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GRADING OF RECOMMENDATIONS
Where relevant, recommendations in these guidelines are accompanied by ratings of the level
of evidence and/or class of recommendations based on the below criteria:

LEVEL OF EVIDENCE:

l Grade A: Data derived from multiple randomised clinical trials or meta-analyses.

l Grade B: Data derived from a single randomised clinical trial or large non-randomised studies. 

l Grade C: Consensus of the experts and/or small studies, retrospective studies, or registries.

CLASS OF RECOMMENDATION:

l Class I: There is evidence and/or general agreement that a given treatment or procedure is
beneficial, useful, effective.

l Class II: There is conflicting evidence and/or a divergence of opinion about the
usefulness/efficacy of the given treatment or procedure.

- Class IIa: The weight of evidence is in favor of usefulness/efficacy and therefore should
be considered.

- Class IIb: The usefulness/efficacy is less well established by evidence/opinion and
therefore may be considered.

l Class III: There is evidence or general agreement that the given treatment or procedure is not
useful/effective, and in some cases may be harmful.

20



21



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

FORWARD

Dear Colleagues, 

On behalf of the Board of Directors of the Thalassaemia International Federation (TIF) and the
Editors of this 5th Edition of the ‘Guidelines for The Management of Transfusion-Dependent β-
Thalassaemia (TDT)’, it is both an honour and a privilege to present this introductory foreword.

We are fortunate to live in an era where haemoglobin disorders, once considered fatal childhood
afflictions, are now preventable, manageable, and even curable. This remarkable transformation
has shifted the narrative of thalassaemia from despair to hope, ushering in an age of unprecedented
scientific and medical advancements.

Compelling evidence, including increased survival rates, decreased mortality and morbidity, and
improved quality of life and social integration, unequivocally illustrates that the battle against
thalassaemia is nearing victory. The advent of groundbreaking therapies in the past decade –
including two gene therapies and one disease-modifying treatment approved for clinical use –
alongside numerous others in various stages of development, heralds a brighter future for patients
worldwide.

Regrettably, these advancements remain largely confined to nations with robust economies, where
comprehensive health and social care systems provide universal access to treatment. In stark
contrast, the vast majority of patients – estimated by TIF to be less than 10% of the global patient
population – are unable to benefit from these developments. This disparity underscores the urgent
need to empower countries, particularly those with high disease prevalence, to prioritise disease-
specific policies for prevention and care.

The World Health Organization (WHO), through and not confined to its resolutions on disease
management, blood safety, patient safety, congenital anomalies and birth defects, human
genomics in global health, and access to essential medicines and health products, offers a robust
framework for national efforts. Similarly, the European Union (EU)’s exemplary initiatives on rare
diseases since the 1990s provide invaluable guidance that transcends regional boundaries. These
initiatives provide a foundation and model for other countries beyond the EU to build upon,
highlighting their significant benefits – first and foremost for patients as well as for the sustainability
and resilience of health and social care systems. It is our hope that, as nations strive to achieve the
United Nations’ 2030 Sustainable Development Goals, meaningful progress will be realised, albeit
unevenly and with great inequalities, across the globe.

TIF remains steadfast in its commitment to supporting national patient and parent organisations,
the healthcare professionals’ community, and policymakers. The preparation, publication,
translation, and free distribution of Guidelines such as this one is a cornerstone of our educational
mission. Widely recognised for their significant impact on the care of patients with these disorders,
these Guidelines serve as critical resources for healthcare providers and a foundation upon which
national policies and practices can be built.

We are profoundly grateful for the tireless efforts of national thalassaemia associations across the
world – members of TIF – whose voluntary contributions have complemented and, in some cases,
exceeded governmental initiatives. We humbly urge governments worldwide to lend their support
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in addressing the many and multiple unmet needs of patients with these disorders, especially those
in underdeveloped regions. This is particularly crucial given the immense geopolitical,
environmental, and public health challenges that the world is facing today, which severely threaten
health and social care systems and disproportionately affect patients with such disorders, who rely
daily on highly specialised health and social services to manage their lifelong dependencies.

The role of patient advocates in shaping national, regional, and international strategies cannot be
overstated. Since its inception in 1986, TIF has been fighting for the inclusion of patients in decision-
making processes. This 5th Edition of the TDT Guidelines proudly introduces a new chapter
dedicated to the value of patient engagement, emphasising the transformative power of
empowering patients as informed and effective advocates for their needs. Additionally, patients
have contributed to the review of various other chapters in this book, ensuring that issues such as
lifestyle and mental health are comprehensively addressed through the understanding and
recognition of the patients’ perspective. TIF remains committed to continuing and expanding its
support for the patients it represents, through strengthening its active and meaningful
collaboration with national associations, decision-making bodies, healthcare professionals, industry
leaders, and other key stakeholders.

We strongly encourage healthcare professionals who study these Guidelines to advocate for their
adoption and implementation within their centres and countries by supporting and guiding
national competent health authorities in their country about their immense value. Evidence-based
practices outlined in these Guidelines are vital for enabling early diagnosis, effective management,
and timely intervention. They also serve as a roadmap for integrating novel therapies that are under
development or already approved into care frameworks, ensuring that all TDT patients, regardless
of location, culture, religion, and language have access to optimal standards of care – a basic and
fundamental human right.

This updated 5th Edition features seventeen meticulously crafted chapters, authored by leading
experts with decades of experience in TDT management. It offers insights into cutting-edge
therapies and highlights considerations for care in resource-limited settings, providing a lifeline for
underserved regions.

In closing, allow us to extend our heartfelt gratitude to the key Editors and each and every Chapter
Author, whose unwavering dedication and expertise in their respective fields have been
instrumental in advancing the field of thalassaemia care and in making possible the development
and completion of this upgraded edition of Guidelines. This publication, and indeed most of TIF’s
educational endeavours, stand as a testament to their exceptional commitment.

On behalf of the Thalassaemia International Federation

Dr. panos Englezos, hon. phD
President, TIF
Dr. Androulla Eleftheriou BSC, MSc, phD
Executive Director, TIF

On behalf of the Editors
prof. Maria Domenica Cappellini, MD, FRCp, FACp
Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy

FORWARD
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1. INTRODUCTION

The landscape of β-thalassaemia management continues to evolve over the years. This has only
been possible through improved understanding of the molecular basis of the disease, underlying
pathophysiology and associated clinical manifestations, as well as accurate diagnosis and patient
classification to inform optimal management approaches [1-3]. In this Chapter, we revisit the
genetic basis, pathophysiology, and diagnosis of β-thalassaemia and introduce the specific
phenotype, transfusion-dependent β-thalassaemia (TDT) - the focus of these Guidelines. Additional
information related to the various disease processes, manifestations, and management aspects of
TDT are outlined in respective Chapters. Guidelines for management of non-transfusion-dependent
β-thalassaemia (NTDT), and α-thalassaemia are covered separately in dedicated publications from
the Thalassaemia International Federation (TIF) [4, 5]. 

2. HAEMOGLOBIN TYPES, GLOBIN GENES, AND GLOBIN SYNTHESIS

Oxygen is transported from the lungs to the tissues by a highly specialised protein molecule,
haemoglobin, located in blood's red cells. Each red blood cell contains approximately 300 million
molecules of this protein, corresponding to about 30 picograms in weight per cell. Each molecule
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of haemoglobin is formed by two pairs of identical sub-units, the globin chains. These globin chains
are named with letters of the Greek alphabet and belong to two groups: the α-globin cluster,
comprising the ζ- and α-globin chains, and the β-globin cluster, comprising the globin chains ε, γ,
β, and δ. The globin chains have a highly specialised structure, enabling efficient oxygen binding
to the heme molecule in the lung alveoli and the regulated, gradual release of oxygen to the tissues.
The amino acid sequence of the globin chains is coded by genes located on chromosomes 16 (the
α-globin gene cluster) and 11 (the β-globin gene cluster). Surrounding the structural genes, either
upstream (5’) or downstream (3’) of the DNA sequence, are several regulatory nucleotide sequences.
These sequences control gene expression by determining which genes are activated or deactivated
and influencing the efficiency of their expression. In adult life, most globin synthesis occurs in
erythroblasts within the bone marrow. Globin chains must have the correct structure and be
regulated so that the number of α-globin chains precisely matches that of the β-globin chains. The
above conditions are not met when there is a complete or partial defect in one or more ‘allelic’
globin genes [6].

The globin chains appear sequentially during ontogeny and, after pairing, form the following four
major types of haemoglobin:

l ‘Embryonic’ haemoglobins, which are detectable from the 3rd to the 10th week of gestation and
represent ζ2ε2 (Hb Gower 1), α2ε2 (Hb Gower 2), ζ2γ2 (Hb Portland 1) and ζ2β2 tetramers (Hb
Portland 2).

l ‘Foetal’ haemoglobin (HbF), which constitutes the predominant oxygen carrier during pregnancy
and is an α2γ2 tetramer.

l ‘Adult’ haemoglobin (HbA, α2β2), which replaces HbF shortly after birth.

l A minor adult component, HbA2 (α2δ2).

The transition of different haemoglobin species at various stages of human development is
known as ‘haemoglobin switching’, and it is illustrated in Figure 1 [7]. Under normal conditions,
the red blood cells of the adult human contain approximately 97-98% of HbA, 2-3% of HbA2,
and traces of HbF.
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Figure 1. Human β-like globin gene regulation during development. The two monomers of α-like globin
expressed from chromosome 16 pair with two monomers of β-like globin to form a functional
haemoglobin tetramer. The components of the haemoglobin change during development. The
embryonic (ε) part of β-like globin is expressed during the first 6 weeks of gestation and forms embryonic
haemoglobin by pairing with α-globin. After 6 weeks, ε-globin expression declines and is replaced by γ-
globin to form foetal haemoglobin. The final haemoglobin switching takes place a few weeks before
birth when the γ-globin expression is replaced by β-globin to form adult haemoglobin. Abbreviations:
Hb, haemoglobin; LCR, locus control region. Reproduced with permission from [7]. 

3. CLASSIFICATION AND EPIDEMIOLOGY 

The term ‘thalassaemia’ refers to a group of blood diseases characterised by decreased or absent
synthesis of one or more of the normal globin chains. According to the chain whose synthesis is
impaired, the thalassaemias are called α-, β-, γ-, δ-, δβ-, or εγδβ-thalassaemia. Most thalassaemias
are inherited as recessive traits, but some rare forms are transmitted in an autosomal dominant
manner.

From a clinical point of view, the most relevant types are α- and β-thalassaemia, resulting from
the decrease of one of the two types of polypeptide chains (α or β) that form the normal adult
human haemoglobin molecule (HbA, α2β2). β-Thalassaemia, the focus of these Guidelines,
constitutes a significant public health problem in countries around the Mediterranean Sea, the
Middle East and Trans-Caucasus, India, and the Far East [8]. 
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The highest carrier frequency of β-thalassaemia is reported in the Maldives (18%), Cyprus (14%),
Sardinia (10.3%), and Southeast Asia (3-5%). The high gene frequency in these regions is most
likely related to the selective pressure from Plasmodium falciparum malaria. However,
population migration and intermarriage between different ethnic groups have introduced β-
thalassaemia in almost every country of the world, including Northern Europe, North and South
America, the Caribbean, and Australia [9].  

Dominantly inherited β-thalassaemia, unlike the common recessive forms of β-thalassaemia,
has been described in dispersed geographical regions, with many mutations occurring
spontaneously [10, 11].

As autosomal recessive conditions, heterozygotes of β-thalassaemia are usually asymptomatic
and require no treatment while homozygotes and compound heterozygotes for β-thalassaemia
alleles result in β-thalassaemia syndromes or diseases [1, 12]. In addition, the combination of
β-thalassaemia alleles with other structural variants associated with different
haemoglobinopathies (e.g., haemoglobin E, C, or S) also gives rise to various pathologic
conditions. Haemoglobin E is the most common abnormal haemoglobin in Southeast Asia, with
a carrier frequency of up to 50% in some regions. It is also prevalent in parts of the Indian
subcontinent, including India, Pakistan, Bangladesh and Sri Lanka [13, 14]. Since pathologic
manifestations of haemoglobin E mutations mimic β-thalassaemia, patients with haemoglobin
E/β-thalassaemia are usually covered under management recommendations of ‘β-thalassaemia’
which is the case in these Guidelines, with specific variations mentioned as relevant. The
interaction of β-thalassaemia with haemoglobin S results in a syndrome closely resembling
other sickling disorders (sickle cell disease), which are outside the scope of these Guidelines. 

Three main forms of β-thalassaemia have been classically recognised, often referred to as
‘conventional phenotypes’: β-thalassaemia major variably referred to as ‘Cooley’s anaemia’ and
‘Mediterranean anaemia’, β-thalassaemia intermedia, and β-thalassaemia minor also called ‘β-
thalassaemia trait’, ‘β-thalassaemia carrier’, or ‘heterozygous β-thalassaemia’. These terms were
primarily based on the broad genotype (β-thalassaemia major/intermedia being homozygotes or
compound heterozygotes for β-thalassaemia alleles, or heterozygotes with α-globin gene
duplications, or having dominantly inherited β-thalassaemia; and β-thalassaemia minor being
heterozygote), age of presentation, and severity of anaemia and symptoms on presentation 
(Figure 2) [1, 12]. Patients with haemoglobin E/β-thalassaemia are similarly conventionally classified
as having major/intermedia, or more commonly as being mild, moderate, or severe [1-3].
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More recently, based on their clinical severity and transfusion requirement, β-thalassaemia
syndromes are more often phenotypically classified into two main groups TDT and NTDT 
(Figure 2) [1, 12]. Patients requiring regular, lifelong blood transfusion for survival are indicated
as TDT. Most of these TDT patients, without adequate transfusion support, would suffer several
complications and a markedly shortened life span. This category usually includes the
conventional phenotypes β-thalassaemia major and severe haemoglobin E/β thalassaemia, and
is the main focus of these Guidelines. The NTDT patient group includes β-thalassaemia
intermedia and mild/moderate haemoglobin E/β thalassaemia [12]. This classification was
adopted in recognition of the role of transfusion (or lack of ) in shaping the underlying
pathophysiology. It also helped revisit management approaches for these different forms, and
inform eligibility and endpoints for clinical trials. It should be noted that the NTDT/TDT
classification is ‘fluid’ and patients can transition from one form to another. In a recent large
study from Italy, around 13% of NTDT patients had ‘phenoconversion’ to TDT over an observation
period of 10 years [15]. The key triggers have been low haemoglobin levels and multimorbidity
[15], noting that prescription of regular transfusion can also be a patient or physician choice,
especially considering the growing evidence on the long-term harms of untreated anaemia in
NTDT patients and the benefit of regular transfusion in this patient population with regards to
lowering morbidity and mortality rates [16-19]. Although there is no set criteria in terms of
amount and duration of regular transfusion to distinguish patients as TDT, it is commonly
adopted that patients receiving 6 or more red blood cell units over a period of 6 months (with
≤6-week transfusion-free) or regular transfusions over 1-3 years should be classified and
managed as TDT, with some form of ‘acknowledgement’ of their ‘new’ regular transfusion status
for any consideration of lifelong exposure [20]. 

Figure 2. Transfusion requirement in various β-thalassaemia phenotypes. Abbreviations: Hb,
haemoglobin. Modified with permission from [1, 12]. 
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Data on the epidemiology of clinically significant forms are limited. In a recent systematic
literature review, overall, the estimated prevalence of TDT and NTDT followed the predicted
pattern of being higher in the Middle East, Asia, and Mediterranean than in Europe or North
America. However, population-based prevalence estimates were not found for many countries,
and there was heterogeneity in case definitions, diagnostic methodology, type of thalassaemia
reported, and details on transfusion requirements [21]. TIF provides a Global Thalassaemia
Review [22], a deliverable of the joint work with the World Health Organisation (WHO), which
can be used as a resource for understanding thalassaemia burden across geographies. A call
for development of more robust national registries has been frequently made by TIF [23].
Survival estimates for TDT mostly stem from single-centre or individual country studies. What
can be concluded from available data is that: 1) survival in TDT patients has improved over the
years, with survival estimates approaching the general population in recent birth cohorts in
Western countries, 2) the case is not echoes in resource-limited countries where high disease
burden and early mortality continue to be observed [24, 25]. 

The approach to screening and prevention for β-thalassaemia is dependent on the frequency
of the specific mutations in the region, the available resources, cultural and religious issues, and
the age of the targeted population. Public awareness and education, public surveillance and
population screening, extended family screening of first-born child, premarital screening and
genetic counselling, prenatal diagnosis, and family planning are among the strategies
commonly applied in screening programmes. It should be part of a generalised programme to
educate and screen the at-risk population for thalassaemia disorders and improve the quality
of life and management of affected patients [8]. Further details and resources on prevention
programmes can be found at the TIF website [26]. 

4. MOLECULAR UNDERSTANDING

The degree of globin chain imbalance is determined by the nature of the mutation of the β-
globin gene (HBB). β0 refers to the complete absence of production of β-globin directed by the
affected allele. β+ refers to alleles with some residual production of β-globin (often around 10%).
In β++ the reduction in β-globin production is very mild [27]. Almost 330 beta thalassaemia alleles
have now been characterised. A complete list with designation of mutation severity is available at
the HbVar Globin Gene Server (https://globin.bx.psu.edu/hbvar/menu.html) [28, 29]. 

Non-deletional forms of β-thalassaemia account for the vast majority of the β-thalassaemia alleles.
They include single base substitutions, small insertions, or deletions within the gene or its
immediate flanking sequences. Rarely β-thalassaemia is the result of gross gene deletion. These
alterations differ according to the mechanism by which they affect gene function: transcription,
RNA processing, or translation. Transcriptional mutations involve promoter regulatory elements
(either CACCC or TATA box) with mild or very mild reductions in β-globin production (β+, β++, or
silent mutations). Other mutations can lead to aberrant RNA processing, including those in the
splice junction (β0 mutations), consensus splice sites, cryptic splice sites, and RNA cleavage-Poly A
signal (β+ mutations). Mutants affecting the translation of the β-globin mRNA include mutations
of the initiation codon, nonsense codon mutations, and frameshift mutations, all resulting in the
complete absence of production of β-globin (β0 mutations) [27, 30].
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It is important to remember that dominantly inherited β-thalassaemia comprises a distinct set
of mutations (including missense mutations, deletion or insertion of intact codons, premature
termination, and frameshift mutations) affecting the HBB gene. These mutations are associated
with typical haematological features of β-thalassaemia, such as increased HbA2 levels and
imbalanced α/β-globin chain biosynthesis in heterozygotes, and cause a disease phenotype
even when present on heterozygosity [10, 11].

Despite marked molecular heterogeneity, the prevalent molecular defects are limited in each at-
risk population, in which 4 to 10 variants usually account for most of HBB disease-causing alleles.

Haemoglobin E is the most common structural variant with thalassaemic properties, and
behaves largely like a β+ mutation. It is characterised by the substitution of lysine for glutamic
acid at position 26 of the β-globin chain. The mutation G>A at codon 26 of the β-globin gene
not only produces the amino acid substitution but also activates a cryptic splice site at codon
24-25, leading to an alternative splicing pathway. The overall result is the production of reduced
amounts of the variant haemoglobin E; haemoglobin E constitutes 25-30% of total haemoglobin
in haemoglobin E carriers, instead of the expected 50%. In other words, the codon 26 G>A
mutation results both in a qualitative and a quantitative β-globin gene defect [13, 14].

5. GENOTYPE-PHENOTYPE CORRELATION

5.1. β-Thalassaemia

The extent of α/β-globin chain imbalance is the primary determinant of clinical severity in β-
thalassaemia. Therefore, any factor that can reduce this imbalance leads to a lower degree of
α-globin chain precipitation and may improve the clinical outcome.

One of the most common and consistent mechanisms for milder clinical severity is
homozygosity or compound heterozygosity for two β+ thalassaemia mild or silent mutations.
Examples of these alleles are the silent -101 C>T and the mild IVS-1–6 T>C mutation in the
Mediterranean population, the -28 A>G in Southeast Asian population, and the –29 A>G in
Africans. Survival variation based on β-thalassaemia genotype severity has been recently
illustrated [31, 32]. Other secondary genetic factors that can ameliorate the phenotype are the
co-inheritance of α-thalassaemia or of genetic determinants that increase γ-globin chain
production and HbF. Deletional and non-deletional hereditary persistence of foetal
haemoglobin (HPFH) mutations, associated with high HbF levels in carriers, result in mild β-
thalassaemia intermedia when combined with severe β-thalassaemia alleles [27, 30]. Changes
in the ubiquitin-proteasome system or expression of α-haemoglobin stabilising protein which
can help detoxify and tolerate a modest pool of free α-globin have also been shown to
ameliorate disease severity [33-38]. 

A mild phenotype may also be determined by co-inheritance of genetic determinants
associated with γ-globin chain production, mapping outside the β-globin gene cluster. Several
genome-wide association studies (GWAS) have identified two quantitative trait loci (BCL11A on
chromosome 2p16 and HBS1L-MYB intergenic region on chromosome 6q23) that account for
20%-30% of the common variation in HbF levels in healthy adults which are associated with a
mild β-thalassaemia intermedia phenotype and with a delayed need for transfusion in patients
with homozygous β0-thalassaemia [39-46]. 
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In some instances, heterozygous β-thalassaemia can lead to the β-thalassaemia intermedia
phenotype instead of the asymptomatic carrier state. Most of these patients have an excess of
functional α-globin genes (α-globin gene triplication or quadruplication), which increases the
imbalance in the ratio of α/non-α globin chain synthesis [47]. In addition, as previously
mentioned, rare mutations that result in the synthesis of extremely unstable β-globin variants,
which precipitate in erythroid precursors causing ineffective erythropoiesis, may be associated
with β-thalassaemia intermedia in heterozygotes (dominant thalassaemia) [10, 11].

Several tertiary genetic modifiers that can influence the clinical expression of specific
complications in β-thalassaemia have been identified. The most studied polymorphism is the
presence of (TA)7 in the promoter region of the uridine diphosphate-glucuronosyltransferase
gene, which, in the homozygous state, is associated with Gilbert syndrome and the
development of cholelithiasis in individuals with TDT and NTDT [48]. Another modifier is the
apolipoprotein E ε4 allele [49]. The presence of this allele seem to increase the risk of left
ventricular failure in homozygous β-thalassaemia. Less defined modifying factors are genes
coding for HFE-associated hereditary haemochromatosis and genes involved in bone
metabolism [27, 30, 50].

5.2. Haemoglobin E/β-thalassaemia

Heterozygotes for haemoglobin E are clinically normal and manifest only minimal changes in red
blood cell indices, with the presence of haemoglobin E on haemoglobin analyses. Homozygotes
for haemoglobin E are also clinically silent and may be only mildly anaemic [13, 14].

Patients with haemoglobin E/β-thalassaemia, which is common in Southeast Asia, have clinical
manifestations that are variable in severity – from NTDT to TDT [27]. These are usually classified
into three categories:

l Mild haemoglobin E/β-thalassaemia: this is observed in about 15% of all cases in Southeast
Asia. This group of patients maintains haemoglobin levels between 9 and 12 g/dL and usually
does not develop clinically significant problems at an early age. However, some patients suffer
from growth failure, iron overload, and other complications similar to those of NTDT patients.

l Moderate haemoglobin E/β-thalassaemia: most haemoglobin E/β-thalassaemia cases fall into
this category. Haemoglobin levels remain at 6-7 g/dL and the clinical symptoms are similar
to β-thalassaemia intermedia (NTDT). Transfusions are not required unless an infection
precipitates further anaemia.

l Severe haemoglobin E/β-thalassaemia: the haemoglobin level can be as low as 4-5 g/dL.
Patients in this group manifest symptoms similar to those of TDT and are treated as TDT
patients. 

A disease scoring system that helps classify patients into mild, moderate, and severe has been
proposed [51].

The reasons for this variability have only been partially defined, including the type of β-
thalassaemia mutation (β⁺ or β⁰), co-inheritance of α-thalassaemia, and an innate propensity
for postnatal γ-globin expression. Still, even subjects with seemingly identical genotypes may
exhibit clinical manifestations of vastly different severity [13, 52-61]. It should be noted that
patients with haemoglobin E/β-thalassaemia also show different phenotypic severity at
particular stages of development. Advancing age has an independent and direct effect on the
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background level of erythropoietin (EPO) production in response to anaemia [62-64]. A notable
environmental factor influencing phenotype in patients with haemoglobin E/β-thalassaemia is
infection with malaria, particularly Plasmodium vivax [65]

5.3. Haemoglobin Lepore 

Haemoglobin Lepore is another structural β variant resulting from a fusion of the δ and β globin
genes. The homozygous state of haemoglobin Lepore or haemoglobin Lepore co-inherited with
β- thalassaemia can result in moderate to severe transfusion-dependent β-thalassaemia syndromes
[27, 30].

6. PATHOPHYSIOLOGY

Understanding the pathophysiology and clinical manifestations of β-thalassaemia is largely based
on untreated patients with NTDT. Transfusion therapy in TDT, when adequate, ameliorates the
underlying disease process but gives way to various clinical morbidities primarily attributed to
secondary iron overload, as will be featured in subsequent Chapters in these Guidelines. TDT
patients who do not receive adequate transfusions and achieve target haemoglobin levels,
however, could still experience the various manifestations of uncontrolled disease [66].

Normally, under conditions of poor oxygenation, erythropoiesis may be expanded significantly to
increase oxygen delivery to the tissues. This physiological adaptation is defined as stress
erythropoiesis and is characterised by an imbalance of erythroid proliferation and differentiation,
resulting in an expansion of the erythroid progenitor pool that eventually leads to increased
production of red cells [67]. 

6.1. Ineffective erythropoiesis

In β-thalassaemia, the reduced ability of erythrocytes to differentiate, survive, circulate and
deliver oxygen stimulates a state of chronic stress erythropoiesis in the attempt to compensate
for the poor production of enucleated red blood cells. The basic defect in β-thalassaemia is a
reduced or absent production of β-globin chains with a relative excess of α-globin chains, which
accumulate in the erythroid precursors, leading to the formation of alpha globin aggregates
and haemichromes and a consequent state of substantial oxidative stress which contributes to
reduced differentiation and apoptosis. The inability of this larger number of erythroid progenitor
cells to generate sufficient red blood cells is defined as ineffective erythropoiesis which is the
primary driver for chronic anaemia in β-thalassaemia [67]. 

The formation of α-globin aggregates has cytotoxic effects that lead to sequestration of heat shock
protein 70 (Hsp70), leaving GATA1 accessible for caspase-3 cleavage. It results in apoptosis at the
polychromatophilic stage of erythroid maturation and the generation of reactive oxygen species
(ROS) [68, 69].

Moreover, elevated levels of certain members of the transforming growth factor β (TGF-β) family,
such as growth differentiation factor 11 (GDF11) and others, have been observed. It has been
proposed that they play a role in ineffective erythropoiesis through the activation of class II activin
receptors A (ActRIIA) and B (ActRIIB) and the consequent activation of the inhibitory SMAD2/3
pathway leading to reduced erythroid differentiation and a lack of mature erythrocytes. However,
the full mechanism is still far from being fully elucidated [70-72].
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Anaemia varies in extent depending on the degree of α/β-globin chain imbalance and it is
exacerbated by the reduced half-life of the red cells and their haemolysis in the circulatory
stream since they are prematurely destroyed by the spleen. 

Ineffective erythropoiesis and chronic anaemia lead to increased iron absorption from the
intestine, which results in primary iron overload (see below). 

6.2. Dysregulated iron metabolism

Erythropoiesis and iron levels are tightly linked to preserve a healthy balance of iron utilisation
for the generation of new erythroblasts and iron recycling from senescent erythrocytes. Under
conditions of ineffective erythropoiesis, the erythroid factor erythroferrone (ERFE) produced
by erythroid progenitors promotes increased intestinal iron absorption [73, 74]. ERFE acts on
the liver to suppress HAMP expression and reduce hepcidin synthesis [75, 76]. The iron supply
to the erythroid cells is modulated by the expression of transferrin receptor 1 (TfR1).
Interestingly, in sera of thalassaemia patients, soluble TfR1 is proportional to the amount of
ineffective erythropoiesis. A second transferrin receptor (TfR2) is also expressed in erythroid
cells. However, its primary role appears to be in coordinating iron levels with EPO sensitivity
and may also play a role in modulating ineffective erythropoiesis [77, 78]. 

Red blood cell progenitors that fail to mature increase the total iron pool of the body through
direct and indirect mechanisms, while pathologically high levels of free iron support expansion
in the number of early erythroid progenitors. Although the virtually unlimited availability of
iron represents a boost factor for erythropoiesis, toxic, free iron increases ROS production,
diminishing red blood cell functionality and lifespan and perpetuating a vicious circle.
Haemolysis makes a significant contribution to the total amount of circulating iron [79, 80].

Advances in understanding this dynamic relationship between ineffective erythropoiesis and
dysregulated iron metabolism with increased intestinal iron absorption (primary iron overload)
[81], helped explain why so many NTDT patients go on to develop cumulative and considerable
iron overload, characterised by increased hepatocyte iron loading and elevated liver iron
concentration with serum ferritin levels relatively lower than what would be seen in
transfusional (secondary) iron overload [82, 83]. 

In TDT, when native and transfused red blood cells are broken down, their haemoglobin is
degraded, releasing iron into the bloodstream. This iron is initially bound and detoxified by the
plasma iron transporter protein transferrin. Over time, the iron-binding capacity of transferrin
is exceeded, and excess iron is deposited in organs and tissues, leading to iron overload and
organ damage with hepatic fibrosis, cirrhosis, and eventually liver failure, cardiomyopathy and
heart failure, diabetes mellitus, hypogonadism, hypothyroidism, and other hormonal
deficiencies. Iron deposition in the bone marrow can further impair erythropoiesis.

6.3. Clinical manifestations of ineffective erythropoiesis, anaemia, and iron overload

The volume of blood to be infused will be determined by the number/volume of red cells per
The clinical manifestations associated with ineffective erythropoiesis are fully expressed in NTDT
patients [84]. The increased production of erythropoietin may produce hyperplasia of erythroid
marrow in medullary and extramedullary sites with characteristic deformities of the skull and
face, cortical thinning and pathological fractures of long bones, extramedullary erythropoietic
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Figure 3. Pathophysiology of β-thalassaemia. Abbreviations: EMH, extramedullary haematopoiesis. 

tissue masses, and splenomegaly [1, 2]. The lipid membrane composition of abnormal red blood
cells may result in a hypercoagulable state leading to thrombotic complications and pulmonary
hypertension, especially in splenectomised adults [85, 86]. Retarded growth may occur as a
result of chronic anaemia and the excessive metabolic burden imposed by erythroid expansion.
Anaemia may produce cardiac enlargement and severe cardiac failure, and has been associated
with overall increased risks of morbidity and mortality [16]. Haemolysis contributes to the
increased concentration and amount of unconjugated bilirubin and the development of
calcium bilirubin gallstones. Finally, expanded iron absorption leads to iron overload, especially
in the liver, which, when severe and prolonged, can cause fibrosis, hepatocellular carcinoma,
and endocrine complications [16]. Regular transfusions limit but do not eliminate ineffective
erythropoiesis and its complications, which are more likely in the case of sub-optimally and
inadequately transfused patients, who have a significantly increased risk of morbidity and
mortality [87, 88]. Adequately transfused patients on the other hand, will be mainly at risk of
end-organ damage due to secondary iron overload, especially if sub-optimally chelated (see
Chapter 3). The pathophysiology of β-thalassaemia is summarised in Figure 3.
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Figure 4. Algorithm for the diagnosis of thalassaemia. *Could also detect co-inherited structural
haemoglobin variants indicating HbE, HbS, HbC and other disorders. Abbreviations: BCB, brilliant cresyl
blue; Hb, haemoglobin; HbA2, adult haemoglobin 2; HbCS, haemoglobin Constant Spring; HbF, foetal
haemoglobin; HbH, haemoglobin H; HbPS, haemoglobin Paksé; HPLC, high-performance liquid
chromatography; MCH, mean corpuscular haemoglobin; MCV, mean corpuscular volume; N, no; Y, yes.
Reproduced with permission from [90].

The increased knowledge on pathophysiology and clinical manifestations underlies the innovative
therapies recently/being developed in thalassaemia including additive gene therapy and genome
editing (see Chapter 15) and several disease-modifying therapies (see Chapter 16).

7. DIAGNOSIS

Since almost all thalassaemic conditions present with hypochromic microcytic anaemia, a
diagnosis of thalassaemia should be considered in all individuals displaying such abnormal red
blood cell features. However, it is crucial first to exclude iron deficiency anaemia, which remains
common in many parts of the world [89]. A diagnostic algorithm is provided in Figure 4 [90]. 
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7.1. Clinical diagnosis

Carriers of thalassaemia are usually clinically asymptomatic but sometimes have mild anaemia.
Clinical presentation of TDT usually occurs between 6 and 24 months with severe microcytic
anaemia, mild jaundice, and hepatosplenomegaly. Affected infants fail to thrive and become
progressively pale. Feeding problems, irritability, recurrent bouts of fever due to a
hypermetabolic state or intercurrent infection, and progressive enlargement of the abdomen
caused by spleen and liver enlargement may occur. In developed countries, if prenatal diagnosis
has not been performed, the diagnosis of TDT is established at this stage, and a regular
transfusion programme is initiated (see Chapter 2 for indications and considerations for initiating
regular transfusions in β-thalassaemia). The classic clinical picture of TDT is currently seen only
in some developing countries where the resources for performing long-term transfusion
programmes are unavailable. The clinical picture in patients who are untreated or poorly
transfused is characterised by growth retardation, pallor, jaundice, poor musculature, genu
valgum, hepatosplenomegaly, leg ulcers, development of masses from extramedullary
haematopoiesis, and skeletal changes resulting from expansion of the bone marrow. Skeletal
changes include deformities in the long bones of the legs and typical craniofacial changes
including thalassaemic facies (bossing of the skull, prominent malar eminence, depression of
the bridge of the nose, and hypertrophy of the maxillae, which tends to expose the upper teeth).
If a chronic transfusion regimen is not started, patients with TDT usually die within the first few
years of life from high-output heart failure [1, 2, 27]. Individuals with NTDT present symptoms
later than those with TDT, have milder anaemia and, by definition, do not require or only
occasionally require transfusions. Further details on clinical presentation of NTDT are provided
in a dedicated TIF Guidelines [4].  

7.2. Haematological diagnosis

Heterozygous carriers of β-thalassaemia usually display low mean cell haemoglobin (MCH), low
mean cell volume (MCV), and an increased level of HbA2 which may be associated with low normal
or slightly subnormal haemoglobin levels. A peripheral blood film shows less severe erythrocyte
morphological changes than affected individuals and erythroblasts are usually not seen. AT
presentation, TDT is characterised by reduced haemoglobin level (<7 g/dL), MCV >50 fL and <70
fL and MCH >12 and <20 pg. NTDT is characterised by haemoglobin level between 7 and 10 g/dL,
MCV between 50 and 80 fL, and MCH between 16 and 27 pg. The peripheral blood film in affected
individuals demonstrates red blood cell morphological changes with microcytosis, hypochromia,
anisocytosis, poikilocytosis and nucleated red blood cells (erythroblasts, NRBC). The number of
erythroblasts is related to the degree of anaemia and is markedly increased after splenectomy. In
general, these abnormal red blood cell morphological features are shared among different types
of thalassaemia syndromes, including interactions with structural haemoglobin variants such as
haemoglobin E/β thalassaemia. Haemoglobin E can be easily detected using a special dye,
dichlorophenolindophenol (DCIP) [1, 2, 13, 14, 27].

7.3. Qualitative and quantitative haemoglobin analysis

Capillary electrophoresis, high-performance liquid chromatography (HPLC), and cellulose acetate
electrophoresis identify the amount and type of haemoglobin present. The haemoglobin pattern
varies by β-thalassaemia type. In β0-thalassaemia homozygotes, HbA is absent, and HbF constitutes
92-95% of the total haemoglobin. In β+-thalassaemia homozygotes and β+/β0 compound
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heterozygotes HbA levels are between 10 and 30% according to the variable degree of reduction
of β-globin chain synthesis, and HbF is 70-90%. HbA2 is variable in β-thalassaemia
homozygotes/compound heterozygotes, and it is enhanced in β-thalassaemia carriers. In
haemoglobin E/β-thalassaemia patients, haemoglobin E constitutes between 30% and 70% of the
haemoglobin with the remainder being HbF [1, 2, 13, 14, 27].

7.4. Molecular analysis

Molecular analysis may be required to confirm the diagnosis of haeomglobin E and identify the
specific β-thalassaemia genotype. Since the prevalent pathogenic variants are limited in each at-
risk population, targeted analysis for pathogenic variants based on ancestry may be considered
first. Commonly occurring mutations of the β-globin gene are detected by polymerase chain
reaction (PCR)-based procedures. The most commonly used methods are reverse dot blot analysis
or primer-specific amplification, with a set of probes or primers complementary to the most
common mutations in the population from which the affected individual originated. β-globin gene
sequence analysis using Sanger method may be considered first if the affected individual is not of
an ancestry at high risk or if targeted analysis reveals only one or no pathogenic variant. If the results
are inconclusive, gene-targeted deletion/duplication analysis (multiplex ligation-dependent probe
amplification [MLPA]) can follow.

Currently, available thalassaemia diagnostic kits often utilise next-generation sequencing (NGS)
technology. Unlike Sanger sequencing, NGS methods do not require prior knowledge of the
sequence of target regions, thereby eliminating the need for target-specific DNA primers. The
method involves multiplex PCR amplification to generate a DNA fragment target amplicon library,
followed by PCR and ligation of each amplicon to sequencing adapters that include unique index
sequences. The sample pool is then sequenced using NGS chemistry. This approach can detect
single nucleotide variants (SNVs), insertions and deletions (indels), and copy number variations
(CNVs) in the globin genes. Additionally, regions positioned upstream and downstream of these
genes are targeted to detect large deletions or duplications, such as those found in forms of εγδβ-
thalassaemia. 
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KEY POINTS AND RECOMMENDATIONS

1. A diagnosis of thalassaemia should be considered in all those who have hypochromic
microcytic anaemia (Grade C, Class I).

2. In the diagnostic work-up for hypochromic microcytosis, iron deficiency anaemia should always
be excluded (Grade C, Class I).

3. Molecular analysis is not required to confirm the diagnosis of a β-thalassaemia carrier, but it is
necessary to confirm the α-thalassaemia carrier status (Grade C, Class I).

4. An α-globin gene triplication or quadruplication should be taken into consideration in
heterozygous β-thalassaemia subjects with a β-thalassaemia intermedia phenotype (Grade C,
Class I).

5. Haematological parameters, including red cell indices and morphology, followed by separation
and measurement of haemoglobin fractions, are the basis for the identification of β-
thalassaemia carriers (Grade C, Class I).

6. Since the prevalent pathogenic variants of the β-globin gene are limited in each at-risk
population, a polymerase chain reaction (PCR) method designed to detect the common specific
mutation simultaneously should be used initially (Grade C, Class IIa).

7. β-globin gene sequence analysis may be considered first if the affected individual is not of an
ancestry at high risk or if targeted analysis reveals only one or no pathogenic variant (Grade C,
Class IIa).

8. Methods that may be used to detect rare or unknown deletions include Southern blotting (now
fallen into abeyance), quantitative PCR, long-range PCR and, above all, multiplex ligation-
dependent probe amplification (MLPA) (Grade C, Class IIa). 

9. Considerations of phenotype should not only be based on genotype but should take clinical
presentation and disease severity as observed over a duration of time (Grade C, Class IIb).

10. Patients who receive 6 or more red blood cell units over 6 months with ≤6-week transfusion-
free period or receiving frequent transfusions for >1 year can be classified as transfusion-
dependent β-thalassaemia for purposes of management approach or clinical trial eligibility
(Grade C, Class IIb).
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1. INTRODUCTION

There is no doubt that advances in transfusion practices over the years have transformed outcomes
and improved survival in patients with transfusion-dependent β-thalassemia (TDT) [1]. Still, regional
variations in transfusion protocols continue to exist, and a considerable number of patients do not
have access to adequate transfusions to sustain target haemoglobin levels in many parts of the
world [2, 3]. This Chapter provides a holistic review of key topics including aims of blood transfusion
and practical considerations when the decision to administer transfusions is made. It also features
best practices in blood collection, processing, and storage. Adverse events, beyond iron overload
(see Chapter 3), will also be discussed. 

2. AIMS OF BLOOD TRANSFUSION 

Regular transfusions are currently the mainstay of therapy and required life-long for TDT patients.
Providing maximum benefit whilst minimising potential harms is the primary aim. This can be
delivered by prioritising the provision of an effective transfusion regimen that results in good
growth and development, good energy levels, and sufficient suppression of intra- and
extramedullary haematopoiesis. A safe transfusion process will:

l Use a product that is collected, tested, selected, issued, and administered according to
established quality and safety regulations and guidance.

l Be administered to patients who have provided fully informed consent and are part of decision-
making in their transfusion care.

l Be administered by staff trained in blood transfusion.

l Be performed in an accredited system where adverse reactions and procedural incidents are
identified, managed appropriately, and prevented wherever possible (i.e., with a good
haemovigilance structure).
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3. PRACTICAL CONSIDERATIONS FOR TRANSFUSION THERAPY

3.1. Criteria for initiating transfusion therapy

The decision to initiate a long-term regular transfusion regimen should be driven by the current
clinical phenotype of the patient, anticipated short- and longer-term outcomes, and in
discussion with the patient and/or parents, as appropriate. The decision should primarily be
based on evidence of failure to thrive as manifested by poor feeding, a drop in growth velocity
and/or a failure to gain weight, the severity of the anaemia in repeated measurements and in
the absence of intercurrent infections, the level of ineffective erythropoiesis and the
development (ideally, prevention) of bony changes.

If available, knowledge of the patient’s specific diagnosis, including molecular genetics, can
help inform the decision to start regular transfusions but it should not be the primary indicator.
Once a regular programme of transfusion is started, to ensure good outcomes, it is important
that the pretransfusion haemoglobin target is maintained at an optimal threshold.

A transient drop in haemoglobin due to an intercurrent infection should not drive the initiation
of a regular transfusion programme and repeat assessment of clinical parameters is important
after a single top-up transfusion to ensure decision making is appropriate. 

For deciding when to transfuse on a regular basis, the following should be included in the
investigations:

l Confirmed diagnosis of thalassaemia

l Laboratory criteria:

- Haemoglobin level <7 g/dL on two occasions >2 weeks apart in asymptomatic patients
with a β0 β0 or β0 β+ any other genotype known to cause TDT (excluding all other
contributory causes such as infections), AND/OR

l Clinical criteria irrespective of haemoglobin level:

- Significant symptoms of anaemia

- Poor growth or failure to thrive

- Complications from excessive intramedullary haematopoiesis such as pathological fractures
and facial changes

- Clinically significant extramedullary haematopoiesis

Most patients with severe genotypes will start on regular transfusion therapy, where this is
available, within the first two years of life. Some patients with non-transfusion-dependent β-
thalassemia (NTDT) may only need sporadic transfusions for intercurrent illnesses, whilst others
may need a short time on regular transfusions to help initiate or complete pubertal growth and
development, or a more regular transfusion programme long-term to manage symptomatic
anaemia or complications such as extramedullary haematopoiesis or pulmonary hypertension
[4]. A recent cohort study from Italy including 305 adults with NTDT (β-thalassemia intermedia),
the rate of ‘phenoconversion’ to TDT was 13.8% over 10 years. Conversion was primarily driven
by haemoglobin level (<8.5 g/dL) and comorbidity [5]. The authors also attributed this to higher
‘tendency’ of treating clinicians to introduce regular transfusions in NTDT patients, owing to
the growing evidence on the morbidity and mortality risks associated with untreated anaemia



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

(especially, haemoglobin <10 g/dL) [6, 7], and improved morbidity and mortality outcomes in
patients receiving regular transfusions [8, 9]. 

In patients with haemoglobin E/β-thalassaemia, some of whom may be transfusion
independent despite low haemoglobin levels, a more stringent observation for failure to thrive
and monitoring for hepatosplenomegaly should be undertaken, particularly because many
patients with haemoglobin E/β-thalassaemia remain clinically well with no relevant symptoms
even with haemoglobin values in the 6-7 g/dL range [10, 11]. Once a decision is made to start
regular transfusions for patients with haemoglobin E/β-thalassaemia they should be managed
in the same way as all transfusion-dependent patients, particularly if transfusion was initiated
for complications such as extramedullary haematopoiesis. A lower pretransfusion haemoglobin
threshold may be tolerated in patients with haemoglobin E/β-thalassaemia, but careful
monitoring and assessment is important to ensure that complications relating to the anaemia
are identified early and corrective action taken [10, 12, 13]. Progressive increase of splenomegaly
suggests maintaining a higher pretransfusion haemoglobin level with an increase of blood
transfusions.

3.2. Patient blood management, clinical decision-making, and informed consent

3.2.1. What is patient blood management?

Various definitions exist for patient blood management (PBM), but all emphasise the centrality
of the patient in terms of decision-making around whether transfusion support is required,
consideration of alternatives to minimise transfusion requirements (where these alternatives
exist and are accessible), optimisation of the patient’s own blood (such as red cell mass), and
personalised care delivery to meet the individual patient’s needs. While much of the published
literature in PBM focuses on transfusion support in elective surgery, the principles apply equally
to all patients who may need transfusion support, including patients with TDT. The International
Society of Blood Transfusion (ISBT) defines PBM as “an evidence-based, multidisciplinary
approach aimed at optimising the care of patients who might need transfusion. It puts the
patient at the heart of decisions made around blood transfusion, promoting appropriate use
of blood and blood components and the timely use of alternatives where available. PBM
represents an international initiative in best practice for transfusion medicine.” Implementation
of PBM is endorsed as a policy priority by the World Health Organization (WHO) [14]. A range
of resources for setting up a PBM programme is available from the ISBT and WHO websites. 

3.2.2. How does patient blood management apply in the setting of transfusion-dependent
β-thalassaemia?

PBM is patient-focused, with the aim of meeting the needs of the patient and family and aiming
to develop and deliver a personalised care plan in collaboration with the patient and family.
PBM is ideally suited to support patients with TDT, many of whom are currently anticipating a
lifelong requirement for transfusion support, although new therapies now available in some
countries or in clinical trials may substantially change the need for transfusion in the coming
years for many patients (see Chapter 15 and Chapter 16).

A programme of regular transfusions requires major commitment from patients and families,
including frequent appointments for collection of pretransfusion samples as well as
administration of blood, and monitoring for (and prevention of, wherever possible) short- and
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longer-term complications. Transfusion carries substantial costs (either to the patient, or the
community, or both, depending on the health system) and risks – not just limited to the
possibility of transfusion-transmitted infections. However, in the past, patients or parents have
often been ‘told’ what will happen in terms of transfusion, based on why transfusion support
might be needed (for example, to correct anaemia and suppress extramedullary
haematopoiesis), without asking for their input or considering their views on how the
transfusions might be best delivered, or how to measure the impact of transfusion on clinical
outcomes, including quality of life and functional outcomes (such as improving symptoms of
anaemia). 

Using the principles of PBM, patients and families should receive not just a clear explanation of
why transfusion is being recommended, but what [if any] alternatives are available; what
benefits, risks and costs might be involved with the various alternatives; how the process will
work; and how to respond if an adverse event is suspected. There should be documentation of
the discussion and informed consent/agreement to proceed from the medical decision-maker
(usually a parent for young children). A personalised transfusion plan should be developed and
documented, which should be reviewed periodically and updated as needed, incorporating
feedback from patients and families. 

3.3. Product selection for transfusion

As transfusion is lifesaving and currently will typically be life-long, it is important to reduce the
risk of alloimmunisation to red cell antigens; hence, prior to the first transfusion it is
recommended that detailed red cell phenotype and/or genotype is obtained, as available. The
following should be undertaken wherever possible: 

l Before embarking on transfusion therapy, patients should have extended red cell antigen
typing that includes at least ABO typing, and Rh C, c, D, E, e, and Kell (K, k) although preferably
a full red cell phenotype/genotype panel).

l If the patient is already transfused, antigen typing can be performed using molecular rather
than serological testing. 

l All patients with thalassaemia should be transfused with ABO and Rh (C, c, D, E, e) and K
compatible blood to avoid alloimmunisation against these antigens.

l There should be a valid group and antibody screen available on each occasion prior to
transfusion being administered.

In regions where there is significant heterogeneity between the donor and recipient
populations, it may be appropriate to extend antigen matching in line with specific local
population requirements [15-18].

3.4. Maintenance and adjustment of transfusions

The recommended target pretransfusion haemoglobin level for most patients is 9.5-10.5 g/dL.
This is typically achieved by administering red cells every 2 to 5 weeks. In most patients, this
transfusion regimen promotes normal growth, allows normal physical activities, adequately
suppresses bone marrow activity, and minimises transfusional iron accumulation [19, 20].
Recently, a large retrospective cohort study from Italy looked at the association of pretransfusion
haemoglobin level (period average) and mortality in 779 TDT patients followed for up to 10
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years [21]. There was a significant and steady decrease in thalassaemia-related mortality with 
increasing pretransfusion haemoglobin levels, and a threshold of <9.3 g/dL was the best 
predictor of long-term mortality. Multivariate regression analyses indicated an incremental 
protective effect of increasing pretransfusion haemoglobin level categories (by 0.5 g/dL) compared 
to a pretransfusion haemoglobin level <9 g/dL, with significant associations noted with levels ≥9.5 
g/dL. The association was only observed in patients with adequate iron control [21].  

A higher target pretransfusion haemoglobin level of 10-11 g/dL (or as high as practicable) may 
be appropriate for patients with heart disease including pulmonary hypertension, clinically 
significant extramedullary haematopoiesis, or other medical conditions, and for those patients 
who do not achieve adequate suppression of bone marrow activity at the lower haemoglobin 
level [22-24]. Although shorter intervals between transfusions may reduce overall blood 
requirements, the choice of interval must consider other factors such as the patient’s school or 
work schedule and other lifestyle factors. The strict control of iron loading in these cases is 
mandatory since such regimen is associated with an increase in iron intake and burden.

3.5. Volume to be transfused

The volume of blood to be infused will be determined by the number/volume of red cells per 
unit and the unit haematocrit. These relate to the acceptable haematocrit of the donors, the 
volume collected at donation, whether it is whole blood or red cells, and the type of 
anticoagulant used (Table 1). In adults, typically a certain number of units (e.g., two or three) 
rather than a particular volume of blood is ordered. In children, the recommendation is to 
transfuse on a volume basis to achieve a target haemoglobin/haematocrit and avoid under- or 
over-transfusion. For children or for others who may need a specific volume, the following 
calculation is generally used: [(Desired – Actual Haemoglobin in g/dL) x Weight in kg x 3.0] /
Haematocrit of Red Cell Unit = mL to be transfused [25].

As an example, using the guidance in Table 1, in order to raise haemoglobin level by 4 g/dL in 
a patient weighing 40 kg and receiving blood with a haematocrit of 60%, 800 mL would be 
required. This calculation assumes a total blood volume of 70 mL/kg body weight.

Post-transfusion haemoglobin can be measured when evaluating the effects of changes in the 
transfusion regimen, the degree of hypersplenism, or unexplained changes in response to 
transfusion.

To achieve a pretransfusion haemoglobin of 9.5-10.5 g/dL, it is often usual to aim for a post- 
transfusion haemoglobin of 13-15 g/dL. This overall approach to transfusion has been shown 
to promote normal growth, to allow normal physical activities, to adequately suppress bone 
marrow activity and to minimise transfusional iron accumulation in most patients [19].
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3.6. Rate of transfusion

The optimal rate of transfusion administration has not been subjected to a prospective study
and in practice depends on both clinical factors and on the type of component issued. For
example, leucodepletion is widely used worldwide with the intention to decrease febrile non-
haemolytic reactions and other consequences, but a unit of leucodepleted red cells is typically
a smaller volume than non-leucodepleted red cells. Other factors include the use of red cell
additive solutions (which will influence the unit haematocrit), the patient status, and the starting
and desired haemoglobin.

Children are generally transfused at a rate of 5 mL/kg/hour, hence a stable, non-febrile, non-
bleeding child weighing 50 kg can receive 250 mL of red cells in one hour. In adults, standard
transfusion practice has generally recommended transfusion of a unit of red cells (average
volume 260 mL) over 90 minutes, but data from two thalassaemia centres in London suggests
that in carefully selected adults >45 kg, free of cardiac disease, transfusion of one unit of red
cells over one hour is safe and three units can be administered safely at this rate. Patients should
be clinically reviewed between each unit of red cells. Particular caution should be taken with
smaller patients, patients with cardiac iron overload and a low cardiac ejection fraction, or those
with a very low initial haemoglobin level.

3.7. Specific patient groups

3.7.1. Very low haemoglobin at presentation

Patients who present with severe anaemia need to be transfused with great care to avoid
precipitating heart failure. If this is an initial presentation, then cardiovascular compensation is
already present and a slow increase in haemoglobin will not cause any harm. Standard practice is
to give around 10-15 mL/kg until a 2-3 g/dL increase in haemoglobin is attained and then to give
a top-up transfusion a few days later to bring the haemoglobin to an acceptable baseline. 

For example, a 10 kg child presenting with a haemoglobin of 2.5 g/dL may be given red cells at 15
mL/kg (150 mL) on day of presentation and then another 5-10 mL/kg 24 to 48 hours later. The first
transfusion will improve the haemoglobin to close to 5.5 g/dL and then a further transfusion given
24-48 hours later should improve the haemoglobin to around 7-8 g/dL. The following week, a top-
up transfusion of 10 mL/kg may be safely given to bring the haemoglobin up to 8-9 g/dL. Once
the new baseline haemoglobin is reached, assessment should be performed to see if the child will
need to be on a long-term transfusion programme or if this was due to an intercurrent illness, and
will guide the next steps. 

50%

12 mL/kg

18 mL/kg

24 mL/kg

2 g/dL

3 g/dL

4 g/dL

60%

10 mL/kg

15 mL/kg

20 mL/kg

75%

8 mL/kg

12 mL/kg

16 mL/kg

80%

7.5 mL/kg

11.2 mL/kg

15 mL/kg

HAEMATOCRIT OF DONOR RED CELLS

Table 1. Guideline for choosing how much blood to transfuse.
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Transfusion in acutely unwell children with severe anaemia should always be done with specialist
support and careful assessment with volumes of >20 mL/kg avoided in the acutely febrile child
[26, 27].  

In the adult setting, severe anaemia is more likely to be seen in patients with β-thalassaemia
intermedia during an intercurrent illness. They are more likely to present earlier with less severe
anaemia; however, they are also more likely to have some degree of cardiovascular compromise
as the anaemia will usually have developed over a shorter period. Full assessment and appropriate
support of cardiovascular aspects need to be provided, and transfusion should proceed in a
stepwise manner with small volumes (e.g., 1 or 2 units of red cells) and assessment and decision
for next transfusion based on how the patient is doing clinically.

3.7.2. Pregnant patients

In pregnancy (see Chapter 7), in the first trimester there is expansion of the physiological plasma
volume and cardiac output increases continuously during pregnancy, peaking at around 24 weeks
gestation at around 40% or higher above pre-pregnancy cardiac output. Twin pregnancies are
associated with an additional 15% higher cardiac output [28]. Maternal anaemia is associated with
an increased risk of intrauterine growth retardation and premature delivery [29-31]. Maintaining
pretransfusion haemoglobin at 10 g/dL is important in reducing both maternal cardiovascular
stress and improving foetal outcomes [29, 32].

In NTDT patients, anaemia can become problematic during pregnancy. The decision to transfuse
during a pregnancy needs to be highly individualised based on maternal symptoms, foetal
developmental milestones, previous transfusions and complications/antibodies. If transfusion is
started during the pregnancy for symptomatic maternal anaemia or IUGR then transfusion should
continue to ensure optimal benefit is provided with pretransfusion thresholds similar to the
transfusion-dependent patients. In patients who maintain a haemoglobin above 8 g/dL during
pregnancy without foetal complications, then delivery can safely proceed without transfusion. In
patients who have haemoglobin below 8 g/dL, consideration can be given to the patient having a
top-up transfusion in preparation for delivery at around 37-38 weeks of gestation. In all NTDT
patients, crossmatched blood should be available for delivery. 

3.7.3. Cardiac failure

These patients will be unwell with symptoms from heart failure; however, anaemia must be
managed as this will make the cardiac compromise worse if allowed to progress. Patients should
be transfused and pretransfusion haemoglobin maintained at 10-11 g/dL or higher in these patients
to ensure good oxygenation of the myocardium. Iron overload must be strictly monitored in this
cohort of patients.

3.7.4. Haemoglobin E/β-thalassaemia 

The transfusion schedule outlined above, and target haemoglobin levels have been shown to
minimise iron loading, suppress bone marrow expansion, and improve survival in Italian patients
with β-thalassemia major [19-21]. The optimal regimen for patients with (severe) haemoglobin E/β-
thalassaemia has not been studied in such detail; hence, the same approach as for other TDT
patients has traditionally been followed. It is important to note that the phenotypic variation in
haemoglobin E/β-thalassaemia is wide, and recent publications support a more individualised
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approach for decision-making around target haemoglobin levels. Haemoglobin targets should be
primarily guided by a patient’s symptoms and quality of life issues rather than the haemoglobin
level itself. 

3.7.5. Non-transfusion-dependent β-thalassaemia

As previously mentioned, NTDT patients (including those with β-thalassaemia intermedia or mild-
moderate haemoglobin E/β-thalassaemia) may require either a short-term period of transfusion
(e.g., to support transition through puberty) or longer-term transfusion to manage symptomatic
anaemia particularly or specific morbidities in older patients [4]. In patients who are being
transfused for symptomatic anaemia, transfusion thresholds may be adjusted to support
improvement in symptoms and quality of life rather than a specific haemoglobin target. In patients
being transfused to manage complications related to anaemia such as extramedullary
haematopoiesis, then transfusion thresholds should be as per TDT recommendations. Patients
needing transfusion to support growth and transition through puberty should be managed as per
TDT target haemoglobin levels until puberty is complete and then a planned reduction in
transfusion volume and frequency undertaken; however, if the patient does not tolerate the
anaemia after being on a transfusion programme for several years, then they can continue regular
transfusions and be managed as per TDT guidelines for all aspects of their care.

3.8. Transfusional iron loading

There are national and international guidelines regarding the keeping of transfusion records 
(e.g., European Union Commission Directives 2004/33/EC, 2005/61/EC, 2005/62/EC, 2009/135/EC,
2014/110/EU, (EU) 2016/1214, 2011/38/EU, 2002/98/EC; available at: https://eur-
lex.europa.eu/eli/dir/). Historically, for patients with β-thalassaemia, additional records would be
kept. These include the volume or weight of the administered units, the haematocrit of the units
or the average haematocrit of units with similar anticoagulant-preservative solutions, and the
patient’s current weight at the time of the transfusion (especially for children). With this information,
it is possible to calculate the annual blood requirements as volume of transfused blood or pure red
cells (haematocrit 100%) per kg of body weight. The latter (pure red cells per kg of body weight)
when multiplied by 1.08, the estimated amount of iron per mL of red cells yields an approximate
value for transfusional iron that the patient receives per kg of body weight in a year. Table 2 shows
a detailed example of how the daily rate of iron loading (mg/kg/day) is calculated. The rate of
transfusional iron loading may be very important in choosing the appropriate dose of an iron
chelator among other indicators of iron overload (see Chapter 3). For example, the recommended
dose of the chelator deferasirox is based in part on the daily or annual rate of transfusional iron
loading. Nowadays, this level of calculation is not often done, although it may be useful in situations
where there has been a change in blood requirement, development of hypersplenism, or where
access to accurate magnetic resonance measurements of iron loading is poor. 
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In adults where the volume of blood administered is often not collected and transfusion recorded
as a unit of blood transfused, an alternative formula can be used to calculate the rate of iron loading
(mg/kg/day): [Units of Blood Transfused (annum) x 200] / [Patient Weight in kg x 365]. Recent
guidelines from the British Society for Haematology (BSH) recommend this is used for ensuring
that if patients are failing to respond to chelation, the dose of chelation / regime is adjusted to
ensure both iron input and iron chelator doses are synchronous.   

4. BLOOD: FROM COLLECTION TO ADMINISTRATION

4.1. Haemovigilance

Haemovigilance is the set of surveillance procedures covering the entire blood transfusion
chain, from the donation and processing of blood and its components, through to their
provision and transfusion to patients, and including their follow-up.

It includes the monitoring, reporting, investigation and analysis of adverse events related to
the donation, processing, and transfusion of blood, and taking action to prevent their
occurrence or recurrence. The reporting systems play a fundamental role in enhancing patient
safety by learning from failures and then putting in place system changes to prevent them in
the future [33] (https://ihn-org.com/about/haemovigilance/). The haemovigilance system
should involve all relevant stakeholders and should be coordinated between the blood
transfusion service, hospital clinical staff and transfusion laboratories, hospital transfusion
committees, the national regulatory agency, and national health authorities. The resulting
modifications to transfusion policies, standards and guidelines, as well as improvements to
processes in blood services and transfusion practices in hospitals, lead to improved patient
safety [34].

Good haemovigilance is key to the delivery of safe and effective transfusion in any setting and
must be in place in the delivery of blood transfusion to those with TDT. The Serious Hazards of
Transfusion (SHOT) haemovigilance scheme in the United Kingdom has been collecting data

Table 2. Calculation of annual blood requirements and transfusional iron loading (example).

Patient and transfusion details

Annual blood requirement

Annual pure red cell requirement

Annual transfusional iron loading

Daily transfusional iron loading

l Weight: 40 kg
l Transfusion amount and schedule: 600 mL every 4 weeks 
l Average haematocrit of transfused red cells: 60%

l 13 transfusions x 600 mL/40 kg = 195 mL/kg per year

l 195 mL/kg per year x 60% (average haematocrit) = 117
mL/kg per year

l 117 mL/kg per year x 1.08 mg iron per mL pure red cells =
126 mg iron per year

l 126 mg iron per year/365 days = 0.34 mg/kg
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specifically on risks for patients with haemoglobinopathies and published its first 5-year
cumulative dataset for this patient group in 2014. This highlighted the risk of serious outcomes
in multi-transfused patients with ABO incompatible transfusions, major morbidity,
alloimmunisation, and death all occurring. Subsequently, each annual SHOT report has a section
on haemoglobinopathy patients and hazards related to transfusion. All existing reports have
highlighted the critical importance of communication with the transfusion laboratory that the
patient has a haemoglobinopathy to ensure that appropriate phenotype matching is undertaken,
and historical antibodies are reviewed. Issues with informed consent and positive patient
identification remain a cause for preventable morbidity with patients still having incorrect blood
transfused either due to specific requirements not being met (due to poor communication with
the laboratory) or wrong unit transfused due to failure of the positive patient identification process.
Cumulative data on transfusion hazards in haemoglobinopathy patients were summarised in the
2023 report and although febrile, allergic, or hypotensive reactions (FAHR) are the primary reports
to SHOT, incorrect blood component transfused (IBCT) remains a major cause of morbidity either
due to specific requirements not being met or wrong component being transfused, comprising
21.7% of reports in thalassaemia patients (Figure 1) [35].

Figure 1.Cumulative data for adverse transfusion events in patients with haemoglobin disorders
2010 to 2023. (a) Sickle cell disease (n=484). (b) Thalassaemia (n=143). Reproduced with permission
from [35].
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IBCT incidences are avoidable harm and can be reduced by positive patient identification both
at time of pretransfusion blood sampling and at initiation of transfusion. Positive patient
identification should always be done with the patient or accompanying adult for children.
Patients do not always understand why the identification process is so critical for safety,
assuming - as do many staff - that the main risks of transfusion are related to the safety of the
product; however, when patients and family members are properly informed of the real risks
of transfusion, they can be more active participants in improving the safety of the process. 

4.2. Blood donation and testing for transfusion-transmitted infections 

To safeguard the health of patients with TDT, blood should be obtained from carefully selected,
low-risk, voluntary, non-remunerated blood donors and should be collected, processed, stored,
and distributed by dedicated, blood transfusion centres with established quality assurance
systems in place. National blood policies and good manufacturing processes help to ensure
high-quality products are available when and where patients need them, minimise wastage of
blood products and other resources, and protect the health of community blood donors.

Avoidance of transfusion-transmitted infections (TTI) is a high priority, as patients with repeated
donor exposure are at greatest risk for exposure to, and consequences of, such infections.
Adherence to the directives and guidelines of national or international regulatory authorities
or professional societies, help minimise the risk of TTI. WHO recommends, at a minimum,
donation screening for human immunodeficiency viruses (HIV), hepatitis B virus (HBV), hepatitis
C virus (HCV), and syphilis. In many countries, screening for other infectious diseases such as
human T-cell lymphotropic virus (HTLV) type I/II, malaria, toxoplasma, hepatitis A, hepatitis E,
West Nile virus, and Chagas disease is also conducted. Further updated information and
standards are available through websites of the European Union, WHO, and Association for the
Advancement of Bood and Biotherapies (AABB). 

4.3. Blood component specification and preparation 

The WHO has identified the need for standardised manufacturing processes, good clinical and
manufacturing practices (GCP and GMP), cold chain management, proper labelling, and
traceability from donor to patient (“vein–to-vein”) and haemovigilance systems to ensure
consistent, high-quality, and reliable blood components suitable for transfusion to patients.

4.3.1. Leucodepletion

Reduction to 1 x106/L or less leucocytes per unit is considered the critical threshold for
eliminating adverse reactions attributed to contaminating white cells (Table 3) [36]. In countries
where there is universal prestorage leucodepletion, the incidence of febrile non-haemolytic
transfusion reactions, HLA sensitisation, and transfusion transmitted infections are lower [37].
Methods for leucoreduction include: 

l Pre-storage filtration of whole blood is the preferred method for leucoreduction. This method
of leucocyte removal offers high efficiency filtration and provides consistently low residual
leucocytes in the processed red cells and high red cell recovery. Red cell components are
obtained by centrifugation of the leucodepleted whole blood and removal of donor plasma.

l Pretransfusion, laboratory filtration refers to the filtration at the blood bank laboratory of red
cells, prepared from donor whole blood.
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l Bedside filtration refers to the red cell unit that is filtered at the bedside at the time of
transfusion. This method does not allow optimal quality control because the techniques used
for bedside filtration may be highly variable. It is now not used where pre-storage
leucoreduction is available.

4.4. New technologies 

4.4.1. Pathogen inactivation systems

These are being developed but are currently only in clinical trials and none are routinely being
deployed for red cells by blood services currently. It is possible that these may become part of
standard manufacturing of products such as plasma and platelets. There is less clinical trial
evidence for benefit/red cell survival data for red blood cell transfusions and the cost per unit
of red cells would be significantly higher than standard units of red cells that are leucodepleted
and tested according to current standards and guidelines.

4.4.2. Manufactured red cells

There has been a great deal of interest in generating red cells from immortalised cell lines and
therefore allowing patients with rare blood groups to have closely matched cells, as well as the
potential for development of a universal ‘red cell’ that can be used for all transfusions. Currently,
a proof-of-principle, phase 1 clinical trial (REcovery and survival of STem cell Originated REd
cells, RESTORE; ISRCTN42886452) run by the United Kingdom’s National Health Service Blood
and Transplant (NHSBT) using manufactured red cells is only able to transfuse 5-10 mL of red
cells produced from a manufacturing process and has been shown to be safe. However, the
technology needs a great deal of enhancement to produce the volume of red cells needed for
a blood transfusion and will also need the development of a number of immortalised cell lines
from suitable donors with rare blood groups.

4.4.3. Universal red cells

Many blood services globally are interested in developing this, but it is likely that universal
plasma and platelets will be available many years before technology is sufficiently advanced
and available to develop a universal red cell product.

Table 3. Known adverse effects of leucocytes in blood products.

Reaction

Febrile non-haemolytic transfusion 
reaction

HLA-alloimmunisation 

Transfusion-transmitted infections

Causative agent

HLA-antibodies in patients, cytokine reactions produced by
donor leucocytes

HLA-alloimmunisation in response to exposure to donor
HLA antigens

Cell-associated infectious agents such as cytomegalovirus
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4.5. Blood products for special patient populations

4.5.1. Washed red cells

These may be beneficial for patients with TDT who have repeated severe allergic transfusion
reactions or for patients with immunoglobulin A (IgA) deficiency, in which the recipient’s pre-
formed antibody to IgA may result in an anaphylactic reaction. Washing of the donor product
removes plasma proteins that constitute the target of antibodies in the recipient. Washing may
be accomplished using manual or automated techniques. Washed red cells that are not
suspended in storage solution must be transfused within 24 hours, and this shorter shelf life
creates the possibility of wastage if patients are not available for transfusion at the time the
blood is prepared. Suspension in SAGM after washing allows for shelf life as long as 14 days if a
closed circuit is used.

Washing alone usually does not result in adequate leucocyte reduction and should not be used
as a substitute for leucoreduction. Instead, washing should be used in conjunction with
filtration. In addition, washing of red cell units removes some erythrocytes from the transfusion
product, and it is therefore valuable to monitor post-transfusion haemoglobin levels to ensure
attainment of the target haemoglobin level.

4.5.2. Cryopreserved (frozen) red cells

This is the component derived from whole blood in which red cells are frozen, preferably within
7 days of collection and using a cryopreservant. It can be stored at -60°C to -80°C in an electrical
freezer, when a high-glycerol method is used, or alternatively at -140°C to -150°C in vapor phase
liquid nitrogen, when a low-glycerol method is used.

This product is used to maintain a supply of rare donor units for patients who have unusual red
cell antibodies or who are missing common red cell antigens. Their shelf life of 1-7 days depends
on whether they were washed in an open or closed system and whether they were re-
suspended in SAGM. The shorter shelf life again creates the possibility of wastage.
Approximately, 20% of the donor cells are lost in the washing after the freezing process. There
is no good evidence about how long these can be stored although in NHS Blood and Transplant
they are now kept for 30 years.

4.5.3. Red cells obtained by donor apheresis 

This refers to the collection of two units of red cells from the same donor, usually used for
transfusion of one patient. The reduction of donor exposures may decrease the risk of
transmission of infections and developing alloantibodies and other transfusion-related
complications. This approach creates significant logistical problems as the donors need higher
haematocrits, can attend less frequently for donation, and the collections are performed using
apheresis techniques. In addition, the collection of two separate bags and other factors may
create an organisational challenge in ensuring that both units go to the same patient.

4.6. Storage of donor red cell units

The anticoagulant preservative solutions used in blood collection have been developed to
prevent coagulation and to permit storage of red cells without significant loss of metabolic
integrity. All the currently used solutions contain sodium citrate, citric acid and glucose, and
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some of them also contain adenine, guanosine, and phosphate (e.g., citrate phosphate dextrose
adenine [CPDA-1]]). As shown in Table 4, the introduction of additives solutions (AS) such as
AS-1, AS-3, and AS-5 presently permits storage of red cells for up to 42 days.

The maximum duration of storage, as noted on each unit, varies with the type of preparation.
However, all the storage solutions should achieve a mean 24-hour post-transfusion survival of
no less than 75% of the transfused red cells. The actual half-life of donor red cells after
transfusion is not routinely tested for different additives and for different lengths of storage.

The haemoglobin oxygen release function which is extremely important in TDT is impaired
during normal storage due to progressive loss of 2,3-biphosphoglycerate (2,3-BPG, previously
known as 2,3-diphosphoglycerate, 2,3-DPG). However, the rapid repletion of 2,3-BPG after
transfusion generally compensates for the loss of function during storage.

CHAPTER 02

57

4.7. Age and type of product to be transfused

Many centres have historically used blood that is less than 2 weeks old for TDT patients. In Italy
for example, the National Transfusion Centre recommends using fresh blood for TDT patients,
defined as blood that is less than 10 days old. During the COVID-19 pandemic there was a
reduction in blood donor availability and many patients were transfused red cells that were
greater than 14 days old with no reports of major complications. The development of red cell
antibodies has always been a major concern for patients, blood services, and health authorities,
but the prioritisation of fresh blood over better phenotype matching may increase the risk of
developing new red cell antibodies [15].

In countries such as the United Kingdom, there has been a change in prioritising a product for
transfusion to patients with haemoglobinopathies. The recommendations are as follows: 1)
Optimally match for red cell blood groups and existing antibodies, 2) choose a unit based on
best match and then, 3) based on age of the unit. 

This essentially has resulted in patients being given slightly older but better matched red cells.
This is an important patient safety aspect especially as blood services shift to genotype testing

Table 4. Storage time for anticoagulant preservative solutions with and without additive solution.

Solution type

CPD

CP2D

CPDA-1

CPD, CP2D, or CPDA-1 with AS-1
(adsol), AS-3 (nutricel), or AS-5 

Shelf life (days)

21

21

35

35-42 

Abbreviations: CPD, citrate phosphate dextrose; CP2D, double dextrose; CPDA-1 citrate phosphate dextrose
adenine; AS, additive solution. 
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of donors and patients and this increases the likelihood of better matched blood with lower
rates of alloimmunisation. In resource-limited settings or areas without highly regulated blood
banks, units less than 14 days old should be used for patients if phenotype matching is not
available. Patients should still be as optimally matched for Rh and Kell blood groups, if possible,
with a better matched unit prioritised over the age of the red cell unit.

4.8. Compatibility testing

Development of one or more specific red cell antibodies (alloimmunisation) is an important
complication of chronic transfusion therapy [38-40].  However, the prevalence of alloantibodies
varies widely among centres and may be related to the genetic homogeneity of the population,
strategies for antigen matching, and other factors. It is important to monitor patients carefully for
the development of new antibodies. Anti-E, anti-C and anti-Kell alloantibodies are the most
common. However, 5-10% of patients develop alloantibodies against other erythrocyte antigens
or develop warm or cold allo- and/or autoantibodies of unidentified specificity. It may be
appropriate to extend antigen matching in line with specific local population requirements [16].

Most blood banks currently perform a screen for new antibodies and an indirect antiglobulin
test (IAT) crossmatch before each transfusion. Where patients are not pregnant and have no
history of alloimmunisation, an electronic issue may be used. Here, in eligible patients with a
negative antibody screen, blood is issued without an IAT crossmatch being performed. This is
only appropriate in blood banks that adhere to strict regulations regarding computer systems,
sample labelling, and other critical issues [41]. Using either approach, new clinically significant
antibodies must be identified so that blood lacking the corresponding antigen(s) is selected.

A complete and detailed record of antigen typing, current, and historical red cell antibodies
and transfusion reactions must be maintained for each patient and should be readily available
if the patient is transfused at a different centre. Transfusion of blood from first-degree relatives
should be avoided because of the risks of transfusion-associated graft-versus-host disease
(unless irradiation of the blood components is performed) and the risk of developing antibodies
that might adversely affect the outcome of a later stem cell transplant. The length of time
between the sample acquisition and antibody screen and the transfusion of blood for regularly
transfused patients is usually 72 hours but may be as long as one week in centres with full Rh
and Kell antigen matching in patients who are regularly transfused [42]. In patients who are
irregularly transfused or start transfusion later in life, the risk of alloimmunisation may be greater
(Table 5) [40, 43], so t the interval between sample for antibody screen and transfusion should
preferably not be longer than 72 hours. 
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4.9. Transfusion and the spleen

Average transfusion requirements are about 30% higher in non-splenectomised (0.43
mg/kg/day) than splenectomised TDT patients (0.33 mg/kg/day) [44]. In a study of TDT patients
who required more than 250 mL of red cells/kg/year, splenectomy decreased the annual iron
loading by an average of 39% [45]. With modern chelation regimes, this is seldom a justification
for splenectomy unless blood transfusion rates increase into unmanageable ranges, in the
context of an enlarging spleen. Hypertransfusion decreases the rate of splenic enlargement
[46] and may diminish the extent to which the spleen contributes to an increased blood
transfusion requirement [47] thus preventing the need for a splenectomy. 

Specific thresholds of annual transfusion requirements that would lead to consideration of
splenectomy are difficult to establish because earlier studies did not specify the haematocrit
levels of the transfused blood and because the potential reduction in transfusional iron loading
after splenectomy must be weighed against the long-term consequences of asplenia including
sepsis, thrombosis, and pulmonary hypertension [48, 49]. With access and tolerance to good
chelation regimens, splenectomy should not be needed for iron control.  

For patients who are persistently anaemic a trial of hypertransfusion with a pretransfusion
haemoglobin target set at >10.5 g/dL may help shrink the spleen/settle the hypersplenism.
Splenectomy should only be considered in TDT patients following a multidisciplinary discussion
and clear documentation on risks and benefits. Post-splenectomy transfusion plans should be
agreed with the patient along with a clear plan on monitoring for pulmonary hypertension,
and prevention and management of other post-splenectomy complications.

5. ADVERSE REACTIONS

Beyond transfusional iron overload (see Chapter 3), blood transfusion exposes the patient to a
variety of risks and adverse events. Thus, it is vital to continue to improve blood safety and to
find ways of reducing transfusion requirements and the number of donor exposures. Adverse
events reporting should be embedded within a haemovigilance framework. As mentioned
earlier, the SHOT yearly reports from the United Kingdom are an excellent resource for those
interested in adverse event rates, and are usually accompanied by a section on
haemoglobinopathies [35]. 
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Table 5. Age at first transfusion and alloimmunisation in thalassaemia.

Age at first transfusion 

<1 years

≥1 years

<3 years

≥3years

Alloimmunisation rate 

7.7%

27.9%

20.9%

47.5%

Reference

[43]

[40]
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5.1. Febrile non-haemolytic transfusion reactions 

Febrile non-haemolytic transfusion reactions were common in past decades, but have been
dramatically reduced by leucoreduction, especially pre-storage leucoreduction, which sharply
reduces cytokine accumulation and leucocyte alloimmunisation. In the absence of effective
leucoreduction, patients experiencing such reactions should be given antipyretics before their
transfusions. Since fever may accompany a haemolytic transfusion reaction or the
administration of a unit with bacterial contamination, these other causes should always be
considered in a patient who develops fever during administration of red cells.

5.2. Allergic reactions

Allergic reactions are usually due to plasma proteins and range from mild to severe. Milder
reactions include urticaria, itching, and flushing, and they are generally mediated by IgE. More
severe reactions, such as stridor, bronchospasm, hypotension, or other symptoms of anaphylaxis
may occur, especially in patients with IgA deficiency and anti-IgA antibodies.  Allergic reactions
have been reported in patients who receive units of blood from donors who have been exposed
to something that the patient is allergic to, for example, a donor eating strawberries prior to
donating blood received by someone who is allergic to strawberries.

Occasional mild allergic reactions can often be prevented using antihistamines or
corticosteroids before transfusion. Recurrent allergic reactions can be markedly reduced by
washing the red cells to remove the donor plasma. Patients with IgA deficiency and severe
allergic reactions may require blood from IgA-deficient donors.

5.3. Acute haemolytic reactions

Acute haemolytic reactions begin within minutes or sometimes hours of initiating a transfusion
and are typically characterised by the abrupt onset of fever, chills, lower back pain, a sense of
impending doom, dyspnoea, haemoglobinuria, and shock. Clinical features may be more
difficult to recognise in patients who are unconscious, anaesthetised, or otherwise unable to
report their symptoms. These unusual reactions most commonly arise from errors in patient
identification or blood typing and compatibility testing. The risk of receiving the wrong blood
is greater for a patient with TDT who travels to another centre or is admitted to a hospital not
familiar with his/her case and medical history. Haemolytic reactions in these patients can still
be avoided by:

l The use of optimal methods for identifying the patients and labelling of the sample when
blood is obtained for crossmatch.

l Proper linkage of the sample to the donor unit in the blood bank.

l Adherence to standard protocols for screening for antibodies and carrying out the necessary
compatibility protocols.

l Use of multiple patient identifiers before transfusing the blood. 

In many transfusion units, two staff members check the identification of the unit and the
recipient prior to beginning the transfusion although this has been replaced in some resource-
rich countries by validated electronic systems to manage patient and unit identification. If signs
and symptoms suggest an acute haemolytic reaction, the transfusion should be stopped
immediately, and the blood group, patient, and product identity re-checked urgently. Intravenous
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fluids should be administered to maintain intravascular volume. Diuretics may help to preserve
renal function. Disseminated intravascular coagulation (DIC) may require additional measures
and specialist advice. The blood bank should also be alerted to the possibility of an undetected
alloantibody.

5.4. Alloimmunisation

As described earlier, alloimmunisation is a common complication of frequent transfusion
therapy, occurring in as many as 10-20% of patients with thalassaemia. Alloimmunisation is
more common in children who begin transfusion therapy after 1-3 years of age than in those
who begin transfusion therapy earlier. This may reflect the fact that such people are often
transfused in an emergency (therefore often not at the hospital where they are known to have
thalassaemia, and therefore inadequately matched) or when immune activated (i.e., when they
are unwell). Some evidence also suggests that new alloantibodies develop more frequently
after splenectomy [38]. The use of extended antigen-matched donor blood is effective in
reducing the rate of alloimmunisation [15].

5.5. Delayed transfusion reactions 

Delayed transfusion reactions usually manifest 5-14 days after transfusion and are characterised
by unexpected levels of post-transfusion anaemia, as well as malaise and jaundice. These
reactions may be due to an alloantibody that was not detectable at the time of transfusion or
to the development of a new antibody. A sample should be sent to the blood bank to investigate
the presence of a new antibody and to repeat crossmatching of the last administered unit(s).
This life-threatening condition is more frequently seen in patients who are intermittently
transfused such as those with NTDT and sickle cell disease. It may be very severe in patients
with sickle cell disease because haemoglobin levels may go down to 3-4 g/dL. Awareness and
early diagnosis is critical in ensuring timely interventions and improving outcomes. Treatments
include intravenous immunoglobulin, erythropoietin and rituximab. Continuation of transfusion
in this condition may further decrease haemoglobin level, and should be avoided when possible
[50].

5.6. Autoimmune haemolytic anaemia 

Autoimmune haemolytic anaemia is a very serious complication of transfusion therapy that
usually, but not always, occurs in patients with alloantibodies [51], although may be unrelated
to transfusion. Even red cells from seemingly compatible units (i.e., those units that do not
contain the antigen to which there is a known alloantibody) may demonstrate markedly
shortened survival, and the haemoglobin concentration may fall well below the usual
pretransfusion level because of destruction of both the donor’s and the recipient’s red cells. The
serologic evaluation by the blood bank usually shows an antibody that reacts with a wide range
of test cells and fails to show specificity for a particular antigen. Steroids, immunosuppressive
drugs, and intravenous immunoglobulins are used for the clinical management of this
complication [52, 53]. 

Autoimmune haemolytic anaemia occurs more frequently in patients who begin transfusion
therapy later in life [54], and this complication should be carefully considered before instituting
transfusion therapy for teenagers and adults with NTDT.
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5.7. Transfusion-related acute lung injury 

Transfusion-related acute lung injury (TRALI) is a potentially severe complication that is usually
caused by specific anti-neutrophil or anti-HLA antibodies that activate the patient’s neutrophils
but may also be due to non-antibody-related accumulation of pro-inflammatory mediators
during storage of donor red cells [55, 56]. This complication is characterised by dyspnoea,
tachycardia, fever, and hypotension during or (typically) within six hours of transfusion.
Hypoxaemia is present and the chest radiograph shows bilateral infiltrates typical of pulmonary
oedema, although there is no reason to suspect volume overload. Management includes
oxygen, administration of steroids, and diuretics, and when needed, assisted ventilation.
Response is typically prompt if the situation is recognised and patient is adequately managed,
which may require intensive care support, but fatalities do occur.

5.8. Transfusion-associated graft-versus-host disease 

Transfusion-associated graft-versus-host disease (TA-GVHD) is caused by viable lymphocytes
present in donor red cell units. It is a rare but often fatal complication of transfusion.
Immunosuppressed patients are at particular risk, but TA-GVHD may also occur in
immunocompetent recipients of red cells from a haploidentical donor such as a family member.
TA-GVHD usually occurs within 1-4 weeks of transfusion and is characterised by fever, rash, liver
dysfunction, diarrhoea, and pancytopenia due to bone marrow failure. To reduce the risk of TA-
GVHD, donated blood from a family member should be avoided, or if used, should always be
irradiated before transfusion. Leucodepletion alone is inadequate for the prevention of this
complication.

5.9. Transfusion-associated circulatory overload

Transfusion-associated circulatory overload (TACO) may occur in the presence of recognised or
unrecognised cardiac dysfunction, or when the rate of transfusion is inappropriately fast, but it
has been reported in patients without any recognised pretransfusion susceptibility. Signs and
symptoms include dyspnoea and tachycardia, and the clinical examination and chest
radiograph show the classic findings of pulmonary oedema. Treatment focuses on volume
reduction (for example, via diuresis) and cardiac support, as required.

