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Introduction 

Thalassaemia is a common globally prevalent 

monogenic disorder with an incidence of around 

70,000 new cases per annum1. It is particularly 

common in the traditional ‘thalassaemia belt’ 

extending from the Mediterranean region via sub-

Saharan Africa and Middle East to South and South-

East Asia2. Prevalence of thalassaemia in Sri Lanka 

is high in comparison to many other countries in the 

region3. A recent island-wide survey revealed that 

there are approximately 2000 patients with severe 

thalassaemia in Sri Lanka and it is estimated that 

nearly 80 new patients are born each year4. Although 

many of these births occur in the North Western 

province and North Central province, no part of Sri 

Lanka can be considered as ‘thalassaemia free’5. 

 

Thalassaemia was first described by an American 

paediatrician, Thomas B. Cooley, almost a century 

ago, in a paper which characterised five children 

with anaemia, splenomegaly and peculiar bone 

changes6. The pathophysiology and molecular basis 

of thalassaemia was unrevealed during the latter half 

of the 20th century and in fact, it is one of the earliest 

gene disorders to be characterised at the molecular 

level7. Despite this, the progress in management of 

thalassaemia has been extremely slow and the 

current standard of care is limited to supportive 

treatment in the majority8. However, during the last 

decade, significant advances have been made in 

many treatment modalities, genetic based therapies 

in particular. The aim of this paper is to discuss 

current standard of care and curative therapies and 

to provide an overview of emerging therapies for 

thalassaemia. 
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Molecular basis 

Thalassaemia arises from mutations in human 

globin genes encoding for α- and β-globin 

polypeptide chains of haemoglobin9. Two α- and 2 

β-globin chains, each conjugated with an iron 

containing haem moiety, form adult haemoglobin 

(HbA). Molecular defects of thalassaemia lead to 

either reduced or absent production of β-globin 

chains resulting in β-thalassemia or defective 

synthesis of α-globin leading to α-thalassemia. In 

the Sri Lankan context, the vast majority of 

symptomatic and clinically significant thalassaemia 

is due to reduced production of β-globin chains and 

therefore this paper concentrates primarily on 

management of β-thalassaemia. 

  

Beta-thalassaemia is an autosomal recessively 

inherited disease and over 250 mutations have been 

identified so far (complete list is found at 

http://globin.cse.psu.edu/hbvar/)10. The mutations 

are categorized into β0-, β+- and β++-thalassemia 

alleles according to the degree of reduction of the β-

globin chain output. Mutations that completely 

abolish the production of β-globin are known as β0-

thalassemia (severe) whilst mutations which result 

in milder reduction in β-globin are known as β+-

thalassemia. A group of mutations which are 

labelled as β++-thalassemia results in only subtle 

effects on the β-globin chain synthesis11. 

Furthermore, a point mutation at codon 26 of the β-

globin gene results in a structurally abnormal 

haemoglobin E (α2βE
2) which also produces the 

phenotype of β-thalassemia. Inheritance of a β-

thalassaemia allele from one parent and the HbE 

allele from the other parent gives rise to HbE/β-

thalassaemia which accounts for nearly half of the 

patients with β-thalassaemia worldwide12. 

 

Clinical classification 

Despite being a typical monogenic disorder, β-

thalassemia exhibits a remarkable clinical 

heterogeneity with a broad spectrum of disease 

severity13. Individuals having a heterozygous 

mutation in β-globin gene (β-thalassemia trait) are 

asymptomatic, have minor haematological 

abnormalities and will not require blood 

transfusions. Conversely, patients at the severe end 

of the spectrum require regular life-long blood 

transfusions and are known as transfusion-

dependent thalassaemia (TDT). These patients have 
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homozygous β-thalassemia mutations (β-

thalassemia major) or have severe HbE/β-

thalassaemia. Another substantial proportion of 

patients have an intermediate clinical phenotype 

with requirements for occasional blood transfusions. 

This subset is known as non-transfusion dependent 

thalassaemia (NTDT) which includes patients 

previously referred to as β-thalassemia intermedia 

and mild to moderate HbE/β-thalassaemia10. 

 

Diagnosis 

Most patients with thalassaemia are diagnosed 

before two years of age. Patients with TDT present 

around 6-months of age with pallor, irritability, poor 

weight gain, abdominal distension and 

hepatosplenomegaly. Full blood counts show low 

haemoglobin (Hb), mean corpuscular volume and 

mean corpuscular haemoglobin. Peripheral blood 

smears demonstrate microcytes, poikilocytes, 

hypochromia, anisocytosis, and nucleated red 

cells14. Diagnosis of β-thalassaemia is confirmed by 

qualitative and quantitative Hb analysis, either by 

high-performance liquid chromatography or 

capillary electrophoresis. In β0/β0 thalassemia, HbF 

is 95–98%, HbA2 is 2–5% and there is no HbA. In 

β0/β+- or β+/β+-thalassemia, HbA is 10–30%, HbF is 

70–90%, and HbA2 is 2–5%15. In HbE/β-

thalassaemia, HbE constitutes between 30% and 

70% of the Hb with the remainder being HbF. 

