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Abstract: 

One of the most prevalent monogenic disorders in the world is hemoglobinopathies. One to five percent 

of people worldwide carry a hereditary thalassemia mutation. The thalassemias are characterized by 

inherited autosomal recessive abnormalities in hemoglobin synthesis. The Mediterranean, Middle East, 

Indian subcontinent, and East and Southeast Asia all have significant populations of them. However, as a 

result of recent immigration, thalassemias are now increasing in prevalence in Europe and North America, 

making this condition a global health concern. There are significant difficulties and restrictions with the 

thalassemia conventional medicines that are now accessible. The lifespan of thalassemia patients has 

increased due to a better understanding of the pathophysiology of -thalassemia as well as significant 

advancements in iron-chelation therapy and transfusion program optimization. This has also opened the 

door for new therapeutic approaches. Based on their attempts to address various aspects of the underlying 

pathophysiology of -thalassemia, they can be divided into three categories: improvement of iron overload, 

correction of the globin chain imbalance, and treatment of inadequate erythropoiesis. In this review, we 

give a general overview of the cutting-edge therapy strategies being researched and developed for 

thalassemia. 
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INTRODUCTION  

One to five percent of the world's population are carriers for a hereditary thalassemia mutation, and beta 

thalassemia is the most prevalent monogenic disease there is [1]. The Greek words Thalassa (sea) and haima 

(blood) are the source of the word thalassemia. Cooley's anaemia is a different name for this condition that 

is occasionally used in literature. Prof. Cooley Thomas was a pediatrician in the USA who first identified 

the clinical features of this ailment in individuals of Italian ancestry in 1925. [2,3] A genetic blood condition 

called thalassemia that a person inherits from their parents may cause the improper synthesis of 

hemoglobin. Alpha and beta thalassemia are the two primary kinds [4] The number of missing genes—two 

for beta globin and four for alpha—determines the severity of alpha and beta thalassemia [5]. 

There are two main types of thalassemia Alpha thalassemia Beta thalassemia And the beta thalassemia is 

again classified into three types Beta thalassemia minor Beta thalassemia intermedia Beta thalassemia 

major 
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ETIOLOGY 

Thalassemia is caused by an imbalanced synthesis of hemoglobin, which is caused by a decrease in the 

production of at least one globin polypeptide chain (beta, alpha, gamma, or delta). Thalassemia is inherited 

in an autosomal recessive manner. Reduced synthesis of beta-polypeptide chains causes beta thalassemia. 

Heterozygotes (carriers) have mild to severe microcytic anaemia (thalassemia minor) but no symptoms. 

Homozygotes (beta-thalassemia major or Cooley's anaemia) experience bone marrow hyperactivity and 

severe anaemia. Reduced alpha globin production leads to alpha thalassemia. Silent alpha thalassemia is 

a condition that occurs from heterozygotes for a single gene deficiency. Alpha thalassemia trait is caused 

by heterozygotes with errors in two of the four genes; these individuals often experience mild to moderate 

microcytic anaemia without any other symptoms. The creation of tetramers of extra beta chains (HbH) or, 

in infancy, gamma chains (Bart's Hb) results from defects in three of the four genes that more severely 

limit alpha-chain production. Without prenatal blood transfusions, all four gene defects are fatal because 

hemoglobin without alpha chains is unable to carry oxygen. Hemoglobin E (Hb E)-related thalassemia is 

an additional form. One of the most prevalent hemoglobinopathies, Hb E, is caused by a missense mutation 

at codon 26, which is part of the beta globin gene's splicing sequence. In addition to changing the structure, 

this mutation slows the pace at which beta globin is produced. As a result, modest Beta thalassemia 

phenotype is typically present in Hb E trait and disease. In Southeast Asia, India, and Bangladesh, co-

inheritance of Hb E with thalassemia is frequent [6]. The phenotype of this Hb E/Thalassemia compound 

heterozygote condition varies, ranging from moderate anaemia to transfusion need [7]. The most prominent 

genotype accounts for 50% of severe beta thalassemia worldwide and is Hb E/Beta thalassemia [8]. A 

higher risk of pulmonary hypertension or vitamin D deficiency exists in Hb E/Beta thalassemia patients 
[9,10]. 

 
Fig 1: Thalassemia  
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                                            Fig 2: Inheritance of beta thalassemia  

 

PATHOPHYSIOLOGY  

B-thalassemia patients erythropoiesis reflects the effects of an excess of unpaired a-globin [11,12]. In 

actuality, rather than the underproduction of hemoglobin, the main determinant of illness severity is the 

degree of imbalance in the a-globin against b g-globin biosynthetic ratio [13-15]. There is a two-fold increase 

in a-globin production in b-thalassemia trait, which is associated with reasonably normal hematopoiesis 

with only minor microcytosis and red cell hypochromia. Theato non-abiosynthetic ratio is normally 3–4/1 

in people with thalassemia intermedia because residual b-globin synthesis ability and often modest but 

variable g-globin synthesis capacity help to lessen the effects of excess globin production. The severe 

phenotype of people with b-thalassemia mutations is caused by a substantial chain biosynthesis imbalance. 

