobin level of <10 g/dL is associated with a higher risk of morbidity (liver disease, extramedullary hematopoi-
esis, endocrine and bone disease, leg ulcers, thrombosis, pulmonary hypertension) and mortality in both cross-sectional
and longitudinal studies with over 10 years follow up.'*™'> Variations by 1 g/dL of hemoglobin level are significantly
associated with variation in morbidity risk.'® In this instance, anemia can be regarded as a direct causal agent for clinical
complications through chronic hypoxia or as a marker of the underlying ineffective erythropoiesis.

Ineffective erythropoiesis and anemia can also lead to increased intestinal iron absorption through downregulation of
the hepatic hormone by erythroid factors.'*!”!® Elevated serum ferritin and liver iron concentration (LIC) levels are
common in adults with NTDT, and have been linked to hepatic, endocrine, renal, and vascular morbidity.”’lg*24
Moreover, early hemolysis exposes several thrombogenic markers on the surface of red cells which, combined with
other abnormalities in platelets and the coagulation system, lead to a hypercoagulable state in NTDT.?**° High rates of
thromboembolic events and pulmonary hypertension are noted especially in splenectomized adults, and these remain

among the most common causes of mortality in this patient population.?’* In addition to increased risks of long-term
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morbidity and mortality, chronic anemia is also linked to short-term symptoms of fatigue as well as poor quality of life
and mental health.”>* 7

Available Options for Managing Anemia in NTDT
Management of NTDT through evidence-based clinical trial data and international guidelines has been mostly restricted
to iron chelation therapy for iron overloaded.*®>*° Until recently, there have been no pharmacologic agents specifically
approved for the management of anemia in NTDT. Although the critical need to address anemia in patients with
a hemoglobin level <10 g/dL has only recently been uncovered, health-care providers have already been resorting to
various approaches to improve hemoglobin level for patients in clinical need; although these come with challenges.
Splenectomy has the ability to raise hemoglobin level by 1-2 g/dL but the procedure is associated with a considerable
risk of infection and thrombosis, that it is now mainly reserved for cases of symptomatic splenomegaly or
hypersplenism.*® Hydroxyurea has also shown some effect in case series and small trial in NTDT patients, but long-
term safety and durability of response were concerning.***' Transfusions are occasionally used in clinical settings that
require immediate improvement (or “protection”) of hemoglobin level such as during acute infection, pregnancy, and
surgery.®>® Observational studies have also highlighted that NTDT patients that transitioned to regular transfusion
therapy had lower rates of morbidity and mortality.**** Although this further reinforces the need to treat anemia in
NTDT, it cannot widely reinforce transitioning patients to regular transfusion program, owing to risks of secondary iron

overload and related morbidity and burden.****

Luspatercept for B-Thalassemia
Luspatercept (ACE-536) is a recombinant fusion protein comprising a modified extracellular domain of the human
activin receptor type IIB fused to the Fc domain of human IgG1. The domains bind to select transforming growth factor
B (TGF-B) superfamily ligands, block SMAD2/3 signaling, and enhance erythroid maturation during late-stage
erythropoiesis.*>*® RAP-536 (a murine analog of luspatercept) was shown to enhance erythroid maturation by restoring
nuclear levels of the transcription factor GATA-1 in erythroid precursors.*’” In B-thalassemia mouse models, treatment
with RAP-536 reduced a-globin chain aggregation and subsequent hemolysis, while increasing erythrocyte life span and
improving iron overload.*® RAP-536 also increased red-blood cell parameters, as well as reduced the decrease in bone
mineral density and splenomegaly.*> The exact mechanisms by which luspatercept exerts its full effects in patients with
B-thalassemia are yet to be fully understood.*®