Depending on the nature of the associated β-

thalassaemia mutation, variable levels of HbA can 

be found12.  

 

Current treatment options 

Upon diagnosis, patients with thalassaemia should 

be referred to a specialist paediatrician who has 

experience in managing patients with thalassaemia. 

The current management options for thalassaemia 

include blood transfusion, iron chelation, 

splenectomy and haematopoietic stem cell 

transplantation.  

 

Blood transfusion 

Mainstay of thalassaemia management is blood 

transfusion, which aims to promote normal growth 

and physical activity and adequately suppress bone 

marrow activity whilst minimizing transfusion 

related iron accumulation. Transfusion protocol and 

frequency depend on whether the patient has TDT or 

NTDT which needs to be carefully decided during 

the first few years of treatment. However, this 

categorisation requires frequent revisiting 

throughout life as patients can move from TDT to 

NTDT and vice-versa due to variations in clinical 

management and changes in disease modifiers16.  

  

Before commencing the first blood transfusion, it is 

essential to establish an accurate diagnosis and to 

perform extended phenotyping of red blood cell 

(RBC) antigens (minor blood groups) to minimise 

future problems. Patients with TDT require regular 

transfusions usually 2-5 weekly, to maintain a target 

pre-transfusion Hb level of 9–10.5g/dl17. The 

currently accepted protocol is to achieve a post-

transfusion Hb level of 14g/dl by transfusing leuco-

depleted (reduced to <1 x 106 leucocytes per unit) 

packed RBC. In patients with repeated severe 

allergic reactions, washed leuco-depleted packed 

RBC can be transfused. All patients with 

thalassaemia should receive fresh blood which is 

less than 2 weeks old. The volume of blood to be 

transfused is calculated using the following 

formula18: 

Volume (ml) of blood to be transfused = (14g/dl – 

pre-transfusion Hb) x weight (kg) x 3 / haematocrit 

of transfused blood  

 

Patients with NTDT need not be transfused 

regularly. Baseline haemoglobin levels as low as 6-

7g/dl are accepted in NTDT patients and the 

frequency and need for transfusions should be 

decided individually19. Indications for transfusion in 

NTDT patients are not clearly defined but include 

growth failure, reduced exercise tolerance, poor 

quality of life and rapidly enlarging spleen 

(>3cm/year). Transfusion is also indicated during 

times of anticipated acute stress or low haemoglobin 

like infection or surgery17. Haemoglobin level per se 

is not considered as an indication for transfusion, 

unless it is very low (Hb <5 g/dl)19.  

 

Iron overload and chelation 

Iron overload is an inevitable complication of 

thalassaemia. A unit of transfused packed RBC 

contains approximately 200–250 mg of iron and as 

humans essentially do not have a mechanism to 

excrete iron from the body, transfusional iron gets 

accumulated. Additionally, increased intestinal 

absorption of iron due to suppression of hepcidin 

secretion from the liver by increased red cell 

turnover in patients with thalassaemia contributes to 

iron overload20. Serum ferritin is the most widely 

used marker to assess iron overload and is measured 

3-monthly in thalassaemia patients. In patients with 

TDT, serum ferritin above 1000μg/l is an indication 

to start iron chelation and serum ferritin above 

2500μg/l is associated with increased risk of cardiac 

and endocrine disease. In patients with NTDT, iron 

chelation is indicated when serum ferritin rises 

above 800μg/l19.  

 

Use of magnetic resonance imaging (MRI) to non-

invasively assess liver and myocardial iron 

concentration is an important advance in 

thalassaemia care. Liver iron concentration can be 

measured both by T2* and R2 (also known as 

FerriScan®) techniques whereas, cardiac iron is 

assessed by T2* MRI. Cardiac T2* values <20ms 

are indicative of declining left ventricular function 

whilst values below 10ms are associated with heart 
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failure and very high mortality16. However, due to 

limited availability of MRI based techniques, serum 

ferritin still remains the most widely used 

investigation to assess iron overload in many low- 

and middle- income countries like Sri Lanka.  

Three iron chelators are currently available to treat 

iron overload in thalassaemia patients, viz. 

desferrioxamine, deferasirox and deferiprone (Table 

1).  