After being synthesized, a-globin joins forces with a-hemoglobin stabilizing protein (AHSP), a molecular 

chaperone, to create a protein complex before being released to join forces with b-globin to form the 

hemoglobin tetramer [16]. A-globin folding is facilitated by AHSP, which also prevents aggregates from 

forming improperly folded. Human microcytosis and anaemia are linked to a-Globin mutations that hinder 

interaction with AHSP [17]. In a mouse model of b thalassemia, loss of AHSP has also been demonstrated 

to impair erythropoiesis [18]. There is proof that AHSP levels could affect the b-thalassemia phenotype [19]. 

 

RECENT ADVANCES IN THE TREATMENT OF BETA THALASSEMIA  

1) Bone marrow transplantation  

In a TDT patient, the goal of a bone marrow transplant is to restore the tissue's capacity to produce 

functional hemoglobin. According to data from the European Bone Marrow Transplant (EBMT) registry, 

after a median observation period of 2 years, the 2-year overall survival (OS) and event-free survival (EFS) 

rates were 88.1% and 81.1%, respectively, for 1493 consecutive patients with thalassemia major 

transplanted between 2000 and 2010. Patients who had received bone marrow, peripheral blood, or cord 

blood (individually or in combination) had OS and EFS of 90%, 81%, and 93% (P 0.001), respectively 
[20]. The Pesaro risk assessment [21], which divides transplantation outcomes into three classifications based 

on hepatomegaly, portal fibrosis, and irregular chelation history [22], is part of the pre-transplant 

examination. Patients in class 1 have none of the risk factors, patients in class 2 have one or two risk 

factors, and patients in class 3 have all three risk factors. While the transplant-related mortality (TRM) 

increased from class 1 to class 3, the thalassemia-free survival (TFS) was, respectively, 85-90% for class 
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1, 80% for class 2, and 65-70% for class 3 [23]. Therefore, HSCT should be made available to a young TDT 

patient with a matched sibling donor (MSD) before iron overload and consequent tissue damage emerge. 

A 2-year OS of 91% for MSD transplants, compared to 88% for matched family donors and 77% for 

matched unrelated donors, is the safest outcome, according EBMT data. In a recent study, Li et al. 

examined the usage of unrelated donors and HLA-matched related donors in China, India, and the USA 

for children and young adults with TDT. After HLA-matched relative, HLA-mismatched relative, HLA-

matched unrelated, and HLA-mismatched unrelated donor transplants, the 5-year odds of overall survival 

(OS) were reported to be 89%, 73%, 87%, and 83%, respectively. After transplants using HLA-matched 

relatives, HLA-mismatched relatives, HLA-matched unrelated donors, and HLA-mismatched unrelated 

donors, the 5-year probabilities of EFS were 86%, 70%, 82%, and 78%, respectively [24]. Following 

transplantation from HLA-matched related and HLA-matched unrelated donors, this research 

demonstrates equivalent event-free and OS. Notably, the main restrictions on the use of hematopoietic 

stem cell transplantation (HSCT) are the availability of a suitable donor, the patient's fitness, and 

procedure-related toxicity. Due to this, it is necessary to research novel conditioning protocols or apply 

autologous gene therapy to the most extreme cases. 

 

2) Gene Therapy 

A very promising cure for beta-thalassemia involves the autologous transplantation of hematopoietic stem 

cells that have undergone genetic modification. Several gene transfer procedures have been thoroughly 

investigated over the past ten years. Among them, lentivirus vectors have been applied to erythroid stem 

Biology 2021, 10, 546 5 of 15 cells from thalassemic patients and thalassemic mice models. These studies 

have concentrated on the addition of or -globin, the upregulation of -globin-activating transcription factors, 

the silencing of DNA- or RNA-binding proteins that prevent the expression of -globin repressors, such as 

BCL11A, and the genome editing of -globin mutations or -globin repressors (Figure 4). Several clinical 

trials that are now being conducted have shown encouraging findings. 

 
Fig no : Stepwise procedure of gene therapy by gene addition and by gene editing in beta 

Thalassemia 
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In order to restore fatal Hb (HbF) production, the patient's chosen CD34+ erythroid progenitor cells (bone 

marrow or peripheral cells) undergo genetic modification either through the viral vector-based addition of 

a normal globin gene or through gene editing with nucleases (Crisp/Cas9 or ZFN), which corrects the 

globin mutation or deletes genomic regions of the BCL11A gene. After rigorous quality control processes, 

the genetically corrected CD34+ stem cells are ready for autologous transplantation. After receiving the 

appropriate myeloablative treatment, the patient is next given stem cells. 

 

3) Allogeneic Hematopoietic Stem Cell Transplantation (ALLO-HSCT)    

Allo-HSCT is a potentially effective cure for TDT illness, however its side effects and mortality raise 

serious questions. According to the Pesaro criteria, having good risk characteristics in TDT patients is 

associated with a success rate of more than 90%. Three factors related to iron toxicity are included in the 

Pesaro criteria, which are applicable to patients under the age of 16: the regularity of iron chelation, the 

existence of hepatomegaly, and the presence of liver fibrosis. The best candidates are typically young 

children without comorbidities and a sibling donor who shares the same human leukocyte antigen (HLA). 