In a Phase 1 trial of 32 healthy volunteers (NCT01432717), a dose-dependent increase in hemoglobin level was
observed one week after initiation of luspatercept, and was maintained for several weeks after cessation of therapy; while
treatment was well tolerated.*” A multicenter, open-label, dose-ranging, phase 2 trial of luspatercept in adults with
B-thalassemia (NCT01749540) followed, with a 5-year extension (NCT02268409). Sixty-four patients were enrolled
including 33 NTDT and 31 TDT. Patients received 0.2 to 1.25 mg/kg luspatercept subcutaneously every 21 days for >5
cycles (dose-finding stage) and 0.8 to 1.25 mg/kg (expansion cohort and 5-year extension). The primary endpoint was
erythroid response, defined as a hemoglobin increase of >1.5 g/dL from baseline for >14 consecutive days (without
transfusions) for NTDT patients. Eighteen NTDT patients (58%) receiving higher dose levels of luspatercept (0.6—
1.25 mg/kg) achieved a mean hemoglobin increase of >1.5 g/dL over >14 days compared with baseline. The most
common grade 1 to 2 adverse events were bone pain, headache, and myalgia. Luspatercept also reduced LIC and
improved quality of life among patients with NTDT. Some NTDT patients on the trial that had morbidities like leg ulcers
experienced full healing.”® Long-term safety data for up to five years of treatment on this trial are now also available.
Median duration of luspatercept exposure for NTDT patients was 910 days and 17/31 (54.8%) NTDT patients achieved
a mean hemoglobin increase of >1.5 g/dL with a median cumulative duration of response of 1126 days. The most
common treatment-related adverse events of any grade were bone pain, headache, and myalgia.>!

Luspatercept was further developed in a Phase 3, randomized trial (NCT02604433, BELIEVE) in adult TDT patients
which met its primary endpoint of transfusion reduction by at least 33% from baseline during weeks 13 through 24 plus
a reduction of at least 2 red-cell units over this 12-week interval.>* This led to luspatercept’s approval for the treatment of
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anemia associated with TDT in both the USA and Europe. A trial in pediatric patients with TDT is also ongoing
(NCT04143724). Further development in NTDT patients was pursued through the BEYOND trial.” 3

The BEYOND Trial

BEYOND (NCTO03342404) was a phase 2, double-blind, randomized (2:1), placebo-controlled, multicenter trial evaluat-
ing the efficacy and safety of luspatercept in 145 adults (=18 years) patients with NTDT conducted at 12 centers in
Thailand, Lebanon, Greece, Italy, the UK, and the USA (Figure 2).53 Eligible patients had a baseline hemoglobin level of
<10 g/dL. Luspatercept was given once subcutaneously every 3 weeks for 48 weeks in the double-blind treatment period
and started at 1.0 mg/kg with titration up to 1.25 mg/kg, or reduction in the event of toxicity or excessive hemoglobin
increase. The primary endpoint was achievement of an increase from baseline of >1.0 g/dL in mean hemoglobin level
over a continuous 12-week interval during weeks 13-24, in the absence of transfusions.

The trial met its primary endpoint with 74/96 (77.1%) of patients in the luspatercept arm vs 0/49 placebo patients achieving
erythroid response. Fifty (52.1%) patients in the luspatercept group actually had a mean hemoglobin increase of at least >1.5
g/dL. Response was observed across all evaluated subgroups by age, gender, region, baseline hemoglobin level, and
genotype.” Increasing proportions of patients treated with luspatercept achieved a hemoglobin level >10.0 g/dL, from
55.2% (n = 53/96) at week 12, 63.0% (n = 58/92) at week 24, 67.0% (n = 61/91) at week 36, to 69.7% (n = 62/89) at week
48.>* The key secondary endpoint was a change in a patient-reported outcome measure of tiredness/weakness specifically
developed and validated for patients with NTDT (NTDT-PRO T/W).>***® Improvement in NTDT-PRO T/W during weeks 13—
24 favored luspatercept over placebo, although the difference was not statistically significant. This may be attributed to the
inclusion of asymptomatic patients and the short duration before assessment. In fact, the difference was more pronounced at
later timepoints (weeks 37—48) and in patients who were symptomatic at baseline. Improvement in NTDT-PRO T/W also
correlated with improvement in hemoglobin level. Serum ferritin and LIC did not show significant changes from baseline
during treatment. The proportion of patients with serious adverse events was lower in the luspatercept group than in the placebo
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Figure 2 Summary of the BEYOND trial. The BEYOND trial was a phase 2, double-blind, randomized (2:1), placebo-controlled, multicenter trial evaluating the efficacy and
safety of luspatercept in NTDT. *Primary endpoint.