5.10. Transfusion-transmitted infections

TTI including viruses, bacteria, and parasites remain a major risk worldwide in blood transfusion
(see Chapter 8). Blood traceability rules are important and enshrined in law in several countries
so that ‘look back’ can occur when blood is contaminated (see earlier reference to European
Union Commission Directives).  Even in countries where residual risk of transmission through
blood transfusion of clinically significant pathogens (HIV, HBV, HCV, and syphilis) has been
reduced to minimal levels, problems continue to exist or emerge because:

l Laboratory tests may fail to identify viruses during the window period or because of imperfect
sensitivity.

l The clinical significance of newly identified infectious agents is not always completely
understood, and donors are not (yet) screened for these agents.

l Newly emerging infectious agents such as coronaviruses, hepatitis E, highly virulent influenza
strains, and prions may constitute serious threats. 
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l There is currently no evidence that SARS-COV-2 is transmitted by blood transfusions, however,
donor deferral due to recent illness or the logistics of donation during a pandemic has
affected blood stocks in many countries. 

l Absence of widely accepted or routinely used tests for bacterial, viral, and other pathogens
(e.g., Yersinia enterocolitica, hepatitis A, toxoplasmosis, malaria, and babesiosis).

In many regions of the world in which thalassaemia is most common, continued transmission
of HBV, HCV and HIV underscores the importance of promoting the quality systems of national
blood transfusion services, including voluntary blood donations, careful donor selection, and
donor blood screening, and the consistent use of immunisations such as hepatitis B vaccine.

6. QUALITY OF LIFE AND ECONOMIC BURDEN OF TRANSFUSION

6.1. Economic burden of transfusion

TDT patients require on average between 2 to 4 units of red cells every 2 to 5 weeks. This places
a considerable strain on local healthcare resources especially in regions where thalassaemia is
highly prevalent. The burden of managing TDT impacts the health service provision at the
institutional and governmental levels, and presents social, personal, and financial challenges
for families of patients living with TDT. 

Challenges at national and governmental levels are primarily related to maintaining an adequate
blood supply for routine transfusions for chronic patients as well as managing a regional or national
transfusion service for non-thalassaemic patients. In endemic countries, this can present very
serious challenges to health services in managing supply and demand [57]. 

Many countries with less developed healthcare services are heavily reliant on paid donors or family
based directed donations to provide blood for patients [58]. Other countries with large populations
of thalassaemia patients need non-governmental organisations to conduct blood drives and
provide transfusion for TDT patients, but these will often also require family and friends to donate
replacement units [58]. Nations where there is a centralised/regional blood services are more able
to manage supply and demand aspects as donation rates are frequently higher in those countries
and regions due to better resources and oversight in those services [59]. 

Blood transfusions are expensive; the mean direct cost of one unit of leucoreduced red cells in
the USA was estimated at USD 223 in 2008  [60]. A more recent study used time-driven activity-
based costing performed over a 1-month period, capturing every step of the transfusion
pathway for patients with TDT at a designated provider of specialist thalassaemia services in
Australia. The total per-unit cost was USD 695.59, with approximately 40% of cost being for
procurement of the red cell unit, with process costs accounting for 55%. The single largest
contributor to process costs was attributed to iron chelation medication (approximately 80%)
[61, 62]. These costs may potentially rise as blood services are subjected to the impact of
removing plasticisers from blood collection and administration packs as well as the impact of
global supply chain issues.

The financial burden on the family caring for a patient with TDT may be considerable, and this
is dependent on the healthcare system in which the patient resides. If there is no health service
provision that provides full coverage for the blood transfusion visits (day care cost as well as
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cost of blood units) either through an insurance base system or governmental funding, then
patients and their families will need to pay for all the cost of life saving blood transfusions unless
they are supported by non-governmental organisations and thalassaemia societies.
Conversations should happen to help direct families to where they can get help with costs.

Modell and Darlinson reported in 2008 that globally, 22,500 deaths occurred annually because
TDT patients were not able to receive adequate transfusions [63]. The uncounted financial
impact on families may be very significant with parents needing time off work to take their
child for blood transfusion, pay for transportation to centres for crossmatching and transfusion
as well as needing to purchase iron chelation therapy and other ancillary costs such a blood
tests and scans for monitoring [64]. This all comes on top of the considerable healthcare
resource utilisation and costs attributed to complications attributed to transfusion therapy,
especially those secondary to poorly controlled iron overload [65, 66].

6.2. Quality of life

Blood transfusion is a life-saving intervention in TDT.  Symptoms of bone pain and fatigue as
well as shortness of breath are significantly improved by blood transfusion, although these are
often poorly documented or quantified. Aiming for a pretransfusion haemoglobin of 9.5-10.5
g/dL is effective in preventing complications, reducing symptoms, and improving quality of life.
Patients with significant symptoms related to anaemia should have their pretransfusion
haemoglobin optimised. The whole family is impacted by the initiation and ongoing transfusion
regime, and this includes mental and emotional health of parents and siblings of the affected
child. Psychological support should be offered to parents and siblings to help them adjust to
life with a child affected by TDT (see Chapter 12).
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KEY POINTS AND RECOMMENDATIONS

1. Confirm the diagnosis of thalassaemia, perform appropriate clinical and laboratory assessment,
and obtain informed consent prior to initiation of transfusion (Grade C, Class IIa).

2. The decision to initiate a long-term regular transfusion regimen should not only be driven by
patient genotype or haemoglobin level, and should not be driven by a transient drop in
haemoglobin due to an intercurrent infection. It should consider the current clinical phenotype
of the patient and anticipated short- and longer-term outcomes, and should be taken in
discussion with the patient or parents (Grade C, Class IIa). 

3. Use careful donor selection and screening, favouring voluntary, regular, non-remunerated blood
donors (Grade C, Class IIa).

4. Before first transfusion, perform extended red cell antigen typing of patients at least for Rh C,
c, D, E, e and Kell (K, k), and if available a full red cell pheno/genotype (Grade C, Class IIa).

5. At each transfusion, give ABO, Rh(D) compatible blood. The goal for all blood transfusions to
thalassaemia patients is units that are also matched for C, c, E, e and Kell antigens (Grade C,
Class IIa).

6. If units are optimally matched, then fresher units can be chosen over older units in less regulated
blood banks but in highly regulated blood banks then a first-in first-out principle is reasonable
(Grade C, Class IIb).

7. Before each transfusion, perform a screen for new antibodies and an indirect antiglobulin test
crossmatch, or in centres that meet regulatory requirements, perform an electronic crossmatch
where allowed (Grade C, Class I).

8. Use leucodepleted packed red cells. Pre-storage filtration is strongly recommended, but blood
bank pretransfusion filtration is acceptable. Bedside filtration is only acceptable if there is no
capacity for pre-storage filtration or blood bank pretransfusion filtration (Grade C, Class I).

9. Use washed red cells for patients who have severe allergic reactions (Grade C, Class IIa).

10. Transfuse every 2-5 weeks, targeting a pretransfusion haemoglobin of 9.5-10.5 g/dL (Grade C,
Class I). 

11. A higher target pretransfusion haemoglobin level of 10-11 g/dL (or as high as practicable) may
be appropriate for patients with heart disease including pulmonary hypertension, clinically
significant extramedullary haematopoiesis, or other medical conditions, and for those patients
who do not achieve adequate suppression of bone marrow activity at the lower haemoglobin
level (Grade C, Class I). 

12. Maintaining pretransfusion haemoglobin at 10 g/dL is important in reducing both maternal
cardiovascular stress and improving foetal outcomes in pregnant women (Grade C, Class I).

13. Keep the post-transfusion haemoglobin below 13-15 g/dL (Grade C, Class IIa).  

14. Haemovigilance and adverse events reporting are key to the safety of blood transfusion. Keep
a record of red cell antibodies, transfusion reactions, and annual transfusion requirements for
each patient (Grade C, Class 
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1. INTRODUCTION 

Iron overload occurs when iron intake is increased over a sustained period, either as a result of
red blood cell (RBC) transfusions or from increased iron absorption through the gastrointestinal
tract.  Both occur in β-thalassaemia syndromes, with blood transfusion being the major cause
in transfusion-dependent β-thalassaemia (TDT) whereas increased gastrointestinal absorption
is more important in non-transfusion dependent β-thalassaemia (NTDT) [1]. Iron overload is
inevitable with repeated transfusions because humans lack mechanisms to excrete excess iron.
Iron accumulation can damage many tissues, causing heart failure, cirrhosis, liver cancer, growth
retardation and multiple endocrine abnormalities [2].

Chelation therapy aims to balance the rate of iron accumulation by increasing iron excretion in
urine and/or faeces. If previous chelation has been delayed or inadequate, the goal would be
for excretion to exceed rather than balance the current rate of iron accumulation. However,
because iron is also essential for physiological purposes, excessive chelation rates must be
avoided. This requires careful dose adjustment as iron levels fall. Optimal chelation not only
aims to balance iron input with output from chelation but to detoxify highly reactive iron
species like non-transferrin-bound iron (NTBI) by being present in plasma and tissues
continuously [3, 4]. In fact, the most important role of chelation is to prevent iron toxicity.
Continuous exposure to adequate levels of chelator can dramatically reduce reactive iron within
hours [5] and can significantly correct organ dysfunction years before iron stored in tissue has
been eliminated [4, 6].  

Achieving regular adherence to iron chelation therapy throughout life is key to preventing iron
toxicity as shown by early data that survival in TDT is related to the number of days chelator is
taken per year [7]. Even short periods of treatment interruption can be damaging [4]. While the
convenience and tolerability of chelators is important, factors such as psychological well-being,
support of the family and the treatment centre are also key (see Chapter 12). 
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2. THE RATE OF IRON LOADING

In transfused patients, a unit processed from 420 mL of donor blood contains approximately
200 mg of iron (0.48 mg/mL of whole donor blood). For RBC preparations with variable
haematocrits, the iron in mg/mL of blood can be estimated from 1.08 x the haematocrit of
donated product (see Chapter 2 for further details) [8]. The iron content is the same for units
that are packed, semi-packed, or diluted in additive solution.

In TDT patients receiving transfusions as per these Guidelines, the equivalent of 100-200 mL of
pure RBC per kg body weight per year are transfused, equivalent to 108-216 mg of iron/kg body
weight, or 0.3-0.6 mg/kg/day. This increases body iron stores to many times the norm, unless
chelation treatment is provided. 

In TDT patients, the rate of dietary iron absorption is small relative to iron accumulated from
blood transfusion. Whereas normal intestinal iron absorption is about 1-2 mg/day, this increases
in β-thalassaemia secondary to expansion of red cell precursors and consequent inhibition of
hepcidin synthesis in the liver [9]. Increased iron absorption becomes significant when bone
marrow expansion exceeds five times that of healthy individuals. Such expansion can be
prevented  by using transfusion regimens that keep the pretransfusion haemoglobin above 9
g/dL [10] (a threshold of ≥9.5 g/dL is recommended in the Guidelines, see Chapter 2). When
such haemoglobin values are not achieved, absorption can rise to 3-5 mg/day, representing an
additional 1-2 g of iron loading per year.

3. TOXICITY FROM IRON OVERLOAD 

3.1. Iron toxicity mechanisms

In health, iron is ‘kept safe’ by binding to molecules such as transferrin, but in iron overload the
capacity to bind iron is exceeded both within cells and in plasma. The iron not bound to
transferrin is iron is highly reactive, alternating between two states, Fe3+ and Fe2+, with the latter
leading to generation of harmful free radicals (atoms or molecules with unpaired electrons)
damaging many tissues unless eliminated or buffered by chelator. These free radicals can
damage lipid membranes, organelles and DNA, causing cell death and the generation of fibrosis.
Free iron also increases the risk of infections and neoplasia (Figure 1) [4, 11].
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3.2. Distribution and consequences of transfusional iron overload

In the absence of iron overload, iron uptake into cells is controlled by the interaction of
transferrin with its receptors – mainly on red cell precursors, hepatocytes and dividing cells. In
iron overload, transferrin iron binding becomes saturated, and iron species appear in plasma
that are not bound to transferrin (plasma NTBI). The distribution and mechanisms of NTBI uptake
into cells is fundamentally different from transferrin-mediated uptake (Figure 2) [11]. 
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Figure 1. Pathological mechanisms and consequences of iron overload. In iron overload resulting from
repeated blood transfusions or long-term increased iron absorption, iron that is not bound to naturally
occurring molecules, such as transferrin or ferritin, or to therapeutic iron chelators, generates a variety
of ROS, most notably hydroxyl radicals. This occurs in cells where labile plasma iron is taken up and
accumulates as storage iron (ferritin and haemosiderin). ROS generate lipid peroxidation and organelle
and DNA damage and dysregulate mechanisms involved in apoptotic cell death, increasing the risk of
neoplasia such as hepatoma. Labile iron is also more available to microorganisms than iron bound to
transferrin or ferritin, thereby increasing the risk of infection. Abbreviations: ROS, reactive oxygen species;
TGF-β1, transforming growth factor β1; NF-κB, nuclear factor kappa-light-chain-enhancer of activated
B cells. Reproduced with permission from [11].



Macrophages in the liver (Kupffer cells) also load with iron by phagocytosis of senescent
autologous or transfused RBCs. Breakdown of the resulting haemoglobin in the hepatic
reticuloendothelial macrophages produces intracellular reactive Fe2+ which stimulates
production of ferritin. Ferritin internalises reactive Fe2+ and converts it to non-toxic Fe3+ for
storage. The stored Fe3+ is converted back to Fe2+ for release from liver macrophages, so there
is toxic exposure on the way into and out of storage but the stored Fe3+ is not reactive. Liver
iron concentration (LIC) reflects total body iron and increases linearly with number of
transfusions in the absence of effective chelation [12]. 

Organ damage in transfusional iron overload reflects the pattern of NTBI uptake into tissues.
Some tissues are spared, while others such as myocardial muscle, endocrine tissue, and
hepatocytes take up NTBI rapidly. This iron is then stored as ferritin or haemosiderin which are
visible by magnetic resonance imaging (MRI), often at different rates [13]. Without chelation
therapy, myocardial iron overload can induce heart failure, as early as the second decade (see
Chapter 4). Iron overload also damages the anterior pituitary leading to hypogonadism, growth
retardation, and delayed puberty. Endocrine complications, namely diabetes mellitus,
hypothyroidism and hypoparathyroidism also occur (see Chapter 6). Liver disease with fibrosis
and eventually cirrhosis are also serious complications. Hepatocellular carcinoma, particularly
if concomitant chronic viral hepatitis is present can also occur (See Chapter 5) [14]. 

CHAPTER 03

73

Figure 2. The main routes of iron turnover and uptake are shown by solid red arrows on the right panel:
20 mg of iron is delivered daily to the erythron in health. This increases several fold in untransfused β-
thalassaemias but can be inhibited by transfusion. NTBI is generated when transferrin (which is about
30% saturated in healthy adults) becomes saturated. Transferrin saturation occurs following iron
overload of the macrophage system, but also as a result of decreased clearance of transferrin iron in
transfused patients. The organs in which NTBI is taken up and retained as storage iron are shown on the
left, with >80% cleared by hepatocytes. Despite variable and lower quantities of iron taken into other
tissues, serious and often irreversible iron-mediated damage may occur. Iron excretion by chelation
therapy acts mainly at sites (1) the interception of iron released from macrophages after red cell
catabolism, and (2) iron released by the catabolism of ferritin within hepatocytes. Abbreviations: NTBI,
non-transferrin-bond iron.
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4. MONITORING OF IRON OVERLOAD

Monitoring is essential in establishing effective iron chelation, tailored to individuals’ specific
needs. Some general principles of monitoring iron overload apply to all.

4.1. Serum ferritin 

Serum ferritin (SF) levels generally reflect body iron stores and are relatively easy and
inexpensive to determine sequentially. SF is most useful in identifying trends, with a decreasing
SF trend indicating decreasing body iron stores. Lack of long-term SF control can increase the
risk of iron-mediated complications and prognosis [7, 15-17].  In one study from the US, there
was a lower risk of cardiac disease over a median follow up of 12 years in at least two-thirds of
TDT patients receiving deferoxamine (DFO), when SF had been maintained below 2500 ng/mL
[16]. Similar findings were observed in cohorts from the United Kingdom and Italy [17, 18].
Levels higher than 1700-2200 ng/mL were also reported to predict overall mortality in more
recent studies [19, 20]. Maintenance of an even lower SF level (<1000 ng/mL) may be associated
with additional advantages for survival, cardiac, and endocrine disease [17, 21, 22] (Table 1). 

74

Table 1. Use of serum ferritin for monitoring iron chelation treatment.

Advantages

Easy to assess repeatedly

Inexpensive

Trend identification possible with repeat
samples

Long-term control linked to outcome

Reflects in part exposure to non-
transferrin-bound iron

Disadvantages 

Indirect estimate of iron burden

Increased by inflammation

Cannot determine iron balance directly

Non-linear response to iron load at high levels

Absence of decrease does not exclude response

Relationship to iron load varies with chelator type and
chelation duration

Relationship to liver iron concentration differs in different
diseases

SF can be increased by factors other than iron overload, such as inflammation or tissue damage.
SF production is also stimulated by the inflammatory cytokine, interleukin 6. In TDT, variation in
body iron stores accounts for only 57% of SF variability [23]. A sudden increase in SF should prompt
a search for hepatitis, other infections, or inflammatory conditions. The absence of SF decrements
with chelation intensification does not necessarily exclude falling iron burdens. Indeed, at high SF
levels >4000 ng/mL, SF does not correlate significantly with LIC. Longitudinally, a discordance
between response to iron chelation therapy as measured by changes in SF vs LIC is noted in up to
30% of patients [24-26] and the trend in SF can be opposite to that of LIC about 23% of the time
[26]. Below 4000 ng/mL SF values are mainly influenced by iron stores in macrophages, whereas
above 4000 ng/mL they are determined increasingly by SF leakage from hepatocytes [15, 24, 27].



The relationship between SF and body iron stores may also vary with the type of chelator used [28,
29] and by duration of chelation therapy [30], although other studies with smaller patient numbers
did not observe such variation [31]. Coefficients for the correlation between SF and myocardial iron
values (on cross-sectional or longitudinal assessment) vary considerably between studies, with
general agreement of poor correlation [20, 32].

4.2. Liver iron concentration

Inadequate control of LIC is linked to the risk of hepatic as well as extrahepatic damage.  Normal
LIC values of up to 1.8 mg/g dry weight (dw) and LIC values of up to 7 mg/g dw can be seen without
apparent adverse effects on the liver, while levels >7 mg/g dw were associated with poor outcomes
[20]. Sustained high LIC  values (above 15-20 mg/g dw) have been linked to liver fibrosis progression
[33], liver function abnormalities [34], as well as increased risk of myocardial iron and cardiovascular
disease [18]. With inadequate LIC control, iron accumulates initially in the liver and later in the heart,
so that high LIC can predict the risk of myocardial iron accumulation. Conversely, a falling LIC with
chelation usually precedes improvement in myocardial iron [6, 35]. Thus, with chelation therapy,
whilst high LIC increases the risk of cardiac iron overload, the measurement of LIC will not reliably
predict concomitant myocardial iron and hence cardiac risk. Secondly, myocardial iron is removed
more slowly by chelation than liver iron and so iron may be found in some patients despite currently
well controlled LIC.

LIC is the most reliable indicator of body iron load, which can be derived from the following formula:
Total body iron stores in mg iron/kg body weight = 10.6 x LIC (in mg/g dw) [12]. Sequential
measurement of LIC is the best way to determine whether body iron is increasing or decreasing
with time (iron balance). While SF measurement is simple, relatively inexpensive, and can be
repeated frequently, LIC determination should be considered for those patients whose SF levels
deviate from expected trends (i.e., those with suspected co-existing hepatitis or patients on
chelation regimens with variable or uncertain responses), as this may reduce the risk of giving either
inadequate or excessive doses of chelation therapy. Since the relationship of SF to iron overload
and iron balance has not yet been established, assessment of LIC may be particularly useful when
new chelating regimes are being used. As mentioned earlier, at high levels of SF (>4000 ng/mL),
the relationship to LIC is not linear and patients may show a fall in LIC (negative iron balance)
without a clear trend in SF in the first 6-12 months. When a patient fails to show a fall in SF over
several months the change in LIC can identify whether the current regimen is adequate or need to
be modified. Missing the equivalent of one or two days of chelation a week with attendant return
of NTBI can affect SF and extrahepatic iron loading, so close attention to adherence is critical [4].

4.2.1. Methods of measuring liver iron concentration

Biopsy: LIC was initially estimated by chemical determination of a liver biopsy sample (fresh,
fixed or from dewaxing of paraffin-embedded material) (Table 2). Biopsy is invasive, but in
experienced hands, has a low complication rate [36]. Inadequate sample size (less than 4 mg
dw or less than about a 2.5 cm core length) or uneven distribution of iron, particularly in the
presence of cirrhosis [37], may give misleading results. Biopsy also allows the evaluation of liver
histology which cannot yet be reliably estimated by non-invasive means. Laboratory
standardisation is challenging and differences between laboratories, for example in wet to dry
weight ratios, make standardisation demanding. 
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Table 2. Rationale, advantages and disadvantages of liver iron concentration measurement by
magnetic resonance imaging and biopsy.

Advantages

Gives the most reliable estimate of body iron

Allows calculation of iron balance (LIC
change)

Long-term LIC control linked to prognosis

LIC not affected by inflammation (unlike SF)

Biopsy shows degree of liver damage

MRI non-invasive with good patient
acceptance

MRI method can readily be set up and
standardised across different centres

Disadvantages 

Expensive
(either by biopsy or MRI)

Cannot be repeated as frequently as SF (cost with MRI
or inconvenience with biopsy)

LIC unreliable as predictor of cardiac iron in chelated
patients

Biopsy complication rates at least 0.5%

Biopsy method affected by sampling variation

MRI determination less reliable above LIC of 
30 mg/g dw

Abbreviations: LIC, liver iron concentration; MRI, magnetic resonance imaging; SF, serum ferritin; dw, dry weight.

Superconducting quantum interference device (SQUID): magnetic biosusceptometry by  SQUID
determines the paramagnetism of the liver which is proportional to LIC [23]. Current methodology
requires liquid helium which is very expensive. Furthermore, the SQUID apparatus needs to be in
an environment away from paramagnetic forces (e.g., lifts, cars) which is often impractical. For these
reasons, the current generation of SQUID devices are unlikely to be used outside a small number
of well-resourced centres. 

MRI: MRI is the most widely used approach for LIC determination (Table 2). It has been shown to
be superior to liver biopsy (on simulated study) for serial LIC observations [38]. The principle shared
by all MRI techniques is that when a radiofrequency (rf) magnetic field pulse is applied (e.g., to liver
or myocardium), protons take up energy, altering their spin orientation, ultimately returning to
their original state. With spin echo, the time taken to return to the relaxed state is referred to as T1
in the longitudinal plane, and T2 in the transverse plane. Values may also be expressed as relaxation
rates, the R1 rate (the same as 1/T1) and the R2 rate (the same as 1/T2). A variation of this principle
are gradient echo techniques, achieved by applying a strong graded magnetic field to the pulse
used for spin echo. This relies on multiple echoes over a shorter acquisition time than spin echo
techniques. This shorter acquisition time may improve sensitivity and can be measured as T2* (in
ms), where 1/T2* = 1/T2 + 1/T2’, and T2 is the tissue relaxation time and T2’ is the magnetic
inhomogeneity of the tissue. Importantly, tissue iron concentration is not linearly related to T2*
or T2, but is linearly related to 1/T2* or 1/T2 (R2* or R2). T2* (or R2*) can be achieved with a single
breath hold, while T2 or R2 take a little longer to acquire data [39]. Both gradient and spin echo
techniques have been used clinically and validated against liver biopsy, and can accurately
measure LIC throughout the clinically relevant range with appropriate calibration and MRI
acquisition techniques [40-43].They are also equally effective in evaluating chronic response to
iron chelation [44].  



The strength of the magnetic field applied by these scanners is measured in Tesla (T) units. Iron
imaging is preferably performed on 1.5T machines. 3T machines give a better signal to noise ratio
but have greater susceptibility to artefacts, and the maximum detectable iron level is too low for
many overloaded patients [45, 46]. Calibrations of R2 and R2* to iron concentration are different at
3T to 1.5T. However, some sites may only have access to 3T machines, which require faster gradients
and dual radiofrequency transmit systems for suitable measurements [45, 46]. 

Manufacturers of suitable MRI scanners include Siemens (Erlangen, Germany), GE Healthcare
(Milwaukee, WI, USA), and Philips Healthcare (Amsterdam, Netherlands). Liver packages (including
standard sequences and analysis of the data) are included in the software provided with these MRI
machines. Specialised LIC analysis software can also be bought separately. 

A note of caution is that acquisition and analysis of MRI images for iron quantification requires
training and experience. While well-performed R2 and R2* techniques perform comparably in
clinical practice, the calibration to convert R2 or R2* results to LIC units depends on the field
strength as well as the acquisition and post processing methods [47]. Although most imaging sites
worldwide have the intrinsic capability for reliable R2 and R2* measurements, radiologists who fail
to perform important quality control metrics may provide erroneous results. As a result, some
practitioners may choose to outsource the quality control and analysis to a 3rd party vendor. The
R2 based FerriScan® technique has been registered in the European Union and USA as a clinical
service and it can be applied with little training, at any centre with a reasonably up-to-date MRI
machine (see Table 2) [48]. An artificial intelligence (AI)-empowered solution is now also available
(FerriSmart®).

4.3. Myocardial iron estimation: T2* and other tools

The physical principles of heart iron measurement by MRI are the same as for the liver, with the
additional challenge of measuring a moving object – the myocardium. The T2* (or R2*) techniques
have the advantage over T2 or R2 in that they require shorter acquisition times and can be achieved
with a single breath hold [48]. The utility of myocardial T2* (mT2*) MRI was originally identified on
the basis of shortened T2* values <20 ms in patients with decreased left ventricular ejection fraction
(LVEF) [49]. More recently, the relationship between biochemically measured myocardial iron
concentration (MIC) and mT2* has been shown using post-mortem myocardial material [50]. 

The mean MIC at post-mortem associated with prior heart failure was 5.98 mg/g dw (ranging from
3.2 to 9.5); levels that in the liver would not be regarded as harmful. The relationship of MIC to mT2*
is: MIC in mg/g dw = 45 x (mT2* in ms)-1.22 [50]. This relationship is non-linear so small changes in
mT2* at values <10 ms indicate relatively large changes in MIC. The risk of developing heart failure
increases with mT2* values <10 ms, which are associated with a 160-fold increased risk of heart
failure in the next 12 months [51]. 

This risk further increases progressively with mT2* values <10 ms, so that the proportion of patients
developing heart failure in the next 12 months at mT2* of 8-10 ms, 6-8 ms and <6 ms was 18%,
31%, and 52% respectively. These risks were derived from patients whose chelation therapy and
adherence was not reported, so this risk may be less in patients taking regular chelation [51]. For
example, in a prospective study in patients with severe myocardial iron loading (mT2* values <10
ms), no patients developed heart failure over a 2 years period while taking deferasirox (DFX)
and DFO combination therapy [52].
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When locally validated, mT2* values may have predictive value in identifying patients at high
risk of LVEF deterioration, thus allowing targeted intensification of treatment before heart failure
develops. Prompt identification of patients at risk by MRI, timely therapeutic intervention and
improved chelation options have contributed to decreasing number of cardiac deaths [53, 54].
mT2* monitoring has now been established and validated internationally [48], and
recommended as part of yearly monitoring of multi-transfused patients at risk of developing
myocardial iron loading. However, it is very important that a given centre undertakes procedures
to independently validate and calibrate measurements of the method adopted, otherwise
inappropriate assessment of heart failure prognosis may result. Table 3 summarises advantages
and disadvantages of using mT2* MRI for monitoring cardiac iron overload.

78

Table 3. Myocardial magnetic resonance imaging T2* method to assess myocardial iron.

Advantages

Rapidly assesses iron content in
myocardial septum

Reproducible method

Linked to heart iron (reciprocal
relationship)

Potential to measure heart function at
same visit

Potential to measure LIC at same visit

Linked to LVEF at time of measurement

Linked to risk of heart failure 

Disadvantages 

Requires a validated centre with dedicated methods 

Requires experience with cardiac MRI

Abbreviations: LIC, liver iron concentration; MRI, magnetic resonance imaging; LVEF, left ventricular ejection fraction.

Cardiac T1 and T2 mapping can also be used to identify cardiac iron loading and are becoming
increasing available in dedicated cardiac imaging centres. Both can be collected in a single
breath hold, similar to mT2*. Cardiac T1 is more sensitive to early cardiac iron deposition than
mT2*, making it a useful adjunct to identify preclinical siderosis. However, cardiac T1 varies
across imaging platforms and is not as well clinically validated as mT2*, making it less suitable
as a single technique for assessing cardiac risk [55].  

It is important to note that MRI only detects stored non-reactive Fe3+. However, iron enters and
leaves storage as reactive Fe2+, so there is a relation between MRI detected Fe3+ and organ
damage. With iron chelation, organ function may improve long before iron detected by MRI
decreases [4, 6].

4.4. Cardiac function

Sequential monitoring of LVEF can identify patients at high risk of developing heart failure [15].
When LVEF fell below reference values, there was a 35-fold increased risk of clinical heart failure
and death, with a median interval to progression of 3.5 years, allowing time for intensification



of chelation therapy. This approach required a reproducible method for determination of LVEF such
as multigated acquisition (MUGA) scan or MRI, while echocardiography was generally too operator-
dependent for this purpose. Furthermore, there is a clear need to identify high risk patients before
there is a decline in LVEF. mT2* by MRI can achieve this and has additional predictive value (see
above). However, as only a subset of patients with T2* values between 10 and 20 ms, or even with
T2* less than 10 ms have abnormal heart function, sequential measurement of LVEF can identify
the subset of patients who have developed decompensation of left ventricular function and are
therefore at exceptionally high risk and require very intensive chelation therapy. Further discussion
of monitoring of cardiac disease is discussed in Chapter 4. 

4.5. Monitoring of other organ function and iron-mediated damage

This is discussed more fully in other Chapters. In general, by the time diabetes, hypothyroidism,
hypoparathyroidism, or hypogonadotropic hypogonadism have been identified, irreversible
damage has set in, and the focus then becomes replacing hormones. Individuals with significant
iron loading can also have partial adrenal insufficiency [56, 57] and empiric stress dosing of
corticosteroids should be considered in the face of clinical decompensation of any kind. 

These are late effects whereas the primary aim of chelation is to prevent such damage. Iron
overloaded patients should be monitored for evidence of endocrinopathies (see Chapter 6).
There has been interest in using MRI to identify iron-mediated damage to the endocrine system.
A  correlation between MRI findings (loss of pituitary volume) and biochemical markers of
pituitary damage  was initially shown [58]. With improved MRI imaging, other endocrine organs
have also been evaluated [59], with correlations established with clinical or subclinical disease
[60-62]. There is generally a close correlation between iron deposition in the heart and
deposition in endocrine tissues, such as the pituitary and pancreas [63, 64]. This is consistent
with shared uptake mechanisms for NTBI in the heart and endocrine tissue as well as shared
risks of damage to cardiac and endocrine systems once iron begins to escape from the liver. As
control of NTBI is critical for protection of extrahepatic organs and NTBI levels rise as soon as
chelator is absent [5], continual levels of chelator need to be maintained and thus daily
adherence is of upmost importance [4].

4.6. 24-hour urinary iron estimation

This was initially used when assessing iron excretion by DFO (about half of total iron excreted
in urine) [65] or deferiprone (DFP) (over 80% of iron excreted in urine), but is not useful with
DFX, as nearly all the iron is excreted in faeces.  The inherent variability in daily iron excretion
necessitates repeated determinations and this is not widely used in routine monitoring. Urine
iron has also been used in comparing combination or monotherapy regimes containing DFP
[66-68]. 

4.7. Plasma non-transferrin-bound iron and labile plasma iron

As plasma iron that is not bound to transferrin, NTBI is considered the main route through which
iron is distributed to liver and extrahepatic targets in TDT. NTBI levels might be expected to
correlate with damage to these tissues. Assays may estimate NTBI directly using a chelation
capture method followed by high performance liquid chromatography (HPLC) [69] or by
colorimetric analysis [70], or indirectly by exploiting the impact of labile iron species to oxidised
fluorochrome, such as in the labile plasma iron (LPI) assay [71, 72]. A potential advantage of the
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LPI assay is that it is better suited to measurements when iron chelators are present in the
plasma [71]. Whilst some loose associations of NTBI [73] or LPI [74] with some markers of cardiac
iron or response to chelation have been reported, measurements have not been sufficiently
strongly predictive of cardiac risk. This is partly because NTBI and LPI are highly labile, rapidly
returning or even rebounding [5] after an iron chelator has been cleared [71]. Although NTBI
correlates loosely with iron overload, it is affected by other factors such as ineffective
erythropoiesis, the phase of transfusion cycle, and the rate of blood transfusion [75] adding to
the complexity of interpreting levels [76]. It is also not clear which methods identify the iron
species that are most strongly inked to myocardial iron uptake. Therefore, although the
measurement of NTBI (or LPI) has proved a useful tool for evaluating how chelators interact
with plasma iron pools, its value as a guide to routine treatment or prognosis has yet to be
clearly demonstrated. While measured levels of NTBI are of limited value as an indication of risk
from NTBI, the protection time from NTBI though the presence of chelator is of vital importance.
NTBI can be cleared or decreased in the presence of chelator in plasma but reappears or even
rebounds once the chelator is cleared [5, 72]. Therefore, chelator regimens where chelators are
constantly present in plasma (and/or tissues) are to be preferred [4].  

5. AIMS OF IRON CHELATION THERAPY

The aims of iron chelation therapy can vary based on clinical context and individual patient
profile: 

l Prevention therapy: the primary goal of chelation therapy is to prevent toxicity from iron.
This means that adequate levels of chelator must me present all the to time keep reactive
Fe2+ species near zero all the time. The toxicity from iron is related to sum of toxic Fe2+

exposure and the duration of time of the exposure. The secondary goal is to maintain safe
levels of body iron at all times, by balancing iron intake from blood transfusions with iron
excretion by chelation (iron balance).

l Rescue therapy: once iron overload has occurred, iron excretion rate with chelation must
exceed that accumulated from transfusion. Removal of storage iron is slow and inefficient,
because only a small proportion of body iron is available for chelation at any moment. Once
iron has been deposited in some tissues, damage is often irreversible. Prevention is therefore
preferable to rescue. Chelation therapy should therefore be initiated before toxic levels of
iron have accumulated. Constant exposure to chelator can protect and reverse organ
dysfunction by buffering reactive iron even though non-reactive iron is visible by MRI [6],
although functional reversal is not guaranteed, especially with endocrine organs [77].

l Emergency therapy: if clinical heart failure develops, urgent action is required, which usually
requires changing and/or intensifying the treatment.

l Dose adjustment of therapy: regimens require adjustment to changing circumstances.
Reports that refer only to whether a patient is ‘on’ or ‘off’ a particular chelation regimen miss
the critical importance of tailoring dosing and frequency to the patient needs. These can be
identified by careful monitoring of body iron and its distribution. Monitoring is important to
avoid a) under-chelation with increased iron toxicity or b) over-chelation and increased
chelator toxicity. The dosing and regimen must be adjusted periodically to take these factors
into account.
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l Adherence to therapy: chelation must be taken regularly for it to work. This requires good
adherence. Intermittent high dose chelation can induce negative iron balance but does not
provide continuous protection from labile iron and also risks increased toxicity from the
chelator. Poor adherence can result from practical issues such as difficulty with DFO infusions,
intolerance of a particular chelator, psychological/psychosocial issues (see Chapter 12), or
limited accessibility. A key role of the treating centre is the monitoring and encouragement
of adherence, alongside support from the patient’s family. Regular interaction with
experienced thalassaemia centre providers to review the treatment plan and provide
encouragement that good adherence to chelation can bring about excellent outcomes is
critical.

6. SOURCES OF CHELATABLE IRON 

Only a small fraction of body iron is available for iron chelation at any moment. This is because
although iron is made available for chelation continuously, the processes involved liberate only
small quantities of chelatable iron at any moment. Labile iron is constantly being generated,
so that the efficiency of chelation and protective effects are better when a chelator is also
continuously available (chelator present 24 hours a day). Chelatable iron is derived from two
major sources: from the breakdown of red cells in macrophages (about 20 mg/day in healthy
adults) and from the catabolism of stored ferritin within cells. In iron overload, most of the
storage iron in the body is in hepatocytes, and the ferritin in these cells is turned over less
frequently than in the absence of iron overload (every few days). Iron chelated within the liver
is excreted through the biliary system, or circulates back into plasma and is excreted in the urine.
The proportion of excreted iron in urine and faeces differs with each chelator. Although other
cells, such as cardiomyocytes, contain about one tenth of the storage iron concentration of
hepatocytes, iron from these cells is cleared more slowly by chelators [11, 78].

7. CHEMICAL AND PHARMACOLOGICAL PROPERTIES OF LICENSED 
IRON CHELATORS

Three chelators are licensed for clinical use: DFO (deferoxamine or desferrioxamine, branded
as Desferal®) available as a parenteral formulation for subcutaneous, intramuscular, or
intravenous injection; DFP (deferiprone, branded as Ferriprox®, Kelfer®, or GPO-L-ONE®) available
as a tablet or oral solution; and DFX (deferasirox) available originally as  dispersible tablets (DT,
branded as EXJADE® or Asunra®), and later substituted with film-coated tablets (FCT) or sprinkle
granules (both branded as EXJADE® in Europe or Jadenu® in the USA). 

Their iron binding properties, routes of absorption, elimination, and metabolism differ (Table
4) [4, 68, 79-87]. DFO binds iron in a 1:1 ratio, which results in a very stable chelator-iron complex
but is a large molecule that cannot be absorbed from the gut. DFX binds iron in a 2:1 chelator
to iron ratio, and is small enough for oral absorption. DFP is even smaller and is suitable for oral
absorption, but requires three molecules to bind iron, resulting in a less stable iron complex
and a lower efficiency of iron binding at low chelator concentrations (low pM). The patterns of
elimination of the chelator-iron complexes are shown in Table 4 and discussed as relevant for
individual chelators in later sections. 
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Table 4. Chemical and pharmacological properties of licensed chelators [4, 68, 79-87].

Parameter

Molecular weight
(Daltons)

Log iron binding
affinity (pM)

Delivery

Half-life of iron-free
drug

Lipid solubility

Route of iron
excretion

Max plasma levels
(µM) of iron-free drug

Concentration of
iron complex

Minimum plasma
level (µM) with daily
dosing

Elimination of iron
complex

Metabolism

Chelation efficiency
(% of drug excreted
iron)

DFO

560

26.6

Parenteral, 
8-12 hours, 5-7
days/week

20-30 minutes

Low

Urinary and faecal

7-10 

Complex remains
similar (about 7 µM)
with ascending
doses but the iron-
free drug and
metabolites increase  

0

Urine + faeces, iron
complex removed
more slowly than
free drug

Intrahepatic to
metabolite B which
binds iron 

13

DFP

139

19.9

Oral, 2-3 
daily

3-4 hours

Intermediate

Urinary

90-450

Complex correlates
with urine iron
excretion and
predicts response to
therapy 

0

Urine

Glucuronide formed
in liver does not bind
iron 

7

DFX

373

22.5

Oral, once daily

12-16 hours
(high variability
among patients)

High

Faecal

80 

Complex accounts for
about 10% of plasma
drug in steady state 

20

Faeces

>90% eliminated
in faeces, 60%
unmetabolised;
metabolism mainly in
liver to glucuronides;
oxidative metabolism 
by cytochrome 450
accounts for <10%; most
metabolites bind iron 

27

Abbreviations: DFO, deferoxamine; DFP, deferiprone; DFX, deferasirox.



8. PRACTICAL PRESCRIBING OF INDIVIDUAL CHELATORS

The potential benefits of chelation therapy must be balanced against unwanted adverse effects
that are generally more likely when doses are high relative to the level of iron overload. These
typically take time to develop, so that careful monitoring should reduce these risks. Table 5
summarises licensed indications (by age group), dosing, contraindications, and interactions for
the three iron chelators in TDT [88-93]. Table 6 summarises key evidence on unwanted adverse
effects and their monitoring requirements [56, 57, 88-117]. Unwanted effects are generally more
likely at high chelator doses and at low levels of iron overload, and possibly in association with
high rates of reduction in body iron. There is more information about the relationship of these
variables to dose with DFO than with oral chelators. Among adverse effects listed in Table 6,
diligent monitoring for sepsis risk in patients on DFP and for renal dysfunction for patients on
DFX is critical.
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Table 5. Licensed indications, dosing, contraindications, and interactions for iron chelators in transfusion-
dependent β-thalassaemia [88-93].

Parameter

Indication
in TDT by age

Administration

Dosage and
frequency

Contraindications

DFO

First line in ≥2 years

Parenteral (sc, IM, or IV)

20-60 mg/kg, 5-7
day/week (50 mg/kg in
Europe), children’s
dose up to 40 mg/kg

l Pregnancy/breast
feeding (no data, but
has been used in 3rd
trimester)

l Hypersensitivity
l Severe renal disease

or anuria

DFP

USA: first line in ≥3
years (oral solution) or
≥8 years (tablets)
Europe: second line
when current chelation
therapy is contraindi -
cated or inadequate in
≥6 years

Oral, tablets or oral
solution

75 -99 (USA) / 75-100
(Europe) mg/kg/day in
2-3 divided doses daily

l Pregnancy/breast
feeding

l History of
agranulocytosis or
recurrent
neutropaenia 

l Hypersensitivity
(Henoch-Schönlein
purpura. Urticaria,
and periorbital
oedema with skin
rash)

DFX

USA: first line in 
≥2 years
Europe: second line
when DFO is
contraindicated in 
2-5 years, first line in
≥6 years

Oral, FCT or sprinkle
granules (previously DT)

14-28 mg/kg/day once
daily for FCT and
granules (20-40
mg/kg/day for DT)

l Pregnancy/breast
feeding

l Hypersensitivity
l Estimated GFR <40

mL/min/1.73 m2

(USA) or creatinine
clearance <60
mL/min (Europe)

l Platelet count 
<50 x109/L (USA)

l Severe hepatic
impairment (Child-
Pugh Class C) 
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Table 5. Continued

Parameter

Key drug-drug
interactions

DFO

l Co-administration
with
prochlorperazine
may lead to
temporary
impairment of
consciousness

l Imaging results may
be distorted by rapid
urinary excretion of
deferoxamine-
bound Gallium-67

l Discontinuation 48
hours prior to
scintigraphy is
advisable

DFP

l Theoretical
interactions with
UGT1A6 inhibitors
(e.g., diclofenac,
probenecid, or
silymarin [milk
thistle])

l Avoid concomitant
use with drugs
associated with
neutropaenia

l Gallium-67 as with
DFO

l With oral prepa ra -
tions containing
polyvalent cations
(e.g., aluminium
containing antacids
and zinc), allow at
least a 4-hour
interval

DFX

l Theoretical
interactions with
drugs metabolised
by CYP3A4 (e.g.,
midazolam)

l Theoretical
interactions with
drugs metabolised
by CYP1A2 (e.g.,
theophylline)

l Gallium-67 as with
DFO

l Oral preparations
containing
polyvalent cations
as with DFP

Abbreviations: DFO, deferoxamine; DFP, deferiprone; DFX, deferasirox; TDT, transfusion-dependent β-thalassaemia; sc,
subcutaneous; IM, intramuscular; IV, intravenous; FCT, film-coated tablets; DT, dispersible tablets; GFR, glomerular
filtration rate.
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The following sections summarise evidence of beneficial effects and practical application of
iron chelation strategies in monotherapy or combination. Practitioners are advised to refer to
local prescribing information in their country and follow appropriate indications, dosing and
dose modifications, precautions, and adverse events monitoring and management standards. 

8.1. Deferoxamine monotherapy

DFO is licensed for the treatment of transfusional iron overload worldwide for affected patients
above the age of 2 years, reflecting its long-standing clinical use. There are some small
differences in age of treatment, commencement, and maximum doses recommended in
different countries (Table 5).

8.1.1. Evidence of beneficial effects

DFO was first introduced in the late 1960s and gradually reduced the complications of iron
overload and, when taken sufficiently regularly and at sufficient doses, improved survival
progressively. Age of commencing chelation is a key factor affecting survival [17, 21, 23] as well
as comorbidities such as hypogonadism [118] and other endocrine disturbances, including
diabetes mellitus [16, 17, 23]. However, chronic treatment is costly and inconvenient, requiring
subcutaneous or intravenous infusion over at least 8 hours a day at least 5 days a week in
regularly transfused patients. Adherence to therapy has been the main limiting factor to
successful outcomes [7]. Over-chelation can also be a problem, particularly in children or when
doses are not modified for age or level of iron overload.  Because of such concerns, guidelines
have been conservative, generally recommending that therapy not be started until SF levels
reach 1000 ng/mL, and with downward adjustment of dosing over chelation below this SF value.

8.1.2. Effects on serum ferritin

Long-term control of SF with DFO has been linked to protection from heart disease and to
improved survival if levels are consistently less than 2500 ng/mL [16] with even better outcomes
at levels <1000 ng/mL [17]. Control of SF is dependent on dose and frequency of use compared
with transfusional iron loading rate [8]. For example, a mean daily dose of 42 mg/kg resulted in
a small mean decrease in SF over one year, whereas 51 mg/kg resulted in a decrease of
approximately 1000 ng/mL [106]. 

8.1.3. Effects on liver iron 

A mean dose of 37 mg/kg stabilised LIC for baseline LIC values of between 3 and 7 mg/g dw
[106]. At LIC values >14 mg/g dw, a mean dose of 51 mg/kg resulted in LIC decreases of 6.4
mg/g dw. Thus, a dose of 50 mg/kg at least 5 days a week is recommended, if a decrease to
optimal LIC levels is required once growth has ceased. It should be emphasised that these are
average changes and that the dose required varies with the transfusional iron rate [8].

8.1.4. Effects on cardiac iron 

Myocardial iron, as estimated by mT2*, can improve with either subcutaneous or intravenous
DFO, provided that treatment is given at adequate doses, frequency, and duration.
Improvement in mild to moderate cardiac iron, even at low intermittent doses (5 days a week),
has been confirmed [119, 120]. 
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8.1.5. Effects on heart function

Subcutaneous DFO has long been known to prevent [121] or improve asymptomatic cardiac
disease in TDT [122, 123]. After the introduction of DFO, the incidence of iron-induced heart
disease fell progressively – with a key factor being the age of starting treatment [17, 124].
Symptomatic heart disease can be reversed by high dose intravenous DFO [125-127]. The same
results can be obtained with excellent long-term prognosis at lower doses (50-60 mg/kg/day),
and consequently less drug toxicity using continuous dosing [15, 125]. Continuous intravenous
doses of 50-60 mg/kg/day can normalise LVEF over three months [6], significantly earlier than
normalisation of liver or cardiac iron stores. However, if advanced heart failure has developed
before treatment is intensified, the chances of successful rescue are reduced. Early intervention
for decreased left ventricular function is therefore recommended. Once heart function has
improved, sustained compliance is critical to improve outcomes, especially while myocardial
iron remains increased [15]. See Chapter 4 for further information on treatment of heart failure. 

8.1.6. Recommended treatment regimen: standard therapy

Starting DFO therapy: provided that treatment is (1) begun within 2-3 years of beginning
transfusion therapy, (2) administered regularly (at least 5 times a week, preferably 7 days a week),
and (3) administered in adequate doses, DFO has a well-established impact on survival and on
cardiac and other complications of iron overload. In TDT, this should start before transfusions
have deposited enough iron to cause tissue damage. Current practice is to start after the first
10-20 transfusions, or when SF level approaches 1000 ng/mL. If chelation therapy begins before
3 years of age, particularly careful monitoring of growth and bone development is advised,
along with reduced dosage.

Standard dosing and frequency: slow subcutaneous infusion of a 10% DFO solution over 8-12
hours is recommended, a minimum of 5 days per week (see Table 7) for practical details on DFO
infusion). In countries where pre-filled balloon infusers are available, this eases adherence to DFO.
In general, average daily doses should not exceed 40 mg/kg until skeletal growth has been
completed: 20-40 mg/kg for children and up to 50-60 mg/kg for adults, as an 8-12-hour
subcutaneous infusion. To achieve negative iron balance in patients with average transfusion rates,
50 mg/kg/day at least 5 days a week is required. However, daily administration is preferable to
maximise reduction in NTBI and thus reactive iron exposure. It is important that patients with high
iron loading and those at increased risk of cardiac complications, receive adequate doses and
frequency, are advised about compliance, or are considered for alternative chelator regimens.
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Table 7. Practical aspects of deferoxamine infusion.

Parameter

Strength of infusion

Site of infusion

Types of infuser

Local reactions

Intravenous infusions

Indwelling intravenous lines

Intravenous DFO with blood
transfusions

Practical aspects

l The manufacturers of DFO recommend that each 500 mg vial of the
drug is dissolved in at least 5 mL of water, giving a 10% solution. 

l Concentrations in excess of this may increase the risk of local
reactions at the site of infusion.

l Avoid inserting needles near important vessels, nerves or organs. 
l The abdomen is generally the best place. 
l It is often necessary to ‘rotate’ the sites.
l The skin over the deltoid or the lateral aspect of the thigh provides

alternative sites.  

l For patients who find dissolving, mixing and drawing up DFO a
problem, pre-filled syringes or balloons may be useful. 

l Balloon pumps, are smaller, lighter, and quieter than their
mechanical predecessors.

l Persistent local reactions may be reduced by varying injection sites,
lowering the strength of infusion.  

l Application of topical low potency corticosteroid cream after
injection can reduce local reactions.

l 10% solutions of DFO given to peripheral veins will damage and
sclerose the vein.

l If infused (as an emergency) into a peripheral vein, the solution
must be diluted – for example in 200-500 mL of saline.

l Infection and thrombosis of catheters may occur. 
l Careful aseptic procedures must be followed in order to prevent

possible infection. 
l The risk of thrombosis and infection is likely to be greater in centres

that do not have regular experience in the use of long-term in-
dwelling lines. 

l Use of prophylactic anticoagulation should be considered, as line-
thrombosis is relatively common in TDT.

l As development of a thrombus can occur at the tip of the catheter,
it is advisable, if possible, to avoid placing the tip in the right atrium.

l Contribution to iron balance is very limited and not recommended.
l Special attention must be given to avoiding accidental boluses due

to DFO collecting in the dead space of the infusion line.

Abbreviations: DFO, deferoxamine; TDT, transfusion-dependent β-thalassaemia. 
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Dose adjustment to avoid DFO toxicity: at low SF levels (500-1000 ng/mL), the DFO dose needs
to be reduced, and DFO-related toxicities monitored particularly carefully. Dose reductions can
be guided using the therapeutic index calculated as: mean daily dose (mg/kg)/SF ng/mL, and
kept at <0.025 [95]. This index is not a substitute for careful clinical monitoring. LIC may be a
more reliable alternative to SF in monitoring response. 

Use with vitamin C: vitamin C increases iron excretion by increasing the availability of chelatable
iron but if given in excessive doses, may increase the toxicity of iron. It is recommended not to
give more than 2-3 mg/kg/day as a supplement, taken at the time of the DFO infusion, so that
the liberated iron is rapidly chelated. 

8.1.7. Recommended treatment regimen: rescue therapy

Rescue to achieve negative iron balance: if iron has already accumulated to harmful levels,
negative iron balance is necessary. With rescue therapy, dose adjustment is critical to success
which may include adjustments to frequency, duration, as well as dose. Decreased dosing is
required as body iron becomes better controlled. Table 8 shows how the dose can be adjusted
to achieve negative iron balance, depending on the transfusion rate [8]. At transfusion rates
>0.5 mg/kg/day only about half of patients will be in negative iron balance at doses of 35-50
mg/kg/day, while >50 mg/kg/day are required to achieve negative iron balance. While these
recommendations serve as good starting points, ultimately, the chelation regimen must be
modified based on effect on serial LIC measures and drop in SF.

DFO dose (mg/kg)

35 to <50

≥50

Low transfusion rate 
(<0.3 mg/kg/day)

76

100

Intermediate
transfusion rate (0.3-
0.5 mg/kg/day)

75

86

High transfusion rate 
(>0.5 mg/kg/day)

52

89

Table 8. Percentage of responders (% in negative iron balance) by deferoxamine dose and transfusion
rate. Adapted with permission from [8].

Abbreviations: DFO, deferoxamine. 

Rescue to remove cardiac iron: with mild to moderate myocardial iron (mT2* 10-20 ms),
increasing the mean dose to 50-60 mg/kg/day may be sufficient to improve the mT2* provided
adherence can be maintained. For patients with higher cardiac iron (mT2* 6-10 ms), other
chelation regimes have been effective, such as combination of DFP with DFO or DFX
monotherapy (see below). For severe cases of cardiac iron (mT2* <6 ms), more intensive regimes
need to be considered (see below). For patients with abnormal LVEF, emergency therapy is
recommended.

Intensive therapy for other reasons: prior to pregnancy (see Chapter 7) or haematopoietic stem
cell transplantation (see Chapter 14), avoidance of high levels of iron overload is desirable, and
intensification of therapy may be helpful. The optimal regimen has not been systematically
studied but may include dose adjustment with attention to adherence through goal setting.



8.1.8. Recommended treatment regimen: emergency therapy

In high-risk cases with decreased LVEF, continuous infusion is potentially more beneficial than
periodic infusions because it reduces exposure to toxic free iron (NTBI) [5]. Intensification through
continuous, 24-hour intravenous DFO via an implanted intravenous delivery system (e.g., Port-a-
cath) [125], or subcutaneously [15] has been shown to normalise heart function, reverse heart
failure, improve mT2* [6, 128], and lead to long-term survival, provided treatment is maintained. In
emergency before a central line can be inserted, DFO can be given through a peripheral vein,
provided it is diluted in at least 100 mL of saline to avoid damage to the veins where the drug is
infused. At least 50 mg/kg/day (not exceeding 60 mg/kg/day) is recommended as a 24-hour
infusion [15, 125]. Higher doses have been occasionally used but DFO is not licensed at such doses
and the risk of retinopathy increases. Vitamin C is recommended only when acute heart dysfunction
has settled, which usually occurs by three months of continuous treatment [6]. Addition of DFP to
DFO has been advocated [129] based mainly on a randomised study in patients without heart
failure whose LVEF improved more on the combination arm [130]. Although another randomised
study (DFO monotherapy vs same regimen with added DFP) in patients with more severe
decrements in LVEF showed no difference in rate of improvement in T2* or LVEF [128]; as there
were no additional side effects in the combination arm, the addition of DFP would appear
reasonable here. 

8.2. Deferiprone monotherapy

DFP is an orally absorbed chelator that began clinical trials in the United Kingdom in the 1980s.
DFP was licensed in several countries and the European Union from the 1990s and in the USA in
October 2011 [131]. The accepted indications for treatment differ slightly in different countries
(Table 5).

8.2.1 Effects on serum ferritin

DFP will maintain SF at desirable levels in about one third of TDT patients. The effect on SF is
generally greater when starting SF levels are high (>2500 ng/mL). Thus at 75 mg/kg/day (in three
divided doses), the decreasing effect on SF was greater in patients with high baseline SF values
>2500 ng/mL [132-135] but there was no decrease, when baseline values were <2500 ng/mL [99,
133, 136]. In paediatric Thai patients (age >2 years), about 45% had significant reduction of SF after
1 year at mean doses of over 79 mg/kg/day [132]. The US Food and Drug Administration (FDA)
licensing agreement in 2011 concluded that with DFP monotherapy, a minimum 20% reduction
in SF was met in only 50% of patients. Comparisons with DFO at various doses in pooled analyses
suggested no difference between the two drugs at 12 months [100, 120, 137-140].

8.2.2. Effects on liver iron

Change in LIC with DFP has been compared with DFO [100, 102, 120, 137, 141]. After long-term
monotherapy, variable levels of high residual LIC values (>15 mg/g dw) have been found (11%
[142], 18% [101], and 58% [99]. Overall negative iron balance (decrease in LIC) at standard
transfusion rates is achieved in only about a third of patients receiving 75 mg/kg/day [30].

8.2.3. Effects on cardiac iron

In a randomised study, higher dose DFP (92 mg/kg/day) was compared with DFO at 43 mg/kg 5-7
days/week (mean daily dose 35 mg/kg/day). The increase in mT2* was greater than in the DFO
group, although relatively low DFO doses were used as the comparator [120].
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8.2.4. Effects on heart function

LVEF showed a better improvement compared to patients treated with DFO [120]. In another
trial, however, the results were similar with the two approaches [100], while 3 years DFP
monotherapy was associated with significant increase in LVEF in patients with normal LVEF at
baseline [143]. A retrospective analysis suggested DFP monotherapy offered superior cardiac
protection to DFO [144]. 

8.2.5. Compliance with deferiprone 

This varies considerably [132]. For example, compliance with DFP and DFO in one study showed
rates of 95% and 72%, respectively, while another study reported rates of 94% and 93%,
respectively [120]. As with other oral chelators, (i) compliance tends to be higher in the context
of clinical studies than in routine use, and (ii) with respect to compliance, the importance of
constant supervision and patient support should not be overlooked.

8.2.6. Long-term benefits of deferiprone monotherapy

A survival advantage of DFP either alone [144] or with DFO [145] (see below) over DFO alone
has been reported in some retrospective studies. Other retrospective or observational studies
used surrogate markers, such as SF, mT2*, or LVEF (though not liver iron) [143, 146, 147].
However, two systematic analyses have not found clear evidence of survival advantages of this
or of any particular chelator regimen [148, 149]. A more recent retrospective analysis of 663 TDT
patients with mild-moderate iron overload receiving different iron chelators in monotherapy
over ten years, survival was comparable between DFO, DFP, and DFX [150]. 

8.2.7. Recommended treatment regimen 

Starting DFP therapy: most deferiprone data came from studies that enrolled patients ≥6 years
of age, and only few local trials included patients <6 years [132, 151, 152]. More recently, the
independent consortium Deferiprone Evaluation in Paediatrics (DEEP), investigated safety and
efficacy of DFP in young children. DEEP-3 was a multicentre, retro- and prospective, non-
interventional which included TDT patients with iron overload who started DFP between the
ages of one month to <18 years. Among 297 patients enrolled, 112 were <6 years of age.  The
study did not find any unexpected adverse drug reactions with incidences in patients <6 years
of age being similar to older patients. However, agranulocytosis was also present in this
paediatric population, supporting the need for regular monitoring of blood counts.
Agranulocytosis from DFP using a cut-off <0.5 x109/L has an incidence of 2.15% and 1.23% if
an agranulocytosis cut-off level of <0.2 x 109/L which is more strongly related to sepsis risk is
used [153]. DFP agranulocytosis is not dose related nor predictable. It is critical that patients on
DFP stop the drug and immediately seek medical attention if they have significant fever. They
should tell emergency room staff they are on a drug that can cause low neutrophils as they will
be unfamiliar with DFP, and the local fever-neutropaenia protocol should be followed.
Arthropathy was also present which can have significant impact on quality of life in children
and needs to be closely monitored [154] The approved dosing regimens for DFP yielded
exposure in children comparable to that observed in adults and adolescents [155]. The phase
3, DEEP-2 trial compared an oral solution of DFP (75-100 mg/kg/day) to DFX DT (20-40
mg/kg/day) in transfusion-dependent patients with haemoglobinopathies who were between
1 month and 18 years of age. Around 90% of patients had TDT and 30% were <6 years of age in



both arms. Non-inferiority of DFP versus DFX was reported. No significant difference between the
groups was shown in the occurrence of serious and drug-related adverse events, , but with higher
study discontinuation rate in the DFP arm. Three cases of reversible agranulocytosis occurred in
the DFP group [156]. DFP is now approved as first-line treatment in TDT patients ≥3 years of age
(oral solution) and ≥8 years of age (tablets) in the USA ‘based on a reduction in serum ferritin levels’,
and as second-line treatment when current chelation therapy is contraindicated or inadequate in
patients ≥6 years in Europe [90-92, 157]. In Thailand and many Asian countries, DFP was registered
for similar indications and is licensed for use from the age of 6 years.

Standard dosing and frequency: the dose most thoroughly evaluated is 75 mg/kg/day, in 2-3
divided doses and is recommended in adults as the starting dose. The drug is licensed up to
100 mg/kg/day (in Europe, up to 99 mg/kg/day in USA) but formal safety studies are limited.
Labelling includes charts stating how many tablets and half tablets to use per dose for patient
weights ranging from 20 to 90 kg. Each 500 mg tablet is scored to facilitate tablet splitting. An
oral solution is also available for paediatric use. There is no guidance on dose adjustment at low
SF for DFP but the label states that temporary interruption of therapy should be considered if
SF falls below 500 ng/mL [90-92].

Dose escalation: while the relationship of dose to iron balance or SF trends has not been
reported within a single study, the presumption is that higher doses will increase iron excretion
and response rate. Iron excretion is related to DFP dose and at 100 mg/kg/day total iron
excretion is similar to 60 mg/kg/day of DFO  and about 1.8-fold higher than at 75 mg/kg/day of
DFP [158], and is non-inferior to DFO with respect to LIC or SF when studied prospectively [159].
Doses of 100 mg/kg/day have been given in at least one small prospective study, with no
reported increase in side effects [120] and the drug is licensed up to this dose. Patients without
iron overload may be more likely to develop agranulocytosis [160]. 

Use with vitamin C: the effect of vitamin C on iron excretion with DFP is not clear and is thus
not recommended.

8.3. Deferasirox monotherapy

DFX was developed as a once-daily oral monotherapy for the treatment of iron overload. The
drug is licensed as first-line monotherapy for TDT in over 100 countries worldwide, although
the earliest age at which deferasirox qualifies as first-line treatment differs between the USA
and Europe  (Table 5) [88, 89].

8.3.1. Chemistry and pharmacology

DFX is an orally absorbed chelator binding iron in a 3:1 ratio. The chemical properties and
pharmacology are summarised in Table 4. The original DT formulation has been replaced in
many countries by a FCT (or sprinkle granules) formulation that is better absorbed, and
preferred by patients [109, 161]. Due to enhanced absorption, doses of the FCT (or sprinkle
granules) formulation need to be decreased to 0.7 times of those previously recommended
with DT. Dosing in studies published mostly before 2018 therefore need to be converted to the
equivalent dosing of FCT (or sprinkle granules). Importantly, absorption and clearance kinetics
are not the same in all patients. Plasma levels are low in 60% and very low in 30% of individuals
12 hours after a single dose [84]. This would result in inadequate NTBI removal equivalent to
not chelating a third of the time. Some studies suggested that splitting the dose twice a day
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may significantly increase the area-under-the-curve exposure [162] and improves chelation
efficiency [85, 86, 163].

8.3.2. Effects on serum ferritin 

There is a dose-dependent effect on SF [106, 164, 165]. A randomised study found that 20
mg/kg/day of the original DT formulation stabilised SF close to 2000 ng/mL.  At 30 mg/kg/day,
mean SF was reduced by 1249 ng/mL over 1 year [106]. Longer-term, the proportion of patients
with SF <1000 ng/mL and less than 2500 ng/mL decreased progressively. At 4-5 years follow
up, median SF fell to <1500 ng/mL. Overall, 73% of patients attained SF levels ≤2500 ng/mL
and 41% of patients achieved SF ≤1000 ng/mL, compared with 64% and 12% at baseline [108].
The interaction between dose and SF response was examined in over 1000 TDT patients in the
EPIC study [103]. The initial dose (original DT) was 20 mg/kg/day for patients receiving 2-4
packed red blood cell units/month, and 10 or 30 mg/kg/ day for patients receiving less or more
frequent transfusions. Dose adjustments were made on the basis of SF trends at 3 monthly
intervals. A significant though modest SF fall was seen at 1 year. The largest SF decrease of 1496
ng/mL/year was noted in patients with the highest baseline SF (baseline median SF 6230 ng/mL)
[166] but who were treated at high dosages (35-40 mg/kg/day). These doses or equivalent FCT
(or sprinkle granules) doses are now recommended for heavily iron overloaded patients.
Interestingly, SF levels that had not dropped after six months on once daily dosing, steadily
decreased when the same daily dose was changed to every 12-hour dosing [163], consistent
with a 12-25% increase in DFX exposure [162] and increased chelation efficiency with twice
daily dosing  [85, 86]. This suggests better NTBI control throughout the day, less exposure to
reactive Fe2+ and less stimulation of SF production.

8.3.3. Dose effects on iron balance

The dose effects below refer to the original DT formulation, unless otherwise stated. Short-term
formal balance studies demonstrated the effect of dose on iron balance [167]. In a longer-term
large, randomised study, iron balance was determined by changes in LIC over 1 year [106]. In
TDT, negative iron balance was achieved at 30 mg/kg/day, with a mean LIC decrease of 8.9 mg/g
dw. The blood transfusion rate influenced the response to treatment (Table 9) [8].

DFX dose (mg/kg)

10 (7*)

20 (14*)

30 (21*)

Low transfusion rate 
(<0.3 mg/kg/day)

29

76

96

Intermediate
transfusion rate (0.3-
0.5 mg/kg/day)

14

55

83

High transfusion rate 
(>0.5 mg/kg/day)

0

47

82

Table 9. Percentage of responders (% in negative iron balance shown by decreases in liver iron
concentration) by deferasirox dispersible tablet dose and transfusion rate. *The equivalent dose of the
new film-coated tablet formulation is provided in brackets for ease of reference. Adapted with
permission from [8].

Abbreviations: DFX, deferasirox.



8.3.4. Effect on cardiac iron 

Improvement in mT2* was first reported in a retrospective analysis after 1 and 2 years [168, 169].
Prospective data demonstrated the efficacy of DFX in improving mT2* over 1 year with a
baseline mT2* range of 5-20 ms [170], while, a steady, significant mT2* improvement was
observed, from a mean of 12.0 ms at baseline to 17.1 ms after 3 years, despite a high baseline
LIC (mean 28 mg/g dw) [171]. Here, 68% of patients with baseline mT2* between 10 to <20 ms
normalised mT2*, and 50% of patients with mT2* >5 to <10 ms at baseline improved it to 10 to
<20 ms. There was no significant variation in LVEF and no deaths. A randomised 1 year
comparison of subcutaneous DFO (50-60 mg/kg/day for 5-7 days/week) with DFX DT (target 40
mg/kg/day) for patients with mT2* of 6-20 ms [119] and high baseline LIC (mean 29.8 mg/g dw)
found similar improvements in mT2* with both drug regimens, with sustained improvements
over 2 years [172]. Taken together, these studies show that DFX is effective for patients with
mT2* from >5-20 ms. As with other chelation regimes, high baseline heart iron (mT2* <10 ms)
will typically take several years to clear. 

8.3.5. Effects on heart function 

In the above studies, LVEF remained stable despite low mT2* values, and there were neither
deaths nor episodes of symptomatic heart failure. Only one case of atrial fibrillation and one
case of cardiomyopathy were reported. As previously mentioned, according to risk analysis of
heart failure and mT2* in TDT from other cohorts, the risk of developing cardiac failure was
expected to be substantial, with a relative risk 160-fold higher for patients with mT2* <10 ms
[51]. The stability of LVEF and the absence of heart failure in this high-risk group of patients
suggests that DFX renders effective prophylaxis for heart failure, even in patients with mT2*
values of 5-10 ms. This may be related to the 24-hour ‘protection time’ against labile iron that
results from the long plasma half-life [173]. Other smaller studies show similar stability over 5
years [174]. A 12-year real-world follow up study also showed no cases of heart failure on
treatment, and for the first time, also showed progressive improvement in LVEF [175]. However,
DFX has not been formally evaluated in patients with symptomatic heart failure or LVEF <56%,
and other chelation options are recommended for these.

8.3.6. Convenience and impact on quality of life

Convenience and quality of life, as with other oral chelation regimes, are expected to impact
on adherence and hence survival. This is likely to have a greater impact outside formal clinical
studies. In the large-scale EPIC study, patients reported improved quality of life (estimated by
SF36 scores) and greater adherence to chelation therapy compared with baseline before
starting DFX. 

8.3.7. Film-coated tablet and sprinkle granule formulations 

The FCT was introduced in 2017, although the DT continues to be used in some countries. Data
on the FCT are not as extensive as in the registration studies. Over a 2-year period in the
randomised ECLIPSE trial, TDT patients (≥10 years old) transitioning to the FCT had a reduction
in SF relative to prior treatment with DT. There were no new safety concerns with the FCT
preparation, and no major concerns associated with hepatic or renal safety, or haematological
abnormalities (thrombocytopaenia/neutropaenia) [109, 151, 176]. Studies showed further
improvements in adherence and patient reported acceptability as well as better gastrointestinal
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tolerability (FCT can be taken with food) [161, 177]. The MIMAS study evaluated the DFX FCT
formulation in younger patients (2 to <6 years) at doses of 14-28 mg/kg/day. The full daily dose
had to be crushed and administered by sprinkling on soft food to be consumed immediately.
Similar tolerability was noted as with adults, with an overall favorable patient satisfaction and
decreased concerns regarding palatability and gastrointestinal symptoms and improved
treatment adherence [178]. The JUPITER trial recruiting TDT patients ≥2 years of age also
confirmed distinct patient preference upon switching from DFX DT to FCT [179]. More recently,
the randomised CALYPSO trial included TDT patients with a median age of 5 years (range 2-16
years) and showed comparable compliance, safety, and efficacy of a new DFX sprinkle granules
formulation and DFX DT [157, 180]. 

8.3.8. Recommended treatment regimen: standard therapy

Starting DFX therapy: the criteria for starting treatment (SF level and number of transfusions)
are similar to those of DFO. The labelling for age of commencement differs in countries following
USA licensing (first line for ≥2 years) from those that adhere to European Union licensing (first
line for ≥6 years, second line for 2-5 years) [88, 89]. A fall in SF and LIC has been seen across all
age groups ≥2 years, with no age-related adverse effects on growth, sexual development or
bones [103, 108, 165, 181-184].  

Standard dosing and frequency: the original DT formulation was taken as a suspension in water
once daily. The FCT is recommended to be swallowed whole before food or with a light meal.
it may also be crushed and mixed with soft foods (e.g., apple sauce or yogurt) immediately
before taking it orally. Granules can be sprinkled on soft food immediately before taking it orally.
Due to increased absorption of the FCT and sprinkle granules formulations, they should be
taken at 0.7 times the DT dose shown to be effective and safe. The starting dose for FCT (or
sprinkle granules) is 14 mg/kg/day for TDT patients who have received 10-20 transfusion
episodes. Optimal maintenance doses will depend on the transfusional iron-loading rate (Table
9). For patients with high transfusional iron loading rates (>21 mL/kg/month of packed RBC) a
higher dose of 21 mg/kg day will be necessary. For patients with already severe iron overload,
doses of 21-28 mg/kg/day may be required. Due to the rapid fall in SF  that can occur with
improved adherence using the FCT (or sprinkle granules), careful monitoring of SF trends and
serum creatinine, with downward adjustment of dose when SF values fall below 1000 ng/mL is
advisable [185]. A target of 500-1000 ng/mL appears to be achievable with DFX without
additional toxicity, provided that doses are adjusted downwards as SF falls towards 500 ng/mL.

8.3.9. Recommended treatment regimen: rescue therapy

Patients with mild to moderate cardiac iron (mT2* 5-20 ms): in prospective studies, DFX
resulted in preservation and stabilisation of left ventricular function. Doses of up to 40 mg/kg
of the original DT formulation (equivalent to 28 mg/kg FCT or sprinkle granules) have been
used and are advisable in patients with very high levels of liver iron or SF [186].

Patients with severe cardiac iron (mT2* <6 ms): prospective trials have been confined to
patients with mT2* values ≥6 ms. For patients with mT2* <6 ms, other alternative chelation
regimes are recommended.

Patients with reduced LVEF or symptomatic heart failure (emergency therapy): DFX has not
been formally evaluated for this indication and is therefore not recommended.



9. COMBINATION THERAPIES

The term ‘combination therapy’ has been used to cover approaches to improve outcomes if
monotherapy is inadequate. These are given when either there is dose limiting toxicity with a
monotherapy (for example renal toxicity with DFX) or when it is hoped that by combining two
chelators, we may improve chelation efficacy (for example DFO with DFP for siderotic heart failure).
Most combinations have not been subjected to large, randomised trials and drug labelling typically
describes the benefits and risks of monotherapies. Guidelines and expert reviews of combinations
may fill these gaps [187] but the level of evidence is typically less than with monotherapies. 

9.1. Pharmacology of combination therapies

In principle, two chelators can be given at the same time (simultaneously, true combination) or
one after the other (sequentially). If the drugs are given simultaneously, they may interact in a
process that involves the ‘shuttling’ of iron, which may lead to additional chelation of iron from cells
or plasma NTBI [188] and so improved efficiency of iron chelation in plasma [189]. Simultaneous
exposure to two chelators may in principle  cause synergistic removal of cellular iron, as was
demonstrated in cell culture with combinations of all three chelators [190]. The most commonly
used regimes have included DFP daily at standard divided doses, combined with varying frequency
and dosing of DFO. More recently, combinations of DFX with DFO or DFX with DFP have been
evaluated. Available trails have been mostly small and/or investigator-led rather than by
pharmaceutical companies. 

9.2. Combined deferoxamine and deferiprone 

Various combinations of DFP and DFO have been used, either in the context of a formal trial or on
an ad hoc basis, usually when monotherapy with DFO or DFP has failed to control iron overload or
its effects. If compliance with DFO is poor, the use of DFP can improve overall exposure to chelation.
Alternatively, if control of SF or LIC is inadequate with DFP monotherapy, DFO can be added to
increase iron excretion.

9.2.1. Effects of on serum ferritin

In a randomised study [130], SF decreased more with combined treatment (DFO five days a week
plus DFP seven days a week) than with standard DFO monotherapy (40 mg/kg five days a week).
However, in another randomised study [66], SF decreased more with combination therapy than
DFP monotherapy but similarly to DFO monotherapy 5 nights a week. Alternating 5 days of DFP
with 2 days of DFO/week showed comparable efficacy to DFO monotherapy 5-7 days/week [191].
On the other hand, a 5-year randomised clinical trial also showed a greater SF reduction with
sequential DFP (75 mg/kg/day for 4 days/week) and DFO (50 mg/kg/day for 3 days/week) compared
with DFP alone, but with no clear survival benefit [192]. While much of the variability between trials
may relate to variable compliance in the DFO monotherapy group, taken together, these studies
show that SF can be controlled with a relatively low frequency of DFO, for example, twice a week
when combined with DFP at standard doses (75 mg/kg/day), while sequential therapy may benefit
some patients.

9.2.2. Effects on liver iron

Here there is less evidence available and results are variable. Overall, results support combination
therapy being more effective than DFP monotherapy so that DFO monotherapy or combination
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therapy with DFP plus DFO (two times weekly) was more effective than DFP monotherapy at
controlling LIC [66]. Another randomised study showed that combination was more effective
than DFO monotherapy [130].  Similarly, in patients with heart failure who received DFO with
or without DFP, there was decrease in LIC and SF in the combination arm but not with DFO
monotherapy [128].

9.2.3. Effects on cardiac iron and heart function 

In a randomised study, LVEF increased within the normal range by approximately 2.5% in a
combination arm vs 0.5% in the DFO monotherapy arm [130]. For high-risk patients with
decreased LVEF or with symptomatic heart disease, a randomised study showed equivalent
improvement in LVEF and mT2* in patients receiving either DFO intensification or DFO
intensification plus DFP [128].  Observational studies have also reported improvements in heart
function within the normal range using combined treatment over 12-57 months [193] or 3 years
[194]. If the imperative is to have improvement in mT2* as rapidly as possible (for example in
preparation for or prior to haematopoietic stem cell transplantation), then continuous
intravenous DFO is an option, or the use of high-dose DFP monotherapy (>90 mg/kg) or regular
doses of DFP in combination with standard DFO (5 days a week). 

9.2.4. Long-term effects on survival

Some retrospective analyses reported survival benefit compared with the previously prescribed
DFO alone [145, 195]. However, 75 of 344 patients discontinued chronic combination therapy
because of agranulocytosis (5%), recurrent neutropaenia (2.9%), gastrointestinal disturbances
(5.6%), arthralgia (1.6%), allergic reactions (0.7%), weight gain (0.7%), increased liver enzymes
(0.3%), non-adherence to DFO (3.3%), pregnancy (2.6%) and other reasons (2%). The very low
SF using a ‘flexible’ approach to combination therapy has also been reported to reverse organ
dysfunction without adverse effects [77]. However, controlled trials and meta-analysis
demonstrating improvement in disease-related symptoms, organ function, or increased survival
are lacking [149].

9.2.5. Safety 

Formal safety data on combined DFO and DFP treatment are limited. The side effects described
above are largely consistent with the known effects of the individual chelating agents, with the
possible exception of cerebellar syndrome in a single case [145, 195]. Tolerability of
simultaneous combinations may differ from sequential use, but has not been formally studied.

9.2.6. Possible treatment regimens

Combinations of DFP and DFO are useful, especially when various monotherapy regimes have
not been adhered to and/or have failed to control either liver or cardiac iron. If a patient is not
doing well with DFP monotherapy, combined treatment offers an additional option to improve
iron balance. For patients not doing well with DFO monotherapy for reasons of compliance,
and where dose intensification has failed, combined treatment has been used as a way of
decreasing the frequency at which DFO is needed to maintain SF and iron balance. For patients
with very high levels of cardiac iron (<8 ms) and/or cardiac dysfunction without frank heart
failure, 24-hour treatment with DFO and daily therapy with DFP should be strongly considered.



9.3. Combined deferasirox and deferoxamine 

Prospective studies have shown rapid removal of liver iron and improvement in cardiac iron in
patients receiving DFX plus DFO combinations [52, 189]. In 60 patients with severe liver and
heart iron overload (mT2* 5-10 ms) treated with DFX DT 20-40 mg/kg/day for 7 days per week
plus DFO 40 mg/kg/day for 5 days per week, SF and LIC decreased by 44% and 52%, respectively,
with increase in mT2* of 33%. Improvements in mT2* were greater in patients with baseline LIC
<30 those with LIC >30 mg/g dw. LVEF remained stable during the study. Tolerability was
consistent with monotherapy regimes [52].

9.4. Combined deferasirox and deferiprone

This combination  synergistically mobilises cardiomyocytic iron in cell culture [190] consistent
with clinical case reports of effectiveness [196]. For example,  in 16 patients with TDT, SF, LIC,
and mT2* improved over 2 years without adverse effects [197] with reversal of cardiac
dysfunction in 2/4 patients.  In a larger 1 year randomised trial [198] of 96 paediatric patients,
two combination regimes were compared: DFP 75 mg/kg in two divided doses was given in
both regimes and combined with either DFX DT 20 mg/kg once daily, or with overnight DFO at
40 mg/kg. SF, LIC, and mT2* improved significantly in both groups with greater improvement
in mT2* and in quality of life in the oral combination group with no serious adverse events. In
another study of 49 multi-transfused children in India, combination of DFP in 3 divided doses
with DFX DT 30 mg/kg/day was well tolerated and more effective at decreasing SF than DFX
monotherapy [199]. In a single arm study of 36 young patients previously treated with
monotherapies, the SF was reduced by 3275 ng/mL at 1 year while about 20% of patients
experienced mild gastrointestinal side effects, joint symptoms, raised aspartate transaminase,
or had 25% raised creatinine >33% above baseline [200]. In a smaller study, common adverse
events included arthralgia and gastrointestinal symptoms, while no episodes of
neutropaenia/agranulocytosis occurred [201].

10. WHICH CHELATION REGIMEN, WHEN, AND HOW MUCH?

10.1. Standard therapy for obtaining iron balance

The licensing of individual chelators, specified in the country where the treatment is prescribed,
should act as an initial guide on when to start the therapy and at what dose. Standard first-line
doses have been discussed above and depend in part on the rate of transfusional iron loading.
Starting chelation before overload has built up, or irreversible damage has occurred, is critical
to success. With DFO, chelation is often withheld until the SF had reached 1000 ng/mL because
of fears toxicity would have on growth, ears and eyes at low levels of body iron.  If a patient is
failing on first-line therapy, dose adjustment and attention to adherence (practical as well as
psychological support) are the next steps. If this fails, then regimen adjustment can be
considered, depending on the circumstances – some of which are described below.

10.2. Iron load too high or increasing: rescue therapy to achieve negative iron balance

If body iron load builds up because of delays in starting chelation therapy, inadequate dosing,
and/or poor adherence, or because of poor response to an individual monotherapy, rescue
therapy is required by one or more of the following:
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l Increasing the daily dose of chelation.

- DFO monotherapy is effective at producing negative iron balance if it is given in sufficient
doses and sufficient frequency, but adherence is often a problem.

- Dose escalation of DFX is effective at producing negative iron balance. Doses of DFX DT
>35 mg/kg and up to 40 mg/kg (up to 28 mg/kg for FCT or sprinkle granules) are effective
in patients with high LIC or SF.

- DFP monotherapy is likely to achieve iron balance at 75 mg/kg in only about one third of
patients, with average transfusion rates. It may be increased up to 100 mg/kg with close
monitoring. DFO is often added.

l Increasing the frequency of the chelator (improving adherence or increasing prescription
advice)

- If adherence is the major reason for a regimen not working, every effort should be made
by the healthcare team to support the patient and their family in achieving better
adherence.

l Switching chelator regimen.

l Rotating or combining chelators.

- Rotation of individual monotherapies (sequential chelation) can be helpful in managing
individual patients, often for reasons of adherence as much as for specific complications.

- True ‘combination therapy’ (where two chelators are combined with some degree of overlap
pharmacologically) is widely practiced, although not specifically licensed. This can be useful
when monotherapy is inadequate, either to control iron balance or to control iron
distribution, particularly in the heart.

10.3. Mild increase in cardiac iron (myocardial T2* 10-20 ms): rescue therapy to remove
cardiac iron

DFO, DFP, and DFX monotherapy can all be effective at decreasing cardiac iron, but need to be
given without interruption for optimal effects and at adequate doses. The immediate risk of heart
failure is low, provided that the patient remains on chelation therapy without interruption [51].
Regular daily monotherapy at optimal doses (often an increase from current dose or frequency)
will usually improve heart iron but can take several years of consistent therapy to normalise.
Monotherapy with DFX is usually effective at improving mT2* across a full range of LIC
concentrations [119, 171]. If the imperative is to do this as rapidly as possible (for example in
preparation for pregnancy or prior to haematopoietic stem cell transplantation), then high dose
DFP monotherapy (>90 mg/kg) or regular doses of DFP in combination with standard DFO 5 days
a week should be used, rather than DFO alone when given subcutaneously 5 days a week. DFX has
not been compared directly with DFP either alone or in combination with DFO. If there is no trend
of improvement in mT2* with DFO, DFP, or DFX monotherapy, then combined DFP and DFO should
be considered.

10.4. Myocardial T2* <10 ms: rescue therapy for cardiac iron overload

The risk of developing heart failure increases with lower mT2*, especially when mT2* values drop
below 10 ms (i.e., higher cardiac iron). However, if continuous chelation therapy is given, heart
failure may be prevented even before the mT2* is corrected. As mentioned earlier, this has been



shown for continuous 24-hour DFO, with high dose DFX in a population where mT2* was 6-10 ms,
and in patients treated with different combination regimes (DFO+DFP, DFO+DFX). Patients with
mT2* ≤6 ms, are a very high-risk group for developing heart failure. This group has not been
evaluated extensively with interventional studies (except people with heart failure). There is some
experience of treating these patients with DFO+DFP, but randomised trials did not include patients
with mT2* values <8 ms [130]. In the absence of formal comparisons with other regimens, the
combination of DFO (given as often and as continuously as possible) with DFP at standard doses
is recommended. DFX monotherapy at doses >30 mg/kg/day (>21 mg/kg of FCT or sprinkle
granules) has also been shown to be effective for patients with T2* >5 ms and normal heart
function. If patients also have high levels of body iron (high LIC) as well as heart iron, it is important
that the regimen also reduces total body iron.

10.5. Patients with heart failure: reverse heart failure

If chelation therapy is taken regularly, clinical heart failure is now rare. Reversal of heart failure
requires continuous DFO therapy and can occur within a few weeks of starting treatment. This will
not succeed in all cases, but if started early in the development of heart failure, is usually effective.
The addition of DFP in these circumstances may be beneficial, although a small, randomised
comparison did not show a difference with or without DFP [128]. Once reversal of heart failure has
been demonstrated both clinically and with myocardial MRI or echocardiography, continuation of
the same therapy is recommended until the mT2* improves to >8 ms, which may take many years,
depending on the starting mT2*. The key to success is the timely introduction of intensification
and the maintenance of intensive treatment after the heart failure has been corrected.