Busulfan and cyclophosphamide, two alkylating drugs, are used in the usual myeloablative condition 

regimens in addition to chemotherapy [25-27]. Due to heightened rates of graft rejection and transplant-

related mortality, AlloHSCT in thalassemic patients with high-risk criteria can be challenging. Adults with 

TDT will always be at high risk, but a number of novel conditioning protocols are being tested in clinical 

studies in an effort to enhance the outcomes of transplantation. Positive outcomes have been documented 

with modified or reduced intensity conditioning, as well as nonmyeloablative regimens (such as 

treosulfan/thiotepa/fludarabine). Age and Pesaro categorization both lose a significant amount of their 

prognostic power with these contemporary, promising techniques [28,29]. The bone marrow is a better source 

of stem cells than peripheral blood, probably because there is a lesser danger of developing chronic graft-

versus-host disease. In an effort to reduce the likelihood of graft rejection in high-risk thalassemic patients, 

peripheral blood stem cells have also been employed. Fully matched sibling donors are ideal, however 

matched unrelated donors and related cord blood transfusions in patients meeting low-risk criteria may 

also be taken into account. Haploidentical transplants and unrelated umbilical cord blood cell collection 

should ideally take place in a clinical study setting.     

 

4)Activin 2 Receptor Traps                             

Growth differentiation factors and activins are examples of transforming growth factor (TGF-) 

superfamily ligands that have been demonstrated to have an inhibitory effect on late-stage erythropoiesis 
[30-33]. In conditions characterized by inefficient erythropoiesis, such as -thalassemia [34] and 

myelodysplastic syndromes (MDS) [35], SMAD2/3 signaling can be reduced by the activin receptor ligand 

traps sotatercept and luspatercept. Activin receptor ligand traps have initially been thought to block 

GDF11-mediated signaling [36]. However, Guerra et al. recently demonstrated that in a mouse model of -

thalassemia, the absence of GDF11 did not alleviate anaemia. The authors demonstrated that -thalassemia 

mice with a pancellular deletion of GDF11 or a deletion in the hematopoietic compartments responded to 

RAP-536 treatment, indicating that GDF11 is not the primary target of the activin receptor ligand trap and 

is probably not the main cause of ineffective erythropoiesis [37]. 
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Fig. 4: New therapy approaches for beta-thalassemia targets. The ligand trap molecules for the activin 

receptor are directed at the aSMAD2/3 signaling pathway. When type I and type II receptors bind to 

members of the transforming growth factor superfamily (TGF-), this results in multimerization. The type 

I receptor activates, resulting in the phosphorylation of SMAD2/SMAD3. This results in the gene being 

controlled and stimulating a cellular response with reduction of latestage erythropoiesis. It also causes 

dissociation from the type I receptor and oligomerization with SMAD4. By blocking the ligand from 

binding, lupatercept and sotatercept inhibit this pathway and encourage late-stage erythropoiesis. JAK2 

inhibitors, such as ruxolitinib, target the JAK2/STAT5 signaling pathway 
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FIG 5: Erythropoietin (EPO) production is elevated in -thalassemia, which activates the JAK2/STAT5 

pathway and affects erythroid progenitor proliferation and differentiation. c Mini-hepcidin and TMPRSS6 

inhibitors aim to regulate hepcidin expression in hepatocytes. BMP6 and hemojuvelin (HJV) binding to 

the BMP6 receptor trigger a downstream signaling cascade through SMAD1, SMAD5, or SMAD8, which 

activate SMAD4. Then, SMAD4 will promote HAMP-encoded hepcidin transcription and expression. 

Other molecules, such as the transferrin receptor 2 (TFR2), which is associated with the human 

hemochromatosis protein (HFE) and the HJV, also control the SMAD signaling pathway. By cleaving HJV 

from the cell surface, transmembrane protease serine 6 (TMPRSS6) adversely regulates HAMP 

expression. The signaling route by which the production of erythroferrone (ERFE) reduces hepcidin 

expression is still unknown. Iron restriction is brought on by the injection of synthetic hepcidins and the 

suppression of TMPRSS6, which ultimately boosts hepcidin expression. Another class of medications that 

causes iron limitation is ferroportin inhibitors. 

 

4.1) Sotatercept (ACE-011)   

By functioning as a ligand trap to block the TGF- superfamily's negative regulators of late-stage 

erythropoiesis, sotatercept or ACE-011 may be able to treat inefficient erythropoiesis. Between November 

2012 and November 2014, a phase 2 study with sotatercept was carried out on 16 TDT patients and 30 

NTDT patients in seven centers worldwide [38]. For TDT patients, the average treatment time was 13.8 

months, whereas for NTDT or 1.0 mg/kg. Every three weeks, they were injected subcutaneously. Ten 

patients (63%) in the TDT group attained a transfusion burden, and two patients (13%), a reduction of 

50%.  The active dose of sotatercept in these individuals was 0.5 mg/kg, and the mean change in Hb level 

from baseline to the end of treatment was 0.7 g/dl. 

On the other hand, in the NTDT group, 11 patients (37%) had a mean Hb increase of 1.5 g/dL sustained 

for 12 weeks, while 18 patients (60%) received sotatercept dosages ranging from 0.1 to 1.0 mg/kg and 

experienced a mean Hb increase of 1.0 g/dL [39]. The majority of patients accepted sotatercept well, and it 

had an overall positive safety profile. The prevalence of grade 3–4 adverse events was modest, and 

treatment discontinuation due to them was uncommon. 