Abbreviations: NTDT, non-transfusion-dependent B-thalassemia; ActRIIB, activin receptor type |IB; IgG |, immunoglobulin G1; TGF-, transforming growth factor-; rbc,
red blood cell; wk, week; hb, hemoglobin; LUSP, luspatercept; PBO, placebo.
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group (12% vs 25%). Treatment-emergent adverse events most commonly reported with luspatercept were bone pain (37%),
headache (30%), and arthralgia (29%). No thromboembolic events or deaths were reported during the study.> The latter may
further support that thromboembolic events occurring in some TDT patients in the BELIEVE trial were most likely attributed to
pre-existing risk factors rather than luspatercept therapy itself.>

The application for regulatory approval in the USA (Food and Drug Administration) for luspatercept as
a treatment of anemia in NTDT was withdrawn in June 2022 for lack of agreement on benefit/risk.”’” However,
luspatercept received European Commission approval in March 2023 as a treatment for adult patients with anemia
associated with NTDT.>®

Integration of Luspatercept in Contemporary Management Approaches

Data from the BEYOND trial was unequivocal with regard to luspatercept’s ability to improve hemoglobin level in
NTDT patients who are at highest risk of long-term morbidity and mortality associated with ineffective erythropoi-
esis and chronic anemia.>® In fact, over half of patients already transitioned to safer hemoglobin levels (>10 g/dL)
after only three months of therapy.>® Since treatment was well tolerated over long-term exposure,”' luspatercept can
now be considered a safe and effective intervention for long-term treatment of NTDT patients with hemoglobin
levels <10 g/dL with the aim of improving hemoglobin level by at least 1 g/dL, and ideally achieving a steady-state
target hemoglobin level of >10 g/dL. Such treatment objective revolving around “prevention” of long-term
morbidity is now “more feasible”, since the only alternative up until now was introduction of lifelong regular
transfusion therapy (or hydroxyurea in some cases) — a benefit/risk dilemma that many physicians were faced with
in the real-life clinical setting. Data from extension studies and real-world evidence of luspatercept would still be
needed to confirm its ability to reduce long-term morbidity risk, especially since it was not possible to assess such
effects during the short course of the core clinical trial. The same applies to effects on iron overload, since
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Figure 3 Contemporary management of anemia in non-transfusion-dependent B-thalassemia (NTDT).
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improvement in erythropoiesis is expected to ameliorate cumulative iron loading from intestinal absorption and to
mobilize existing tissue iron.'® This may eventually decrease the dose or need for iron chelation therapy, although
overt changes in clinical iron indices will take some time to be observed. This also calls for data on earlier
intervention with luspatercept in children with NTDT.

The need for intervention becomes more apparent in NTDT patients with symptomatic anemia. Although data from
the BEYOND trial did not show significant benefit in the NTDT-PRO T/W domains, improvement was still apparent
especially in symptomatic patients. In patients with co-existing clinical complications, there is currently no evidence
from clinical trials on the benefit of any intervention in reversing the pathology, although some anecdotal evidence from
case series and observational studies suggests a role for transfusion and hydroxyurea (£ erythropoietin) for managing
growth delay, extramedullary hematopoiesis, pulmonary hypertension, and leg ulcers.*® Figure 3 illustrates projected
treatment landscape for anemia in NTDT.*

Other agents are also in development for the treatment of anemia in adults with NTDT. Mitapivat (AG-348) is a first-
in-class oral, small-molecule, allosteric activator of the red blood cell-specific form of pyruvate kinase (PK).®¢' Data
have recently become available from an open-label, multicentre, phase 2 study of mitapivat in 20 adults with NTDT and
a hemoglobin level of <10 g/dL evaluating safety and efficacy in achieving a hemoglobin increase by >1.0 g/dL. Sixteen
(80%) patients had an erythroid response (5/5 in o-thalassemia and 11/15 in p-thalassemia).®® Mitapivat is currently
being evaluated in two phase 3, randomized trials in NTDT (ENERGIZE) and TDT (ENERGIZE-T), including
o-thalassemia.®****

Treatment of anemia in NTDT will always need to be individualized based on clinical and patient needs, and data
from real-world evidence will also be key to identify patient profiles that could benefit the most from such novel
interventions which may not necessarily be affordable or accessible to all NTDT patients globally, considering the
majority of patients live in resource-limited countries.