10.6. Downward adjustment of chelator dose if body iron falls rapidly or reaches 
low levels

An increasingly common challenge for patients who respond well to a chelation regimen is that
the clinician does not recognise this and/or does not adjust the dose downward soon enough to
prevent toxicity from over-chelation. This is more likely in centres without long-term or regular
experience in monitoring and prescribing chelation. Regular monitoring for SF trends (every 1-3
months) and for the known toxicities of each chelator are minimum requirements. The general
principle of downward dose adjustment with rapidly falling body iron loads is clear, but the specifics
as regards how much and when are less so. In general, the risk of over chelation with DFO increases
when the SF is low relative to the dose. This has not been analysed systematically with other
chelators. With DFX, low levels of SF, even below 500 ng/mL can be safely achieved, even in patients
not receiving transfusion, provided that the doses of DFX are low (5-10 mg/kg of DT formulation)
[202]. Cases of toxicity from over-chelation have been observed even at SF >500 ng/mL or if the
rate of decrease is rapid. DFX dose adjustment should be made at the first sign of increasing serum
creatinine values. With DFP it is not clear whether to or how to adjust dosing at low levels of SF or
with rapid decrements in SF.
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KEY POINTS AND RECOMMENDATIONS

1. Uncontrolled transfusional iron overload increases the risks of heart failure, endocrine
damage, liver cirrhosis and hepatocellular carcinoma in transfusion-dependent β-
thalassaemia (TDT) (Grade C).

2. The absolute change in total body iron in response to transfusion and chelation can be
calculated from change in liver iron concentration (LIC). The direction of change in body
iron in response to transfusion and chelation can usually but not always be estimated from
the trend in serum ferritin (SF). Cardiac storage iron concentration is directly related to the
risk of heart failure, which can be reliably estimated by myocardial T2* (mT2*). Cardiac iron
accumulates later than liver iron, and is rare before the age of 8 years or 5 years of transfusion
on those beginning regular transfusion later in life, affecting a subset of patients; while
chelation of storage iron from the liver tends to be faster than from the myocardium (Grade
B, Class I). 

3. Serial SF measurement is indicated in all TDT patients, to be conducted regularly at least
every 3 months or at shorter/longer frequencies as needed based on iron overload level
and iron chelation modification needs (Grade B, Class I).

4. Hepatic and cardiac magnetic resonance imagining (MRI) for the assessment of LIC and
mT2* should be performed annually starting the age of 8-10 years (or earlier if feasible
without sedation need). Shorter/longer frequencies can be adopted as needed based on
iron overload level and iron chelation modification needs. Reading and interpretation
should be done by trained staff or outsourced third party vendors, using a validated method
with appropriate calibration and MRI acquisition techniques (Grade B, Class IIa).

5. LIC determination should be considered in patients whose SF levels are high (>4000 ng/mL)
or deviate from expected trends, or when new chelating regimes are being used. LIC
assessment cannot predict (or replace) mT2* assessment (Grade C, Class IIb). An algorithm
for prioritisation of MRI assessment when resources are limited is provided in Chapter 4,
Figure 15. 

6. TDT patients should undergo regular assessment for growth, development, and organ
function (including the heart, liver, and endocrine glands) as per recommendations in
respective Chapters in these Guidelines. 

7. Chelation therapy is an effective treatment modality in improving survival, decreasing the
risk of heart failure, and decreasing morbidities from transfusion-induced iron overload
(Grade C, Class I).

8. Chelation therapy at the correct doses and frequency can balance iron excretion with iron
accumulation from transfusions (Grade A, Class I).

9. Prevention of iron accumulation using chelation therapy is preferable to rescue treatment
because iron-mediated damage is often irreversible, and removal of storage iron by
chelation is slow - particularly after it has escaped the liver (Grade B, Class I).

10. Response to chelation is dependent on the dose applied and the duration of exposure
(Grade A, Class I).



11. Response to chelation is affected by the rate of blood transfusion (Grade B, Class I).

12. Chelation therapy removes myocardial storage iron slowly (months or years) (Grade A, Class I).

13. Chelation can reverse iron-mediated cardiac dysfunction rapidly (within weeks) by rapid
chelation of labile iron, if 24-hour chelation cover is achieved (Grade B, Class IIa).

14. The optimal chelation regimen and dosing depend on approved local indications (Table 5)
and prescribing information of individual chelators, must be tailored for the individual, and
will vary based on current clinical situation and iron overload profile (refer to Section 10 in
this Chapter) (Grade A, Class I).

15. Over-chelation increases side effects from chelation therapy, and doses should therefore
be decreased as serum ferritin or liver iron levels fall (demonstrated most clearly with
deferoxamine) (Grade B, Class I).

16. Patients receiving iron chelation should be closely monitored for unwanted adverse effects
and their management including dose modifications/interruptions according to local
prescribing information (Grade A, Class I).

17. Chelation therapy will not be effective if it is not taken regularly – a key aspect of chelation
management is to work with patients and their families to optimise adherence (Grade B,
Class I).
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1. INTRODUCTION
Despite the improvements in the outlook for β-thalassaemia patients over the past years [1, 2],
cardiovascular complications still account for a significant proportion of mortality and morbidity,
either because of limited access to or poor compliance with contemporary disease-specific
therapies or because of ageing of patients treated properly with these therapies. 

The improvement in survival has resulted from the effective implementation of modern diagnostic
and therapeutic modalities, including magnetic resonance imaging (MRI)-guided chelation therapy
[3] and the adoption of more intensive, sometimes combined chelation regimes [1, 4]. This progress
is not however universal and β-thalassaemia populations living in low- and middle-income
countries (LMICs) are often faced with limited access to optimal care and therefore the global
burden of life-limiting complications, including cardiovascular disease remains high [5-7]. Adopting
simplified, rapid diagnostic techniques using rapid MRI, applicable in LMICs should help improve
access and thus holds the promise to improve the iron overload burden [8, 9]; but this cannot be
achieved without significant concomitant improvements in the education of patients and
physicians and better organisation of health service delivery systems [10-12]. On the other hand,
patients living in richer nations are faced with ageing-related cardiovascular conditions, in particular,
atrial fibrillation and heart failure with preserved ejection fraction (HFpEF) [13].

This Chapter provides an overview of cardiovascular complications that may arise in transfusion-
dependent β-thalassaemia (TDT), focusing on the particularities of cardiovascular disease in these
patients that need to be taken into consideration during their assessment and treatment. 

2. PATHOPHYSIOLOGY 
The pathophysiology of cardiovascular disease in β-thalassaemia has been reviewed in detail
elsewhere (Figure 1) [14, 15]. In the pretransfusion era, the severe chronic anaemia dominated the
picture, to be overtaken by excessive tissue iron loading after regular transfusion became the
standard of care. Once chelation was adopted to remove iron, the dominant cause of mortality in
young adults, cardiac iron overload, was addressed and survival improved. Today, most β-
thalassaemia patients can expect to survive into old age, albeit with considerable cardiovascular
issues to be managed, which include atrial fibrillation, restrictive ventricular physiology producing
the syndrome of HFpEF and pulmonary hypertension. 
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Figure 1.The effects anaemia on morbidity and the effect of transfusions given to mitigate chronic anaemia
in patients with β-thalassaemia. (A) Regular transfusions increased the median survival in β-thalassaemia
major from less than 10 years in the 1960s to about 18 years in the 1970s with subsequent further significant
improvement due to advances in management of iron overload [3, 18]. (B) Survival in patients with NTDT
placed on regular transfusion is much better than patients with NTDT only occasionally transfused, with
12.5% of deaths from non-iron-related cardiomyopathy [20]. (C) Number of morbidities in NTDT over 10 years
is directly related to haemoglobin level with the probability of multiple morbidities about 3 times higher at
9 g/dL than at 10 g/dL [22]. (D) Morbidity-free survival is significantly better if the haemoglobin is >10 g/dL
[21]. Abbreviations: NTDT, non-transfusion-dependent β-thalassaemia; Hb, haemoglobin. Reproduced with
permission from [16].

3. CARDIOVASCULAR CONSEQUENCES OF CHRONIC ANAEMIA

Recommendations for a target pretransfusion haemoglobin level of ≥9.0-9.5 g/dL have
substantially improved the quality of life for TDT patients, with a demonstrable, additional
associated survival benefit [3, 16-18]. Moreover, untreated anaemia (especially with haemoglobin
levels <10 g/dL) has been consistently associated with increased risk of cardiovascular disease-
related morbidity and mortality in patients with non-transfusion-dependent β-thalassaemia 
(Figure 2) [19-22]. Even the modest chronic anaemia that most, even transfused β-thalassaemia
patients endure, has important acute and longer-term cardiovascular consequences. The
immediate effect of anaemia is to cause a compensatory increase in cardiac output to maintain
tissue oxygen delivery, which is further compromised in β-thalassaemia by the relative excess of
foetal haemoglobin (HbF), which releases its oxygen less well than adult haemoglobin (HbA). β-
Thalassaemia patients may therefore have larger cardiac chamber sizes for their body surface area
than non-affected individuals [23] and the lower limits of normality for parameters such as the
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ejection fraction are higher in β-thalassaemia than non-thalassaemic populations, at least in the
older age groups, 63% being suggested as the probable lower limit of normality [24]. 

Awareness of these adaptations and differences in β-thalassaemia becomes important clinically
when determining the cardiovascular status of individual patients. Chronic anaemia is also
associated with a vasodilated circulation and it is no surprise that blood pressure is lower in healthy
thalassaemic patients than in non-thalassaemic individuals [25]. Despite vasodilatation, studies
have shown a reduced vascular compliance [26], with increased afterload on the heart [27].
Maintained for a lifetime, these haemodynamics will exacerbate and probably accelerate the ageing
of the circulation leading to the development of restrictive ventricular physiology [24, 28], a scenario
that might contribute to the development of atrial fibrillation and HFpEF. Low blood pressure may
make it difficult to treat thalassaemic patients with cardiac medications which tend to lower blood
pressure further. 

Figure 2.The effects anaemia on morbidity and the effect of transfusions given to mitigate chronic anaemia
in patients with β-thalassaemia. (A) Regular transfusions increased the median survival in β-thalassaemia
major from less than 10 years in the 1960s to about 18 years in the 1970s with subsequent further significant
improvement due to advances in management of iron overload [3, 18]. (B) Survival in patients with NTDT
placed on regular transfusion is much better than patients with NTDT only occasionally transfused, with
12.5% of deaths from non-iron-related cardiomyopathy [20]. (C) Number of morbidities in NTDT over 10 years
is directly related to haemoglobin level with the probability of multiple morbidities about 3 times higher at
9 g/dL than at 10 g/dL [22]. (D) Morbidity-free survival is significantly better if the haemoglobin is >10 g/dL
[21]. Abbreviations: NTDT, non-transfusion-dependent β-thalassaemia; Hb, haemoglobin. Reproduced with
permission from [16].
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4. CARDIOVASCULAR COMPLICATIONS 

A wide range of cardiovascular abnormalities are seen in patients with β-thalassaemia, involving
an interaction between the adaptations to chronic anaemia plus a dominating influence of excess
tissue iron loading and changes in coagulation in the context of endocrinopathies, including dia-
betes.  

4.1. Cardiac dysfunction

Tissue iron loading begins in β-thalassaemia once transferrin saturation is exceeded, by a combi-
nation of dysregulated gastrointestinal iron absorption plus exogenous sources from transfused
blood [29]. Non-transferrin-bound iron enters heart cells via a number of mechanisms (Figures 3
and 4) [30-32]. The importance of L and T-type calcium channels has been emphasised and has po-
tential therapeutic implications for inhibiting myocyte iron loading, by calcium channel blocking
drugs, which are in widespread global use for common conditions, such as hypertension.

Figure 3. Iron homeostasis in cardiac myocytes. Iron in blood is normally bound to Tr and enters cells through
specific receptors (TFR1 & TFR2β). The only method of exit from the cell is via FPN1. Unbound iron Fe2+ enters
cells via DMT1, as well as calcium channels (LTCC and TTCC). Within the myocyte it is bound to ferritin, but
also stored in mitochondria, excess iron appears in a labile pool. Abbreviations: ACO1, aconitase 1; ARE, AU-
rich element; DMT1, divalent metal transporter 1; IRE, iron-responsive element; IRP, iron regulatory protein;
FPN1, ferroportin-1; FTH, ferritin heavy chain; FTL, ferritin light chain; LTCC, L-type calcium channel; NDUSF1,
NADH:ubiquinone oxidoreductase core subunit S1; TF, transferrin; TFR1, transferrin receptor 1; TFR2β,
transferrin receptor 2β; TTCC, T-type calcium channel; TTP, tristetraprolin; UQCRFS1, ubiquinol-cytochrome
c reductase, rieske iron-sulfur polypeptide 1; UTR, untranslated region; ZIP8, zinc transporter 8; and ZIP14,
zinc transporter 14. Reproduced with permission from [30]. 
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Once inside myocytes, iron binds to cytosolic ferritin, where it is safely sequestered, but if the storage
capacity is exceeded, the release of free iron is highly toxic to cells [33]. Thus, patients may have
significant iron overloading for long periods, even years, without major effects on cardiac function.
However, rapid decompensation with acute myocyte contractile failure, producing acute heart
failure, may occur at any time, precipitated by infection or other physiological or metabolic insults.
The risk of decompensation rises with the degree of iron loading, as determined by the MRI
relaxation parameter, T2*, to approach nearly 50% at one year for the most severely loaded patients
(T2* <6 msec; Figure 5) [31, 34]. This observation underpins the critical importance of the detection
of cardiac iron loading before symptoms, or clinical signs of cardiac failure are evident and, even
more importantly, emphasises the crucial role of preventing iron loading in the at-risk populations.

Figure 4.Pathophysiology of iron overload cardiomyopathy. Lines indicate not well-defined
mechanisms; double line, indirect effects. Redrawn with permission from [31].



CHAPTER 04

127

4.1.1. Acute heart failure in iron overload

The dramatic presentation of acute decompensated heart failure has become a rarity in most
centres dealing with β-thalassaemia. As a form of acute heart failure, it is unusual, by virtue of its
capacity to be reversed by treatment with iron chelation, initially parenterally, but supported by
oral chelators [35] and conventional techniques for acute heat failure treatment [36]. A strategy for
managing acute iron-induced heart failure is presented in Table 1 [37]. 

4.1.2. Chronic ventricular dysfunction and heart failure with reduced ejection fraction (HFrEF)

A more frequently encountered phenotype in current clinical practice is the patient with impaired
ventricular contractile function, often first detected during surveillance echocardiography, or MRI.
Unless other causes for heart failure are definitively identified, treatment should be based around
iron chelation, as this presentation is frequently associated with difficulties with adherence to
chelation therapy.

Left ventricular systolic dysfunction, or a drop in left ventricular ejection fraction (LVEF) from
previously documented values, generally indicates significant iron overload and requires increased
chelation, after careful determination of possible causes for non-adherence to prescribed treatment. 

Figure 5. Schematic representation of the relationship of cardiac iron overload, as estimated by
magnetic resonance imaging T2*, left ventricular ejection fraction, and the risk of heart failure in
patients with β-thalassaemia. 1Data extracted from  [34]. Reproduced with permission from [31].
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Table 1. Management of acute decompensated heart failure in transfusion-dependent β-
thalassaemia. Adapted with permission from [37].

The aim of treatment in acute heart failure is to keep the patient alive so that iron chelator treatment
can detoxify the cardiac iron. The following management strategy is recommended:

1. Immediate commencement of 24-hour-per-day continuous (uninterrupted) intravenous iron chelation
treatment with deferoxamine 50 mg/kg/day.

2. The patient should have continuous electrocardiographic and haemodynamic monitoring.
3. As soon as is practical, perform bedside echocardiography to confirm the diagnosis of heart failure

and exclude other cardiovascular conditions, including pulmonary embolism.
4. Introduce deferiprone as soon as possible at a dose of 75 mg/kg/day in divided doses.
5. Supportive haemodynamic therapy should be geared to maintain cerebral and renal perfusion,

avoiding aggressive inotropic therapy, which can be detrimental. Blood pressure is typically low in
transfusion-dependent β-thalassaemia patients and should not attract specific therapy if renal and
cerebral perfusion is maintained.

6. Only minimum diuretic treatment should be used because of the importance of maintaining preload.
Consideration should be given to the alternatives such as venous ultrafiltration.  

7. Cardiac arrhythmias are common and often respond to continuous iron chelation treatment.
Meticulous attention should be given to normalization of electrolyte abnormalities, and consideration
should be given to the use of magnesium infusion to stabilise ventricular arrhythmia. Nevertheless,
amiodarone is the drug of choice to treat haemodynamically significant arrhythmias. β-Blockers can
be used if the haemodynamic status allows.

8. Maintain meticulous glucose control with insulin/potassium infusion. This may also help with cardiac
inotropic status.

9. Give hydrocortisone on the presumption of inadequate adrenal response to stress.
10. Check thyroid, liver, and renal function and calcium, magnesium, vitamin D, carnitine, and other

metabolic parameters and correct these when necessary.
11. Maintain haemoglobin between 10 and 12 g/dL. This may require frequent small-volume transfusions. 
12. Search for precipitating conditions such as infections and correct as necessary.
13. The introduction of β-blockers has the merit of reducing the propensity to arrhythmia and may take

priority over renin-angiotensin-aldosterone system inhibitors. 
14. Cardiac MRI T2* should be performed as soon as is practical. If cardiac T2* is >20 ms, then myocarditis

should be considered as a cause of heart failure, using a standard cardiac MRI myocarditis protocol.

Additional notes:

l Clinical stabilization can occur within 14 days after commencement of continuous iron chelation
treatment but can also take months.

l Patients with renal failure may require early dialysis to remove the iron chelator complex and, although
experience with this is limited and may vary by chelator.

l Deferasirox has not been evaluated in acute heart failure and may be ill-advised in the presence of
marginal renal perfusion.

l Consideration should be given to mechanical support devices to support both ventricles, bearing in
mind the right ventricle is often compromised. There is no published evidence for this approach.

l Discussion with a cardiac transplantation centre should be undertaken early, so that a timely transfer
can be considered if the initial response is inadequate.



CHAPTER 04

129

Although there are no prospective trials specifically addressing TDT patients with impaired left
ventricular function or heart failure, they need to be given the opportunity to benefit from current
optimal heart failure treatment strategies, as indicated in published guidelines [38] Treatment is
often complicated by the tendency for heart failure drugs to exacerbate pre-existing low blood
pressure and dosage titration of heart failure medication needs to be individualised. 

The length of time heart failure medication should be continued, once iron overload has been
reversed, a situation that may take years of intensified chelation, is not established. In other forms
of heart failure, in non-thalassaemic populations, cessation of heart failure medication once normal
function has been restored, has been associated with recurrence of cardiac dysfunction, so that life-
long continuation is recommended [39]. It is not clear whether such a recommendation is justified
in β-thalassaemia, where cardiac dysfunction is related to a specified cardiac “toxin”, excess iron.

Following the pragmatic principles of increasing chelation adherence, targeting the reduction of
tissue iron overload and using conventional heart failure medication, where indicated, there has
been a demonstrable reduction in mortality and in the development of heart failure [1, 40].
Combining chelators has been associated with improved rates of tissue iron removal and
improvements in cardiac function [41-44] and, thus, would appear to be the treatment of choice
when ventricular dysfunction is detected.

4.1.3. Restrictive physiology and heart failure with preserved ejection fraction 

Cardiac restriction refers to the syndrome characterised by changes in compliance of the ventricles,
increasing the resistance to filling in diastole. Clinically, the features seen on scanning include
enlarged atria, decreased atrial systolic function and high ventricular filling pressures. Overall
ventricular systolic function is often preserved, although parameters of longitudinal function are
usually abnormal. Some of these features have been reported in small studies of thalassaemic
patients [45] and there is a relationship with iron loading [46]. These changes in cardiac diastolic
function are often insidious and exacerbated by ageing. In time, systolic dysfunction may also occur.

Increased left atrial filling pressures lead to increases in pulmonary arterial pressure which if severe
may generate right heart failure through post-capillary pulmonary hypertension and right-sided
heart failure, especially if the right ventricle is involved with iron overload. 

In β-thalassaemia, iron loading of the tissues, chronic anaemia with the associated persistent high
output state and abnormalities of vascular endothelial function [26], plus diabetes, all contribute
to the development of restriction and subsequent potential progression to HFpEF. 

For the patient, fluid congestion, oedema, hepatic congestion, exercise limitation and a high risk
of atrial fibrillation are the consequences. Historically, HFpEF was treated purely symptomatically,
largely with diuretics. However, sodium glucose co-transporter 2 inhibitors (SGLT2i) have shown a
mortality benefit in all types of heart failure, including, for the first time, in HFpEF [47]. Thus,
although there is no direct prospective data in β-thalassaemia so far, it appears rational to consider
the introduction of SGLT2i early in β-thalassaemia patients with any form of heart failure (including
HFrEF and HFpEF) [47].

Otherwise, treatment is largely geared to prevention, by amelioration of the factors leading to the
syndrome of HFpEF. This would include optimal pretransfusion haemoglobin, intensive chelation,
and now, the early consideration of SGLT2i therapy in patients with diabetes and/or chronic kidney
disease (CKD), as SGLT2i have been shown to prevent heart failure events in general patients with
diabetes and CKD [47]. 
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4.2. Pulmonary hypertension

Pulmonary hypertension is relatively uncommon in TDT patients, as evident from studies in Europe
(9/1062, 0.8%) [1], and more frequently encountered in non-transfusion-dependent β-thalassaemia
patients (4.8%), especially in splenectomised adults [48]. It is also likely more prevalent in LMICs
[49, 50].

Pathophysiologically, pulmonary hypertension may be due to left ventricular disease, pulmonary
disease, pulmonary arterial obstruction, or pulmonary arterial vascular disease (pulmonary arterial
hypertension). β-Thalassaemia patients are likely to have a combination of several of these
components in action generating the risk of pulmonary hypertension and leading to right-sided
heart failure and premature mortality (Figure 6) [51].

       

Figure 6. Major heart and lung pathogenic features in patients with β-thalassaemia and pulmonary
hypertension. Reproduced with permission from [51].
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Pulmonary hypertension appearing in response to left ventricular dysfunction and raised left atrial
pressures generated by HFpEF or by HFrEF requires treatment geared to improve systolic and
diastolic left ventricular function, or better, to prevent the development of dysfunction. In this
instance, by iron chelation and maintenance of pretransfusion haemoglobin as high as practicable.
Unloading the heart, using conventional heart failure medication where indicated, and a low
threshold to consider SGLT2i for those at risk of or suffering from HFpEF, would appear to be the
rational approach.
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Figure 7. Taken from a prospective study of patients with catheter proven PAH. (A) Kaplan-Meier
survival curve for PAH-related mortality. (B) Receiver operating characteristic curve for relative
change in sPAP as a predictor of PAH-related mortality. (C) Kaplan-Meier survival curve for P
AH-related mortality by receipt of PAH-related therapy (one, two, or none). Abbreviations: PAH,
pulmonary arterial hypertension; sPAP, systolic pulmonary artery pressure. AUC, area under the
curve. Reproduced with permission from [53].

Intravascular haemolysis, with the liberation of free haemoglobin in the circulation, is believed to
be an important factor in generating endothelial dysfunction in haemoglobinopathies. Thus,
pulmonary arterial hypertension, where abnormalities of left ventricular function are excluded
(pulmonary capillary wedge pressure <15 mmHg) and the abnormality rests within the pulmonary
vasculature, is encountered where haemolysis is high, specifically in previously under-transfused
patients, e.g. non-transfusion-dependent β-thalassaemia (β-thalassaemia intermedia) [52]. A recent
longitudinal follow up of β-thalassaemia patients (major and intermedia) with pulmonary arterial
hypertension revealed a survival of 60% at 5 years (Figure 7) [53], and improvement in pulmonary
arterial pressure has been observed in patients receiving specific pulmonary arterial hypertension-
related medications [53, 54], although data from randomised clinical trials in β-thalassaemia are
still lacking.
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Pulmonary thromboembolic disease is a risk in β-thalassaemia, particularly for those who have
undergone splenectomy. It may account for up to 30% of pulmonary hypertension cases in β-
thalassaemia according to one small study [55], but because of the possibility of treatment with
anticoagulation, the potential contribution of pulmonary embolism to pulmonary hypertension
should be sought in all β-thalassaemia patients.

Since pulmonary hypertension carries a risk for reduced survival, the clinical emphasis should be
on preventing the development of pulmonary hypertension by addressing the underlying
pathophysiology (Figure 8) [51], and focusing on maintaining good left ventricular function,
minimising haemolysis rates, preventing thromboembolism, and ensuring healthy lungs.  

Figure 8. Pathophysiology and risk factors of pulmonary hypertension in β-thalassaemia. Redrawn
with permission from [51].

4.3. Arrhythmia

Arrhythmias are common in the iron-loaded population, with an increasing frequency as they age,
where atrial fibrillation is the commonest clinical problem encountered [56]. It is crucial to consider
the propensity to arrhythmia and management within the clinical context of the TDT patient,
specifically their cardiac iron loading status and current underlying ventricular function. 

When iron overload is severe, all forms of arrhythmia from heart block to tachycardias may be
encountered and pose a medical emergency, especially if there is impaired ventricular function.
From the earliest clinical descriptions of β-thalassaemia, complete heart block (CHB) was described,
but is very infrequently encountered in current practice (Figure 9). Although CHB may reverse with
immediate intense chelation with deferoxamine, a pacemaker is now usually implanted to stabilise
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Figure 9. An electrocardiogram strip demonstrating complete heart block (p-waves marked “p”,
ventricular QRS complexes marked “v”) from a young β-thalassaemia patient presenting with severe
right heart failure due to iron overload. Figure courtesy of JM Walker. 

the situation and allow cardiac iron removal to occur over days and weeks. In some patients, normal
conduction is never regained, despite “de-ironing” the heart. Permanent implantable devices,
pacemakers, implantable cardioverter-defibrillators (ICD) and their leads are now, by default,
compatible with MRI scanning.

Ventricular tachycardia (Figure 10) is usually a manifestation of severe ventricular impairment and
iron overload. It carries the risk of sudden death and deserves immediate admission to hospital for
expert assessment and likely ICD implantation, despite responding to intensive parenteral chelation
with deferoxamine presumably due to the immediate mopping up of toxic non-transferrin-bound
iron. 
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Atrial fibrillation in a younger age group, is usually a manifestation of significant iron overload and
in those patients can precipitate acute cardiac decompensation and needs to be reversed early,
usually by urgent direct current cardioversion. Acute management follows the suggested lines for
decompensated heart failure (Table 1) [37], with parenteral deferoxamine supported by oral
deferiprone in the subacute stage. 

Thus, although there appears to be a relationship between atrial fibrillation and iron loading, as
measured by the MRI T2*, it is not as strong or predictable a relationship as it is for T2* and the
development of heart failure (Figure 11) [34]. 

Figure 10. A rhythm strip demonstrating a broad complex tachycardia in a 29-year-old patient with
β-thalassaemia and heavy cardiac iron loading (T2* <6 ms), presenting to clinic with palpitations and
near-syncope. Figure courtesy of JM Walker.
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Figure 11. Risk of developing arrythmia within 12 months, according to the level of cardiac iron,
measured by magnetic resonance imaging T2*. Modified with permission from [34].

Figure 12. Wearable 7-day electrocardiogram recorder strips obtained from a 44-year-old
transfusion-dependent β-thalassaemia patient with no cardiac iron (T2* 34 ms), but a history of
congestive heart failure more than 20 years previously. The history was of occasional attacks of fast,
uncomfortable palpitations without syncope. The top two samples during the day revealed normal
sinus rhythm. The bottom strip shows a narrow QRS tachycardia (atrial fibrillation) with a fast heart
rate in the early hours of the morning (this episode was asymptomatic). Figure courtesy of JM Walker.

Paroxysmal atrial fibrillation is often encountered in older patients, with a prevalence of up to 40%
in β-thalassaemia patients over 40 years of age [57, 58]. In this scenario, iron overload is frequently
absent, but the risk factors for the development of atrial fibrillation include diabetes, a distant
history of iron overload and non-specific electrocardiogram (ECG) abnormalities, such as right
bundle branch block (RBBB) (Figure 12) [57]. 
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The risk of embolisation is increased in the haemoglobinopathy subpopulation, especially if they
have had a splenectomy and anticoagulation should be considered. Increasingly, it is recognised
that the burden of atrial fibrillation is important in making any decision about, what is likely to be
life-long anticoagulation [59], particularly as it may affect younger age groups within the β-
thalassaemia population. It is important to note that widely applied stroke risk calculators, such as
the CHA2DS2-VA scores, applied to patients with atrial fibrillation to decide on the need for
anticoagulation, should not be applied to patients with haemoglobinopathies [60].

A detailed description of the treatment of atrial fibrillation other than in broad principles is not
appropriate in this Chapter but has been the subject of extensive review elsewhere [61, 62]. In all
cases, patients will require an assessment of the frequency of attacks, the underlying cardiac status,
including iron loading, cardiac function, chamber sizes (patients with large atria will be more
difficult to treat than patients with normal or near-normal left atrium size), as well as assessment
of diabetes and other endocrinopathies. 

Infrequent atrial fibrillation of short duration in a patient with no cardiac iron overload may not
require any intervention, other than reassurance. In other circumstances, the risk factors of iron,
ventricular function and diabetes, will need to be optimised and anticoagulation discussed. Patients
with difficult to control atrial fibrillation may require interventions such as ablation and/or
pacemaker therapy.

4.4. Other forms of cardiovascular disease

4.4.1. Thromboembolism

The hypercoagulable state that exists for β-thalassaemia patients predisposes them to both arterial
and venous thrombosis, a risk which appears to be 4-fold higher in non-transfusion-dependent β-
thalassaemia than TDT patients who receive less or no transfusion [63]. It has been attributed to
various underlying mechanisms including a thrombogenic potential of haemolysed red blood cells,
platelet activation and thrombocytosis, iron-mediated endothelial damage, and coagulopathy, all
which have been seen at higher rates in splenectomised adults [64, 65]. A thalassaemia-related
thrombosis system (TRT-RSS) has been suggested and included patient age >35 years,
haemoglobin level <9 g/dL, serum ferritin level ≥1000 ng/mL, splenectomy, and transfusion-
independence as independent risk factors to be considered in the context of other conventional
risk factors in local risk scoring systems and prophylaxis guidelines for medical and surgical patients
[66]. Strokes, even amongst younger patients, are encountered and atrial fibrillation is clearly an
important risk factor, as noted in a number of small case series [67-69].

4.4.2. Pericardial disease

Historically, pericardial involvement including pericarditis with severe iron overload was reported,
but its prevalence in countries with access to good care and reduced tissue iron loading is now
very low [52, 70].

4.4.3. Valvular disease

Co-existing valve disease may be encountered in TDT patients and should be managed
conventionally, whilst bearing in mind the additional cardiac burden imposed on these patients
by the chronic high output state imposed by a persisting, although mild, anaemia. An increased
occurrence of degenerative aortic stenosis may be expected in ageing β-thalassaemia populations,
although relative epidemiological data are missing [13].
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4.4.4. Non-iron-related cardiomyopathy

Non-thalassaemia related inherited cardiomyopathies, such as hypertrophic cardiomyopathy, may
very rarely occur coincidentally with β-thalassaemia. Their identification and characterisation may
explain abnormalities of cardiac function or severe arrhythmia not due to iron overload or chronic
anaemia; such diagnoses should be investigated and treated by expert specialist services. 

4.4.5. Arteriosclerosis

Arteriosclerosis would be expected to be accelerated in the thalassaemic population, by virtue of
their multi-system condition with intravascular haemolysis, chronic inflammation and additional
“conventional” risk factors for arteriosclerosis, including diabetes. It has been detected in animal
models of β-thalassaemia [71] and increases in intima-media thickness reported in children [72,
73], with changes in vascular compliance also documented [26]. However, classical arteriosclerotic
coronary disease does not appear to be prevalent in the ageing β-thalassaemia cohorts in Europe.
Nevertheless, it is not reasonable to withhold conventional risk factor treatment, or advice on
healthy lifestyles to TDT patients, in the hope that they are protected in some, as yet, unidentified
fashion.

4.4.6. Cancer

With an ageing population, it is inevitable that some β-thalassaemia patients will develop cancer.
Some, such as hepatocellular carcinoma, are specifically prevalent due to underlying iron overload
or hepatitis C virus infection and liver disease [74]. Although cancers should be treated according
to current best practice, the potential for TDT patients to have higher cardiac toxicity from
anthracycline-containing chemotherapy should be considered [75] and suitable intensive
surveillance and cardio-protective measures need to be discussed with the oncology team and, if
needed, a cardio-oncology expert [76]. 

5.  CARDIAC DIAGNOSTICS

5.1. Electrocardiogram

The ECG remains an essential part of a cardiovascular assessment, and non-specific abnormalities
are frequently encountered in practice, but the essential clinical message is that a normal ECG does
not exclude significant myocardial iron loading or imply a low risk of events (Figure 13).

Many arrhythmias are intermittent and require prolonged ECG monitoring to capture. The
technology to achieve this has improved radically in recent years and includes conventional 24-
hour Holter monitors, wearable patch ECGs lasting from 7 to 14 days or more, implantable loop
recorders with a life of years, to patient worn smart devices. Choosing the appropriate tool is
important to maximise the likelihood of detecting an intermittent, but potentially serious problem
and has been reviewed elsewhere [77].
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Many arrhythmias are intermittent and require prolonged ECG monitoring to capture. The
technology to achieve this has improved radically in recent years and includes conventional 24-
hour Holter monitors, wearable patch ECGs lasting from 7 to 14 days or more, implantable loop
recorders with a life of years, to patient worn smart devices. Choosing the appropriate tool is
important to maximise the likelihood of detecting an intermittent, but potentially serious problem
and has been reviewed elsewhere [77].

5.2. Echocardiography

Echocardiography is a widely available, safe and painless technique that provides instant, bed-side
cardiovascular assessment. It forms the basis for most cardiovascular surveillance and has
developed significantly in recent years. Like all ultrasound imaging, there is an important problem
with variability, which needs to be minimised by adherence to image acquisition techniques and
appropriate rigorous training of sonographers to international standards [78]. 

Figure 13. Two electrocardiograms from the same adult with transfusion-dependent β-thalassaemia.
The top trace was recorded when he was seriously iron overloaded with no abnormality of systolic
cardiac function (by echo). The electrocardiogram shows sinus rhythm (with some electrical artifact in
lead V1) with widespread, deep T-wave inversion (most marked in V3 and V4). The bottom trace was
recorded some years later, when cardiac iron had normalised. T-wave inversion persists but is less
marked. Figure courtesy of JM Walker.
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Detailed analysis of chamber size and detection of acquired problems (e.g., intra-cardiac thrombus
[79]) or developmental defects (e.g., atrial septal defects) allows for precision in cardiovascular
assessment for TDT patients.

The LVEF is the ubiquitously used parameter of systolic function. It has an approximate 10%
coefficient of variability that can be improved with modern techniques, using volumetric analysis
(3D and 4D echo). The LVEF changes late with iron overload, although progressive reduction in
LVEF or even right ventricular ejection fraction over time, whilst remaining within normal ranges,
may alert clinicians to a developing problem, in this context, likely to be increasingly severe cardiac
iron content. 

Newer modalities, such as tissue Doppler imaging (TDI) and strain measurements (global
longitudinal strain [GLS]) have improved the sensitivity of echo assessment [80]. Including echo
scanning in surveillance programmes allows changes in parameters to be used to triage individuals
for more complex, expensive and less accessible tests, such as MRI scans [81]. In the absence of, or
if there is likely to be a significant delay in obtaining an MRI, the observation of progressive
deterioration in echo parameters should stimulate a change to more intensive therapy and/or
encouragement to improve adherence of prescribed iron chelation. 

Screening for the development of pulmonary hypertension can only practically be undertaken
with echocardiography, where a tricuspid valve regurgitant jet velocity (TRVmax) of >3.2 m/s
provides an upper limit above which pulmonary hypertension becomes likely (positive predictive
value of 93.9% in a cross-sectional study of β-thalassaemia) [48], and has been associated with
adverse outcomes [82]. Prospective studies to help determine the best criteria by which patients
need to be selected for referral for diagnostic right heart catheterisation are not available, but
clinicians should seek advice early to reduce the chance that vascular changes become irreversible.
Importantly, potentially remediable causes of pulmonary hypertension, such as pulmonary
embolism, need to be actively sought and excluded.

5.3. Cardiac magnetic resonance imaging 

The development of MRI to non-invasively quantify tissue iron [83] has proven to be a highly
successful clinical advance in the management of TDT, accredited with aiding a 70% fall in mortality
[3]. The T2* has become the international standard for risk assessment related to tissue iron loading,
but its reliability depends critically on strict adherence to scanning and calculation protocols (Figure
14) [84]. 

CHAPTER 04
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Iron content is assessed by estimation of relaxation parameters, such as R2*. But the T2* (reciprocal
of R2*) obtained on a 1.5 Tesla (T) MRI is the only measure to have been validated against physical
cardiac tissue measurement of iron content [85]. Many centres are replacing 1.5T MRIs with 3T
machines and although direct tissue validation of T2* measurements on 3T MRI scanners is lacking,
there is evidence that a good correlation for T2* obtained between scanners is possible, although
with reduced reproducibility at low T2* values (high iron content) [86].

In general terms, the risk of heart failure rises with increasing cardiac iron content, shown by a
falling T2* (Figure 5) [31, 34]. More recent analyses from the Italian MIOT group have demonstrated
improved prediction of cardiovascular complications by incorporating assessment of left ventricular
function, chamber size, and fibrosis into the risk profile [87].

The perceived complexity and expense of MRI has hampered adoption in some LMICs, but newer,
faster, and cheaper scan sequences are addressing these issues  [9, 88, 89]. To aid the speed and
accessibility of MRI, the use of mapping sequences for T1 and T2*, which are commercially available
and often provided with the scanner, has been explored [8]. These maps can provide an instant
assessment of cardiac iron content, colour-coded into categories of severe, moderate, and no iron,
obviating the need for third-party software tools to calculate T2*. 
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Figure 14. Four key components for an MRI-based iron measurement method. It is essential that data
acquisition, data analysis, and validation procedures match exactly to those used in the calibration
study. Even small deviations from protocols will cause calibration shifts and hence inaccurate
measurements. Abbreviations: MRI, magnetic resonance imaging; SIR, signal intensity ratio. Redrawn
with permission from [84].



Although MRI has become an indispensable tool in the management of iron overload in TDT,
hurdles exist in providing access in LMICs and ensuring reliable scanning techniques with validated
sequences and appropriate quality control measures are in place to provide reliable results. An
algorithm to aid patient selection and prioritization for MRI scanning when resources are limited
has been proposed (Figure 15) [90].
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Figure 15. A proposed algorithm to guide MRI T2* use, according to local availability. Abbreviations:
LIC, liver iron concentration; MRI, magnetic resonance imaging; SF, serum ferritin; ECG,
electrocardiogram, Q, every. Modified with permission from [90].

5.4. Blood biomarkers

Cardiac biomarkers such as N-terminal pro-B-type natriuretic peptide (NT-proBNP) and troponin
have a very limited role in managing most patients with iron overload but are useful in acute
decompensation and to manage fluid overload in chronic heart failure [36]. There is also some
scope to include NT-proBNP assessment when screening for pulmonary hypertension, with the
aim to improve diagnostic accuracy and risk assessment.
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5.5. Cardiac catheterisation 

Invasive right cardiac catheterisation is required to definitively diagnose pulmonary hypertension,
with a mean pulmonary arterial pressure >25 mmHg at rest, in patients with suspected pulmonary
hypertension by virtue of echocardiography screening. Catheterisation is generally reserved for
those patients where there is doubt about the diagnosis of pulmonary hypertension or where pre-
capillary pulmonary hypertension is a possibility and specific pulmonary arterial hypertension
treatments are being contemplated.

6. PREVENTION AND SURVEILLANCE

The approach to prevention of cardiovascular complications in TDT is now well-established [91],
although incompletely successful [1], in that, despite a reduced mortality rate, cardiovascular
disease still accounts for a high proportion of deaths (~ 50% of deaths in recent series from Europe)
[92]. Regular blood transfusion to optimise pretransfusion haemoglobin and adequate chelation
from a young age are the basic, unchanging principles in patients without access to curative
therapy.

The use of calcium channel blockers, such as amlodipine, have shown some promise in slowing
the accumulation of cardiac iron [93, 94], but have yet to be adopted generally in clinics. This may
be partly due to the blood pressure lowering effect of calcium antagonists, making their
introduction difficult in patients who already tend to have low blood pressure. 

As the TDT population ages, the detection and management of other risk factors for the
development of age-related cardiovascular conditions, need to be considered. Hypertension is very
rare in this population, unless there are specific renal factors affecting the patient. Hyperlipidaemia
is also rare. However, diabetes is common among other endocrinopathies, and these conditions
need to be well controlled. CKD may also occur and predispose to cardiovascular disease. 

Lifestyle modification, including regular exercise, healthy diet, weight control and smoking absence
are crucial for cardiovascular disease prevention and should be strongly recommended. Meanwhile,
surveillance for the early detection of cardiovascular complications is supported by international
experience and each centre will need to develop their own specific patient-oriented programmes
that take into account local factors. A simple proposal is illustrated in Figure 16.
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7. GENERAL APPROACH TO CARE 

Cardiovascular disease has been the single leading cause of mortality in TDT but is now
significantly declining in patient populations with access to modern multi-disciplinary care and
monitoring. The pathophysiology and phenotypes of cardiovascular disease depend on the
interaction between the main disease and the applied disease-specific therapy. The
cardiovascular spectrum consists of a wide range of disorders. Among them, iron overload
cardiomyopathy has long been the main form of heart disease in TDT patients but is now being
effectively prevented and managed with MRI-guided contemporary iron chelation therapy.
Regular cardiovascular assessment should be part of a multidisciplinary monitoring programme
and should ideally be performed by or in consultation with clinics or physicians with experience
in cardiovascular disease in haemoglobinopathies and in close collaboration with the attending
β-thalassaemia physician. The prevention and treatment of cardiovascular disease, besides
cardioactive therapies and interventions, relies crucially on the optimisation of disease-specific
therapy and the successful management of comorbid conditions. A lifestyle that promotes
cardiovascular health is an important part of cardiovascular prevention, while the particularities of
cardiovascular disease in TDT should be taken under consideration in the management of patients.
Most importantly, cardiac dysfunction and heart failure may be reversible by timely therapy.
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Figure 16. A basic algorithm for the cardiac evaluation of patients with transfusion-dependent β-
thalassaemia. Abbreviations: MRI, magnetic resonance imaging; ECG, electrocardiogram; CV,
cardiovascular; AF, atrial fibrillation; CT, computed tomography.
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KEY POINTS AND RECOMMENDATIONS

1. Regular cardiovascular assessment should be part of a transfusion-dependent β-thalassaemia
(TDT) patient’s multidisciplinary monitoring programme (Grade C).

2. Cardiovascular assessment and management should ideally be performed by or in consultation
with clinics or physicians with experience in cardiovascular disease in haemoglobinopathies
and in close collaboration with the attending β-thalassaemia physician (Grade C).

3. Magnetic resonance imaging (MRI) T2*-guided iron chelation therapy represents the best
available approach to prevent cardiac dysfunction related to iron overload (Grade B).

4. In places lacking cardiac MR T2* assessments, worsening of left ventricular function in serial
echocardiograms in TDT patients, particularly those with poor compliance with iron chelation
regimens, may be used as a red flag for iron toxicity and should prompt aggressive and
sustained escalation of chelation therapy (Grade B).

5. Echocardiographic screening should be part of annual cardiovascular assessment starting the
age of 10 years. In addition to routine parameters of function and chamber size, screening for
pulmonary hypertension should be undertaken. A tricuspid valve regurgitant jet velocity
(TRVmax) >3.2 m/s should be referred for specialist input, including the consideration of cardiac
catheterisation to confirm the diagnosis of pulmonary hypertension if a proximate cause, such
as pulmonary embolism cannot be identified and corrected (Grade B).

6. Combined therapy with deferoxamine and deferiprone represents the best available intensive
chelation for TDT patients with cardiac iron overload, with or without overt cardiac dysfunction
or heart failure (Grade B).

7. Diagnosis of cardiovascular disease should prompt optimisation of disease-specific therapy in
addition to cardioactive treatment (Grade C).

8. Regular electrocardiogram (ECG) monitoring should be considered. Opportunistic screening
for atrial fibrillation in older patients and, when indicated, ambulatory ECG monitoring should
be considered for the detection of atrial fibrillation, followed by evidence-based anticoagulation
therapy when significant atrial fibrillation burden is detected (Grade C).

9. Screening and treatment of endocrine and metabolic comorbidities is crucial for the prevention
and management of cardiovascular disease (Grade C).

10. Management of cardioactive therapies must account for a patient’s unique physiology
compared with the general population (Grade C).

11. Cardiac abnormalities including ventricular dysfunction, heart failure, and arrhythmias are
often reversible following intensification of disease-specific therapy, albeit after several
weeks or months (Grade C).

12. Lifestyle choices that promote cardiovascular health (absence of smoking, physical exercise,
weight control, healthy diet) should be vigorously promoted in TDT patients (Grade C).

13. Venous thromboembolic risk assessment and prophylaxis should be conducted for TDT patients
in medical and surgical settings based on local guidelines, especially in older patients who are
splenectomised, with low pretransfusion haemoglobin, or pregnant (Grade C).
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1. INTRODUCTION

Liver diseases are among the top causes of mortality with the latest data coming from the Global
Burden of Diseases Study identifying cirrhosis as the 18th leading cause of death worldwide [1].
Patients with transfusion-dependent β-thalassaemia (TDT) often have concomitant liver diseases
as a consequence of post-transfusion viral hepatitis B (HBV) and C (HCV) or iron overload. Recent
epidemiological data identify liver-related mortality as the 2nd (Global) cause of death in non-
transfusion-dependent β-thalassaemia (NTDT) patients [2] and the 2nd (Greece) [3] or 4th (Italy) cause
of death among patients with TDT [4]. Mortality from liver disease is the consequence of the
development of cirrhosis and its complications, namely hepatocellular carcinoma (HCC), end-stage
liver disease, and oesophageal/gastric variceal bleeding. In patients with chronic liver disease,
cirrhosis takes decades to develop, but its appearance can be accelerated by environmental factors
such as obesity and alcohol consumption [5]. Aetiological treatment in patients with chronic
hepatitis without cirrhosis eliminates the risk of progression to cirrhosis thus affecting liver-related
mortality [6, 7]. In patients with cirrhosis, effective treatment of the underlying cause is associated
with cirrhosis/fibrosis regression, while six monthly ultrasound surveillance aimed at early
identification of HCC as well as prophylactic treatment of portal hypertension in patients with
clinically significant portal hypertension (CSPH) to prevent variceal bleeding is demonstrated to
increase survival [6-8].

The management of liver disease in patients with TDT should thus focus on identifying the cause
of liver damage and ideally mitigating the damage, staging the severity of liver disease to identify
who should enter lifelong prevention for the complications of cirrhosis and counselling patients
on co-factors associated with liver damage (obesity, diabetes, alcohol). 
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2. DIAGNOSIS AND QUANTIFICATION OF LIVER DAMAGE IN PATIENTS 
WITH THALASSAEMIA

The approach to liver disease includes clinical parameters, biochemical/serological/molecular tests
and imaging techniques in order to identify the aetiological factor(s) and assess the severity of 
the injury. 

l Clinical examination: may reveal signs of systemic iron excess such as skin pigmentation and
hepatomegaly while in later stages stigmata of decompensated chronic liver disease (i.e., palmar
erythema, spider naevi), ascites, and encephalopathy may follow.

l Laboratory tests: may show moderate elevations (2-3 times higher than the upper limit of
normal) of the aminotransferases, aspartate transaminase (AST) and alanine transaminase (ALT)
and a mild increase of alkaline phosphatase and gamma glutamyl transferase (γGT). In the
presence of severe hepatic impairment, prolonged prothrombin time, low albumin, and high
serum bilirubin are found.

l Imaging techniques: ultrasound remains the most accessible method to evaluate hepatic
morphology and to recognise signs of fibrosis and cirrhosis. 

l Other non-invasive tests: non-invasive tests have been developed to identify patients with
cirrhosis or compensated advanced chronic liver disease (cACLD). Non-invasive tests include
serum tests such as the fibrosis-4 score (FIB-4) and vibration controlled hepatic transient
elastography (TE), a pulse-echo ultrasound technique for liver stiffness measurement (LSM), a
surrogate that can reduce the need for liver biopsy as a method to stage liver fibrosis. FIB-4 is a
simple model based on biochemical parameters of ALT, AST, platelet count, and the patient’s
age. Its accuracy in patients with β-thalassaemia can be affected by splenectomy and has been
generally shown to be suboptimal when compared to TE. LSM, measured by TE, correlates well
with stages of fibrosis in patients with β-thalassaemia [9-11]. TE >25 kPa also identifies patients
with CSPH that should receive prophylactic pharmacological treatment. TE is an easy-to-perform
tool which has now supplanted liver biopsy for routine examination for the evaluation of liver
fibrosis and the identification of CSPH. In patients with thalassaemia, it has moderate to high
accuracy, especially in thalassaemic patients with chronic HCV infection [12].  

3. IRON-MEDIATED LIVER DISEASE

Iron overload and chelation therapy are extensively covered in Chapter 3. Elevated serum ferritin
and liver iron concentration (LIC) have been consistently linked to an increased risk of liver disease
in patients with β-thalassaemia [13-16]. Effective iron monitoring and chelation therapy have also
been associated with reversal or stabilisation of liver fibrosis and reduced liver disease-related
mortality in β-thalassaemia [2, 17]. Chelator-associated liver toxicity may also require close
monitoring and dose modifications. 

4. THALASSAEMIA AND HEPATITIS B VIRUS 

HBV is a widespread global health concern, with an estimated 257 million people (3.2%) affected
by chronic HBV infection by 2022 [18-20]. Approximately, 1.5 million new infections occur each
year, and HBV-related complications such as cirrhosis and HCC were responsible for 820,000 deaths
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in 2019 [18, 19]. In the European Union and European Economic Area (EU/EEA) alone, approximately
3.6 million individuals are living with chronic hepatitis B, reflecting the ongoing burden of this
disease in both developed and developing regions [21-23]. 

TDT patients, in particular, are highly susceptible to HBV infection due to their dependence on
regular blood transfusions. Prior to the introduction of comprehensive blood screening protocols,
infected transfusions were a major route of HBV transmission, contributing significantly to the
infection rates in this population. Globally, the prevalence of HBV infection in β-thalassaemia
patients varies, with hepatitis B surface antigen (HBsAg) positivity rates ranging from 0.3% to
5.7%. The highest rates are often observed in Asian and Southeast Asian countries, where both
HBV and thalassaemia are endemic [24-32]. However, the introduction of mandatory blood donor
screening, including nucleic acid testing (NAT) for HBV DNA, has significantly reduced the risk of
transfusion-related HBV transmission. In countries with advanced healthcare systems, such as
the United States, Canada, and parts of Europe, the risk of transfusion-transmitted HBV is now
estimated to be very low [33-35].

Vaccination against HBV has also played a crucial role in preventing new infections, particularly
in high-risk populations such as TDT patients. Universal vaccination programmes, which confer
long-term immunity against HBV, have been shown to dramatically reduce the prevalence and
incidence of HBV-related liver disease, such as cirrhosis and HCC, in countries that have adopted
these measures. [36].

Recent epidemiological data reflect the success of preventive measures in reducing HBV
transmission in β-thalassaemia patients, particularly in countries with robust vaccination and
blood safety programmes. For example, the Italian Thalassaemia Registry reports that 5% of
thalassaemia patients with HCC are currently HBsAg-positive, with 58% showing evidence of
past HBV infection based on hepatitis B core antibody (HBcAb) positivity [37]. These figures
represent a significant reduction from historical levels, largely due to widespread vaccination
and improved blood donor screening. However, in regions with less stringent health protocols,
the burden of chronic HBV infection remains substantial, and thalassaemia patients in these areas
continue to be at increased risk of liver-related complications. 

Chronic HBV infection is a major cause of liver disease in β-thalassaemia patients, as long-term
persistence of the virus can lead to progressive liver damage, with studies showing that the 5-
year cumulative incidence of cirrhosis in patients with chronic HBV ranges from 8% to 20%. In
patients who develop cirrhosis, the annual risk of developing HCC is between 2% and 5%, and
the 5-year cumulative incidence of liver failure is approximately 20% [38]. 

Treatment of chronic HBV infection in TDT patients includes long-term antiviral therapy with
nucleos(t)ide analogues aimed at suppressing viral replication and preventing disease
progression and HCC. Current European Association for the Study of the Liver (EASL) guidelines
recommend treatment initiation based on HBV DNA levels, liver enzyme (ALT) levels, the
presence of liver fibrosis, and family history of HCC [39]. First-line treatments, such as tenofovir
and entecavir, are highly effective in suppressing HBV replication and reducing the risk of cirrhosis
and HCC [39]. Lifelong antiviral therapy is generally required. HCC in β-thalassaemia patients
with HBV often develops in the presence of co-infection with HCV or severe concomitant iron
overload. The exact mechanisms underlying HBV-associated HCC in β-thalassaemia patients are
not fully understood, but chronic viral infection and iron-induced oxidative stress are thought
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to contribute to liver carcinogenesis [37, 40, 41]. Biannual screening for HCC using ultrasound is
recommended for all at-risk TDT patients to ensure early detection and treatment.

5. THALASSAEMIA AND HEPATITIS C VIRUS

HCV infection has represented for decades the most important cause of liver disease in patients
with TDT. The estimated rate of HCV seroprevalence in TDT in the early 1990s, at the time of HCV
discovery, was reported to range from 4.4% in Turkey to 85.4% in Italy [42]. 

TDT patients have a well-defined source and timing of HCV infection. In fact, before discovery of
HCV and HCV screening implementation after 1990, all β-thalassaemia patients who received trans-
fusions were potentially infected. However, the impact of HCV on patients with TDT has fortunately
been significantly reduced, particularly in high-income countries, where donor screening has elim-
inated the risk of post-transfusion infection. Unfortunately, in resource-limited countries, up to 25%
of TDT patients continue to receive unscreened transfusions [43].

Currently, all TDT patients transfused before 1990 should undergo HCV antibody (HCV-Ab) screen-
ing by enzyme linked immunoassay, and in case of a positive result, viremia should be ruled out
by either reflex HCV RNA tested by quantitative polymerase chain reaction (PCR) with a low detec-
tion limit ≤15 IU/mL, or by a HCV core antigen (HCcAg) test [44]. Genotyping identification is not
obligatory, given the availability of pan-genotypic treatment regimens.

A chronic test indicating chronic HCV should be followed assessment of the severity of liver disease.
It should be highlighted that patients with TDT are at risk of accelerated fibrosis due to concomitant
iron overload [14], therefore performing an evaluation of the stage of fibrosis at baseline and mon-
itoring is recommended in TDT patients. Non-invasive assessment of liver fibrosis by LSM that mea-
sures liver stiffness in kPa is currently adopted.

12.5 kPa is considered the threshold to rule in fibrosis, as results higher than this threshold are com-
monly associated with advanced liver disease. When LSM is not available, serum scores such as the
AST to platelet ratio index (APRI) or FIB-4 can be used but only in patients who have not undergone
splenectomy. Platelet counts are constituents of these scores, thus in patients with splenectomy,
the high reactive thrombocytosis count will not reliably rule in portal hypertension.

From 1999 to 2014 the use of (pegylated) interferon (Peg-IFN) in combination with ribavirin was
the mainstay of treatment. However, the unsatisfactory sustained virological response (SVR) rates,
and undesirable safety profile, of the combination (ribavirin causes red blood cell consumption)
was unacceptable [45, 46]. As in non-thalassaemic patients, higher response rates were observed
in patients with HCV genotype 2 and 3, in the absence of cirrhosis or advanced fibrosis, in subjects
with a favourable genetic profile, and in patients at their first course of treatment. In addition to
these reported factors, for patients with TDT, an additional favourable predictor of response was
low liver iron content [47]. 

The impact of HCV on the burden of liver disease has been markedly reduced due to the advent of
new, safe, and highly effective oral direct antiviral drugs (DAA) [48, 49]. DAA have been introduced
since 2014. These antiviral drugs selectively target different HCV non-structural (NS) proteins such
as NS3/protease, the NS5A replication associated protein, and NS5B, the viral RNA polymerase. The
most recent and significant ‘game changers’ have been the pan-genotypic regimens [44]. Several
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regimens based on the nucleoside polymerase inhibitor sofosbuvir plus NS3 or NS5 inhibitors, or
a non-nucleoside polymerase inhibitor plus NS3 or NS5 inhibitors, or on a combination of NS3 and
NS5 inhibitors have been largely used (Table 1) [50]. These regimens are associated with SVR of
95% or higher regardless of genotype and have an excellent safety profile with negligible side ef-
fects as compared to those observed with interferon-alpha containing regimens.

Table 1.Direct antiviral drugs regimens for hepatitis C virus treatment.

Regimen Sofosbuvir /
Velpatasvir 

Grazoprevir / 
Elbasvir 

Glecaprevir /
Pibrentasvir 

Pan-genotypic

HCV targeted region

Posology

Treatment duration

Cirrhosis treatment
allowed for

Yes

NS5A/NS5B

One tablet once daily

12 weeks

Child-Pugh A, B, C

No

NS5A/NS3

One tablet once daily

12-16 weeks

Child-Pugh A only

Yes

NS5A/NS3

Three tablets once 
daily with food

8-12 weeks

Child-Pugh A only

Abbreviations: HCV, hepatitis C virus; NS, non-structural.

Two different pan-genotypic regimens are currently available: the single pill fixed combination
of sofosbuvir and velpatasvir and the combination of the NS3 inhibitor glecaprevir with the
NS5A protease inhibitor pibrentasvir, to be administered as three pills together once daily with
food [44]. Rates of SVR attained with either regimen in real life were higher than 95% without
significant differences across genotypes [44].  The combination of sofosbuvir and velpatasvir is
administered at a fixed duration for 12 weeks regardless of the fibrosis status; the combination
of glecaprevir and pibrentasvir is administered for 8 weeks in patients with or without cirrhosis
if previously untreated, for 12 weeks in cirrhotic patients who failed a previous course of treat-
ment and for 16 weeks in cirrhotic patients with genotype 3 infection who failed a previous
treatment course [44, 51]. Treatment protocols for TDT patients do not differ from those for the
general population [52, 53]. 

It is critical to evaluate potential drug-to-drug interactions before the start of treatment. The Liver-
pool University site is the predominantly used web-based tool to exclude potential drug-to-drug
interactions [44]. Given the polypharmacy burden experienced by patients with TDT, a regimen
not including protease inhibitors, thus associated with a lower risk of a drug-to-drug interaction,
might be preferred. Real-life experiences with DAA in β-thalassaemia patients have been reported
worldwide demonstrating excellent efficacy and safety [50-55].
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6. CIRRHOSIS AND RELATED COMPLICATIONS

Cirrhosis is a common consequence of the long clinical course of all chronic liver diseases. It is
characterised by tissue fibrosis and disturbance of the liver architecture into structurally abnormal
nodules [56]. The prevalence of cirrhosis in β-thalassaemia patients ranges from 10 to 20%, as
reported in series from the US, Italy, Greece, and Iran [57-60].

The histological definition commonly uses the METAVIR histological scoring system (stage F4).
However, a more refined classification of cirrhosis suggests the existence of several sub-stages of
cirrhosis [61]. Five clinical stages based on oesophageal varices, bleeding, and ascites fit the clinical
course of cirrhosis and may be predicted by different factors. This refined classification supports
the evidence that fibrosis and even cirrhosis are to an extent reversible, a concept that has become
apparent after the development of specific therapies for liver disease, including DAA for HCV
treatment. Regression has been observed in patients with viral hepatitis, as well as in autoimmune
hepatitis, alcohol-induced liver injury and copper overload [62]. Muretto and colleagues showed
in 2002 that after stem cell transplantation and cured β-thalassaemia, cirrhosis is reversible after
iron removal treatment [63]. Treatment with the oral iron chelator deferasirox for three or more
years also reversed or stabilised liver fibrosis in 83% of patients with hepatic iron-overloaded β-
thalassaemia. This therapeutic effect was independent of reduced concentration of liver iron or
previous exposure to hepatitis C virus [17].

The natural history of cirrhosis is characterised by a silent course until the development of portal
hypertension and decreasing liver function result in clinical signs of decompensation including
ascites, portal hypertensive gastrointestinal bleeding, encephalopathy, and jaundice. In the silent
phase, cirrhosis is defined as compensated and diagnosed histologically or non-invasively.
Following the first appearance of clinical signs, it is defined as decompensated and diagnosed
clinically. Cumulative survival in compensated cirrhosis is 78% at 20 years [64]. In contrast, the
median survival of decompensated patients is 3-4 years [64]. Decompensation of cirrhosis requires
that the hepatic venous pressure gradient  (HVPG) increases above the critical threshold of 10
mmHg, with the normal value ranging from 1 to 5 mmHg [65]. Progression of cirrhosis may be
accelerated by the development of any other complications such as renal impairment, hepato-
pulmonary syndrome, and sepsis. A multicentre study in patients with β-thalassaemia has shown
that at the time of diagnosis of HCC, the majority of patients had cirrhosis and a median age of 45
years [37]. In a prospective study, the prevalence of HCC among cirrhotic patients was 78%
increasing to 86% among those who died within 6 months [66]. HCC develops along the whole
course of cirrhosis and survival depends on the severity of underlying cirrhosis, the degree of portal
hypertension, and the extent of the tumour and vascular invasion. The five-year incidence of HCC
in patients with cirrhosis is about 15-17% [67].

7. HEPATOCELLULAR CARCINOMA 

7.1. Incidence, aetiology, and pathophysiology

HCC has been reported as the second most common cause of death in recent registries of TDT
patients from Europe [3]. Since the early 2000s, the reduction in cardiac iron overload-related
mortality together with the increased survival, has resulted in hepatic disease-related deaths,
especially from HCC, becoming relatively more prevalent and surpassing deaths from cardiac
disease in recent years [68]. 
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HCC is the most prevalent and numerically increasing malignancy in both TDT and NTDT patients
[69]. The survey of Borgna-Pignatti and colleagues which collected data from most Italian
thalassaemia treatment centres in 2004 and in 2014, described 22 and later 60 new cases of HCC
among 5,855 thalassaemia patients followed for 10 years, and demonstrated in the latter
publication an incidence of 0.75% and 1.74%, respectively in TDT and NTDT [37, 70].

More recently, data on 4631 Italian patients with haemoglobinopathies followed from 1970 to 2021
(55.6%, TDT), showed that of 188 patients who developed cancer, almost half (41.5%) had HCC,
with a crude incidence of 49.5/100,000 people [69]. The age-adjusted incidence rate of HCC was
almost 9 times higher in patients with haemoglobinopathy than in the general population [69].
The age at diagnosis also appears significantly younger [71]. Chronic infection with HCV or HBV,
metabolic dysfunction-associated steatohepatitis, chronic alcohol abuse, and any liver damage
responsible of necro-inflammation results in HCC. In addition to HCV, which is the main
aetiological factor associated with HCC in TDT patients, iron overload is also a key risk factor.
Indeed, inadequate chelation seems to increase HCC risk in TDT, while liver iron overload plays
a pivotal role in favouring fibrosis progression and increasing cancer risk in NTDT, even in the
absence of HCV [72]. It has been shown that the combination of HCV infection and iron overload
in thalassaemia synergistically accelerates fibrosis progression more than each of them alone
[14]. Through the activation of stellate cells, iron overload is responsible for oxidative stress,
inflammation, and cell damage [72, 73]. Finally, iron can induce immunological dysregulation,
reducing cancer immuno-surveillance [74]. 

The increasing prevalence of liver steatosis, obesity, diabetes, and metabolic syndrome is an
important antecedent of chronic liver disease. The rate of HCC related to metabolic dysfunction-
associated steatohepatitis (MASH) in the general population is 2-13% [75, 76]. Moreover, TDT
patients may have impaired pancreatic function due to pancreatic siderosis. Diabetes mellitus has
been reported in 6.5% and impaired fasting sugar in 16.2% of cases [77]. In non-thalassaemic
subjects, those with a history of type 2 diabetes mellitus at baseline show a hazard ratio of 2.14
(95% confidence interval, 1.69-2.71) of developing HCC compared to those without [40].
Corresponding data in TDT patients are lacking. Given the direct relationship between diabetes
and cancer risk, irrespective of chronic viral hepatitis and haemochromatosis, an increased risk for
MASH-associated HCC in TDT could be expected.

Only a minority of patients with β-thalassaemia and HCC are HBsAg positive, probably because
of improved risk control due to HBV vaccination. In the Italian series of thalassaemia patients
with HCC published in 2014, 5% were HBsAg positive and 58% had evidence of past HBV
infection suggesting rates of annual occurrence comparable to the 2.3% registered in the
general population [70].

7.2. Screening for hepatocellular carcinoma 

A key point in HCC management and treatment is early diagnosis. Early diagnosis can be
achieved through surveillance. Surveillance identifies small nodules eligible for curative
treatments, and thus longer survival [78, 79]. According to the EASL clinical guidelines update
presented at International Liver Congress in Milan (5-8 June 2024), an ultrasound examination
of the liver every 6 months plus alpha fetoprotein (AFP) evaluation are required [80]. In a
previous meta-analysis, ultrasonography combined with AFP provided 63% sensitivity, higher
than the 45% sensitivity with ultrasonography alone, and therefore AFP should be
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recommended in conjunction with ultrasound surveillance in TDT patients [81, 82]. Considering
cost-effectiveness, safety, and waiting time multi-phasic computed tomography and multi-
phasic magnetic resonance imaging (MRI) are reserved for further diagnostic evaluation [83].
EASL guidelines suggest HCC surveillance in patients with cirrhosis with a Child-Pugh class A
or B, not in Child-Pugh class where HCC treatment is not suitable [78]. 

Surveillance is required in patients with TDT and chronic viral hepatitis. Although HCV remains the
viral infection with the highest risk, the carcinogenic role of HBV is direct and related to viral DNA
integration [84]. In HBV positive patients with cirrhosis and in patients without cirrhosis but with
first-degree family member with a  history of HCC, in Asian or Black men, in Asian women, and in
those with hepatitis D virus (HDV) co-infection the World Health Organization (WHO) recommends
HCC surveillance [85]. On the contrary, the mechanisms by which HCV results in carcinogenesis are
debated. Currently, it is generally accepted that HCV is not directly carcinogenic, but inducing
inflammation and a pro-fibrotic response which leads to cirrhosis and consequently to HCC.

Successful treatment-induced HCV-RNA clearance is associated with a substantial decrease in the
rate of HCC development. Subjects with advanced fibrosis, who achieve SVR after DAA therapy, are
still at a long-term risk for progression to liver cirrhosis and HCC and should receive HCC surveillance.
HCC cab occur in patients who become HCV-RNA negative after treatment with different regimens
(Peg-IFN alone or Peg-IFN plus ribavirin or DAAs) [43, 86]. Likewise, HCC may occur in patients on
treatment with nucleoside analogues. After SVR, HCC surveillance is equally required according to
EASL guidelines both in patients with METAVIR score F3 and F4 cirrhotic patients [80]. Considering
the residual risk linked to iron overload, this needs absolute applicability to TDT patients. 

HCC risk stratification and thus surveillance protocols for patients with chronic HCV can be assessed
though risk prediction models such as GALAD (Gender, Age, AFP-L3, AFP and Des-carboxy-
prothrombin) [87].  For chronic HBV infection, risk stratification and surveillance can also be based
on predictive models such as PAGE-B (Platelet-Age-Gender-Hepatitis B) or REACH-B (Risk Estimation
for Hepatocellular Carcinoma in Chronic Hepatitis B) [88, 89]. Those models can be applied to non-
splenectomised patients with TDT.

Surveillance in TDT should be prioritised, but not restricted to cirrhotic patients [90]. Thalassaemia
experts suggest that surveillance in TDT with iron overload in the absence of cirrhosis should be
based on age, with a threshold of 45 years [69]. This suggestion stems from the consideration that
independent of the severity of liver damage, not only the degree of accumulation but also the
length of exposure increases iron-related HCC risk.

Assessment of severity of iron overload is also part of the HCC screening. See Chapter 3 for
recommendations on iron overload assessment by serum ferritin and liver MRI. 

7.3. Hepatocellular carcinoma treatment

Treatment of HCC in thalassaemia patients should not differ from the general population. In the
Italian survey by Borgna-Pignatti and colleagues, 22 patients were treated with transarterial
chemoembolisation (TACE) alone, 13 with thermoablation, 16 underwent surgical resection
preceded or followed by TACE or thermoablation, 3 patients underwent liver transplant, 18 received
palliative therapy and 3 received sorafenib. Two of the transplanted patients died of causes
independent of thalassaemia [37, 70]. In the general population, the 5-year recurrence rate after a
curative resection is to be 50-70% [91]. 
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In addition to the potential curative surgical or ablative treatments, and to loco-regional treatments,
systemic therapy has improved therapeutic options for patients with advanced HCC (stage C
according to the Barcelona Clinic Liver Cancer [BCLC] staging), including TDT patients. Patients in
BCLC stage C are unsuitable for or unresponsive to TACE or transarterial radioembolisation (TARE)
[92]. Since the introduction of sorafenib [93], the small tyrosine kinase inhibitor (TKI) able to block
tumoral proliferation, a number of active compounds were made available for systemic treatment
as monotherapy or in combination. 

In addition to TKIs [93, 94], a different class of drugs including immune checkpoint inhibitors has
become available since 2020 [95]. Atezolizumab is a monoclonal antibody targeting cell death
programming receptor PD1; it is combined with bevacizumab, another monoclonal antibody able
to block vessel overgrowth associated with neoplasia (vascular endothelial growth factor [VEGF]-
targeted) [96, 97]. Another immune checkpoint inhibitor combination based on durvalumab, an
anti-PD1, plus tremelimumab, an antiCTLA4, is now also available [98, 99] (Table 2). Second-line
options for systemic treatment of HCC have been reviewed extensively [100].
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Table 2. First-line systemic treatment for hepatocellular carcinoma.

Study Treatment Adverse events Serious adverse
events (Grade ≥3)

Llovet et al 2008 [93]

Kudo et al
2018 [94]

Finn et al 2020 [96]

Yau et al
2022 [95]

Abou-Alfa 2022 [99]

Sorafenib

Lenvatinib

Atezolizumab +
Bevacizumab

Nivolumab

Durvalumab +
Tremelimumab 

Diarrhoea, weight loss,
hand-foot skin reaction,
alopecia, anorexia, 
voice changes,
hypophosphatemia,
thrombocytopenia 

Hypertension, diarrhoea,
decreased appetite,
weight loss

Hypertension, immune-
mediated events

Skin, liver enzyme
increase, hypertension

Immuno-mediated
events

52%

75%

56.6%

12%

50.5%

It is essential that since initial diagnosis, TDT patients with HCC are managed by a multidisciplinary
group. A multidisciplinary approach involving hepatologists, hepatobiliary surgeons, interventional
radiologists, and oncologists is required for these patients. When planning surgery, the burden of
relevant co-morbidities including hypogonadism, myocardiopathy, hypothyroidism, osteoporosis,
diabetes, and chronic renal failure that characterise TDT should be taken into account [72].
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7.4. Liver transplant for hepatocellular carcinoma in β-thalassaemia patients

Liver transplantation has long been denied to TDT patients mainly due to cardiac co-morbidities
[101]. Based on improvements reported in case series, a diagnosis of β-thalassaemia per se is no
longer considered a contraindication to liver transplant. In an Italian study of thalassaemia with
HCC, survival of the only transplanted patient was 69 months  compared with 25.25 ± 23.65 months
(range, 3-64 months) of the 8 un-transplanted patients [102]. Mancuso and colleagues described
two additional patients undergoing successful liver transplant with satisfactory post-transplant
follow-up up to 2 years [71]. Liver transplant is now considered the treatment of choice for HCC, in
patients without severe pulmonary hypertension and subclinical heart failure. The relevant survival
benefit of liver transplant compared to the standard alternative treatments (transplant benefit)
should be considered. Given the high percentage of panel reactive human leukocyte antigens
(HLA) antibodies in thalassaemia, a regular evaluation of circulating donor-specific anti-HLA
antibodies (DSA) has to be adopted in thalassaemia patients [72].
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KEY POINTS AND RECOMMENDATIONS

1. Liver-related morbidity and mortality in transfusion-dependent β-thalassaemia (TDT) should
be closely monitored due to the significant risk posed by viral hepatitis and iron overload, which
can lead to cirrhosis and hepatocellular carcinoma (HCC) (Grade B).

2. Patients with TDT should be closely monitored and adequately managed for iron overload,
using serial serum ferritin and hepatic magnetic resonance imaging (MRI) assessments per
standards of care. They should also be monitored for iron chelator-related hepatic toxicity per
local prescribing information (see Chapter 3) (Grade A).

3. Regular clinical examination and liver function tests (every three months or more frequently if
abnormal), with aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase, gamma glutamyl transferase (γGT), and bilirubin are recommended in all TDT
patients to monitor for hepatic impairment. In the presence of severe hepatic impairment,
prothrombin time and albumin should be added. Hepatic ultrasound should also be considered
in all TDT patients ≥18 years to be done annually or every 6 months in case of evidence of
advances liver damage (Grade B).

4. Non-invasive tests, such as transient elastography (TE) and fibrosis-4 score (FIB-4, in non-
splenectomised patients), are preferred for assessing liver fibrosis and cirrhosis in patients with
TDT. These methods provide an effective and less invasive alternative to liver biopsy (Grade B).

5. In patients with liver disease, vaccination against hepatitis A virus is recommended in TDT
(Grade C).

6. TDT patients are susceptible to hepatitis B virus (HBV) infection due to frequent blood
transfusions. However, the implementation of vaccination programmes and improved
screening methods have significantly reduced the rate of HBV infections and related liver
disease. Vaccination against HBV prior to the initiation of any planned blood transfusion therapy,
with regular monitoring of antibody titres is recommended in all TDT patients who are
seronegative for HBV markers. Unvaccinated patients should be monitored with annual
hepatitis B surface antigen (HBsAg) (Grade A).

7. Administer antiviral therapy in consultation with the hepatologist to effectively manage chronic
HBV infection in TDT patients and lower the risk of developing cirrhosis and HCC (Grade A).

8. The historical risk of hepatitis C virus (HCV) infection in TDT patients who received transfusions
before the implementation of HCV screening in 1990 is important. Today, HCV remains a major
transfusion-related risk mainly in low-income countries where screening is limited (Grade B).
In case of a high-risk context, screen TDT patients annually for HCV antibodies using enzyme-
linked immunoassay (ELISA). If the HCV antibody test is positive, perform HCV RNA molecular
evaluation using quantitative polymerase chain reaction (PCR) with a detection limit of ≤15
IU/mL (Grade A).

9. Treat HCV infection in TDT patients in consultation with the hepatologist using pan-genotypic
regimens. The recommended options are the fixed-dose combination of sofosbuvir and
velpatasvir in a single pill or the combination of the non-structural (NS)3 inhibitor glecaprevir
with the NS5 inhibitor pibrentasvir, taken as three pills once daily with food (Grade A).
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10. Early diagnosis of HCC can be achieved through surveillance based on ultrasound examination
of the liver every 6 months plus alpha fetoprotein (AFP) evaluation. This should be conducted
in all cirrhotic TDT patients, and in non-cirrhotic patients with severe hepatic iron overload, age
>45 years, or chronic viral hepatitis. HCC risk stratification models for chronic HBV and HCV used
in the general population can be used in TDT (Grade B).

11. Management of HCC in TDT should follow that in the general population. It is essential that
TDT patients with HCC are managed through a multidisciplinary approach involving
hepatologists, hepatobiliary surgeons, interventional radiologists, and oncologists in
combination with the treating haematologist (Grade A).
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1. INTRODUCTION

Endocrinopathies currently represent the four leading causes of complications in transfusion-
dependent β-thalassaemia (TDT) patients; with rates 2-3 times higher than cardiac and hepatic
disorders [1, 2]. The risk of developing a new endocrinopathy within 5 years is around 10%, even in
patients with satisfactory ferritin, liver iron concentration (LIC), and cardiac T2* values [3]. This is
primarily attributed to the early toxic effect of iron on endocrine glands which cannot be detected
by conventional assays and hence limits the ability to predict new endocrinological disorders. A
risk assessment chart has recently been proposed, based on parameters that revealed to be
predictive of endocrinopathy development on longitudinal follow up [3]. Such risk prediction tools,
however, require further refinement and validation before wide implementation can be
recommended, with the aim of preventing future morbidity development; similar to what has been
achieved with the use of magnetic resonance imaging (MRI) values for cardiac and hepatic iron
overload as predictors of future organ dysfunction.

Another priority that needs to be addressed is achieving equitable progress in the management
of endocrinological complications around the world, in light of the large disparity in
endocrinopathy rates reported in TDT patients living in low- vs high-income countries, which is
primarily attributed to limited access and organisation of healthcare services [3, 4]. 

This Chapter provides an organisational model, based on a first diagnosis level, using simple and
unexpensive tests that can be implemented at all centres caring for TDT patients. The second level
of diagnosis and treatment should be restricted to patients who present with abnormal first level
tests, through the involvement of a consultant endocrinologist and/or networking with other
centres with expertise along with a clear definition of the anticipated patient journey. The hub and
spoke model for the management of endocrine complications in TDT patients has the potential to
ensure early diagnosis for all patients around the world, while centralising complex cases that
require expert staff and specific diagnostic tests, and thus limiting costs and disparities in access
to care.
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2. HEIGHT AND GROWTH DISORDERS 

2.1. Epidemiology

Short stature is frequent among patients with TDT, with prevalence varying between 8% and 75%.
Over time, growth failure can manifest from the first years of life to the teenage period [5]. The
pathophysiology of growth disorders in haemoglobinopathies is multifactorial, and includes
chronic anaemia, iron overload, and adverse events to iron chelation therapy [5, 6]. Therefore, active
monitoring of growth in all children with TDT is warranted. 

2.2. Clinical presentation and diagnosis

In patients with TDT it is recommended to perform screening for short stature from the start of
care at the treating centre, with serial reassessments every 6 months. A period of observation and
the evaluation of growth velocity over at least 6-12 months is required, before diagnosis of a growth
disorder. Standardised clinical growth velocity charts with 5th and 95th percentiles should be used
for boys and girls (https://www.cdc.gov/growthcharts/cdc-charts.htm). Monitoring of growth and
development include evaluation of standing and sitting height charted against growth centiles,
pubertal stage according to Tanner's tables, body mass index (BMI), proportions of the various
skeletal segments and any dysmorphic notes, presence of lesions similar to rickets affecting the
carpus and knees, and the presence of platyspondyly. It is necessary to request measurement of
the parents' height to evaluate the genetic height potential/target, which is calculated with the
formula: height of mother + height of father +13 cm [if male] or -13 cm [if female] / 2 [7]. Clinical
observations requiring careful assessment are:

l Severe short stature (stature ≤ -2.5 standard deviations [SD]).

l Stature ≤ -1.5 SD compared to the family target and growth rate ≤ -2 SD or ≤ -1.5 SD after 2
consecutive years.

l Stature ≤ -2 SD with growth rate ≤ -1 SD evaluated at least 6 months apart or stature reduction
of 0.5 SD in one year in children over 2 years old.

l If no short stature is present, growth rate ≤ -2 SD in one year or ≤ -1.5 SD in two consecutive
years.

Laboratory tests to be performed in case of short stature include: pretransfusion haemoglobin
level, iron indices, inflammation indices, liver and kidney function, electrolytes, blood gas analysis,
total proteins with electrophoresis, chemical-physical examination of urine, screening for celiac
disease (anti-transglutaminase antibodies [ATA] ± anti-gliadin antibodies [AGA] depending on the
age of the subject with concomitant assessment of IgA), thyroid function (free thyroxine [FT4],
thyroid-stimulating hormone [TSH]), phospho-calcium metabolism, and insulin-like growth factor
1 (IGF-1).

When other causes of short stature have been excluded, a growth hormone (GH) deficiency should
be investigated through GH secretion provocation tests. The GH stimulus test is performed
according to standardised protocols. Dynamic tests used in the paediatric age are growth-
hormone-releasing hormone (GHRH)-arginine, glucagon, or clonidine tests. The manufacturing
company interrupted the production of the GHRH analogue in 2008 in the USA and in 2023 in
Europe [8], so this test is becoming unavailable worldwide [9]. At the moment, the available
products for GH dynamic testing are mainly glucagon or clonidine.
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2.3. Management and monitoring

Optimizing the transfusion regimen, maintaining a pretransfusion haemoglobin value between
9.5 and 10.5 g/dL [5], and a satisfactory iron balance are crucial approaches to prevent short stature
in children with TDT [5, 6].

In case of short stature, any endocrinological disorders potentially associated with growth failure
(hypothyroidism, glucose metabolism disorders, delayed pubertal development) and any
nutritional, vitamin, or micronutrient deficiency (deficiency of folate, vitamin D, vitamin A, zinc)
must be corrected. In children with a confirmed diagnosis of GH deficiency, recombinant human
GH (rhGH) therapy should be initiated at a dose of 0.025-0.035 mg/kg/day in a single subcutaneous
evening administration, to mimic the metabolic effects of the physiological secretion of GH. The
response to replacement therapy is highly variable, probably linked to different severity of GH
deficiency, compliance with the replacement treatment, and different individual patient
responses [10].

2.4. Other considerations and unmet needs 

The diagnostic cut offs for GH deficiency are still controversial, and affected by the use of sex
steroids, the starting dose of rhGH, and definition of the therapeutic response [11-14].

3. DISORDERS OF PUBERTAL DEVELOPMENT

3.1. Epidemiology

Pubertal development disorders represent the most frequent endocrinological problem in
paediatric patients with TDT, and can manifest with variable severity, from pubertal delay to the
arrest of pubertal progression to hypogonadism [15]. Hypogonadotropic hypogonadism is the
most frequent complication [16]. Prevalence and severity of hypogonadism in patients with TDT
vary widely in different case series depending on the age group analysed, thalassaemia genotype,
and adequacy of the management of iron overload and associated complications [16]. According
to data from 29 centres in 2004, hypogonadism had a prevalence of 38% in females and 43% in
males among 3817 adolescents and adults with TDT [17]. However, in a more recent cohort study
from a high-income country, the overall crude risk of delayed puberty/hypogonadism in TDT
patients under 18 years of age was approximately 7% [3]. 

3.2. Clinical presentation and diagnosis

Delayed pubertal development is characterised by the complete absence of signs of pubertal
development at the age of 13 years in girls and 14 years in boys. Pubertal arrest is characterised
by the lack of progression of pubertal development for a period of one year. In this case,
testicular size stops at 6-8 mL in boys and breast size at stage B3 in girls; growth velocity is also
severely impaired [18].

In the general paediatric population, the most frequent form of pubertal delay is represented by
constitutional delay in growth and puberty (CDGP) [19]; characterised by growth delay in
developmental age and delayed puberty in adolescence with spontaneous resolution within 18
years of age, especially in patients with chronic diseases. This condition represents a diagnosis 
of exclusion with respect to three different disorders: hypergonadotropic hypogonadism 
(identified in 7% of males and 25% of females with delayed puberty, respectively), permanent
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hypogonadotropic hypogonadism (9% of males and 20% of females with delayed puberty,
respectively), transient or functional hypogonadotropic hypogonadism, due to delayed maturation
of the hypothalamic-pituitary-gonadal axis secondary to an underlying pathological condition
(20% of cases of delayed puberty) [20]. Many authors place the pubertal delay of TDT in the latter
category [19, 21, 22], although forms of hypergonadotropic hypogonadism due to gonadal damage
can be detected, even if more rarely [16]. 

Familial evaluation for a history of pubertal delay is necessary. In fact, up to 75% of patients with
CDGP have a positive family history of pubertal delay [23, 24]. Furthermore, in TDT patients,
reassessment of the transfusion regimen and adequacy of iron chelation therapy is important to
contextualise pubertal disorders.