 

                                        Table 1: Comparison of currently available iron chelators 

 Desferrioxamine  Deferasirox  Deferiprone  

Route subcutaneous or intravenous oral oral 

Frequency 8-12hr infusion, 5-7 days /week once daily three times daily 

Dose (mg/kg/day) 30-60 20-40 (TDT);  

5-20 (NTDT) 

75-100 

Route of iron excretion urinary and faecal faecal urinary 

Main adverse effects ocular and auditory symptoms, 

retardation of bone growth, 

local reactions, allergy 

GI symptoms, 

increased creatinine, 

increased hepatic 

enzymes 

GI symptoms, 

arthralgia, 

agranulocytosis/  

neutropenia 

Advantages extensive experience, low cost, 

better availability 

better compliance chelates cardiac iron 

more efficiently 

Disadvantages poor compliance limited safety data not recommended as 

monotherapy 

TDT: transfusion-dependent thalassaemia, NTDT: non-transfusion dependent thalassaemia, GI: gastrointestinal 

 

Desferrioxamine was the firstly developed and most 

efficacious iron chelator for many years. However, 

unavailability of an oral dosage form and the need 

for subcutaneous infusion for long hours markedly 

limited its use. Since its development, deferasirox, 

an oral chelator with a similar efficacy to 

desferrioxamine, has been the first line iron chelator 

for iron overload in thalassaemia patients in many 

countries worldwide. Our current practice is to use 

deferasirox as first line iron chelator in children 

above two years. Desferrioxamine is used as first 

line in children less than 2 years, with 

contraindications for deferasirox and as an 

emergency treatment for acute cardiac failure due to 

cardiomyopathy. Deferiprone has a higher chelating 

ability of myocardial iron compared to other drugs 

but is not recommended as monotherapy. 

Combination of deferasirox and desferrioxamine is 

used when a single chelator is unable to control iron 

overload and combination of desferrioxamine and 

deferiprone is used especially when cardiac iron 

chelation becomes a priority. However, the 

combination of deferasirox and deferiprone has not 

been well studied18.  

 

Splenectomy 

Splenectomy was traditionally performed in most 

patients with TDT and NTDT as an adjunct to 

transfusion therapy. However, this procedure is not 

routinely performed at present due to reports of 

adverse events caused by splenectomy which 

include increased risk of post-splenectomy sepsis, 

venous thrombosis, pulmonary hypertension, leg 

ulcers and silent strokes16. Current 

recommendations for splenectomy are limited to 

patients with hypersplenism and clinically 

symptomatic splenomegaly. However, splenectomy 

should also be considered on an individual basis in 

patients with very high transfusion requirements, 

particularly when the annual transfusion 

requirement rises above 200-250ml/kg/year17,21.  

 

Screening for complications  

Thalassaemia is a life-long, progressive disease and 

the current standard of care only provides supportive 

treatment for the majority of patients. Patients with 

thalassaemia thus develop long-term complications 

related to chronic anaemia, multiple blood 

transfusions, iron overload and adverse effects of 

iron chelator medication. Therefore, continuous 

surveillance of these complications is essential in 

providing optimal care for patients with 

thalassaemia. Common complications of 

thalassaemia and the recommended approach for 

screening are provided in table 218. Management of 

individual complications is outside the scope of this 

article.  
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                         Table 2: Long-term complications of thalassaemia and approach for screening  

Complication Parameter to monitor 
Frequency (months) 

1 3 6 12 24 

Growth failure Weight  X    

Short stature Height/height velocity   X   

Delayed puberty Tanner staging (from 10yrs)   X   

Dental malocclusion Dental assessment    X  

Hypersplenism Full blood count X     

Iron overload Serum ferritin  X    

Hepatic dysfunction 

AST/ALT/bilirubin/albumin  X    

Abdominal ultrasonography     X  

Liver MRI (from 8yrs)    X  

Transfusion transmitted infections Hepatitis A, B and C screen    X  

Renal dysfunction 
Creatinine  X    

Urinalysis   X   

Cardiomyopathy 

Electrocardiography    X  

Echocardiography    X  

Cardiac T2* MRI (from 8yrs)    X  

Hypothyroidism TSH/T4/T3 (from 5yrs)    X  

Hypoparathyroidism 
Calcium (from 5yrs)  X    

Parathormone level (from 5yrs)    X  

Diabetes mellitus 
Fasting blood glucose (from 5yrs)  X    

Glucose tolerance test (from 10yrs)    X  

Osteoporosis 
Vitamin D level   X   

DEXA scan     X 

Adverse effects of drugs 

Creatinine (DFX) X     

ALT (DFX/DFP) X     

Leucocyte count (DFP) X     

Ophthalmology evaluation (DFO/DFX/DFP)    X  

Audiology evaluation (DFO/DFP/DFX)    X  

AST: Aspartate transaminase, ALT: Alanine transaminase, MRI: Magnetic resonance imaging, TSH: Thyroid 

stimulating hormone, T4: Thyroxine, T3: Triiodothyronine, DFO: Desferrioxamine, DFP: Deferiprone, DFX: 