Conclusion

Our understanding of the detrimental role of untreated anemia in patients with NTDT continues to expand. The
availability of a new treatment option specifically developed to raise hemoglobin level in this patient population will
enable our new management approach aimed at disease modification and prevention of long-term morbidity and
mortality. Real-world evidence will be imperative to understand how data from clinical trials translate to clinical practice.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

There is no funding to report.

Disclosure

K.M.M. reports consultancy fees from Novartis, Celgene/Bristol Myers Squibb, Agios Pharmaceuticals, CRISPR Therapeutics,
Vifor Pharma, and Pharmacosmos; and research funding from Agios Pharmaceuticals and Pharmacosmos. A.T.T. reports
consultancy fees Novartis, Celgene/Bristol Myers Squibb, Vifor Pharma, Silence Therapeutics and lonis Pharmaceuticals; and
research funding from Novartis, Celgene/Bristol Myers Squibb, La Jolla Pharmaceutical Company, Roche, Protagonist
Therapeutics, and Agios Pharmaceuticals. A.K. reports receiving advisory board fees and consulting fees from Agios
Pharmaceuticals, Amgen, Celgene/Bristol Myers Squibb, CRISPR Therapeutics/Vertex, lonis Pharmaceuticals, Novartis, and
Vifor Pharma; and research support, paid to his institution, from Celgene/Bristol Myers Squibb and Novartis; honoraria for
lectures, presentations or speakers’ bureau from Bristol Myers Squibb, Chiesi Farmaceutici, CRISPR Therapeutics/Vertex, and
Novartis; and personal fees from Bristol Myers Squibb. K.H.M.K. reports consultancy fees from Agios Pharmaceuticals,

1588 " Drug Design, Development and Therapy 2023:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Musallam et al

Alexion, Apellis, bluebird bio, Celgene/Bristol Myers Squibb, Forma, Pfizer, Novo Nordisk, Vertex, and Novartis; honoraria
from Alexion and Novartis; membership on an advisory committee for Agios Pharmaceuticals and Bioverativ/Sanofi/Sangamo;
and research funding from Pfizer. S.S. reports consultancy fees from Agios Pharmaceuticals, Bluebird bio, Bristol Myers Squibb,
Forma, and Chiesi; and serving on a clinical trial steering committee for CRISPR/Vertex CTXO001 for thalassemia. M.D.
C. reports consultancy fees from Novartis, Celgene/Bristol Myers Squibb, Vifor Pharma and Ionis Pharmaceuticals; and research
funding from Novartis, Celgene/Bristol Myers Squibb, La Jolla Pharmaceutical Company, Roche, Protagonist Therapeutics, and
CRISPR Therapeutics. The authors report no other conflicts of interest in this work.

References

1. Soteriades S, Angastiniotis M, Farmakis D, Eleftheriou A, Maggio A. The need for translational epidemiology in Beta Thalassemia Syndromes:
a Thalassemia International Federation Perspective. Hematol Oncol Clin North Am. 2023;37(2):261-272. doi:10.1016/j.hoc.2022.12.011

2. Kattamis A, Forni GL, Aydinok Y, Viprakasit V. Changing patterns in the epidemiology of beta-thalassemia. Eur J Haematol. 2020;105
(6):692-703.

3. Kattamis A, Kwiatkowski JL, Aydinok Y. Thalassaemia. Lancet. 2022;399(10343):2310-2324.

4. Farmakis D, Porter J, Taher A, Domenica Cappellini M, Angastiniotis M, Eleftheriou A. 2021 Thalassaemia International Federation Guidelines for
the Management of Transfusion-dependent Thalassemia. Hemasphere. 2022;6(8):¢732.

5. Musallam KM, Rivella S, Vichinsky E, Rachmilewitz EA. Non-transfusion-dependent thalassemias. Haematologica. 2013;98(6):833-844.