The diagnostic process for delayed puberty includes clinical examination and auxological
evaluation, with measurements of weight, height, and pubertal stage according to Tanner,
evaluation of testicular volume in males, reconstruction of the growth curve with previous
measurements and calculation of the height growth rate/year. Most subjects with CDGP present
with a slowing of height growth in the prepubertal period with consequent short stature or
deflection of the growth curve. In subjects with isolated hypogonadotropic hypogonadism, height
growth is constant and normal during childhood, while in the pubertal period, a deflection of height
occurs due to the lack of pubertal spurt [20]. This trend in the growth curve is the one most reported
in patients with TDT from the 2000s onwards [5]. Bone age assessment is also recommended,
preferably using the Greulich and Pyle method or the Tanner Whitehouse III radius-ulna-short bone
(RUS) protocol.

The diagnostic work up includes measurement of luteinising hormone (LH), follicle stimulating
hormone (FSH), oestrogen in females, and total testosterone in males; in addition to the
measurement of IGF-1 and thyroid function. High levels of gonadotropins indicate gonadal
damage, which is very rare in TDT. Low levels of LH and FSH are found in both CDGP and
hypogonadotropic hypogonadism, whether functional or permanent. The contextual
interpretation of growth velocity is useful to proceed with a definitive diagnosis [21].

In the presence of low gonadotropins and a growth velocity in the prepubertal range, it is useful
to perform a gonadotropin-releasing hormone (GnRH) test. A poor response or low LH and FSH
levels confirms the diagnosis of hypogonadotropic hypogonadism. However, patients with CDGP
or hypogonadotropic hypogonadism can both have a prepubertal response [21]. The human
chorionic gonadotropin (hCG) test has also been used to differentiate CDGP from
hypogonadotropic hypogonadism. Peak testosterone levels are lower in patients with
hypogonadotropic hypogonadism than in patients with CDGP [21]. In case of low gonadotropins,
a brain MRI (T2) with study of the hypothalamic-pituitary region is recommended [11, 21]. Thus,
low values of gonadotropins and growth velocity lower than the prepubertal range suggest
functional or permanent hypogonadotropic hypogonadism or multiple pituitary deficits, for which
a brain MRI should be performed with study of the hypothalamic-pituitary region [21]. Finally, pelvic
ultrasound in females allows evaluation of the size of the uterus and ovaries [11].
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3.3. Management and monitoring

In patients with TDT and delayed pubertal development, it is crucial to optimise transfusion
regimens and iron chelation therapy considering the impact of iron overload on the hypothalamic-
pituitary-gonadal axis, and data indicating lower rates of pubertal delay especially with oral iron
chelators [25, 26].

Induction of pubertal development with hormone therapy must be considered according to a
comprehensive patient evaluation including age, extent of iron overload, chronic liver disease, and
psychological aspects related to the failure to start or arrest of pubertal development. Since at the
onset of pubertal delay the clinical presentation and hormonal status do not allow a distinction
between a self-limited pubertal delay and a hypogonadotropic hypogonadism, in males, it is
recommended to start with a 3-6 month cycle of testosterone (enanthate, cypionate, propionate)
at a low dose (50 mg every 4 weeks with administration into the muscle), followed by re-evaluation
with the possibility of performing a second cycle with a dose increase of 25-50 mg for another 3-6
months [27]. If the patient presents with an increase in testicular volume, therapy should be stopped
and pubertal progression should be clinically monitored, since this may be indicative of a simple
pubertal delay. Failure to progress in pubertal development indicates a condition of
hypogonadotropic hypogonadism and treatment should be resumed with low doses and with a
subsequent gradual increase in testosterone dose of 50 mg every 6-12 months. Once the dosage
reaches 100-150 mg per month, administration should be switched to every 15 days up to the adult
dose which is gradually reached over 3 years. Pubertal induction with testosterone in males also
allows identification of patients with hypogonadotropic hypogonadism, in whom an increase in
testicular volume is not observed in response to therapy, unlike patients with simple pubertal delay
[28]. In males with confirmed hypogonadotropic hypogonadism, one treatment option is the
induction of pubertal development with gonadotropins (FSH and hCG), to allow maturation and
increase in testicular volume, then switching to maintenance therapy with testosterone. According
to some authors, this approach would be preferable because it is more physiologically acceptable
by patients; however, there is no evidence of an unfavourable effect of induction of puberty with
testosterone on the development of spermatogenetic tissue and on future fertility [29].

In females, hormone therapy involves an induction phase with low doses of oestrogens, followed
by a reassessment after suspension of therapy. In case of failure of pubertal progression, treatment
with oestrogens is resumed with gradual increases in dose. The complete induction cycle lasts
approximately 2-3 years. At the onset of menstrual flow, it is necessary to add a progestin for 10
days per month from the 17th to the 26th day of the cycle. The use of 17-beta oestradiol transdermal
25 µg patches is recommended. Initial therapy is 3.1-6.2 µg/day (1/8-1/4 of a patch), to be increased
by 3.1-6.2 µg/day after 6 months. The patch should be applied continuously and changed twice a
week (every 3.5 days). The subsequent increases are 3.1-6.2 µg up to a dose of 25 µg (1 whole patch).
If the use of the transdermal formulation is not possible, the use of oral ethinyloestradiol 10 µg
tablets is suggested, starting with 2.5 µg (1/4 tablet), increasing to 5 µg per day (1/2 tablet) after 6-
12 months. Progestin therapy should be applied for 10-12 days per month to avoid endometrial
hyperplasia. The drugs used are medroxyprogesterone acetate 5 mg once a day, norethisterone 5
mg, or utrogestan 200 mg once a day.

It is necessary to monitor the onset of possible treatment-related side effects, with evaluation of
blood pressure and lipid profile. Due to the reported risk of thromboembolic episodes, particular
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attention should be paid to patients with a history of thrombophilia even before starting therapy.
Thrombophilia screening with a coagulation profile and measurement of homocysteine levels
before starting hormone therapy allows identification of a predisposition to such events and is
therefore suggested. Monitoring of bone health with dual-energy X-ray absorptiometry (DXA) is
also suggested when an evaluation with appropriate reference values is possible.

In patients with delayed puberty in whom hormone therapy is not undertaken, clinical, laboratory,
and instrumental monitoring is recommended with checks every 3-6 months for reassessment of
the pubertal stage, auxological parameters and growth velocity, levels of sexual hormones (LH,
FSH, and total testosterone), as well as bone age once a year. The aim of re-evaluation is to establish
whether there is a spontaneous progression of puberty or, on the contrary, there is a need for
hormonal therapy.

4. FEMALE HYPOGONADISM

4.1. Epidemiology

Hypogonadism (in females or males) is the most frequent endocrine complication in adult patients
with TDT, which has been consistently attributed to iron overload secondary to regular transfusions.
Elevated serum ferritin levels (<2500 ng/mL) are associated with a 2.75-fold increased risk of
hypogonadism than levels <1000 ng/mL [30]. The origin is central or hypothalamic-pituitary in
most cases, due to the particular sensitivity of the pituitary to iron overload, as demonstrated by
MRI reports of pituitary hemosiderosis since childhood [16, 31]. In fact, pituitary iron and volume
have been shown to predict hypogonadism in transfusional iron overload in TDT patients [32].

The prevalence varies among studies, with reported values higher than 50% in historical series of
TDT; while in more recent cohorts the figures are lower, though still considerable [3, 33, 34]. In
analogy with other endocrine complications, early and proper iron chelation therapy especially
with oral or combinatorial regimens is the most efficacious measure to prevent or even reverse
hypogonadism in patients with TDT [35-39]. 

4.2. Clinical presentation and diagnosis

In female patients, hypogonadism manifests with menses irregularities, principally primary or
secondary amenorrhoea, depending on the appearance at puberty or in adult life. Primary
amenorrhoea is defined as absence of menarche by the age of 16 years and is discussed in the
previous section on ‘Disorders of Pubertal Development’. Secondary amenorrhoea is absence of
menses for ≥3 months in a woman with previously regular cycles, or for ≥6 months in a woman
with previously irregular cycles. The occurrence of <9 menstrual cycles/year configurates
oligomenorrhoea. 

Given the impact of hypogonadism on quality of life, fertility, and mortality, a regular screening of
all premenopausal patients is mandatory, by assessing the menstrual rhythm every 6 months and
promptly providing diagnostic and therapeutic follow-up if indicated.

The recommended first level tests in case of oligo/amenorrhoea are assessments of FSH, LH, and
oestradiol serum levels. A pelvic ultrasound is also required, and it is recommended to exclude
other possible causes of oligo/amenorrhoea such as hyperprolactinaemia, hyperandrogenism,
hypothyroidism, and pregnancy [36, 40]. Since the hypothalamic-pituitary-gonadal axis is
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compromised in TDT, the dynamic stimulation of gonadotropins with luteinizing hormone-
releasing hormone (LHRH) is not useful.

If serum oestradiol is low in association with high gonadotropins, the diagnosis is   hypergonado -
tropic or primary hypogonadism (gonadal failure); conversely, hypogonadotropic hypogonadism
(hypothalamic-pituitary dysfunction) is characterised by low concentrations of oestradiol associated
with reduced or inappropriately normal gonadotropins. Hypogonadism might only be one aspect
of a pituitary defect with multiple deficiencies; thus, the endocrine evaluation must be expanded
to the other endocrine axes (morning cortisol, morning adrenocorticotropic hormone [ACTH], FT4,
TSH, and IGF-1). Pituitary imaging by MRI with contrast medium (unless contraindicated) is also
recommended, to exclude pathologies/masses but also taking in account the prognostic value of
the size of the gland [16, 31]. 

4.3. Management and monitoring

If untreated, hypogonadism with premenopausal onset is burdened with multiple health risks,
including low bone density with increased fracture risk and early cardiovascular disease.
Appropriate therapy replacing physiological levels of gonadal hormones (hormone replacement
therapy [HRT]) reduces these risks and is therefore recommended for all affected patients, unless
a specific contraindication is present. 

HRT in females includes two components, oestrogen and cyclic progestin; ideally, treatment should
mimic physiologic ovarian function until the average age of menopause [36, 40-42]. It is possible
to get closer to this goal using 17-beta oestradiol (the prevailing form of endogenous oestrogen),
available in oral and transdermal formulations; the latter route of administration being the best
choice as it avoids the first hepatic pass and has a lower impact on angiotensinogen and
coagulation factors synthesis, which reduces the thrombotic risk [41-43]. Furthermore, it has been
demonstrated that transdermal oestradiol is more efficacious than oral combined contraceptives
in preserving bone health [44, 45]. 

In women with an intact uterus, the association of a progestin, inducing regular withdrawal
bleedings, protects the endometrium from hyperplasia, and potentially from related cancer. It is
recommended to prescribe this component for about 12-14 days a month, with a sequential cyclic
scheme. Natural micronised progesterone is easily absorbed by oral (200 mg/day) or intravaginal
routes and is preferable to other synthetic progestogens, as fewer effects on lipid metabolism and
thromboembolic risk have been described [44, 46, 47]. Hysterectomised women do not need the
progestin component.

Due to the ease of administration, oral combined contraceptives (COC) are often better accepted
by patients than the above mentioned sequential option. Issues associated with their use mainly
concern the higher risk of serious health events (luckily rare) such as venous thromboembolism
and breast cancer. The safest choice is commercial COC containing oestradiol (rather than
ethyniloestradiol) associated to levonorgestrel, nomegestrol acetate, or micronised progesterone
as the progestin component [44, 45]. Minor side effects of HRT are reported in Table 1.
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Experience is lacking in the TDT population with oestetrol, a native oestrogen produced
exclusively by the foetal liver, recently approved as the oestrogenic component of a COC. The
advantages described in the literature with the use of oestetrol include safety and tolerability,
with lower impact on breast, lipids, and haemostasis parameters (Table 2). 

Table 1. Side effects of hormone replacement therapy.

General

l Breast tenderness 
l Face melasma 
l Fluid retention
l Weight gain
l Headache 
l Mood changes
l Unscheduled bleeding
l Blood pressure increase
l Worsening of glucose tolerance
l Increase in liver enzymes or bilirubin
l Dyslipidaemia
l Venous thromboembolism
l Cardio/cerebrovascular events

For transdermal formulations

l Local skin irritation; discomfort at remotion
l Patch detachment (in summer, after physical exercise)  

Table 2. Characteristics of different oestrogens.

Parameter Oestradiol Ethinyloestradiol Oestetrol

Origin

Bioavailability (oral)

Dose in combined
contraceptives

Half-life (hours)

Impact on liver

Natural, principally ovaries

High if micronised or
esterified

1.5-2 mg

35

+

Synthetic

High

15-30 mcg

12

++

Natural, foetus liver

High

14.2 mg

28

+
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Oestroprogestin replacement treatment contraindications are summarised in Table 3. In patients
recognizably bearing thrombotic risk factors, it is suggested to evaluate the risk-benefit ratio of
HRT and discuss the possible association of an anticoagulant / antiaggregant drug with a
specialist in coagulopathies, especially considering that β-thalassaemia has been recognised
with a hypercoagulable state (see Chapter 4). A useful ais in the decision process can be the
United States Medical Eligibility Criteria (US MEC) for Contraceptive Use, highlighting medical
eligibility criteria categories for different hormone formulations [48]. 

All patients with irregular menses (primary and secondary amenorrhoea, oligomenorrhoea)
should be referred to an endocrinologist as well as the gynaecologist for diagnostic assessment
and initial treatment, thereafter, followed annually. 
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The parameters to monitor on oestroprogestin HRT are blood pressure, liver and kidney function,
blood lipids, and glucose (Table 4). Moreover, we suggest performing annually a gynaecological
examination with pelvic ultrasound, bringing forward the investigations in the event of unexpected
vaginal bleeding to rule out any pelvic pathology, especially endometrial hyperplasia or cancer.
For endometrial and breast cancer screening, it is recommended to follow the age-appropriate
local guidelines. In hypothyroid patients on replacement therapy, it is mandatory to check FT4 and
TSH serum levels every 3 months after the beginning of HRT, because the need of levothyroxine
may be increased by oestrogens.

4.4. Other considerations and unmet needs 

The prescription of HRT to hypogonadic patients with additional risk factors of thrombosis, such
as protein C/S or antithrombin deficiency, factor V Leiden, or prothrombin mutations may be a
problem. In this case, it is suggested to share the decision-making process with a specialist in co-
agulopathies. In every patient, to reduce the risks of thromboembolic events, it is recommended
to maintain a proper lifestyle, including a healthy diet, regular physical exercise, and avoiding smok-
ing and alcohol.

General

l Vaginal bleeding of undiagnosed cause
l Ongoing, suspected, or previous breast or endometrial carcinoma
l Ongoing, suspected, or previous venous or arterial thrombosis  
l Migraine with aura
l Severe microvascular complications of diabetes 
l Severe uncontrolled hypertension 
l Severe chronic liver disease
l Severe allergic reaction to any component of the therapy

Table 3. Contraindications to hormone replacement therapy.
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l Physical examination
l Family and personal history of venous thromboembolism
l Gynaecological examination  
l Pelvic and abdominal ultrasound 
l Blood pressure
l FSH, LH and 17-beta oestradiol levels 
l Basal glucose and insulin with HOMA-IR assessment (oral glucose tolerance test in selected cases)
l Renal function 
l Liver function 
l Fasting lipids
l TSH levels 
l DXA of lumbar spine and femur (every 18-24 months)

Table 4. Monitoring of adult hypogonadal patients on hormone replacement therapy.

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; HOMA-IR, homeostatic model
assessment for insulin resistance; TSH, thyroid-stimulating hormone; DXA, dual-energy X-ray absorptiometry.

5. MALE HYPOGONADISM

5.1. Epidemiology

As mentioned in the previous section, hypogonadism is the endocrine complication with the
highest prevalence in TDT patients, reaching up to 80% in some studies [22], while in a recent series
of patients at puberty, a 23.6% prevalence and a negative correlation between ferritin and pituitary
volume were described [31]. The wide heterogeneity in epidemiological data depends mostly on
the clinical characteristics of the cohorts studied, in terms of age at the beginning of transfusion
and iron chelation therapy, average age at evaluation, efficacy and compliance to chelation therapy,
and the type of chelating agent used [3, 49-51]. 

Hypogonadism in males can be classified in accordance with the level of affection of the
hypothalamic-pituitary-gonadal axis. The gonadotrophs cells are more sensitive to pathologic
insults (anaemia, iron overload) than other anterior pituitary stems, and hypogonadism is most
commonly hypogonadotropic (central or secondary). However, it can also result from testicular
defects (primary hypogonadism), and less frequently the testes and the hypothalamus–pituitary
unit (mixed hypogonadism) can both be affected (Table 5). It is essential to establish the
hypogonadism origin, as it has implications on clinical evaluation and treatment [22, 52].  

General
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Table 5. Causes of hypogonadism in men with transfusion-dependent β-thalassaemia.

Primary (testicular or hypergonadotropic)

l Iron overload
l Anorchia (congenital or acquired)
l Ectopic or undescended testis
l Testicular cancer
l Orchitis 
l Drugs

Secondary (central or hypogonadotropic)

l Iron overload (isolated or multiple hormonal defects)
l Hyperprolactinemia
l Radiotherapy 
l Trauma
l Vascular 

Table 6. Symptoms and signs of hypogonadism in the adult with transfusion-dependent 
β-thalassaemia.

Specific

l Libido reduction/loss 
l Erectile dysfunction 
l Reduced spontaneous/morning erections 
l Flushing
l Body hair loss
l Gynaecomastia

Non-specific

l Fatigue
l Depressed mood
l Overweight/obesity
l Low bone mass
l Sarcopaenia

5.2. Clinical presentation and diagnosis

The clinical presentation of hypogonadism differs according to the age of onset and the severity
of androgen deficiency [22]. When testosterone deficiency starts in the prepubertal period, it
manifests with delayed or arrested puberty (see previous section on ‘Disorders of Pubertal
Development’). In the adult patient, sexual characteristics are completely developed and the most
frequent manifestations are related to the sexual sphere, such as decreased libido, reduced morning
erections, and erectile dysfunction. Less specific symptoms commonly associated to androgen
deficiency include fatigue, irritability, poor concentration, reduced psychophysical performance,
and mood alterations [53]. Slowing down of beard and body hair growth, reduced muscle strain
and size, and bone demineralisation occur lately (Table 6). 



Clinical examination of testicular and penile size as well as of sexual secondary characteristics
is recommended to evaluate the androgen status. In adult-onset hypogonadism, body
proportions are normal, contrary to patients with pre-pubertal hypogonadism or delayed
puberty where a eunuchoid body shape can be found, defined as an upper segment/lower
segment ratio <0.92 and arm-span to height ratio >1.0. Digital rectal examination is also
recommended in patients aged >40 years; it allows both confirmation of the diagnosis of
hypogonadism (if the prostate volume is reduced) and to exclude abnormalities that
contraindicate testosterone replacement treatment.

The high prevalence of hypogonadism and the low specificity of many symptoms and signs in
the adult age dictate the need to screen all TDT patients at least once a year from puberty.
Assessment should include clinical history and evaluation (age and course of puberty, sexual
life, gonads, and secondary sex characters) as well as serum levels of testosterone and
gonadotropins (FSH, LH) [49]. Since serum concentrations exhibit day-to-day and diurnal
variations and peak in the morning, testosterone levels should be tested on two different
occasions, on blood collected between 7 and 11 am (or within 3 hours from awakening) after
an overnight fast. 

Equilibrium dialysis is recognised as the most accurate method for total testosterone
measurement, but the commercial immunoassays are mostly reliable for clinical use. Serum
total testosterone level is considered absolutely normal if >350 ng/dL (12 nmol/l), absolutely
pathologic if <230 ng/dL (<8 nmol/L); for intermediate values, the estimation (or calculation)
of free testosterone is recommended. Moreover, the evaluation of free testosterone should
always be considered in TDT patients, since iron overload and liver disease can interfere with
sex hormone binding globulin (SHBG) levels. Due to the low accuracy and reliability of the
commercial immunoassays, the direct estimation of the free fraction is not recommended; it is
preferable to derive it from a formula including total testosterone, albumin, SHBG (Free &
Bioavailable Testosterone Calculator is available at: https://www.issam.ch/freetesto.htm).
Although no validated thresholds are available from the literature, free testosterone values <64
pg/mL increase the likelihood to correctly identify hypogonadism and may reasonably be
considered pathologic [53-55]. Taking into account the considerable interassay and
interlaboratory variability in testosterone measurements and the different cut-off values
indicated by various guidelines [27], clinicians are encouraged to refer to their own laboratory
reference ranges. The diagnosis of hypogonadism in a male adult patient requires the
association of suggestive signs and symptoms with low testosterone levels, confirmed by two
different samples correctly collected. 

Patients with low concentrations of testosterone associated with high levels of gonadotropins
are considered to have hypergonadotropic or primary hypogonadism (gonadal failure); in this
case, testicular ultrasound is recommended. When low  testosterone is associated with reduced
or inappropriately normal levels of gonadotropins, the diagnosis is hypogonadotropic
hypogonadism, due to hypothalamic-pituitary dysfunction; which requires assessment of  other
hormonal axes (morning cortisol, morning ACTH, FT4, TSH, IGF-1, prolactin) and a pituitary MRI
with contrast medium (unless contraindicated), since patients might have multiple deficiencies
that require management [40]. Furthermore, MRI-assessed pituitary volume might predict
central hypogonadism, as a lower volume was described in hypogonadic TDT patients, and a
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potential reversibility of hypogonadism through iron chelation optimisation and intensification
has been suggested [31, 32, 35-39, 51, 56]. 

With regards to the consequences of hypogonadism on fertility, spermatogenic failure is a
common consequence. Aspects related to fertility in male hypogonadism are discussed in
Chapter 7.

5.3. Management and monitoring

All TDT patients with suspected hypogonadism should be referred to the endocrinologist for
diagnosis, treatment planning, and monitoring, at least once a year.

Unless contraindicated, testosterone replacement therapy should be proposed to all patients
with signs and symptoms suggestive of deficiency associated with consistent and unequivocal
low morning testosterone concentrations. Replacement with testosterone aims to maintain
secondary sexual characteristics and to correct symptoms, thereby improving psychophysical
performance and quality of life. Furthermore, it allows halting the detriment of muscle and
bone [40, 49]. 

In hypogonadal patients who plan fertility in the near term (6-12 months), the initiation of
testosterone replacement is not advised as it could impair spermatogenesis; alternatively,
gonadotropin therapy can be proposed if indicated (see Chapter 7). For the same reason, if the
patient is in the fertile age, a semen analysis is recommended before starting testosterone.

Testosterone therapy is contraindicated in men with breast or prostate cancer, a palpable
prostatic mass or nodule, or a prostate-specific antigen (PSA) level >4 ng/mL or >3 ng/mL
combined with a high risk of prostate cancer (e.g., a first-degree relative with prostate cancer)
(Table 7). We suggest assessing the risk of prostate cancer before starting testosterone in men
aged >40 years; prostate examination and monitoring are generally not needed in younger
patients, as the risk of prostate cancer is very low  [50].
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l Plans of paternity in the next 6-12 months
l Nodule/palpable prostatic mass or prostate cancer
l PSA >4 ng/mL or PSA >3 ng/mL associated with high risk of prostate cancer (first-degree relative

affected)
l Severe untreated obstructive sleep apnoea
l Severe obstructive disorders of the lower urinary tract
l Cardiac decompensation
l Breast carcinoma
l Recent stroke or myocardial infarction (last 6 months)

Table 7. Contraindications to testosterone replacement therapy.

Abbreviations: PSA, prostate-specific antigen.

General



Further contraindications to testosterone therapy include untreated severe obstructive sleep
apnoea syndrome, severe obstructive symptoms of the lower urinary tract, uncontrolled heart
failure, and recent (previous 6 months) stroke or myocardial infarction. In males with recognised
thrombophilia, we suggest sharing the decision-making process with a specialist in
coagulopathies and to discuss with the patient the potential benefits and risks of testosterone
replacement therapy.

It is recommended to start replacement therapy with testosterone enanthate or propionate or
with transdermal testosterone gel; longer lasting preparations should be avoided in patients
who might need a fast change of the dose and can be better reserved to those who have already
reached the steady state (Table 8). Treatment should start with a low dosage of testosterone,
followed by gradual increase and adjustment based on clinical and hormonal responses as well
side effects. The target serum concentrations of testosterone during treatment are in the mid-
normal range.
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Table 8. Formulations available for testosterone replacement therapy.

Parameter Administration route Advantages Disadvantages

Enantate

Undecanoate

Testosterone gel

Intramuscular
Every 2-3 weeks

Intramuscular
Every 10-14 weeks

Transdermic
Daily

Short duration of 
side effects

No serum level
fluctuations 

No serum level
fluctuations

Serum level 
fluctuations

Long duration of 
side effects

Skin irritation, transfer 
to the partner

Replacement treatment in hypogonadal men is associated with improvement in libido, erectile
function, and sexual activity, as well as increase in body hair and muscle and bone strength.
Drug-related adverse events are rare with replacement doses of testosterone (Table 9); with
skin oiliness or acne and breast tenderness being the most common ones. Although some case
reports suggested an increased risk for venous thromboembolism in patients with pre-existing
thrombophilia, there is no conclusive evidence that testosterone replacement in hypogonadal
men with TDT is associated with a significant increase in venous thromboembolic or
cardiovascular risk [57-64].

In hypogonadal men who have started testosterone therapy, it is recommended to test serum
testosterone every 3 months until the target values are reached, afterwards every 6-12 months.
Regular clinical evaluation of the patient is crucial to assess clinical response, compliance with
the therapeutic regimen, and possible side effects. 

In patients >40 years, it is recommended to monitor the risk of prostate cancer through PSA
level and digital rectal examination, according to local guidelines. Patients with a progressive
increase in PSA or with absolute PSA values >4 ng/mL or >3 ng/mL in the presence of a high
risk for prostate cancer (a first-degree relative with prostate cancer) can be referred to a urologist
[53, 54].
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5.4. Other considerations and unmet needs 

The cut-off levels of total and free testosterone still represent an area of uncertainty. One of the
most controversial points concern the values suggested for starting replacement therapy,
especially when deciding treatment in older patients or in the presence of cardiovascular
morbidities or thrombophilia. These patients need to be carefully counselled before starting
replacement therapy. 

6. HYPOTHYROIDISM

6.1. Epidemiology

Hypothyroidism is one of the most frequent and relevant endocrine disorders in patients
affected by haemoglobinopathies, especially TDT [65]. Prevalence of thyroid function disorders
varies in different clinical studies, depending on age of the population studied, country of origin,
adequacy of iron chelation therapy, and distinction in reporting overt vs subclinical disease [51,
66, 67]. The prevalence of thyroid dysfunction, mostly hypofunction or hypothyroidism, is
reported in up to 20% of patients with TDT [68]. The disease generally occurs between the
second and third decades of life and tends to increase with aging. Prevalence seems to be higher
in females. It Is also directly correlated with inadequate treatment of iron overload management,
thus underlining once again the importance of optimising iron chelation therapy to preserve
thyroid function and global endocrine health [3, 30, 69].  Oral and combinatorial iron chelation
regimens not only preserve but were also shown to reverse thyroid dysfunction (e.g., subclinical
hypothyroidism) [3, 35, 36, 38, 39, 70]. 

Beyond iron overload, there are no clear predisposing factors related to the onset of thyroid
disease in TDT, apart from family history. There are also some conflicting results regarding the
impact of hepatitis C virus infection [71]. The impact of some drugs, such as amiodarone, on
thyroid function must always be carefully evaluated in patients with TDT [72]. Patients with TDT
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Table 9. Side effects of testosterone replacement therapy.

General

l Acne, seborrhoea
l Gynaecomastia
l Breast or prostate cancer progression
l Impaired spermatogenesis
l Worsening of sleep apnoea
l Congestive heart

Formulation-specific

l Intramuscular administration
- Local pain
- Fluctuations in mood, libido, stamina (short-lived preparations)
- Cough after injection (undecanoate)

l Transdermic administration
- Local reaction



are at higher risk of secondary hypothyroidism, related to hypothalamic or pituitary damage
from iron overload [73], unlike the general population where this manifestation is very rare. For
all these reasons, it is essential that the evaluation of thyroid function and the diagnosis of
thyroid dysfunction are shared within the multidisciplinary care team. 

6.2. Clinical presentation and diagnosis

Symptoms and clinical signs of hypothyroidism include asthenia, reduced physical and
psychological performance, constipation, depressed mood, and reduced quality of life.
Unfortunately, most of these features may be associated with a diagnosis of thalassaemia itself,
making regular screening of thyroid function mandatory in all patients with TDT [73].

The onset of thyroid dysfunction in TDT is usually slowly progressive, starting with subclinical
hypothyroidism characterised by normal levels of FT4 and elevated TSH levels [74]. Subclinical
hypothyroidism may progress towards a form of overt hypothyroidism (high TSH and low FT4
levels) or regress, even to normalisation of thyroid function, in particular if an improvement in
iron overload is achieved or if drugs harmful for thyroid function are suspended. In primary
hypothyroidism (overt and subclinical), assessment of anti-thyroperoxidase (anti-TPO) antibody
assay is recommended to exclude concomitant chronic autoimmune thyroiditis, although rare
in patients with thalassaemia, as well as thyroid ultrasound to evaluate the morphology of the
gland.

Central (secondary) hypothyroidism is rarer, although there is an increasing number of new
diagnoses, especially in older TDT patients. The diagnosis of central hypothyroidism is indicated
by low FT4 levels and low or inappropriately normal TSH levels [73, 75]. Therefore, screening for
thyroid dysfunction in subjects with TDT must always include the simultaneous evaluation of
TSH and FT4 (Table 10), starting from the age of 9 years, unlike the general population, where
only TSH measurement is indicated [73].
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Table 10. Thyroid function tests interpretation.

Test Normal range* Overt
hypothyroidism

Subclinical
hypothyroidism

TSH

FT4

0.38-4.2 mU/L

0.89-1.7 ng/dL

High

Low

High

Normal

Suspected central
hypothyroidism

Low or inappropriately
normal

Low

*Reference range are indicative and may vary based on laboratory methods and kits adopted.
Abbreviations: TSH, thyroid-stimulating hormone; FT4, free thyroxine. 

In case of central hypothyroidism, it is necessary to exclude the coexistence of other deficits in
hypothalamic-pituitary function (hypogonadism, hypoadrenalism, and impairment of the
GH/IGF-1 axis) through the evaluation of the other hormonal axes and MRI of the hypothalamic-
pituitary region if not contraindicated [73, 75].
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6.3. Management and monitoring

Replacement therapy for primary hypothyroidism consists or oral administration of synthetic
L-thyroxine, starting with low doses (25-50 mcg/day), to be further reduced (12.5 mcg/day) in case
of pre-existing cardiac disease. Hormonal monitoring is required after two months of starting
therapy and then every 6 months, with the aim of maintaining FT4 level within the normal range
and TSH level <4 mU/L, while avoiding overdose with TSH suppression (i.e., TSH <0.5 mU/L) which
increases the risk of atrial fibrillation and osteoporosis, both being already highly prevalent in TDT
patients [73, 76, 77].

Treatment of overt hypothyroidism is mandatory in all patients [74, 78], with the aim of maintaining
the TSH level within the normal range for age and avoiding over-treatment. Subclinical
hypothyroidism often benefits from therapy, particularly in young adults, when TSH level >10 mU/L
and/or in the presence of subjective symptoms [79]. However, the choice of initiating therapy must
be evaluated on a case-by-case basis. In untreated patients with subclinical hypothyroidism, thyroid
function must be monitored every 6 months, for early identification of progression to overt
hypothyroidism [80]. Treatment for subclinical hypothyroidism is required in all patients seeking
pregnancy or during pregnancy, with close hormonal monitoring (every 4 weeks) with the aim of
maintaining TSH levels <2.5 mU/L before conception. During pregnancy, L-thyroxine dosage must
be adjusted on the basis of the TSH value, with close hormonal monitoring (monthly test until the
20th week, then at least one more test between the 26th and 32nd weeks). After childbirth, the L-
thyroxine dosage should be reduced to pre-conceptional levels and then adjusted based on the
TSH and FT4 levels measured approximately 6 weeks after childbirth [81]. Treatment of subclinical
hypothyroidism that was diagnosed in mid/advanced adulthood appears to be unbeneficial in
older patients (over 70 years) and is contraindicated in patients over 80 years [80, 82, 83]. However,
hormonal monitoring is always indicated for the possible evolution to overt hypothyroidism, which
requires treatment at any age. 

The aim of therapy in central hypothyroidism is normalisation of FT4 levels, since TSH levels cannot
be used to assess for the response to therapy [75]. Formulation and dosage are similar to those
indicated for primary hypothyroidism. In case of concomitant presence of hypocorticosurrenalism,
corticosteroid replacement therapy must always be started before L-thyroxine supplementation.

Concomitant hormonal supplementation, such as with oestrogens and GH, may require a dosage
increase of L-thyroxine. On the contrary, a reduction in the dosage of L-thyroxine should be
considered if oestrogen or GH replacement therapy is stopped, or patients enter menopause.

Closer thyroid function monitoring (every 3 months) is required for patients on treatment with
drugs detrimental to thyroid function, such as amiodarone. 

In all patients with TDT, an assessment with thyroid ultrasound is recommended at diagnosis, to
be repeated if abnormalities are detected (enlargement of the thyroid or palpable thyroid nodules).
Thyroid nodules should be managed in accordance with local guidelines for the general population
[73, 84, 85].



6.4. Other considerations and unmet needs 

Although starting thyroid function screening at 9 years of age is suggested, the exact time to start
screening is still controversial. Moreover, the indications for starting thyroid hormone
supplementation in patients with subclinical hypothyroidism are still debated. Central
hypothyroidism, which could possibly be more frequent in TDT than the general population due
to hypothalamic-pituitary iron overload, should be kept in mind to avoid improper diagnosis and
management.

Differentiated thyroid cancer cases are reported in recent literature but longitudinal evaluation
that could give a real estimation about incidence of this emerging disease are limited [86, 87]. 

7. GLUCOSE METABOLISM DISORDERS

7.1. Epidemiology

Glucose metabolism disorders are also among the most frequent endocrine disorders in patients
affected by TDT [70]; typically occurring in the second decade of life. Pre-existing iron overload,
liver dysfunction, high BMI, and a family history for diabetes have been reported as risk factors for
the development of the disease in TDT patients [30, 88].

Despite improved management in chelation and transfusion regimens, and the global reduction
in the prevalence of endocrinopathies [3], some studies still report rates of glucose metabolism
disorders as high as 24%, with variability between studies attributed to stark differences in study
cohorts, management of iron overload, and access to high standards of care [89].

Early detection and treatment of glucose metabolism disorders are mandatory, as they affect
cardiovascular and kidney functions, which could already be impaired in TDT patients [67, 90].
Furthermore, impaired glucose metabolism may highly impact general well-being and quality of
life, especially considering the challenges posed by monitoring and care of these disorders [91].

7.2. Clinical presentation/progression and diagnosis

Impaired fasting glycaemia (IFG) and impaired glucose tolerance (IGT) are generally asymptomatic.
TDT patients can develop the same symptoms of diabetes as the general population; however,
diabetic ketoacidosis is rarer. 

Screening for glucose metabolism disorders is recommended starting from 10 years of age [73].
However, the most accurate and feasible method is still a matter of debate. Performing oral glucose
testing (OGTT) annually in all patients with TDT even in the presence of normal fasting glycaemia
appears challenging in clinical practice, and indeed, it was reported that OGTT is not routinely
performed as a screening test [92]. Fasting blood glucose is the most effective and simple method
to screen patients regularly. The OGTT can be performed in cases of impaired fasting blood sugar
levels or in conditions of severe or persistent iron overload or presence of other risk factors such as
obesity [73]. 

The homeostasis model assessment for insulin resistance (HOMA-IR) index (fasting glucose in
mmol/L x fasting insulin in mU/L, divided by 22.5) is a marker of insulin resistance. It has some
limitations related to the absence of standardisation in insulin measurement and the lack of data
demonstrating its predictive value for therapy response. However, since the HOMA-IR index can
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be easily performed and the assessment of insulin resistance is a relevant feature to be detected,
it is commonly indicated as a screening test in TDT patients [73]. Several online calculators exist
(e.g., https://www.siditalia.it/homa-ir-index; with automatic calculation of the HOMA-IR index by
entering fasting blood sugar in mg/dL and fasting insulin in µIU/ml). 

Plasma concentration of C-peptide is recommended in patients with diabetes to complete the
diagnosis, particularly in patients with catabolic signs (weight loss) and high glycaemia, to identify
patients in the phase of insufficiency/exhaustion of pancreatic insulin secretion who have
low/undetectable C-peptide.

The diagnostic criteria for glucose metabolism disorders are the same as in the general population,
except for haemoglobin A1C (HbA1C), which must not be used in TDT patients. Monthly monitoring
of fructosamine is indicated instead, although it is still not validated, not widely available, and has
some methodological limitations especially in patients with hyperbilirubinemia. Some groups are
working to validate and use albumin glycated serum values [93, 94], but no definitive
recommendations can be made for TDT patients yet.

The diagnostic criteria of diabetes are:

l Glycaemia >200 mg/dL in presence of typical symptoms of the disease (polyuria, polydipsia,
weight loss) on single random serum evaluation.

l Fasting blood glycaemia >126 mg/dL in at least two evaluations. 

l Glycaemia >200 mg/dL two hours after OGTT.

IFG is defined as glycaemia between 100 and 126 mg/dL in fasting assessment while IGT is defined
as glycaemia between 140 and 200 mg/dL during OGTT. 

7.3. Management and monitoring

For TDT patients with a diagnosed glucose metabolism disorder, a healthy lifestyle (balanced diet,
quality of sleep, regular physical activity, and smoking cessation) is mandatory. 

Pharmacological treatment of diabetes mellitus (type 2) in patients with TDT must be individualised.
Metformin is the first-choice oral hypoglycaemic drug used at the early stages of diabetes, before
insulin dependence occurs [73, 95]. In patients treated with metformin, it is useful to check vitamin
B12 concentrations (because its absorption can be reduced), particularly in case of worsening
anaemia, and to have dose adjustment in case of renal dysfunction. 

Other drugs can be added to metformin, including insulin, when necessary. The presence of
typical symptoms of diabetes, persistent hyperglycaemia, hypercatabolic signs (weight loss),
and low/undetectable C-peptide are findings of severe impairment of pancreatic insulin
secretory capacity and indicate the need to start insulin treatment [96]. The recommended
insulin therapy scheme is the basal/bolus regimen, as for non-thalassaemic patients with
diabetes  [97]. 

Continuous subcutaneous insulin infusion through an insulin pump is recommended in
selected cases, such as in patients who fail to have good management of diabetes despite
intensified and optimised multiple dose injection therapy, those who have severe or nocturnal
hypoglycaemia, in paediatric patients with high insulin-sensitivity, in patients younger than
two years, and in case of compromised lifestyle with multiple dose injection therapy [73]. 

190



New classes of drugs such as glucagon-like peptide-1 (GLP-1) receptor agonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, and peptidyl peptidase-4 (DPP-4) inhibitors have showed
greater efficacy not only in glucose metabolism control but also in cardiovascular and kidney
protection in patients with type 2 diabetes. In particular, in patients with high cardiovascular
risk, cardiac decompensation, or renal disease SGLT-2 inhibitors and GLP-1 agonists are
recommended in non-thalassaemic patients, due to their proven cardiovascular benefit [97].
Unfortunately, no efficacy and safety data are available in patients with haemoglobinopathies
and no specific recommendations can be made about these new drugs in this patient
population.

In pregnant women, fasting blood glucose levels should be checked every month starting
conception while OGTT should be done between 24 and 28 weeks of gestation, similar to the
general population and following the specific criteria for the diagnosis of gestational diabetes,
although without considering HbA1C which can be falsely abnormal in TDT patients [73].

In TDT patients with diabetes, an educational programme to improve patients’ ability to perform
adequate self-monitoring of blood glucose and to prevent and manage hypoglycaemia-related
events, especially during insulin therapy, is crucial [90]. As for the general population, regular
checks for micro- and macroangiopathic complications are recommended in TDT, especially
considering the specific fragilities and comorbidities in TDT patients which require a holistic
approach by all multidisciplinary team [98]. Importantly, adequate management of iron
overload through oral or combinatorial regimens in TDT patients was shown to stabilise or
reverse glucose metabolism disorders [37-39, 70]. 

7.4. Other considerations and unmet needs 

As previously mentioned, methods of screening for glucose metabolism disorders and the use
and validity of the HOMA-IR index and fructosamine have controversial aspects in TDT, while
safety and efficacy data for new drugs (such as GLP-1 agonists or SGLT-2 inhibitors) in TDT are
still awaited.

8. HYPOCORTICOSURRENALISM

8.1. Epidemiology

Hypocorticosurrenalism is an endocrine complication characterised by reduced corticosteroid
production from adrenal disease (primary hypocorticosurrenalism) or hypothalamus/pituitary
disease (secondary hypocorticosurrenalism) [73, 99]. In TDT patients, iron damage of the
pituitary gland is probably more relevant than adrenal cortex disease. 

Studies published so far report a prevalence rate ranging from 4% to 50%, due to differences
in study cohorts and diagnostic methods [100, 101]. Diagnosis and monitoring of disease
progression are major challenges in TDT patients, since the diagnostic criteria are only partially
reliable, and markers of disease progression are not always fully applicable in patients with 
TDT [102].
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8.2. Clinical presentation and diagnosis

Symptoms and clinical signs of hypocorticosurrenalism (asthaenia, reduced physical
performance and sense of well-being, hypotension) overlap with those of TDT, so the diagnosis
cannot be suspected relying on clinical features alone. A specific sign of suspicion of
hypocorticosurrenalism is the onset of hyponatraemia and/or hypoglycaemia, which are not
normally observed in patients with TDT [102].

Patients with undiagnosed hypocorticosurrenalism are at risk of developing an adrenergic crisis,
a severe and life-threatening acute event characterised by hypotension, dyselectrolytaemia,
and hypoglycaemia due to the inability to increase circulating levels of cortisol in stress
conditions such as infections, acute events, or surgical interventions [103, 104].

Low levels of serum cortisol at 8 am, correctly assessed and in the presence of clinical signs and
symptoms such as hypotension, asthaenia, fatigue, and dyselectrolytaemia, suggest the
diagnosis of hypocorticosurrenalism and a stimulus test is required to confirm the diagnosis.
Suggested dynamic tests are the ACTH test (low dose: 1 mcg or high dose: 250 mcg) or the
glucagon test, to be chosen according to personnel experience and product availability at the
centre [105]. Interestingly, glucagon is used to test both the adrenergic and GH axes; so, the
need to rule out both hypocorticosurrenalism and GH deficiency may make the glucagon test
the preferred one. A history of severe iron overload or poor compliance to iron chelation
therapy, pre-existing multiple endocrinopathies especially hypothalamic-pituitary disorders,
are relevant risk factors for the development of hypocorticosurrenalism [73, 102].

8.3. Management and monitoring

Treatment for hypocorticosurrenalism consists of the administration of glucocorticoids, in
replacement doses [106]. Adrenal production is influenced by age, gender, and body
composition with average values of approximately 5-8 mg/m2 per day, corresponding to an
oral dose of about 15-25 mg per day of hydrocortisone or 20-35 mg of cortisone acetate in
adults. As with other endocrine disorders, therapy must be individualised, especially based on
the clinical response (quality of life, improvement of asthaenia and mood), blood pressure
values, and serum electrolyte levels. Overtreatment must be avoided, especially in TDT patients
considering the effects of corticosteroid use on bone tissue and metabolism [73].

To better reproduce the physiological adrenal function, therapy should be administered in two
daily doses with a first administration at awakening followed by a second dose (approximately.
50% of the first one) early in the afternoon. Sometimes, some patients could experience better
results with therapies divided in three daily doses with a third dose in the late afternoon, but
not too close to evening rest time [40]. Usual treatment schedules consist of hydrocortisone,
10-15 mg/day or cortisone acetate 25-37.5 mg/day.

Patients and family members should be properly educated on risk factors to avoid and on how
to promptly recognise an adrenergic crisis, such as doubling or tripling the usual dose in case
of intercurrent disease, fever, vomiting, gastroenteritis, drop in blood pressure, or stressful
events. During an acute crisis or in case of vomiting or diarrhoea, parenteral hydrocortisone
therapy, usually intramuscular, is required [73].
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Replacement therapy monitoring requires the assessment of symptoms and feelings of well-
being, blood pressure, weight, and signs of overdosing. Laboratory monitoring involves
measurement of serum sodium and potassium. In patients on cortisol replacement therapy,
measurement of cortisol levels is not indicated [40, 107].

8.4. Other considerations and unmet needs 

Currently, the most controversial point is the preferred stimulus test (low dose or high dose
ACTH, glucagon) as reliability of the different tests still needs to be validated in TDT.
Furthermore, cortisol levels used to define normality range in the general population are not
fully applicable in TDT patients. Based on clinical experience, the authors recommend
performing the stimulus test in all TDT patients with a serum cortisol level ≤10 mg/dL. In
patients with serum cortisol values between 10 and 15 mg/dL, correctly measured and
confirmed on two different assessments, the dynamic test should be considered on the basis
of clinical signs and symptoms, history of iron overload, and the presence of other deficits in
hypothalamic-pituitary function.

9. HYPOPARATHYROIDISM

9.1 Epidemiology

Hypoparathyroidism typically occurs in the second decade of life, with a highly variable
prevalence rates reported in different studies, ranging from 0.3% up to 32%. Younger patients,
especially those born after 1980, seem to be at lower risk of developing hypoparathyroidism,
likely reflecting the detrimental impact of iron overload which is mitigated by improved iron
chelation [3, 30, 38, 67, 70, 108].

9.2. Clinical presentation and diagnosis

Parathyroid hormone (PTH) plays a crucial role in serum calcium homeostasis. PTH deficiency
impairs calcium bone resorption and intestinal calcium absorption, with the final result of
hypocalcaemia and chronic hyperphosphataemia [109-111].  

Hypoparathyroidism in patients with TDT is a chronic condition that develops progressively, so
signs and symptoms can be very mild and overlap with those of the underlying disease,
justifying the need for regular screening. However, chronic hypoparathyroidism can be
associated with arrythmias such as QT prolongation; neuromuscular disorders such as
paraesthesia of the face and extremities, muscle pain, and weakness; neuropsychiatric and
cognitive disorders such as anxiety, depression, emotional lability, and concentration difficulty
(brain fog); pathological calcifications in the kidneys (stones and nephrocalcinosis), brain
(especially calcifications of the basal ganglia), joints, skin, eyes, and vessels [109, 110].

First level screening tests to rule out hypoparathyroidism include assessment of serum calcium
and phosphorus. For the diagnosis of hypocalcaemia, ionised serum calcium is reported to be
the most accurate assessment, but technical issues and lack of validation limit its use worldwide.
Instead, assessment of serum calcium corrected for albumin is reliable and feasible to diagnose
hypocalcaemia [109], based on the formula: corrected calcium = measured calcium + [(4.0 -
albumin) x 0.8] [111, 112].
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Postoperative hypoparathyroidism is due to surgical removal of the parathyroid glands or their
postoperative devascularisation leading to a functional damage. The diagnostic criteria of
postoperative hypoparathyroidism include a calcium concentration <8 mg/dL (<2 mmol/L)
associated with a low or inappropriately normal PTH level (<15 ng/L) [110, 113]. We propose
the same cut-off values for diagnosis of hypoparathyroidism in TDT as well, since the permanent
functional damage to the parathyroid glands due to the toxic effect of iron overload is similar
to the permanent vascular damage reported in postoperative hypoparathyroidism.

9.3. Management and monitoring

The ultimate goals of hypoparathyroidism treatment are the correction of hypocalcaemia,
hyperphosphataemia, hypercalciuria, while avoiding hypercalcaemia, stones, and calcifications
in the kidneys and other sites. The aim is to keeping serum calcium level within the low limits
of normal range and the serum calcium-phosphorus ratio <55 mg2/dL2 (4.4 mmol2/L2) [109].

The occurrence of variable symptoms such as facial paraesthesia, muscle spasms and cramps,
tetanic crises, laryngospasm, and convulsions may suggest an acute-onset hypocalcaemia
requiring emergency intravenous administration of calcium gluconate therapy, integrated with
oral administration of calcium and calcitriol [109, 111, 114].

Calcium carbonate is the first choice for calcium supplementation, because it contains 40%
elemental calcium and is the most inexpensive. Calcium citrate, which is more expensive and
contains 20% elemental calcium, can be used in case of achlorhydria or during treatment with
proton-pump inhibitors or if side effects of calcium carbonate develop (e.g., constipation) [111].

The dosage of supplemental calcium needs to be tailored considering that higher single doses
are associated with a higher risk of side effects without improvement in absorption. The initial
therapeutic approach can be a daily dose of 1 to 2.5 grams, divided in 2 or 3 daily
administrations, starting from a single dose of 500 mg of calcium; which can be tailored based
on clinical and laboratory assessments [111, 112]. 

In hypoparathyroidism, renal conversion of 25-hydroxy (25OH) vitamin D to its active form is
impaired and administration of the active form of vitamin D, calcitriol (1,25-
dihydroxycholecalciferol), instead of vitamin D2 or D3 (ergocalciferol or cholecalciferol) is
required. The use of higher doses of calcitriol is indicated to reduce the calcium dosages
necessary to prevent hypocalcaemia [109, 111].  Calcitriol dosage can be increased by 0.25
micrograms, according to serum calcium assessment.  

Although calcium and calcitriol supplementation prevent hypocalcaemia and other effects of
hypoparathyroidism, PTH deficiency impairs renal calcium absorption leading to hypercalciuria
with the risk of kidney stones, nephrocalcinosis, and renal failure [111]. Monitoring urinary calcium
levels is of uttermost importance, with the ultimate goal of keeping urinary calcium levels within
the normal range (<300 mg/day for men, <250 mg/day for women, and <4 mg/kg/day in general).

Hypercalciuria can be treated with thiazide diuretics which increase renal tubular reabsorption of
calcium. Hydrochlorothiazide is a widely used drug, administered at a dose of 25-50 mg, in one or
two daily doses. Besides serum calcium, during therapy with thiazide diuretics, it is required to
monitor potassium and magnesium levels which may decrease due to their increased renal
excretion. To prevent or treat hypokalaemia secondary to prolonged use of thiazide diuretics,
amiloride can be used [111, 112]. 
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Phosphorus binders along with a low phosphate diet are recommended in cases of sustained
hyperphosphataemia (>6.5 mg/dL) not controlled by calcium supplementation [109]. Although
generally calcium therapy reduces phosphorus levels, a low-phosphate diet should be
recommended due to the PTH deficit [111].

Severe chronic hypoparathyroidism is characterised by inadequate control of hypocalcaemia
despite high doses of calcium (>2.5 grams a day) and calcitriol (>1.5 micrograms a day),
development of hypercalciuria and secondary complications (urinary stones, nephrocalcinosis,
reduction of glomerular filtration), hyperphosphataemia, gastrointestinal absorption disorders,
and reduced quality of life. 

The US Food and Durg Administration  (FDA) (2015) and European Medicines agency (EMA)
(2017) approved the use of PTH intact analogue 1-84 for the treatment of hypoparathyroidism
not controlled by conventional therapy, in the absence of contraindications (hypersensitivity
to the active substance or to one of the excipients, ongoing or previous skeletal radiotherapy,
malignant neoplasms of the skeleton or bone metastases, increased risk of osteosarcoma such
as patients with Paget disease or with genetic bone diseases, and unexplained increase in bone
alkaline phosphatase). 

Around 70% of patients treated with PTH intact analogue 1-84 show an efficacy response (>50%
reduction in oral calcium or calcitriol dose, normalised or stable calcium levels compared to
baseline) without serious adverse events after 5 years of therapy [115, 116]. However, some
authors do not recommend the use of PTH analogues in patients with hypoparathyroidism for
several reasons such as the daily subcutaneous administration, the high costs, the need to
continue therapy with calcium and vitamin D, and lack of data on the evolution of long-term
complications. Furthermore, preclinical studies in mice showed an increased risk of
osteosarcoma during the use of PTH analogues, although this risk is not confirmed in long-term
studies in humans [109, 111, 117]. 

9.4. Other considerations and unmet needs

There is a suggestion that concomitant supplementation with calcitriol and oral formulations
of vitamin D2 (ergocalciferol) or D3 (cholecalciferol) can help keep the serum level of 25OH
vitamin D at the lower limits of normal with beneficial effects on skeletal and other body tissues.
However, there is a substantial lack of scientific evidence to recommend the routine use of such
combination [111].

10. GROWTH HORMONE DEFICIENCY IN ADULTS

10.1. Epidemiology

GH deficiency in adult patients with TDT is an emerging problem and it is reported in 8% and
up to 44% of patients, depending on study cohort characteristics [3, 67, 70, 118, 119]. 

10.2. Clinical presentation and diagnosis

Signs and symptoms of GH deficiency in adults may overlap with features of TDT, such as
reduced muscle strength and bone mass, along with general worsening of quality of life. Other
metabolic effects of GH deficiency, such as an increase in visceral fat and altered lipid
metabolism that is not otherwise explainable, may raise the clinical suspicion although their
profile in TDT patients is not known [120]. 
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IGF-1 level is the first biochemical screening test for GH deficiency. However, around 50% of
thalassaemia patients have low IGF-1 values (2 SD below average values for healthy individuals)
[119], which is primarily attributed to hepatopathy (due to iron accumulation and/or viral hepatitis),
chronic anaemia, increase in inflammatory cytokines, malnutrition, and GH resistance. Thus, there
is no current agreement on the ideal screening approach for GH deficiency in TDT. The authors
suggest an annual evaluation of IGF-1 in all patients with TDT, starting from the second decade of
life. In case of significantly reduced IGF-1 levels (2 SD below average values for healthy individuals)
[121], a stimulus test for GH is indicated.

The reference GH stimulus test is the insulin tolerance test (ITT), but technical issues and safety
concerns related to the potential of inducing severe hypoglycaemia limited its use in the USA, while
in Europe it is still recommended [122]. A feasible and widely used test was the arginine test
combined with the GH-RH analogue (GHRH-arginine test), which has been recommended as an
alternative test for the detection of GH deficiency [120]. However, as mentioned in earlier sections,
the manufacturing company interrupted its production in 2008 in the USA and in 2023 in Europe
[8], so this test is no longer available worldwide [9]. Two alternative tests are now also available. 

Macimorelin is a synthetic GH-releasing peptide approved in 2017 by the US FDA [123] and in 2019
by the EMA [124] for diagnostic use in adults with suspected GH deficiency. Data on diagnostic
performance, safety, feasibility, and comparability to the ITT [125] and the GHRH-arginine tests
[126], led the American Association of Clinical Endocrinologists to recommend the use of
macimorelin as an alternative test for GH deficiency [9]. However, it is expensive with poor access
in many countries and with various potential drug interactions. Moreover, a temporary interruption
of marketing in the USA limited the widespread use of this test [8]. 

There is renewed interest in the use of glucagon stimulation test which has been considered as  a
possible alternative to GHRH-arginine and IIT testing, although its use is currently limited because
of some disadvantages including intramuscular administration, the length of the test, the need for
several samples, and relatively common side effects such as nausea, vomiting, and headaches
ranging from <10% to 34% in frequency. Strengths include reproducibility, limited cost, safety,
limited contraindications, and lack of influence by gender [122]. However, shortages similarly
reported for this product preclude its wide implementation [8]. At the moment, it is not possible
to recommend a specific test, considering the different availability of products and variable
positions of scientific societies and institutions around the world. Local experience and resources
are crucial in deciding which test to use, although implementation of procedures to perform
provocation tests at the care centre may be demanding and challenging [67].

In case of GH deficiency, it is recommended to check overall pituitary function and to perform MRI
of the hypothalamic-pituitary region.

10.3. Management and monitoring

The goal of therapy in adults with GH deficiency is improvement of cardiovascular function, physical
exercise capacity, and quality of life, as well as increasing lean body mass and bone mineral density
(BMD). GH replacement with rhGH is administered once a day, in the evening, subcutaneously. A
common dose-dependent side effect is liquid retention; so, it is recommended to start with a low
dose (0.2 mg/day in males and 0.3 mg/day in females) to be tailored based on clinical response,
side effects, and IGF-1 levels which need to be maintained in the lower limits of the normal range
for age and gender [40, 120]. However, this goal may be difficult to achieve in patients with TDT
and a very low baseline IGF1 level. 
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10.4. Other considerations and unmet needs

GH deficiency is an emerging problem in patients with TDT that may impact numerous functions,
particularly the cardiovascular system which may already be impaired due to the underlying
disease. However, there are currently no clear or validated indications for screening, final diagnosis,
or therapeutic monitoring in this patient population. 

11. BONE DISEASE

11.1. Epidemiology

Bone disease has become a major healthcare concern in patients with TDT and non-transfusion-
dependent β-thalassaemia (NTDT) due to the progressive aging of the thalassaemic population
[127]. Thalassaemia-associated bone disease is a complex and multifactorial condition (Table
11), with various genetic and acquired factors involved in its pathogenesis [30, 91, 127]. 
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Table 11. Factors contributing to reduced bone mineral density and fragility fractures in transfusion-
dependent β-thalassaemia. Modified with permission from [127].

Genetic variants predisposing to reduced BMD and fragility fractures

Acquired factors contributing to reduced BMD and fragility fractures

Primary disease

Secondary factors

Bone marrow expansion (ineffective erythropoiesis)

Iron overload

Endocrine
l Hypogonadism (delayed puberty, secondary hypogonadism)
l Growth hormone and insulin-like growth factor-1 deficiency
l Diabetes mellitus
l Thyroid and parathyroid dysfunction

Nutritional
l Vitamin D deficiency
l Zinc, vitamin C, and vitamin K deficiency

Reduced physical activity

Chronic liver disease

Renal tubular disease (renal phosphate wasting and hypercalciuria)

Iron chelators (hypercalciuria)

Sarcopaenia and falls

Abbreviations: BMD, bone mineral density. 

Collagen type Ia1 (COLIA 1) gene (Sp1 polymorphism)

Vitamin D receptor (FokI and BsmI polymorphisms)
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Abnormalities in BMD and microarchitecture occur early in children and adolescents, due to an
imbalance in bone remodelling, leading to suboptimal peak bone mass. With aging, bone loss
and deterioration of bone microarchitecture progression produces an increase in fracture risk,
causing fragility fractures and spine deformities [91, 128, 129].

Even with effective iron chelation and optimal transfusion regimens, the reported prevalence
of osteoporosis and fragility fracture in TDT/NTDT patients is extremely high, with some reports
describing a prevalence of bone disease in up to 90% and fragility fractures in up to 40% of β-
thalassaemia patients [91, 127, 129-131]. A recent meta-analysis described a higher pooled
prevalence of fragility fractures in patients with β-thalassaemia (17%, 95% confidence interval
[CI ]:16%-19%) and TDT (18%, 95%CI: 16%-19%), compared to patients with α-thalassaemia (4%,
95%CI: 2%-6%) and NTDT (7%, 95%CI: 4%-10%) [129].

Fragility fractures are more frequent in patients aged 20 years or older compared to younger
subjects, with a different distribution of fractures according to site and age class: upper
extremities fractures occur more frequently in adolescents and young adults, while lower
extremities and spine fractures increase with age [127, 132]. 

11.2. Clinical presentation and diagnosis

According to the World Health Organization (WHO), osteoporosis is defined as “a disease
characterised by low bone mass and microarchitectural deterioration of bone tissue, leading
to enhanced bone fragility and a consequent increase in fracture risk” [133]. Thus, there are no
clinical manifestations of osteoporosis until a patient has a fracture. 

Signs and symptoms associated with thalassaemia-related bone disease correspond to direct
or indirect manifestations of fragility fractures. These include [134]: height loss, back pain, and
kyphosis as a consequence of vertebral fractures; dyspnoea and constipation in severe thoracic
kyphosis; and significant pain associated with vertebral and non-vertebral fractures, even if
asymptomatic, clinically inconspicuous vertebral fractures are frequent. 

If not appropriately treated, bone mass and microarchitecture deterioration progress and
fragility fractures occur. After a first major osteoporotic fracture (MOF), the risk of a subsequent
MOF is dramatically increased (imminent fracture risk), while it thereafter decreases with time
although it remains higher than the baseline population risk [135]. Cumulative vertebral and
non-vertebral fractures produces a significant reduction in quality of life and may lead to
disability and overall increased mortality in vulnerable and multimorbid patients.

The standard evaluation of TDT patients at risk of osteoporosis and fragility fractures should be
based on [91, 127]: 

l Measurement of BMD by DXA.

l Assessment of fracture probability to identify patients at high risk of fracture for whom
pharmacological treatment is appropriate.

l Identification of potential modifiable risk factors and secondary causes of bone fragility, such
as vitamin D deficiency or hypogonadism.

Annual checks of BMD by DXA starting in adolescence, or earlier (starting 10 years) if feasible,
is warranted. Healthy subjects with baseline BMD values within the reference range (according
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to Z-score), may undergo less frequent measuring (e.g., every two or three years) according to the
clinical course of the disease. DXA is the gold standard for the measurement of BMD. It is a non-
invasive technique and can be performed at the hip (femoral neck [FN] and total hip [TH]), lumbar
spine (LS), forearm, and total body less head (TBLH). According to the official positions of the
International Society for Clinical Densitometry, the LS and TBLH are the preferred skeletal sites for
bone mineral content and BMD measurements in children and adolescents [136]. In adults, the LS,
FN, and TH are the favoured sites for BMD assessment, while the forearm should be considered
under particular circumstances [137]. In TDT patients, the FN-BMD has been shown as the most
appropriate and informative skeletal site for long-term follow-up [138].

BMD measurements are expressed in comparison to established normative data, as SD scores. The
scores represent the number of SDs from the expected normal values of BMD. The age-matched
SD score is commonly referred as the Z-score, while the young normal SD score has been labelled
as the T-score. The WHO has defined the diagnostic threshold for postmenopausal osteoporosis
on the basis of the T-score, defining osteoporosis with a BMD 2.5 or more SDs below young normal
(T-score ≤ −2.5). Therefore, the T-score should be considered for BMD reporting in postmenopausal
women and in men aged 50 years and older [137]. In TDT females before menopause and in males
younger than 50 years, it is better to consider the Z-score rather than the T-score (this is particularly
important for children and adolescents), with a Z-score of -2.0 or lower defined as ‘below the
expected range for age’ [136, 137]. 

Assessment of fracture probability is based on integration of information about fracture risk
provided by clinical risk factors (CRFs) for fracture and BMD [127], by using algorithms developed
to estimate the probability of hip fracture and MOF, such as the Fracture Risk Assessment Tool
(known as FRAX, https://frax.shef.ac.uk/FRAX/). Traditional CRFs considered include age, gender,
BMI, prior fragility fracture, parental history of hip fracture, current smoking, ever use of
glucocorticoids, rheumatoid arthritis, other causes of secondary osteoporosis, and alcohol intake
of three or more units daily; but they may vary depending on the assessment tool used including
also, for example, the risk of falls. In patients aged 40 years and older, CRFs assessment should be
performed at each patient visit, and at least once a year (with BMD assessment by DXA).

All TDT patients should undergo, at baseline and possibly on a yearly basis, a laboratory diagnostic
workup to identify conditions and risk factors, related to thalassaemia or not, that may potentially
contribute to bone loss and increase fracture risk [127]. Laboratory testing should include the
measurement of serum calcium, phosphate, creatinine, albumin and protein electrophoresis, PTH,
25-OH vitamin D, 24-hour urinary calcium, creatinine, and phosphate excretion, as well as laboratory
tests to assess gonadal function. The evaluation of markers of bone turnover (MBTs) should not be
considered in routine clinical practice and should be interpreted by a ‘bone specialist’ [139]. Finally,
targeted laboratory tests should also be considered in the presence of signs or symptoms indicating
a specific disease.

Additional or more invasive testing may be performed in specific situations, following the
baseline assessment, and under the supervision of a skilled ‘bone specialist’. These may include
[127]: peripheral quantitative computer tomography, quantitative morphometry of the vertebrae
on lateral views of the spine using conventional X-ray or DXA, or bone histomorphometry after
tetracycline double labelling. 
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11.3. Management and monitoring

Due to its complexity, patients presenting with thalassaemia-associated bone disease require a
comprehensive and multidisciplinary approach with the contribution of several healthcare
providers [127]. The therapeutic approach should include general non-pharmacologic measures,
and pharmacological treatment for patients at high risk of fracture. 

General measures for osteoporosis and fracture prevention include an adequate control of anaemia
and iron overload (experience with oral iron chelation indicted prevention or reversal of bone
disease [38, 70]), prompt identification and treatment of underlying comorbid conditions (e.g.,
diabetes), healthy nutrition, regular physical exercise, avoidance of detrimental lifestyle factors
(discourage smoking and alcohol consumption), appropriate dietary calcium intake (800-1500
mg/day depending on age and gender), vitamin D supplementation and, when indicated, hormone
replacement therapy for hypogonadism [127]. Clinical conditions potentially associated with bone
loss and increased fracture risk should be treated and removed when possible (e.g., diabetes, GH
deficiency, hypogonadism). Due to the progressive aging of the thalassaemic population,
sarcopenia and falls have also become a major clinical concern, being associated with increased
risk of fracture and disability [130]. Therefore, intervention to prevent falls and to improve muscle
strength, mass, and physical performance should be implemented in all patients at risk. 

Vitamin D treatment and/or supplementation plays a key role in the management of TDT patients,
given the highly reported prevalence of marked vitamin D deficiency (25OH vitamin D <10 ng/mL)
or insufficiency (25OH vitamin D <30 ng/mL) in this population. Table 12 depicts recommendations
for 25OH vitamin D assessment and cholecalciferol supplementation in adults with TDT [91, 140].
As shown, cholecalciferol should be the treatment of choice, daily oral doses are preferred, and
assessment of risk factors for vitamin D deficiency should drive the therapeutic approach [140].

The experience with pharmacological agents in the management of thalassaemia-related bone
disease and fracture prevention is mainly confined to bisphosphonates and denosumab [127, 141,
142], with randomised-controlled trials (RCTs) demonstrating their efficacy on surrogate and
secondary outcomes (BMD and MBTs). Very limited clinical data are available about the use of
teriparatide and strontium ranelate (no more available), while there are currently not published
data with abaloparatide and romosozumab treatment.

Alendronate (10 mg daily, oral), neridronic acid (100 mg every three months, intravenous), and
zoledronic acid (4 mg every three or six months, intravenous) have been shown, in well-designed
RCTs, to significantly reduce bone turnover and significantly increase BMD versus placebo/no-
therapy [127]. Moreover, both neridronic acid and zoledronic acid demonstrated reduction in bone
and back pain, improving quality of life. A recent RCT of denosumab (60 mg every six months,
subcutaneous) versus placebo demonstrated beneficial effects on bone turnover, BMD, and pain
comparable to those reported with bisphosphonates  [142]. The small samples included, the short
duration of the studies (1 year to 3 years), and the low incidence of fragility fractures did not allow
their potential efficacy on fracture prevention to be established. However, it should be emphasised
that RCTs of bisphosphonates and denosumab in thalassaemic patients produced improvements
in the BMD comparable to those reported in postmenopausal women, for whom anti-fracture
efficacy have been established [127]. In all studies, these pharmacological agents demonstrated
to be safe and well-tolerated, leading only expected and self-limiting adverse events [143]. 
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As noted, experience with teriparatide (20 mcg daily, subcutaneous, for a maximum of 24 months)
is limited to case reports/case series, which reported improvements in BMD, but a high frequency
of adverse events (muscle and bone pain) leading to discontinuation [144].
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Table 12. Recommendations for 25-hydroxy vitamin D assessment and cholecalciferol supplementation
in adults with transfusion-dependent β-thalassaemia. Modified with permission from [91] and [140].

Basal 25OHD value* Cumulative
therapeutic dose†

Daily maintenance
dose‡

Frequency of 25OHD
assessment

Optimal
30-50 ng/mL 
(75-100 nmol/L)

Insufficiency
<30 ng/mL
(75 nmol/L)

Marked deficiency
<10 ng/mL 
(25 nmol/L)

None

300,000 IU

300,000-600,000 IU

800-1,000 IU

800-1,600 IU

1000-2,000 IU

Not necessary

Annually

Every 6 months

*Serum 25OHD should be measured at baseline in all adults with transfusion-dependent β-thalassaemia.
† The cumulative therapeutic dose should be distributed over a period of 1-3 months, with oral daily doses of 3,000-
10,000 IU/day recommended.
‡ The recommended daily dose should be defined on the basis of baseline 25OHD and the presence of risk factors
for vitamin D deficiency (age, inadequate sun exposure, obesity, pregnancy and breast feeding, vegan diet, anorexia
nervosa, chronic renal failure, cancer, type II diabetes, intestinal malabsorption and bariatric surgery, or drugs that
interfere with vitamin D metabolism).
Abbreviations: 25-hydroxy vitamin D, 25OHD.

11.4. Other considerations and unmet needs
Recently, radiofrequency echographic multi spectrometry (REMS) has been proposed as an inno-
vative radiation-free, portable technology, which can be used for the assessment of BMD in alter-
native to DXA [145]. Although there are no published studies investigating the potential benefits
of this technology in patients with thalassaemia, the non-ionising radiation emitted, its ability to
overcome overestimation of BMD measurements by DXA in specific conditions (e.g., spine os-
teoarthritis), its relatively low cost, and the possibility to also measure bone quality (in addition
to the quantitative measure of BMD by DXA), represent potential advantages to support the use
of REMS as an alternative to DXA.

In light of recent reports describing the occurrence of osteonecrosis of the jaw or atypical subtro-
chanteric/femoral shaft fractures in thalassaemic patients while on bisphosphonate therapy, and
considering that there is no experience of bisphosphonate treatment greater than 3 years, it is
advisable t to not exceed 36 months of bisphosphonate therapy in patients with thalassaemia-
associated osteoporosis, and eventually to reconsider the treatment (with bisphosphonates or
denosumab) after a period of ‘drug-off holiday’ and on the basis of individual fracture risk [127].
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KEY POINTS AND RECOMMENDATIONS
1. Recommendations for height and growth disorders.

l First level assessment: 

- The recommended screening tests for growth disorders in patients with transfusion-
dependent β-thalassaemia (TDT) include complete clinical and auxological evaluation
(weight, height, body mass index [BMI], height when sitting, growth rate, Tanner stage),
plotting all values on appropriate centile growth velocity charts for age and sex and in
relationship to familial/genetic target, performed every six months, starting from patient
first access at the treatment centre, until adult height achievement and completion of
pubertal development (Grade A, Class I).

l Criteria for diagnosis: 

- The diagnosis of a height growth disorder should be based on the following criteria (Grade
A, Class I):

l Severe short stature (stature ≤ -2.5 standard deviations [SD]).

l Stature ≤ -1.5 SD compared to the family target and growth rate ≤ -2 SD or ≤ -1.5 SD
after 2 consecutive years.

l Stature ≤ -2 SD with growth rate ≤ -1 SD evaluated at least 6 months apart or stature
reduction of 0.5 SD in one year in children over 2 years old.

l Growth rate ≤ -2 SD in one year or ≤ -1.5 SD in two consecutive years, even if stature is
normal.

l Confirmatory, stimulus, or second level tests: 

- In case of a growth disorder, it is recommended to evaluate disease management (reassess
pretransfusion haemoglobin and iron indices) and to perform a general assessment
(phlogosis indicators, hepatic and renal function, electrolytes, blood gases, total proteins
with electrophoresis, physical and chemical examination of urine, screening for celiac
disease, free thyroxine (FT4), thyroid-stimulating hormone (TSH), calcium, phosphorus,
alkaline phosphatase, parathyroid hormone, and vitamin D) (Grade C, Class I).

- If the above tests are normal and/or growth disorders persist, it is recommended to
perform insulin-like growth factor 1 (IGF-1) measurement and dynamic tests to evaluate
growth hormone secretion (Grade C, Class I).

- A diagnosis of growth hormone (GH) deficiency should be made when GH peak is <8
ng/mL on two different stimulus tests (glucagon and clonidine), performed on different
days (Grade C, Class 1).

l Management and monitoring:

- Before starting therapy with recombinant human GH (rhGH), it is recommended to
evaluate glucose metabolism, thyroid and pituitary function (adrenocorticotropic
hormone [ACTH], cortisol, FT4, and TSH; and in puberty luteinising hormone [LH], follicle
stimulating hormone [FSH], and total testosterone/oestradiol) and to carry out magnetic
resonance imaging (MRI) of the hypothalamic-pituitary region (Grade A, Class I).

- It is recommended to optimise transfusion therapy, iron chelation therapy, and nutritional
status, and to correct endocrine diseases if present (hypothyroidism, impaired glucose
homeostasis, pubertal delay) (Grade A, Class I).
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- For patients diagnosed with GH deficiency, the recommended rhGH dose is 0.025-0.035
mg/kg/day (0.160-0.40 mg/kg/week) subcutaneously in a single evening dose (Grade A,
Class I).

- For patients treated with rhGH, it is recommended to monitor patients with auxological
evaluation, IGF1, and glycemia every 6 months; assessment of lipid profile, other pituitary
hormones, thyroid function, and bone age every year (Grade A, Class I).

- In the transition age, it is recommended to repeat the dynamic tests in patients treated
with rhGH therapy in childhood, at least one month after rhGH treatment interruption, in
order to evaluate the need to continue (or not) the therapy at an age-appropriate dosage
(Grade B, Class I).

- Referral to paediatric endocrinologist, if available, is recommended for patients with
growth disorders, suspected GH deficiency or other endocrinopathy, confirmed GH
deficiency and/or other hormone deficiency for initiating and monitoring treatment
(Grade C, Class I). 

2. Recommendations for disorders of pubertal development.

l First level assessment:

- The recommended screening tests for disorders of pubertal development in TDT are the
measurements of testicular volume, growth rate, and Tanner stage to be performed every
six months, starting from the normal age of puberty, until the completion of pubertal
growth (Grade A, Class I).

l Criteria for diagnosis:

- A diagnosis of a disorder of pubertal development should be made in male patients
showing no signs of pubertal development (testicular volume <4 mL) after 14 years of
age and in patients with lack of pubertal progression for a period of 6-12 months after a
spontaneous beginning of puberty. In female patients, it should be based on lack of
thelarche after 13 years of age, or on lack of pubertal progression for a period of 6-12
months after a spontaneous beginning of puberty, or with non-appearance of menarche
4 years after the appearance of thelarche, or with non-appearance of menarche by the
age of 16 (Grade A, Class I).

l Confirmatory, stimulus, or second level tests:

- In case of disorder of pubertal development, it is recommended to perform FT4, TSH,
prolactin, IGF-1, LH, FSH, bone age assessment, as well as total testosterone in 
male patients and 17-beta oestradiol and pelvic ultrasound in female patients (Grade
A, Class I).

- In all patients with failure to begin pubertal development, by the age of 13 years in
females and 14 years in males, a short course of 3-6 months of hormone therapy is
recommended (oestrogens in females and testosterone in males), followed by a
treatment-free period with clinical and laboratory re-evaluation, in order to
differentiate constitutional growth and puberty delay (CGPD) from hypogonadotropic
hypogonadism (Grade A, Class I).

- In male patients with pubertal delay, the recommended pubertal induction therapy is
testosterone enanthate, propionate, or cypionate in depot formulation to be
administered every 4 weeks with an initial dose of 50 mg, for a period of 3-6 months,
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after the chronological age of 14 years and a bone age of at least 12 years (Grade A,
Class I). In case of non-response to the first cycle, it is suggested to consider a second
cycle of treatment with a dose increase of 25-50 mg (Grade C, Class IIa).

- In female patients with pubertal delay, the recommended pubertal induction therapy is
low dose 17-beta oestradiol, preferably transdermal formulation, after the chronological
age of 13 years and bone age of at least 11 years (Grade A, Class I).

- The diagnosis of A diagnosis of CGPD in male or female patients with a disorder of pubertal
development should be made in view of low levels of LH, FSH, and sex steroids with a
recovery of pubertal progression after 1 or 2 cycles of pubertal induction with low-dose
hormones (Grade A, Class I).

- The diagnosis of hypogonadotropic hypogonadism in male or female patients with a
disorder of pubertal development should be made in view of  reduced growth rate, low
levels of LH, FSH, and sex steroids with lack of spontaneous pubertal progression after 1
or 2 cycles of pubertal induction with low-dose hormones (Grade A, Class I).

- In case of diagnosis of hypogonadotropic hypogonadism, it is recommended to perform
a pituitary MRI to complete the diagnosis (Grade A, Class I).

l Management and monitoring: 

- In case of diagnosis of CGPD with spontaneous beginning of puberty, a wait and see
strategy is recommended in concert with the patient and his/her parents, with periodic
clinical and laboratory reassessment to be carried out every 3-6 months (Grade A, 
Class I).

- In case of diagnosis of hypogonadotropic hypogonadism, it is recommended to start
therapy no earlier than the chronological age of 14 years or bone age of 12 years in males,
and no earlier than the chronological age of 13 years or bone age of 11 years in females
(Grade A, Class I).

- In male patients with hypogonadotropic hypogonadism, it is recommended to increase
the testosterone dose gradually until reaching the adult dose for 3-4 years (Grade A, 
Class I).

- In male patients with hypogonadotropic hypogonadism, it is suggested to consider the
use of gonadotropins, as an alternative to testosterone, only for the induction of testicular
growth, starting from the age of 14 years (Grade C, Class IIb).

- In female patients with hypogonadotropic hypogonadism, it is recommended to add to
a progesterone preparation at the appearance of induced menstrual flow or 24-36 months
after the beginning of oestrogen therapy (Grade A, Class I).

- In male patients on testosterone therapy, it is recommended to monitor the progression
of puberty stage, height growth, levels of circulating total testosterone, and possible
therapy side effects at least every 3-6 months, and bone age once a year (Grade A, 
Class I).

- In female patients on oestrogen therapy, it is recommended to monitor the progression
of puberty stage, height growth, dimensions of uterus and ovaries with an ultrasound,
and possible therapy side effects at least every 3-6 months, and of bone age once a year
(Grade A, Class I).

- It is recommended to refer all patients with pubertal delay to a paediatric endocrinologist
both for diagnosis and management (Grade C, Class I). 

- It is recommended to optimise transfusion and iron chelation therapy to prevent delated
puberty in TDT patients (Grade C, Class I).
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3. Recommendations for female hypogonadism.

l First level assessment:

- The recommended screening test for hypogonadism in female patients is the assessment
of menses rhythm every 6 months, through the evaluation of the patients’ menstrual diary
(Grade B, Class I). 

- A diagnosis of oligomenorrhoea should be made in case of <9 menstrual cycles/year,
primary amenorrhoea in case of failure to reach menarche by the age of 16 years, and
secondary amenorrhoea in case of absence of menses for ≥3 months in a woman who
previously had regular menses or absence of menses for ≥6 months in women who
previously had irregular menses (Grade A, Class I).

l Confirmatory tests:

- In case of amenorrhoea or oligomenorrhoea, it is recommended to perform the following
tests to complete the diagnosis: FSH, LH, and oestradiol serum levels and pelvic
ultrasound. In addition, hyperprolactinaemia, hyperandrogenism, hypothyroidism, and
pregnancy must be excluded by appropriate tests (Grade A, Class I).

l Criteria for diagnosis:

- A diagnosis of hypogonadism should be made in adult female patients with
oligo/amenorrhoea associated with low oestradiol levels, confirmed by at least two
different tests (Grade A, Class I).

- A diagnosis of hypergonadotropic or primary hypogonadism (ovary disease) should be
made when low serum oestradiol is associated with high gonadotropin levels (Grade A,
Class I).

- A diagnosis of hypogonadotropic hypogonadism (hypothalamic/pituitary disease) should
be made when low serum oestradiol is associated with reduced or inappropriately normal
gonadotropin levels (Grade A, Class I).

- Patients with primary or secondary amenorrhoea or oligomenorrhoea should be referred
to an endocrinologist as well as a gynaecologist, if available, for initial diagnostic
assessment and treatment, then once a year for follow-up (Grade C, Class I).

l Second level tests:

- In patients diagnosed with hypogonadotropic hypogonadism, it is recommended to
expand hormonal assays to assess morning cortisol, morning ACTH, FT4, TSH, and IGF-1,
and to perform pituitary MRI with a contrast agent (unless contraindicated) (Grade A,
Class I).

l Management and monitoring: 

- It is recommended to refer hypogonadic patients to the gynaecologist before beginning
hormone replacement therapy (HRT), then once a year for follow-up, if available (Grade
C, Class I).

- It is recommended to start HRT in all patients with a diagnosis of hypogonadism in the
premenopausal age, if not contraindicated (Grade A, Class I).

- It is recommended to use the combination of oestradiol (ideally transdermal) and a cyclic
progestin for HRT; cyclic progestin is not necessary in hysterectomised patients (Grade A,
Class I).

- If thrombotic risk factors are present, it is suggested to have shared decision-making on
the risk-benefit ratio of HRT and on the potential use of an anticoagulants or
antiaggregants with a specialist in coagulopathies (Grade C, Class IIa).
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- During oestroprogestin HRT, it is recommended to perform the following assessments:
blood pressure, liver and kidney function, blood lipids and glycemia; annual
gynaecological examination with pelvic ultrasound, to be brought forward if unexpected
vaginal bleeding appears, according to the age-appropriate guidelines (Grade A, Class I).

- In case of hypothyroidism on levothyroxine therapy, it is recommended to check FT4 and
TSH levels every 3 months after the beginning of HRT (Grade A, Class I).

- It is recommended to optimise transfusion and iron chelation therapy (oral or
combinatorial regimens) to prevent or potentially reverse hypogonadism in TDT patients
(Grade C, Class I).

4. Recommendations for male hypogonadism.

l First level assessment:

- The recommended screening for hypogonadism in male patients includes medical history,
clinical evaluation, assays of serum testosterone, FSH, and LH (Grade A, Class I).

- All adult TDT patients should undergo screening once a year, to be brought forward if
suggestive symptoms appear (Grade C, Class I).

l Criteria for diagnosis: 

- A diagnosis of hypogonadism should be made in case of suggestive signs and symptoms
associated with low testosterone levels, confirmed by two different tests collected
correctly (Grade A, Class I).

- A diagnosis of hypogonadotropic hypogonadism (hypothalamic/pituitary disease) should
be made in case of low serum testosterone associated with reduced or inappropriately
normal gonadotropin levels (Grade A, Class I).

- A diagnosis of hypergonadotropic or primary hypogonadism (testicular disease) should
be made in case of low serum testosterone associated with high gonadotropin levels
(Grade A, Class I).

- Adult patients with hypogonadism should be referred to an endocrinologist, if available,
for initial diagnostic assessment and treatment, then once a year for follow-up (Grade C,
Class I).

l Second level tests:

- In patients diagnosed with primary hypogonadism, a testicular ultrasound is
recommended (Grade A, Class I).

- In patients diagnosed with hypogonadotropic hypogonadism, it is recommended to
expand hormonal assays to assess morning cortisol, morning ACTH, FT4, TSH, IGF-1,
prolactin, and to perform pituitary MRI with a contrast agent (unless contraindicated)
(Grade A, Class I).

l Management and monitoring:

- In the absence of contraindications, it is recommended to initiate replacement therapy
with testosterone to all patients with clinical manifestations of androgen deficiency and
confirmed low testosterone levels (Grade A, Class I).

- Before starting treatment, it is recommended to: examine the prostate and breasts, explore
cardiovascular and venous thromboembolism risk factors, and perform a semen analysis
(in patients in the fertile age) (Grade A, Class I).



207

CHAPTER 06 

- In patients operated for prostate cancer with negative follow up >1 year, the risks can be
discussed with the urologist and only patients at low risk of recurrence should be treated
(preoperative prostate-specific antigen [PSA] <10 ng/mL, Gleason <8; stage pT1-2) (Grade
A, Class I).

- In patients with cardiovascular disease undergoing testosterone replacement therapy, it
is recommended to optimise secondary prevention measures (Grade A, Class I).

- In patients with recognised factors of thrombotic risk, it is recommended to evaluate the
risk-benefit ratio of testosterone therapy with a specialist in coagulopathies, if available
(Grade C, Class I).

- It is recommended to avoid testosterone replacement therapy in the following cases
(Grade A, Class I):

l Plans of paternity in the next 6-12 months.

l Nodule/palpable prostatic mass or prostate cancer.

l PSA >4 ng/mL or PSA > 3 ng/mL associated with high risk of prostate cancer (first-degree
relative affected).

l Severe untreated obstructive sleep apnoea.

l Severe obstructive disorders of the lower urinary tract.

l Cardiac decompensation.

l Breast carcinoma.

l Recent stroke or myocardial infarction (last 6 months).

- It is recommended to start treatment with testosterone enanthate or propionate or
testosterone transdermal gel administered at low dosages, and to adjust the dose
according to clinical and hormonal responses (Grade C, Class I).