 

4.2) Luspatercept 

It is also known as ACE-536 or luspatercept, and it is a recombinant fusion protein that traps activin 

receptors. It has just received FDA approval for the treatment of TDT patients at the initial dose of 1 mg/kg 

administered subcutaneously once every three weeks. Overall, luspatercept was well tolerated and linked 

to a dose-dependent rise in Hb levels in healthy individuals. In a mouse model of -thalassemia, RAP-536, 

a murine analogue of luspatercept, was similarly demonstrated to lessen oxidative stress and anaemia. 

 

5)JAK2Inhibitors  

JAK2 has been implicated in a number of studies as a potential target for the treatment of erythropoiesis 

abnormalities [40]. JAK2 inhibition enhanced inefficient erythropoiesis in TDT and NTDT mouse models 

and also restored splenomegaly [41-42]. These results have led to the suggestion that ruxolitinib use may be 

advantageous for those with t thalassemia. Ruxolitinib's effectiveness and safety were evaluated in a phase 

2a research in TDT patients with enlarged spleens. Ruxolitinib was administered to a total of 30 TDT 

patients at a beginning dose of 10 mg twice daily. Patients using ruxolitinib experienced a reduction in 

spleen size from the beginning of their treatment.  Between baseline and weeks 12 (n=26) and 30 (n=25), 
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the mean change in spleen volume was 19.7% and 26.8%, respectively. One patient showed an increase 

in spleen volume at week 30 after originally experiencing a 15% drop. There were no clinically meaningful 

decreases in pre-transfusion Hb, which prevented any corresponding decrease in transfusion requirements. 

Furthermore, although hepcidin levels rose in the ruxolitinib treatment group over time, neither blood iron 

nor ferritin levels showed any discernible alterations [43]. The study did not enter phase 3 for all of the 

aforementioned reasons. 

 

6)Modulating iron metabolism  

Hepcidin is the primary regulator of iron metabolism [44], and despite iron overload, patients with -

thalassemia have low levels of hepcidin [45,46]. Preclinical investigations have looked into a significant 

variety of substances that boost hepcidin expression or activity and have found that they have positive 

effects [47,48]. Agents that directly target ferroportin can have a similar ferroportin-reducing impact by 

preventing the binding of hepcidin and preventing the internalization and destruction of the iron exporter 

protein. Approaches that disrupt the underlying regulatory mechanisms may be advantageous due to the 

homeostatic regulation of hepcidin expression [49]. One of these is the inhibition of matriptase 2 (MT2), 

which prevents haemojuvelin from being cleaved. [50,51]. 

 

6.1) Minihepcidin   

Minihepcidin are known to limit iron absorption. They can therefore be applied to iron dysregulation. A 

2016 young Hbbth3/+ mice, which have traits similar to the human NTDT phenotype, have inefficient 

erythropoiesis, anaemia, splenomegaly, and iron overload, as demonstrated by a study by Casu et al. 

However, the injection of Minihepcidin along with the iron chelator deferiprone was able to alleviate 

inefficient erythropoiesis, anaemia, and reverse splenomegaly in aged Hbbth3/+ mice. 

 

6.2) Ferroportin inhibitors 

The use of ferroportin inhibitors is a more modern strategy to combat inefficient erythropoiesis through 

the modification of iron metabolism. The ferroportin inhibitory small oral molecule VIT-2763 is a recently 

described chemical in the field. VIT-2763 inhibited the outflow of iron from cells, outcompeted hepcidin 

for ferroportin binding, and induced ferroportin internalization and ubiquitination.VIT-2763 enhanced 

erythropoiesis and reduced anaemia in Hbbth3/+mice. 

Additionally, ROS levels were subsequently reduced, and the medication also reduced overall oxidative 

damage. The hypoxic cycle was inhibited and EPO synthesis was decreased by the treatment of VIT-2763 

to Hbbth3/+mice, which also increased overall tissue oxygenation. The usage of this medication also 

reduced hepatic iron excess. Furthermore, after 3 weeks of dosing with VIT-2763, a considerable 

improvement in myelopoiesis was seen in the spleen of Hbbth3/+mice. 

 

7)Phosphodiesterase 9 Inhibition  

A novel therapy goal for sickle cell anaemia and thalassemia is to change intracellular cyclic guanosine 

monophosphate (cGMP). The cGMP-dependent pathway plays numerous roles in vascular biology and is 

important for the synthesis of HbF. Because phosphodiesterase (PDE) 9 specifically breaks down cGMP 

in erythropoietic cells, using PDE9 inhibitors can raise cGMP levels and reactivate HbF [52,53]. IMR-687 

is a brand-new drug that was created to inhibit PDE 9. IMR-687 has recently been used orally in sickle 

cell disease patients, and it has been proven to boost HbF synthesis, improve Hb levels, and improve 
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haemolysis indicators [54] TDT and NTDT adult thalassemic patients have been enrolled in a comparable 

phase 2 research to assess the safety and tolerability of IMR-687 when administered once daily for 36 

weeks. 