6. Taher AT, Musallam KM, Cappellini MD. beta-Thalassemias. N Engl J Med. 2021;384(8):727-743.

7. Musallam KM, Taher AT, Cappellini MD, et al. Untreated anemia in nontransfusion-dependent beta-thalassemia: time to sound the alarm.
Hemasphere. 2022;6(12):e806.

8. Musallam KM, Taher AT, Duca L, Cesaretti C, Halawi R, Cappellini MD. Levels of growth differentiation factor-15 are high and correlate with

clinical severity in transfusion-independent patients with beta thalassemia intermedia. Blood Cells Mol Dis. 2011;47(4):232-234.
9. Taher AT, Musallam KM, El-Beshlawy A, et al. Age-related complications in treatment-naive patients with thalassaemia intermedia. Br
J Haematol. 2010;150(4):486—489.
10. Taher AT, Cappellini MD. How I manage medical complications of beta-thalassemia in adults. Blood. 2018;132(17):1781-1791.
11. Musallam KM, Cappellini MD, Daar S, et al. Serum ferritin level and morbidity risk in transfusion-independent patients with beta-thalassemia
intermedia: the ORIENT study. Haematologica. 2014;99(11):e218-221.
12. Chapin J, Cohen AR, Neufeld EJ, et al. An update on the US adult thalassaemia population: a report from the CDC thalassaemia treatment centres.
Br J Haematol. 2022;196(2):380-389.
13. Musallam KM, Cappellini MD, Daar S, Taher AT. Morbidity-free survival and hemoglobin level in non-transfusion-dependent beta-thalassemia: a
10-year cohort study. Ann Hematol. 2022;101(1):203-204.
14. Taher AT, Musallam KM, Saliba AN, Graziadei G, Cappellini MD. Hemoglobin level and morbidity in non-transfusion-dependent thalassemia.
Blood Cells Mol Dis. 2015;55(2):108-109.
15. Musallam KM, Vitrano A, Meloni A, et al. Risk of mortality from anemia and iron overload in nontransfusion-dependent beta-thalassemia. Am
J Hematol. 2022;97(2):E78-E80.
16. Musallam KM, Cappellini MD, Taher AT. Variations in hemoglobin level and morbidity burden in non-transfusion-dependent beta-thalassemia. Ann
Hematol. 2021;100(7):1903—-1905.
17. Musallam KM, Cappellini MD, Daar S, El-Beshlawy A, Taher AT. Magnitude of cumulative iron overload correlates with the severity of anemia in
untreated non-transfusion-dependent beta-thalassemia. Ann Hematol. 2023;102(2):467-469.
18. Rivella S. Iron metabolism under conditions of ineffective erythropoiesis in beta-thalassemia. Blood. 2019;133(1):51-58.
19. Musallam KM, Cappellini MD, Wood JC, et al. Elevated liver iron concentration is a marker of increased morbidity in patients with beta
thalassemia intermedia. Haematologica. 2011;96(11):1605-1612.
20. Musallam KM, Motta I, Salvatori M, et al. Longitudinal changes in serum ferritin levels correlate with measures of hepatic stiffness in
transfusion-independent patients with beta-thalassemia intermedia. Blood Cells Mol Dis. 2012;49(3—4):136-139.
. Musallam KM, Cappellini MD, Taher AT. Evaluation of the S5mg/g liver iron concentration threshold and its association with morbidity in patients
with beta-thalassemia intermedia. Blood Cells Mol Dis. 2013;51(1):35-38.
22. Moukhadder HM, Halawi R, Cappellini MD, Taher AT. Hepatocellular carcinoma as an emerging morbidity in the thalassemia syndromes:
a comprehensive review. Cancer. 2017;123(5):751-758.
23. Mallat NS, Musallam KM, Mallat SG, Ziyadeh FN, Koussa S, Taher AT. End stage renal disease in six patients with beta-thalassemia intermedia.
Blood Cells Mol Dis. 2013;51(3):146—148.
24. Ziyadeh FN, Musallam KM, Mallat NS, et al. Glomerular hyperfiltration and proteinuria in transfusion-independent patients with beta-thalassemia
intermedia. Nephron Clin Pract. 2012;121(3-4):c136-143.
25. Eldor A, Rachmilewitz EA. The hypercoagulable state in thalassemia. Blood. 2002;99(1):36-43.
26. Taher AT, Cappellini MD, Bou-Fakhredin R, Coriu D, Musallam KM. Hypercoagulability and vascular disease. Hematol Oncol Clin North Am.
2018;32(2):237-245.
27. Pinto VM, Musallam KM, Derchi G, et al. Mortality in beta-thalassemia patients with confirmed pulmonary arterial hypertension on right heart
catheterization. Blood. 2022;139(13):2080-2083.
28. Derchi G, Galanello R, Bina P, et al. Prevalence and risk factors for pulmonary arterial hypertension in a large group of beta-thalassemia patients
using right heart catheterization: a Webthal study. Circulation. 2014;129(3):338-345.
29. Taher AT, Musallam KM, Karimi M, et al. Splenectomy and thrombosis: the case of thalassemia intermedia. J Thromb Haemost. 2010;8
(10):2152-2158.