Deferasirox 

 

Haematopoietic stem cell transplantation 

(HSCT) 

Allogenic HSCT is the only available cure for 

thalassaemia. The first HSCT for thalassaemia was 

performed in 1982 and over 3000 HSCT have been 

performed for thalassaemia up to now. Best 

outcomes with overall survival of 90% and disease-

free survival of over 80%, are reported when 

transplanting haematopoietic stem cells (HSC) from 

HLA-matched sibling donors22. However, only 

about 10% of thalassaemia patients are fortunate to 

have HLA-matched sibling donors which limits the 

usefulness of this treatment option. Use of HLA 

matched-unrelated donors or umbilical cord blood 

as the HSC source for patients who do not have 

matched-siblings has been practised in many centres 

with overall survival rates ranging from 60% to 

65%. Mortality related to transplant conditioning, 

graft-versus-host disease and graft failure continues 

to limit the acceptability of this treatment method. 

Currently HSCT is routinely indicated only in 

patients who are transfusion dependent and have 

well-matched sibling donors. Outcome of HSCT is 

greatest if it is performed before 14-years of age and 

iron-related complications have developed23. 

 

Emerging therapies 

Several new therapies, both pharmacological and 

gene-based are currently being investigated for 

thalassaemia. Most of these aim to restore globin 

chain imbalance in thalassaemia RBCs. Induction of 

γ-globin with an aim to increase fetal haemoglobin 

production using pharmacological agents has been 

tried for several years24. Despite numerous drugs 

having reached clinical trials, none has been 

efficacious enough to be recommended for routine 

clinical use25. Hydroxyurea, which has produced 

best results thus far is widely used to increase fetal 

haemoglobin production to prevent sickling crisis in 

patients with sickle cell disease but has not been 

shown to reduce the need for blood transfusion in 

patients with thalassaemia26. An alternative 

approach that has reached clinical trials is improving 

ineffective erythropoiesis by inhibiting its mediators 

using ruxolitinib (JAK2 inhibitor) or luspatercept 

(activin type IIB receptor ligand trap)17. Another 
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approach which is still in the pre-clinical stage is 

pharmacological down regulation of α-globin with 

an aim to improve globin chain balance27,28. Use of 

epigenetic drugs has been proposed for this 

purpose29.  

 

Gene therapy has been on the horizon for many 

years as a cure for thalassaemia. Contrary to initial 

promise the progress in the field has been painfully 

slow. The work flow of gene therapy involves 

harvesting of HSCs from patients with thalassaemia, 

insertion of normal β-globin gene using viral vectors 

in vitro, and transplanting the HSC with normal β-

globin gene back to the patient as an autologous 

HSCT30. First gene therapy trial for thalassaemia 

was started in 2007 and thus far approximately ten 

patients have been treated31. Although transfusion 

independence in a patient who underwent gene 

therapy was reported in 2010, success of the 

approach has been limited due to poor efficacy in 

bone marrow harvesting, gene transfer and normal 

gene expression as well as due to the oncogenic 

potential of the procedure32.  

 

Recently, genome editing, a new form of gene 

therapy, has shown promise in pre-clinical studies. 

Contrary to traditional gene therapy, genome editing 

utilises programmable nucleases to create an edit in 

a pre-determined target site in the human genome33. 

Genome editing has been used to upregulate γ-

globin by mutating the γ-globin suppressor BCL11A 

gene or to downregulate α-globin by mutating its 

enhancers34,35. Both these approaches have shown 

promise in in vitro studies but require further 

validation before progressing to clinical trials.  

 

Summary 

As a result of the widespread availability of facilities 

for safe blood transfusions and the advent of 

efficacious iron chelators, supportive care of 

patients with thalassaemia has shown remarkable 

improvement over the past decade. Average life 

expectancy has risen considerably and a large 

proportion of patients with thalassaemia now lives 

beyond 40 years. Better chelation and availability of 

oral iron chelators have greatly improved the quality 

of life of these patients and many live near normal 

lives. Despite having several limitations, cure of 

thalassaemia is currently possible through HSCT in 

patients who have well-matched donors. There are 

several novel developments in the thalassaemia field 

at therapeutic level and advances in gene therapy or 

genome editing will alleviate the need for HLA-

matched donors for HSCT and may provide cures 

for all thalassaemia patients in the future. 
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