 

8)Transmembrane protease serine 6 (TMPRSS6) 

Increasing hepatic hepcidin production is one of the cutting-edge treatment strategies to address iron 

imbalance. The TMPRSS6 gene can be suppressed to do this. It has been demonstrated that infective 

erythropoiesis, anaemia, and splenomegaly can all be improved in Hbbth3/+ mice by deleting the 

TMPRSS6 gene. In Hbbth3/+ mice, the targeting of TMPRSS6 with second-generation antisense 

oligonucleotides (ASOs) has also been documented. Targeting TMPRSS6 by ASO can modify the 

expression of the hepcidin antimicrobial peptide (HAMP), according to a study by Guo et al. Using mice 

with hemochromatosis (Hfe-/-), the ASO-treated group displayed significant improvements in inefficient 

erythropoiesis, a considerable reduction in iron parameters and liver iron buildup, decreased erythropoietin 

levels, a decrease in splenomegaly, and higher Hb levels [55].  Another work by Schmidt et al. demonstrated 

that TMPRSS6 can be downregulated by using small interfering RNAs (siRNA). They demonstrated that 

treating Hbbth3/+ mice with lipid nanoparticles-TMPRSS6 siRNA caused hepcidin to be produced and 

reduced the levels of tissue and serum iron. Ionis Pharmaceuticals will soon begin a phase 2a research in 

patients with NTDT 18 years of age utilizing TMPRSS6 inhibitors. Patients will receive IONIS 

TMPRSS6-LRx subcutaneously every four weeks as part of this trial. The proportion of individuals whose 

plasma Hb increased by less than 1.0 g/dL from baseline at week 27 will be one of the study's primary 

outcome measures. Silence Therapeutics is also working on SLN124, a GalNAc attached double-stranded 

completely modified siRNA that targets the TMPRSS6 messenger RNA (mRNA) The safety, tolerability, 

pharmacokinetics, and pharmacodynamic response of SLN124 are being studied in an adult patient 

population with NTDT and very low- and low-risk myelodysplastic syndrome (MDS) in a randomized, 

single-blind, placebo-controlled, phase 1b, single-ascending and multiple-dose study. 

 

9) New iron chelation  

The prognosis of beta-thalassemia major has significantly improved over the past 30 years thanks to 

conventional treatment, which generally consists of routine blood transfusions and iron chelation therapy 

with desferrioxamine (DFO). Effective parenteral DFO delivery decreases or prevents iron buildup and 

iron-mediated organ damage, which consistently lowers morbidity and mortality. Chelation with DFO, 

however, could not be sufficient for a number of reasons. The exorbitant costs of the medication and the 

materials required for its administration prevent most patients in developing Middle Eastern and Far 

Eastern nations, where thalassemia is a significant public health issue, from accessing it. DFO is reportedly 

only given for 25,000 of the 72,000 thalassemia major patients who receive blood transfusions on a regular 

basis worldwide. Despite the widespread availability of DFO in Western nations, some patients find it 

difficult to adhere to the recommended course of treatment because the effective chelation regimen is 

uncomfortable and time-consuming and necessitates repeated daily subcutaneous or intravenous 

administration.  

Additionally, some patients may experience adverse effects of varying severity that impair compliance or 

occasionally force a halt to therapy. In a recent study, 105 of 328 North American patients who had 

previously undergone chelation therapy with DFO reported problems that necessitated changing the 
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chelator's dose or route of administration, and 20 reported quitting DFO. Iron overload could cause 

mortality if a person cannot handle the strenuous and demanding long-term use of DFO. 

Alternative iron chelators are being sought after because DFO is unavailable for the majority of 

thalassemia major patients and the recommended therapy does not work to stop problems in other people. 

More than 1000 molecules with synthetic, microbial, or plant origins have been examined in vitro and in 

vivo during the past 25 years, and a number of intriguing compounds have been discovered. Deferiprone 

(DFP), one of them, has been on the market for 9 years in India and 5 years in Europe, while the others 

are the subject of active clinical research. The rate of iron accumulation varies by organ, and each organ 

has a unique susceptibility to the harm caused by reactive iron species like intracellular labile iron pool 

(LIP) and nontransferrin bound iron (NTBI).  

Understanding the relative accessibility of iron chelators to those various pools requires more research. 

Methods for measuring these iron species are becoming more accessible and sensitive, and they may help 

us better understand how different chelators work and make it easier to create customized chelation plans. 

These findings suggest a role for specialized chelators that remove iron from particular organs. Since 

cardiac illness is one of the most significant life-limiting effects of iron overload in thalassemia, effective 

chelation should also target a decrease in iron in certain organs, especially the heart.  

Development of iron chelation  

Ex: Deferiprone  

Desferrithiocin 

Hydroxybenyl-ethlenediamino-diacetic acid  

Prriodoxalisonicotinoyl hydrazone   

 

CLINICAL TRIALS OF NOVEL TREATMENT IN B THALASSEMIA 

Treatment  

Modality  

Mechanism  Route  Phase  ClinicalTrials.g

ov 

(8 may 2021) 

Status  Institution/ 

Developer  

Luspatercept Ligand trap 

TGF beta 

superfamily  

Subcutaneo

us 

2 

 

 

2 

Extensi

on  

Study  

NCT01749540 

 

 

NCT02268409 

NCT03342404 

NCT04143724 

  

Complet

ed 

 

 

Complet

ed  

Open  

Not yet   

Acceleron  

Pharma,  

Celgene  

Corporation  

Mitapivat  Pyruvate kinase 

activation  

Orel  2 NCT03692052 Open  Agios  

Pharmaceutic

als  

TMPRSS6L

Rx 

Matriptase-2 

inhibition 

Hepcidin  

activation 

Subcutaneo

us  

2 NCT04059406  Open  Ionis  

Pharmaceutic

als  
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HSCT  

 