2

Drug Design, Development and Therapy 2023:17 heeps: 1589

Dove:


https://doi.org/10.1016/j.hoc.2022.12.011
https://www.dovepress.com
https://www.dovepress.com

Musallam et al Dove

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Taher AT, Musallam KM, Karimi M, et al. Overview on practices in thalassemia intermedia management aiming for lowering complication rates
across a region of endemicity: the OPTIMAL CARE study. Blood. 2010;115(10):1886—1892.

Musallam KM, Taher AT, Karimi M, Rachmilewitz EA. Cerebral infarction in beta-thalassemia intermedia: breaking the silence. Thromb Res.
2012;130(5):695-702.

Taher A, Isma’eel H, Mehio G, et al. Prevalence of thromboembolic events among 8860 patients with thalassaemia major and intermedia in the
Mediterranean area and Iran. Thromb Haemost. 2006;96(4):488—491.

Cappellini MD, Robbiolo L, Bottasso BM, Coppola R, Fiorelli G, Mannucci AP. Venous thromboembolism and hypercoagulability in splenecto-
mized patients with thalassaemia intermedia. Br J Haematol. 2000;111(2):467-473.

Mihailescu AM, Musallam KM, Cappellini MD, Taher AT. Less ‘reds’ more ‘blues’: hemoglobin level and depression in non-transfusion-dependent
thalassemia. Ann Hematol. 2020;99(4):903-904.

Cappellini MD, Kattamis A, Viprakasit V, et al. Quality of life in patients with beta-thalassemia: a prospective study of transfusion-dependent and
non-transfusion-dependent patients in Greece, Italy, Lebanon, and Thailand. 4m J Hematol. 2019;94(10):E261-E264.

Amid A, Leroux R, Merelles-Pulcini M, Yassobi S. Factors impacting quality of life in thalassemia patients; results from the Intercontinental
Collaborative Study [abstract]. Blood. 2016;128(22):3633.

Atwa ZT, Wahed WYA. The impact of illness perception and socio-clinico-demographic factors on perceived quality of life in children and
adolescents with thalassemia intermedia. Pediatr Blood Cancer. 2019;66(7):¢27735.

Taher AT, Musallam KM, Cappellini MD. Guidelines for the Management of Non Transfusion Dependent Thalassaemia (NTDT). Cyprus: Nicosia;
2017.

Taher AT, Porter J, Viprakasit V, et al. Deferasirox reduces iron overload significantly in nontransfusion-dependent thalassemia: 1-year results from
a prospective, randomized, double-blind, placebo-controlled study. Blood. 2012;120(5):970-977.

Musallam KM, Taher AT, Cappellini MD, Sankaran VG. Clinical experience with fetal hemoglobin induction therapy in patients with
B-thalassemia. Blood. 2013;121(12):2199-2212.

Rigano P, Pecoraro A, Calzolari R, et al. Desensitization to hydroxycarbamide following long-term treatment of thalassaemia intermedia as
observed in vivo and in primary erythroid cultures from treated patients. Br J Haematol. 2010;151(5):509-515.

Musallam KM, Vitrano A, Meloni A, et al. Survival and causes of death in 2033 patients with non-transfusion-dependent beta-thalassemia.
Haematologica. 2021;106(9):2489-2492.