- It is recommended to reserve longer lasting preparations for patients who have reached
target testosterone levels, avoiding their use in those who might need a rapid dosage
change and in older patients (Grade C, Class I).

- It is recommended to test serum testosterone every 3 months until normal values are
reached, then every 6 months (Grade C, Class I).

- It is recommended to monitor heart symptoms and compensation and maintain
testosterone serum levels within mid-normal range, in patients with chronic cardiac failure
or cardiovascular disease (Grade C, Class I).

- It is recommended to monitor PSA, starting from the age of 40 years, and to monitor the
risk of prostate cancer in compliance with local guidelines (Grade A, Class I).

- Patients with a progressive increase in PSA during testosterone replacement therapy or
with absolute PSA values >4 ng/mL or > 3 ng/mL in the presence of a high risk for prostate
cancer (a first-degree relative with prostate cancer) can be referred to the urologist (Grade
C, Class IIa).

- It is recommended to optimise transfusion and iron chelation therapy (oral or
combinatorial regimens) to prevent or potentially reverse hypogonadism in TDT patients
(Grade C, Class I).
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5. Recommendations for hypothyroidism.

l First level assessment:

- The recommended screening tests for hypothyroidism are the measurement of serum
FT4 and TSH levels (Grade A, Class I).

- Screening for hypothyroidism can start from 9 years of age, once a year, in all patients with
normal thyroid function and every six months in patients with suboptimal iron overload
management (Grade A, Class IIa). 

- It is suggested to perform screening for hypothyroidism in women who seek pregnancy
or are planning to undergo assisted fertilisation, to be repeated during pregnancy once a
month until the 20th week and once again between the 26th and the 32nd weeks of
pregnancy (Grade A, Class IIa).

- It is recommended to perform screening for hypothyroidism every three months in
patients that are receiving drugs interfering with thyroid function, in particular
amiodarone (Grade A, Class I).

l Criteria for diagnosis:

- A diagnosis of primary subclinical hypothyroidism should be made in case of normal FT4
and high TSH levels, confirmed with repeat testing after 2-3 months (Grade A, Class I).

- A diagnosis of primary overt hypothyroidism should be made in case of low FT4 and high
TSH levels (Grade A, Class I).

- A diagnosis of central (secondary) hypothyroidism (hypothalamic-pituitary dysfunction)
should be made in case of low FT4 and low or inappropriately normal TSH levels,
confirmed at least on two tests and after excluding possible interferences (Grade A,
Class I).

l Second level tests:

- In patients with primary hypothyroidism, it is recommended to assess at diagnosis anti-
thyroperoxidase (anti-TPO) antibody levels and to perform a thyroid ultrasound, to be
repeated according to clinical indication (Grade A, Class I).

- In patients with central hypothyroidism, it is recommended to perform at diagnosis the
following tests: morning cortisol, morning ACTH, LH, FSH, prolactin, IGF-1, as well as
testosterone in males and oestradiol in females; and an MRI of the hypothalamus-pituitary
region, unless contraindicated (Grade A, Class I).

l Management and monitoring: 

- It is recommended to start therapy in patients with primary overt hypothyroidism with L-
thyroxine at low dose (25-50 mcg/day), to be further reduced (12.5 mcg/day) in patients
with pre-existing cardiac disease, with the aim of maintaining FT4 level within the normal
range and TSH level <4 µU/ml, while avoiding overdose with TSH suppression (i.e., TSH
<0.5 mU/L) (Grade A, Class I).

- In patients with primary overt or subclinical hypothyroidism on L-thyroxine
supplementation, it is recommended to monitor FT4 and TSH levels every 6 weeks until
TSH normalisation and then every 6 months (Grade A, Class I).

- It is recommended to start therapy in patients with central hypothyroidism with L-
thyroxine at low dose (25-50 mcg/day), to be further reduced (12.5 mcg/day) in patients
with pre-existing cardiac disease, with the aim of maintaining FT4 level within the normal
range (Grade A, Class I).
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- In patients with central hypothyroidism on L-thyroxine supplementation, it is
recommended to monitor FT4 levels every 4 weeks until FT4 normalisation and then every
6 months (Grade A, Class I).

- It is suggested to consider L-thyroxine therapy in patients with subclinical hypothyroidism
on a case by case basis, particularly in young adult patients with TSH >10 mU/L and/or in
the presence of subjective symptoms, with the aim of maintaining TSH level <4 mU/mL,
while avoiding overdose with TSH suppression (i.e., TSH <0.5 mU/L) (Grade A, Class IIa).

- Treatment for subclinical hypothyroidism is required in all patients seeking pregnancy,
with close hormonal monitoring (every 4 weeks) with the aim of maintaining TSH levels
<2.5 mU/L before conception. (Grade C, Class I).

- During pregnancy, it is recommended to start L-thyroxine therapy in case of TSH >2.5
mU/L, monitoring FT4 and TSH levels once a month until the 20th week and once between
the 26th and the 32nd weeks with subclinical hypothyroidism, with the aim of maintaining
FT4 level within the normal range and TSH level <2.5 mU/L in the first and second
trimesters and between 2.5 and 3 mU/L during the third trimester. After childbirth, the L-
thyroxine dosage should be reduced to pre-conceptional levels and then adjusted based
on the TSH and FT4 levels measured approximately 6 weeks after childbirth (Grade C,
Class I).

- All patients should be referred to the endocrinologist at first diagnosis of hypothyroidism,
with difficult-to-compensate hypothyroidism, and with structural alterations of the thyroid
at ultrasound. Referral is also recommended in patients seeking pregnancy, pregnant
patients, patients treated with drugs interfering with thyroid function, cardiopathic, and
fragile patients (Grade C, Class I).

- It is recommended to optimise transfusion and iron chelation therapy (oral or
combinatorial regimens) to prevent or potentially reverse hypothyroidism in TDT patients
(Grade C, Class I).

6. Recommendations for glucose metabolism disorders.

l First level assessment:

- The recommended screening tests for glucose metabolism disorders are the
measurement of fasting blood glucose levels and/or blood glucose during oral glucose
tolerance test (OGTT), to be performed starting from 10 years of age, at least every 2 years
from 10 to 18 years of age, and annually thereafter (Grade B, Class I).

- It is suggested to use the Homeostatic Model Assessment for Insulin Resistance (HOMA-
IR) index as a guide to evaluate insulin resistance, to be calculated starting from 10 years
of age, at least every 2 years from 10 to 18 years of age, and annually thereafter (Grade C,
Class IIa).

- It is suggested to conduct periodic assessment of serum fructosamine measurement
(Grade C, Class IIa).

- For pregnant women, it is recommended to assess fasting blood glucose level every
month from the beginning of pregnancy and OGTT at 24-28 weeks of gestation, following
the specific criteria for gestational diabetes (Grade B, Class I).

- It is recommended to not consider glycosylated haemoglobin A1C (HbA1C) measurement
for screening of glucose metabolism disorders in patients with TDT, unlike the general
population (Grade B, Class I).
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l Criteria for diagnosis:

- A diagnosis of diabetes should be made in case of blood glycaemia >200 mg/dL in the
presence of typical symptoms of diabetes (polyuria, polydipsia, weight loss) on a single
random serum evaluation, fasting glycaemia >126 mg/dL on at least two evaluations, or
glycemia >200 mg/dL two hours after OGTT (Grade A, Class I).

- A diagnosis of impaired fasting glycemia (IFG) should be made in case of fasting glycaemia
between 100 and 126 mg/dL (Grade A, Class I).

- A diagnosis of impaired glucose tolerance (IGT) should be made in case of glycaemia
between 140 and 200 mg/dL during OGTT (Grade A, Class I).

l Confirmatory, stimulus tests, or second level tests:

- It is recommended to perform OGTT in patients with impaired fasting glucose found at
least on two occasions (Grade A, Class I).

- It is recommended to assess serum plasma C-peptide to complete the diagnosis in
patients with a glucose metabolism disorder (Grade C, Class I).

l Management and monitoring: 

- In patients with glucose metabolism disorders, a healthy lifestyle is recommended
(appropriate diet, regular physical activity, smoking cessation, adequate amount of sleep)
(Grade C, Class I).

- In patients with IFG and IGT, therapy with metformin is recommended, especially in case
of insulin resistance (Grade C, Class I).

- In patients with diabetes, therapy with metformin or insulin is recommended, depending
on the presence of symptoms, catabolic signs, and glycaemia and C-peptide levels.  Sn
early start of insulin therapy should be considered in case of hypercatabolism (weight
loss), persistent high glucose levels, and low/undetectable C-peptide (Grade C, Class I).

- A basal-bolus insulin scheme through multiple daily dose injections is recommended,
while continuous subcutaneous insulin infusion through a pump is recommended in
selected cases (Grade C, Class I).

- Patient education on blood glucose self-monitoring, prevention, as well as recognition
and treatment of hypoglycaemia is recommended (Grade C, Class I).

- Assessment of micro- and macroangiopathic complications is recommended, as indicated
in diabetes guidelines for the general population (Grade C, Class I).

- It is recommended to optimise transfusion and iron chelation therapy (oral or
combinatorial regimens) to prevent or potentially reverse glucose metabolism disorders
in TDT patients (Grade C, Class I).

7. Recommendations for hypocorticosurrenalism.

l First level assessment:

- The suggested screening test for hypocorticosurrenalism is the measurement of serum
sodium, potassium, ACTH and cortisol levels at 8 a.m., starting from adolescence and once
a year (Grade C, Class IIa).

l Criteria for diagnosis:

- A diagnosis of hypocorticosurrenalism should be made in patients with morning cortisol
values <3 mcg/dL (80 nmol/L) (Grade C, Class I).
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- A diagnosis of hypocorticosurrenalism should be excluded in patients with morning
cortisol values >15 mcg/dL (400 nmol/L) (Grade C, Class I).

l Confirmatory, stimulus, or second level tests:

- In patients with confirmed values of serum cortisol between 3 and 10 mcg/dL (80 -275
nmol/L) in the absence of interfering drugs and in patients with values between 10 and
15 mcg/dL (275-400 nmol/L) with previous history of iron overload and co-existence of
other deficiencies of the hypothalamic-pituitary function, it is suggested to perform a
stimulus test with ACTH, low dose (1 mcg intravenously) or standard dose (250 mcg
intravenously), or glucagon, according to the experience and product availability at the
centre and the need to test for other axes disorders (possible with glucagon test) (Grade
C, Class IIa).

- A diagnosis of hypocorticosurrenalism should be made in patients with a cortisol peak
<15-18 mcg/dL (400- 500 nmol/L) at stimulus tests (ACTH or glucagon) (Grade A, Class I).

- A diagnosis of secondary hypocorticosurrenalism should be made in patients with
reduced cortisol and reduced or inappropriately normal ACTH levels (Grade A, Class I).

- In patients with secondary hypocorticosurrenalism, it is recommended to perform a
pituitary MRI with contrast agent (unless contraindicated) and tests of the other hormone
axes (FSH, LH, FT4, TSH, prolactin, testosterone in males, oestradiol in females, and IGF-1)
(Grade A, Class I).

- A diagnosis of primary hypocorticosurrenalism should be made in patients with reduced
cortisol and high ACTH levels (Grade A, Class I).

- In patients with primary hypocorticosurrenalism, it is recommended to perform adrenal
imaging by MRI or computed tomography (Grade A, Class I). 

l Management and monitoring:

- In patients with a diagnosis of hypocorticosurrenalism, it is recommended to start
cortisone replacement therapy with oral administration of hydrocortisone (10-15 mg/day)
or cortisone acetate in adults (25-37.5 mg/day) divided in 2-3 daily doses, with a higher
dose in the morning upon awakening (Grade A, Class I).

- In patients with hypocorticosurrenalism on replacement therapy, it is recommended to
carry out clinical monitoring and assessment of sodium, potassium, and glycaemia at least
every 6 months (Grade A, Class I).

- It is recommended to educate patients and family members on prevention and
recognition of adrenal crisis and provide the patient with a card certifying the disease
(Grade A, Class I).

- It is suggested to refer all patients with suspicion of hypocorticosurrenalism to the
endocrinologist, especially adults with history of iron overload and other endocrinological
disorders (Grade C, Class IIa).

8. Recommendations for hypoparathyroidism.

l First level assessment:

- The recommended screening tests for hypoparathyroidism are the measurement of serum
calcium, corrected for albumin level, and serum phosphorus, to be performed once a year
starting from 10 years of age (Grade C, Class I).
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l Confirmatory, stimulus, or second level tests:

- In case of hypocalcaemia (serum calcium corrected for albumin <8 mg/dL), it is
recommended to perform the following tests to complete the diagnosis: parathyroid
hormone (PTH), serum magnesium, creatinine, 25-hydroxy (OH) vitamin D, and 24-hour
urine calcium (Grade A, Class I).

l Criteria for diagnosis:

- A diagnosis of hypoparathyroidism should be made in case of hypocalcaemia (serum
calcium corrected for albumin <8 mg/dL), in combination with reduced or inappropriately
normal PTH levels, found on at least two assessments (Grade A, Class I).

l Management and monitoring:

- It is recommended to start therapy in patients with hypocalcaemia symptoms and/or
serum calcium levels corrected for albumin value <8 mg/dL (<2 mmol/L) with calcium
supplementation (calcium carbonate as first choice or calcium citrate, in case of side
effects, proton-pump inhibitors therapy or achlorhydria), at a daily dose of 1.0-2.5 g/day
in the adult patient, divided into 2-3 doses (Grade A, Class I).

- Supplementation with the active form of vitamin D, calcitriol (1,25-dihidroxicolecalciferol)
is recommended, at a daily dose of 0.25 to 2 micrograms, divided into two daily doses
(Grade A, Class I).

- It is suggested to add oral supplementation of vitamin D at the dose of 400-800 IU per
day (Grade C, Class IIb).

- It is suggested to consider the use of PTH analog drugs in cases of severe chronic
hypoparathyroidism not compensated by traditional therapy, unless contraindicated
(Grade C, Class IIb).

- It is recommended to perform clinical monitoring (assessment of hypo/hypercalcaemia
symptoms) as well as laboratory monitoring with the following tests: calcium levels
corrected for albumin, phosphorus and magnesium levels, creatinine and estimated
glomerular filtration rate every 3-6 months, 24-hour urine calcium and creatinine level
once a year if the patient with hypoparathyroidism is stable; and more frequently (weekly
or monthly) at the start of therapy, in case of  dose change, or poor compliance with
therapy (Grade A, Class I).

- It is recommended to keep calcium level at the lower limits of the normal range,
phosphorus level at the upper limits of the normal range, and the calcium-phosphate
ratio <55 mg2/dL2 (4.4 mmol2/L2), to avoid hypercalciuria, nephrolithiasis, and
nephrocalcinosis (Grade A, Class I).

- It is recommended to perform renal and urinary tract ultrasound in patients with
hypoparathyroidism, which can be done along with any planned abdominal ultrasound
required for patients with TDT (Grade C Class I).

- It is recommended to refer all patients with hypoparathyroidism to the endocrinologist
at diagnosis, for therapy planning and monitoring, to be followed every 6-12 months
thereafter (Grade C Class I).

- It is recommended to optimise transfusion and iron chelation therapy (oral or
combinatorial regimens) to prevent or potentially reverse hypoparathyroidism in TDT
patients (Grade C, Class I).

212



9. Recommendations for growth hormone deficiency in adults. 

l First level assessment:

- The suggested screening test for GH deficiency is the measurement of IGF-1 level, to be
performed once a year starting from 25 years of age or earlier in case of severe iron
overload and other pituitary deficits (Grade C, Class IIa).

- Assessment of GH basal level is not recommended (Grade A, Class I).

l Confirmatory, stimulus, or second level tests:

- In case of low IGF-1 level (<2 SD), it is suggested to perform a stimulus test with
macimorelin or glucagon, according to local experience and product availability (Grade
C, Class IIa). 

l Criteria for diagnosis: 

- A diagnosis of GH deficiency should be made in case of GH peak ≤1 mcg/L with a glucagon
stimulus test (if BMI <25 kg/m2, the GH cut-off value is ≤3 mcg/L); or in case of GH peak
≤5.1 mcg/L with a macimorelin stimulus test (Grade C, Class I). 

- In case of GH deficiency, it is recommended to check overall pituitary function and to
perform MRI of the hypothalamic-pituitary region, unless contraindicated (Grade A, 
Class I).

l Management and monitoring:

- In patients with GH deficiency, it is recommended to start therapy with biosynthetic GH
at a low dose (0.2-0.4 mg/day) in the presence of an appropriate clinical context, according
to the parameters indicated, and in the absence of contraindications (Grade C, Class I).

- It is recommended to not start therapy with biosynthetic GH in case of active malignant
neoplasm or a proliferative diabetic retinopathy (Grade A, Class I).

- At the start therapy with biosynthetic GH, it is recommended to retest the adrenal function
and adjust replacement therapy with glucocorticoids in patients with pre-existing
hypocorticosurrenalism (Grade A, Class I).

- After the start therapy with biosynthetic GH, it is recommended to perform clinical
monitoring (evaluation of BMI, blood pressure, abdominal circumference, side effects),
metabolic monitoring (glycaemia, lipid profile), and IGF-1 level after 2 months, then every
6 months (Grade A, Class I).  

- It is recommended to test thyroid function after 6 months from the start of therapy or
after the change of biosynthetic GH dose (Grade A, Class I).  

10. Recommendations for bone disease.

l First level assessment:

- The recommended screening test for bone disease is the measurement of bone mineral
density (BMD) by dual-energy X-ray absorptiometry (DXA), to be performed from
adolescence, or earlier (from 10 years) if feasible, every 12-24 months, according to clinical
evolution (Grade C, Class I).

- It is recommended to perform DXA at the lumbar spine (LS) and total body less head
(TBLH) in children and adolescents; it is recommended to assess BMD at the LS, femoral
neck (FN), and total hip (TH) in adults (Grade C, Class I).
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l Confirmatory, stimulus, or second level tests:

- In case of bone disease, additional or more invasive diagnostic tests, such as peripheral
quantitative computer tomography, quantitative morphometry of the vertebrae or bone
histomorphometry after tetracycline double labelling, could be performed only in specific
situations and under the supervision of a skilled ‘bone specialist’ (Grade C, Class IIb).

l Criteria for diagnosis: 

- A diagnosis of osteoporosis should be made in case of BMD T-score ≤ −2.5 SD in post-
menopausal women and in men aged ≥50 years old; and a diagnosis of bone mass below
the expected range for age should be made in females before menopause and in males
≤ 50 years old in case of Z-score ≤ -2 SD (Grade A, Class I).

- It is recommended to assess the absolute risk of fracture using the Fracture Risk
Assessment Tool (FRAX) by integrating the information about fracture risk provided by
clinical risk factors (CRFs) for fracture and BMD, starting from the age of ≥40 years and
once a year (Grade C, Class I).

l Management and monitoring:

- It is recommended to manage thalassaemia-associated bone disease in a multidisciplinary
team with a comprehensive approach, starting from adolescence (Grade B, Class I).

- It is recommended to maintain an adequate dietary calcium intake according to age and
gender (800-1500 mg daily) in all TDT patients, irrespective of the presence of bone
disease; calcium supplementation is recommended only in the presence of a critically low
dietary calcium intake (Grade C, Class I).  

- It is recommended to attain and maintain a serum 25OH vitamin D value above 30 ng/mL
(optimal range 30-50 ng/mL) in all TDT patients, irrespective of the presence of bone
disease, by prescribing supplementation with cholecalciferol according to Table 12,
preferring a daily oral dose (Grade A, Class I).

- It is suggested to limit the use of calcifediol or active metabolites of vitamin D to specific
clinical conditions, such as chronic kidney disease or severe liver disease or in males with
hypogonadism not responsive to cholecalciferol (Grade C, Class IIa).

- It is recommended to start bisphosphonates or denosumab treatment in all patients with
high fracture risk, according to FRAX or other validated algorithms, by integrating
information of clinical risk factors and DEXA (Grade B, Class I).

- It is recommended to start bisphosphonates or denosumab treatment in all patients
presenting with a fragility fracture, possibly within 12 weeks to 16 weeks after the fracture
(Grade A, Class I).

- In patients with thalassaemia-associated bone disease and normal kidney function, it is
recommended to start with an oral or intravenous bisphosphonate (alendronate,
neridronate, or zoledronic acid) considering a treatment course of 2 or 3 years (Grade B,
Class I).

- In patients with thalassaemia-associated bone disease and chronic kidney disease with a
glomerular filtration rate of 30 mL/min or higher, it is suggested to start with an oral or
intravenous bisphosphonate (alendronate, neridronate, or zoledronic acid) considering a
treatment course of 2 or 3 years, with close monitoring of the kidney function (Grade C,
Class IIa).
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- In patients with thalassaemia-associated bone disease and chronic kidney disease with a
glomerular filtration rate of 29 mL/min or lower, it is suggested to start with denosumab,
after a comprehensive evaluation of risks/benefits and under the supervision of a skilled
‘bone specialist’, with a close monitoring (every 1 to 3 months) of serum calcium,
phosphate, parathyroid hormone, 25OH vitamin D, and kidney function (Grade C, 
Class IIa).

- In patients with normal kidney function or with chronic kidney disease and a glomerular
filtration rate of 30 mL/min or higher, presenting with a new fragility fracture under
bisphosphonate treatment, it is suggested to consider discontinuing bisphosphonate and
starting denosumab therapy (Grade B, Class IIa).

- In patients at high risk of fracture presenting with a new fragility fracture during
bisphosphonate/denosumab therapy, it is suggested to consider a combination treatment
course with teriparatide and denosumab (Grade C, Class IIa).

- It is suggested to undertake an evaluation of risks/benefits of continuing treatment after
three years of bisphosphonate therapy, considering a ‘drug-free holiday’, in order to
minimise the risk of rare adverse events such as osteonecrosis of the jaw or atypical femoral
fracture (Grade C, Class IIa).

- It is recommended to follow a treatment course with bisphosphonate after
discontinuation of denosumab, to avoid a faster reduction of BMD (rebound effect) (Grade
A, Class I).

- Adequate control of anaemia and iron overload is recommended to mitigate bone marrow
expansion and iron toxicity to the bone (Grade A, Class I).

- Physical activity and healthy lifestyle (discontinue smoking and alcohol intake) is
recommended in all patients (Grade C, Class I).

- In patients with hypogonadism, hormone replacement therapy is recommended
according to dedicated recommendations (Grade A, Class I).

- It is suggested to consider referral to a fracture liaison service and/or ‘bone specialist’ in
patients with recurrent fractures and/or severe bone disease (Grade B, Class IIa).

- It is recommended to assess lumbar spine and femoral BMD in the long-term follow up
of patients with thalassaemia-related bone disease, considering the femoral neck is the
most reliable site for the monitoring (Grade B, Class I).

- It is recommended to undertake, at baseline and once a year, a laboratory diagnostic
workup (measurement of serum calcium, phosphate, creatinine, albumin and protein
electrophoresis, PTH, 25OH vitamin D, 24-hour urinary calcium, creatinine, and phosphate
excretion, and laboratory tests to assess gonadal function) to identify conditions and risk
factors that may potentially contribute to bone loss and increase fracture risk (Grade C,
Class I).

- It is recommended to promptly identify and treat diabetes and/or other secondary causes
of osteoporosis and fracture mentioned in Table 11 (Grade C, Class I).

- During treatment with bisphosphonates or denosumab, it is suggested to refer patients
for a dental check-up at baseline and once a year to prevent osteonecrosis of the jaw
(Grade C, Class IIb).

- In patients undergoing bisphosphonate or denosumab treatment over three years, it is
suggested to perform bilateral X-ray of the subtrochanteric region and femoral shaft, to
exclude the presence of an incomplete atypical fracture (Grade C, Class IIb).
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- In patients undergoing bisphosphonate or denosumab treatment presenting with
prodromal symptoms such as dull or aching pain in the groin or thigh, it is
recommended to perform bilateral X-rays of the subtrochanteric region and femoral
shaft, to exclude the presence of an incomplete atypical fracture (Grade C, Class I).

- In all patients undergoing bisphosphonate or denosumab treatment presenting with
an incomplete or complete atypical fracture, it is recommended to discontinue
bisphosphonate or denosumab treatment, and eventually consider teriparatide
therapy (Grade B, Class I).
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1. INTRODUCTION

As a follow on to Chapter 6, which featured aspects related to delayed puberty, female and male
hypogonadism in patients with transfusion-dependent β-thalassaemia (TDT), this Chapter takes a
closer look at fertility in both men and women, and considerations for the care of women who
attempt to achieve successful pregnancy. Early fertility evaluation, optimal management of iron
overload and organ function, and application of advances in reproductive technology and prenatal
screening are essential to achieving patients’ goals. With more women with TDT seeking pregnancy,
ensuring the best outcomes for both mother and baby require concerted and collaborative efforts
between the haematologist, obstetrician, and various healthcare specialists [1].

2. FEMALE FERTILITY  

Current care for women with TDT with regular monitoring and adequate iron chelation, along with
advances in reproductive technologies, made pregnancy not only possible but also increasingly
safe with marked improvements in maternal and foetal survival and outcomes. It is however evident
that a high rate of fertility problems exist, estimated at 40-90%, depending on the time-period and
the population studied [2, 3]. Women will present with primary or secondary amenorrhoea or failure
to conceive.

Transfusion-induced haemosiderosis through damage to the pituitary gland and to the
hypothalamic-pituitary axis can cause hypogonadotropic hypogonadism, the primary cause of
developing subfertility. To a lesser extent, direct iron-induced ovarian damage can occur, mostly
with higher iron levels and older age (mid-late 30’s) impairing oocyte number and measures of
ovarian reserve compared to age-matched controls [4]. However, even with iron overload
compromising ovarian tissue, most women with TDT have sufficient ovarian function to allow
successful ovulation induction with exogenous gonadotropin therapy. In addition, despite lower
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ovarian reserve, oocyte quality is not significantly affected as shown in analysis of oocytes and
embryos quality in in vitro fertilisation (IVF) cases performed in women with TDT [5].

2.1. Diagnosis and evaluation of subfertility

Gonadotropin levels (luteinizing hormone [LH] and follicle-stimulating hormone [FSH]) and
oestradiol along with pubertal development can define hypogonadism in TDT, but they have poor 
predictive values of female reproductive potential. 

Ovarian reserve testing determines the total number of immature oocytes (eggs) in the ovaries by
a direct measure with transvaginal ultrasound obtaining ovarian antral follicle count (AFC) as well
as ovarian volume, and by blood test of Anti-Mullerian hormone (AMH) level that typically correlates
with AFC and can help predict fertility potential. Ovarian reserve naturally declines with age in
women. In TDT, AMH and AFC decline more rapidly with higher iron load compared to age-matched
women and they have an inverse relationship to ferritin levels and organ iron measures [6, 7].

The age at which a woman attempts pregnancy is therefore an important consideration and
early introduction of the topic is helpful. Thalassaemia physicians should address family
planning and offer evaluation and referral to a reproductive specialist for assessment and
consideration of fertility preservation when appropriate. Other TDT complications such as
diabetes, especially if poorly controlled, can also cause subfertility and should be addressed
before planning a pregnancy. Pituitary magnetic resonance imaging (MRI) for measuring iron
load and volume can detect and predict subfertility but is not routinely done. However, pituitary
iron correlates with ferritin, cardiac, pancreatic and liver iron; and MRI of these organs can assist
in prediction of reproductive status [8, 9].

Careful planning and identifying patients that might be ‘too high’ risk to undergo hormonal
treatment for infertility is important. In addition, screening of the male partner to identify couples
whose offspring are at risk for having an inherited thalassaemia should also be included in the pre-
pregnancy evaluation. Couples in this situation might proceed with pregnancy and may choose
to obtain prenatal diagnosis for determining if the embryo is affected with thalassaemia. Other
options include undergoing IVF and preimplantation genetic testing for (PGT) with implantation
of unaffected embryos, intrauterine insemination with donor sperm from a non-carrier, and
adoption. Adoption or the use of donor sperm or egg can also be valid options for TDT women
with severe organ damage avoiding a high-risk pregnancy.

Table 1 summarises key points for evaluation of subfertility in women with TDT.

Table 1.Key points in evaluation of subfertility in women with transfusion-dependent β-thalassaemia.

Evaluation

1. After puberty, monitor annual LH/FSH and oestradiol to assess for the developing and progression
of hypogonadotropic hypogonadism. 

2. Starting in early 20’s, obtain AMH level to screen for ovarian reserve (if patient interested).
3. Referral for transvaginal ultrasound for AFC for ovarian reserve evaluation and consultation when

considering pregnancy.

Abbreviations: LH, luteinizing hormone; FSH, follicle-stimulating hormone; AMH, Anti-Mullerian hormone; AFC,
antral follicle count.
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2.2. Induction of ovulation

Abnormalities in ovulation occur in 30-80% of adult women with TDT due to hypogonadotropic
hypogonadism. Induction of ovulation may be indicated in women with primary amenorrhoea,
secondary amenorrhoea, or those with   normal menstrual function who fail to conceive, and
in planned pregnancy where both partners have thalassaemia or carry the gene for it.

Although a majority of these patients no longer have pulsatile gonadotropins, induction of
ovulation has been highly successful with ovulation achieved in 80% of patients [10]. A variety
of ovulation induction regimens exist including gonadotropins, human menopausal
gonadotropin (hMG), a mixture of FSH and LH occasionally with clomiphene citrate which
stimulate development of follicles, as well as human chorionic gonadotropin (hCG) that trigger
ovulation after follicle development. The dose and frequency of gonadotropin injections
depend on the woman’s response, which is evaluated by the number and size of the growing
follicles and levels of oestradiol evaluated by blood testing and by transvaginal ultrasound scans
[11]. The protocols are associated with increased risk of twin or triplet pregnancies and ovarian
hyperstimulation syndrome which requires close observation and frequent hospital admission.
Patients should be counselled regarding the risk of hyperstimulation syndrome, multiple
pregnancies, ectopic pregnancy, and miscarriage. The use of gonadotropin-releasing hormone
(GnRH) agonists for ovarian stimulation has shown to have a lower incidence of ovarian
hyperstimulation; however, its use in thalassaemia might not be possible due to the
compromised hypothalamic–pituitary axis in most patients with subfertility.

There are no data on harmful effects of iron chelation therapy during hormonal stimulation
therapy; however, some women choose to hold iron chelation despite lack of data. 

Table 2 summarises key points for induction of ovulation in women with TDT.
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Table 2.Key points in induction of ovulation in women with transfusion-dependent β-thalassaemia.

Induction of ovulation

1. Transvaginal ultrasounds assess baseline follicle number and size and endometrium thickness.
2. Therapy with hMG or hCG preparation is given to induce ovulation. 
3. Assess follicle size by ultrasound to determine if treatment should continue and/or increase the

dose.
4. Check progesterone level: luteal support with progesterone may be required to assure ovulation

occurs.
5. Pregnancy is confirmed by BhCG testing.
6. If unsuccessful consider another cycle or refer for further discussion and considerations for IVF if

required. 

Abbreviations: hMG, human menopausal gonadotropin; hCG, human chorionic gonadotropin; IVF, in vitro
fertilisation.
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2.3. Fertility preservation

Fertility preservation options include oocyte cryopreservation and ovarian tissue
cryopreservation (OTC). Oocyte cryopreservation requires first induction of ovulation
(hyperstimulation) which is feasible once the patient has reached menarche. OTC involves
surgical removal of ovarian tissue capable of producing mature oocytes at a later time, which
offers some advantage to oocyte cryopreservation alone [12].

Fertility preservation should be considered in some situations while oocytes and ovarian tissues
are still attainable, taking into account the risk of ovarian insufficiency which increases with
age. However, challenges such as special health risks, financial barriers, and access to care need
to be addressed. Fertility preservation is also relevant to women with TDT planning
haematopoietic stem cell transplantation (HSCT) or gene therapy, which involves haematotoxic
treatment [13]. If patients elect for oocyte cryopreservation, protocols utilising GnRH agonist
could be considered if patients’ hypothalamic-pituitary axis is still intact, since this offers the
best chance for obtaining high quality oocytes with a more favourable side effect profile [14].
This is a developing field which requires more study in TDT.

These evaluations and counselling patients about their options, going through ovulation
stimulation and assisted reproductive treatment (ART) take time, are psychologically
challenging, and have variable outcomes. An early referral to an experienced reproductive team
especially in women that are older or those with comorbidities, is of utmost importance.

3. PREGNANCY

3.1. Pre-pregnancy planning

Pregnancy in TDT is associated with significant risks to both mother and foetus. Cardiac disease,
liver disease, endocrinopathies, infections, and thrombosis risk contribute to the increased risks
of pregnancy. However, early planning, before conception and optimisation of a woman’s health
status, can help reduce complications and result in a safe pregnancy. Pre-pregnancy planning
aims to optimise a woman’s overall health, including thalassaemia-specific care, and involves
partner testing and genetic counselling. Assessment of fertility of both patient and partner are
important to undertake early to avoid delay and to allow discussion of options for achieving a
pregnancy. A multidisciplinary team involving a haematologist, a thalassaemia nurse-specialist,
a specialist in reproductive medicine, an obstetrician, a cardiologist, an endocrinologist, a
genetic counsellor, and a psychologist are important to optimise outcomes.

Pre-pregnancy planning involves i) evaluating and optimising the woman’s current health
status, ii) reviewing medications that may need adjusting, and iii) discussing the personalised
risks associated with pregnancy. 

3.2. Evaluating and optimising thalassaemia care

Each woman with TDT contemplating pregnancy should be evaluated by the multidisciplinary
team to evaluate and optimise complications of thalassaemia with special emphasis on cardiac
function and iron burden, liver iron load, endocrinopathies, and viral status (Table 3). 
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Table 3.Optimisation of thalassaemia care pre-conception.

Item Investigation/Management

Abbreviations: MRI, magnetic resonance imaging; DXA, dual-energy X-ray absorptiometry; HIV, human
immunodeficiency viruses.

l Electrocardiogram, echocardiogram

l Serum ferritin, alanine/aspartate aminotransferase, bilirubin

l Liver MRI with iron quantification in mg/gram dry weight
l Cardiac MRI with T2* in ms

l Abdominal ultrasound

l Calcium and vitamin D levels
l Bone DXA scan
l Glucose tolerance test, fructosamine
l Thyroid function

l Test for hepatitis B, hepatitis C, HIV status
l Check rubella titres 
l Vaccination review and administration where due

l Test partner and offer genetic counselling where indicated

l Referral to fertility expert

Cardiac function

Liver function

Iron burden – liver, heart

Gallstones screen

Endocrinopathies

Infections

Partner screening

Fertility evaluation

3.2.1. Cardiac iron and function

Cardiac complications are the leading cause of death in individuals with TDT, and pre-existing
cardiac dysfunction, pulmonary hypertension, arrhythmia, or iron overload significantly increase
the risk of complications in pregnancy. Baseline evaluation and monitoring during pregnancy
is important for best outcomes. The increased metabolic demands and blood volume in
pregnancy exert significant stress on the maternal cardiovascular system [15]. Many of the
changes are transient and return to normal after delivery. Complications including dysrhythmia,
right ventricular dysfunction, and cardiac failure in pregnant women with TDT, have been
reported in 1.1% to 15.6% of patients [16, 17]. Since iron chelation is held during pregnancy,
the resulting increase in iron burden may worsen cardiac function in those with marginal
function or cardiac iron overload [18, 19]. It is thus essential to optimise chelation and reduce
liver and cardiac iron burden before embarking on pregnancy. 

All women with TDT should have a cardiac evaluation, including echocardiogram, electro -
cardiogram, 24-hour Holter monitor for rhythm disorders, and a cardiac MRI T2* where available
[20]. Since most non-invasive cardiac tests are insensitive for detecting early cardiac iron loading,
MRI using gradient T2* measurements to quantify iron burden is key [21]. Ideally, a cardiac T2*
MRI >20 ms should be achieved before pregnancy. Patients with cardiac iron overload (T2* MRI
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<20 ms), left ventricular dysfunction, or arrhythmias should be discouraged from planning a
pregnancy at that time, and aim to intensify iron chelation. Chelation intensification can
improve cardiac function over several months, and thus repeat risk-benefit assessment should
be performed regularly for a woman hoping to conceive [22]. 

3.2.2 Liver iron and function

Prior to pregnancy, all women should have biochemical tests including serum ferritin, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) to evaluate liver function, and a
liver MRI to evaluate liver iron load. The liver iron concentration (LIC) should be less than 7 mg/g
dry weight for best outcomes, especially since LIC increases during pregnancy when chelation
is held [18]. If the LIC is significantly elevated, chelation should be intensified to optimise the
LIC before conception. An abdominal ultrasound should be considered to evaluate for the
presence of gallstones. In symptomatic patients with evidence of biliary sludge or gallstones,
cholecystectomy may be considered prior to pregnancy. 

3.2.3. Endocrine evaluation

Prior to embarking on pregnancy, women with TDT should be comprehensively evaluated 
and managed for thalassaemia-associated endocrinopathies in collaboration with an
endocrinologist. Since osteopenia and osteoporosis are common in TDT, plain radiography of
the spine and bone mineral density with dual-energy X-ray absorptiometry (DXA) of the hip
and spine should be performed, and treatment initiated where indicated. Vitamin D levels
should be checked and optimised before and during pregnancy to optimise bone health.
Endocrine evaluation should also involve screening for diabetes with an oral glucose tolerance
test, optimisation of glucose control and evaluation of thyroid function. 

3.2.4. Infections

All patients should be screened for human immunodeficiency virus (HIV), hepatitis B virus (HBV),
hepatitis C virus (HCV), rubella, and other pathogens that may affect pregnancy. Hepatitis B immune
status should be reviewed and vaccines administered where indicated. Splenectomised patients
should have their vaccinations updated. Collaboration with an infection disease specialist and
therapy should be recommended for women with HIV and/or HCV.  

3.2.5. Medication review

Prior to conception, medications should be reviewed since some may need to be optimised,
and others may need to be discontinued (Table 4). Education around healthy eating, smoking
cessation, and alcohol abstinence are also appropriate at this time. Folic acid demand increases
during pregnancy and thus an increased dose of 5 mg daily is recommended at least 3 months
prior to conception to reduce the risk of neural tube defects. Vitamin D and calcium should be
optimised to preserve bone health. Thalassaemia disease-modifying therapies including
luspatercept, pyruvate kinase activators, and hydroxyurea should be stopped at least 3 months
prior to conception and ovulation/spermatogenesis induction due to concern for teratogenicity
and/or limited data on effect in a developing foetus. Oral iron chelators including deferiprone
and deferasirox have been shown to be teratogenic in animal models and should be switched
to deferoxamine at least 3 months prior to attempting ovulation induction or conception [23].
All chelation should, however, be stopped as soon as a pregnancy is confirmed, and the need
for chelation re-evaluated after the first trimester. Angiotensin-converting enzymes (ACE)
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inhibitors should be discontinued prior to conception. Bisphosphonates are contraindicated
during pregnancy since they have a long half-life and should be stopped 6 months prior to
conception. Oral hypoglycaemic agents and thyroid hormone replacement should be evaluated
in collaboration with an endocrinologist. For those on antiviral treatments, changes may be
needed, and thus early planning and engagement with the infectious disease team is key. 

Table 4.Medication review prior to conception in women with transfusion-dependent β-thalassaemia. 

Medication Action

*Luspatercept, pyruvate kinase activators, hydroxyurea.
Abbreviations: LIC, liver iron concentration; ACE, angiotensin-converting enzyme.

l Start 5 mg daily at least 3 months before conception

l Optimise dose

l Stop at least 3 months prior

l Customise based on degree of liver and cardiac iron load
l Goal pre-conception: LIC <7 mg/g dry weight, cardiac T2* >20 ms
l If not at goal: increase chelation, delay pregnancy
l If at target goal: stop oral agents and change to deferoxamine at

least 3 months prior to conception

l Stop

l Review in collaboration with endocrinologist

l Review in collaboration with endocrinologist

l Stop at least 6 months prior

l Review in collaboration with infectious disease specialist

Folic acid

Vitamin D supplementation

Disease-modifying therapies*

Iron chelator

ACE inhibitors

Diabetes medicines

Thyroid hormone replacement

Bisphosphonates

Antiviral therapy

4. RISKS ASSOCIATED WITH PREGNANCY AND OVERALL MANAGEMENT

Collaboration with an obstetrical team with experience caring for patients with TDT is important
to ensure best outcomes. It is also important to start conversations on risks of pregnancy early
to equip the patient and the couple with information on family planning. 

Patients should be informed that pregnancy itself does not alter the natural progression of
thalassaemia. There is no strong evidence to suggest that the incidence of antepartum
haemorrhage (APH) is higher in thalassaemia patients compared to the general population,
where it affects 2-5% of pregnancies [24]. However, the risk of pre-eclampsia is elevated in TDT,
with a prevalence of up to 11.3%, compared to approximately 4.6% in the general population,
thought to be due to endothelial dysfunction and an imbalance in angiogenesis [18, 25-29].
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The risk of gestational diabetes mellitus is also increased, reported at a prevalence of 18-25%
in women with TDT, compared to 3-10% in the general population.

Despite increased clotting factors and decreased fibrinolysis during pregnancy [30], the
incidence of venous thromboembolism (VTE) in TDT during pregnancy remains low, likely due
to the mitigating effects of regular transfusion protocols [18, 31]. The incidence observed in
pregnant TDT women is 0.92% which is the same as in the general pregnant population (as
opposed to a higher rate of 3.7% in non-transfusion-dependent β-thalassaemia [NTDT]) [18]. 

Heart failure was a significant risk, particularly in earlier years before the widespread use of
modern cardiac MRI and iron chelation therapies. Historical data suggest that heart failure risks
were similar in TDT (1.6%) and NTDT (1.1%) patients, with maternal mortality in TDT as high as
3.7% [18]. However, with current management strategies, these risks are now rare. It is important
to note that the main pregnancy risk to the mother remains cardiac complications, which can
be minimised by ensuring optimal cardiac function and good control of iron overload prior to
pregnancy.

The rate of miscarriage is not significantly higher than in the general population. However, the
proportion of small-for-gestational-age infants is higher in TDT (18.1%) compared to the 11%
observed in the general population [18]. The overall proportion of preterm birth is significantly
higher in TDT (25.2%) than in NTDT (8.9%) [18], exceeding the global incidence of 5-18% [32].

There is a significant increase in transfusion requirements to maintain a safe haemoglobin range.
Transfusion volumes may increase by 30-50% due to anaemia exacerbated by an increase in
plasma volume during pregnancy. The cessation of chelation therapy in most TDT pregnant
women leads to a notable rise in serum ferritin level, reported as a mean ferritin increase of
1005 ng/mL in TDT [18]. The high exposure to blood units also increases the risk of red blood
cell alloimmunisation and proper cross-matching protocols need to be applied. 

Bone deformities and cephalopelvic disproportion (CPD) pose significant challenges during
pregnancy and delivery. CPD may contribute to the high rates of Caesarean delivery, observed
at 83.9% in TDT and 67% in NTDT [18], which are substantially higher than the global rate of
21% [33]. Osteoporosis and scoliosis are common in TDT, despite transfusion therapy, resulting
in vertebral bodies with reduced height and the segmental position of the conus may be lower
than predicted. It is therefore important to attempt and reduce the severity of osteoporosis
pre-pregnancy by hormone replacement and bisphosphonates, when required. This can
increase bone density and reduce skeletal abnormalities, making spinal anaesthesia more
feasible. Bisphosphonates should be stopped 6 months prior to pregnancy due to their long
biological half-life.

4.1. Management of pregnancy 

Pregnancy outcomes in thalassaemia patients have significantly improved due to advances in
transfusion practices, iron chelation therapy, and adequate pre-conception planning [34-37].
However, these pregnancies are considered high-risk and require careful management by a
multidisciplinary team that includes an obstetrician, midwife, haematologist, cardiologist, and
endocrinologist.
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4.1.1. Monitoring and medications 

As mentioned earlier, folic acid supplementation (5 mg daily) should start at least 3 months
before conception. Adequate vitamin D level with routine administration should also be
optimised during pregnancy. Due to the increased risk of pre-eclampsia, prophylactic
administration of low-dose aspirin (150-160 mg daily) is recommended, starting from 12-16
weeks of gestation, and continuing until 36 weeks [38]. Splenectomised patients require
penicillin prophylaxis to prevent infections from encapsulated bacteria, such as Neisseria
meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae type b.

Pregnant patients with TDT should undergo monthly reviews until 28 weeks of gestation, after
which biweekly assessments should be conducted until delivery. The multidisciplinary team
must ensure the provision of both general and specialised antenatal care tailored to the needs
of the patient.

4.1.2. Iron chelation and cardiac monitoring 

Pre-conception optimisation of iron burden is critical as cardiac failure, arrythmias, and new
endocrinopathies can develop when chelation is paused during pregnancy. Cardiac function
monitoring is essential in pregnant patients with TDT, and echocardiography and cardiac T2*
assessments by MRI can be safely conducted. If there have been no cardiac assessments in the
12 months preceding conception, imaging to evaluate iron burden and cardiac function should
be performed during pregnancy. It should be noted that women who have successfully reversed
myocardial iron overload may still develop arrhythmias and should be carefully monitored for
palpitations during pregnancy.

Iron chelation therapy during pregnancy must be approached with caution, particularly in the
first trimester, due to the lack of comprehensive safety data. Deferoxamine remains the only
chelation agent with an established safety profile for use in the second and third trimesters.
Over three decades, studies on more than 45 pregnancies in iron overloaded patients receiving
deferoxamine have shown no adverse effects on the foetus or neonate [18].

For patients without significant myocardial iron loading (cardiac MRI T2* >20 ms) and a normal
echocardiogram, cardiac assessment should be conducted early in the third trimester to
develop a delivery plan, focusing on ejection fraction monitoring.  

Women with significant myocardial iron loading (cardiac MRI T2* <10 ms) face a high risk of
cardiac decompensation during pregnancy. These patients should begin low-dose
subcutaneous deferoxamine (20 mg/kg/day), administered at least 4-5 days per week, from 20
to 24 weeks of gestation under the close supervision of haematology and cardiology specialists.
Regular cardiology evaluations are critical throughout pregnancy, with a particular focus on
monitoring ejection fraction. A pregnant woman with a reduction in left ventricular ejection
fraction greater than 10%, evidence of heart failure by echocardiogram, or the onset of
arrhythmias necessitates the initiation of chelation therapy. In cases of cardiac decompensation,
an intravenous deferoxamine infusion over 24 hours should be started at an optimal dose of
40-50 mg/kg/day. 

Patients presenting with symptoms such as palpitations, shortness of breath, or leg oedema
require immediate cardiac assessment [39-41], as these may indicate worsening cardiac function
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or new-onset arrhythmias. This is especially important for patients with a history of myocardial
iron overload. Acute heart failure symptoms in the first trimester are particularly concerning
and associated with adverse outcomes. Echocardiography showing a declining ejection fraction
or increasing ventricular volumes should prompt immediate intervention to prevent heart
failure [42]. For patients with a history of myocardial iron deposition or borderline cardiac
function, deferoxamine may be considered in the final trimester or peri-delivery period,
especially since prolonged labour can heighten the risk of cardiac decompensation. Decisions
regarding chelation therapy during pregnancy should be made in a multidisciplinary approach,
including a perinatologist, haematologists, and cardiologists, to ensure the best maternal and
foetal outcomes.

4.1.3. Endocrine monitoring

Thyroid function tests (free thyroxine [FT4] and thyroid-stimulating hormone [TSH]) should be
conducted periodically throughout pregnancy. In cases of hypothyroidism, the dose of
thyroxine should be adjusted accordingly. All women should be screened for gestational
diabetes at 16 weeks of gestation. If the initial screening is normal, it should be repeated
between 24-28 weeks. For those diagnosed with diabetes, monthly monitoring of serum
fructosamine levels is recommended, and patients should be reviewed in a specialist diabetic
pregnancy clinic.

4.1.4. Monitoring for foetal growth restriction

An early viability ultrasound scan should be offered at 7-9 weeks of gestation to confirm
pregnancy viability. Starting from 24-26 weeks of gestation, serial ultrasound scans should be
conducted to monitor foetal growth closely and detect any early signs of foetal growth
restriction and consider intervention. The standard scans, the 12-week for nuchal translucency
assessment and a 20-week foetal anatomy scan should be performed according to standard
care protocols. Maintaining a pretransfusion haemoglobin level of no less than 10 g/dL, as also
typically recommended for other indications, can mitigate the higher incidence of small for
gestational age (SGA) foetuses in TDT pregnancies. 

4.1.5. Transfusion requirements

As mentioned earlier, maintaining pre-transfusion haemoglobin levels above 10 g/dL is critical
to prevent maternal and foetal morbidity, with post-transfusion haemoglobin levels ideally
reaching no less than 12 g/dL. This may result in an increase in transfusion volumes by 30-50%
to meet the heightened red blood cell demand.

4.1.6. Antenatal anticoagulation management

The incidence of VTE in TDT during pregnancy is low. Still, low-molecular-weight heparin
(LMWH)  thromboprophylaxis is strongly recommended for all antenatal hospital admissions.
Additionally, it should be considered from 28 weeks of gestation until six weeks postpartum if
there are additional risk factors such as elevated platelet counts, prior splenectomy, or a history
of VTE in an early time of pregnancy. For patients with platelet counts exceeding 600 ×109/L,
combining LMWH with low-dose aspirin (75-160 mg daily) is recommended to further reduce
VTE risk. 

A schedule for antenatal care is provided in Table 5.
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Table 5. Schedule of antenatal care in pregnancy women with transfusion-dependent β-thalassaemia. 

Gestational Age

Early pregnancy

7-9 weeks

11-14 weeks

16 weeks

20 weeks

20-24 weeks

24 weeks

26-28 weeks

28 weeks

30 weeks

32 weeks

Care and Monitoring

l MDT visit;  obstetrician, haematologist, cardiologist, and endocrinologist:
- Assess endocrine, hepatic, and cardiac status
- Educate about pregnancy in thalassaemia
- Review partner results
- Review partner results and discuss prenatal diagnosis if appropriate
- Conduct baseline blood tests and screen for infections
- Prescribe folic acid (5 mg daily) and penicillin prophylaxis if splenectomised
- VTE risk assessment and start low-dose daily aspirin
- Discuss and update vaccination status 

l Offer a viability scan to confirm pregnancy

l Conduct the first trimester ultrasound scan, including nuchal translucency

l MDT review
l Routine antenatal care as per NICE guidelines (NG201)
l Perform GTT

l MDT review
l Perform the second trimester ultrasound for foetal anatomy

l Assess cardiac iron overload
- If cardiac MRI T2* <10 ms, commence low-dose deferoxamine
- If cardiac MRI T2* >20 ms, continue monitoring without deferoxamine 

l Check thyroid function

l MDT review
l Perform ultrasound for foetal growth and amniotic fluid volume

l GTT for non-diabetic patients
l If diabetic
- Obtain monthly fructosamine level
- Aim for fructosamine level <300 nmol/L

l MDT review
l Perform ultrasound for foetal biometry
l Specialist cardiology review to plan delivery
l Consider VTE thromboprophylaxis

l Routine review as per NICE antenatal guidelines

l MDT review
l Perform ultrasound for foetal growth and amniotic fluid volume
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34 weeks

36 weeks

38 weeks

40 weeks

l Routine review

l MDT review
l Perform ultrasound for foetal growth and amniotic fluid volume
l Discuss timing and mode of delivery and analgesia
l Obstetric anaesthetic review for potential complications during delivery, espe-

cially in patients with skeletal deformities that may impact epidural anaesthe-
sia

l Cross-match blood and prepare for delivery
l Discontinue Aspirin

l Routine review
l Consider induction of labour if diabetic

l Routine review and discussion on induction if not yet delivered

Abbreviations: MDT, multidisciplinary team; VTE, venous thromboembolism; NICE, National Institute for Health
and Care Excellence; GTT, glucose tolerance test; MRI, magnetic resonance imaging.

4.2. Managing delivery and postpartum care

4.2.1. Timing and mode of delivery

The timing of delivery in pregnant women with TDT should be individualised, considering both
maternal and foetal conditions. While there is no strict consensus on the optimal timing, delivery
is often recommended prior to the due date of 40 weeks of gestation in cases of uncomplicated
pregnancies. This approach aims to minimise the risks associated with prolonged pregnancy, such
as worsening maternal anaemia, increased iron overload, and potential cardiac complications. In
cases where the mother has pre-pregnancy morbidities such as diabetes or cardiac disease, earlier
delivery may be considered to avoid further maternal or foetal complications. Maternal health,
foetal considerations and woman’s wish should all impact timing and mode of delivery; currently
C-section is more commonly performed, estimated at 84% of cases in TDT [18]. 

4.2.2. Resumption of iron chelation therapy and breastfeeding

The use of oral iron chelators, such as deferasirox or deferiprone, during breastfeeding is not well
supported by clinical data [43, 44], and generally avoided due to the potential risks to the infant.
The timing of resuming chelation therapy should be individualised, balancing the need to manage
iron overload with safe concentrations in breast milk. Although data are limited, deferoxamine
concentration in breast milk is considered very low, and it is not absorbed orally by the infant [45],
it is therefore the preferred option during lactation due to its safety profile. 

Worsening iron accumulation, cardiac failure, and arrhythmias in the peripartum/postpartum
period can occur requiring intense chelation after delivery with subcutaneous deferoxamine at 40-
60 mg/kg/day for 5 days a week.  

Breastfeeding should be encouraged in all cases except for those who are HIV and/or hepatitis C
RNA-positive and/or HBV surface antigen (HBsAg) positive due to the risk of vertical transmission
through breast milk. Calcium and vitamin D supplementation should continue during breast -
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feeding to maintain bone health. However, bisphosphonate therapy, used to treat osteoporosis,
should only be resumed after the cessation of breastfeeding to avoid potential risks to the 
infant [46].

Although lactation is a physiological state of hypo-oestrogenism (serum levels 50-125 pmol/L),
patients with profound hypogonadism and undetectable oestrogen levels postpartum may
struggle to breastfeed unless re-prescribed oestradiol-only hormone replacement therapy at very
low dose, 25 mcg patches.

4.2.3. Venous thromboembolism prophylaxis  

The true magnitude of postpartum VTE risk in women with TDT is difficult to ascertain, as most
patients in studies received prophylactic subcutaneous LMWH for 6 weeks postpartum. It should
be noted, however, that the postpartum period presents a significantly higher daily risk of VTE in
the general population [47-49]. 

In patients with TDT who have undergone splenectomy, the risk of VTE is notably elevated [50] and
thromboprophylaxis is recommended in particular if other risk factors for thrombosis exist [51].
LMWH prophylaxis should be administered while the patient is in the hospital and for at least 7
days following delivery. Prolonged anticoagulation for 6 weeks should be considered in those with
additional risk factors such as a platelet count above 600 × 109/L. In the event of miscarriage or
termination of pregnancy, the risk of VTE persists, and LMWH prophylaxis should be provided
during and for at least 7 days following the loss.

4.2.4. Postpartum care and support

Postpartum monitoring should include the assessment of iron overload status and cardiac function.
A liver and cardiac MRI at approximately 3 months postpartum, can guide the resumption and
adjustment of iron chelation therapy, unless myocardial iron overload necessitates earlier
evaluation. 

Patients should receive counselling regarding contraception. If intrauterine devices are used,
women should be warned about possible higher risk of infection. Oestrogen-containing birth
control pills are generally not recommended due to the increased risk of VTE, instead, the
progesterone-only pill or barrier methods are typically advised. 

The postpartum period can be emotionally and physically challenging. Providing comprehensive
psychosocial support, including counselling and access to support groups, is important.
Coordination of care among the patient’s healthcare providers is necessary to ensure a smooth
transition from pregnancy to the postpartum period.

5. MALE FERTILITY 

Men and adolescents with TDT commonly develop hypogonadotropic hypogonadism (see Chapter
6) resulting in decreased serum testosterone level and low sperm count thus a diminished
reproductive capacity. Whereas pregnancy has been often reported in women with TDT, paternity
is less common in men with TDT. Prior studies estimate that more than 50% of male TDT patients
have some delayed pubertal development, sexual dysfunction, and infertility [52]. The prevalence
and severity of hypogonadism varies among studies, depending on patients' age, transfusion
frequency and starting age and effectiveness of iron chelation. 
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Pituitary iron deposition is the primary cause of hypogonadotropic hypogonadism [8].
Additionally, direct effects of iron overload on semen quality and subfertility may occur. Lower
sperm concentration and lower ratio of sperm with normal morphology were shown, as well
as high seminal plasma concentrations of iron and higher markers of sperm DNA damage. Some
of the iron toxicity is attributed to increased levels of reactive oxygen species that ultimately
lead to cytotoxicity impacting directly testicular cell populations [53-56].

5.1. Evaluation 

Hypogonadism and subfertility in TDT are complex and often require a multidisciplinary
approach (Table 6). In adolescents, hypogonadism can present as delayed or absent onset of
pubertal maturation. Adult-onset hypogonadism can present with decreased libido, erectile
dysfunction, or infertility as well as less specific symptoms suggestive of androgen deficiency
such as low energy and decreased motivation. Physical exam findings will show diminished
facial and body hair, muscle mass, gynaecomastia, and small testes [52, 57]. While this is a
relatively common endocrinopathy in this patient population, symptoms of hypogonadotropic
hypogonadism are often attributed to the overall chronic disease state of TDT patients and can
cause a delay in the evaluation for hypogonadism. Early identification and confirmation of the
diagnosis by measurement of testosterone level can prevent long term morbidity, infertility,
and other clinical impacts of prolonged hypogonadotropic hypogonadism. Hypogonadotropic
hypogonadism was defined as LH and FSH levels <2 IU/L and testosterone concentration <3
ng/mL in a study of TDT men [53] and abnormal semen characteristics are classified based on
the World Health Organization reference values [58].

Table 6.Key points for the evaluation of hypogonadism and subfertility in men with transfusion-
dependent β-thalassaemia.

Evaluation

1. At puberty, evaluate for physical changes indicating testosterone such as facial and pubic hair,
muscle mass, testicular size, and genital development. 

2. If hypogonadism is suspected, obtain lab tests (testosterone, LH, FSH) and refer to endocrinology
for evaluation. 

3. Semen analysis should be obtained in patients interested in fertility with early referral to a male
fertility specialist. 

Abbreviations: LH; luteinizing hormone; FSH, follicle-stimulating hormone.

5.2. Treatment

5.2.1. Hormone replacement treatment

Testosterone replacement options for adults with hypogonadotropic hypogonadism include
intramuscular, transdermal patches or gels, subcutaneous implant, or oral configurations based
on what is best suited for the individual patient. 

Male patients with onset of hypogonadotropic hypogonadism before completion of pubertal
development generally have testes smaller than 5 mL in volume. In these patients, testosterone
replacement therapy can be augmented with hCG monotherapy or hCG and FSH combination
therapy for improved testicular growth and fertility outcomes. 
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5.2.2. Induction of spermatogenesis

Men with TDT and concerns for infertility should be evaluated by a reproductive urologist and
an endocrinologist. A physical exam to rule out other possible causes of infertility such as
varicoceles is indicated as well as assessment of the female partner for reproductive issues.
Success rates of spermatogenesis induction in males with TDT are typically lower than those
for ovulation induction female counterparts. In patients with moderate to severe iron overload,
success rates were reported to be in the 10-15% range in older studies [10, 59]. However, success
rates are likely higher in recent years thanks to improved iron chelation regimens and earlier
intervention [60].

Initial treatment for induction of spermatogenesis is typically hCG monotherapy, with a goal of
stimulating intra-testicular testosterone production that will initiate generation of spermatozoa.
This treatment may also benefit overall serum testosterone levels and testosterone stability as
compared to direct testosterone supplementation. While hCG treatment is more onerous and
costly compared to testosterone supplementation, this approach is more effective. Successful
hCG treatment can have long term persistent effects on spermatogenesis and fertility even after
cessation of therapy [56].

If spermatogenesis is not achieved (i.e., a semen analysis does not demonstrate sperm
production) after 6-12 months of hCG treatment, adding recombinant FSH (rFSH) or
menotropins (mixture of FSH and LH) can be considered. These combined therapies are often
expensive. If pregnancy is successful, FSH therapy can be stopped, and spermatogenesis may
be maintained with hCG therapy alone [56].

To decrease the length of time (and cost) of using FSH or hCG, men can cryopreserve semen
samples in preparation for future fertility treatments. If spontaneous pregnancy does not occur
after two years of either treatment, ART should then be considered [52]. These fertility
treatments can also utilise cryopreserved semen samples. In general, sperm banking should be
considered in all patients who have an interest in future fertility unless they are azoospermic
(Table 7).

Table 7. Key points for induction of spermatogenesis in men with transfusion-dependent 
β-thalassaemia.

Induction of spermatogenesis

1. Semen analysis and labs should be obtained as initial evaluation (testosterone, LH, FSH). 
2. Fertility evaluation of female partner is critical.
3. Early referral to male fertility specialist is critical. 
4. First line therapy for inducing spermatogenesis is hCG therapy for 6-12 months. 
5. If no spermatogenesis, consider adding recombinant FSH (rFSH) or menotropins (mixture of FSH

and LH).
6. In men with continued azoospermia, consider microTESE to evaluate for intra-testicular sperm. 
7. Cryopreservation of sperm is recommended if future pregnancies are desired. 

Abbreviations: FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LH; luteinizing
hormone; microTESE, microsurgical testicular sperm extraction.
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5.2.3. Assisted reproductive treatment

Recent advancements in ART have resulted in improved conception rates in TDT patients
regardless of semen parameters. For patients with total motile sperm counts greater than 5
million sperms per mL, intrauterine insemination can be considered. In patients with even lower
numbers of motile sperms, in IVF techniques such as intracytoplasmic sperm injection can result
in a successful pregnancy.

Another option for those with persistent azoospermia after endocrine therapy is microsurgical
testicular sperm extraction (MicroTESE). MicroTESE is a surgical procedure that can successfully
identify sperms in approximately 50% of patients who have non-obstructive azoospermia [61].
If sperms are found during surgery, they can then be used in IVF. Men with persistent
azoospermia should also be informed of other options for building their family by using donor
sperms with intrauterine insemination and adoption.

Figure 1 summarises the approach to treatment of infertility in men with TDT.

Figure 1. Infertility treatment approach in men with transfusion-dependent β-thalassaemia.
Abbreviations: TDT, transfusion-dependent β-thalassaemia; microTESE, microsurgical testicular
sperm extraction; IVF, in vitro fertilisation; IUI, intrauterine insemination. 
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KEY POINTS AND RECOMMENDATIONS

1. Recommendations for evaluation and treatment of subfertility in women with trans-
fusion-dependent β-thalassaemia (TDT).

l Discuss with adolescents and young adults with poor adherence to iron chelation the
deleterious effect on future fertility potential (Grade B, Class I).

l Prior to discussion of therapy options, perform a comprehensive evaluation for fertility status
in women with amenorrhoea, irregular menstrual cycle, indication of having hypogonadism,
failure to conceive 6-12 months despite normal menstrual cycle (Grade B, Class I).

l Screen for fertility status with the following (Grade B, Class I): 

- Review past and current labs of hypothalamic-pituitary-ovarian axis (follicle-stimulating
hormone [FSH], luteinizing hormone [LH], oestradiol, progesterone, prolactin).

- Obtain Anti-Mullerian hormone [AMH] level and transvaginal ultrasound for antral follicle
count (AFC) ovarian reserve and ovarian volume.

l Assess iron overload level (serum ferritin trend, cardiac, liver and pancreatic iron) and  pituitary
iron and volume if available for prediction of ovarian reserve (Grade B, Class IIa).

l Refer to an endocrinologist when planning pregnancy for evaluation of fertility status and
other endocrinopathies (Grade B, Class I).

l Discuss therapy options for infertility including ovarian stimulation for timed intercourse,
intrauterine insemination and in vitro fertilisation with embryo transfer (IVF-ET) and refer to
a gynaecologist if wishing to proceed and become pregnant (Grade B, Class I).

l Prior to initiation of ovulation induction, discuss the potential complications and risks:
chances of treatment failure, possibility of multiple pregnancy, hyperstimulation response,
and need for close monitoring with blood tests and ultrasound (Grade B, Class I).

l Discuss considerations for fertility preservation (oocyte cryopreservation or ovarian tissue
cryopreservation [OTC]) where appropriate (Grade B, Class IIb): 

- Younger TDT women with no partner who wish to do so.

- Comorbidities that preclude undergoing ovulation stimulation but can permit ovarian
tissue cryopreservation.

- Older women (>30-35 years) with declining ovarian reserve markers.

2. Recommendations for pre-conception planning in women with TDT.

l Pre-pregnancy planning involves evaluating and optimising the woman’s current health
status including thalassaemia care, genetic counselling, and fertility evaluation (Grade B,
Class I) (Table 3).

l Medications should be reviewed pre-conception including:  

- Start high dose folic acid at least 3 months prior to conception (Grade A, Class 1). 

- Optimise vitamin D supplementation (Grade B, Class 1).

- Stop thalassaemia disease-modifying therapies (including luspatercept, pyruvate kinase
activators, hydroxyurea) at least 3 months prior to conception (Grade C, Class 1).

- Stop oral iron chelators and change to deferoxamine pre-conception (Grade B, Class 1).
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- Stop angiotensin converting enzyme (ACE) inhibitors (Grade A, Class 1). 

- Stop bisphosphonates at least 6 months before conception (Grade A, Class 1).

- Evaluate diabetes, thyroid, and antiviral medications with appropriate subspecialists
(Grade A, Class 1).

l Early education and discussion of the personalised risks associated with pregnancy is
important (Grade C, Class I).

3. Recommendations for management of pregnancy in women with TDT.

l Start high-dose folic acid (5 mg daily) three months prior to conception and continue
throughout pregnancy to reduce neural tube defects (Grade A, Class I).

l Optimise vitamin D supplementation during pregnancy (Grade B, Class 1).

l Splenectomised patients should receive penicillin prophylaxis to prevent bacterial infections
(Grade B, Class I).

l To prevent pre-eclampsia, administer low-dose aspirin (150-160 mg daily) from 12-16 weeks
until 36 weeks of gestation (Grade A, Class I).

l Monthly reviews are recommended until 28 weeks, then biweekly until delivery, with both
general and specialised antenatal care provided by a multidisciplinary team (Grade C,
Class I).

l Perform cardiac imaging (echocardiography and cardiac magnetic resonance imaging
[MRI] T2*) during pregnancy if no assessments were done in the 12 months before
conception (Grade B, Class II).

l Assess cardiac function in the third trimester for patients without significant myocardial
iron loading prior to pregnancy, to plan delivery and chelation therapy if needed (Grade
B, Class I).

l All TDT patients with cardiac MRI T2* >20 ms before conception require specialist
assessment in the third trimester (Grade C, Class I).

l Women with significant myocardial iron loading (cardiac MRI T2* <10 ms) should start
low-dose deferoxamine from 20-24 weeks under specialist supervision (Grade B, Class I).
Monitor ejection fraction regularly, and initiate or adjust chelation if cardiac function
declines (Grade B, Class I).

l Regularly monitor thyroid function and adjust thyroxine dosage in hypothyroid patients
(Grade B, Class I).

l Screen for gestational diabetes at 16 weeks and repeat at 24-28 weeks if initial screening
is normal. Monthly serum fructosamine monitoring is recommended for those with
diabetes (Grade C, Class I).

l Offer a viability scan at 7-9 weeks and serial growth scans from 24-26 weeks to monitor
for foetal growth restriction (Grade C, Class I).

l In TDT, maintain pretransfusion haemoglobin levels above 10 g/dL to prevent maternal
and foetal morbidity (Grade B, Class I).
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l Recommend low molecular weight heparin (LMWH) thromboprophylaxis for all antenatal
hospital admissions (Grade B, Class I). Consider LMWH from 28 weeks until six weeks
postpartum in patients who have undergone splenectomy or have elevated platelet
counts above 600 x109/L (Grade B, Class II).

l Combine LMWH with low-dose aspirin for patients with elevated platelet counts (Grade
A, Class I).

l Offer third trimester anaesthetic assessment, especially for patients with skeletal
deformities (Grade C, Class II).

4. Recommendations for managing delivery in women with TDT.

l Delivery could be planned prior to 40 weeks of gestation in uncomplicated pregnancies
to minimise risks such as worsening maternal anaemia, increased iron overload, and
potential cardiac complications (Grade C, Class II). 

l The mode of delivery should be individualised, with vaginal delivery considered in the
absence of specific obstetric or medical contraindications (Grade C, Class I). 

l If red cell antibodies are present or if the haemoglobin is less than 10 g/L, cross-match
two units of blood on admission to the labour ward (Grade C, Class I). 

l Epidural anaesthesia is preferred during labour to avoid the risks associated with general
anaesthesia, particularly in patients with maxillofacial deformities (Grade C, Class I).

l For patients with pre-existing cardiac conditions, prolonged pregnancy should be avoided
(Grade C, Class I), and the use of low-dose deferoxamine during prolonged labour may
be considered (Grade C, Class II). 

l Active management of the third stage of labour should be employed to minimise
bleeding (Grade A, Class I).

5. Recommendations for postpartum care in women with TDT.

l Administer LMWH prophylaxis during hospitalisation (Grade B, Class I) and for at least 7
days postpartum, extending to 6 weeks in patients with additional venous
thromboembolism (VTE) risk factors, splenectomy, or platelet count >600 × 109/L (Grade
C, Class I).

l Provide LMWH prophylaxis for at least 7 days following miscarriage or termination of
pregnancy (Grade C, Class I).

l Generally, avoid oestrogen-containing birth control pills postpartum due to increased VTE
risk; recommend progesterone-only pills or barrier methods instead (Grade C, Class I).

l Assess iron burden at 3 months postpartum, unless myocardial iron overload requires
earlier evaluation (Grade C, Class I).

l Continue calcium and vitamin D supplementation during breastfeeding to maintain bone
health (Grade C, Class I); resume bisphosphonate therapy only after breastfeeding
cessation (Grade C, Class II).
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6. Recommendations for evaluation and treatment of infertility in men with TDT.

l Discuss with adolescents and young adults with poor adherence to iron chelation the
deleterious effect on future fertility potential (Grade B, Class I).

l Perform a comprehensive evaluation for hypogonadotropic hypogonadism in peripubertal
boys with physical exam findings of delayed puberty (Grade B, Class I).

l Screen for fertility status with the following (Grade A, Class I): 

- Review past and current labs of hypothalamic-pituitary-testicular axis (testosterone,
LH, FSH).

- Obtain semen analysis to evaluate number of motile sperm. 

l Refer to an endocrinologist and male fertility specialist when planning pregnancy for
evaluation of fertility status and other endocrinopathies (Grade B, Class I).

l Discuss therapy options for including testicular stimulation for timed intercourse,
intrauterine insemination and IVF (Grade B, Class I).

l Discuss considerations for fertility preservation (sperm or testicular cryopreservation)
where appropriate (Grade B, Class IIb).
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1. INTRODUCTION

Several emerging complications continue to be observed in patients with transfusion-
dependent β-thalassaemia (TDT), which underscore the complex nature of the disease and its
long-term impact on various bodily systems beyond the heart, liver, and endocrine organs.
These are primarily attributed to suboptimal anaemia and/or iron overload management or
side effects of conventional therapies [1]. Improved survival in patients with TDT has also
allowed several previously unrecognised complications to manifest, including those associated
with aging in the general population [2, 3]. This Chapter will provide an overview of these
additional complications, highlighting their clinical significance, potential impact on patient
health, and the need for comprehensive, multidisciplinary care to address them effectively.

2. CHOLELITHIASIS

Cholelithiasis (gall stones) is one complication that may be seen in suboptimally transfused
patients with TDT [4-7]. The pathogenesis of cholelithiasis is influenced by several factors,
including the precipitation of bilirubin in bile due to increased peripheral haemolysis. Iron
deposition in the gallbladder has also been implicated in the development of cholelithiasis and
the subsequent formation of gallstones. Unrelated genetic factors such as mutations or
inherited variability in the function of the UGT1A1 gene (responsible for Gilbert syndrome) can
also substantially increase gallstone risk  [7-10]. 
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Diagnosis usually follows what is commonly practiced in the general population, with signs and
symptoms of gall stones and typical findings on laboratory studies and abdominal ultrasonogra-
phy. The removal of the gallbladder during splenectomy is common practice, especially when
stones are symptomatic. This is particularly important, as acute cholecystitis can lead to serious
complications in splenectomised patients. 

3. MALIGNANCY

Beyond documentation in case reports and case series, several epidemiological and survival studies
have reported incidence and prevalence rates for malignancies in patients with TDT, especially in
older adults [11-18]. In a recent large follow up of 4631 patients with haemoglobinopathies
between 1970 and 2021 in Italy, the incidence rate of cancer was 442 cases per 100,000 person-
years. The liver (hepatocellular carcinoma [HCC]) was the most frequent site of tumours in both
sexes, with a higher incidence (9-fold) in comparison with the general population for all
haemoglobinopathy types including TDT [19]. In recent years, liver disease, especially HCC, has
become the second cause of death in patients with TDT which is primarily attributed to decreased
deaths from other causes like iron-related heart disease  [15, 20].  HCC in TDT patients is primarily
attributed to viral hepatitis and/or iron overload or any other risk factor that promoted hepatic
necro-inflammation [18, 21] (see Chapter 5 for further details on HCC screening, diagnosis, and
management). 

Haematologic malignancies, particularly leukaemia and lymphoma, have also been reported to be
more frequent in patients with haemoglobinopathies compared to the general population [12].
However, these findings were not observed by other studies [16]. Several factors have been
identified as contributing to the increased risk of both solid and haematologic malignancies in TDT
patients compared to the general population. These include oxidative damage caused by iron
overload, which can lead to DNA mutations and cellular dysfunction; immunological abnormalities
and chronic inflammation that impair the body’s ability to fight cancerous cells; and transfusion-
induced immunomodulation, which can alter immune response [16, 18]. Furthermore, the
transmission of oncogenic viruses through blood transfusions may increase the risk of malignancy,
while hydroxyurea therapy, which affects DNA synthesis and repair mechanisms, may also play a
role. Chronic anaemia in TDT patients could stimulate bone marrow activity, leading to
erythropoietin-driven erythroid hyperplasia (e.g., JAK2/STAT5 pathway activation), which can
increase the likelihood of malignant transformation [16, 18]. 

Given these potentially increased risks of cancer development, and beyond HCC, patients with TDT
should be regular screened for common cancers per local guidelines to allow for timely diagnosis
and intervention.  

4. SKIN MANIFESTATIONS 

Dermatological manifestations have also been observed in TDT patients. A study by Zulfiqar and
colleagues found that 89.4% of TDT patients had cutaneous manifestations, with xerosis (44.2%),
freckles (39.8%), and pruritus (44.2%) being the most frequent [22]. Similarly, other studies reported
high incidences of xerosis and pruritus in TDT patient cohorts [23, 24]. Iron deposition in the skin
may trigger histamine release from mast cells, potentially explaining the frequent pruritus in
these patients [25]. Zulfiqar and colleagues also identified 13 cases of pityriasis alba, a condition
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characterised by hypopigmented patches, which has been linked to reduced copper levels in
TDT patients [22, 24, 26]. Few rare cases of colloid milium, linked to iron overload and the
formation of hydroxyl radicals that disrupt elastin metabolism and cause structural
abnormalities in elastic fibres, have also been reported in the literature [27, 28]. 

Iron chelators have been associated with a range of dermatological side effects [29]. These can
include hyperpigmentation, skin rash, itching, and photosensitivity. Strategies to manage these
skin complications include topical antioxidants and corticosteroids to reduce inflammation,
antihistamines for pruritus, and sun protection to alleviate photosensitivity [29]. Adjusting
chelation dosages or using combination therapies can help minimise dermatological side
effects. General measures, such as proper hydration and a balanced diet, also support skin
health and overall well-being [29].  Additionally, long-term use of hydroxyurea has been linked
to dermatological side effects, such as actinic keratosis, leg ulcers, and skin carcinomas [30, 31]. 

Regular examination for various skin disorders through skin inspection is essential in managing
TDT patients, as it can significantly improve their quality of life. To ensure comprehensive care,
once suspected, a dermatologist should be consulted as part of the multidisciplinary
management team. This collaborative approach allows for early detection and tailored
treatments, addressing skin-related concerns that may otherwise be overlooked.

5. LEG ULCERS

Leg ulcers may be seen in suboptimally transfused and/or chelated TDT patients, but they are
generally more common in non-transfusion-dependent β-thalassaemia (NTDT) [32, 33].  Risk
factors include advanced age, severe anaemia and tissue hypoxia, splenectomy and
hypercoagulability, high venous pressure with right-sided heart failure, and (local) iron overload
[34]. Leg ulcers are often very painful and indolent. Observational studies in NTDT patients
indicate that optimisation of blood transfusion or hydroxyurea therapy with or without
erythropoietin may have a role in prevention and management [32, 33, 35, 36]. Pentoxifylline,
the use of an oxygen chamber, the vasodilator dilazep, skin grafts, platelet-derived wound
healing factors and granulocyte macrophage colony-stimulating factor, anticoagulation, sodium
nitrite cream, and the erythroid maturation agent luspatercept have all shown some benefit in
healing chronic leg ulcers in small studies or case reports/series of patients with β-thalassaemia
[37-43].

6. RENAL DISEASE

Renal disease is a rare cause of death in TDT patients. On the other hand, many studies have
shown that a considerable percentage of patients exhibit signs of renal disease. There is
evidence, mainly from studies in the paediatric population, of tubular dysfunction and
glomerular filtration rate (GFR) abnormalities leading reflected by findings in different
biochemical markers of renal function. Of these, the most common are proteinuria and
hypercalciuria [52-56]. 

The pathogenesis of renal dysfunction in TDT is multifactorial with chronic anaemia, hypoxia,
and oxidative stress playing a significant role. Iron toxicity further contributes to nephron
damage, while iron chelation therapy may be nephrotoxic by different mechanisms like
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aggressive iron removal and local iron depletion [56]. These changes seem to be nonprogressive,
resolve spontaneously in most part, or may require iron chelator dose modifications [56] (see
Chapter 3 for further details on the effects of different iron chelators on renal function).

Other factors like renal stones and urinary tract infections may further contribute to the
pathogenesis. Renal damage can affect the glomeruli, the tubules or/and the interstitial space,
while it usually affects a combination of these. As damage progresses, it can lead to fibrosis and
decrease GFR. Many other causes like viral infections (including hepatitis B [HBV] and C [HCV]),
hepatopathy, cardiomyopathy, endocrinopathies, drug toxicity, and immunological disorders
contribute to the development of renal dysfunction.

Renal dysfunction may progress from non-clinically significant biochemical abnormalities to
decreased GFR and, finally, to end-stage renal disease (ESRD) requiring dialysis [54, 57, 58].

Beyond requirements for renal monitoring associated with specific iron chelation therapies (see
Chapter 3), periodic evaluation should include:

l Serum creatinine: it should be noted that patients with TDT may have lower creatinine levels
than reference values, because of the chronic hyperfiltration state and decreased muscle
mass. Thus, a steady worsening of creatinine levels, even if they remained within normal
ranges, should be promptly evaluated. 

l Serum calcium, phosphorus, magnesium, and uric acid: to assess for respective increased
urinary losses.

l Urine analysis: to evaluate for protein, haemoglobin, blood cells and casts.

l Urine ratio of protein/creatinine: to evaluate for proteinuria, either in a spot sample or 24
hours collection.

l 24 hours urine calcium excretion or urine calcium/creatinine ratio: to evaluate for
hypercalciuria.

l Specific markers of renal function like β2-microglobulin, cystatin, neutrophil gelatinase-
associated lipocalin can be analysed, but their usefulness in routine practice has not been
established.

l Renal ultrasound is advised especially in the presence of renal abnormalities and/or signs of
nephrocalcinosis.

Timely diagnosis is important to avoid further deterioration of renal function. Respective
measures should be instituted upon documentation of abnormal markers. Thorough evaluation
for possible causes of renal dysfunction, like drug toxicities, infections and autoimmune
processes should be performed. Special attention should be given to nephrotoxicity induced
by iron chelators, which, even though it has been described with all available chelators, is more
frequent with the use of deferasirox (see Chapter 3). 

Worsening of creatinine levels is a common feature observed with the use of deferasirox
especially at the initiation of therapy and upon dose increases. It has been, at least partially,
attributed to haemodynamic changes and not to direct renal toxicity. The latter is further
supported by the fact that there is no progression with long-term use. On the other hand,
deferasirox has been shown to induce acute tubular toxicity / renal tubular acidosis (Fanconi
syndrome) with electrolyte imbalance, and metabolic acidosis, especially in young children.
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Renal toxicity of deferasirox has been shown to be related to high deferasirox trough levels and
disproportionate ratio of deferasirox dose to the level of iron overload. In the event of renal
abnormalities, prompt adjustment of dosage and even temporary interruption of therapy is
essential to avoid further deterioration. If serious renal complications occur, rechallenge with
close monitoring and upon resolution of the adverse reaction can be attempted [59-63].

Renal dysfunction may lead to loss of electrolytes and minerals, which need to be replenished.
Calcium and vitamin D supplementation are covered in Chapter 10. The efficacy of thiazide
diuretics in altering the course of renal dysfunction is debatable [52, 64]. Management of
patients with ESRD, including renal transplantation, should be according to local guidelines
and similar to non-thalassaemic patients [65]. Chelation therapy for patients with ESRD should
be adjusted according to the chelators’ kinetics and characteristics according to local prescribing
information [66]. 

7. SPLENOMEGALY

Splenic enlargement (splenomegaly) and hyperactivity (hypersplenism) are common in β-
thalassaemia patients in view of chronic, premature haemolysis of circulating red cells as well as
splenic extramedullary haematopoiesis (EMH, see EXTRAMEDULLARY HAEMATOPOIESIS section
below). About 80% of damaged red blood cells (RBC) are removed extravascularly by macrophages
present mainly in the spleen [67]. Splenectomy was previously a common practice to increase
haemoglobin level and/or reduce transfusion requirement. However, adverse events following
splenectomy including increased rates of  infections and sepsis (see INFECTIOUS DISEASE section
below) and higher long-term risks of thromboembolism and pulmonary hypertension due to an
aggravated hypercoagulable state, especially in older adults with NTDT [68-70], led to a  decline in
its use over the years in most Western countries [71]. It is currently reserved for cases of
severe/clinically significant splenomegaly or hypersplenism. When indicated, laparoscopic
splenectomy has become the gold standard for the removal of the spleen, considering lower rates
of intraoperative blood loss, postoperative morbidity and mortality, a shorter length of hospital
stay, as well as a more favourable body image and cosmesis than open splenectomy, even in
patients with massive or supra-massive spleens [72-82].

8. EXTRAMEDULLARY HAEMATOPOIESIS

The soft tissues producing blood elements outside the bone marrow are called extramedullary
haemopoietic tissues, and their process is termed EMH. β-thalassaemia is among the most
common causes of EMH worldwide. EMH is a common complication in patients with NTDT,
affecting up to 15-20% of cases, while it occurs in only 1-5% of patients with TDT [83, 84], with
higher rates noted in suboptimally transfused patients [32]. These prevalence rates are also
mostly based on symptomatic presentations or incidental findings on imaging, and higher rates
may be observed if patients are actively screened for EMH. They also include varying definitions
of EMH based on pseudotumor presentation and/or overt hepatosplenomegaly. In a
prospective study of patients with NTDT, levels of the soluble form of transferrin receptor (sTfR)
showed a high predictive power for EMH development particularly in patients with intact
spleen, indirectly indicating a correlation with the severity of underlying disease and ineffective
erythropoiesis [85]. 
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During foetal development, haematopoiesis first occurs in the yolk sac, then develops in the
aorta−gonad−mesonephros region before moving to the foetal liver, spleen, and thymus. The
spleen is colonised but contributes to haematopoiesis to a lesser extent than the liver. Later in
gestation, haematopoietic stem and progenitor cells (HSPCs) colonise the bone marrow, which
remains the primary site of haematopoiesis throughout adulthood, and blood elements production
in other tissues declines. However, HSPCs and their differentiation have been observed outside the
bone marrow in various conditions that are characterised by increased erythropoietic demand, as
occurs in severe chronic haemolytic anaemias, and the process is hence termed EMH [86]. 

This redirected differentiation and EMH can occur in virtually every organ of the body with
extramedullary haemopoietic vascular connective tissues that are thought to be involved in active
haematopoiesis during foetal development, but also retain the ability to produce RBC after birth
in cases of chronic ineffective erythropoiesis. The reactivation of foetal sites for haematopoietic
production primarily occurs in the spleen and liver. Other sites most involved in EMH are lymph
nodes and the paravertebral regions.  The thymus, heart, breasts, prostate, broad ligaments, kidneys,
adrenal glands, pleura, retroperitoneal tissue, skin, peripheral nerves, cranial nerves, and spinal
canal may also be involved. 