Matched  

unrelated 

   2 NCT01049854 Completed New York 

Medical  

College , 

USA 

HSCT  Nonmyeloablative  

haploidentical 

Haploidentical  

Transplants 
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CONCLUSION 

New therapeutic strategies that aim to directly repair the imbalance between the - and -globin chains 

through gene therapy or address inefficient erythropoiesis operating on several pathways have been made 

possible by the advancement in our understanding of -thalassemia pathogenesis. On the other hand, 

because of the complexity of genes and the less inefficient erythropoiesis component, the therapy of -

thalassemias is less advanced than for -thalassemias. While the loss of three genes, or illness, is 

phenotypically an NTDT, the most severe type of -thalassemia (missing of the four genes), i.e., Hb Bart's, 

which results in hydrops fetalis, necessitates in utero intervention. 

 

REFERENCES: 

1. Modell B, Darlison M. Global epidemiology of haemoglobin disorders and derived service indicators. 

Bull World Health Organ. 2008;86(6):480–7 

2. Cooley TB, Lee P. A series of cases of splenomegaly in children with anaemia and peculiar bone 

changes. Trans Am Pediatr Soc 1925; 37:29-30 

3. Cooley TB, Witwer ER, Lee P (1927) Anaemia in children with splenomegaly and peculiar change in 

bones: report of case Am J Dis Child 34: 347-363.  

4. "What Are Thalassemia?” NHLBI. July 3, 2012. Retrieved 5 September 2016 

5. What Causes Thalassemia’s? NHLBI. July 3, 2012.Retrieved 5 September 2016.  

6. Sharma A, Marwah S, Buxi G, and Yadav R (2013) Hemoglobin e syndromes: Emerging diagnostic 

challenge in north India. Indian Journal of Hematology& Blood Transfusion: 

7. Olivieri NF, Pakbaz Z, and Vichinsky E (2010) HbE/beta-thalassemia: Basis of marked clinical 

diversity. Hematology/Oncology Clinics of North America 24(6): 1055–1070. 

8. Fucharoen S and Weatherall DJ (2012) The hemoglobin E thalassemias. Cold Spring Harbor 

Perspectives in Medicine 2(8): a011734. http://dx.doi.org/10.1101/cshperspect.a011734.  

9. Atichartakarn V, Chuncharunee S, Archararit N, Udomsubpayakul U, Lee R, Tunhasiriwet A, and 

Aryurachai K (2014) Prevalence and risk factors for pulmonary hypertension in patients with 

hemoglobin E/beta-thalassemia disease. European Journal of Haematology 92(4): 346–353  

10. Nakavachara P and Viprakasit V (2013) Children with hemoglobin E/beta-thalassemia have a high risk 

of being vitamin D deficient even if they get abundant sun exposure: A study from Thailand. Pediatric 

Blood & Cancer 60(10): 1683–1688 

11. Nathan DG, Gunn RB. 1966. Thalassemia: The consequences of unbalanced hemoglobin synthesis. 

Am J Med 4: 815–830.  

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR23068697 Volume 5, Issue 6, November-December 2023 13 

 

12. Nathan DG, Gunn RB. 1966. Thalassemia: The consequences of unbalanced hemoglobin synthesis. 

Am J Med 4: 815–830. 

13. Nathan DG, Stossel TB, Gunn RB, Zarkowsky HS, Laforet MT. 1969. Influence of hemoglobin 

precipitation on erythrocyte metabolism in a and b thalassemia. J Clin Invest 48: 33–41 

14. Weatherall DJ, Clegg JB. 2001. The thalassemia syndromes, 4th ed. Blackwell Science, Oxford. 

15. Rund D, Rachmilewitz E. 2005. b-Thalassemia. N Engl J Med 353: 1135–1146.  

16. Yu X, Kong Y, Dore LC, Abdulmalik O, Katein AM, Zhou S, Choi JK, Gell D, Mackay JP, Gow AJ, 

et al. 2007. An erythroid chaperone that facilitates folding of a-globin subunits for hemoglobin 

synthesis. J Clin Invest 117: 1856–1865. 

17. Yu X, Mollan TL, Butler A, Gow AJ, Olson JS, Weiss MJ. 2009. Analysis of human a globin gene 

mutation that impair binding to thea hemoglobin stabilizing protein. Blood 113: 5961–5969 

18. kong Y, Zhou S, Kihm A, Katein AM, Yu X, Gell DA, Mackay JP, Adachi K, Foster-Brown L, Louden 

CS, et al. 2004. Loss of a-hemoglobin-stabilizing protein impairs erythropoiesis and exacerbates b-

thalassemia. J Clin Invest 11 

19. lai MI, Jiang J, Silver N, Best S, Menzel S, Mijovic A, Colella S, Ragoussi J, Garncer C, Weiss MJ, et 

al. 2006. a-haemoglobin stabilizing protein is a quantitative trait gene that modifies the phenotype of 

b-thalassaemia. Br J Haematol 133: 675–682. 