Betts M, Flight PA, Paramore LC, Tian L, Milenkovic D, Sheth S. Systematic Literature Review of the Burden of Disease and Treatment for
Transfusion-dependent beta-Thalassemia. Clin Ther. 2020;42(2):322-337 ¢322.

Weiss M, Parisi Jun M, Sheth S. Clinical and economic burden of regularly transfused adult patients with beta-thalassemia in the United States:
a retrospective cohort study using payer claims. Am J Hematol. 2019;94(5):E129-E132.

Suragani RN, Cadena SM, Cawley SM, et al. Transforming growth factor-beta superfamily ligand trap ACE-536 corrects anemia by promoting
late-stage erythropoiesis. Nat Med. 2014;20(4):408-414.

Suragani RN, Cawley SM, Li R, et al. Modified activin receptor 1IB ligand trap mitigates ineffective erythropoiesis and disease complications in
murine B-thalassemia. Blood. 2014;123(25):3864-3872.

Martinez PA, Li R, Ramanathan HN, et al. Smad2/3-pathway ligand trap luspatercept enhances erythroid differentiation in murine
beta-thalassaemia by increasing GATA-1 availability. J Cell Mol Med. 2020;24(11):6162-6177.

Guerra A, Oikonomidou PR, Sinha S, et al. Lack of Gdfl1 does not improve anemia or prevent the activity of RAP-536 in a mouse model of
beta-thalassemia. Blood. 2019;134(6):568-572.

Attie KM, Allison MJ, McClure T, et al. A phase 1 study of ACE-536, a regulator of erythroid differentiation, in healthy volunteers. Am J Hematol.
2014;89(7):766-770.

Piga A, Perrotta S, Gamberini MR, et al. Luspatercept improves hemoglobin levels and blood transfusion requirements in a study of patients with
B-thalassemia. Blood. 2019;133(12):1279-1289.

Piga A, Longo F, Gamberini MR, et al. Long-term safety and erythroid response with luspatercept treatment in patients with beta-thalassemia. Ther
Adv Hematol. 2022;13:20406207221134404.

Cappellini MD, Viprakasit V, Taher AT, et al. A Phase 3 Trial of Luspatercept in Patients with Transfusion-Dependent beta-Thalassemia. N Engl
J Med. 2020;382(13):1219-1231.

Taher AT, Cappellini MD, Kattamis A, et al. Luspatercept for the treatment of anaemia in non-transfusion-dependent beta-thalassaemia
(BEYOND): a phase 2, randomised, double-blind, multicentre, placebo-controlled trial. Lancet Haematol. 2023;9(10):e733—e744.

Musallam KM, Taher AT, Porter JB, et al. A closer look at changes in hemoglobin levels in patients with non-transfusion dependent -thalassemia
treated with luspatercept: post hoc analysis of the phase 2 BEYOND trial [abstract]. Blood. 2022;140(Suppl 1):5358-5359.

Taher A, Viprakasit V, Cappellini MD, et al. Development of a patient-reported outcomes symptom measure for patients with
nontransfusion-dependent thalassemia (NTDT-PRO(c)). Am J Hematol. 2019;94(2):171-176.

Taher A, Cappellini MD, Viprakasit V, et al. Validation of a patient-reported outcomes symptom measure for patients with
nontransfusion-dependent thalassemia (NTDT-PRO(c)). Am J Hematol. 2019;94(2):177-183.

Bristol Myers Squibb. Bristol Myers Squibb withdraws supplemental biologics license application (SBLA) for reblozyl (luspatercept-aamt) for
non-transfusion dependent (NTD) beta thalassemia. Available from: https:/investors.bms.com/iframes/press-releases/press-release-details/2022/
Bristol-Myers-Squibb-Withdraws-Supplemental-Biologics-License-Application-sBLA-for-Reblozyl-luspatercept-aamt-for-Non-transfusion-
Dependent-NTD-Beta-Thalassemia/default.aspx. Accessed September 8, 2022.