In another theory, the occurrence of para-osseous masses is explained by the extrusion of
hypercellular marrow through the thinned cortex of certain bony structures, such as the vertebrae,
proximal ribs, and sacrum, which results in the development of EMH in the paravertebral and
presacral spaces [87].  

8.1. Clinical presentation

Most patients’ symptoms are related to the site of EMH involvement but are typically discovered
incidentally in many patients. Symptomatic EMH is due to the mass effect upon the adjacent organs,
with these masses commonly called pseudotumours. 

8.1.1. Hepatosplenic 

The most common manifestation of EMH is hepatosplenomegaly with or without focal soft-tissue
masses. Hepatosplenomegaly is a non-specific feature of EMH in most cases since it often occurs
without an associated focal mass. Pain can be the presenting symptom of splenic EMH if splenic
infarction occurs [88]. In addition to focal hepatic masses, periportal/peribiliary hepatic involvement
has been observed [89]. 

8.1.2. Paraspinal 

After hepatosplenomegaly, the most frequent occurrence of EMH is the development of paraspinal
masses, which are significantly more prevalent in the thorax than in the abdomen or pelvis.
Paraspinal EMH occurs in 11-15% of cases with EMH and mainly presents as a pseudotumor, which
remains asymptomatic in more than 80% of cases. Nevertheless, the size and location of lesions
and the extent of spinal cord involvement determine the severity, acuteness, and multiplicity of
neurological symptoms resulting from spinal compression, most frequently being reported during
the third and fourth decades of life. The male-to-female ratio reaches 5:1 [90]. 

8.1.3. Thoracic

Other thoracic manifestations of EMH include rib expansion and, less frequently, pulmonary
nodules, diffuse interstitial changes, or lung masses which might be present with pleural
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effusion and spontaneous haemothorax (from pleural involvement), dyspnoea (from diffuse
infiltration or pulmonary hypertension), respiratory failure, or haemoptysis (from alveolar
haemorrhage). The thymus is a rare location for EMH [87, 91-94].  

8.1.4. Abdominal

Perirenal involvement is a common abdominal site for EMH and the most common retroperitoneal
manifestation. EMH can occur in the pre-sacral area and remains largely asymptomatic [95]. 

8.1.5. Craniospinal

EMH can manifest as multiple epidural soft tissue masses in the brain or spine. Given the narrow
and rigid spinal canal, masses in the extra-axial tissues within the spine are generally symptomatic.
The clinical manifestations of central nervous system (CNS) involvement may include seizures,
hydrocephalus, or cord compression with various clinical presentations including back pain,
abnormal sensation, proprioception, weakness, hyperreflexia, urgency of urination, or bowel
incontinence. Early diagnosis of intra-spinal EMH is essential to reduce the incidence of irreversible
neurological damage [96].

EMH can also occur in the nasopharynx causing obstructive sleep apnoea, and in the paranasal
sinuses which may be confused with chronic sinusitis or mucoceles [97, 98].

8.2. Diagnosis

Depending on the location of EMH, radiographic findings can confirm the diagnosis. Paraspinal or
rib involvement can be readily seen on chest X-rays as well-demarcated, smooth, or lobulated
masses. EMH can present as a distinct solid mass with internal vascularity on ultrasound. Active
lesions are usually hypoechoic, and inactive and long-standing lesions have variable echogenicity
and may be echogenic.

On computed tomography, paraspinal masses typically appear as multiple, smooth-surfaced,
lobulated shapes, bilaterally multifocal located lesions. Although intralesional fat may be present,
calcification is uncommon. EMH masses are usually soft and do not erode adjacent bone from the
outside. Haemopoietically active masses demonstrate mild homogeneous enhancement after
contrast (high vascularity), whereas old burnt-out lesions have inhomogeneous contrast
enhancement owing to iron deposition and fat infiltration. 

Magnetic resonance imaging is the modality of choice for diagnosing EMH, although findings are
nonspecific. It is also the preferred diagnostic tool for intraspinal and intracranial masses.

Active lesions typically show intermediate signal intensity on T1-weighted images and
hyperintensity on T2-weighted images compared to the nearest skeletal muscle. Older lesions
usually show hypointensity on both T1- and T2-weighted images because of the signal loss
associated with the intralesional haemosiderin accumulation. The typical imaging appearance of
perirenal EMH is the soft tissue surrounding the kidneys, which does not affect the kidney's contour
or function. Focal and diffuse peritoneal nodularity or masses, multiple enlarged retroperitoneal
lymph nodes, and presacral irregular nodular thickening are also observed [88, 89, 97].

8.3. Differential diagnosis

EMH is usually seen as an incidental finding when patients with haematological disorders are
imaged for other purposes. Clinical history is crucial in suggesting EMH when a soft tissue mass
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is present, in addition to the typical imaging characteristics of EMH described earlier. Although
the imaging findings of older lesions often demonstrate characteristic features such as
haemosiderin and fat deposition, the newer, actively haematopoietic lesions often mimic
neoplasms requiring differential diagnosis. 

Since the marrow contains haematopoietic cells, radionuclide tracers which localise in these cells,
have been used to identify EMH and distinguish them from neoplastic lesions, which may eliminate
the need for biopsy. 52Fe (a positron emitter) and 111Inchloride (a gamma emitter) bind to
transferrin, localise in the erythroid precursors, and are the most specific radiotracers for
haematopoietic cells. These have been used for positron-emission tomography (PET) and
scintigraphy/single-photon-emission computed tomography (SPECT). 99mTc-colloid scintigraphy
imaging can confirm the presence of bone marrow elements in a mass suspicious of EMH [87]. 

Histological examination of the fine-needle aspiration, biopsy, or surgical specimen can provide a
definitive diagnosis. However, sampling of vascular EMH masses, even with an imaging-guided
procedure, is not without risk, especially in the thorax and spleen where massive haemorrhage can
occur. Fine-needle aspiration tends to be safer than biopsy, with a lower risk of fatal haemorrhage.
This stresses the importance of correctly diagnosing EMH on imaging to avoid potentially
catastrophic sampling. Histopathological diagnostic confirmation should be reserved for older
patients with a high probability of malignant disease and for cases where the clinical and
radiological picture is equivocal [99].

8.4. Management

A wait-and-see strategy may be indicated if the lesion is asymptomatic and located in an anatomic
site that poses no danger. If this condition is not met, several treatment options are available, such
as blood transfusion, hydroxyurea, low-dose radiotherapy, or surgery, individually or in
combination. 

8.4.1. Transfusion

Early diagnosis is crucial for controlling EMH masses and preventing severe neurologic
complications (in paraspinal locations). Blood transfusions with a target pretransfusion
haemoglobin level above 10 g/dL are the principal treatment modality for stopping or decreasing
the compensatory medullary tissue expansion in patients with β-thalassaemia.  Although the initial
response results primarily from a decrease in blood flow to the EMH tissues, masses regress slowly.
This modality cannot be considered alone for patients with paraspinal masses with severe
neurological or rapidly progressive symptoms because urgent relief is required [90]. However, some
case reports described rapid reversal of neurological symptoms with a hypertransfusion regimen
(i.e., weekly transfusions) to maintain haemoglobin levels around 15 g/dL [100-102]. This can be
considered in patients when other treatment modalities like radiotherapy, hydroxyurea, or surgical
decompression are contraindicated, like pregnancy.  

8.4.2. Hydroxyurea

Pharmacological agents stimulating foetal haemoglobin synthesis, reduce the imbalance between
α and non-α globin chains thereby enhancing erythropoiesis efficacy and decreasing overall
erythropoietic activity. An additional cytoreductive effect of these agents could reduce the size of
EMH masses and be suitable as a first-choice therapy for EMH masses before radiotherapy or
surgery in patients with milder neurological symptoms. 
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Relatively lower doses of hydroxyurea (7.5-12 mg/kg/day) have been associated with regression
of EMH masses while increasing total and foetal haemoglobin in case reports of NTDT patients
[103]. In observational studies, NTDT patients maintained on hydroxyurea also have lower rates of
EMH [32]. Higher doses of hydroxyurea (15-20 mg/kg/day) may also exert cytostatic effects,
contributing directly to tumour regression. Although hydroxyurea doses of 20 mg/kg per day may
be well-tolerated without any side effects, higher doses could potentially be hepatotoxic and
myelotoxic which needs careful monitoring [104-106]. 

8.4.3. Radiotherapy

Since EMH tissue is highly radiosensitive, relatively low doses (10-30 Gy) of radiotherapy usually
result in rapid therapeutic response and alleviation of severe neurological symptoms in paraspinal
EMH cases. Although the dose-response relationship for radiotherapy has not been clearly defined,
doses between the given ranges are decided based on the extent of the radiotherapy field. The
total dose is delivered in fractions of usually 1-2.5 Gy daily doses. Radiotherapy can produce an
initial worsening of symptoms secondary to tissue oedema during the first days of treatment, which
can be prevented with the administration of steroids. The risks of late side effects after irradiation
of the spinal cord and adjacent organs, as well as EMH relapse rates of 19-37%, cannot be dismissed.
Adding a combination of hydroxyurea  and optimising transfusions to a target haemoglobin >10
g/dL may further suppress and prevent the recurrence of EMH [93, 107-111].   

8.4.4. Surgery

Decompressive surgery for paraspinal masses, including laminectomy and excision of the EMH
tissue, is effective in spinal cord compression with immediate resolution of neurological symptoms.
However, the high vascularity of the EMH mass poses the risk of excessive bleeding, requiring
intensive transfusion. Surgery should be reserved for cases with acute, progressive, and severe
neurologic deterioration that do not respond to adequate transfusion and radiotherapy. If the
excision of EMH mass is incomplete due to the diffuse nature of the mass, radiotherapy can be
introduced as an adjunct to surgery to prevent recurrence when the wound is healed, in addition
to adequate transfusions [112-116].  

9. INFECTIOUS DISEASE

Infections and their complications, mainly due to HCV and associated liver disease, have become
among the leading causes of death in TDT patients in Western countries due, in part, to a significant
reduction in the number of deaths from iron-induced cardiac disease [15, 17, 117, 118]. Infections
were already reported as the primary cause of mortality among severe haemoglobin E/β-
thalassaemia patients in Thailand years ago [119], and recent studies confirmed that infections are
still the most common cause of death in TDT patients in North Thailand [121] and South India [122].

Differences in the epidemiology of infections, socioeconomic status, preventative strategies, and
accessibility to healthcare in each country explain the variability in infection-related morbidity and
mortality rates for TDT patients worldwide. In TDT, allogeneic packed RBC (pRBC) transfusions come
with a significant burden, including direct exposure to the risks of transfusion-transmitted infections
(TTI) [123], indirect risks of transfusion-related immunomodulation (TRIM) [124], and increased risk
of infection due to iron overload [125]. Pathophysiological mechanisms in TDT such as ineffective
erythropoiesis, haemolysis, and anaemia can also negatively impact the immune system and

CHPT 08 P.250-289 THAL MANAGEMENT 2024.qxp_Layout 1  23/01/2025  11:22 PM  Page 258



CHAPTER 08

259

increase susceptibility to infections [120]. Furthermore, some other therapeutic interventions, such
as iron chelation therapy, splenectomy, central venous catheters, and haematopoietic stem cell
transplantation (HSCT) may contribute to infectious complications and subsequent morbidity and
mortality (Figure 1).       

Figure 1.Factors contributing to infection risk in transfusion-dependent β-thalassaemia. Abbreviations:
RBC, red blood cells; HCT, haematopoietic stem cell transplantation.

9.1. Transfusion-transmitted infections 

Transfusion is associated with the risk of TTI due to undetected known pathogens [126], emerging
pathogens [127], and unrecognised bacterial contamination [128]. Despite improved donor testing,
long-term transfusion support has a substantial cumulative lifetime residual risk of TTI [129] and
splenectomised TDT patients may have increased TTI morbidity [130]. Further, the blood safety
chain (donor selection, TTI testing, and haemovigilance, including post-transfusion surveillance,
see Chapter 2) is suboptimal in low-income countries [131].

HCV, HBV, human immunodeficiency virus (HIV), and syphilis are the most common infectious
agents that may be transmitted via pRBC transfusions in TDT. There has also been a steadily
increasing number of reported cases of transfusion-transmitted hepatitis E virus in blood donation
recipients [132]. Transfusion-transmitted malaria remains one of the most common TTI on a global
scale [133]. Assessments of viraemia prevalence in blood donations for arthropod-borne viruses
(arboviruses), including West Nile virus, Dengue virus, Chikungunya virus, and Zika virus indicate
substantial transfusion transmission in epidemic areas [132, 134, 135]. Fundamental principles for
providing safe blood include:

l The deferral of high-risk prospective donors is the first level of defence against TTI.

l Strategies regarding donor recruitment through voluntary, non-remunerated blood donation
should be implemented because such donors are less likely to have a risk for TTIs.

l The routine testing of donor blood for HBV, HCV, HIV, and syphilis by validated technology should
be implemented in blood banks.
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l Many of these pathogens are geographically distributed, allowing the exploration of alternative
strategies to reduce TTI beyond universal screening.

Testing of donations for infectious agents is a key factor in ensuring that the risk of disease
transmission is minimised and that blood components are suitable for their intended purpose.
Current tests are based on detecting relevant antigens and/or antibody and gene sequences. The
minimum mandatory serological blood donor screening tests are:

l Antibody to HIV-1 and HIV-2 including outlying types (e.g., HIV-1 type O).

l Antibody to HCV.

l Hepatitis B surface antigen (HBsAg) assay.

l Treponema pallidum haemagglutination assay (TPHA) for syphilis.

Nucleic acid screening or nucleic acid amplification techniques (NAT) for HCV-RNA, HIV-RNA, and
HBV-DNA in mini pools or single donations represent the state of the art in many countries. It was
developed to remedy limitations in serological testing, like the window period which is the time
lapse from the appearance of the virus in blood until the detectability of a given marker (antibody,
antigen, or nucleic acid) [136]. However, policy debates continue over the cost-effectiveness of
NAT-testing strategies in different settings, particularly in resource-constrained countries [137]. 

Apart from seronegative donors during the infectious window period, the greatest threat to
the safety of the blood supply using serological markers is posed by the silent/occult period of HBV.
This period is characterised by very low viral load and undetectable HBsAg at the tail end of chronic
carriage or the occurrence of escape mutants interfering with HBsAg synthesis and the interference
of other viruses in HBV replication [138]. 

Vaccination against HBV should protect all patients with TDT who are seronegative for HBV markers.
Since the protection offered by vaccination is not absolute, vaccinated patients should be tested
annually for anti-HBs. A booster dose of the HBV vaccine is considered if the anti-HBs titre decreases.
Patients should also be tested annually for other TTI such as HIV and HCV (anti-HCV), which if
positive, should be followed by HCV RNA.

The diversity of blood-borne infectious agents transmitted through transfusion of infected blood
donated by apparently healthy and asymptomatic blood donors also includes human T-cell
lymphotropic viruses (HTLV-1/2), cytomegalovirus (CMV), human parvovirus B19 (HPVB19), West
Nile virus, Dengue virus, Babesia spp., Plasmodium spp., Trypanosoma cruzi, and the prions that
cause variant Creutzfeldt-Jakob disease (CJD) [139]. Additional serological screening tests for blood
donors may thus be required by the national authorities for specific components or epidemiological
conditions [140], for example:

l Anti-HTLV-1 and HTLV-2.

l Antibody to hepatitis B core antigen (anti-HBc).

l Antibody to CMV for the transfusion of highly susceptible patients and in cases of candidates for
HSCT.

l Chagas testing for T. cruzi antibodies in endemic areas and elsewhere for travellers returning from
an endemic area.

l NAT screening for detection of West Nile virus, Zika virus, Chikungunya virus, Babesia microti.
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When it comes to prevention, the cell-associated nature of CMV infections coupled with the
adoption of universal leucocyte reduction in most developed countries has led to the
reconsideration of the need for serological screening for CMV in blood donors, since pre-storage
leucodepletion of pRBC units is considered equivalent to CMV antibody-negative blood products
with reduced transmission of CMV by some authorities [141]. Pre-storage leucodepletion may also
be effective in reducing the risk of several additional TTI including infections due to herpes viruses
(e.g., Epstein-Barr virus [EBV] and human herpesvirus-8 [HHV-8]), retroviruses (e.g., HTLV-1 and HIV),
bacteria (e.g., Yersinia enterocolitica), protozoa (e.g., Leishmania spp. and T. cruzi), and infectious
prions. It should be noted that leucodepletion does not provide 100% risk prevention from these
infections, but it may offer an additional and justified measure of caution [142].

Pathogen reduction treatment (PRT) of pRBC, which refers to the inactivation of all viruses, bacteria,
parasites, and any replicating structures, could be a method to achieve the goal of almost absolute
blood safety, albeit there are some limitations of this technology. Some pathogens (HPVB19,
hepatitis A virus, and hepatitis E virus) show partially intrinsic resistance to the inactivation process
[129]. PRT is undergoing clinical trials but is not yet commercially available. Photochemical
inactivation of whole blood using riboflavin (vitamin B2) and ultraviolet light energy (Mirasol
Pathogen Reduction System®) has been investigated in a phase 3 clinical trial for whole blood use
[139], but has not yet been evaluated for RBC use. Chemical inactivation of RBC using amustaline-
glutathione (Intercept Blood System®) has been assessed in phase 3 clinical trials for supporting
chronic transfusion programmes in patients with TDT. PRT of pRBC appeared well-tolerated and
logistically feasible for chronic transfusion therapy without a significant increase in pRBC utilisation
in TDT patients [143]. The universal utilisation of an approved PRT of pRBC could significantly revise
donor testing and may ultimately be less complex and less expensive than continued assay
development. However, cost will be essential in implementing PRT technology, particularly in low-
income countries.

Haemovigilance is another crucial pillar for safeguarding blood safety through epidemiological
surveillance of adverse reactions and adverse events in donors and recipients (European Union
Commission Directive 2005/61/EC; available at: https://eur-lex.europa.eu/eli/dir/). Its goal is to
prevent the recurrence of adverse events and reactions. To accomplish this task, haemovigilance
must be a shared responsibility of professionals in the field and the competent authorities for blood
safety [144].

Bacterial contamination of pRBC units and associated septic transfusion reactions present with
high fever, rigors, and hypotension beginning during or shortly after the transfusion. The pRBC unit
is presumably contaminated by transient donor bacteraemia due to a recent infection. Causative
bacteria are often gram-negative bacilli, mainly Y. enterocolitica and Serratia marcescens [145].
Leucodepletion can eliminate or markedly reduce the growth of the bacterium in processed blood.
However, it cannot provide 100% protection from the risk of these infections. It may offer an
additional and justified measure of caution [146].

9.2. Transfusion-related immune modulation 

TRIM may contribute to all immunological alterations observed in TDT patients, and it is assumed
that either allogeneic mononuclear cells in the pRBC unit or the soluble substances released
during storage play a central role in the pathogenesis of TRIM. Pre-storage leucodepletion of pRBC
units has no protective effect on immune alterations observed in patients with TDT [147]. In a
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large study performed Chinese children with TDT, increased T-lymphocyte activation and decreased
natural killer cell numbers were found to be prominent features associated with repeated
transfusions [148].

9.3. Storage defects of transfused red blood cells

It is suggested that free haem compounds released from the lysis of transfused RBC can readily
provide iron for bacteria and promote infection [149]. This hypothesis could be augmented by
evidence suggesting that low molecular mass iron complexes occur in pRBC units stored for more
than 10 days [150]. Marked increases in non-transferrin-bound iron and decreased antioxidant
capacity have been observed in pRBCs stored for more than 14 days [151]. An extensive
comparative study is required to reveal whether prolonged storage of pRBC is associated with an
increased risk of nosocomial infection. Transfusions with pRBC units stored for less than 14 days
may provide benefits to avoid deleterious effects of storage defects. Transfusion of pRBC units
stored less than 2 weeks also reduces the risk of transfusion-associated Yersinia septicaemia, since
Yersinia only grows in the contaminated RBC unit after a lag time of 2 weeks.

9.4. Transfusional iron overload-related risks of infection

Iron overload is suggested to be a risk factor predisposing to infections since all groups of protozoa,
fungi, and gram-positive and negative bacteria require iron for survival and replication, with the
only exception being pathogenic Borrelia burgdorferi, which uses manganese instead of iron. Some
pathogens such as Y. enterocolitica, Klebsiella spp., Escherichia coli, Streptococcus pneumoniae,
Pseudomonas aeruginosa, Listeria monocytogenes, and Legionella pneumophila increase their
virulence and pathogenicity in the presence of excess iron [152]. A gram-negative bacterium, Vibrio
vulnificus, which can be transmitted by ingestion of uncooked warm seawater fish, crustaceans,
and molluscs and can cause a lethal infection in 20-50% of iron-overloaded patients [153]. Although
viruses do not require iron, studies have reported that iron also increases the risk of viral infections
[154] and impairs the clinical response to antiviral therapy in HCV infection [155]. Further, iron
overload is associated with faster HIV-1 disease progression and poor outcomes in TDT patients
[156]. Iron availability is also linked to the pathogenicity of Candida albicans and Aspergillum
fumigates. 

Iron has subtle effects on cell-mediated immune effector pathways which may further explain why
systemic iron overload is associated with unfavourable outcomes in many types of infections [157].
In fact, numerous immune abnormalities have been described in patients with TDT, although
factors behind these immune alterations are poorly understood but iron overload may have a
prominent role [158]:

l Increased number and activity of CD8 suppressor cells.

l Decreased CD4/CD8 ratio.

l Decreased T-cell proliferation.

l Increased number and activation of B lymphocytes.

l Increased immunoglobulin (Ig)G, IgM, and IgA levels.

l Decreased C3 and C4 levels.

l Defective chemotaxis and phagocytosis of neutrophils and macrophages.

l Defective natural killer cell function.

Despite the lack of well-controlled studies, control of iron overload may have preventive/
therapeutic benefits against infections.

262
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9.5. Infections and iron chelation therapy

Controlling systemic iron and preventing iron from invading microbes are essential to host defence
strategies. As a siderophore, some benefits of deferoxamine have been demonstrated in particular
infections; for example, deferoxamine was able to promote recovery from coma in children with
cerebral malaria [159], and experimental studies indicate beneficial effects of deferoxamine in
infections with Histoplasma capsulatum and T. cruzi [160]. This is partly attributable to the
immunomodulatory role of iron chelation via increased nitric oxide and decreased interleukin-4
(IL-4) production in deferoxamine-treated patients. However, a certain amount of iron is vital for
the formation of oxygen radicals by the Fenton reaction and via the catalytic action of phagocyte
oxidase (PHOX), while iron overload has immune-debilitating effects. In fact, treating Salmonella-
infected mice with deferoxamine impairs pathogen clearance due to reduced reactive oxygen
species (ROS) generation [161]. Furthermore, certain pathogens, including Y. enterocolitica, V.
vulnificus, and Mucorales, can utilise deferoxamine as a siderophore to increase their pathogenicity.
As a precautionary measure, temporary discontinuation of deferoxamine during a febrile illness
until establishing whether the episode is caused by a pathogen that can use deferoxamine as a
siderophore or taken under control is strongly advised.

Non-siderophoric iron chelators such as deferasirox have been studied for possible anti-infective
properties. In an in vitro study, V. vulnificus was stimulated by deferoxamine; in contrast, orally
bioavailable iron chelators such as deferasirox and deferiprone had an inhibitory effect on the
growth of V. vulnificus [162]. Further, deferasirox and deferiprone limit the growth of Chlamydia
psittaci, Chlamydia trachomatis, and L. pneumophila and may be suitable as add-on therapies in
mucormycosis [163, 164]. However, the latter could not be supported by a subsequent double-
blind, placebo-controlled, phase 2 trial that aimed to define the safety and efficacy of short-term
therapy with deferasirox for patients with acute mucormycosis [165]. Deferiprone did not have the
virulence-enhancing effect observed with deferoxamine during experimental Y. enterocolitica
infection in mice [166]. Deferasirox and deferiprone can be continued during febrile episodes in
TDT patients.

9.6. Splenectomy-related risks of infection

Splenectomy plays a significant role in susceptibility to infections in β-thalassaemia, since the spleen
has a crucial function in immune defence as a phagocytic filter for blood-borne microorganisms,
particularly encapsulated bacteria, and also produces antibodies [167]. The polysaccharide capsules
of S. pneumoniae, Haemophilus influenzae type B, and Neisseria meningitidis protect them from
phagocytosis and are a significant factor in their pathogenicity. Therefore, recognition and clearance
of these bacteria depend on opsonising anti-polysaccharide antibodies produced by the IgM
memory B cells generated from the marginal zone of the spleen. IgM memory B cells produce
opsonising antibodies stimulating phagocytosis of encapsulated bacteria by resident macrophages
and secrete natural antibodies that can neutralise a larger variety of bacterial and viral pathogens,
thereby limiting the initial infections. They further enhance the adaptive immune response by
localising the antigens in the spleen. IgM memory B cells differentiate into IgA plasma cells in the
intestinal mucosa, playing a role in mucosal defence [168].

Overwhelming post-splenectomy infection (OPSI) is defined as fulminating sepsis, meningitis, or
pneumonia triggered mainly by S. pneumoniae, followed by H. influenzae type B and N. meningitidis.

CHAPTER 08

263

CHPT 08 P.250-289 THAL MANAGEMENT 2024.qxp_Layout 1  23/01/2025  11:22 PM  Page 263



The risk of OPSI is more than 50 times higher than in the general population. Although the risk is
highest in the first two years following splenectomy, it is a permanent, life-long condition [169].
Preventive strategies for OPSI include pre/post-splenectomy vaccinations, post-splenectomy
antibiotic prophylaxis, and patient education. 

Other pathogens responsible for post-splenectomy infections include E. coli, P. aeruginosa, group
B streptococci, Enterococcus spp., and V. vulnificus [170].

9.6.1. Pre/post-splenectomy vaccinations

Patients should be evaluated whether they are vaccinated according to the national
immunisation schedule, including the vaccines listed below, and any missing vaccinations must
be completed before splenectomy. Pneumococcal, meningococcal, and H. influenzae type B
vaccines are recommended for patients undergoing splenectomy (Table 1) [171]. Furthermore,
annual seasonal influenza vaccination (inactivated vaccines) is equally advised to prevent
secondary bacterial coinfections, especially S. pneumoniae and Staphylococcus aureus. Live
influenza vaccines are contraindicated. Adhering to local health authorities' recommendations
for COVID-19 is also vital. 

Immunisation should be completed 14 days before surgery to ensure adequate antibody
responses. A recent study involving children who have not received vaccines has suggested
that the peak of IgG serum concentration following pneumococcal polysaccharide vaccine
(PPSV) administration is recorded between days 9 and 11 [172]. The optimal timing of post-
splenectomy immunisation has yet to be identified. However, it appears more than reasonable
that patients who are unlikely to receive immunisation post-discharge should be immunised
just before discharge. Theoretically, this strategy should guarantee an initial 100% vaccination
coverage rate.

Two anti-pneumococcal formulations (pneumococcal conjugate vaccine [PCV] 13 and PPSV 23)
are currently recommended. PPSV23 can provide an efficient antibody response after an initial
dose of PCV13 but not when PPSV23 is given initially. Theoretically, PCV13 should act as a primer
for immunological memory, while PPSV23 should widen the protection, including a broader
serotype spectrum. The inhibitory association of PPSV23 with subsequent PCV13
administrations was confirmed [173]. However, the PCV20 vaccine, which has been used in
recent years, has eliminated the need to use the PPSV23 vaccine due to its broad spectrum. In
cases where PCV20 is applied, there is no need to apply PPSV23 [171].

The quadrivalent meningococcal ACWY conjugate vaccine (MenACWY) allows an immune
response against four N. meningitis serogroups (A, C, W, Y). A recent phase 3 non-randomised
trial demonstrated that in splenectomised subjects, a 1 dose and 2 dose 8 weeks apart schedule
of MenACWY-TT was as immunogenic as in age-matched, healthy control participants, with an
acceptable safety profile [174]. 

To target serogroup B, which is most frequently responsible for invasive meningococcal disease,
two recombinant vaccines were licensed (namely, meningococcal serogroup B [MenB]-FHbp
and MenB-4C). Repeated administration of MenB-4C with 2 dose 8 weeks apart or MenB-FHbp
with 2 dose 8 weeks apart schedules and 6 months later are advised [175]. A new MenABCWY
vaccine targeting all 5 serogroups has also recently become available. 

Because of the high immunogenic activity, booster doses are not recommended for the H.
influenzae type B (Hib) vaccine (Table 1) [171].
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Table 1. Suggested perioperative vaccination schedules for transfusion-dependent β-thalassaemia
children and adults undergoing splenectomy [171].

Conjugated MenACWY MenB

Hib vaccine 

4 doses 8 wk apart (routinely scheduled for infants)

2 doses 8 wk apart, in total; at least 1 dose before splenectomy

If immunised, 1 dose

PCV13, PCV20

4 doses 8 wk apart
(4th dose at ≥12 mo)

2 doses 8 wk apart 

1 dose

Age 

2 mo to <2 yr

2 to 6 yr*

>6 yr*

Age

0 to <1 yr

1 to 5 yr

>5 yr

Age

0 to <2 yr

≥2 yr

≥10 yr

Revaccination

PPSV23

Postpone until the age of 2 yr

1st dose: 8 wk after the last PCV13, PCV20
2nd dose: 5 yr after the last PPSV23 

MenACWY-CRM

8 wk to 7 mo: 
4 doses 8 wk apart
(4th dose at ≥12 mo) 
>7 mo: 2 doses
12 wk apart
(2nd dose at 
≥12 mo)

2 doses 8 wk apart

2 doses 8 wk apart

Revaccination 3 yr after primary series and afterward a booster
dose is needed every 5 yr if the risk continues

MenACWY-D

Do not administer,
because of
immune
interference 
with PCV13, PCV20

2 doses 8 wk apart

2 doses 8 wk apart

MenACWY-TT**

6 wk to 6 mo: 3 doses
8 weeks apart (3rd

dose at ≥12 mo)
>6 mo to 12 mo:    
2 doses at least
12 wk apart (2nd dose
at ≥12 mo) 
>12 mo: 2 doses
8-12 wk apart

2 doses 8 wk apart

2 doses 8 wk apart

MenB-4C**

2 to 11 mo: 
3 doses 4 wk apart
(3rd dose at 
≥12 mo) 
12-23 mo: 3 doses
8 wk apart (3rd  dose
at 12 months after
the 2nd dose)

2 doses 8 wk apart

2 doses 8 wk apart

Revaccinate 1 yr
after primary series
and after ward a
booster dose is
needed every 2-3 yr
if the risk continues

*In patients who completed recommended PCV series but have not received PPSV23, if they previously received at
least 1 dose of PCV20 then no further PCV or PPSV23 doses needed, if they did not previously receive PCV20 then
administer 1 dose of PCV20 or 1 dose of PPSV23 at least 8 weeks after the most recent PCV dose. If PPSV23 is used,
administer 1 dose of PCV20 or dose 2 PPSV23 at least 5 years after dose 1 PPSV23.
**Age groups and use of recommendations for these vaccines may differ in each country. MenB-FHbp vaccine is
used only in children ≥10 years of age (2 doses 8 weeks apart, and revaccination 1 year after primary series and
afterward a booster dose is needed every 2-3 years if the risk continues).
Abbreviations: PCV, pneumococcal conjugate vaccine; PPSV, pneumococcal polysaccharide vaccine; Hib,
Haemophilus influenzae type B; MenACWY, quadrivalent meningococcal ACWY conjugate vaccine; MenB,
meningococcal serogroup B vaccine; yr, year(s); mo, month(s); wk, week(s).
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9.6.2. Post-splenectomy antibiotic prophylaxis

Chemoprophylaxis depends on the age of the individual and the treating physician’s opinion
(Table 2). Although there is little consensus on the duration of use, antibiotic prophylaxis should
be provided for a minimum of 1 to 3 years after splenectomy. It is absolutely recommended for
children aged <16 years and adults aged >50 years. Lifelong prophylactic antibiotics could be
offered to patients who previously experienced an episode of sepsis or who remain
immunocompromised due to underlying disease or treatment, as well as patients with an
inadequate serologic response to pneumococcal vaccination. 

Given the epidemiologic shifts in colonisation and infection due to newer vaccines, additional
investigation is needed to better clarify the optimal type and duration of antibiotic therapy
[176, 177].

Table 2. Suggested antibiotic prophylaxis recommendations in splenectomised patients.

Routine prophylaxis Primary regimen

0-5 years of age

>5 years of age

Febrile illness before 
ED arrival 

Children

Adults

Penicillin VK 125 mg bid OR
Amoxicillin 20 mg/kg od or bid
(max 500 mg)

Penicillin VK 250 mg bid OR
Amoxicillin 20 mg/kg od or bid
(max 500 mg)

Primary regimen

Amoxicillin-clavulanate 45
mg/kg bid (max 875 mg) 

Amoxicillin-clavulanate 875/125
mg bid 

Azithromycin 5 mg/kg od 
(max 250 mg)

Azithromycin 5 mg/kg od
(max 250 mg)

Regimen for penicillin allergy

Cefuroxime 15 mg/kg bid
(max 500 mg) OR 

Cefdinir 7 mg/kg bid (max 300 mg)

Cefuroxime 500 mg bid OR
Cefdinir 300 mg bid OR
Levofloxacin 750 mg od

Regimen for penicillin allergy

Abbreviations: ED, emergency department; od, once per day; bid, twice per day.

9.6.3. Patient education

Splenectomised patients should be educated about the increased risk of infections, how to
avoid them, and what to do in case of illness. Patients should be recommended to carry their
antibiotics supply in case of emergency. In case of any seemingly minor signs of infection,
patients should initiate early empiric treatment with the oral antibiotics supply on hand (Table
2) and seek urgent medical attention [178, 179]. 
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9.6.4. Management of infections in splenectomised patients

Because the individual risk of sepsis cannot be predicted, all infections in splenectomised
patients must be considered potentially life-threatening.

OPSI is a medical emergency. Following brief prodromal symptoms such as fever, shivering,
myalgia, vomiting, diarrhoea, and headache, septic shock develops in just a few hours, with
anuria, hypotension, hypoglycaemia, and, commonly, disseminated intravascular coagulation,
and massive adrenal gland haemorrhage (Waterhouse-Friderichsen syndrome), progressing to
multiorgan failure and death [180]. The mortality rate is around 50% to 70%, and most deaths
occur within the first 24 hours; thus, only prompt diagnosis and immediate treatment can
reduce mortality [167, 181].

9.7. Disease-related risks of infection 

Ineffective erythropoiesis and haemolysis result in hyperplasia of monocyte/macrophages,
which phagocytose defective erythroid precursors and erythrocytes. The increased phagocytic
activity resulting from the clearance of defective erythrocytes may reduce the capacity of the
phagocytic system to defend against microorganisms [182] and consequently overwhelms
pattern recognition receptors, including Toll-like receptors [183]. In the clinical setting, severe
anaemia has also been reported as a risk factor for bacterial infections in thalassaemia [119]. 

The deleterious effects of ineffective erythropoiesis, anaemia, and haemolysis on the host
defence mechanisms may be mitigated by maintaining pretransfusion haemoglobin 
levels between 9.5 and 10.5 g/dL, which corrects anaemia while suppressing ineffective
erythropoiesis.

9.8. Further details on specific bacterial infections

9.8.1. Yersinia enterocolitica

Y. enterocolitica is of low pathogenicity and restricted to the gastrointestinal tract in an immune-
competent host. The availability of large amounts of iron in those with iron overload or undergoing
deferoxamine chelation increases the virulence of Y. enterocolitica. Fulminant Y. enterocolitica
septicaemia has been reported as a common infectious risk in deferoxamine-treated TDT patients
from Western countries [184] rather than in Eastern countries.

Fever is the most common presenting feature, often associated with abdominal pain and
enterocolitis. Pharyngitis-tonsillitis, acute respiratory distress syndrome, and polyarthritis are other
clinical manifestations of infection. The mortality rate can reach 50% in septicaemia with
complications including hepatic and splenic abscesses, osteomyelitis, intussusception, nephritis,
meningitis, and endocarditis.

Blood and stool samples must be cultured under specific conditions (at 22°C for 48 hours). The
microbiology laboratory should be informed to enable correct culture conditions. Serological tests
may display cross-reactivity. However, fourfold rises in IgG titres in samples obtained 15 days apart
may suggest a recent infection.

Intravenous trimethoprim-sulfamethoxazole (400 mg sulfamethoxazole every 12 hours) for 7 days
(14 days in the case of septicaemia) plus gentamicin (5-7 mg/kg every 24 hours) should be used
for treatment. Intramuscular ceftriaxone (2 g every 12 hours) is an alternative in focal infections
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(e.g., enteritis, pharyngitis, tonsillitis). Ciprofloxacin (400 mg every 12 hours) is also an effective
antibiotic.

9.8.2. Klebsiella spp.

Klebsiella spp. have been reported as the major cause of severe bacterial infections in patients
with thalassaemia from the Far East [119].

Infections present with sinusitis, intracranial infections, septicaemia, and pyogenic abscesses in
the liver, lung, kidney, and parathyroid gland, which are associated with high rates of morbidity
and mortality.

Ceftazidime (2 g every 8 hours) plus gentamicin (5-7 mg/kg every 24 hours) should be used for
treatment. Meropenem, imipenem, and fluoroquinolones are alternative antibiotics for resistant
species. Early surgical intervention should be considered.

9.9. Further details on specific viral infections

9.9.1. Human parvovirus B19 

HPVB19 typically causes erythaema infectiosum or fifth disease in children with the clinical course
of a flu-like syndrome. HPVB19 DNA is present in the circulation for almost one week and
disappears during the production of neutralising antibodies (IgM for 6-8 weeks and IgG
afterwards). This protective mechanism would not be present in immunocompromised subjects,
leading to the persistence of viral DNA.

HPVB19 mainly infects erythroid progenitors and is complicated by transient red cell aplasia.
Because of high erythroid turnover, patients with thalassaemia may develop severe anaemia with
low reticulocyte counts during the course of HPVB19 infection [185]. Patients require
intensification of the transfusion regimen during acute infection. HPVB19 infection should be
suspected in patients with increased blood consumption once other responsible factors (e.g.,
poor haemoglobin content of RBC units, alloimmunisation, or hypersplenism) are excluded.

Although the main transmission route is respiratory, transfusions of pRBC collected from
persistently infected blood donors play a secondary role [186].

9.9.2.   Human immunodeficiency virus

HIV leads to CD4+ lymphocyte depletion that renders the individual at risk for many types of
opportunistic infections. Due to continuous implementation and improvement of more sensitive
serological methods and NAT, the residual risk of viral transmission through blood transfusions
decreased to less than 1:1.3 million for HIV in the European Union and the USA [187, 188]. No case
has been recorded since the implementation of NAT screening (August 2008-2015). However, in
Africa, higher prevalence and less comprehensive donor testing still result in an estimated 10%
to 15% of cases of HIV linked to unsafe blood transfusion (https://www.safeblood4africa.org/).

In a large multicentre study comprising 79 HIV-positive thalassaemia patients from different
countries, the progression to overt-acquired immune deficiency syndrome (AIDS) after
seroconversion was 1.4% after 3 years and 9% after five years. There was no statistically significant
relationship between disease progression and age, sex, acute infection, or splenectomy [189].
However, a significant inverse relationship between disease progression and the dose of
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deferoxamine administered was reported; the rate of progression decreases as the mean daily
deferoxamine dose increases [190].

A more recent 30-year multicentre study of about 3000 TDT patients from Greece (3-65 years old,
45% splenectomised) examined data on the survival of HIV-infected patients along with national
epidemiological data on donor blood. In the period 1982-2015, 43 patients tested positive for HIV
infection [191]. Forty-two who had received 819,000 units of RBCs (1:19,000) were infected by the
end of 1987. Transfusion-transmitted HIV infection risk was reduced significantly by 2005 with
seroprevalence in only three patients transfused with seronegative blood donated from three
different donors during the serologically silent window period. Therefore, the residual risk 
of transfusion-transmitted HIV in these patients in 1988-2015 was estimated at 1:290,666
serologically tested blood units. The corresponding figure in the blood donor population was
1:1,833,333 units. Of the 32 patients (74%) who died up to 2015, 26 (81%) progressed to AIDS at
a mean age of 16.5 ± 9.2 years. One deceased patient was co-infected with HBV and HCV. HBV
and HCV were higher in HIV seropositive patients than in seronegative ones. Of the 13 survivors
(mean age 43 ± 7.1 years), two had a history of splenectomy, and two were anti-HCV positive and
HCV RNA negative. Most patients had negative viral load and were free of HIV symptoms. A
multivariate analysis demonstrated that serum ferritin levels were statistically associated with the
duration of survival after diagnosis of HIV infection in this group. This 30-year study confirms
Costagliola colleagues’ earlier findings (1992,1994) about the inverse relationship between the
rate of disease progression and iron chelation therapy.

A large spectrum of therapeutic options is currently available for HIV-infected patients, which
have also been used in patients with TDT. With early diagnosis and early initiation of antiretroviral
therapy (ART), the life expectancy of people with HIV has reached the same as the general
population [192].

Since iron overload can have an adverse effect on HIV-1 disease progression, such as faster
progression of HIV in patients with low doses of deferoxamine and high serum ferritin [156],
optimal control of body iron burden with iron-chelation regimens is recommended in HIV-1-
positive TDT patients. Although there is no evidence that splenectomy facilitates the progression
of HIV infection, a splenectomy treatment strategy should be decided with caution in an HIV-1-
positive patient.

9.9.3. Cytomegalovirus infection 

CMV can be transmitted by fresh blood components containing leucocytes. It is estimated that
approximately 2-12% of CMV-positive healthy donors can transmit the virus by blood donation
to the recipients. The consequences of CMV infection are serious in immunocompromised
patients, such as thalassaemia patients who have had HSCT.

The use of blood products from CMV-seronegative donors has been shown to be effective in
preventing transmission. However, it does not fully eliminate the risk of transmission. Moreover,
CMV seroprevalence reaches 50 to 100% in various geographical regions, and the availability of
CMV-seronegative products is limited.

Pre-deposit leucodepletion of cellular blood products achieving a residual leucocyte count <5
x106 per unit allows the reduction of CMV transmission to a level at least equivalent to the
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transfusion of seronegative blood components for those patients at significant risk of severe CMV
transfusion-associated disease [193].

9.9.4.   West Nile virus

West Nile virus is a mosquito-borne flavivirus that primarily causes an asymptomatic or mild disease.
However, in <1%, it causes neurological disease such as encephalitis, meningitis, or  more rarely
acute flaccid paralysis. Elderly and immunocompromised persons are at higher risk of developing
severe disease and having a fatal outcome. The risk of transmission through blood transfusion has
been recognised, and preventive blood safety measures have been implemented in affected areas.
The paucity of reported transfusion-transmitted infections and the blood screening results in the
USA and Europe suggest that blood safety interventions are effective [132, 140]. 

Investigation of West Nile virus infection in 369 TDT patients in affected areas of Greece showed
that 1.9% of the patients were positive for antibodies against the virus with a mild clinical course.
Transmission before the implementation of blood screening with NAT was confirmed in two
thalassaemia patients [194].

9.9.5. Viral hepatitis

Details of HBV and HCV infections along with associated hepatic morbidity in TDT patients are
summarised in Chapter 5.

Hepatitis E is caused by infection with a non-enveloped, single-stranded RNA virus. Although
underdiagnosed worldwide, it is responsible for 20 million infections yearly. Four major genotypes
infect humans. Genotypes 1 and 2, endemic in many developing countries, are responsible for
water-borne epidemics. Genotypes 3 and 4 are associated with zoonotic HEV infections causing
sporadic infections in industrialised countries; they are transmitted to humans through uncooked
infectious pork consumption and game products or by contact with infected animals.
Transmissions through transfusion and transplantation have also been reported [195, 196].

Hepatitis E virus mainly causes acute self-limiting infections, but chronic infections may occur in
immunocompromised patients and can lead to fulminant hepatitis and death. Acquired hepatitis
E virus cases have been observed across Europe, where genotype 3 infections have raised
questions for public health and blood safety. Hepatitis E virus genotype 3 infection is commonly
asymptomatic or mild and self-limiting without chronic sequelae. As acute phase viraemia persists
for 6-8 weeks and because most cases are asymptomatic, infected blood donors can donate blood
while viraemic. A multicentre study in blood donors and thalassaemic patients in Greece found
an overall prevalence of 2.9% for HEV IgG antibodies (significantly greater in males and older
donors) and a prevalence of 3.6% in thalassaemic patients [197]. The increasing incidence of
transfusion-transmitted hepatitis E virus has led several European countries to include blood
screening in preventive strategies for this infection. The risk of transmission in groups such as
thalassaemia patients with heavy exposure to donor RBCs has raised new issues in their clinical
management.

Studies in donor blood in several European countries using NAT testing have shown a high
frequency of viraemic donations of up to 1:726 [198]. However, hepatitis E virus testing of blood
products has still not been generally implemented. The number of transfusion-transmitted
hepatitis E virus has, until now, been very low, probably due to under-reporting and under-
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recognition, mainly because of asymptomatic infections in transfused patients, and reports are
limited to the relevant risk of in immunosuppressed patients [199].

9.9.6. COVID-19 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2) is a strain of coronavirus that causes
COVID-19 (Coronavirus Disease 2019), the respiratory illness responsible for the COVID-19
pandemic. Since the first cases of COVID-19 caused by SARS-CoV-2 were reported in China in
December 2019, as of April 13, 2024, 704,753,890 people have been affected by the infection,
with 7,010,681 reported deaths. Multiple COVID-19 vaccines, such as protein subunit vaccines
containing spike proteins of the SARS-CoV-2 and mRNA vaccines, have received emergency use
authorisation (EUA) to prevent severe COVID-19 illness and have been instrumental in controlling
the severity of this pandemic and improving clinical outcomes. 

In June 2020, the Thalassaemia International Federation (TIF) published recommendations on
managing thalassaemia patients during the COVID-19 pandemic. A general classification in 3
groups (low to moderate risk, high risk, and very high risk) was proposed according to the level
of COVID-19 severity risks based on adequacy of transfusions, receiving optimal chelation, having
intact spleen, and no co-morbidities. TIF pointed out that patients with severe forms of
thalassaemia should be considered vulnerable to COVID-19 [200].  

Three additional risks of severe infection should also be systematically evaluated and/or prevented
for patients with severe COVID-19:

l The risk of latent or existing adrenal insufficiency decompensation.

l The increased risk of thromboembolic events with recommendation of prophylactic
anticoagulation.

l The risk of secondary bacterial infection which is exceptionally high in splenectomised patients
[201].

Despite immunological and cardiometabolic disturbances, oxidative stress, and prolonged low-
grade inflammatory status that might explain the susceptibility of TDT patients to SARS-CoV-2
infection, most develop mild to moderate COVID-19 [202]. Vaccination should follow national
policies adopted in the general population. 

9.10. Further details on specific fungal infections

9.10.1. Mucor spp.

Mucormycosis or zygomycoses are opportunistic infections that may affect thalassaemia patients
undergoing HSCT. Iron is a key nutrient for fungi as well as bacteria. The notion that iron chelation
may serve as an effective antifungal modality was proposed more than 30 years ago. However,
administration of deferoxamine resulted in worsening of mucormycosis. This was attributed to
the fact that deferoxamine itself may act as a siderophore for the fungi. As mentioned earlier,
observations that deferasirox chelation may be a useful adjunct to antifungal treatment [163] led
to a trial of deferasirox combined with liposomal amphotericin B (AmBisome) as short-term
therapy for mucormycosis. The results were disappointing as patients treated with deferasirox
had a higher mortality rate at 90 days, leading the authors to conclude that the data did not
support a role for initial, adjunctive deferasirox therapy for mucormycosis.
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9.10.2. Phytiosum insidiosi

Pythiosis is an infrequent human infection caused by Phytiosum insidiosum, a fungus-like
organism. Three forms of human pythiosis are recognised: 1) cutaneous form affecting the
periorbital area, face, and limbs as a granulomatous, ulcerating abscess-like cellulitis; 2)
ophthalmic pythiosis affecting the eyes as corneal ulcers and keratitis; 3) systemic pythiosis
affecting vascular tissue and resulting in arterial occlusions leading to gangrene and amputation
[158]. Pythiosis has been reported in Thailand, Australia, Haiti, India, New Zealand and the USA.
The systemic form was common in patients with thalassaemia and associated with high
morbidity and mortality (most patients die within 6 months) [203].

Serological tests and polymerase chain reaction (PCR) methods are being developed for diagnosis.
Antifungal drugs are ineffective for disease control, and medical treatment alone is insufficient to
salvage patients with systemic infections.

Two vaccines for pythiosis have been developed. One vaccine is prepared from soluble
concentrated P. insidiosum antigen. It is administered intradermally in the first injection,
subcutaneously in the following three injections, and at two weekly intervals in patients with life-
threatening systemic infections. The vaccine was curative in a substantial number of cases [204].

9.11. Further details on specific parasitic infections

9.11.1. Malaria

When it comes to transfusion-transmitted diseases, parasitic infections play a significant role.
Malaria is believed to be the most important parasitic disease currently facing humans. Malaria
is a life-threatening disease caused by parasites transmitted to humans through the bites of
infected female Anopheles mosquitoes (Plasmodium falciparum, P. vivax, P. malariae, P. ovale).
The World Health Organization (WHO) estimates that 3.2 billion people live in areas at risk of
malaria transmission in 106 countries and territories. Globally in 2022, there were an estimated
249 million malaria cases in 85 malaria endemic countries and areas, and Africa was home to
94% of cases [205].

Transfusion-transmitted malaria is also reported sporadically in non-endemic areas, where the
risk of transmission arises from travellers to endemic areas and permanent residents with origin
in endemic regions. However, autochthonous transmissions are possible due to the presence of
competent vectors.

An outbreak of locally acquired P. vivax malaria in Greece in 2009, which peaked in 2011, raised
the question of how to define spatial boundaries of an affected area and when to trigger specific
blood safety measures targeted to affected areas with ongoing local transmission. In this context,
the European Centre for Disease Prevention and Control advice the following expert opinion that
could help the European Union’s national blood safety authorities in developing a preventive
strategy during malaria outbreaks [206]:

l Blood sessions will be suspended in the affected areas and in surrounding locations up to a
radius of 6 km. The distance criterion is based on the mosquito vector's dispersal range.

l Temporary deferral for 6 months from blood donation of asymptomatic persons residing or
working in the above areas and visitors from the beginning of an outbreak up to 4 months after
the end of the mosquito activity season.
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l Blood screening for malarial antibodies or DNA might be considered instead of temporary
deferral, which might jeopardise the blood supply.

l Pathogen reduction could be considered if a suitable methodology is available [207, 208].

There is evidence that carriers of certain haemoglobinopathies have a reduced risk of severe and
fatal P. falciparum malaria. However, the same is not true for the homozygous state, including β-
thalassaemia major and intermedia [158]. Physicians who advise chemoprophylaxis to patients
before and during periods of travel into endemic areas should take into account the evolving
patterns of drug resistance in malaria parasites and changes in recommendations for malaria
prevention [209].
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KEY POINTS AND RECOMMENDATIONS
1. Recommendations for cholelithiasis.

l The gall bladder should always be examined during abdominal ultrasonography in
transfusion-dependent β-thalassaemia (TDT), such as annual screening conducted for liver
disease. Patients with symptoms or signs of cholelithiasis on laboratory studies or imaging
should be managed per local standards of care (Grade C, Class I).

l Cholecystectomy should be considered during splenectomy when stones are symptomatic
to prevent serious complications such as acute cholecystitis in splenectomised patients
(Grade C, Class IIa).

2. Recommendations for malignancy.

l Recommendations for screening, diagnosis, and management of hepatocellular carcinoma
(HCC) in TDT patients are provided in Chapter 5.

l Considering the potential increased risk of malignancy in patients with TDT, especially those
with iron overload, patients should be closely screened for common cancers according to
local standards and guidelines (Grade C, Class I).

3. Recommendations for skin manifestations and leg ulcers.

l The skin of TDT patients should always be inspected on routine physical examination for
dermatological manifestations or leg ulcers, especially in patients who are suboptimally
transfused and/or chelated, on long-term iron chelation, or splenectomised (Grade C,
Class I).  

l Optimisation of blood transfusion or hydroxyurea therapy may help in wound healing in leg
ulcers (Grade C, Class IIb).

l Patients with evidence of dermatological manifestations or leg ulcers should be treated with
local or systemic therapy based on recommendations from a dermatologist and/or a plastic
surgeon (Grade C, Class I).

4. Recommendations for renal disease.

l Patients with TDT should be monitored for iron chelator-related renal toxicity with dose
adjustments and/or interruption per local prescribing information (see Chapter 3) (Grade
A, Class I).

l Patients with TDT should be screened for renal disease with the following (Grade C, Class
IIa):

- Serum creatinine, urine analysis with spot ratio of protein/creatinine: every 6 months.

- Serum calcium, phosphorus, magnesium, and uric acid; 24-hour urine collection for
protein/creatinine and calcium/creatinine ratio: every 12 months starting the age of 10
years or earlier if needed.

- Renal ultrasound: every 2 years after adolescence and in case of laboratory abnormalities.

l Patients with renal dysfunction should be referred to a nephrologist for management per
local standards and guidelines (Grade C, Class I).

274

CHPT 08 P.250-289 THAL MANAGEMENT 2024.qxp_Layout 1  23/01/2025  11:22 PM  Page 274



5. Recommendations for splenomegaly.

l The spleen size should be examined in clinical visits and splenectomy should generally be
avoided in patients younger than 5 years of age, and otherwise reserved for cases of (Grade
C, Class IIa):

- When other interventions to manage anaemia are contraindicated.

- Hypersplenism leading to worsening anaemia, leukopaenia, or thrombocytopaenia and
causing clinical problems such as recurrent bacterial infections or bleeding.

- Splenomegaly accompanied by symptoms such as left upper quadrant pain or early
satiety.

- Massive splenomegaly (largest dimension >20 cm) with concern about possible splenic
rupture.

l Laparoscopic splenectomy is preferred to the open procedure unless otherwise indicated by
the responsible surgeon (Grade B, Class IIa).

l Splenectomised patients should be considered at higher risk of thromboembolic events
during risk assessment for consideration of thromboprophylaxis in medical and surgical
settings (Grade C, Class IIa). 

6. Recommendations for extramedullary haematopoiesis (EMH).

l The diagnosis of EMH in TDT should be made based on clinical suspicion and imaging
findings (ideally with magnetic resonance imaging), with confirmatory biopsy (fine-needle
aspiration could be safer) reserved for cases of a complex differential (e.g., in older patients
at risk of malignancy) and in the absence of bleeding risk (e.g., vascular lesions) (Grade C,
Class IIa).

l In cases of asymptomatic EMH (incidental finding) in a safe anatomical location, a wait-and-
see strategy should be considered (Grade C, Class IIb).

l EMH masses that could lead to future morbidity can be managed by increasing blood
transfusions to further suppress ineffective erythropoiesis (Grade C, Class IIa).

l Management of symptomatic EMH masses should be tailored to each individual to prevent
permanent disability. Table 3 illustrates the approach to management of paravertebral EMH
masses (Grade C, Class I).
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Table 3. Management of paraspinal extramedullary haematopoiesis masses. 

Neurologic symptoms Intervention

Mild

Moderate

Severe

Optimise transfusions with pretransfusion haemoglobin target >10
g/dL ± hydroxyurea

Optimise transfusions with pretransfusion haemoglobin target >10
g/dL + low-dose radiotherapy (+ steroids) ± hydroxyurea

Optimise transfusions with pretransfusion haemoglobin target >10
g/dL + preoperative transfusions + laminectomy and excision of mass
+ low-dose radiotherapy (if excision is incomplete)
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7. Recommendations for infectious disease. 

l Quality assurance guidelines, strict regulatory standards, and haemovigilance procedures
should be established to safeguard the quality of donor blood and enhance the safety of the
transfusion process (Grade C, Class I).

l The minimum mandatory serological blood donor screening tests should include (Grade A,
Class I):

- Antibody to human immunodeficiency virus (HIV)-1 and HIV-2 including outlying types
(e.g., HIV-1 type O).

- Antibody to hepatitis C virus (HCV).

- Hepatitis B surface antigen (HBsAg) assay.

- Treponema pallidum haemagglutination assay (TPHA) for syphilis.

l Additional serological screening tests for blood donors may be required by national
authorities based on local infectious agents’ epidemiology (Grade C, Class IIa).

l Vaccination against hepatitis B virus (HBV) should protect all patients with TDT who are
seronegative for HBV markers. Since the protection offered by vaccination is not absolute,
vaccinated patients should be tested annually for anti-HBs. A booster dose of the HBV vaccine
is considered if the anti-HBs titre decreases. Patients should also be tested annually for other
transfusion-transmitted infections (TTI) such as HIV and HCV (anti-HCV), which if positive,
should be followed by HCV RNA (Grade A, Class I).

l The suspicion and approach to transfusion-related bacterial sepsis should include the
following (Grade A, Class I):

- If bacterial contamination is suspected, the transfusion should be halted immediately.

- Intravenous infusion of a third-generation cephalosporin (cefotaxime 2 g every 8 hours
or ceftriaxone 2 g every 12 hours) or carbapenem (meropenem or imipenem 2 g every 8
hours) combined with vancomycin (1-1.5 g every 12 hours).

- Gram stain and blood culture should be obtained from the blood bag and the recipient.

l Preventative measures for bacterial sepsis should include enhanced phlebotomy site disin-
fection and diversion pouches integral to the blood collection set (to remove the first aliquot
of donor blood, which may have higher concentrations of skin flora) (Grade C, Class IIa).

l Transfusion of pre-storage leucodepleted red blood cells stored <14 days may have
preventive benefits against infections (Grade C, Class IIa).

l Control of iron overload may have preventive/therapeutic benefits against infections (Grade
C, Class IIa).

l In patients with febrile illness, temporary discontinuation of deferoxamine is strongly advised
until establishing whether the episode is caused by a pathogen that can use deferoxamine
as a siderophore, unless the patient has a severe cardiac risk or acute heart failure (Grade B,
Class IIa). Patients can continue to use the oral iron chelators deferiprone and deferasirox
(Grade C, Class IIa).

l Patients undergoing splenectomy should receive appropriate pre/post-splenectomy
vaccinations to be completed 14 days before surgery including pneumococcal,
meningococcal, and Haemophilus influenzae type B (Table 1), inactivated influenza vaccine
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(annually), COVID-10 vaccine per local health authorities' recommendations. Patients who
underwent splenectomy without being given the vaccine may still benefit from vaccination
post-splenectomy (Grade A, Class I).

l Patients undergoing splenectomy should receive prophylactic antibiotic therapy for at least
1-3 years following splenectomy (Table 2) (Grade A, Class I).

l The suspicion and approach to overwhelming post-splenectomy infection (OPSI) should
include the following (Grade A, Class I):

- Physicians must be aware of the potential life-threatening infections in TDT patients who
underwent splenectomy, and patients should be educated on use of early empiric
treatment with oral antibiotics with signs of infection and to seek early medical care when
fever develops.

- In patients at risk and with indicative symptoms, prompt initiation of empirical antibiotics
is essential with intravenous infusion of third-generation cephalosporin (cefotaxime 2 g
every 8 hours or ceftriaxone 2 g every 12 hours), combined with gentamicin (5-7 mg/kg
every 24 hour) or ciprofloxacin (400 mg every 12 hours) or vancomycin (1-1.5 g every 12
hours).

- While awaiting the results of the blood culture, bacteria can be visualised by Gram staining.

- A reverse transcriptase-polymerase chain reaction (RT-PCR) test for simultaneous
identification of three main encapsulated bacteria (Streptococcus pneumonia, H. influenzae
type B, and Nisseria meningitidis) is available.
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1. INTRODUCTION

Thalassaemia is one of the most common genetic disorders worldwide, presenting significant
public health and social challenges in areas where incidence is high. It is a group of hereditary
haemoglobinopathies, with its manifestations, including facial/oral changes, modulated by several
genetic, racial, and environmental factors. As described elsewhere in these guidelines, the different
subtypes of thalassaemia almost exclusively affect people of particular ethnic origins and hence
the distribution is characteristic. For example, β-thalassaemia major, the most serious variant, is
predominant in the Middle East and North African (MENA) region, impacted by the tradition of a
close relative marriage [1]. However, it is important to note that migration has increased the
prevalence of the disease in regions traditionally believed to have a low prevalence, while, at the
same time, prevention and screening programmes in endemic regions have reduced the number
of affected individuals [2]. 

Despite this widening global distribution of β-thalassaemia, dental awareness of this condition is
variable with many dentists lacking experience in either identifying potential oral manifestations
and/or providing appropriate dental care [3, 4]. As a consequence, patients may experience
difficulties in accessing appropriate dental care or may be reluctant to attend if they feel the dentist
does not understand their condition. Financial and time constraints may also contribute as the
patients may have multiple other medical appointments, including blood transfusions.

Care may only be sought at a late stage when individuals experience pain and try to access
emergency dental services. In this situation, the dental decay is often advanced, with the risk of
infection and abscess spreading into the tissues of the face and neck. Unfortunately, as a
consequence of late presentation, dental extractions may be more likely to be provided than fillings,
leading to individuals losing more and more teeth. 

When dental treatment is provided, the dentist may not be fully aware of the implications of β-
thalassaemia on dental management and hence, fail to liaise with haematology colleagues
appropriately. Conversely, fear of the unknown may be associated with a reluctance to provide
anything beyond basic dental care. Indeed, many general dentists may prefer to refer these patients
to either specialist dental services, or to hospital-based dental units, especially when dental
extractions are required. 

Hence, this Chapter reviews the key considerations in the dental care of patients with β-
thalassaemia, with a focus on the most serious subtype, β-thalassaemia major or transfusion-
dependent β-thalassaemia (TDT). It provides an overview of the potential oro-facial manifestations,
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guidance on medical risk assessment, appropriate dental treatment modifications, in addition to
an outline of dental care pathways, so that effective, timely care can be provided.

2. ORO-FACIAL FEATURES

Many oro-facial features and dental changes have been described in β-thalassaemia (Tables 1-3),
with the reported prevalence of these changes variably described in different population groups
(Table 4) [4, 5]. Although these changes are generally not life-threatening, they can closely link to
overall health and wellbeing [6, 7]. 

Table 1. Changes to the facial/jaw bones.

Enlargement of the upper jaw
(chipmunk face)

Maxillary sinus reduction/nasal obstruction

‘Chicken wire-like’ appearance of tooth bearing
bone on radiographs

Medication-related osteonecrosis of the jaw

Bone marrow expansion: extent depends on
anaemia severity, age, timing of blood transfusion 

Bone marrow expansion

Bone marrow expansion

Medications including anti-resorptive medication

Feature Reason

Table 2. Changes to the oro-facial soft tissues.

Feature Reason

Periodontal disease

Pale gingivae and oral mucosa

Discoloured gingivae

Sore or burning tongue

Painful swelling of salivary glands and dry mouth

Reduced salivary protection

Oral ulceration

Necrotising gingivostomatitis

Multifactorial including poor oral hygiene, reduced
salivary flow and buffer capacity, reduced salivary
IgA levels, impaired salivary gland function, mouth
breathing

Anaemia

Iron deposits, bilirubin, anaemia

Folate deficiency

Iron deposits

Reduced IgA in saliva

Very rare; related to anaemia

Very rare; possibly linked to agranulocytosis due to
deferiprone
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Table 3. Changes to the teeth.

Feature Reason

Change in dental morphology e.g., teeth with
enlarged pulp chambers, short crowns/roots

Delayed dental development/delayed 
eruption of teeth

Dental caries

Discoloured teeth

Varying degrees of malocclusion (overbite, 
open bite)

Migration and spacing of upper anterior teeth

Developing tightness, discomfort and
ulceration from dentures

Disrupted dental development

Physical growth delay

Multifactorial including, ack of regular dental
care; dry mouth, change in quantity and quality
of saliva, fatigue/poor motivation

Iron deposits/bilirubin in the dentinal tubules

Changes to facial bones

Changes to facial bones 

Changes to facial bones 

Table 4. Prevalence of orofacial β-thalassaemia major features in different population groups.

β-Thalassaemia major groups Jordan [4]

Sample size

Frontal bone bossing, % (n)

Saddle nose, % (n)

Lip incompetence, % (n)

Discoloured teeth, % (n)

Dental and jaw pain, % (n)

Pallor oral mucosa, % (n)

Increased overjet, % (n)

Maxillary protrusion, % (n)

Chipmunk faces, % (n)

Nasal airway problem, % (n)

Lower lip paraesthesia, % (n)

Parotid gland enlargement, %
(n)

54

61.1 (33)

59.2 (32)

51.8 (28)

44.4 (24)

40.7 (22)

38.9 (21)

25.9 (14)

24.9 (13)

16.7 (9)

16.7 (9)

13.0 (7)

5.6 (3)

India [5]

72

--

56.9 (41)

80.6 (58)

--

--

22.2 (16)

--

60.5 (72)

--

--

--

--
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2.1. Changes to the facial/jaw bones

It is known that β-thalassaemia may result in changes in the facial/jaw bones, the extent of which
depends on the severity of the anaemia, the patient's age, duration of the clinical symptoms, and
the timing/frequency of both therapeutic blood transfusion and splenectomy, and initiation of iron
chelation. When bone changes are present, the main change to the facial bones is malformation
due to bone marrow hyperplasia caused by rapid red cell turnover, particularly in β-thalassaemia
major. This hypertrophy and expansion of the erythroid marrow cavity, results in impaired bone
growth, thinning of the mandibular cortex, increased bone resorption, bone deformation and
increased bone fragility [8-10]. Radiographic changes described in the facial/jaw bones include
thickened frontal bone, thinned cortex of the mandible, maxillary sinus hypoplasia, faint/
indiscernible inferior dental canal boundaries, altered trabecular pattern, and enlarged marrow
spaces (Figures 1 and 2) [1, 4, 11-14]. 

Figure 1. Cephalometric radiograph of a 15-year-
old boy with β-thalassaemia major disclosing
thickened frontal bone, thinned inferior border of
the mandible, premaxilla protrusion, flaring of the
maxillary anterior teeth, small maxillary sinus, and
widened diploic spaces in the frontal bone.
Reproduced with permission from [4].

Figure 2. Panoramic radiograph of β-thalassaemia
major patient demonstrating thinned mandibular
inferior cortex, enlarged bone marrow spaces, short
spiky roots, and faint lamina dura. Reproduced
with permission from [1] and [4].
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Clinically, changes in facial profile may range from slight depression of the nasal bridge and
minor maxillary overgrowth to forehead bossing, prominent cheekbones, saddle nose,
protrusive maxillary anterior teeth; lip incompetence, increased overjet and open bite, and
malocclusion [1, 6, 12, 15]. The hyperplasia of bone marrow in the maxilla significantly exceeds
that of the mandible, and when significant, can result in a characteristic appearance known as
‘chipmunk face’ [11] as illustrated in Figure 3. A Class II skeletal relationship, with maxillary
protrusion and relatively short mandible has been confirmed by cephalometric analysis [11, 16-
20]. Furthermore, a reduced height of the ramus of the mandible, an increase in anterior facial
height, and a decrease in posterior facial height has been observed [4, 21]. 

Figure 3. Profile view of a 13–year-old boy with β-thalassaemia major showing typical facial features;
characterised by frontal bossing, bulging cheekbone, saddle nose, and protrusive premaxilla (chipmunk
face). Reproduced with permission from [4].

2.2. Oral soft tissue/gingival changes

Chronic anaemia as a sequalae to β-thalassaemia major, may result in pallor of the oral mucosa,
oral ulceration and burning tongue. Necrotising stomatitis, possibly linked to agranulocytosis due
to deferiprone has also been described [22]. Iron deposition in the parotid glands can also result in
painful facial swelling but is rare [4, 23].

Patients with β-thalassaemia demonstrate a tendency for higher plaque rates, gingivitis and
periodontitis scores than control subjects [24-26]. Several factors are thought to be associated with
this increased risk of periodontal disease, including poor oral hygiene; reduced salivary flow rate,
reduced salivary IgA levels, impaired function of the salivary glands due to excessive iron deposits,
increased number of pathogenic bacteria, malocclusion, mouth breathing, nutritional deficiencies,
infection, impaired immune system, and genetic factors [1, 4, 26-28]. 

2.3. Dental changes

Changes in dental morphology have been consistently noted in β-thalassaemia major and include
short roots and taurodonts (enlarged pulp chambers) [13]. Smaller teeth, most notably reduced
mesiodistal crown distance, has also been demonstrated, and may cause malocclusion, particularly
when associated with a changes in the width, length and form of the dental arches due to jaw bone
changes [11, 16, 20, 29, 30]. 
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Dental caries prevalence has been found to be higher in patients with β-thalassaemia than in
healthy controls [7, 31-35]. The suggested reasons for this increased caries risk have been attributed
to lack of dental awareness, poor oral hygiene, and lack of regular dental care.  Additional potential
risk factors that have been identified include a reduced salivary flow rate and buffer capacity
(phosphorous levels) in patients with β-thalassaemia major [12, 34], lower level of salivary
immunoglobulin [31], and a high count of salivary streptococcus mutans [36, 37]. 

3. MEDICAL RISK ASSESSMENT/CONSIDERATIONS FOR THE DELIVERY 
OF DENTAL CARE

Patients with β-thalassaemia major have multiple comorbidities associated with their condition
which need to be considered when providing dental care: 

3.1. Chronic anaemia

In addition to the oro-facial manifestations associated with chronic anaemia, patients may appear
to be fatigued, lethargic, and poorly motivated. Dental care should be adapted according to their
tolerance of the planned procedure on the day of treatment. If patients are receiving regular
exchange transfusion, invasive dental care should be delivered in the week following a planned
exchange, as the patient’s blood counts will be optimal. Invasive dental procedures should be
avoided on the same day as the exchange, as the patient is often fatigued following transfusion.

3.2. Transfusion-transmitted infections

Prior to screening of blood products, people with β-thalassaemia were at increased risk of carriage
of hepatitis B, C, G viruses and human immunodeficiency virus. Appropriate cross-infection
protocols should be in place and precautions taken when providing care. In the case of associated
hepatic disease / liver cirrhosis, caution must be used when prescribing medication. 

3.3. Iron overload and tissue deposition

Iron accumulation in hepatic, cardiac, and endocrine tissues is well documented for patients with
β-thalassaemia major. Dentists need to take additional precautions to compensate for potential
complications such as impaired liver function (increased risk of bleeding, avoid prescribing
hepatotoxic medication) and diabetes (increased risk of periodontal disease, infection, delayed
healing). Iron deposits have also been found in the gingivae [38].

Incorporation of blood pigment bilirubin, a product of haemoglobin breakdown, has been
described in the dentinal tubules resulting in yellow discoloration of teeth [39]. Although the impact
of iron deposits on periodontal health is unknown, further studies investigating the use of gingival
biopsies for diagnosis of iron overload are needed.

3.4. Infections

Infections are major complications and represent one of the main causes of morbidity in patients
with β-thalassaemia. Predisposing factors for infections include severe anaemia, iron overload,
splenectomy, and a range of immune abnormalities defective neutrophils, macrophage chemotaxis
[40]. Surgical splenectomy may increase the oral colonisation and candidal counts in patients with
β-thalassaemia major [15, 37, 41]. This increased infection risk should be taken into account when
providing dental care.
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3.5. Cardiomyopathy

Chronic anaemia can result in cardiomyopathy and is further exacerbated by cardiac iron overload.
Other cardiac related complications include tachycardia, arrythmia and congestive heart failure
[42]. Although patients may be asymptomatic with their cardiac dysfunction, when anxious and/or
undergoing a stressful dental procedure, they may precipitate their cardiac symptoms. Dentists
need to be aware of the degree of cardiac involvement and implement precautions as appropriate.

3.6. Depression

Literature examining psychological functioning in individuals with β-thalassaemia indicates that
this population is vulnerable to experiencing psychological adjustment problems, such as
symptoms of depression and anxiety. A significant difference in symptoms of anxiety by gender
has been described, with females reporting more symptoms than males [43]. Lifelong adherence
to a complicated medical regimen can potentially impact on the emotional functioning of patients
with β-thalassaemia. This can further impact patient motivation and willingness to accept dental
interventions. 

3.7. Medication-related osteonecrosis of the jaw 

Medication-related osteonecrosis of the jaw (MRONJ) is a known risk factor which is associated
with anti-resorption therapy used in β-thalassaemia and can develop either spontaneously or due
to surgical intervention [44, 45]. This is characterised by trans-mucosal exposure of necrotic bone,
often triggered by surgical trauma such as dental extractions (Figure 4) [46]. The incidence of
MRONJ for patients treated for osteoporosis with antiresorptive drugs such as bisphosphonates
and denosumab is approximately 0.01-0.1% [47]. There is currently no clear evidence for the efficacy
of any intervention to manage MRONJ [48]. In view of this, dental extractions are avoided where at
all possible.

Figure 4. Clinical presentation of bisphosphonates-related osteonecrosis of the mandible showing
mucosal exposure of the necrotic bone. Reproduced with permission from [46].  
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4. ORAL/DENTAL TREATMENT/SURGERY MODIFICATIONS

4.1. Close liaison with the haematology team

Due to the great clinical variability in systemic signs and symptoms with which patients with β-
thalassaemia present, the most important aspect of providing dental care for patients with
β-thalassaemia is the need to deliver it through a coordinated team approach, ensuring close liaison
with the haematologist, and where appropriate the paediatrician. Information from the
haematology team on the patient’s current clinical status and recent blood test results is required
to complete a risk assessment and plan appropriate dental care. The appropriate setting for
provision of care should be determined, namely whether in the setting of primary or secondary
(hospital-based) care. This decision is made in relation to severity and degree of control of the
underlying β-thalassaemia, in addition to the presence of the potential multiple secondary effects
of this disorder (Table 5).

Table 5. Dental care: risk assessment and treatment modifications.

Medical risk assessment Treatment modification

Chronic anaemia

Transfusion

Blood borne viruses

Cardiomyopathy

Depression

l Consider tolerance for the proposed dental 
procedure

l Avoid intravenous sedation and general 
anaesthesia – if required, a hospital setting/close support
from the haematology team is required

l Confirm whether patient receives regular blood
transfusions

l Avoid treatment on the same day
l Time dental appointment within 1 week of transfusion 
l Consider referral to community dental service or hospital

dental services for invasive dental procedures

l Follow cross-infection control protocol
l Confirm status of infection and management
l Check for presence of liver cirrhosis – caution when

prescribing drugs, bleeding risk (preoperative blood test
may be required)

l Assess degree of cardiac involvement; liaise with medical
team

l Minimise stress/anxiety for the patient

l Consider tolerance to dental procedure
l Adapt treatment plan accordingly 
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4.2. Preventative programme

Due to the higher risk of oral disease and numerous potential oral manifestations, patients with
β-thalassaemia should be encouraged to register with a dentist and attend regularly to identify
potential issues as early as possible. A preventive dental programme should be implemented
with reinforcement of oral hygiene instructions, including the use of a fluoride toothpaste,
dietary advice and preventive measures including prophylaxis, fluoride application, and fissure
sealants implemented to minimise the need for invasive dental procedures [49]. This will reduce
the risk of dental caries and periodontal disease.

4.3. Early management of oral/dental infections

Due to the increased risk of severe infections, particularly when a splenectomy has been
undertaken, patients with β-thalassaemia who present with acute dental infections/abscesses
should receive urgent dental care and antimicrobial therapy at the earliest opportunity. If the
person is not registered with a dentist, they should seek emergency dental care from the local
emergency dental services or hospital so that antibiotics can be prescribed until suitable care
can be arranged.  Alternatively, their general medical practitioner may be able to assist. Given
those invasive dental procedures (most notably dental extractions or deep scaling), are
associated with bacteraemia, antibiotic prophylaxis has been proposed, although the risks of
antibiotic resistance should also be considered. 

4.4. Management of the teeth/dentures

Although orthodontic treatment for children generally commences after the adult teeth have
erupted, the jawbone and dental morphology changes in β-thalassaemia major may benefit
from earlier assessment and diagnosis so that preventive and interceptive approaches can be
used. Early diagnosis and orthodontic treatment help to intercept and correct craniofacial
deformities, thus rehabilitating occlusion and restoring function. This can be coupled with
cosmetic dentistry if the crowns of the teeth are reduced in dimensions and there is spacing.
Correction of drifted maxillary anterior teeth and increased overjet due to maxillary
enlargement should be undertaken to improve aesthetics, reduce susceptibility to trauma, avoid
gingival inflammation, and improve functional ability if a patient is wearing dentures, these
should be reviewed more regularly to check for signs of trauma due to expansion of the maxilla. 

4.5. Dental treatment modality

Dental local anaesthetic often contains adrenaline.  For those patients with β-thalassaemia who
have cardiac disease, maximum dose of adrenaline of 0.04 mg is advised, compared to 0.2 mg
for a healthy adult [50]. Intraligamental and intraosseous injection with adrenaline-containing
anaesthetics is not recommended for patients with cardiovascular disease as the drug rapidly
enters the circulation with these techniques [51]. Consideration may be also given to using a
local anaesthetic without a vasoconstrictor for short dental procedures where there is no
haemostatic advantage of using adrenaline, with 2% lidocaine and 1/100,000 epinephrine used
for longer procedures requiring more profound anaesthesia. 

Sedation should be used with caution with patients with β-thalassaemia major referred to a
specialist centre due to the presence of chronic, potentially severe anaemia and the risk of
respiratory depression. Although inhalation sedation is generally preferable to intravenous
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sedation in patients, the potential for nitrous oxide to worsen anaemia by impairing vitamin
B12 activity should be considered [52, 53]. The use of general anaesthesia is best avoided due
to the risks associated with underlying anaemia, secondary comorbidities and potentially
challenging intubation due to changes in the facial/jaw bones. When general anaesthesia is
absolutely necessary, it should be carried out as an inpatient procedure, with the patient
admitted under the care of the haematology team [54].

4.6. Dental assessment prior to commencement of antiresorptive therapy 

All patients should ideally have a comprehensive dental assessment with their local dentist
prior to the commencement of antiresorptive therapy, to ensure that they are as dentally fit as
feasible [47]. Emphasis is on reduction of mucosal trauma and avoidance of subsequent dental
extractions. Preventive dental advice should be given, emphasising the importance of reporting
any symptoms such as loose teeth, pain, or swelling, as soon as possible. If a patient has
spontaneous or chronic bone exposure, referral to an oral surgery/oral and maxillofacial surgery
specialist should be considered. When a patient is already on bisphosphonates and a dental
extraction is unavoidable, straightforward extractions can be undertaken in primary care,
although a second opinion can be sought when necessary. Surgical extractions should be
undertaken by a specialist in oral surgery/maxillofacial surgeon. All patients should be advised
of the risk pre-operatively and closely monitored postoperatively. There is no evidence
supporting the discontinuation of bisphosphonates temporarily, as the drugs persist in the
skeletal tissues for years.

5. DENTAL CARE PATHWAYS

Most people with β-thalassaemia can receive routine dental treatment in the primary care
setting, using local anaesthesia as long as a comprehensive risk assessment has been
undertaken. Referral may be required to specialist services in the specialised community or
hospital dental services may be suitable for specific courses of treatment, such as extractions if
the patient receives regular blood transfusions, and/or treatment modalities such as sedation
or general anaesthesia. After completing treatment, the patient is discharged to the local dentist
for continued care. Some individuals with β-thalassaemia who have significant secondary
medical comorbidities, may require more long-term care from a specialist dental service.
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KEY POINTS AND RECOMMENDATIONS

1. Regular dental care is essential, including preventative advice (Grade C).

2. Dental infections should be managed early and aggressively (Grade C).

3. Dental assessment is recommended prior to commencement of medications known to be
associated with the risk of medication-related osteonecrosis of the jaw (Grade B).
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GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

1. INTRODUCTION

There is an abundance of nutrition information available to patients from numerous sources. Not
all the information available is reputable, some of it contradictory, and in a few instances, potentially
dangerous to patients with thalassaemia. As a result, questions relating to nutrition and how
nutrition may influence the patient’s health and quality of life are often posed by patients and their
parents. Recognising this need the Thalassaemia International Federation (TIF) has published a
detailed guideline offering treating physicians an insight into the nutritional needs of thalassaemia
patients and the kind of advice that may be offered by the caring team as well by professional
nutritionists [1]. An accompanying patient-facing guide on nutritional recommendations is also
now available [2].  In this Chapter, an overview of the most common macro- and micronutrient
deficiencies observed in patients with transfusion-dependent β-thalassaemia (TDT) will be
provided. More details regarding the aetiology of nutritional deficiencies in TDT, as well as optimal
nutrition assessment and management are provided in the aforementioned nutrition-focused TIF
guidelines  [1].

Undernutrition occurs in a considerable number of patients with β-thalassaemia, varying greatly
by country of origin (from 5.2% to 70%) with low- and middle-income countries having the highest
prevalence of malnutrition [3]. Undernutrition in β-thalassaemia is not benign, and is associated
with growth failure, delayed pubertal development, inadequate immune function and insulin
secretion, and altered lipid profiles [4-7]. For this reason, it is imperative that variables related to
growth and nutrition are measured routinely throughout the patient’s life [8-14]. 

When body mass index (BMI) is used as a crude indicator of nutritional status, it is clear that poor
nutritional status is related to both quality of care (suboptimal therapeutic indices and
complications) and the socio-economic background of the country of residence (impoverishment,
reduced energy intake, literacy) (Table 1) [12, 13, 15-18].

It is also clear that dietary adequacy in terms of both caloric intake as well as dietary quality
(micronutrient content) is a prerequisite to adequate growth and maintaining optimal health. On
the other hand, nutritional inadequacy is multifactorial and may include cultural and economic
factors as well as individual preferences and sensitivities. 
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Table 1. Body mass index of transfusion-dependent β-thalassaemia patients from different countries.

Country

Greece

Greece 

USA 

India (Kolkata)

Iraq (Baghdad)

Iran 

BMI (<18.5 kg/m2)
Underweight

1.5%

7.5%

5.2%

48.2%*

23.3%

28%

BMI (>25 kg/m2)
Obese/overweight

29.9%

22.4%

26.5%

0%*

5%

6%

Age (years) 
Range: >18

Range: >18

Mean: 37.2 ± 10.3 

Mean: 23.3 ± 3.6

Mean: 8.0 ± 2.3

Median: 25 (18-43)

Range: 12-40 

Reference

[15]

[13]

[12]

[16]

[17]

[18]

*In children underweight <5% BMI, overweight/obese >85% on growth chart centiles.
Abbreviations: BMI, body mass index.

2. ENERGY/CALORIC INTAKE

Two decades ago, Soliman and colleagues reported that a short-term high calorie diet partially
corrected nutritional status in children with β-thalassaemia major who were unaffected by
endocrinopathy or cardiomyopathy [19]. Their results showed that increasing caloric intake
significantly increased insulin growth factor 1 (IGF-1), skin fold thickness, mid-arm circumference,
and BMI, thus implying growth may also be improved if the diet was sustained. This observation is
consistent with other studies [20]. More recently, poor nutritional density, or the reduced
concentration of essential nutrients per calorie, has been observed [21, 22]. It is unclear if an increase
in caloric quantity would be beneficial for all patients during periods of rapid growth, or simply a
re-focus on increasing nutritional density. Regardless, the relationship between caloric intake and
energy expenditure (caloric need) should be followed closely even after the growth period since
overweight and obesity are possible. 

3. VITAMINS AND MINERALS 

There are numerous reports of essential vitamin and mineral deficiencies in patients with β-
thalassaemia, some of which have linked these deficiencies to poor growth, bone health, and
altered glucose homeostasis [23-25]. It is valuable therefore to briefly highlight the vitamins and
minerals that appear to be at greatest risk for deficiency and summarise what is known about their
importance in patients with thalassaemia.

3.1. Zinc 

Zinc, an essential trace mineral, is indispensable for hundreds of enzymes and metalloproteins in
the body [26, 27]. Zinc deficiency commonly manifests as growth failure and increased
susceptibility to infection in children, while in adults, deficiency is most often associated with
hypogonadism, diabetes, and poor bone mineralisation, all of which are coincidentally common
complications of β-thalassaemia [26-28]. Deficient circulating levels of zinc have been documented
in both TDT and non-transfusion-dependent β-thalassaemia (NTDT) patients [3, 24, 29, 30]. The
aetiology of zinc deficiency in β-thalassaemia is likely to be a combination of inadequate intake,
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elevated urinary zinc excretion, iron overload, oral chelator use, and reduced zinc binding capacity
to serum carrier proteins in the face of increased requirements [3, 23, 31-33]. There is increased
urinary losses of zinc with prolonged use of thiazide diuretics in non-thalassaemic populations [34]
as well as in diabetic patients with β-thalassaemia [35]. Given diabetes is common in some patients
with TDT, and thiazide diuretics are used frequently in patients with cardiac failure, zinc status
should be monitored more frequently. 