20. Baronciani D, Angelucci E, Potschger U, Gaziev J, Yesilipek A, Zecca M, et al. Hemopoietic stem cell 

transplantation in thalassemia: a report from the European Society for Blood and Bone Marrow 

Transplantation Hemoglobinopathy Registry, 2000–2010. Bone Marrow Transplant. 2016;51(4):536–

41.  

21. Angelucci E, Pilo F, Coates TD. Transplantation in thalassemia: revisiting the Pesaro risk factors 25 

years later. Am J Hematol. 2017;92(5):411–3. 

22. Lucarelli G, Galimberti M, Polchi P, Angelucci E, Baronciani D, Giardini C, et al. Bone marrow 

transplantation in patients with thalassemia. N Engl J Med. 1990;322(7):417–21. 

23. Lucarelli G, Isgro A, Sodani P, Gaziev J. Hematopoietic stem cell transplantation in thalassemia and 

sickle cell anaemia. Cold Spring Harb Perspect Med. 2012;2(5):a011825. 

24. Li C, Mathews V, Kim S, George B, Hebert K, Jiang H, et al. Related and unrelated donor 

transplantation for beta-thalassemia major: results of an international survey. Blood Adv. 

2019;3(17):2562–70 

25. Lucarelli, G.; Isgro, A.; Sodani, P.; Gaziev, J. Hematopoietic stem cell transplantation in thalassemia 

and sickle cell anaemia. Cold Spring Harb. Perspect. Med. 2012, 2, a011825. [CrossRef]. 

26. Angelucci, E.; Matthes-Martin, S.; Baronciani, D.; Bernaudin, F.; Bonanomi, S.; Cappellini, M.D.; 

Dalle, J.H.; Di Bartolomeo, P.; de Heredia, C.D.; Dickerhoff, R.; et al. Hematopoietic stem cell 

transplantation in thalassemia major and sickle cell disease: Indications and management 

recommendations from an international expert panel. Haematologica 2014, 99, 811–820. [CrossRef] 

27. Goussetis, E.; Peristeri, I.; Kitra, V.; Vessalas, G.; Paisiou, A.; Theodosaki, M.; Petrakou, E.; 

Dimopoulou, M.N.; Graphakos, S. HLA-matched sibling stem cell transplantation in children with 

beta-thalassemia with anti-thymocyte globulin as part of the preparative regimen: The Greek 

experience. Bone Marrow Transplant. 2012, 47, 1061–1066. [CrossRef] [PubMed]  

28. Gaziev, J.; De Angelis, G.; Isgro, A.; Sodani, P.; Marziali, M.; Paciaroni, K.; Andreani, M.; Testi, M.; 

Gallucci, C.; Alfieri, C.; et al. Transplant Outcomes in High-Risk (Class 3) Patients with Thalassemia 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR23068697 Volume 5, Issue 6, November-December 2023 14 

 

Treated with a Modified Protocol Are Equivalent to Low/Intermediate-Risk (Class 1/Class 2) Patients. 

Blood 2015, 126, 620. [CrossRef] 

29. Mohanan, E.P.; Panetta, J.C.; Backia Royan, S.S.; Abraham, A.; Edison, E.S.; Lakshmi, K.M.; 

Abubacker, F.N.; Korula, A.; Abraham, A.; Viswabandya, A.; et al. Population Pharmacokinetics of 

Fludarabine and Treosulfan in Patients with Thalassemia Undergoing Hematopoietic Stem Cell 

Transplantation. Blood 2015, 126, 3120. [CrossRef]. 

30. Maguer-Satta V, Bartholin L, Jeanpierre S, Ffrench M, Martel S, Magaud JP, et al. Regulation of 

human erythropoiesis by activin A, BMP2, and BMP4, members of the TGFbeta family. Exp Cell Res. 

2003;282(2):110–20. 

31. Soderberg SS, Karlsson G, Karlsson S. Complex and context dependent regulation of hematopoiesis 

by TGF-beta superfamily signaling. Ann N Y Acad Sci. 2009;1176:55–69 

32. Shav-Tal Y, Zipori D. The role of activin a in regulation of hemopoiesis. Stem Cells. 2002;20(6):493–

500.  

33. Blank U, Karlsson S. The role of Smad signaling in hematopoiesis and translational hematology. 

Leukemia. 2011;25(9):1379–88 

34. Suragani RN, Cadena SM, Cawley SM, Sako D, Mitchell D, Li R, et al. Transforming growth factor-

beta superfamily ligand trap ACE-536 corrects anaemia by promoting late-stage erythropoiesis. Nat 

Med. 2014;20(4):408–14. 

35. Verma A, Suragani RN, Aluri S, Shah N, Bhagat TD, Alexander MJ, et al.Biological basis for effcacy 

of activin receptor ligand traps in myelodysplastic syndromes. J Clin Investig. 2020;130(2):582–9. 

36. Suragani RN, Cawley SM, Li R, Wallner S, Alexander MJ, Mulivor AW, et al. Modifed activin receptor 

IIB ligand trap mitigates ineffective erythropoiesis and disease complications in murine beta 

thalassemia. Blood. 2014;123(25):3864–72. 

37. Guerra A, Oikonomidou PR, Sinha S, Zhang J, Lo Presti V, Hamilton CR, et al. Lack of Gdf11 does 

not improve anaemia or prevent the activity of RAP-536 in a mouse model of beta-thalassemia. Blood. 

2019;134(6):568–72. 