Bristol Myers Squibb. Bristol Myers Squibb Receives European Commission Approval of Reblozyl® (luspatercept) for Anemia in Adult Patients
with Non-Transfusion-Dependent Beta Thalassemia. Available from: https://news.bms.com/news/details/2023/Bristol-Myers-Squibb-Receives-
European-Commission-Approval-of-Reblozyl-luspatercept-for-Anemia-in-Adult-Patients-with-Non-Transfusion-Dependent-Beta-Thalassemia
/default.aspx. Accessed March 6, 2023.

Taher A, Musallam K, Cappellini MD. Guidelines for the Management of Non-Transfusion-Dependent B-Thalassaemia. 3rd ed. Nicosia, Cyprus:
Thalassaemia International Federation; 2023.

Grace RF, Rose C, Layton DM, et al. Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency. N Engl J Med. 2019;381(10):933-944.

1590 " Drug Design, Development and Therapy 2023:17

Dove!


https://investors.bms.com/iframes/press-releases/press-release-details/2022/Bristol-Myers-Squibb-Withdraws-Supplemental-Biologics-License-Application-sBLA-for-Reblozyl-luspatercept-aamt-for-Non-transfusion-Dependent-NTD-Beta-Thalassemia/default.aspx
https://investors.bms.com/iframes/press-releases/press-release-details/2022/Bristol-Myers-Squibb-Withdraws-Supplemental-Biologics-License-Application-sBLA-for-Reblozyl-luspatercept-aamt-for-Non-transfusion-Dependent-NTD-Beta-Thalassemia/default.aspx
https://investors.bms.com/iframes/press-releases/press-release-details/2022/Bristol-Myers-Squibb-Withdraws-Supplemental-Biologics-License-Application-sBLA-for-Reblozyl-luspatercept-aamt-for-Non-transfusion-Dependent-NTD-Beta-Thalassemia/default.aspx
https://news.bms.com/news/details/2023/Bristol-Myers-Squibb-Receives-European-Commission-Approval-of-Reblozyl-luspatercept-for-Anemia-in-Adult-Patients-with-Non-Transfusion-Dependent-Beta-Thalassemia/default.aspx
https://news.bms.com/news/details/2023/Bristol-Myers-Squibb-Receives-European-Commission-Approval-of-Reblozyl-luspatercept-for-Anemia-in-Adult-Patients-with-Non-Transfusion-Dependent-Beta-Thalassemia/default.aspx
https://news.bms.com/news/details/2023/Bristol-Myers-Squibb-Receives-European-Commission-Approval-of-Reblozyl-luspatercept-for-Anemia-in-Adult-Patients-with-Non-Transfusion-Dependent-Beta-Thalassemia/default.aspx
https://www.dovepress.com
https://www.dovepress.com

Dove Musallam et al

61. Matte A, Federti E, Kung C, et al. The pyruvate kinase activator mitapivat reduces hemolysis and improves anemia in a beta-thalassemia mouse
model. J Clin Invest. 2021;131(10):46.

62. Kuo KHM, Layton DM, Lal A, et al. Safety and efficacy of mitapivat, an oral pyruvate kinase activator, in adults with non-transfusion dependent
alpha-thalassaemia or beta-thalassaemia: an open-label, multicentre, phase 2 study. Lancet. 2022;400(10351):493-501.

63. Musallam KM, Taher AT, Cappellini MD. Right in time: mitapivat for the treatment of anemia in alpha- and beta-thalassemia. Cell Rep Med.
2022;3(10):100790.

64. Kuo KH, Layton DM, Al-Samkari H, et al. ENERGIZE and ENERGIZE-T: two phase 3, randomized, double-blind, placebo-controlled studies of

mitapivat in adults with non-transfusion dependent or transfusion-dependent alpha- or beta-thalassemia [abstract]. Hemasphere. 2021;5
(S2):848-849.

Drug Design, Development and Therapy Dove
Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online

and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2023:17 n kY in n Dove 1591


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Anemia at the Core of Pathophysiology in NTDT
	Available Options for Managing Anemia in NTDT
	Luspatercept for β-Thalassemia
	The BEYOND Trial
	Integration of Luspatercept in Contemporary Management Approaches
	Conclusion
	Author Contributions
	Funding
	Disclosure