The relationship between zinc status and chelation use is complex and depends not only on
chelator type but also chelator dosing regimen, adherence and hepatic iron concentration.
Regardless of these conflicting results, some centres provide 50 mg/day of zinc in supplemental
form to patients prescribed deferiprone regardless of serum zinc level.

There have been few studies examining the effects of supplementation primarily in TDT patients.
These reports show improvement in linear growth [31, 36], bone health [36], as well as improved
insulin sensitivity and glucose homeostasis [37, 38] with between 25-40 mg zinc supplementation
provided per day.  

Monitoring zinc levels annually is recommended for all patients, while considering every 6 months
for those on chelation therapy or thiazide diuretics and, if indicated, supplements should be
prescribed. Zinc status is most commonly assessed from plasma or serum zinc. Circulating zinc is
sensitive to significant deficiency, but can be artificially increased by oestrogen, haemolysis, and
contamination during sampling. Circulating zinc can also be artificially depressed by food intake,
diurnal variation, chelation, infection, and systemic inflammation [39].  Ideally, samples should be
drawn fasting, in the morning, and at least 24 hours after chelation dose. For fasting samples drawn
in the morning, adequate serum zinc for adult females is >70 ug/dL and for adult males >74 ug/dL
(http://www.izincg.org).

Zinc supplements are available in various formulations, with different contents of elemental zinc.
It is recommended that whichever formulation is chosen, 25 mg/day up to a maximum of 40
mg/day of elemental zinc is prescribed, according to individual patient’s needs. Caution is needed
for high doses of zinc, as gastrointestinal irritation can occur, and may interact with the absorption
of other essential minerals (e.g., copper).  

3.2. Iron

In TDT patients, the contribution of dietary intake of iron is not significant when compared with
transfusional iron intake. However, intestinal absorption becomes more significant at low
pretransfusion haemoglobin levels. Globally, many TDT patients do not receive blood transfusions
before haemoglobin levels fall to 6 or 7 g/dL, and similar to patients with NTDT, dietary iron
absorption may rise 5-fold, or up to 5 mg/day, and therefore contribute to iron loading. In this group
of patients, dietary restriction of iron is important. Drinking black tea with meals may reduce non-
heme dietary iron absorption, while foods rich in vitamin C will increase non-heme iron absorption.
Neither will influence the absorption of iron found in animal products, therefore patients not
prescribed regular chelation should also limit consumption of beef, liver, pork, lamb and chicken.
Iron supplements have no place in any of the thalassaemia syndromes, TDT or NTDT; this includes
during pregnancy when iron supplementation is routinely provided to women to address
gestational anaemias.    
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3.3. Calcium and vitamin D

Calcium and vitamin D are the most commonly prescribed supplements for β-thalassaemia
patients. Calcium homeostasis is intimately related to vitamin D. Vitamin D deficiency is defined as
a 25-hydroxy (25OH) vitamin D  level <20 ng/mL (50 nmol/L), marked deficiency as <10 ng/mL (<25
nmol/L), and insufficiency between 20-30 ng/mL (50-75 nmol/L) [40, 41].  Vitamin D deficiency is
associated with poor bone mineralisation, contributing to thalassaemic bone disease, muscle
weakness and, more importantly, may affect the heart muscle, causing left ventricular dysfunction
associated with cardiac iron uptake [41].

Low consumption of calcium [22], decreased intestinal calcium transport [42], combined with
altered vitamin D status all contribute to the disturbance in calcium homeostasis, particularly if
hypoparathyroidism is present. Hypocalcaemia and hypercalciuria are frequently observed in TDT
[43].  Hypercalciuria has been related to renal tubular dysfunction [44] and possibly to the use of
deferasirox [45, 46] with an increasing number of cases of nephrocalcinosis reported [47].
Hypercalciuria with nephrocalcinosis was also previously described in deferoxamine treated
patients, although a mechanistic link has not been established. Hypercalciuria does not seem to
be related to dietary calcium intake [44] though has been associated within increased 25OH vitamin
D levels [45, 48].

Given the importance of calcium to bone health, and the frequency of hypocalcaemia and
hypercalciuria observed, at least annual assessment of serum calcium, corrected for albumin level,
and urinary calcium is recommended. If increased calcium intake is needed, given the potential
risk of cardiovascular disease and nephrolithiasis, dietary sources of calcium (e.g., milk, yogurt, 
tofu, or kale) are preferred to supplemental calcium. For some patients with critically low dietary
calcium intake or hypoparathyroidism, supplemental calcium may be necessary. Vitamin D
supplementation is commonly recommended for patients to maintain 25OH vitamin D within an
optimal range: between 30 to 50 ng/mL (75-100 nmol/L) [1]. Oral formulations of vitamin D2,
ergocalciferol, are preferred when available. It is also recommended that 25OH vitamin D is
monitored every 6 months to maintain circulating levels above 30 ng/mL (75 mmol/L) [1]. For
patients with marked vitamin D deficiency (serum 25OH vitamin D <10 ng/mL or <25 nmol/L),
short-term high dose supplementation is recommended followed by a daily maintenance dose
(please refer to Chapter 6 for strategy).

3.4. Folate

Folate, the natural form of the vitamin, also known as folic acid in supplemental form, is an essential
vitamin crucial for the synthesis of nucleoproteins. Since these are lost in the cell destruction of
ineffective erythropoiesis, increased requirement of folate is expected. Patients on high transfusion
regimens, which suppress endogenous erythropoiesis in TDT, rarely develop folate deficiency, in
contrast to those on low transfusion regimens. In view of the fact that many patients with TDT are
transfused at low haemoglobin levels, as well as possible benefits from folic acid supplementation
in reducing risks of thrombosis related to homocysteine levels and atherosclerosis [49, 50], the
possibility of providing folic acid supplements, especially to patients who are irregularly transfused,
should be considered. This is especially important in older patients β-thalassaemia who may be
more prone to thrombotic complications and atherosclerosis [51, 52]. Supplementation with 1
mg/day or 5 mg/week of folic acid appears to be sufficient to maintain optimal folate status for
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most patients, along with consumption of foods containing folate [53]. Although the chances of
toxic effects of supplementation are low, annual assessment of serum folate is recommended.    

3.5. Vitamin E

Vitamin E, also known as α-tocopherol, is a fat-soluble vitamin with antioxidative functions as well
as immune boosting properties and activity against non-alcoholic fatty liver and low-grade
inflammation. Vitamin E is frequently depleted in patients with β-thalassaemia primarily due to
high levels of oxidative stress, hepatic iron overload, and associated liver damage [54], although
reduced dietary intake has also been demonstrated [22]. Supplements of vitamin E have been
shown to reduce oxidative stress in NTDT and TDT [55-58] and to reduce lipid peroxidation of red
cell membranes [59]. However, most of these trials which used 400-600 IU vitamin E/day, were for
relatively short durations of treatment and with small patient numbers. Moreover, when
antioxidants are given in high quantities, they may exhibit pro-oxidant qualities [60] and vitamin E
toxicity has resulted in an increased risk of bleeding and intracranial haemorrhage in animal studies
[61]. Therefore, prolonged supplementation, especially at high doses, requires more extensive trials
in β-thalassaemia. A diet rich in foods that contain vitamin E can be recommended, with intake of
foods including eggs, avocados, vegetable oils (e.g., olive oil, corn oil, safflower, and sunflower oil),
nuts and seeds.

3.6. Vitamin C

Vitamin C, also known as ascorbate, is an antioxidant which is integrally involved in iron metabolism,
and therefore is of critical importance to patients with β-thalassaemia. Dietary ascorbate enhances
non-heme iron absorption in the gut. Ascorbate also modulates iron metabolism by stimulating
ferritin synthesis, inhibiting lysosomal ferritin degradation, and decreasing cellular iron efflux.
Furthermore, ascorbate cycling across the plasma membrane is responsible for ascorbate-
stimulated iron uptake and tissue iron loading.

Vitamin C can be depleted in conditions in which there are increased free iron radicals. Oxidative
stress induced by iron overload is one of the major precipitating causes of vitamin C deficiency in
TDT patients. As a result, deficiency is frequently demonstrated in patients with elevated iron stores
[23, 62]. Scurvy, a severe form of vitamin C deficiency, has been observed in β-thalassaemia, but it
is rare [63-65]. 

Supplementation with 100 mg ascorbate/day has been effective in reducing oxidative stress and
improving chelator efficacy [66, 67]. However, supplementation with vitamin C must be used with
caution. High doses can cause overt side effects in some susceptible patients (e.g., oxalate renal
stones) [68].  Moreover, rebound scurvy type symptoms can occur with abrupt discontinuation of
high dose supplementation (typically at doses >500 mg/day).  

In order to avoid toxicity and increasing non-transferrin-bound iron, vitamin C must be given at
the time of deferoxamine infusion at a dose not exceeding 2-3 mg/kg (typically 100 mg/day). The
benefit of vitamin C combined with oral chelating agents has not been studied thoroughly in β-
thalassaemia. Therefore, routine supplementation is not recommended, with the exception of
heavily iron loaded patients on long term deferasirox where vitamin C supplementation combined
with oral chelation may prove beneficial [63].
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4. ANTIOXIDANT THERAPY
Iron overload, more specifically circulating non-transferrin-bound iron, results in the production of
a variety of reactive oxygen species (ROS), which lead to cell and tissue damage. The evaluation
and maintenance of antioxidant defence is useful in protecting patients with TDT from tissue
damage. The challenge is whether, beyond iron chelation, the provision of antioxidants in the diet
or as supplements can counter this imbalance and have a beneficial effect on patient wellbeing.
Various molecules have been tested as antioxidants to scavenge and inactivate ROS, leading to
cellular protection against oxidation. Examples of nutrients and substances (botanicals) tested in
β-thalassaemia include vitamins C, E, A, zinc, curcumin, silymarin, green tea, N-acetylcysteine, α-
lipoic acid, L-carnitine, and fermented papaya [54, 69-72]. Most studies, using combinations of
substances, have been tested in small numbers of patients for a short treatment duration (3-12
months). In TDT patients, some benefit is demonstrated but there is also possible long-term toxicity,
especially where vitamin C is concerned. For this reason, there is no clear recommendation on
supplementation unless more extensive trials are conducted with possible long-term toxicity
considered. However, encouraging a diet rich in antioxidants (fruits and vegetables) should be
recommended for all patients. While the use of natural antioxidants (botanicals) such as
curcuminoids, quercetin, and green tea may be of some help; as described below, the same caution
applies to a broad recommendation for the use of many botanicals, given the published studies in
patients with TDT are limited in length and sample size, with unknown long-term effects using
products that have limited regulation or oversight. 

5. BOTANICALS
Various substances, often derived from herbal sources, have been proposed to enhance treatment
in β-thalassaemia. These often attract the attention of patients, and professionals should therefore
be able to respond to any questions and be aware of the potential benefits, limitations or even
dangers of these substances. A few have been investigated through clinical trials and are discussed
in more detail.

5.1. Tea

Phenolic compounds including polyphenols, (e.g., tannic acid and tannins) inhibit the absorption
of non-heme iron. They are especially high in tea, coffee, cocoa, red wine, and some herb teas. A
simple cup of black tea may reduce iron absorption by 40 to 90% and a cup of coffee by 39% [73,
74]. Consumption of green tea (3 cups/day after meals daily for 12 months) in addition to chelation
therapy in NTDT adults has been shown to decrease liver iron concentration compared to chelation
therapy alone [75]. Slightly higher haemoglobin levels were also observed at the end of the study
in those who consumed green tea, possibly related to the antioxidants within tea leading to
reduced haemolysis. These findings are most relevant to NTDT patients who may absorb a large
percentage of dietary iron; inhibitors of iron absorption, such as tea, may be useful in their
management.

Green tea extracts (GTEs) have gained popularity as an ingredient in dietary supplements. They are
rich in polyphenolic compounds which have been shown to have iron-chelating properties [76].
GTEs have been shown to be effective in improving ineffective erythropoiesis, iron dysregulation,
and oxidative stress in iron-overloaded β-thalassaemic mice [77]. However, hepatotoxicity due to
GTE intake has been observed, including serious liver injury, especially when ingested under fasting
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conditions or in cases where there is underlying liver vulnerability [78]. These findings resulted in
a requirement for powdered GTE products sold in the U.S. to have the label: “Do not take on an
empty stomach. Take with food. Do not use if you have a liver problem and discontinue use and consult
a healthcare practitioner if you develop symptoms of liver trouble, such as abdominal pain, dark urine,
or jaundice (yellowing of the skin or eyes).”

5.2. L-Carnitine

Carnitine is a butyrate derivative, beta-hydroxy-gamma-trimethylaminobutyric acid, with potential
benefits in β-thalassaemia, since it is believed to have antioxidant and cardioprotective properties.
It is known to be essential for the metabolism of long-chain fatty acids and it is present in high
energy demanding tissues such as skeletal muscle, cardiac muscle, and the liver. 

In clinical trials, L-carnitine at a dose of 50 mg/kg/day given to small groups of patients for 3-6
months, L-carnitine was show to 1) improve heart function [79] and exercise performance [80], 2)
improve pulmonary artery systolic pressure in patients with pulmonary hypertension [81], 3)
increase transfusion intervals [80], and 4) reduce bone pain and muscle weakness [82]. However,
caution is needed in patients with seizures and those with hypothyroidism, since L-carnitine inhibits
triiodothyronine (T3) and thyroxine (T4) entry into the cell nuclei [83]. 

5.3. Wheat grass

This is a popular health food prepared as a juice from the leaf buds of the wheat grass plant. It
contains chlorophyll, vitamins, minerals, and several enzymes. A wide range of health benefits have
been attributed to the use of wheat grass including its ability to lower cholesterol, regulate blood
sugar, aid in digestion, and decrease inflammation [84].  

There have been a handful of studies that have explored the potential benefit of wheat grass for
patients with β-thalassaemia. The primary outcome considered in most of the studies was the
potential to decrease the transfusion requirement [85-88]. The limitations of these studies include
limited sample size, lack of generalisability to older patients, inconsistent type of intervention (i.e.,
juice, pill, powder) and lack of a consistent definition of transfusion requirement reduction. In
summary, it appears that wheat grass may have an effect of reducing transfusion requirement in a
subset of young TDT patients, although the predicting variables of whom will respond are unclear.
More studies would be necessary to elucidate a mechanism of action and determine efficacy in a
larger cohort of adult patients with TDT.

It is important to note that wheatgrass is considered a food or nutraceutical, not a drug, and
therefore, is not regulated by the Food and Drug Administration (FDA) in the US or other European
regulatory agencies. As such, there is no assurance that the amount of wheat grass reported on
the label is consistent with composition of the product (tablet, powder, juice) or that the product
claims on packaging are true.

5.4. Silymarin
A derivative of milk thistle (Silybum marianum), silymarin, is a flavonolignan complex which has
antioxidant properties and has been investigated extensively as a hepatoprotective agent in non-
thalassaemic populations. Silymarin has also been reported to inhibit hepatitis C virus entry into
hepatocytes [89, 90]. Despite optimistic studies performed in patients with drug induced liver injury
and non-alcoholic liver disease, few studies have evaluated the effects of silymarin on hepatitis B
or C infection in β-thalassaemia.  
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There are reports that combined treatment with silymarin and conventional iron chelators is
effective in reducing iron overload in TDT patients [91, 92]. Moreover, an extensive 2024 systematic
review of children and adolescents with β-thalassaemia treated with silymarin found beneficial
effects on the reduction of ROS, inhibition of haemolysis, attenuation of inflammation, and
reduction in hepatic and cardiac iron overload [93]. 

Silymarin is available in capsular form and usually dosed at 140 mg three times a day (420 mg) with
no recorded side effects. Although silymarin supplementation appears promising, more studies,
especially long-term, are required before broad recommendations for all patients can be made.  

5.5. Curcumin

Curcumin, an ingredient of turmeric, is claimed to possess several pharmacological properties
including antioxidant, iron-chelating, and anti-inflammatory activities [94]. Studies have been
limited in patients with β-thalassaemia, which nevertheless claim benefit against oxidative stress.
In one study, 21 patients with haemoglobin E/β-thalassaemia were treated with 500 mg daily
turmeric in capsular form for 12 months. An improvement in parameters of oxidative stress was
noted as well as a reduction in non-transferrin-bound iron; however, all values returned to baseline
3 months after stopping curcumin [95]. Similar findings were confirmed in a 2021 study using doses
of 500 and 1000 mg/day for 24 weeks in 29 adult patients with haemoglobin E/β0-thalassaemia,
markers of oxidative stress and inflammation were reduced in both dosage groups [96]. 

More recent randomised trials have produced less-conclusive results. Saeidnia and colleagues
reported that curcumin given for 3 months decreased serum ferritin and increased hepcidin
compared to placebo in NTDT patients [97, 98]. In contrast, Eghbali and colleagues [99] published
a randomised clinical trial in 171 TDT patients provided curcumin 2 times per day for 6 months.
They observed a significant decrease in liver enzymes and bilirubin but no effect on serum ferritin,
cardiac, or hepatic iron measured by T2* magnetic resonance imaging. No severe adverse effects
were reported. These discrepant results in the recent clinical trials do not support a firm
recommendation for consistent use of curcumin.



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

KEY POINTS AND RECOMMENDATIONS

1. Routine anthropometric, biochemical, and clinical assessments to clarify nutritional status
is necessary for patients with β-thalassaemia (Table 2), and nutritional factors such as caloric
intake and micronutrient deficiencies should be considered in instances of poor growth.
Include a nutrition professional (dietitian) in a comprehensive nutritional assessment and
individualised nutrition recommendations (Class I).

       

Other tests which may be relevant to nutrition assessment but not routinely recommended

l Bone age assessment (hand wrist x-ray) in relation to chronological age for patients with growth delay 
or growth failure considering rhGH therapy

l GDF15, a stress-induced hormone, which reduces appetite has been suggested as a biomarker of
malnutrition. Very high GDF15 levels have been found in β-thalassaemia [8]

l Liver steatosis, assessed by abdominal ultrasound, can be related to severe malnutrition [9-11]

l Body composition assessment, including diminished lean mass and sarcopenia are indicators of
malnutrition. Bioelectrical impedance or whole body DXA exams provide body composition analysis 
for those centres with the available technology [12-14] 

Table 2. Anthropometric, biochemical, and clinical assessments recommended β-thalassaemia to clarify
nutritional status.

Routine assessments
Frequency

Frequency

Anthropometry: height, sitting height, weight

Pubertal assessment (Tanner staging)

Urinary and serum calcium (corrected for albumin)

Free T4, TSH

25OH vitamin D

Copper, magnesium, selenium, zinc, folate,
vitamin C, vitamin E, cholesterol, triglycerides

Fasting glucose and insulin, or OGTT

Bone densitometry (DXA): 
l Lumbar spine, total body less head (children,           
   adolescents)

l Lumbar spine, femoral neck, total hip (adults)

Every 6 months until pubertal maturity, with
calculation of body mass index (kg/m2) and
growth velocity charted on centile charts for age
and gender

Every 6 months until pubertal maturity

At least annually from 10 years of age

Annually from 9 years of age

Every 6 months to maintain circulating levels
above 30 ng/mL (75 mmol/L)

Annually from 10 years or earlier if specific
nutritional deficiency is suspected

Every 2 years from 10-18 years of age, annually
thereafter

Every 1-2 years, starting at 10 years of age

Abbreviations: TSH, thyroid-stimulating hormone; 25OH, 25-hydroxy; OGTT, oral glucose tolerance test; DXA,
Dual-energy X-ray absorptiometry; rhGH, recombinant human growth hormone; GDF15,
growth/differentiation factor 15.
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2. A varied, nutrient-dense diet rich in antioxidants (fruits and vegetables) is recommended
for all patients (Class II).

3. Zinc supplementation (25 mg/day up to a maximum of 40 mg/day) may be given in cases
of zinc deficiency, poor growth, reduced bone mass, or those at risk of diabetes, but is not
recommended as routine for all patients. Monitor zinc levels in serum or plasma annually
or every 6 months for those on chelation therapy or thiazide diuretics (Class IIa).

4. Dietary iron restriction is recommended in non-transfusion-dependent β-thalassaemia
(NTDT) patients or in transfusion-dependent β-thalassaemia (TDT) patients with low
pretransfusion haemoglobin level (<8 g/dL). Dietary iron restriction should not be a primary
focus of nutritional counselling for TDT patients where the deposition of iron from
transfused red cells far outweighs dietary iron absorption (Class IIa).

5. Vitamin D supplements are commonly recommended for patients to achieve 25-hydroxy
(OH) vitamin D within an optimal range (30-50 ng/mL or 75-100 nmol/L), along with
measurements of 25OH vitamin D levels every 6 months. For patients with marked vitamin
D deficiency (serum 25OH vitamin D <10 ng/mL or <25 nmol/L), short-term high dose
supplementation is recommended followed by a daily maintenance dose of 1000-2000 IU
(Class I). Refer to Chapter 6 for dosing strategies.

6. At least annual assessment of serum calcium, corrected for albumin level, and urinary
calcium is recommended from the age of 10 years. Assessment can also be done more
frequently (e.g., quarterly) in patients at risk along with other routine biochemical analyses.
A diet rich in foods high in calcium (e.g., milk, yogurt, tofu, or kale) is preferred over
supplemental calcium, unless patients have critically low dietary calcium intake or
hypoparathyroidism, supplemental calcium may be necessary (Class I).

7. Folic acid supplementation of up to 1 mg/day (or 5 mg/week) is recommended for NTDT
patients (Class I). Folic acid supplementation for TDT patients may be considered especially
for those maintained on low pretransfusion haemoglobin level, since the risk of thrombosis
may be reduced, and toxicity is low (Class IIb).

8. A diet rich in foods with high vitamin E content (e.g., eggs, vegetable oil, nuts, or seeds) is
recommended. Short-term (3 month) supplementation of vitamin E (α-tocopherol) should
be provided to those with identified deficiency; however, prolonged use of supplements
requires further research (Class IIb).

9. If vitamin C deficiency is confirmed, supplementation is recommended in conjunction with
deferoxamine infusions at a dose of 2-3 mg/kg/day (Class IIa).

10. Vitamin C may be useful for reducing oxidative stress and improving oral chelator efficacy
particularly in patients who are heavily iron overloaded, although supplementation must
be used with caution to avoid toxicity and inadvertently increasing non-transferrin-bound
iron (NTBI). Supplementation may be considered (2-3 mg/kg/day, typically 100 mg/day) in
heavily iron overloaded patients when combined with oral deferasirox (Class IIb).

11. Although routine supplementation without identification of single nutrient deficiency is
not recommended (aside from folate, vitamin D, and zinc), a daily multivitamin/mineral
supplement without iron is suggested. Supplementation of any kind, however, should not
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take the place of a healthy, well-balanced, nutrient-dense diet or adequate iron chelation
(Class IIb).

12. Tea consumption, either black or green, to inhibit iron absorption may primarily be of
benefit if taken with meals for patients with NTDT. Green tea extracts should be used with
caution (Class IIa).

13. L-carnitine may be beneficial at a dose of 50 mg/kg/day, although caution should be exercised
in patients with thyroid dysfunction (Class IIb).

14. There is insufficient evidence on any long-term benefits from wheat grass or curcumin.

15. Silymarin at a dose of 140 mg three times daily is recommended if liver involvement is detected,
and on consultation with a hepatologist (Class IIa). 
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1. INTRODUCTION

Patients with optimally treated transfusion-dependent β-thalassaemia (TDT) can now enjoy a near-
normal life and lifestyle, and experience full physical and emotional development from childhood
to adulthood. Across the world, however, treatment is still suboptimal in most locations and life
expectancy is well below that of the general population. Quality of life (QOL) is also variable. The
aim of promoting best practice guidelines is to point the way for the best possible care resulting in
the best possible outcomes for patients. This must be linked to an effort towards achieving equity
across the world and promoting prioritisation of these hereditary disorders especially where they
are prevalent. Healthy lifestyle includes all activities that encourage physical, spiritual, and mental
functions and contributes to decreasing health problems, managing stressful events, and
improving the QOL. Life activities that can be influenced by a healthy lifestyle include:

l Physical activity and exercise.

l Self-care and management along with self-efficacy.

l Social integration which includes education, employment, and relationships (including marriage
and reproduction).

l Dietary habits and optimal nutrition (see Chapter 10).

l Daily habits such as alcohol intake, smoking, and substance abuse.

All of these issues are considered in this Chapter and may influence the outcomes of patients with
TDT, especially with regards to QOL. Holistic care includes patient education and encouragement
of a healthy lifestyle.

2. WHAT IS THE AIM OF OPTIMAL CARE?  

According to the World Health Organization (WHO) definition (set out in the constitution, [1]), health
is a state of complete physical, mental, and social well-being and not merely the absence of disease
or infirmity. Furthermore, well-being has been defined as the combination of feeling good and
functioning well; the experience of positive emotions as well as the development of one’s potential,
having some control over one’s life, having a sense of purpose, and experiencing positive
relationships [2]. Healthcare professionals should, beyond following clinical protocols, have the
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clear aim of reducing as far as possible the degree to which the disease interferes with the patients’
personal and social lives. This is achieved by recognising the limitations that the disease imposes
but also the effect that the treatment regimens have on the patients’ lifestyles, and the time that
these treatments steal from normal living. Beyond managing the physical condition, healthcare
staff should be willing to listen to patients’ concerns and be able to advise on all lifestyle issues.
The challenges to well-being in thalassaemia care could include:

l Inadequate clinical care resulting in increased complication rates, reducing the ability to cope
with daily activities and stresses. 

l The daily demands for treatment and monitoring, interfering with life activities including the
need for strict adherence to treatment protocols/regimes [3].

l Individual concerns/fears about the state of health and the future dangers to be faced. 

l Family stress which may be made worse by inadequate support, such as in recruiting blood
donors, out of pocket expenses and financial catastrophe [4], and ignorance of the disease [5].

l Poor psychological functioning, inability to adopt positive coping mechanisms [6], along with
lack of guidance and support, sometimes complicated by cognitive deficits [7]. 

l Service-related stressors, such as transition from paediatric to adult care [8], system failures in
the provision of essential supplies medications and blood, lack of confidence in staff expertise
or adherence to guidelines, time lost to extensive administrative processing of hospital visits.    

l Poor Social integration, which may be affected by cultural as well as economic influences, as well
as school performance, employment, stigmatisation, and relationships including marriage.  

l Political instability and war situations. At the time of writing, Syria, Palestine, Lebanon, Yemen,
and Myanmar are high prevalence territories affected by such violence and instability.
Afghanistan is still facing a humanitarian crisis.

3. THE HOPE: OFFERING HOLISTIC CARE TO PATIENTS

Leading a ’normal’ life is an often-expressed priority for patients. This includes social integration
[9], connecting and interacting with people and contributing to society, despite counter forces
that the disease and its treatment bring, which can lead to isolation and, in some societies,
stigmatisation. Marginalisation will lead to depression and possibly increase health risks [10]. These
issues, and the broader concept of QOL, become more prominent as longer survival and
minimisation of complications are achieved through modern treatment. The concepts of QOL,
social integration, living and experiencing life beyond health preservation are interwoven.
Psychosocial support as described in Chapter 12 is a necessary component of management, as is
high-quality and well-organised holistic care. The healthcare team should have these concepts in
mind and be able to guide patients on a variety of lifestyle matters. Figure 1 illustrates some of the
issues that patients may seek answers to. This chapter aims to provide a foundation from which
healthcare professionals can respond with confident and informed guidance to their patients.
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4. SELF-EFFICACY 

Patients with TDT face lifelong challenges which are the result of both the anaemia and its
treatment. Serious consequences include short stature, bone deformities, delayed puberty, and a
varied pathology which can interfere with daily activities and life achievements. Coping with these
challenges depends on the encouragement and empowerment of both the family and the
healthcare team as well as professional support from psychologists, social services, and educators.
The expected endpoint is self-efficacy and self-management. To reach this level of independence,
growing TDT patients require knowledge of the condition and acceptance of its challenges.
Knowledge and understanding are necessary to promote serious requirements such as adopting
positive coping and adherence to treatment (see Chapter 12) and improving the patient’s QOL.
Moreover, the patient’s journey from childhood, through adolescence to adulthood requires
adaptation to role changes, family dynamics, and the bid for more independent decision making
by the adolescent [11]. Knowledge and skills can be promoted through personal contact in the
clinic, through organised seminars and webinars, and the use of other technologies such as social
media and mobile apps.        

5. EXERCISE AND PARTICIPATION IN SPORTS

A frequent enquiry from patients concerns their ability to work and participate in sports. In general,
physical and recreational activities should be encouraged, as this is an important aspect of healthy
and normal living, as well as a means towards social integration. In fact, some investigators have
gone so far as to propose that exercise is more effective and safer than prescription medications
for a number of chronic diseases of adulthood [12, 13]. However, limitations for some patients with

Figure 1. Common questions from transfusion-dependent β-thalassaemia patients.
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TDT must be recognised. Physical capacity can be influenced primarily by the degree of anaemia,
and cardio-circulatory and pulmonary function, which are important to the oxygenation of tissues.
Additionally, in a chronic condition such as TDT, other co-morbidities may be present such as
diabetes, cardiac, or liver dysfunction. For the most part, clinical evaluation focuses on the
contribution of respiratory and cardiovascular function to exercise tolerance. 

5.1. Assessing β-thalassaemia patients for exercise capacity

In children who are maintained on optimal transfusion and chelation regimens, assessment of
exercise capacity before participating in physical activities is usually not necessary. However, in
young patients who are not optimally treated from early life and for all patients considering
vigorous physical activities, a general cardiovascular assessment outlined below is strongly
recommended [14]: 

l Medical history of TDT management and current anaemia (mean haemoglobin level) and iron
status. 

l The past, current, and proposed activity level, should be quantified, an International Physical
Activity Questionnaire (IPAQ) can be helpful (https://sites.google.com/view/ipaq/home).

l Body mass index related to age and gender.

l Cardiac assessment including echocardiography and measuring myocardial iron by magnetic
resonance imaging (MRI) T2* MRI, to examine heart function through assessment of maximum
heart rate responses, stroke volume reserve, and the effects of iron overload [15-17].

l Ergometry (mainly cycle ergometry or treadmill).

l Respiratory function tests to measure aerobic capacity (e.g., VO2max) and aerobic threshold [18],
which are useful guides to assess exercise tolerance. 

The global TDT population is not homogeneous, with thousands of patients surviving and
functioning with low haemoglobin levels and poor adherence to chelation therapy. A universal
and all-encompassing guideline on how much exercise can be tolerated cannot therefore be
formulated, and an individualised approach based on a comprehensive clinical assessment (which
may include ergometry) is advisable. Many existing studies have concluded that there is exercise
limitation in TDT patients. Chronically low haemoglobin levels, either in non-transfusion-dependent
patients or prior to transfusion in TDT have been associated with reduced exercise performance
[15, 18]. Additional factors that contribute to activity limitations may include the degree of anaemia,
pain [19, 20], iron overload affecting heart function – especially through vascular inflammation
[18], and even restrictive lung dysfunction [21]. 

In general, pre-adolescent children are encouraged to exercise without restrictions, if treated
according to accepted transfusion and chelation standards. If maintained at low haemoglobin
levels, careful cardiorespiratory assessment is necessary. From early adolescence, iron accumulation
and tissue damage may be evident in the heart and endocrine glands if chelation has been sub-
optimal. For this reason, even though routine daily activity is unrestricted, exercise tolerance should
be assessed at regular intervals. 

In addition to the above, consideration must be given to all co-morbidities, including bone disease,
which is common at all ages in TDT patients. In addition to pain, which may limit mobility, the
propensity to fracture must also be considered whenever giving advice concerning exercise and
sporting activities involving physical contact. 
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5.2. Exercise interventions

There are only a handful of published studies exploring the effect of exercise on health in patients
with TDT. In 2013, one study randomly assigned 75 adult TDT patients to either an 8-week walking
programme or standard activity [22]. Investigators observed an improvement in self-reported QOL
measures in those prescribed the walking program. In 2020, another study assigned 40 adult TDT
patients to water exercise three times per week for 8 weeks [23]. Similar positive effects on QOL
were observed following this exercise regimen, reinforcing the potential beneficial effect of
monitored exercise regimens in TDT. 

Some have also suggested that exercise may reduce iron burden. Three separate studies in small
groups of adolescents and young adults found that an increase in aerobic exercise in 30-90-minute
sessions, 5 times per week for 8 weeks, resulted in reductions in serum ferritin level [24-26]. It was
suggested that exercise may assist in the release of iron from tissues; therefore, adequate chelation
in the presence of exercise is crucial. Relationships between physical activity, pain, and poor bone
health have also been explored. In a recent report of 71 patients with thalassaemia (50 adults >18
years, mean age 27.4 years, 82% TDT) nearly half of the patients reported daily somatic pain, and
sedentary behaviour was positively associated with pain severity [19]. They also observed better
bone health (bone mineral density Z-scores by Dual X-ray Absorptiometry [DXA]) in patients who
were more physically active. Given the significant bone deficits observed in TDT, and the relative
inactivity for many patients, it appears that regular non-contact weight bearing physical activity
has the potential to not only improve bone health but may also have positive effects on bone pain,
glucose tolerance, iron load, and overall QOL.

5.3. Limitations of physical activity recommendations

It must be stated that studies in which physical activity was encouraged were conducted in an
environment where subjects were evaluated prior to enrolment, and medical supervision was
provided. There are no published guidelines regarding how to safely exercise, nor are there
recommendations regarding the types of exercises that would result in the greatest benefit for all
patients with TDT. As mentioned above, for some patients, cardiac iron overload and spleen size
are significant risk factors which should be considered before initiating any new activity. For most
patients however, non-contact, weight bearing physical activity can be encouraged (e.g., walking
regimens) after consultation with the patient’s haematologist and cardiologist. Physical therapists
can also be helpful in translating a physician’s recommendation for activity into safe daily patient
exercises. In a well-publicised case, a patient with TDT ran the London marathon on two occasions.
This is an inspiration for all patients across the world, and proof that modern treatment can lead to
a normal QOL. However, in the spectrum of TDT care that exists across the world, this example is
sadly relevant to only a minority of optimally-treated patients.

6. EDUCATION

Education is a useful step towards social integration and an interesting life in contrast to passive
acceptance of TDT as a condition that impairs the patient from achieving a proper education.
However, education requires system and family support as well as a good clinical state. One possible
negative influence is cognitive impairment recognised in a small proportion of TDT patients. This
can reduce the ability of patients to assimilate knowledge and their ability to reason. In various
studies β-thalassaemia patients had significantly different scores from healthy controls [27, 28]. The
exact pathology behind this phenomenon is not clearly understood, although covert white matter
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lesions have been described in small studies of β-thalassaemia [29]. It may also be that cognitive
impairment is not due to thalassaemia but rather to other kind of problems that patients may
experience (e.g., environmental, family, society restrictions to education) or due to lack of
confidence and stress of treatment in countries with low health support. Irrespectively, cognitive
assessment should be considered even for asymptomatic patients [7]. In a recent (2024) survey by
the Thalassaemia International Federatio, compiling data from 48 countries, 32.6% of respondents
were university graduates [30]. In a another review of 251 TDT patients from Cyprus, 29% had
completed tertiary education [31], which compares well with the general population of Cyprus in
which 39.4% are university graduates. This suggests that despite some reports of a cognitive
impairment, full education is achieved by a significant proportion of patients. On the same note,
in the USA, 82% percent of school age children were at expected grade level [32]. The main limiting
factor expressed by patients is the need to interrupt educational sessions in order to meet clinic
and transfusion appointments, which are in most clinical services, during daytime working hours. 

Adjusting day transfusion services to include evening and weekend sessions, to suit patients in full-
time education or employment, will greatly assist their achievement of social integration and their
contribution to society and this should be a priority for healthcare professionals and managers
offering the service. In addition, medical teams should be ready to liaise with educational services
and especially schoolteachers, to provide information and education concerning TDT, and the
ability of patients to perform in school, recognising that concerns and sometimes even prejudice
from teachers may adversely affect student performance. Prejudice is also a feature in the
playground, where bullying and negative behaviour can make the young TDT patient feel different
and isolated, which can have a lasting effect on their self-image. Feeling different can also have
personal consequences in countries where thalassaemia is viewed as an ‘immigrant disease’,
potentially leading to racial and ethnic discrimination [33]. These issues require educational
intervention by teachers so that understanding the issues affecting pupils with hereditary and
chronic disorders are discussed and any recognised deficits in education performance dealt with. 

7. EMPLOYMENT  

Patients’ wellbeing and social adaptation require a feeling that they are contributing to something
bigger than self, contributing to society and not being a passive receiver of assistance. Being
employed is the active proof of self-efficacy and social integration.  

Many adult TDT patients are employed without difficulty. However, problems do still exist due to
several factors, which originate in part from patients but also from employers and the social
environment more generally, or from an inadequate healthcare system to support patients in
getting treated out of hours. Many patients who have not benefitted from adequate psychosocial
support still have low self-esteem and feel that ‘poor health’ does not allow them to work. In a recent
patient survey with over 2000 respondents from 48 countries, only 32% were fully or part-time
employed [30]. This indicates that a significant number of patients are having difficulties and a
proportion of the global community regard themselves as disabled. On the other hand, prejudice
from employers is still an issue in many parts of the world [34]. The reasons given include repeated
absences from work and easy fatigue [35], reinforcing the need for out of hours clinic and
transfusion sessions. This is a need not satisfied even in well-resourced settings [36] contributing
to low work performance and employer reluctance.   
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If TDT is considered a disability which ‘hinders patient’s full participation in society on an equal basis
with others’, then the United Nations (UN) Convention on the Rights of Persons with Disabilities
[37] clearly states in Article 27 that parties must recognise the right of persons with disabilities to
work on an equal basis with others, prohibiting discrimination on the basis of disability, assuring
equal remuneration for work of equal value as well as safe and healthy working conditions. In view
of this, the thalassaemia care team and patient organisations have a duty to adequately prepare
patients along with family and educators and to advocate on behalf of their patients, educating
the public in general but also individual potential employers. The team should also instil a positive
attitude in their patients concerning their ability to work. 

The patient’s parents and siblings also have a great influence on their education and employment.
Healthcare professionals must help, support, and direct the family to the fact that their child is not
disabled, and can be an achiever in life, just as all their other children.  

8. MARRIAGE AND REPRODUCTIVE LIFE

Identifying a life partner, getting married, and having a family are widely accepted as key goals in
one’s life. Patients with TDT should have no inherent reason to limit their relationships. Nevertheless,
there is worry about being rejected by partners or their families because of their thalassaemia
diagnosis. The possibility of developing a permanent relationship is influenced by cultural factors
as well as societal understanding of the condition. In an updated report from Cyprus [31], of 318
patients over the age of 18 years, only 35% had not married. In the same group of patients, 64%
had children. In a much larger international cohort of 966 adult patients, 240 (24.8%) were married
or lived with partners [38] which probably reflects more accurately the global picture. These figures
cannot be achieved where the majority of patients are children, and where stigmatisation limits
patient opportunities to form stable relationships. Several studies have reported that as many as
51% to 80% of TDT patients may have pubertal failure, sexual dysfunction, and/or infertility, due to
hypogonadism [39]. From an early age, patients should be seen by an endocrinologist to avoid or
correct hypogonadism (see Chapter 7). 

Healthcare professionals should also provide general support and encouragement to patients and
have a duty to coordinate the multidisciplinary team which oversees both the preconception
optimisation of both men and women and cares for the woman through her pregnancy and
delivery. Guidelines for the management of thalassaemia patients who wish to have children are
published nationally in several countries and should be referred to by those caring for these
patients. Chapter 7 in these Guidelines gives adequate description of the issues faced concerning
fertility and pregnancy; guidelines for the management of pregnancy are also provided by the
British Society for Haematology [40] and matters concerning preservation of gametes following
haematopoietic stem-cell transplantation must also be discussed [41]. 

9. ALCOHOL CONSUMPTION

Patients with TDT should be discouraged from consuming alcohol. Alcohol can potentiate the
oxidative damage of iron and aggravates the effect of the hepatitis viruses on liver tissue. If the
liver is iron loaded and/or   infected by hepatitis C or B virus, alcohol consumption may further
promote progression to cirrhosis and hepatocellular carcinoma. Excessive alcohol consumption
may also affect bone formation and is a risk factor for osteoporosis. In addition, alcohol may have
unexpected interactions with medications.
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10. SMOKING

Tobacco must also be avoided in TDT since it may directly affect bone remodelling, which is
associated with osteoporosis. Moreover, in view of the doubts concerning cardiorespiratory fitness
for exercise, it can be assumed that smoking will make matters worse and, of course, it carries all
the adverse effects described in the general population.

11. DRUG ABUSE

Substance abuse is common in many societies and a special danger among adolescents and young
people. TDT patients attempting to ‘fit in’ and be accepted into peer groups are potentially
vulnerable to experimentation with these drugs. There are no published studies on the prevalence
of drug abuse in this cohort, but many clinicians have encountered isolated cases. Treating staff
should be able to recognise patients who have a problem and be ready for transparent and frank
discussions around these issues. Substance abuse can have serious consequences in TDT patients
with tissue damage affecting many vital organs. 

12. QUALITY OF LIFE 

All the issues discussed in this Chapter are expected to be addressed by a service which offers
patient-centred and holistic care, alongside accepted clinical standards of care. The aim is to achieve
autonomy in life and to allow patients to satisfy and fulfil their personal ambitions. The goal of
holistic care is not just to achieve freedom from symptoms and reduce complications in these
lifelong conditions but to cater for the need for well-being, reducing stress, and understanding the
socio-psychological environment. This includes often neglected concerns such as the family
environment and economic support for all treatment modalities, access to clinical care made
difficult by distance, and the expense of travel. Another concern is the loss of time from education
or work due to the frequent visits for treatment. These are examples of avoidable stressors which
the healthcare team must be aware of and be ready to assist in removing, if necessary, with the
help of professionals such as social services or psychologists. In addition, the healthcare team
should be ready to advocate with authorities for support for their patients to resolve such matters
through understanding and policy making for improved service development.  In addition to
these psychosocial consequences of TDT and its treatment, physical symptoms, mainly fatigue and
pain often persist. In fact, chronic pain is becoming a major feature in adult patients, related to
bone disease and affecting over half of the adult patient population [19, 36].   

Awareness of each patient’s needs cannot be possible without asking and listening to patient
concerns. Too often there is staff avoidance and the inability or unwillingness to address these
concerns while clinical management is given priority. There may be physician/nursing factors such
as time or work pressures, poor interpersonal communication, and other situational issues. The
practice of labelling patient types, including ‘the difficult patient’, can lead to disparities in care and
patient harm which could be avoided. Patients should also be viewed as individuals with ‘a life’
who happen to have thalassaemia and as a central part of the management team. 

In order for the health team to be aware and to be able to monitor progress over time, measures
of the QOL have been developed. These depend on the patient’s perception of his/her own life and
well-being which includes psychological wellness and social functions. They are influenced by the
physical state of health and so by the quality of medical care as well as other social influences.   
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12.1. Assessing quality of life

Several measures, as questionnaires, have been developed to evaluate health-related QOL, which
explore domains such as the physical state of health, emotional state, and social circumstances.
These are patient reported outcome (PRO) measures. They help to understand the health burden
of thalassaemia and inform and support advocacy to service providers and policy planners [42].
They have also been used in iron chelation therapy trials, especially to understand the impact of
transition from subcutaneous to oral formulations on patient convenience, satisfaction, and QOL
[43-47]. In more recent years, PRO instruments measuring QOL or functional status have also been
used in trials of curative or disease-modifying therapies to measure the impact of reduction or
anaemia or transfusion requirements [47-55]. These instruments can be classified as generic, which
can be applied to any/other disease condition, and disease-specific questionnaires.   

12.1.1. Generic Instruments

These allow comparison of the patient group with the general population. The main examples
that have been applied in thalassaemia are:    

l WHOQOL (https://www.who.int/tools/whoqol): developed by the WHO as a QOL assessment
that would be applicable cross-culturally. It is available as a 100-item questionnaire (WHOQOL-
100), but also a shorter ‘brief’ version (WHOQOL-BREF). It has been used to assess thalassaemia
populations but not extensively [35, 49, 56].

l The 36-item Short Form Survey (SF-36, version 2): SF-36 is a similar measure for use in clinical
practice and research, health policy evaluations, and general population surveys. Developed by
the Rand Corporation in the USA in the 1990s [57], it has been used extensively in thalassaemia
research including observational studies and clinical trials [7, 42, 48, 49, 58].

l Pediatric Quality of Life Inventory (PedsQL, https://www.pedsql.org/about_pedsql.html): this is
a measure of health-related QOL that can be used for healthy children and adolescents as well
as those with acute and chronic health conditions.  Some disease-specific modules for the
PedsQoL have been developed to assess particular health issues; for example, for sickle cell
disease (the PedsQL-SCD Module) but not for thalassaemia. It can be used for paediatric patient
self-report or a parent proxy report. The benefit of exploring the attitude of children and their
parents cannot be overemphasised [49, 59].

l Patient-Reported Outcomes Measurement Information System (PROMIS): a measure that allows
for the assessment of many PRO domains including pain, fatigue, emotional distress, physical
functioning and social role participation [49, 60].

l Other generic tools are also used like the Dartmouth Primary Care Cooperative Information Chart
System (Dartmouth COOP) questionnaire which was used in one study concerning thalassaemia
in children and adolescents [61], the Functional Assessment of Chronic Illness Therapy (FACIT) –
especially the Fatigue Scale in trials of novel therapies targeting anaemia [47, 55], and various
versions of the EuroQol (EQ) [49, 50].
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12.1.2. Disease-specific tools

These were designed specifically for thalassaemia and include: 

l Transfusion-dependent QoL Questionnaire (TranQol):  the most frequently used instrument [62].

l Specific Thalassemia Quality of Life Instrument (STQOLI) [63].

l Thalassaemia Adult Life Index (ThALI): more recently developed [64].

l Non-transfusion-dependent thalassemia (NTDT)-PRO: developed to measure tiredness,
weakness, and shortness of breath [52-54].

Even though these questionnaires explore patients’ perceptions of their life, they do not explore
patient attitudes and responses to the service and treatment received. QOL is related to the quality
of care and to patient-centred care [65]. These are related to patient outcomes so that patient
experience is important to be expressed and understood by service providers. Measures of patient
experience are distinct from the measures described above. They explore patient experience and
satisfaction with healthcare delivery. To our knowledge such tools have not been applied to
thalassaemia patients. 

12.2. Qualitative investigation

Another method which allows patients to express their thoughts and feelings is ‘qualitative research’.
Patients express feelings and attitudes in their own words allowing the listener to gather in-depth
insights and better understand the patient view. 

Common qualitative methods include interviews with open-ended questions. Data are collected
through semi-structured or unstructured face-to-face interviews [36, 66]. This methodology offers
freedom to the patient to express feelings and experience much in the same way as can be offered
in the consultation room, yet doctors rarely offer the time needed to listen to the patient. In the
research setting, the patient is prompted by a small number of general questions or prompts that
allow him/her to talk about what is of interest. Small groups of people who participate together in
interviews which are focused on a particular topic or issue are often referred to as focus groups.
The conversation is usually recorded and then coded according to how often a response or quote
is repeated by the individual or other participants. Interpretation of the responses leads to an
understanding of patient attitudes. The method has been used in thalassaemia research and is
suitable for all ages and situations [67].

These various measures and methodologies provide useful indicators for improving care both for
individuals and for service improvement. They do not indicate factors or actions that can achieve
the desired improvements. They do not collect impressions about adequacy of care as perceived
by patients. Also, they do not detect deeper psychological disturbance such as anxiety, depression,
which have been shown to affect thalassaemia patients more than the general population [68, 69].
To detect and deal with these issues it is important to include professional psychologists in the
multidisciplinary team caring for these chronic conditions (see Chapter 12). A qualitative approach
and discussion sessions with families are also needed if they are to contribute effectively to patient
support. 



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

332

KEY POINTS AND RECOMMENDATIONS

1. A holistic approach to patient care includes recognition of the need for social integration
and a ‘normal’ life (Class I).

2. The treating physician should be able to provide advice on lifestyle issues (Class I).

3. Physical activity, particularly weight-bearing, non-contact activity should be encouraged,
but the condition of each individual patient should be recognised and co-morbidities
identified through careful cardiovascular assessment and ergometry, if available, before
recommending additional physical activity or an exercise regime (Class I).

4. Clinic and transfusion times should be flexible and take into consideration the patient’s
commitments, such as their education and work. Availability of some evening and weekend
clinic and transfusion sessions is highly recommended (Class IIb).

5. Liaison with teachers and employers to provide understanding of the condition and its
management may be necessary (Class IIb).

6. Consumption of tobacco and substance abuse should be avoided. Consumption of alcohol
is discouraged, especially in patients with iron overload or those at risk of liver or bone
disease (Class IIa).   

7. A quality of life assessment should form part of the regular evaluation of each patient’s
progress and may be useful to highlight issues in service delivery (Class IIa).



CHAPTER 11

333

REFERENCES

1. WHO. Constitution. Available at: https://www.who.int/about/governance/constitution. Accessed: 21 Nov 2024.
2. Ruggeri K, Garcia-Garzon E, Maguire A, Matz S, Huppert FA. Well-being is more than happiness and life satis-

faction: a multidimensional analysis of 21 countries. Health Qual Life Outcomes 2020;18(1):192.
3. Lee WJ, Mohd Tahir NA, Chun GY, Li SC. The impact of chelation compliance in health outcome and health

related quality of life in thalassaemia patients: a systematic review. Health Qual Life Outcomes 2024;22(1):14.
4. Othman A, Abdul Ghani MSA, Taib F, Mohamad N. Psychological distress and coping strategies among the

caretakers of children with transfusion-dependent thalassemia. Front Pediatr 2022;10:941202.
5. Yousuf R, Akter S, Wasek SM, Sinha S, Ahmad R, Haque M. Thalassemia: A Review of the Challenges to the

Families and Caregivers. Cureus 2022;14(12):e32491.
6. Kasi PM, Naqvi HA, Afghan AK, Khawar T, Khan FH, Khan UZ, Khuwaja UB, Kiani J, Khan HM. Coping styles in

patients with anxiety and depression. ISRN Psychiatry 2012;2012:128672.
7. Bizri M, Koleilat R, Akiki N, Dergham R, Mihailescu AM, Bou-Fakhredin R, Musallam KM, Taher AT. Quality of life,

mood disorders, and cognitive impairment in adults with beta-thalassemia. Blood Rev 2024;65:101181.
8. Chandra J, Sahi PK. Transition of Care for Patients with Thalassemia. Indian J Pediatr 2023;90(12):1227-1231.
9. Politis C, Di Palma A, Fisfis M, Giasanti A, Richardson SC, Vullo C, Masera G. Social integration of the older tha-

lassaemic patient. Arch Dis Child 1990;65(9):984-986.
10. Atkin K, Ahmad WI. Living a 'normal' life: young people coping with thalassaemia major or sickle cell disorder.

Soc Sci Med 2001;53(5):615-626.
11. Catarino M, Charepe Z, Festas C. Promotion of Self-Management of Chronic Disease in Children and Teenagers:

Scoping Review. Healthcare (Basel) 2021;9(12).
12. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in 26 different

chronic diseases. Scand J Med Sci Sports 2015;25 Suppl 3:1-72.
13. Fiuza-Luces C, Garatachea N, Berger NA, Lucia A. Exercise is the real polypill. Physiology (Bethesda)

2013;28(5):330-358.
14. Piatti G, Giuditta M, Consonni D, Cassinerio E, Cappellini MD. Cardiopulmonary testing in adult patients with

beta-thalassemia major in comparison to healthy subjects. Ann Hematol 2022;101(11):2445-2452.
15. Marinov BI, Terziyski KV, Sapunarova KG, Kostianev SS. Exercise performance in children with severe beta-tha-

lassemia before and after transfusion. Folia Med (Plovdiv) 2008;50(4):48-54.
16. Nanas S, Vasileiadis I, Dimopoulos S, Sakellariou D, Kapsimalakou S, Papazachou O, Tasoulis A, Ladis V, Pangalis

G, Aessopos A. New insights into the exercise intolerance of beta-thalassemia major patients. Scand J Med Sci
Sports 2009;19(1):96-102.

17. Vasileiadis I, Roditis P, Dimopoulos S, Ladis V, Pangalis G, Aessopos A, Nanas S. Impaired oxygen kinetics in
beta-thalassaemia major patients. Acta Physiol (Oxf) 2009;196(3):357-363.

18. Sohn EY, Kato R, Noetzli LJ, Gera A, Coates T, Harmatz P, Keens TG, Wood JC. Exercise performance in thalassemia
major: correlation with cardiac iron burden. Am J Hematol 2013;88(3):193-197.

19. Fung EB, Goldberg EK, Bambot S, Manzo R, Lal A. Relationships among Physical Activity, Pain, and Bone Health
in Youth and Adults with Thalassemia: An Observational Study. Thalassemia Rep 2022;12(3):90-100.

20. Oliveros O, Trachtenberg F, Haines D, Gerstenberger E, Martin M, Carson S, Green S, Calamaras D, Hess P, Ya-
mashita R, Vichinsky E, Thalassemia Clinical Research N. Pain over time and its effects on life in thalassemia.
Am J Hematol 2013;88(11):939-943.

21. Piatti G, Allegra L, Fasano V, Gambardella C, Bisaccia M, Cappellini MD. Lung function in beta-thalassemia pa-
tients: a longitudinal study. Acta Haematol 2006;116(1):25-29.

22. Arian M, Memarian R, Vakilian F, Badiei Z. Effects of a designed walking program on mental health, functional
ability and Cardiac symptoms on Patients with thalassemia major. Evid Based Care J 2013;3(2):17-26.



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

334

23. Hasanpour Dehkordi A, Hasani T, Fekri K, Deris F, Etemadifar S. Effects of Aquatic Exercise on Dimensions of
Quality of Life and Blood Indicators in Patients with Beta-Thalassemia Major. Int J Prev Med 2020;11:128.

24. Molazem Z, Noormohammadi R, Dokouhaki R, Zakerinia M, Bagheri Z. The Effects of Nutrition, Exercise, and a
Praying Program on Reducing Iron Overload in Patients With Beta-Thalassemia Major: A Randomized Clinical
Trial. Iran J Pediatr 2016;26(5):e3869.

25. Heidary H, Bijeh N, Saah J, Abrishami F. The effect of eight weeks of aerobic training on hematological indices
in β-thalassemia minor patients in kermanshah. Horiz Med Sci 2011;17(3):20-28.

26. Vashtani SH, Nazem F, Bordar F. he effect of aerobic rehabilitation program on concentration of ferritin, iron,
TIBC and cardiovascular operation in the young patients suffering from major thalassemia. J Guilan Univ Med
Sci 2009;18(71):95-102.

27. Tartaglione I, Manara R, Caiazza M, Carafa PA, Caserta V, Ferrantino T, Granato I, Ippolito N, Maietta C, Oliveto
T, Casale M, Di Concilio R, Ciancio A, De Michele E, Russo C, Elefante A, Ponticorvo S, Russo AG, Femina G,
Canna A, Ermani M, Cirillo M, Esposito F, Centanni A, Gritti P, Perrotta S. Brain functional impairment in beta-
thalassaemia: the cognitive profile in Italian neurologically asymptomatic adult patients in comparison to the
reported literature. Br J Haematol 2019;186(4):592-607.

28. Daar S, Al Saadoon M, Wali Y, Al Mujaini R, Al Rahbi S, Chan MF, Al-Siyabi A, Alansary N, Mahadevan S, Al-Adawi
S. Cognitive Function in Adults with Beta-Thalassemia Major in Oman: A Pilot Study. Oman Med J
2021;36(6):e322.

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

30. Economidou EC, Angastiniotis M, Avraam D, Soteriades ES, Eleftheriou A. Addressing Thalassaemia Management
from Patients' Perspectives: An International Collaborative Assessment. Medicina (Kaunas) 2024;60(4).

31. Angastiniotis M, Christou S, Kolnakou A, Pangalou E, Savvidou I, Farmakis D, Eleftheriou A. The Outcomes of
Patients with Haemoglobin Disorders in Cyprus: A Joined Report of the Thalassaemia International Federation
and the Nicosia and Paphos Thalassaemia Centres (State Health Services Organisation). Thalassemia Rep
2022;12(4):143-156.

32. Pakbaz Z, Treadwell M, Kim HY, Trachtenberg F, Parmar N, Kwiatkowski JL, Cunningham MJ, Martin M, Sweeters
N, Neufeld EJ, Giardina PJ, Olivieri N, Yamashita RC, Vichinsky E. Education and employment status of children
and adults with thalassemia in North America. Pediatr Blood Cancer 2010;55(4):678-683.

33. Dyson SM, Atkin K, Culley LA, Dyson SE, Evans H, Rowley DT. Disclosure and sickle cell disorder: a mixed
methods study of the young person with sickle cell at school. Soc Sci Med 2010;70(12):2036-2044.

34. Wahab IA, Naznin M, Nora MZ, Suzanah AR, Zulaiho M, Faszrul AR, Kamaruzaman WS. Thalassaemia: a study
on the perception of patients and family members. Med J Malaysia 2011;66(4):326-334.

35. Foong WC, Chean KY, Rahim FF, Goh AS, Yeoh SL, Yeoh AAC. Quality of life and challenges experienced by the
surviving adults with transfusion dependent thalassaemia in Malaysia: a cross sectional study. Health Qual
Life Outcomes 2022;20(1):2.

36. Drahos J, Boateng-Kuffour A, Calvert M, Levine L, Dongha N, Li N, Pakbaz Z, Shah F, Martin AP. Health-Related
Quality-of-Life Impacts Associated with Transfusion-Dependent beta-Thalassemia in the USA and UK: A Qual-
itative Assessment. Patient 2024;17(4):421-439.

37. United Nations. Convention on the Rights of Persons with Disabilities and Optional Protocol. 2006. Available
at: https://www.un.org/disabilities/documents/convention/convoptprot-e.pdf. Accessed: 22 Nov 2024.

38. De Sanctis V, Soliman AT, El-Hakim I, Christou S, Mariannis D, Karimi M, Ladis V, Kattamis A, Daar S, Yassin M,
Canatan D, Galati MC, Raiola G, Campisi S, Kakkar S, Kaleva V, Saki F, Ellinides A, Pikis G, Christodoulides C,
Abdulla M, Di Maio S, Theodoridis C, Elsedfy H, Kattamis C. Marital status and paternity in patients with Trans-
fusion- Dependent Thalassemia (TDT) and Non Transfusion-Dependent Thalassemia (NTDT): an ICET - A survey
in different countries. Acta Biomed 2019;90(3):225-237.



335

39. De Sanctis V, Soliman AT, Yassin MA, Di Maio S, Daar S, Elsedfy H, Soliman N, Kattamis C. Hypogonadism in
male thalassemia major patients: pathophysiology, diagnosis and treatment. Acta Biomed 2018;89(2-S):6-15.

40. Shah FT, Nicolle S, Garg M, Pancham S, Lieberman G, Anthony K, Mensah AK. Guideline for the management
of conception and pregnancy in thalassaemia syndromes: A British Society for Haematology Guideline. Br J
Haematol 2024;204(6):2194-2209.

41. Bedrick BS, Kohn TP, Pecker LH, Christianson MS. Fertility preservation for pediatric patients with
hemoglobinopathies: Multidisciplinary counseling needed to optimize outcomes. Front Endocrinol (Lausanne)
2022;13:985525.

42. Sobota A, Yamashita R, Xu Y, Trachtenberg F, Kohlbry P, Kleinert DA, Giardina PJ, Kwiatkowski JL, Foote D, Thay-
alasuthan V, Porter JB, Thompson AA, Schilling L, Quinn CT, Neufeld EJ, Thalassemia Clinical Research N.
Quality of life in thalassemia: a comparison of SF-36 results from the thalassemia longitudinal cohort to
reported literature and the US norms. Am J Hematol 2011;86(1):92-95.

43. Payne KA, Desrosiers MP, Caro JJ, Baladi JF, Lordan N, Proskorovsky I, Ishak K, Rofail D. Clinical and economic
burden of infused iron chelation therapy in the United States. Transfusion 2007;47(10):1820-1829.

44. Porter J, Bowden DK, Economou M, Troncy J, Ganser A, Habr D, Martin N, Gater A, Rofail D, Abetz-Webb L, Lau
H, Cappellini MD. Health-Related Quality of Life, Treatment Satisfaction, Adherence and Persistence in beta-
Thalassemia and Myelodysplastic Syndrome Patients with Iron Overload Receiving Deferasirox: Results from
the EPIC Clinical Trial. Anemia 2012;2012:297641.

45. Taher A, Al Jefri A, Elalfy MS, Al Zir K, Daar S, Rofail D, Baladi JF, Habr D, Kriemler-Krahn U, El-Beshlawy A.
Improved treatment satisfaction and convenience with deferasirox in iron-overloaded patients with beta-
Thalassemia: Results from the ESCALATOR Trial. Acta Haematol 2010;123(4):220-225.

46. Taher AT, Origa R, Perrotta S, Kouraklis A, Ruffo GB, Kattamis A, Goh AS, Huang V, Zia A, Herranz RM, Porter JB.
Patient-reported outcomes from a randomized phase II study of the deferasirox film-coated tablet in patients
with transfusion-dependent anemias. Health Qual Life Outcomes 2018;16(1):216.

47. Musallam K, Taher AT, Hnoosh A, Eliason L, Pelligra CG, Guo S, Mu Y, Cappellini MD. Luspatercept Improves Fa-
tigue-Related Quality of Life through 5 Years of Treatment in Non-Transfusion Dependent Beta-Thalassemia
[abstract]. Blood 2024;144(Suppl 1): 3857-3858.

48. Cappellini MD, Taher AT, Piga A, Shah F, Voskaridou E, Viprakasit V, Porter JB, Hermine O, Neufeld EJ, Thompson
AA, Tang D, Yucel A, Lord-Bessen J, Yu P, Guo S, Shetty JK, Miteva D, Zinger T, Backstrom JT, Oliva EN. Health-re-
lated quality of life in patients with beta-thalassemia: Data from the phase 3 BELIEVE trial of luspatercept. Eur
J Haematol 2023;111(1):113-124.

49. Badawy SM, Beg U, Liem RI, Chaudhury S, Thompson AA. A systematic review of quality of life in sickle cell dis-
ease and thalassemia after stem cell transplant or gene therapy. Blood Adv 2021;5(2):570-583.

50. Locatelli F, Lang P, Wall D, Meisel R, Corbacioglu S, Li AM, de la Fuente J, Shah AJ, Carpenter B, Kwiatkowski JL,
Mapara M, Liem RI, Cappellini MD, Algeri M, Kattamis A, Sheth S, Grupp S, Handgretinger R, Kohli P, Shi D, Ross
L, Bobruff Y, Simard C, Zhang L, Morrow PK, Hobbs WE, Frangoul H, Group CT-S. Exagamglogene Autotemcel
for Transfusion-Dependent beta-Thalassemia. N Engl J Med 2024;390(18):1663-1676.

51. Cappellini MD, Sheth S, Taher AT, Al-Samkari H, Antmen AB, Beneitez D, Cannas G, Coates TD, Czapla L, Dahlin
JL, Estepp JH, Feenstra E, Georgiev P, Gheuens S, Gilroy KS, Glenthøj A, Musallam K, Osman K, Porter JB, Shao
H, Uhlig K, Van Beers EJ, Viprakasit V, Kuo KHM, Kattamis A. ENERGIZE-T: A Global, Phase 3, Double-Blind, Ran-
domized, Placebo-Controlled Study of Mitapivat in Adults with Transfusion-Dependent Alpha- or Beta-Tha-
lassemia. Blood 2024;144(Suppl 1): 409-411.

52. Taher AT, Musallam KM, Viprakasit V, Kattamis A, Lord-Bessen J, Yucel A, Guo S, Pelligra CG, Shields AL, Shetty
JK, Glassberg MB, Bueno LM, Cappellini MD. Identifying thresholds for meaningful improvements in NTDT-
PRO scores to support conclusions about treatment benefit in clinical studies of patients with non-transfu-
sion-dependent beta-thalassaemia: analysis of pooled data from a phase 2, double-blind, placebo-controlled,
randomised trial. BMJ Open 2024;14(11):e085234.

CHAPTER 11

335



GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

53. Taher AT, Musallam KM, Viprakasit V, Kattamis A, Lord-Bessen J, Yucel A, Guo S, Pelligra C, Shields AL, Shetty JK,
Miteva D, Bueno LM, Cappellini MD. Psychometric evaluation of the NTDT-PRO questionnaire for assessing
symptoms in patients with non-transfusion-dependent beta-thalassaemia. BMJ Open 2023;13(3):e066683.

54. Taher A, Cappellini MD, Viprakasit V, Sutcharitchan P, Mahmoud D, Laadem A, Khan A, Gwaltney C, Harding G,
Attie K, Zhang X, Zou J, Pariseau J, Henry Hu X, Kattamis A. 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.

55. Taher A, Al-Samkari H, Aydinok Y, Bartolucci P, Besser M, Dahlin JL, Estepp JH, Gheuens S, Gilroy KS, Glenthøj A,
Goh AS, Iyer V, Kattamis A, Loggetto SR, Morris S, Musallam KM, Osman K, Ricchi P, Salido-Fiérrez E, Sheth S, Tai
F, Tevich H, Uhlig K, Urbstonaitis R, Viprakasit V, Cappellini MD, Kuo KHM. ENERGIZE: A Global Phase 3 Study of
Mitapivat Demonstrating Efficacy and Safety in Adults with Alpha- or Beta- Non–Transfusion-Dependent Tha-
lassemia [abstract]. Hemasphere 2024;8(S1):11-12.

56. Telfer P, Constantinidou G, Andreou P, Christou S, Modell B, Angastiniotis M. Quality of life in thalassemia. Ann
N Y Acad Sci 2005;1054:273-282.

57. Jenkinson C, Coulter A, Wright L. Short form 36 (SF36) health survey questionnaire: normative data for adults
of working age. BMJ 1993;306(6890):1437-1440.

58. Musallam KM, Khoury B, Abi-Habib R, Bazzi L, Succar J, Halawi R, Hankir A, Koussa S, Taher AT. Health-related
quality of life in adults with transfusion-independent thalassaemia intermedia compared to regularly transfused
thalassaemia major: new insights. Eur J Haematol 2011;87(1):73-79.

59. Wang M, Huang M, Hong Y. Psychological intervention in children with transfusion-dependent beta-thalas-
saemia. Vox Sang 2022;117(3):386-392.

60. Rodigari F, Brugnera G, Colombatti R. Health-related quality of life in hemoglobinopathies: A systematic review
from a global perspective. Front Pediatr 2022;10:886674.

61. Pakbaz Z, Treadwell M, Yamashita R, Quirolo K, Foote D, Quill L, Singer T, Vichinsky EP. Quality of life in patients
with thalassemia intermedia compared to thalassemia major. Ann N Y Acad Sci 2005;1054:457-461.

62. Klaassen R, Alibhai S, Kirby Allen M, Moreau K, Merelles-Pulcini M, Forgie M, Blanchette V, Buckstein R, Odame
I, Quirt I, Yee K. Introducing the TranQol: a new disease-specific quality of life measure for children and adults
with thalassemia major. J Blood Disord Transfus 2013;4(4):1000150.

63. Lyrakos GN, Vini D, Aslani H, Drosou-Servou M. Psychometric properties of the Specific Thalassemia Quality of
Life Instrument for adults. Patient Prefer Adherence 2012;6:477-497.

64. Kantaris X, Shevlin M, Porter J, Myers L. Development of the Thalassaemia Adult Life Index (ThALI). Health
Qual Life Outcomes 2020;18(1):180.

65. Doyle C, Lennox L, Bell D. A systematic review of evidence on the links between patient experience and
clinical safety and effectiveness. BMJ Open 2013;3(1).

66. Arbabisarjou A, Karimzaei T, Jamalzaei A. The perception of biological experience in patients with major Tha-
lassemia: a qualitative research. Glob J Health Sci 2014;7(1):79-87.

67. Roy T, Chatterjee SC. The experiences of adolescents with thalassemia in West Bengal, India. Qual Health Res
2007;17(1):85-93.

68. Mednick L, Yu S, Trachtenberg F, Xu Y, Kleinert DA, Giardina PJ, Kwiatkowski JL, Foote D, Thayalasuthan V,
Porter JB, Thompson AA, Schilling L, Quinn CT, Neufeld EJ, Yamashita R, Thalassemia Clinical Research N.
Symptoms of depression and anxiety in patients with thalassemia: prevalence and correlates in the thalassemia
longitudinal cohort. Am J Hematol 2010;85(10):802-805.

69. Khoury B, Musallam KM, Abi-Habib R, Bazzi L, Ward ZA, Succar J, Halawi R, Hankir A, Koussa S, Taher AT.
Prevalence of depression and anxiety in adult patients with beta-thalassemia major and intermedia. Int J Psy-
chiatry Med 2012;44(4):291-303.

336



337



       

GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

1. INTRODUCTION

The need for continuity of care and psychological support for chronic diseases is widely accepted
[1, 2], as is the negative impact of psychological issues on iron chelation adherence [3-6] and quality
of life (QOL) [7] in transfusion-dependent β-thalassaemia (TDT). This Chapter will (1) provide a
comprehensive review of the published social and behavioural problems in TDT, with a specific
focus on any suggested interventions, and (2) articulate the social and psychological support
interventions that have been successfully used for similar problems in other diseases.

Unfortunately, there is a surprising lack of published evidence for psychological support
interventions in thalassaemia. A 2001 Cochrane Review of psychological therapies for thalassaemia
[8], assessed as ‘up-to-date’ in 2014 [9], concluded that “no randomised, controlled trials employing
psychological therapies … were identified” and “no trials, where quasi-randomisation methods
such as alteration are used, were found.” This is particularly concerning since a standard observation
in many clinical reviews of thalassaemia over the past 25 years is that patient behaviour, primarily
with adherence to iron chelation therapy, is a significant variable in long-term outcome and
increased financial burden due to management of associated long-term health complications [10-
15]. Non-adherence is episodic in many patients, but over time, is probably just as damaging, and
further research is needed to see how this influences interventions [16].

2. THE CHALLENGE OF PSYCHOLOGICAL SUPPORT: WHAT DOES THE 
LITERATURE TELL US? 

The challenge of ‘psychological support’ in thalassaemia is not a simple construct. Psychological
support encompasses a complex set of defined responses to a diverse set of problems that have
become apparent in thalassaemia over the past 30 years. This is illustrated by a simple PubMed
review (August 2024) using a Title/Abstract search for ‘thalassaemia or thalassaemia’ and only
‘psychological’ and ‘support’. This only yields 42 reports. The first appears in 1985 and looks to
address the need for psychological support in a thalassaemia childcare centre [17]. Almost a decade
later, a second report describes how psychological support can mediate the incidence of low birth
weight in an urban clinic [18]. This is followed by other observations of psychosocial distress and
its impact on iron chelation adherence [19, 20]. In 2001, a systematic review outlines the types of
therapeutic services that could apply to thalassaemia patients [8]. In the following decade (up to
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Figure 1. MEDLINE thalassaemia literature (1970-2024) showing data for core areas of interest
(prevention and policy, ICT adherence, QOL, and other BSSR domains). A comprehensive database of
the available literature was constructed from a PubMed search (8/18/2024) using EndNote as the search
interface. A broad search started with ‘aIl field’ search for the term Thalass* that identified 36,584
citations. We then developed a working database of 32,577 items by searching and removing earth
science items (thalassio*, seagrass, fish, greenhouse, etc.). A further reduction was used through an
abstract search for Sickle Cell (items that were sickle cell disease only or were focused on sickle cell disease
were eliminated. The dataset of 30,841 articles is presented by year (solid line). We then searched for key
areas of BSSR research. Abbreviations: ICT, iron chelation therapy; QOL, quality of life; BSSR, behavioural
and social science research.

2010), following a characterisation of the adult patient [21] and a cross-sectional patient survey
[22], a cluster of articles looked at ‘psychological burdens’ in different patient groups including
children and caregivers [23, 24], adolescents [25], and adults [26, 27]. Consequently, several other
studies tried to further assess patient reported outcome (PRO) and psychological adaptation of
patients and caregivers. Only a single, non-randomised interventional study in 2009 used cognitive
behavioural family therapy to try and alter adherence to chelation therapy [28]. These results
suggested a wide diversity in the application of psychological support in the clinical effort to
manage the patient developmental pathway and their long-term survival associated with iron
chelation adherence.

This initial review suggests that ‘psychological support’ is an undefined response to a clinical need
that requires specification. In order to develop a more complete understanding of the component
elements of psychological support in thalassaemia, we conducted a comprehensive review of the
1,427 articles identified by a broad search of the ‘behavioural and social science research’ (BSSR)
literature conducted on 18 August 2024 (Figure 1). Our review identified four major groups of articles:
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l Antenatal screening (prevention and policy) (14% of articles): these articles showed a well-
organised response to the problem of introducing antenatal screening in an at-risk population.
They illustrate the complexity of creating a comprehensive solution that includes governmental
support, legislation, community education, and face-to-face interaction. These reports tend to
be post-hoc celebrations of an arduous ad-hoc process (Grade C). The efforts to replicate this
success have yielded some articles that identify specific complications associated with
community demographic diversity in migrant populations. These articles identify the challenges
this presents for implementing interventional strategies (Grade C). Cases of ‘successful’
implementation of antenatal screening appeared in small, homogenous environments [29].
However, the approaches were challenged when implemented in complex heterogeneous
populations. A few articles have addressed elements of this complex environment [30] by looking
at the economics of iron chelation therapy [31, 32], clinical outreach to the communities of
affected patients [33], and addressing the needs of culturally different patients [34] (Grade C).

l Iron chelation therapy (14% of articles): most investigations either tried to measure adherence
[35, 36] or assess patient experience with treatment [31, 37-39] (Grade B). Over half of these
articles appeared during a brief 10-year span that cantered on the introduction of new oral
chelators. They began to lay a scientific foundation for assessing PRO as one step in
understanding the patient’s iron chelation practices [4, 6, 27, 37, 40]. These reports tend to have
a very good scientific basis (Grade A), however, because they are associated with other kinds of
clinical investigations, they do not attempt to solve observed behavioural or social problems.

l QOL (38% of articles): prior to 2010, articles invoked ‘QOL’ as a goal and rarely defined or measured
what was meant by patient QOL (Grade C). From 2010 onwards, there was an effort to formally
measure patient QOL using standardised BSSR instruments [40]. The effort to measure PROs in
2010 using the widely used Medical Outcomes Study (MOS) 36-Item Short Form Survey (SF36,
version 2) [41] instrument was part of a broader effort to assess TDT patients under the US
National Institute of Health’s Thalassemia Clinical Research Network (TCRN) [40]. This effort
demonstrated that PRO data could be gathered under broader health research mandates [40,
42-45]. This is followed by 377 articles that highlight SF36 and a range of standardised QOL
instruments in publications between 2010 and 2024 (Grade C), including WHOQOL, Pediatric
Quality of Life Inventory (PedsQL), Patient-Reported Outcomes Measurement Information System
(PROMIS), the EuroQol (EQ), Functional Assessment of Chronic Illness Therapy (FACIT), and
Dartmouth Primary Care Cooperative Information Chart System (Dartmouth COOP). Other
thalassaemia-specific questionnaires have also been developed through observational studies
(e.g., Transfusion-dependent QoL Questionnaire [TranQol] [46], Specific Thalassemia Quality of
Life Instrument [STQOLI] [47], Thalassaemia Adult Life Index [ThALI]  [48]) or in the context of
clinical trials (e.g., Non-Transfusion-Dependent Thalassemia-Patient Reported Outcomes [NTDT-
PRO] [49-51]). Beyond use in iron chelation therapy trials, SF-36 and other PRO measures of
functional status are now also commonly used in disease-modifying or curative therapy trials
targeting anaemia and transfusion burden [52-55]. The ability to use the published data to begin
to characterise the QOL of TDT patients is an important first step to improve patient responses
to their care. PRO QOL data are only useful if linked to clinical data. For example, explaining the
approximate 10-point difference in physical function scores between patients from high-income
countries and patients from low- and middle-income countries could be instructive. This may be
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attributed to transfusion goals. For instance, if the transfusion target haemoglobin is >12 g/dL,
we would expect a significant difference from sites where the transfusion goal haemoglobin
level is ‘somewhere close’ to 10 g/dL or where transfusion is not offered to patients until their
haemoglobin level is <4 g/dL. In order to make QOL data useful, there are two primary barriers
that need to be addressed in the use of standardised QOL instruments. First is the need to address
the differences between paediatric and adult reports, where paediatric assessments are most
commonly done through parental proxies. Second is overcoming different regional perceptions
that limit data presentation [56]. Addressing these two problems requires informed BSSR. 

l BSSR (35% of articles): this is a residual grouping of articles that addressed a range of research
interests ranging from psychological problems (14%), psychosocial issues (13%), and related
concerns (5%). Psychological problems include a wide-ranging cross-national recognition
that patients with thalassaemia (and their caregivers) are vulnerable to psychiatric problems
[23, 27, 57-66]. These articles look at the psychological problems within the context of coping,
burden of chronic disease and treatment, and patient adherence to iron chelation therapy
while implying that failure to adhere reflects a patient’s psychological or cognitive makeup.
The early reports tended to be at the level of clinical descriptive studies (Grade C). More recent
studies have shifted to identifying the neuropsychological investigation of cognitive deficits,
which have often been linked to chronic anaemia and brain iron content [67-75] (Grade B).
Others suggest that the observed psychological problems could be a function of the level
and nature of support services [76] and not simply a problem of patient’s psychological
makeup. Social support (20%) addresses the range of needs of families and patients. The effort
to specify these needs began with Ratip’s work to develop disease-specific standardised
assessments of these domains [77-81]. Other efforts include interventional studies that target
changes in institutional organisation practices [82], patient group sessions [82, 83], family
therapy [28], interventions with coping strategies, emotional intelligence, mindfulness, and
cognitive behavioural therapy [84-87], and patient chelation camps [88]. While these reports
suggest some success, most lack a robust analytical assessment (Grade C). Most studies
appear to address issues identified in a single clinic. There needs to be a concerted effort to
take the most promising efforts and move them to multicentre, hypothesis-driven studies.

As a whole, this literature suggests that patients with thalassaemia and their caregivers are faced
with many distinct psychological and social challenges which have an impact on emotional
functioning and may result in increased vulnerability to symptoms of psychiatric illnesses, such as
depression and anxiety. Psychological support appears to be a loose reference to a broad mix of
organisational responses to clinical needs, and not a coherent interventional strategy. Thus, there
are limited well-developed interventional trials aimed at providing psychological support to
improve overall well-being of patients and their families. The few, small interventional studies are
mostly descriptive reports of clinic-level responses. They lack analytical rigor because standardised
BSSR instruments were not used. Recent reports show an effort to develop the needed rigorous,
scientific, understanding of PROs within the context of longitudinal cohorts or iron chelation and
other disease-modifying/curative therapy trials. Most are designed to inform a clinical response to
underlying clinical problems. These efforts should establish the analytical foundation for future
interventional studies in psychological support, with systematic analyses of their impact on
patients. This would require further investment in adult care facilities, and devising strategies that
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can be equally relevant to and affordable in non-Western countries. It should also be empowered
by longitudinal collection of both QOL and clinical endpoint data, to support the design of
appropriate interventions.

In the meantime, we can only offer recommendations for psychological support based on existing
best practices and research done with other disease populations. It is also important to recognise
that TDT is no longer a disease of childhood – and if the patient receives the appropriate care, they
can live a relatively normal life. Today, for patients, thalassaemia has to be viewed as a life-long
chronic problem. 

3. PRACTICAL CONSIDERATIONS

Recommendations for standards of care for psychological support require a practical organisational
model. As the specific challenges associated with being a patient with TDT differ throughout
development, a clinical pathway model that starts with the functional landmarks that define the
patient and family experience is helpful (diagnosis-treatment). There are two modifiers to the clinical
experience. Firstly, because TDT is a chronic disease presenting shortly after birth, the natural
growth from infant to adult will shape how patients learn to live with their disease. In the early
stages, patients are dependent on their family caregivers, and as they develop, the patient must
learn to successfully manage their own care. The second is the institutional organisation of clinical
medicine. Paediatrics typically works with the patient and their family while adult medicine works
with the individual patient – although regional variations in practice could exist. This situation
complicates any psychological support recommendations. At each of the landmarks along the
pathway (e.g., point of diagnosis, start of transfusion, initiation of chelation, transition into more
self-care in adolescence, and transition to adult care), patients and families may be more vulnerable
to experiencing psychological sequelae associated with disease management and developmental
challenges commonly experienced during that period of time. Our model of the ‘clinical pathway
of TDT’ is illustrated in Figure 2.

Figure 2. Clinical pathway of transfusion-dependent β-thalassaemia. Abbreviations: OB/GYN, obstetrics
and gynaecology.
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Over the past 10 years, the understanding of TDT has shifted. In high-income countries with well-
developed western medical systems, the disease is no longer viewed as a ‘disease of childhood’ but
rather as a chronic disorder that starts at birth. Because TDT is well-described, with a known set of
symptoms and clinical response, long-term patient survival requires a knowledgeable and
experienced clinical team. The recent availability of gene therapy only accentuates the importance
of a knowledgeable and experienced clinical team, because event-free survival requires a healthy
patient. 

Treatment in TDT is a two-step process. The first step is blood transfusions that begins shortly after
birth. Blood transfusions are needed because of ineffective erythropoiesis and low haemoglobin,
which impacts oxygen circulation. The lack of oxygen makes a patient lethargic leading to a failure
to thrive and can lead to long-term end-organ damage. The impact of receiving blood with
functioning haemoglobin is immediately felt by patients. However, blood cells have an estimated
30-day life span, so a TDT patient needs regular or chronic blood transfusions. Regular transfusion
therapy will lead to iron buildup, that can lead to tissue iron overload, organ damage, and early
patient death. Iron chelation therapy works slowly and requires daily drug intake, where the patient
does not receive an immediate response. In TDT, patients are usually compliant with regular
transfusions but compliance with iron chelation therapy is uneven (see Chapters 2 and 3). 

Patient adherence to their iron chelation therapy is the single-most important action that improves
long-term outcome in TDT. Advances in iron monitoring and chelation have changed the
expectation of patient long-term survival [89, 90], and published studies suggest adherence rates
for oral iron chelation as high as 90% [91], more typically 63% [15] and as low as 42% [92]. These
data appear to be higher than the previous generation of iron chelation that required subcutaneous
drug infusions for 8-12 hours 5-7 days a week. A recent Cochrane review of ‘Interventions for
improving adherence to iron chelation therapy in people with sickle cell disease or thalassaemia’
suggests that the higher adherence reports with iron chelation could be an artefact of trial
participation. Critically, the ‘certainty of evidence’ for adherence interventions was ‘low to very low
across all’ outcomes in the review, and only four trials ‘measured quality of life with validated
instruments’ and they ‘reported no difference in QOL’  [93].  

Regardless of any flaws in the published data, the introduction of new interventions has changed
the life-expectancy for TDT patients. For patients who need lifesaving regular blood transfusions,
it is incumbent on practitioners to be alert to changes in the patient’s iron chelation therapy
adherence practices. Change needs to be evaluated at several levels. 

First, evaluation needs to start with measurable organic changes (for further details see Chapter 3):

l Evaluating trends in iron loading: such as serial increases in serum ferritin levels in conjunction
with increasing indications of organ involvement (using magnetic resonance imaging [MRI]
reports).

l Other clinical tests that can be a useful indicator of iron burden: for example, measuring labile
plasma iron (LPI), even though this is largely a research tool, can indicate iron burden [94].

l Bioassays of chelator drug levels can provide an ‘objective’ measure of actual chelator use, but
the tests are expensive for routine application.