38. Cappellini MD, Porter J, Origa R, Forni GL, Voskaridou E, Galacteros F, et al. Sotatercept, a novel 

transforming growth factor beta ligand trap, improves anaemia in beta-thalassemia: a phase II, open-

label, dose-finding study. Haematologica. 2019;104(3):477–84.  

39. Attie KM, Allison MJ, McClure T, Boyd IE, Wilson DM, Pearsall AE, et al. A phase 1 study of ACE-

536, a regulator of erythroid differentiation, in healthy volunteers. Am J Hematol. 2014;89(7):766–70. 

40. Melchiori L, Gardenghi S, Rivella S. beta-Thalassemia: HiJAKinginefective erythropoiesis and iron 

overload. Adv Hematol. 2010;2010:938640. 

41. Libani IV, Guy EC, Melchiori L, Schiro R, Ramos P, Breda L, et al. Decreased diferentiation of 

erythroid cells exacerbates inefective erythropoiesis in beta-thalassemia. Blood. 2008;112(3):875–85.  

42. Casu C, Presti VL, Oikonomidou PR, Melchiori L, Abdulmalik O, Ramos P, et al. Short-term 

administration of JAK2 inhibitors reduces splenomegaly in mouse models of beta-thalassemia 

intermedia and major. Haematologica. 2018;103(2):e46–e4949. 

43. Taher AT, Karakas Z, Cassinerio E, Siritanaratkul N, Kattamis A, Maggio A, et al. Efficacy and safety 

of ruxolitinib in regularly transfused patients with thalassemia: results from a phase 2a study. Blood. 

2018;131(2):263–5 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR23068697 Volume 5, Issue 6, November-December 2023 15 

 

44. Nicolas G, Bennoun M, Devaux I, Beaumont C, Grandchamp B, Kahn A, et al. Lack of hepcidin gene 

expression and severe tissue iron overload in upstream stimulatory factor 2 (USF2) knockout mice. 

Proc Natl Acad Sci USA. 2001;98(15):8780–5. 

45. Pasricha SR, Frazer DM, Bowden DK, Anderson GJ. Transfusion suppresses erythropoiesis and 

increases hepcidin in adult patients with beta-thalassemia major: a longitudinal study. Blood. 

2013;122(1):124–33. 

46. Papanikolaou G, Tzilianos M, Christakis JI, Bogdanos D, Tsimirika K, MacFarlane J, et al. Hepcidin 

in iron overload disorders. Blood. 2005;105(10):4103–5. 

47. Casu C, Oikonomidou PR, Chen H, Nandi V, Ginzburg Y, Prasad P, et al. Minihepcidin peptides as 

disease modifiers in mice afected by beta-thalassemia and polycythemia vera. Blood. 

2016;128(2):265–76. 

48. Casu C, Nemeth E, Rivella S. Hepcidin agonists as therapeutic tools. Blood. 2018;131(16):1790–4.  

49. Oikonomidou PR, Casu C, Rivella S. New strategies to target iron metabolism for the treatment of 

beta thalassemia. Ann N Y Acad Sci. 2016;1368(1):162–8 

50. Casu C, Aghajan M, Oikonomidou PR, Guo S, Monia BP, Rivella S. Combination of Tmprss6- ASO 

and the iron chelator deferiprone improves erythropoiesis and reduces iron overload in a mouse model 

of beta-thalassemia intermedia. Haematologica. 2016;101(1):e8–e11. 

51. Guo S, Casu C, Gardenghi S, Booten S, Aghajan M, Peralta R, et al. Reducing TMPRSS6 ameliorates 

hemochromatosis and betathalassemia in mice. J ClinnInvestig. 2013;123(4):1531–41. 

52. Almeida, C.B.; Traina, F.; Lanaro, C.; Canalli, A.A.; Saad, S.T.; Costa, F.F.; Conran, N. High 

expression of the cGMP-specific phosphodiesterase, PDE9A, in sickle cell disease (SCD) and the 

effects of its inhibition in erythroid cells and SCD neutrophils. Br. J. Haematol. 2008, 142, 836–844. 

[CrossRef] 

53. McArthur, J.G.; Svenstrup, N.; Chen, C.; Fricot, A.; Carvalho, C.; Nguyen, J.; Nguyen, P.; 

Parachikova, A.; Abdulla, F.; Vercellotti, G.M.; et al. A novel, highly potent and selective 

phosphodiesterase-9 inhibitor for the treatment of sickle cell disease. Haematologica 2020, 105, 623–

631. [CrossRef] 

54. Bronte-Hall, L.; Andemariam, B.; Gershwin, B.; Lugthart, S.; Mant, T.; Howard, J.; Fok, H.; 

Eleftheriou, P.; Hagar, R.W.; Mason, J.; et al. Benefits and Safety of Long-Term Use of IMR-687 As 

Monotherapy or in Combination with a Stable Dose of Hydroxyurea (HU) in 2 Adult Sickle Cell 

Patients. Blood 2020, 136, 29–30. [CrossRef]  

55. Guo S, Casu C, Gardenghi S, Booten S, Aghajan M, Peralta R, et al. Reducing TMPRSS6 ameliorates 

hemochromatosis and beta thalassemia in mice. J Clin Investig. 2013;123(4):1531–41. 

https://www.ijfmr.com/