Second, patient reported adherence needs to be evaluated. Self-reports of adherence are inherently
unreliable since patient subjective responses are highly variable and dependent on the patient-
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provider relationship. Most reported assessment methods are described in research studies but
can be adjusted for clinical use:

l Basic standardised questionnaires have been devised to assess patient medication adherence.
The most well-known is probably the Morisky Medication Adherence Scale (MMAS) [95].

l Pill counts or empty vial counts (in the case of deferoxamine) have been practiced with variable
results. A refinement on this approach is to use the medication possession ratio (MPR), which is
the proportion of days of medication supply a given drug in a particular time period, divided by
the number of days in the time period [96].

l Medication monitoring devices have also been introduced. These include ‘digital pillboxes’
that have a ‘smart’ vial cap that electronically records the date and time of bottle opening.
This is an expensive tool, and studies have failed to show superiority to self-reporting
questionnaires [97-99].

l Text messaging and mobile phone app interventions are another approach but there is a need
to establish the long-term benefit.

Third, and most important, the patient needs to be engaged in developing solutions for their
practices. A paternalistic (top down) approach, where the physician tells a patient that they have
to do their therapy, will not work. As with parenting, where every parent knows that telling an
adolescent or young adult what they have to do rarely yields the appropriate long-term action.
With TDT, clinicians need to recognise that patients live their thalassaemia every day, many
(especially older patients) know more about the disease burden than clinical practitioners. The
lived experience frames their understanding and ultimately their actions. Finding effective long-
term solutions requires building the patient/provider relationship. The relationship is built around
trust and respect and allows for creative solutions aimed at helping a patient develop a coherent
response to a long-term problem: 

l Taking time to listen to concerns and providing support is the most essential action supporting
patient adherence [100].

l Increasing patient knowledge and understanding of their condition results in patient
empowerment which can encourage adherence to prescribed treatment [101]. As patients age,
discussing laboratory results such as serum ferritin or MRI results, can help engage patients. These
discussions not only enable patients to understand why the tests are needed, but they also inform
them about their overall health trajectory.

l Utilising and trusting the input of the clinical team (other physicians, nurses, and allied healthcare
workers). The team gets to know the patient in different ways. Their insights into the social factors
that shape adherence practice (illustrated, in part, in Table 1) provide a more comprehensive
understanding of the patient’s circumstance.
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Table 1. Common barriers to adherence and suggested interventions.

Barrier Intervention

Lack of understanding concerning 
regimen implementation or importance 

Forgetfulness

Inconvenience

Inconsistent schedule of medication

Side effects of treatment

Length of treatment

Complicated regimen

Social Stigma

Poor supervision

Cultural or religious beliefs

Psychiatric illness

Family psychopathology

Poor social support

Provide age-appropriate education

Set alarms; use visual reminders

Work with the medical team to change the regimen to fit
better with the patient’s lifestyle

Implement a reminder system (e.g., alarms); use a self-
monitoring chart to document completion of tasks

Find ways to help minimise or cope with the side effects

Help the patient find activities to do to during the
treatment

Simplify regimen (with medical team); create a self-
monitoring chart to document completion of each task

Engage the patient in treatment aimed at improving
self-esteem; encourage the patient to meet other
individuals with similar medical conditions

Increase adult involvement and monitoring

Work with family to understand their beliefs and when
possible, adapt treatments to fit within their values

Treat underlying psychiatric illness

Work with caretakers to create an environment that is
conducive to encouraging adherence (e.g., decreased
conflict, increased communication)

Help the patient/family find resources within their
community; encourage the patient to meet other
individuals with similar medical conditions

Whatever other method is used to engage patient adherence, it is important to remember that β-
thalassaemia is no longer a ‘disease of childhood’, it is a lifelong chronic disease. Patient adherence
requires constant, periodic assessment. This lifelong relationship has negative side effects on the
provider and the provider team. The amount of time required to build and sustain the relationship,
can result in staff fatigue, burnout, and information overload. Often, the time commitment to build
and sustain the patient-provider relationship runs against the artificial limits imposed by the
healthcare reimbursement system. Developing a workable solution requires a non-combative and
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collaborative ‘monitoring’ and ‘quality control’ approach by healthcare administrators [102].
Devising approaches that help maintain a close relationship with the adult patient is essential to
ensure compliance.   

Systematic studies to examine different intervention modalities that may help patients and families
effectively cope with the particular challenges inherent at each time point are needed. These should
address how early ‘upstream’ familial experiences impact ‘downstream’ patient adherence
adaptations and long-term survival. As most of the existing literature consists of descriptive reports
and cross-sectional studies, the following practical recommendations are largely based on what
we know from our clinical work and/or research with other chronic illnesses.      

3.1. Point of diagnosis 

Parents will undergo a series of changes after their child is diagnosed with β-thalassaemia (shock,
denial, sadness/anger, adaptation, reorganisation) [103]. One of their most important immediate
concerns is getting reliable information [104]. Learning the additional tasks associated with caring
for a child with β-thalassaemia can be overwhelming to the parent and lead to psychological
distress [19, 21, 83]. Importantly, if parents feel overwhelmed with caring for their child, effective
management of the illness may become compromised [105]. To minimise these feelings, effective
psychological support of parents around the time of diagnosis should include:

l Providing necessary information about β-thalassaemia. This needs to be repeated several times
for full comprehension. Efforts at providing leaflets or links [QR codes] to more information may
improve the understanding.

l Opportunities to ask questions and share concerns.

l Occasions to meet parents of older children diagnosed with β-thalassaemia, as this can help
increase social support and confidence, while decreasing feelings of helplessness and
hopelessness.

l Enabling families to interact with each other may help them realise that they are not alone in this
journey.

l Access to psychosocial clinicians who can help them explore and manage their feelings of loss
in a constructive manner.

It is especially important to help parents accept and learn to effectively cope with their child’s
chronic medical condition at this early stage. This is because parental behaviours and attitudes
throughout development will lay the groundwork for how children will cope with their condition.
Parents who demonstrate healthy coping and understand that a well-managed patient who
adheres to his/her therapy can live a successful life [106] will help their children to learn to make β-
thalassaemia a piece of who they are, rather than what defines them. Introducing the family to an
appropriately experienced family with a child who has β-thalassaemia can be a helpful learning
experience for parents of young children. 

3.2. Start of blood transfusion 

The best ways to provide psychological support aimed at helping children effectively cope with
invasive medical procedures has been widely studied [107-112]. It is essential to help parents
and children engage in effective coping strategies as soon as developmentally appropriate, as
the experience of distress during a medical procedure has been found to be predictive of
distress during future procedures [113]. 
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Starting at a very young age, children often look to their parents for signals on how they should
react in anxiety-provoking, novel situations. In one study, parent behaviour during an invasive
medical procedure accounted for 53% of the variance in child distress behaviour [113].
Providing information about the procedure prior to the actual procedure and giving the parent
a job to do (e.g., distract the child), is likely to reduce parental anxiety, with positive indirect
benefits for their children. However, if parents are not able to remain calm in front of their
children during procedures such as blood transfusion, it is helpful for clinicians to give parents’
‘permission’ to leave the room and instead consider including the presence of another
supportive adult.

Specific coping strategies aimed directly at the child have been particularly useful in helping
children cope effectively with invasive medical procedures. In a meta-analysis of psychological
interventions for needle-related procedural distress in children and adolescents, ‘distraction’
was found to be one of the most efficacious coping techniques [114]. In fact, a recent study
conducted with patients with thalassaemia found that bubble blowing during an injection
helped reduce anxiety [115]. Importantly, distraction techniques should be adapted to the
child’s interest and age/developmental level keeping in mind their socioeconomic background.
It is particularly useful to encourage parents who engage in excessive reassurance to instead
focus on distracting their child, as reassurance often amplifies fear and distress [116], likely due
to refocusing the child’s attention on the fearful and painful aspects of the situation.   

As children get older, they may ask for more information about transfusions or other invasive
medical procedures (e.g., MRI).  Fostering trust, reducing uncertainty, correcting misconceptions,
enhancing the belief in their ability to cope with a procedure, and minimising distress are some
of the potential benefits of providing advance information about a procedure to a child [117,
118]. Effective pre-procedural information should include:

l A developmentally appropriate verbal explanation of what the child will see, hear, feel, and
smell during, before, and after the procedure.  

l Minimally threatening, but accurate information, as children who are given information that
turns out not to be true (e.g., “you will not feel a thing” when in fact the child is liable to
experience some pain), are more likely to distrust their parents and/or the medical team,
which may affect future interactions.  

l Use of visual aids (e.g., books, pictures, models, videos). 

l Where possible, medical play can help young children understand their therapeutic regimen
[119-122]. 

l Time for the child to ask questions.  

In ideal clinical settings, a child-life specialist should be included on the treatment team. Child
life specialists are health care professionals who have the specific training to understand the
impact TDT has on children and can help them and their families navigate the complex
processes needed to not only understand their treatment, but provide them with the necessary
life-long skills not just to manage their clinical needs but to live with their disease.  
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3.3. Initiation of iron chelation

Parents need to be provided with support and guidance about choosing which type of
chelation is best for their child. For example, although oral chelators are associated with less
distress and better QOL in older patients, due to specific developmental characteristics of very
young children (e.g., transient food preference, oppositional behaviour, unpredictability), this may
not be true for some children in this age group [123]. Parents of very young children need to be
encouraged to carefully consider their chelation options and determine which option best fits with
their own capacities and their child’s personality characteristics. 

When starting iron chelation therapy, parents should be encouraged to develop consistent routines
around medication taking.  Developing predictable routines around a child’s medical regimen
makes these tasks part of the typical daily schedule, thereby fostering good adherence by
minimising several of the problems often associated with adherence difficulties (e.g., forgetting,
conflicts about when to take the medication) [123, 124].  

Behavioural interventions which include increased monitoring and incentives for meeting goals
have been shown to be successful at improving adherence in patients with thalassaemia [125].  The
use of incentives may be particularly useful for paediatric patients who do not yet understand the
intrinsic value of adhering to an undesirable medical regimen. These may include verbal praise,
stickers or small toys or other incentives earned either immediately or over time, for cooperating
with daily chelation. By pairing a positive outcome (e.g., sticker, toy) with an aversive stimulus
(chelation) the child develops a positive association with the aversive event, increasing the
likelihood that the child will perform the behaviours again in the future.  

At various times along the clinical pathway, patients may struggle with chelation adherence [4].
When this occurs, it is essential to identify why the patient is having difficulty following the
prescribed plan.  Interventions that do not consider the specific barrier to adherence will have
limited success (see Table 1 for common barriers and suggested interventions). In general, effective
interventions aimed at improving adherence usually:

l Incorporate behavioural or multiple strategies.

l Include patients (and parents) in the development.

l Start from where the patient is at, gradually increasing goals.

l Revise over time.

Older patients often make remarks such as “I am tired of doing this”, “I don’t want to”, or “I need a
break”. Many often take the break. This ‘voluntary non-adherence’ is difficult to assess, and many
treating physicians do not attempt to study this in their patients. The 5 Whys analysis is a problem-
solving technique that involves repeatedly asking "why" to identify the root cause of an issue and
may help in such situations. It is important to continually monitor every patient’s adherence to iron
chelation therapy. 

3.4. Adolescence and transition to increased self-care

Adolescence is a time when adherence to daily medical regimens often declines [43].  Frequently,
the transition of responsibility from the parent to the adolescent occurs before the patient is
emotionally ready, resulting in poor adherence.  Because adolescents are vulnerable to having their
decision-making driven by their desire to be independent and to fit-in with peers, parents need to
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continue to play an active role in monitoring adolescents self-care. Shared responsibility between
the patient and caregiver has been found to be associated with better adherence [4, 88].  

Also, to avoid the negative consequences of abrupt shifts in responsibility, the transition of
responsibility needs to:

l Occur gradually over time, starting when children are young (e.g., help gathering supplies) and
increasing their involvement as they mature.

l Teach older patients how to take over responsibility for often-overlooked tasks, such as ordering
supplies and making medical appointments.  

3.5. Transition to adult care

One reason why adherence may be lowest in young adults [43] is because of insufficient
psychosocial support as patients transition from paediatric to adult medical providers.  Often the
transition to adult care providers happens in an abrupt manner, leaving the patient unprepared
for the shift to adult medicine [126, 127]. Discussions about transitions should occur well in advance
of the actual transfer in care and should include an exploration of the patients concerns and how
they will prepare for and manage the changes inherent in moving from a paediatric to an adult
medicine clinic [128]. This plan can result in fewer cases being ‘lost to follow-up’ [129]. A well-
coordinated transition plan includes:

l Long-term plan that starts with orienting pre-adolescent patients for the change.

l Annual assessments of a patient’s preparation for transition.

l Multiple opportunities to orient the patient to an adult clinic, adult care practices, and the adult
care system.

l Multiple overlapping visits with paediatric and adult haematologists.  

4. PAIN IN THALASSAEMIA PATIENTS

Pain is a concern for patients with β-thalassaemia. However, reports of pain in TDT are relatively
recent [130]. Pain appears to increase in intensity and frequency with age [42, 131]. Because pain
appears more frequently in older TDT patients, it presents a new problem.

The presence of pain usually indicates an underlying organic source, but in β-thalassaemia there
is a lack of understanding of pain symptoms and its organic cause. The presence of pain in non-
thalassaemic adults is associated with decreased social function and increased depression
[132-136]. For most patients who report the presence of pain, their response and choice of clinical
intervention solutions is predicated on how they understand the source of the pain. If chronic pain
symptoms are not modulated, patients are at risk of choosing non-clinically managed
pharmacological solutions. 

Because there is a lack of understanding of the relationship between TDT pain symptoms and its
organic cause, effective pain management strategies do not exist. If thalassaemia presents with
pain symptoms, an effective treatment plan requires conducting a careful clinical evaluation to
identify the underlying cause.  Depending on the site of pain, there should be a consideration
of clinical studies such as: bone mineral density assessment, MRI/X-ray evaluation to assess
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musculoskeletal deformities or recent injuries, and an evaluation of average haemoglobin levels
(since medullary expansion and extramedullary haematopoiesis can cause bone pain) to elucidate
the sources of pain [130, 137, 138]. Bone pain is also a common side effect of some novel disease-
modifying agents such as luspatercept [139]. Based on these findings, a pain management strategy
can be developed. Pain management plans can include pharmacological and nonpharmacological
interventions; however, because most thalassaemia pain appears to be chronic, strong
consideration should be given to nonpharmacological interventions such as:

l Physical Therapy

l Acupuncture/acupressure

l Massage

l Deep breathing

l Guided imagery

l Progressive muscle relaxation

l Hypnosis

l Biofeedback

l Mindfulness training

Until the underlying organic studies of thalassaemia pain are conducted, clinicians need to routinely
ask if the TDT patient has the presence of pain. If they report on having the presence of pain, then
patient pain symptoms management strategies need to be routinely assessed. Clinicians should
encourage patients with pain to engage in a variety of empirically validated [140-143] cognitive
and behavioural coping strategies which have been shown to successfully help patients manage
their pain and distress through learning how to regulate their emotional and physical responses
to pain.  

5. IMPORTANCE OF SOCIAL SUPPORT THROUGHOUT DEVELOPMENT

As social support has been found to play an important role in the psychological functioning of
children and their families [144], starting from an early age, patients and their families would
benefit from:  

l Deciding how to present information about the patient’s medical condition to friends and
family.

l Learning about the harmful effects (e.g., feelings of shame) of keeping thalassaemia a secret.

l Relying on existing friend, family, religious, and community supports.

l Meeting other patients and families with chronic medical conditions through attending
camps, events sponsored by specific illness foundations, or one-to-one meeting facilitated
by a clinician.

There are many other opportunities to provide psychological support. For example, as children
with TDT frequently miss school for medical appointments and transfusions [26], which can
negatively impact school functioning [145], parents should be encouraged to educate the
school about their child’s condition and to set up plans which support the child when he/she
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needs to miss school.  Further, patients with TDT may be vulnerable to experiencing cognitive
deficits [67-75, 146-149]. If there are concerns from parents or the school, it may be valuable
for patients to participate in neuropsychological testing to assess for any concerns and provide
recommendations that could help support the patients learning potential. 

6. PSYCHOSOCIAL SUPPORT THROUGHOUT THE LIFESPAN AS PART 
OF STANDARD CARE 

As social and emotional concerns can occur anywhere along the lifespan and such concerns can
have an impact on the patient’s QOL and physical health, opportunities for regular psychological
support should be part of the treatment plan of all patients with TDT. This is best accomplished
through a comprehensive team approach used by thalassaemia centres of excellence found in
high-income countries. The teams include multidisciplinary allied health specialists including skilled
nursing staff, psychologists, social workers, and other specialists such as family or child-life
specialists. These health providers are better equipped to assess any social, emotional, or cognitive
concerns and intervene with additional support when necessary. If the team members regularly
meet with patients and their families, it allows multiple communication pathways to be built. They
would be able to actively investigate and address key patient concerns such as body image issues,
fear of co-morbidities, and fear early death. An effective team that is centred on improving patient
response to therapy can take advantage of the multi-dimensional understanding of a patient, to
create interventions that work for the patient. This is especially important when the team tries to
build a novel adherence strategy for a patient. The different information pathways are also
important for monitoring commonly seen symptoms of anxiety and depression and determining
when those symptoms become psychiatric disorders that need early psychotherapy or psychiatry
referrals, in order to prevent long-term health consequences.  Importantly, through the inclusion
of psychological support as part of the standard care, some of the stigmatisation  associated with
seeing a therapist may be removed.   

Because TDT has become a chronic condition that begins at birth, there is a need for a
comprehensive care framework that offers multidisciplinary care that spans both paediatrics and
adult care. Because costs are a challenge, there are generally distinct choices of where national
investments are made. Paediatric multidisciplinary teams are common in the US model of
healthcare delivery for TDT. The US paediatric centres exert a significant level of energy to provide
young patients with the tools they need to survive into adulthood. As young adults, they are then
transitioned to systems where comprehensive care is not available where patients become ‘lost to
follow up’. In the UK, healthcare resources are aimed at supporting the workforce. Multidisciplinary
teams are accessible for adults, but non-existent in paediatrics. Centres in the UK have to commit
a high level of psychological resources aimed at providing the TDT patient with the necessary tools
that allow them to learn to become a functional (working) adult. For many, learning the skills are
often challenging, because they were not introduced to them at an earlier age. Efforts to bridge
the UK and US models can be found, but finite resources usually require rationing access to
multidisciplinary centres of excellence, or by forcing a limit on the services provided by these
‘centres. This situation is clearly suboptimal because TDT is no longer a disease of childhood, but a
clearly described life-long chronic condition that begins at birth. In low- and middle-income
countries, providing regular blood transfusion and iron chelation are themselves a challenge, and
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hence the focus on psychosocial support takes a back seat. Innovative, out-of-box thinking
incorporating team-building and social integration skills with the help of volunteers can
sometimes lead to improvements and merits further experimentation [150]. We need a new
model for healthcare resource allocation and delivery that can address the new reality of TDT,
a genetic condition that impacts patients across the lifespan. 

The system needs to address the distinct needs of the impact TDT has at the paediatric level
(where patient care is mediated by families), and care provided to individual adults. In
paediatrics, we know that emotional, financial, and psychological burdens caused by frequent
visits and hospitalisations for blood transfusions can overwhelm a family leading to family
conflicts, relationship breakdowns, and harmful coping mechanisms like substance and alcohol
addiction. Early intervention and familial support can help families prepare for helping their
child become an independent and productive societal member. In high-income countries, well-
supported TDT patients are attending colleges and universities and training to become highly
productive professionals in the workforce. Patient success requires institutional support from a
comprehensive system of coordinated care that includes not only members of the immediate
clinical team but also allied health team that includes psychological and social support
professionals. Long-term patient support also extends beyond the clinic to support groups that
provide patients and their families with emotional and practical support. While these groups
can collaborate with treatment centres, they also offer a helping hand during critical times,
making both patients and their families feel less isolated and better prepared to manage the
demands of TDT care. 

Despite thalassaemia being the most common genetic disorder, it remains a rare condition.
Successful management requires a public health team that oversees care across a geographic
region. Public health authorities can act as a bridge between the family and the treatment
centre, ensuring that the family’s medical and psychosocial needs are consistently met.  This
requires regular communication and collaboration with the treatment centre to ensure that
families are properly guided, their concerns are addressed, and they can access additional
resources when necessary. The integration of psychosocial support into thalassaemia care,
allows families to navigate the complex challenges of managing the disease, that reduce the
risk of family disputes, emotional distress, and maladaptive coping mechanisms and will enable
TDT patients to become productive members of society. 
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KEY POINTS AND RECOMMENDATIONS

1. Despite a general lack of large scale, randomised, controlled trial evidence conducted with
patients with thalassaemia, there are innumerable cohorts or case-controlled analytical studies
to suggest that psychological well-being has an impact on adherence to treatment for chronic
diseases in general (Grade B). 

2. In thalassaemia, the published reports to demonstrate this linkage are mainly descriptive
studies (Grade C). A systematic review would suggest that recent efforts are more towards
Grade B investigations (usually ancillary studies attached to robust controlled trials in other
clinical areas). However, the lack of uniform instruments and standardised measurements
weakens this assessment. The findings to date suggest that:

l Psychological well-being impacts on adherence to iron chelation therapy in transfusion-
dependent β-thalassaemia (TDT) and hence on survival (Grade C). 

l Patients with TDT are vulnerable to experiencing psychological challenges (Grade C).

l Patient reported outcomes (PROs) show that oral chelation therapy has a beneficial impact,
relative to parenteral chelation (Grade B).

l Neuropsychological investigation of cognitive deficits shows that there are clear intellectual
and psychopathological problems in a very limited number of TDT patients (Grade B).

l Benefits of psychological support have been suggested using a variety of approaches (Grade
C) which include:

- Targeting changes in institutional organisation practices 

- Patient group sessions 

- Family therapy 

- Interventions with coping strategies, emotional intelligence, mindfulness, and cognitive
behavioural therapy

- Patient chelation camps 

l In all chronic illness, continuity of comprehensive care across the lifespan is essential for long-
term, beneficial health outcome (Grade A). 

l Institutional organisational support for multidisciplinary teams is essential (Grade A).

l There is a growing body of evidence that highlights the problems associated with transition
from paediatric care to adult medicine in inherited chronic disease (Grade B). 

l Rare and neglected diseases complicate resource allocation models and lead to notable
health disparities (Grade A). 

l In thalassaemia, these problems are known and reports from expert committees recommend
addressing them, but there are no formal studies of the problems, much less any standardised
evidence (Grade C).

3. While Grade A and Grade B evidence for psychological support in thalassaemia is scarce,
experience in several large thalassaemia centres strongly suggests that psychological well-
being is key to adherence and to outcome:

l Expert psychological support has to be available at all centres specialising in TDT care
(Grade C). 
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l Additional psychosocial support provided by trained specialists (e.g., social workers or family
or child health specialists) should be tailored to the patient’s age:

- Children (in general Grade A, TDT Grade C)

- Adolescents - transition (in general Grade B, TDT Grade C)

- Older adults - pain issues (in general, Grade A, TDT Grade C)

4. Funding for clinical psychological support services could be more widely achieved if well-
designed, multi-centre, interventional studies using common standardised instruments were
undertaken to evaluate the benefit of psychological and psychosocial support to treatment
adherence. The use of established behavioural and social science approaches in such studies
needs to identify the active components of ‘psychological support’ that are most applicable to
patients with TDT.
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INTRODUCTION

The lifelong and multiorgan nature of transfusion-dependent β-thalassaemia (TDT) are well
reflected in the very content of these guidelines. As patients advance in years, the basic needs in
blood transfusion and iron chelation, even if and when provided appropriately and in accordance
with international standards, gradually become inadequate to sustain life, maintain wellbeing, and
achieve social integration. For this reason, specialists in several medical disciplines including but
not confined to heart, liver, and endocrine, are called upon to contribute by monitoring and offering
proactive management of iron toxicity and organ dysfunction in their field of expertise. These
considerations and needs lead to significant and multiple challenges in the organisation of
integrated services so that the best possible conditions for patient care are achieved. 

Historically, efforts to recognise and address the unique and evolving needs in managing 
β-thalassaemia and other haemoglobin disorders have led to a variety of tailored approaches
(Table 1). Initially, these strategies focused on regions and countries with high disease prevalence,
promoting specialised, targeted services for patients. Over time, collaboration across countries
strengthened these efforts, advancing the effectiveness of care for haemoglobin disorders
worldwide.

Provision of specialised care extended beyond transfusion and iron chelation, even before they
began to be recognised as an absolute necessity, in those centres and countries where: 

1. There was high disease prevalence amongst the population whether in the indigenous (e.g.,
Cyprus, Greece, Italy) or in the well-established and integrated migrant population (e.g. United
Kingdom [UK], France).

2. The scientific community and the national health competent authorities recognised the extent
of the medical, public health, social, and economic repercussions of the disorders in the absence
of any effective national policies for their prevention and appropriate management. 
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Under these circumstances, haemoglobinopathies were prioritised on the country’s national health
agenda. As a result, disease-specific policies and programmes were developed with national
coordination and full financial coverage. This approach enabled patients to live longer, age, and
enjoy a good quality of life.

As prognosis improved significantly, it became obvious that more was needed to be done to
continue addressing patients’ evolving needs effectively:

1. Commitment from governments and competent authorities: there was a need for continued
commitment from governments and relevant authorities to continue strengthening the
prevention programmes for these disorders as it was fully recognised that by limiting the number
of new annual affected births, more resources could be directed towards enhancing the quality
and range of services provided to existing patients to cover both medical and social needs.

2. Engagement of medical and scientific communities: it became essential for medical and
scientific communities to accumulate knowledge and experience in managing the long-term
morbidities patients faced as they aged. Recognising this need, other medical specialties,
particularly cardiologists (due to heart-related complications often being a leading cause of
morbidity), and endocrinologists initially, hepatologists, psychologists, and other specialists
began to come to the forefront of care. This marked the beginning of a multidisciplinary approach
to effectively address the comprehensive needs of patients with these disorders. Over time, the
effectiveness of this approach became evident, as increased knowledge and collaboration across
various medical disciplines led to significant improvements in patient outcomes, increased
survival, reduction in the development of morbidity, and achieved social inclusion.

The global β-thalassaemia patient community is extremely grateful to these countries for
accumulating valuable data and in bringing medical specialities into their work, which supported
the development of the multidisciplinary approach globally; and indeed the first medical

Table 1. Different approaches for organising care in β-thalassaemia.

        Approach

1. Within haematology departments: development of red blood cell (non-malignant) clinics
separate from malignant haematology services

2. Dedicated space within paediatric units where patients remained well into their adolescence and
in many cases into their adulthood

3. Dedicated space within haematology units (amongst malignant haematology/oncology patients)
or transfusion centres of hospitals

4. Development of “independent” β-thalassaemia units/centres based on outpatient principle
attached to/associated with tertiary level hospitals 

5. Within general paediatric or paediatric/oncology or general haematology wards/clinics without
any arrangement for a dedicated space or development of specialised services

6. Development of centres run by patient non-governmental organisations in collaboration with
pharmacists, the Red Cross, and health care professionals
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professionals who were involved in this approach constituted the first authors of published work
and guidelines of the Thalassaemia International Federation (TIF).

The integration of specialised multidisciplinary care services into the management of patients with
TDT brought about the need for specialised, disease-specific training/education of the different
medical specialties, along with multiple organisational challenges to ensure appropriate
coordination. Where such steps were taken, mainly in those countries that initially demonstrated
political commitment to effectively address these disorders and where these, led to successful,
meaningful integration of services (including active research activity), ‘Reference Centres’ began
to spring up. The terms ‘Reference Centre’, ‘Centre of Excellence’ and ‘Expert Centre’ are often used
interchangeably. TIF is using the term ‘Reference Centres’ to define those that fulfil the criteria
discussed in this Chapter. The European Union (EU) and other bodies may have different
interpretations.  

The first of such centres were developed in the 1980s in Mediterranean countries including Cyprus,
Greece, and Italy, and subsequently in the UK and France; with the latter more in the context of
wider national strategies for rare disease. In all cases, at least initially, the centres established in
those countries were developed without any structured or specific criteria. The patient care
pathways and quality standards that these centres developed through the years became the core
and solid basis for setting the criteria in later years for defining the role a Reference Centre for
haemoglobin disorders should be fulfilling. Gradually, these first centres were officially, and not
only by reputation, assigned by the country’s national competent authorities as Reference Centres
undergoing regular and professional reviews of their quality standards. Patients with haemoglobin
disorders within, and gradually from outside these countries began to be referred to these centres
by their treating physicians for consultation, second opinion, or for receiving specialised services
that did not exist in their own area, region, or country. 

In most countries, particularly in low- and middle-income regions where over 80% of patients with
haemoglobin disorders live, several challenges have hindered progress in effectively managing
these conditions. These challenges include underdeveloped healthcare and public health
infrastructures (such as haematology, primary healthcare, and transfusion services), a lack of
universal health and social care coverage, and economic constraints. Additionally, many of these
countries prioritise other urgent health issues, including communicable diseases and prevalent
non-communicable diseases, which limits resources available for advancing management of
haemoglobin disorders.

In some cases, national authorities have encouraged non-governmental organisations, such as the
Red Cross and patient advocacy groups, to support efforts in managing haemoglobin disorders,
helping to address gaps in the healthcare system. These have evolved throughout the years in
collaboration with medical and other healthcare professionals’ essential services for patients,
although mainly confined to the provision of transfusion services and iron chelation therapies.
Certainly, in such setting, the provision of any extended specialised treatment is not possible.
Therefore, patients would need to be referred to hospital settings; sadly, in an uncoordinated
manner, and to medical professionals who (in the greatest majority) do not have specialised
knowledge of the treatment of medical complications related to haemoglobin disorders. 
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The work of TIF for more than 35 years in over 60 countries across all regions of the world has
exposed the naked truth: the development and integration of multidisciplinary care  services into
the management of patients with these disorders and the promotion and establishment of
Reference Centres are to-date components of care that are far from being adopted or implemented.
Such components are provided to less than 2% of the patients globally, constituting a severe
violation of their rights both as humans and as patients. Such advances can only happen if and
when the basic, essential medical care in a centre or across a country has reached appropriate
quality levels and this can only happen when the medical and public health infrastructures and
quality standards are adequately strengthened. The young age of patients in the great majority of
these countries as demonstrated by TIF in its Global Thalassaemia Review [1], a deliverable of the
joint work of TIF with the World Health Organisation (WHO), and who commonly do not reach ages
beyond twenty or thirty years, confirms the fact that they are still receiving suboptimal basic care. 

2. MULTIDISCIPLINARY CARE

Bringing fragmented services together in an organised, collaborative manner and adopting
international guidelines and standards of care is indeed very challenging, but it has been
demonstrated beyond any doubt that such an effort maximises patients’ benefits and facilitates
their very cumbersome treatment pathways with timely interventions. The value of such an
approach is reflected in the improvement of outcomes [2], including both clinical and social
outcomes as demonstrated in some countries; while at the same time, leading to the creation of
cost-effective services which are of benefit to both the healthcare system and public health [3].

In many centres, the multidisciplinary approach to β-thalassaemia care is even misunderstood as
simply having a specialist to refer to, only when a complication has manifested. On the contrary,
the whole concept of multidisciplinary care as an essential component of a Reference Centre relies
on the availability of proactive, regular, qualitative, and specialised surveillance and interventions.
In this context, different medical specialists should be involved well before the appearance of
complications, i.e. through regular involvement early in the patient’s life. In a multiorgan disease
like TDT, there is no doubt as to the necessity and benefits of this approach and TIF has focused
considerable attention on promoting this concept and on creating those tools and advisory groups
that could support it. 

Since the issue of communication is central to the functioning of the multidisciplinary care team,
ensuring its effectiveness is important and this can be achieved through expert leadership and  in
a number of ways including:

l Joint clinics 

l Regular team meetings

l Case conferences

l Sharing of results, along with interpretation and discussion for joint decisions 

l Using electronic disease-specific medical records with full access to all members of the team 

l Involving patients in the discussions and decisions which concern their lives is critical and every
effort should be made by all to establish a well-structured and regular programme of active and
meaningful patients’ engagement
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An example of the structure of an interdisciplinary team for the care of TDT as extracted from some
well-established Reference Centres in the UK and EU with successful patient outcomes [4] is
presented in Table 2. Many other important healthcare specialists are needed particularly when
the centres are treating sickle cell disease patients as well, which is the usual case in most centres
across countries. Several French and UK multidisciplinary groups (e.g., UK Forum for Haemoglobin
Disorder) now exist and fully dedicated to care of haemoglobin disorders. The Italian Society of
Thalassaemia and Haemoglobinopathies (SITE) has also published multiple guides on various
aspects of multidisciplinary care and good clinical practice for patients with haemoglobinopathies
[5, 6]. 
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Haematologist/
paediatrician/internist

Specialised nurses 

Cardiologist

Endocrinologist 

Hepatologist

Psychologist/social
worker 

The physician in charge of routine care, including monitoring of iron
overload. Usually coordinates the multidisciplinary team. Supported by
other more junior physicians according to the number of patients.

Specially trained and experienced haemoglobinopathy nurses who, apart
from routine duties like supervising blood transfusions and triage of
patients, because of their closer contact with patients, have a significant
role in counselling and psychosocial support.

With special interest and experience in the cardiac complications of β-
thalassaemia. Monitors all patients from childhood, collaborates with the
lead physician on any management modifications and takes charge when
complications like arrhythmias arise.

Monitors all patients from early adolescence for these very common
complications of β-thalassaemia. Apart from liaison with the
multidisciplinary team, there is collaboration with gynaecologists in the
case of infertility and pregnancy. Also, part of the team managing bone
disease.

Liver function from is monitored from an early age by the clinic team, but
persisting disturbance of liver function, iron overload, viral hepatitis, and
overt hepatic disease (increasingly common in older patients) require a
consultation with a liver specialist.

Essential supportive services and should always be part of the team. Many
issues may not be recognised by other physicians or nurses and periodic
visits to the psychologist could bring matters to the surface for all patients.
Referral should not be restricted to when acute emotional problems arise.
Especially where universal health coverage is not available, financial
hardship and social isolation can contribute to negative patient outcomes.
Support for the healthcare team may also be necessary.

Specialty Description

Table 2. Structure of a multidisciplinary team for the care of transfusion-dependent β-thalassaemia.
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3. PAEDIATRIC-TO-ADULT TRANSITION 

A significant challenge recognised globally throughout the years is the paediatric to adult
transition. In chronic lifelong diseases, including β-thalassaemia, there is a need for continuity
of comprehensive multidisciplinary care across the lifespan for best long-term outcomes. The
period between 12-25 years of age is a time of significant change developmentally and socially.
Young adults face challenges of managing their disease, while exploring new opportunities
that come with becoming an adult including relationships, education, and work. As young
adults begin to navigate these changes, it is important that they are supported and empowered
to continue to manage their disease. Often as seen in many chronic illnesses including sickle
cell disease, the move from a paediatric to an adult setting can be stressful and is associated
with medication non-adherence, loss to follow up, poor clinical outcomes, reduced quality of
life, and increased mortality [7].

In TDT, very little has been published on transition and a very small percentage (less than half )
of patients participate in a dedicated transition programme between age 12-25 years [8]. TIF’s
experience and knowledge on this matter confirm that a significant percentage of the patient
population across country members are in fact still being looked after by paediatricians in
paediatric centres/clinics beyond the age 12-25 years. Most individuals’ experiences would be
termed ‘transfer’, which is the simple movement of the patient and medical records from one
healthcare provider and facility to another. ‘Transition’ instead is a planned process that supports
adolescents and young adults with chronic health conditions to move from a child-centred to
adult-oriented healthcare providers and facilities [9]. The main goal of transition is to empower
and enable young adults to manage their own health care and access health services effectively.
An organised transition process also allows young adults to prepare for the transition, transfer,
and finally integrate into adult-centred health systems. 

Obstetrician

Oral and dental care 
specialist

Radiology

Bone marrow
transplantation 

A member of the collaborative team in intended and ongoing
pregnancies. Pre-pregnancy counselling along with the haematologist,
endocrinologist, and cardiologist is essential but teamwork during
gestation is also necessary for good outcomes.

All patients should be routinely monitored for dental and maxillary
complications at least yearly.

Equipped with magnetic resonance imaging for tissue iron quantification
of the heart and liver with calibrated software to ensure accuracy and
reliability of iron measurement. 

Specialised unit with experience in haematopoietic transplantation for
haemoglobin disorders. Pre- and post-transplant close follow up with the
core team.
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Barriers to transition may result from patient factors, health system factors, and disease-specific
factors [10]. When asked, adult patients usually highlight the lack of β-thalassaemia knowledge
by adult providers, fewer β-thalassaemia-specific resources, limited transfusion facilities, and
poor communication between provider and patient, amongst others [11, 12]. There is much
variability in paediatric to adult transition when it exists, with no standardised guidelines or
health care plans, programme organisation, resources, and accessibility across and within
countries. 

One approach to transition is the GOT TRANSITION®’s Six Core Elements of Health Care
TransitionTM, which defines the key components of a structured paediatric to adult transition
[9]. This approach identifies six core elements of healthcare transition: i) developing, discussing,
and sharing a transition policy, ii) tracking and monitoring transition progress, iii) assessing self-
care skills and transition readiness, iv) transition planning, v) transfer and integration with
adult-centred care, and vi) transition completion and care with adult physicians. The key to
transition is to begin early around 12 years of age, with frequent opportunities for patient and
family skill building and preparedness assessment. Adolescents and young adults should be
provided with age-appropriate disease information, support and encouragement on taking
responsibility of their own care. Before the physical move to the adult centre occurs, individuals
should be provided with opportunities to meet with the adult team to help alleviate any
stressors. The patient’s records and transition treatment plan should be reviewed with the
patient and the adult care team to facilitate information sharing and clarification of questions.
The lack of adult expertise and poor communication are key barriers to a successful transition.
Hence, investment in the development of an adult β-thalassaemia programme together with a
healthcare transition plan is important to successfully help patients maintain their quality of
life and best clinical outcomes into adulthood.  

Therefore, when establishing Reference Centres, it is essential to address the needs of paediatric,
adolescent, and adult patient populations, including a well-structured transition plan aligned
with the national strategy for managing and monitoring β-thalassaemia and related conditions.
If creating separate units or clinics for paediatric and adult patients, the adult unit must also
accommodate the unique needs of paediatric and young adult patients transitioning into adult
care. This approach may be particularly beneficial in countries with low disease prevalence or
highly effective prevention programmes, where the annual number of affected births is
minimal, and the paediatric patient population is expected to be small.
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4. REFERENCE CENTRES FOR HAEMOGLOBIN DISORDERS: 
THE EU RARE DISEASES EXAMPLE

Considerable work on this topic has been conducted mainly by the European Commission in the
context of its work on promoting quality services for rare diseases across the EU. The many and
complex challenges faced by patients/families and treating physicians in the early and accurate
diagnosis, and management of rare diseases are similar to those that characterise haemoglobin
disorders, which in many EU countries, are classified as rare disorders. However, contrary to the
many thousands of other rare diseases, for β-thalassaemia and other haemoglobin disorders, there
is (and has existed for some time now) ample experience, scientific evidence, and knowledge on
how to implement early and accurate diagnosis, on how to provide specialised monitoring,
implement appropriate management and monitoring of the disease progression, treatment
effectiveness and prevention. 

The European Commission recognised rare diseases as a priority action area since the mid- 1990s
and since then the different EU initiatives addressing rare diseases have predominantly focused
on bringing together scattered resources and expertise across Member States. This is an effort that
is certainly needed in the case of haemoglobin disorders as well – both across Europe, and more
importantly, across countries with developing economies. In the context of this work, the European
Commission established a special committee of experts, the European Union Committee of Experts
on Rare Diseases (EUCERD, from 2010-2013), which focused on developing quality criteria for
centres of expertise for rare diseases in Member States [13] and recommendations on establishing
European Reference Networks (ERNs)  [14] integrated into an EU Directive (2011/24/EU) related to
the application of EU patients’ rights in cross-border healthcare. This was a major step towards more
effectively promoting the sharing of knowledge/expertise and best practices and the creation of
clearer structures and networks in the area of rare diseases by bringing together highly specialised
providers across the EU [15].

Within the 24 ERNs that were established to cover 24 different rare diseases or families of rare
diseases aiming to share best practices for their care and cure, the ERN on haematological diseases
(EuroBloodNet, https//eurobloodnet.eu) is the one focused on rare blood disorders including
haemoglobin disorders. 

Through related EU funded projects, TIF, representing the patient community, contributed along
with other European and international medical and scientific experts in rare anaemias (part of the
European Network for Rare and Congenital Anaemias [ENERCA]) to the completion, amongst other
important deliverables, of a white book titled: “Recommendations for Centres of Expertise in Rare
Anaemias: The ENERCA White Book” [16]. Some of the recommendations and benefits outlined in
Table 3 are encompassed in this white book and together with the context of the EU directive
(2011/24/EU) [15] , underscore how a centre can develop into a Centre of Excellence/Expertise or
Reference Centre by developing and pooling together specialised knowledge and experience as
well as establishing networks between centres of expertise.  From these ideas and policies, when
tailored to the needs and prevailing situation across any country or region of the world, patients
with haemoglobin disorders, the healthcare specialists, and the healthcare systems at large could
benefit significantly, as has been the case with rare diseases across the EU.
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5. THALASSAEMIA INTERNATIONAL FEDERATION COLLABORATING CENTERS

TIF, as a patient-driven umbrella organisation, has a constitutional mandate to continually identify
ways and tools to enhance the quality of care provided to patients with haemoglobin disorders
[17]. Since its establishment in 1986, TIF has placed particular emphasis on promoting work and
efforts in this direction. In this context, it has initiated a new project in 2019, aimed at identifying
and supporting treatment centres worldwide to improve their services and to standardise practices
enabling provision of ‘optimal’ care as recommended and described in TIF’s management guidelines
authored by international experts and authorities in their fields. These centres will be known as
‘TIF’s Collaborating Centres’, with the aim of gradually evolving into national and regional hubs that
offer consultation, expert opinions, and continuing medical education for healthcare professionals.
They will also facilitate patient engagement, participate in research and clinical trials, and regularly
provide recommendations for improvements to relevant competent authorities in their countries.

The ultimate goal of TIF is to establish regional networks of these centres, which will significantly
contribute to the accumulation of knowledge and the exchange of best practices. This initiative
will greatly strengthen the advocacy potential of both healthcare professionals and the patient
community for promoting and achieving further improvements. The key goals of the programmes
are to:

l Provide scientific opinions and advice on key topics in clinical management including accurate
diagnostic techniques, blood safety, correct iron monitoring and dealing with complications
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      Value

1. Providing patients and healthcare professionals access to experts and expertise throughout all
EU Member States, regardless of the country of origin or practice, thereby reducing inequalities
and maximising the cost-effective use of resources 

2. Implementing epidemiological surveillance throughout the EU that gathers comparable data on
patients affected by rare anaemias and launching preventive programmes for tackling rare
anaemias 

3. Fostering best practices for prevention, diagnosis and clinical management

4. Promoting the dissemination of knowledge, the sharing of expertise, supporting research, and
increasing awareness of rare anaemias

5. Facilitating the transposition of the Directive 2011/24/EU of 9 March 2011 on the application of
patients’ rights in cross-border healthcare. The ERN between healthcare providers and Centres of
Expertise is a main point of interest of the directive, especially for rare diseases. The networks will
be a tool to ‘improve the access to diagnosis and the provision of high-quality healthcare to all
patients who have conditions requiring a particular concentration of resources or expertise and
could also be focal points for medical training and research, information dissemination and
evaluation, especially for rare diseases

Abbreviations: EU, European Union; ERN, European Reference Network.

Table 3. Value of Reference Centres for rare anaemias in the EU.
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through a multidisciplinary approach in order to achieve continuous improvement within the
healthcare delivery system for haemoglobinopathies worldwide.

l Establish an international network (if and where possible) of Reference Centres. 

l Improve patient and programme safety in all activities and initiatives.

l Facilitate all patients’ access to expert management and contribute to the reduction of
inequalities in the care that patients receive.

l Provide educational and training outlets for the centre’s staff for stimulating the organisation’s
quality improvement efforts. Secondary centres will have the opportunity to send staff for
training and continuing medical education to the TIF Collaborating Centres.

l Provide networking opportunities with other regional and international treating centres and
benefit from staff training and teleconsultation to enable stakeholders to promote quality
services from central level (government).

l Enhance community confidence in thalassaemia care in all affected countries.

The programme focuses on the application of specific quality standards as these apply to EU
Reference Centres and are also complemented by prerequisites and principles already developed
by the relevant organisations including: The Joint Commission International (JCI) ‘JCI Survey Process
Guide for Ambulatory Care’ (4th Edition, 2019, [18]);  EUCERD ‘Quality Criteria for Centres of Expertise
for Rare Diseases in Member States’ (2011, [13]) and ‘Recommendations on Rare Disease European
Networks’ (2013, [14]); Guidelines for Good Clinical Practice (GCP); American Institute of Health
Quality (AIHQ); US Department of Health and Human Services, Health Resources and Service
Administration Quality Improvement framework; UK National Health Survives (NHS) peer review
of health services for people with haemoglobin disorders (2015 review); TIF guidelines for the
management of thalassaemia (TDT, non-transfusion-dependent β-thalassaemia, α-thalassaemia
(latest editions [19-21]); specific standards such as the International Collaboration for Transfusion
Medicine (ICTMG) ‘Red Blood Cell Specifications for Patients with Haemoglobinopathies: a
Systematic Review and Guideline’ (2018, [22]), ENERCA White Book [16]; the European Haemophilia
Network (EUHANET) ‘Guidelines for the Certification of Haemophilia Centres’ (2013, [23]); and
current literature reviews. 

Table 4 summarises general prerequisites sought by TIF in assigning centres as TIF’s Collaborating
Centres. In addition: (i) there must be evidence of governance and more specifically, health system
support, (ii) free access of patients to treatment modalities, (iii) the centres’ administrative structure,
working hours, and clinical space availability must also be taken into consideration, with the patient
experience in mind, (iv) deficiencies and gaps must be promptly identified and corrected, (v) regular
assessment of the experience and knowledge of professional staff, and (vi) the patient perceptions
of the quality of the services and the relationship with the staff should be monitored regularly
through professional tools and taken into account in quality assessment. TIF considers a number
of these prerequisites mandatory, before a centre is considered for TIF’s assessment as a
collaborating one. Others may need to be developed within an agreed period, while some may be
of lesser importance as they do not interfere to any extent with the capacity of the centre to 
act a TIF Collaborative Centre. Table 5 summarises TIF’s detailed operational standards for
haemoglobinopathy Reference Centres developed by experts following a survey sent to 142 centres
treating haemoglobin disorders [24]. 
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Table 4. Summary of prerequisites for Thalassaemia International Federation’s 
Collaborating Centres.

        Prerequisites

The criterion for recognising any centre as a Reference Centre is certainly the quality of services and
its patient-centred care, and not just availability of various technical components necessary for β-
thalassaemia (and other haemoglobin disorders) care. It includes following national or international
evidence-based guidelines, which allow for good patient outcomes. A Reference Centre must, for
example:

1. Have the capacity to provide expert diagnosis of the disease as well as its long-term complications 

2. Have the capacity to provide expert case management, based on best practice guidelines
including a multidisciplinary approach and psychosocial support. These requirements imply
experienced healthcare personnel in adequate numbers to ensure continuity of care 

3. Ensure that health care professionals work in a structured environment with clearly defined roles
and hierarchy

4. Maintain a patient registry with the ability to report patient outcomes and other epidemiological
information. Electronic information systems must be regarded as essential tools for the provision
of quality services

5. Have regular auditing of clinical and laboratory guidelines 

6. Serve a sufficient number of patients (at least 50 transfusion-dependent patients) to maintain
staff experience (what is a sufficient number of patients is not clear, but a consensus should be
reached)

7. Provide patients with sufficient knowledge and information to promote partnership models and
self-management support 

8. Have a significant contribution to research as evidenced by peer-reviewed journal publications 

9. Establish networks with:

a.    Secondary treatment centres to provide education and share knowledge and expertise as
well as expert opinion on challenging cases

b.   Other Reference Centres nationally if available

10. Establish networks/collaborations with other Reference Centres outside the country, regional and
international, to share best practices

11. Maintain close links with patient organisations and other community resources at national,
regional, and international levels

12. Make a major contribution to educational activities

13. Provide evidence of the improvement of patients’ survival, clinical outcomes, and quality of life
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Table 5. Thalassaemia International Federation’s suggested operational standards for 
haemoglobinopathy Reference Centres. Modified with permission from [24].

        Reference Centres

1. Governance

l The existence of a hierarchical structure, ordained by law and policy. This should include a chief
executive/managing director and a professional team which is coordinated and includes
multidisciplinary services, recognising the complex pathology of haemoglobin disorders

l The administrative structure and staff organisation clearly describes the rules and regulations
of the centre’s services

l A clear definition of the centre’s mission and the existence of policies and programmes to fulfil
the mission

l Ensuring staff qualifications, experience, and continual education

l Staff includes the specialist practitioners who may serve the patients’ needs even if their regular
position is outside the centre

l Monitoring and evaluating the functions of the centre by the management, including staff
performance and patient safety

l The existence of plans for quality improvement and advocacy to health authorities

l Connection with patient support associations, with patient representation on advisory bodies

l Taking into account all stakeholders views regarding matters of priority and focus on any
quality improvement activity. 

l All decisions are based on data, obtained through patient records and outcomes, as well as
any new developments that have been noted through publications and trials

l A culture promoting ethical practices in all aspects of administration and clinical care,
considering internationally accepted patients’ rights.

l Paediatric to adult transition programme in place (depending on country and conditions)

2. Safety concerns 

l Staff education on safety is programmed

l Patient identification is clear in individual records (electronic or paper based), of blood
transfusions, and laboratory results

l There is effective patient communication and explanation of all interventions

l Haemovigilance and pharmacovigilance are practised, including drug safety alerts

l There are evidence-based hand hygiene guidelines

l There are measures to reduce accidents, such as falls in the centre. A secure environment is
planned and regularly inspected. Hazardous material handling and disposal (such as needles),
is part of the centre’s daily procedures

l There are treatment rooms, and resuscitation equipment 

l Fire safety and certification by the country’s fire services is available. This includes regular
testing of any devices required for fire control
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l Cigarette and other smoking is forbidden on the premises

l Emergency procedures are in place in the event of power and water cuts or contamination.
Monitoring water quality is performed regularly

3. Access to care 

l The centre clearly serves benign haematology patients and does not include malignancies as they
constitute a dangerous and vulnerable cohabitator

l Patient flow: there must be adequate numbers of patients of each diagnostic group, at least 50
thalassaemia patients and/or 50 sickle cell disease patients for the centre to be regarded as
experienced

l Continuity of care is safeguarded by low staff turnover and the presence of experienced and
qualified caregivers

l Clinical records with lifetime data are kept

l Multidisciplinary care is provided with a referral system where necessary, and collaboration with
in-patient services

l Networking with secondary centres as well as with other centres of excellence, nationally or
internationally is an added value. A twinning programme with an academic centre is also an
additional advantage

l Any existing electronic health record must fulfil all the requirements of patient safety, including
patient consent, confidentiality and anonymisation in data storage and sharing of data for research 

l Barriers to patient access, including distance, language, cultural or religious barriers are considered
and dealt with

l Respect for patient rights and time is a must in all cases

l Informed consent for all procedures is obtained

4. Partnership model 

l Adequate information to patients/families about the disease and any treatment decisions,
including possible side effects, is always provided

l Patients are given choices about their treatment

l Self-management is encouraged

l Special attention to patient adherence is given and the patient is supported appropriately

l Workshops for patients/families are held regularly, at least once a year

5. Guidelines and standards for clinical care

l Evidence-based national guidelines, put together by experts in the field or international guidelines
(e.g., Thalassaemia International Federation) are used in the centre and adhered to

l Pain screening is performed, and a pain management system is in place 

l Assessing the quality of laboratory and other technologies used to monitor patients is the
responsibility of the clinical team which must alert the providers of any divergent or inaccurate
results

l Infection control procedures are part of the clinical standards of the centre 

l Availability of food during day care is necessary and the quality and nutritional value must be
monitored
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l Blood transfusion procedures and standards according to international directives are kept

l Any medical treatment, such as intravenous fluids and exchange transfusions, are provided
according to standards that ensure patient safety

l Continual medical and other professional education are part of the centres long term programme

l Staff qualifications, skills, knowledge, and experience are defined and described along with the
job description of each

l Staff/patient ratio is defined approximately as 1 doctor per 100 patients and 1 nurse per 50 patients

6. Quality improvement

l Having surveyed all aspects of the service, and noted all strengths and weaknesses, the survey
team will present a report and make suggestions for quality improvement where necessary

l Quality improvement is a systematic approach to changes aiming to upgrade services and correct
any deficiencies in the governance, structure, and functions of the service. Quality improvement
includes better patient experience and outcomes, by changing provider behaviour

l The way in which change is introduced and implemented is a matter of concern and may require
expert advice. In this process the following are considered:

- External influences, such as governmental policies or interest, budgetary support, professional
requirements

- Understanding the issues involved at all levels, including why a problem exists

- Setting goals and monitoring progress

- Choosing the tools to bring about change. These could be skills development,
computerisation, updating guidelines etc.

- Full staff engagement is necessary. There often needs to be a multidisciplinary approach to
change making

- The patient’s voice must be involved in all stages of quality improvement. Patient/families can
also effectively monitor the effects and benefits of change since they experience the whole
‘patient pathway’

- Studying other centres experience in change making: have the changes been successful
elsewhere?

7. Information management

l Patient records (paper or electronic) are kept with due consideration to confidentiality, security
and accuracy of data

l The retention time of records in a haemoglobinopathy setting is lifelong, since the current clinical
condition may be influenced by past events and disease control (such as iron levels)

l Standard diagnosis codes are kept (e.g., ICD10)

l E-health systems are assessed and tested prior to implementation, for quality and patient safety

l Protection against loss, unauthorised access or use is ensured

l Policies and procedures concerning record keeping are clearly directed to all the staff, through
documents and training

l The patient should be clearly identified on each record

l Those authorised to have access to clinical records are clearly defined.
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Through this programme, TIF may provide: i) on-site audit of the centre’s performance by
external reviewers with regards to the quality of the processes, outcomes, and structures
involved in the care it provides to haemoglobinopathy patients, ii) technical support and
recommendations for improvement to reach desired outcomes, and (iii) networking
opportunities with other regional and international centres for the exchange of knowledge and
expertise. 

Successful centres are granted the status of TIF’s Collaborating Centre for Haemoglobinopathies
and provided with needs-based technical support and personalised recommendations for
continuous improvement to reach the desired outcomes. This status is valid for a period of 5
years before the evaluation team is called back to the centre to ensure that quality of care is
maintained and/or improved to the required standards.

This work of TIF is not meant to replace the value of quality assessment tools, including simple
but valuable ones such as audit and peer review, that are already practiced in many countries,
especially in the West. Moreover, it is certainly not meant to replace those of dedicated
accrediting organisations which offer their work at a cost to assess and establish quality
standards in the services provided by health institutions – hospitals, clinics or centres, public
or private. Indeed, TIF strongly encourages competent authorities to adopt such a methodology
where and when possible. 

TIF, through its programme outlined above, mainly aims to initiate an effort towards raising
awareness on the value of multidisciplinary care and Reference Centres in improving survival
and quality of life of patients with haemoglobin disorders, as has already been documented in
a few countries (Figure 1) [25]. It aims to offer a simpler methodology as a first step to support
the upgrading of services provided by treating centres particularly, but not only, of the
developing economies by introducing the practice of multidisciplinary care and by stronger
acknowledgment of the value of pooling knowledge and experience, and sharing best practices
through the existence of Reference Centres. 
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6. THALASSAEMIA INTERNATIONAL FEDERATION NETWORKS

In its efforts to enhance the TIF Collaborating Centres initiative, TIF has taken an additional step to
advance care, knowledge, and advocacy for haemoglobin disorders across diverse regions by
establishing regional haemoglobin disorders networks where prevalence of haemoglobin disorders
is either high or the disorders are considered rare. These networks aim to create a robust platform
connecting patient associations, healthcare professionals, researchers, and other key stakeholders
across their regions to enhance care and awareness. By fostering collaboration and facilitating the
exchange of expertise and resources, the networks seek to significantly improve the quality of care
and support individuals with these disorders. The objectives of the different regional haemoglobin
disorders networks include:  

l Enhancing collaboration: by uniting patient associations and healthcare providers, the networks
foster a collaborative approach to care that amplifies a shared voice for advocacy, ultimately
strengthening policies and resources directed at managing haemoglobin disorders.

l Raising awareness: the networks prioritise awareness among both public and healthcare
professionals. Through educational campaigns and informational resources, they seek to broaden
understanding of haemoglobin disorders and increase recognition of the needs of affected
individuals.

Figure 1. Kaplan-Meier overall survival curves of patients referred to specialised centres (IC) versus
patients referred to nonspecialised centres (OC). Log-rank p <0.0001; hazard ratio of OC versus IC
adjusted for sex (Cox model): 18.1, 95% confidence interval: 4.7-69.0; p <0.001.  Abbreviations: IC,
specialised centre; OC, non-specialised centre. Reproduced with permission from [25].
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l Improving standards of care and supporting the development of Reference Centres:
promoting access to cutting-edge treatments and comprehensive care, the network emphasises
the adoption of best practices and the dissemination of advancements in medical research to
improve patient outcomes and quality of life.

l Policy advocacy: working with government bodies and health organisations, the networks
actively promote policies that support the needs of patients with haemoglobin disorders,
ensuring that healthcare systems adequately address these requirements within national health
frameworks.

Activities that the networks undertake are educational workshops and conferences, resource
sharing such as research data and treatment guidelines, patient support programmes, and research
collaborations.

Currently the following networks have been created and successfully operate: Arab Patient
Associations’ Forum, American Network for Haemoglobin Disorders (ANHD), Nordic
Haemoglobinopathy Forum, ASEAN Thalassaemia Federation (ATF), and Indian Subcontinent
Network for Haemoglobin Disorders.

7. HEALTHCARE COVERAGE AND COST OF CARE

β-Thalassaemia patients and their families around the globe are faced with difficult challenges in
obtaining timely, up-to-date and adequate care (accessible, acceptable, affordable, safe, and
effective) on a daily basis and have to navigate through various different healthcare systems along
with a broad array of reimbursement methods. An ideal universal health coverage within which all
people have access to a full range of the quality health services they need, when and where they
need them, free or without financial hardship is currently the exception rather than the rule [26].
In particular, a full continuum of essential health services, from health promotion to prevention,
treatment, rehabilitation, and palliative care is usually a luxury for β-thalassaemia patients [27]. Few
countries offer free or shared universal health coverage for genetic disorders, while others have
different methods of co-payment either related to national and/or private insurance-based plans
or even point-of-service and out-of-pocket compensation schemes for the coverage of health
expenses. Nevertheless, irrespective of payment structures and levels of coverage, multidisciplinary
care has proven extremely useful for many different diseases and chronic health problems.

Healthcare services are becoming increasingly strained, and healthcare authorities worldwide need
to invest in integrated care particularly in the case of chronic, complex diseases such as the
haemoglobin disorders, to first and above all deliver higher quality services for the patients while
at the same time containing costs. Evidence-based multidisciplinary care constitutes a cost-effective
solution and a financially beneficial choice for national healthcare systems in the long run [28, 29].
Unfortunately, existing evidence of the cost-effectiveness of integrated care is limited for
haemoglobin disorders. Future economic evaluation should target methodological issues to aid
policy decisions with more robust evidence-based, reliable, nationwide data [30].
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8. FINAL THOUGHTS AND VISION FOR THE FUTURE

Provision of multidisciplinary care and existence of Reference Centres constitute a modern clinical
and cooperative approach for the management of complex diseases that require physiological,
psychological, and social interventions with complementary expert consultation. Such care
provided by teams of experts from different disciplines includes health professionals (primary care
physicians, specialists, nurses, psychologists, physiotherapists, etc.), scientists, social workers,
educators, and other health-related employees. The importance of coordination for the
management of chronic diseases becomes even more important for hereditary disorders;
particularly for the management of both children and adults with β-thalassaemia in order to achieve
a much-needed holistic support [31].

It is hoped that the work of every country around the world towards promoting the United Nation’s
(UN) Sustainable Development Goals 2030 [32] and the work of the WHO on disease-specific but
also many other relevant resolutions (EB118/5 on thalassaemia and other haemoglobinopathies
[33] and A59/9 on sickle cell anaemia [34]), recommendations and programmes including blood
and patient safety, will contribute towards achieving significant progress in the prevention and
management of these disorders and will ‘allow’ them to further improve and introduce more
specialised care, as described in this Chapter. 

It is also hoped that the contribution of this updated 5th edition of TIF’s ‘Guidelines for the
Management of Transfusion Dependent β-Thalassaemia (TDT)’, and the work of TIF at large, greatly
supported by the WHO, the UN and its Economic and Social Council (ECOSOC), the EU, a large group
of medical and scientific bodies and experts including the Editors and Authors of this book,  and
very importantly by patients and families themselves, at national and international level, will
contribute to the efforts of every country in providing a better future and ensuring more equity
for patients with β-thalassaemia and other haemoglobin disorders. 

The introduction and implementation of effective, multidisciplinary care programmes are essential
to address the complex needs of patients with haemoglobin disorders, particularly TDT. Non-
governmental organisations like TIF play a crucial role in complementing and supporting the efforts
of governments and official health bodies. Through their expertise, advocacy, and coordination of
resources, they significantly contribute to elevating the quality of services and optimising patient
outcomes.

By fostering collaboration, advancing education, and driving patient-centred support, TIF and its
initiatives, such as the TIF Collaborating Centres and TIF Regional Networks for Haemoglobin
Disorders, have contributed to setting the foundation for a robust framework of care. These
initiatives are not only improving care but also promoting advancements in research and the
integration of innovative technologies, such as artificial intelligence, to streamline information
sharing and improve decision-making for all stakeholders. As TIF’s network grows and evolves, it
will be instrumental in building a sustainable and far-reaching impact on care standards, patient
empowerment, and overall awareness, contributing to a better future for individuals affected by
β-thalassaemia and other haemoglobin disorders.
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GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

1. INTRODUCTION

Allogeneic haematopoietic cell transplantation (HCT) has been the first therapeutic option for
curing transfusion-dependent β-thalassaemia (TDT) and has dramatically changed the life prospect
of these patients. Allogeneic HCT consists of the substitution of the diseased, ineffective
erythropoiesis with an allogeneic, effective one. However, HCT replaces the entire haemopoietic
system, not just the defective erythropoiesis, which is the fundamental difference from gene
therapy (see Chapter 15). Up until the last decade, nearly 10,000 transplants have been performed
in TDT worldwide with outstanding results [1]. In recent years, several factors including improved
conditioning regimens, improved prevention of graft-versus-host disease (GvHD), more effective
antibacterial, antiviral and antifungal treatment and, most importantly, significant improvement
in the medical care of TDT have led to a substantial improvement in patient outcomes [2].
Nevertheless, HCT is not without risks and possible complications. This Chapter will provide an
overview of the current state of the art of HCT in TDT. 

2. TRANSPLANTATION FOR TRANSFUSION-DEPENDENT β-THALASSAEMIA  

The story and initial experiences of HCT in TDT began in the early 1980s. In that decade, the
influence of pre-transplant characteristics on outcome was analysed in a prospective consecutive
cohort of 161 patients under 17 years of age [3, 4], leading to the development of a well-known
scoring system. Although much time has passed since these data were acquired (before the oral
chelation era), and the precise numerical classification is likely outdated, these results remain
important because they provide proof of concept for how prolonged exposure to iron toxicity can
cause oxidative damage to human tissues [5-7], which are consequently made more susceptible
by transplantation and its associated toxicity [2].
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Table 1.Report from the EBMT registry on 2891 consecutive patients. Outcomes are illustrated by donor
type. Modified with permission form  [9].

Donor

OS

EFS

Thalassaemia
recurrence

NRM

Ac GvHD

Cr GvHD

MSD

91.8%

83.0%

8.8%

8.1%

6.6%

13.1%

HLA matched
related

88.3%

79.5%

8.8%

11.6%

9.3%

15.9%

HLA
mismatched
related

85.3%

62.4%

22.9%

14.6%

3.1%

9.3%

Unrelated
donor 10/10
matched

93.2%

85.7%

7.5%

6.7%

12.7%

15.0%

Unrelated
donor <10/10
matched

81.4%

68.0%

13.4%

18.5%

14.2%

17.8%

Abbreviations: EBMT, European Society for Blood and Marrow Transplantation; OS, overall survival; EFS, event-
free survival; NRM, non-relapse mortality; Ac GvHD, acute graft-versus-host disease; Cr GvHD, chronic
graft-versus-host disease; MSD, matched sibling donor.

2.2. Haematopoietic cell transplantation from HLA-matched unrelated donors 

A major obstacle to successful transplantation is the limited number of HLA-matched related
donors within families. More than 60% of patients do not have a suitable sibling donor. Some of
these patients could benefit from HCT from a matched unrelated donor (MUD). 

Several studies involving a few hundred patients transplanted worldwide have shown that MUD
can cure a large proportion of patients with TDT, provided that the donor is selected using high-

2.1. Haematopoietic cell transplantation from HLA-matched family donors   

In a large European Society for Blood and Marrow Transplantation (EBMT) survey of 1061 cases of
matched sibling donor transplants performed between 2000 and 2010 in 132 centres in 28
countries with a median patient age of 7 years, long-term overall survival (OS) and thalassaemia-
free survival (TFS) were 91% and 83%, respectively [8]. A statistically significant difference in OS
was reported comparing children in the 10 to <14 years with those in the 14 to <18 years of age
range (96% versus 82%). In the 82 adult (>18 years) patients, OS and TFS were 80% and 77%,
respectively. These results were confirmed in a more recent analysis by the same author group [9].

Similar results have been reported in studies from the USA [10], China [11, 12], and India [13],
although in the latter, the threshold for optimal results was lower, further highlighting the impact
of continuous iron-related oxidative stress on tissues and organ susceptibility. Moreover, a recent
analysis in a large cohort of TDT patients followed over 50 years at seven major centres in Italy has
shown absence of deaths from HCT complications after the year 2010 demonstrating not only the
improvement of the procedures but also the optimal patient’s selection [14]. What is most
important to emphasise is that these results represent real-world outcomes and do not stem from
controlled trials with stringent inclusion and exclusion criteria.

Table 1 summarises recent data provided by the Haemoglobinopathies Working Party of EBMT [9].
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resolution molecular typing for both HLA class I and II molecules. The risk of rejection can be
reduced by selecting unrelated donors who do not have non-permissive mismatches at the HLA-
DPB1 locus in the host-versus-graft direction [15]. 

The 2018 EBMT study [9] clearly demonstrated that a fully matched unrelated donor (i.e.,10/10
matched) produces results that are almost identical to those obtained when the donor is an HLA
identical sibling. Moreover, it showed even better outcomes when the donor was a fully matched
unrelated donor compared to an HLA identical sibling, but this was likely due to a centre effect, as
only expert centres had activated unrelated transplant programmes.

Sacchi and colleagues recently demonstrated that for Caucasians, the probability of finding a
completely matched donor is around 60% [16]. A major limitation of this approach is that ethnic
groups in which thalassaemia is prevalent are still largely under-represented in global donor
registries.

Limited experience has been gained using haemopoietic cord blood unrelated cells, with poor
results [17]. We do not recommend this approach outside a well-defined, controlled clinical trial.

2.3. Haploidentical haematopoietic cell transplantation 

Haploidentical transplantation means that patient and donor share only one of the HLA haplotypes.
This is similar to what happens between children and parents, where the probability of having an
haploidentical sibling is 50%. It follows that, in principle, haploidentical HCT could potentially
extend the use of this treatment option to almost all patients who lack a matched sibling donor or
an HLA-identical unrelated donor. Several attempts have been made using complex in vitro
manipulation that are difficult to be reproduced. The best results have been obtained with the use
of TCRαβ+/CD19+-depleted grafts, which have been associated with significantly reduced graft
failure [18]. 

A recently developed alternative platform for haploidentical HCT uses T-cell-replete grafts and post-
transplant high-dose cyclophosphamide (PT-Cy) developed after the Leo Luznik experience with
malignancies [19, 20]. An intensive preconditioning immuno-ablation followed by a myeloablative
conditioning regimen and PT-Cy in the haploidentical setting for thalassaemia has shown promising
results, with a 3-years OS and TFS of 96% in a consecutive series of 83 TDT patients (median age: 12
years; range: 1-28), with a minimum follow-up of 6 months (median: 15 months; range: 7-53) [21].
Notably, in this series of paediatric and adult patients, no graft failures were recorded.  

2.4. Considerations for adults 

Transplant experience in adults has so far been limited, with only a few hundred of patients
undergoing HCT since the year 2000 [9]. In the EBMT analysis, only 9% of thalassaemia transplant
recipients were over the age of 17 years (range: 18-45, with a median age of 22 years) [9]. As with
children, prevention of organ toxicity from toxic iron species is likely to be a key predictor of good
outcomes, although this has not been conclusively demonstrated in clinical trials. At the time of
previous analyses, almost all adults were not regularly receiving chelation therapy and had already
developed significant organ injury. Today, the clinical situation of adult patients is greatly improved.
Based on the statement that age per se is not as important as the extension of tissue damage
developed from years of exposure to tissue reactive iron species [2, 5, 6, 22-24], a controlled trial in
well-chelated adult patients is warranted [25].
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2.5. Mixed chimerism following haematopoietic cell transplantation for thalassaemia

Mixed haematopoietic chimerism (MC) is an interesting phenomenon that sometimes occurs after
HCT for thalassaemia. This means that, in few patients in the years after transplant, two different
populations (patient and donor haemopoietic stem cells) have coexisted with reciprocal
immunologic tolerance. In this situation, the donor’s effective erythropoiesis has a selective
advantage over the patient’s ineffective erythropoiesis. Despite a limited presence in the bone
marrow environment down to 20%, the donor’s erythropoiesis is able to produce a sufficient level
of normal haemoglobin to achieve transfusion independence and clinically control the disease. In
several experiences, and even in sickle cell disease, this phenomenon has been observed in
approximately 10-11% of transplanted patients [26]. It is important to note that the above was an
observation made during clinical studies following a fully myeloablative conditioning regimen.
Following this biological evidence, all the attempts to induce a persistent mixed chimerism by a
reduced intensity regimen failed and a myeloablative regimen is still considered mandatory in
transplantation for TDT. Intentionally inducing persistent mixed chimerism is an important objective
(potentially strongly reducing transplant-related toxicity and mortality), but it must be considered
an experimental approach that should not be conducted outside of a controlled trial.

3. PRE-TRANSPLANT EVALUATION

Particular attention must be paid to an appropriate pre-transplant work-up. In addition to classical
pre-HCT evaluations, this should include accurate iron studies based on magnetic resonance
imaging (MRI) analysis to evaluate liver iron load (liver iron concentration [LIC]) and cardiac MRI T2*
to evaluate cardiac iron load and function [22]. Assessment of the level of liver fibrosis by liver
transient elastography or by liver biopsy should also be offered for all candidates for HCT.

Endocrine function (fasting blood glucose levels, thyroid function tests, growth-hormone-
releasing hormone [GHRH] stimulation test) should be performed to evaluate iron-related
damage to endocrine organs. Fertility assessment with sperm banking and ovarian tissue
preservation should be offered. Detailed indications for accurate pre-transplant work-up have
been published elsewhere [27].

4. CONDITIONING REGIMENS 

Preparatory regimens for HCT must achieve two objectives: elimination of the disordered marrow
and establishment of a tolerant environment that will allow the transplanted marrow to survive
and prosper. There is considerable evidence and decades of experience supporting the use of
busulfan and its derivatives for ablating marrow in patients undergoing HCT for the treatment of
non-malignant conditions [28]. Busulfan is usually associated with a cytoreductive and
immunosuppressive agent and, in recent years, fludarabine has gradually substituted
cyclophosphamide [29]. 

Treosulfan-based conditioning has been introduced as a well-tolerated alternative to busulfan with
myeloablative capacity with reduced extra bone marrow toxicity [29, 30]. Treosulfan appears to be
particularly indicated in patients with a history of inadequate iron chelation and tissue/organ
deterioration consequent to iron induced oxidative stress and in adult patients.
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When the allogeneic graft starts to proliferate in the recipient, an immunological reaction against
the recipient may occur. Several regimens for GvHD prophylaxis have been developed depending
on donor characteristics but this topic is outside the scope of this Chapter.

5. SOURCE OF HAEMOPOIETIC CELLS

Because there is no need for an anti-malignancy effect, bone marrow is usually preferred over
peripheral blood haematopoietic cells. However, the latter are used by several centres worldwide
with excellent results [31]. Optimal results have also been obtained using cord blood haemopoietic
cells from an HLA identical sibling [32]. 

6. FOLLOW UP AFTER HAEMATOPOIETIC CELL TRANSPLANTATION 

Adequate post-transplant clinical follow up is of particular importance. Within the first year, careful
monitoring of haematological and engraftment parameters, infectious complications, and GvHD
is essential. Appropriate immunisation is necessary in the second year, if there is no GvHD. Due to
the nature of the disease, transplanted thalassaemia patients require specific post-transplant
studies in addition standard HCT follow up.

Long-term follow up is of particular importance with respect to monitoring the evolution of multi-
system thalassaemia-related problems (iron overload, pubertal development, growth and
endocrine deficiencies). A number of reports indicate that iron overload, chronic hepatitis, cardiac
function, and endocrine deficiencies can be managed more easily after transplantation, sometimes
permitting the healing of severely damaged organs [33-35]. 

Persistence of iron overload after transplant can continue producing tissue-reactive species, leading
to progressive organ damage and even life-threatening organ failure, particularly when associated
with other morbidities [36]. Therefore, it is mandatory to remove excess iron after transplantation
by phlebotomy (venesection) [37, 38] or chelation therapy [39]. All iron removal treatments should
be started only once the graft is stabilised and the patient is free from any immunosuppressive
treatment or prophylaxis. Endocrine dysfunction and infertility require specific expertise and follow
up after HCT. 

Health-related quality of life is an important aspect to consider both in patients who underwent
HCT or gene therapy. Data on long-term follow up should provide a better comprehension of the
advantages and potential risks of the procedure and will be a useful tool in the treatment decision-
making process. 

7. COST AND COST-EFFECTIVENESS

Medical care for TDT is a complex, multidisciplinary and expensive process requiring dedicated and
experienced units. An Italian study based on cost/benefit estimations from a societal perspective
quantified tariffs, expenses, and net earnings in 2006 for thalassaemia patients. The mean costs
were EUR 1,242/patient/month, of which 55.5% was attributed to iron chelation therapy and 33.2%
to transfusions [40]. These data compare to the total overall median costs of HCT from a matched
sibling donor, which are approximately 150,000 USD, translating to 1,900 USD per expected life
year after HCT [41]. However, the cost of transplantation can vary significantly around the world. 
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When considering the very significant combined costs of lifelong blood transfusions, iron chelation,
and management of complications for optimal TDT care (which clearly exceed the healthcare
resources available in most non-industrialised countries), transplantation is certainly a cost-effective
option. 

8. COUNSELLING FOR TRANSPLANTATION

TDT patients are continuously followed by their primary care providers or specialised centres. It is
good clinical practice for the initial discussion about HCT to start with their thalassaemia doctors,
followed by a joint evaluation and discussion with transplant specialists. Several thousand
transplants have been performed in recent years, but this activity has been restricted to a few
selected centres, usually in constant collaboration with thalassaemia centres. Thalassaemia requires
specific disease knowledge, expertise, and competence even in the context of transplantation.
However, we continue to see centres that self-qualify as experts in thalassaemia for transplant and
gene therapy without necessarily having the appropriate background.

9. THE EBMT HAEMOGLOBINOPATHY WORKING PARTY

Within the EBMT, a working party dedicated to haemoglobinopathies (TDT and sickle cell disease)
has recently been established. The aim of this working party is to promote the progression and
improvement of this curative procedure, enhance knowledge, and increase the dissemination and
availability of transplantation worldwide (https://www.ebmt.org/research/working-parties). This
goal can only be achieved through close collaboration with thalassaemia patients and physicians.
Consequently, a strong connection and collaboration between the Thalassaemia International
Federation (TIF) and the Haemoglobinopathy Working Party of the EBMT can enhance research
and medical care for all TDT patients, with several objectives, the most important of which is
defining the right therapy at the right time for each patient. 

10. HAEMATOPOIETIC CELL TRANSPLANTATION AND GENE THERAPY

Despite several limitations, HCT has achieved outstanding results in clinical practice globally, with
consistent long-term (decades) outcomes. HCT is an affordable, cost-effective treatment available
in most countries. Experience with HCT has contributed to the development of novel gene
manipulation techniques (see Chapter 15) in several aspects (patient selection, patient work-up,
conditioning regimens, post-transplant care, etc.). Transplant results are also the benchmark to
which gene therapy must be compared for its future development and widespread distribution.
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KEY POINTS AND RECOMMENDATIONS

1. Haematopoietic cell transplantation (HCT) should be offered to transfusion-dependent β-
thalassaemia (TDT) patients and their parents at an early age, before complications due to
iron overload develop, if an HLA identical donor is available (Grade B, Class I).

2. Either bone marrow or cord blood from an HLA-identical sibling can be used (Grade B, 
Class I).

3. A matched unrelated donor can be used, provided that high compatibility criteria for both
HLA class I and II loci are met (Grade B, Class I).

4. Haploidentical HCT shows promising results but should be considered only in experienced
HCT centres in the context of well-designed clinical trials (Grade B, Class IIb). 

5. Myeloablative conditioning regimens should always be used for standard transplantation
(Grade B, Class I).

6. Special attention is required for adult patients (Grade B, Class I).

7. Post-transplant care should include all transplant and thalassaemia-related complications
(Grade B, Class I).

8. Only thalassaemia-expert transplant centres should perform HCT, always in strict connection
with thalassaemia refence centres (Grade C, Class I).

9. In TDT patients, HCT is cost-effective when compared to life-long supportive therapy (Grade
B, Class I).
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GUIDELINES FOR THE MANAGEMENT OF TRANSFUSION-DEPENDENT β-THALASSAEMIA (TDT)

1. INTRODUCTION

The advent of gene therapy, driven by advancements in genome sequencing, a deeper
understanding of haemoglobin’s β-globin (HBB) gene cluster and its regulatory mechanisms, as
well as innovations in vector engineering and gene-editing technologies, has unlocked new and
transformative treatment possibilities for patients with transfusion-dependent β-thalassaemia
(TDT) [1]. While allogeneic haematopoietic stem cell transplantation (HSCT) has been the only
potentially curative option for over four decades, its optimal safety and efficacy in TDT are mainly
observed in patients below the age of 14 years, who are transplanted from an HLA-matched sibling
donor. In contrast, older patients and those reliant on alternative donors face greater toxicity risks
and significant immune-related complications, resulting in less favourable outcomes [2].
Consequently, the potential for a definitive cure has historically been limited to a minority of
thalassaemia patients. Many of the limitations associated with allogeneic HSCT can potentially be
overcome through emerging therapies that involve the collection, selection, and ex vivo genetic
modification of patient-derived haematopoietic stem cells (HSCs), followed by reinfusion after a
myeloablative conditioning regimen. These gene therapy approaches, which include lentiviral
transduction, genome editing, base editing, and other cutting-edge strategies, are designed to
either promote normal β-globin synthesis or reactivate foetal γ-globin production. This can
primarily be accomplished through two main strategies: ‘gene addition’, which involves the semi-
random integration of a functional copy of the therapeutic gene into the cellular genome via viral
vectors, or ‘gene editing’, which induces a disease-modifying effect through the use of site-specific
nucleases to precisely target and alter specific genomic sequences. Such interventions effectively
reduce the accumulation of excess, unbound α-globin chains, restoring the balance between α
and non-α globin within red blood cells (RBCs). This correction ultimately improves erythropoiesis,
extends the lifespan of RBCs, and results in a higher number of erythrocytes with increased
haemoglobin that persist longer in the bloodstream. 

In this Chapter, we will review the main gene addition therapy and gene editing strategies for TDT,
with a particular emphasis on those that have progressed to clinical application, discussing the
outcomes observed in these contexts.
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2. GENE ADDITION TECHNIQUES

Gene addition therapy involves the ex vivo insertion of a lentiviral vector that carries the full
regulatory elements and genes responsible for β-globin or γ-globin production into autologous
haematopoietic stem and progenitor cells (HSPCs). The development of gene addition therapy
for β-thalassaemia has a history spanning over 40 years [3]. Throughout this time, viral vectors
have been continuously modified to enhance their safety and efficacy, addressing specific
challenges associated with haemoglobinopathies, particularly the requirement for controlled
expression of large structural proteins in specific cell types, such as erythrocytes [4].
Furthermore, recent technological advancements have enabled the large-scale production of
viral vectors containing the β-globin gene and its regulatory elements, achieving high levels
of purification and potency. These vectors are now capable of effectively transducing a
significant number of ‘non-proliferating’ human stem cells, leading to clinically meaningful
outcomes [5]. Four major viral vector systems have been developed for gene therapy
applications: (1) adenoviral vectors, (2) adeno-associated viral (AAV) vectors, (3) retroviral
vectors, including those derived from murine leukaemia virus (MLV), and (4) lentiviral vectors.
Each vector system has distinct advantages and limitations for gene therapy applications [5]. 

Lentiviral vectors integrate directly into the chromatin of the host cell and are able to transduce
both proliferating and quiescent cells, including CD34+ HSPCs, making them particularly
valuable for gene therapy targeting genetic disorders such as haemoglobinopathies [1].
Lentiviral vector particles enter host cells by interacting with glycoproteins on their surface
envelope, subsequently fusing with the host cell membrane. Once inside the cytoplasm, the
viral RNA genome is reversely transcribed into complementary DNA (cDNA) via reverse
transcriptase. The resulting DNA is then integrated into the host cell genome [1, 5].

2.1. Gene addition: clinical trial results

The first gene-addition therapy clinical trial was conducted in 2007 in Paris, using myeloablative
conditioning with busulfan (14 mg/kg) and a self-inactivating lentiviral vector (SIN-LV, HPV569).
This vector was flanked by the cHS4 insulator and encoded a β-globin gene harbouring a critical
amino acid substitution derived from the γ-globin chain (T87Q) that strongly inhibits the
polymerisation of sickle haemoglobin in patients with sickle cell disease (SCD) and also permits
precise quantification of vector-derived therapeutic globin expression in vivo (HbAT87Q). One
patient with compound βE/β0 thalassaemia became transfusion-independent 12 months post-
treatment, after a dominant clone with an integration site near the HMGA2 gene emerged. This
benign dominant clone contributed to one third of the patient’s total haemoglobin, and then
gradually diminished over time without triggering oncogenesis [6].

In subsequent studies, the HPV569 vector was optimised by removing the cHS4 insulator and
replacing the 5′ LTR promoter with the cytomegalovirus promoter, resulting in the development
of the BB305 vector. The product composed of CD34+ HPSCs transduced ex vivo with the
replication-defective, self-inactivating BB305 lentiviral vector, which facilitates the integration
of functional copies of the βAT87Q gene into the patient’s genome, has been named
betibeglogene autotemcel (beti-cel). In two phase 1/2 clinical trials (HGB-204 [NCT01745120]
and HGB-205 [NCT02151526]) involving adolescents and adults, 11 out of 14 patients with TDT
and a non-β0/β0 genotype achieved transfusion independence (TI) following infusion of beti-
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cel. However, in patients achieving TI, the weighted average haemoglobin levels after infusion
were generally lower than normal levels, being in the lower part of the range values (as low as
9.1 g/dL) and the amount of haemoglobin deriving from the genetically corrected cells was
around 6-6.5 g/dL. Furthermore, only 3 of the 9 patients with a β0/β0 genotype or two copies of
the IVS1-110 mutation were able to completely discontinue transfusions. It was documented
that haemoglobin levels were associated with the vector copy number (VCN) and the
percentage of lentiviral vector-positive cells in beti-cel. Therefore, to further improve outcomes,
the transduction process was refined to increase the VCN in the drug product, thereby raising
the levels of gene therapy-derived HbAT87Q [7]. 

In a subsequent phase 3 trial (HGB-207, Northstar-2 [NCT02906202]), beti-cel was manufactured
using this improved process and, following a myeloablative conditioning regimen with
pharmacokinetically adjusted busulfan, the transduced cell product was infused into patients
with TDT and a non-β0/β0 genotype. In this trial, 20 out of 22 evaluable patients (91%) met the
primary endpoint of TI for at least 12 months. The amount of haemoglobin deriving from the
genetically corrected cells increased to a median value of 9 g/dL. Patients achieving TI also
demonstrated improvements in erythropoiesis and a reduction in liver iron concentration. The
safety profile was consistent with that expected for busulfan-based myeloablation. Regarding
efficacy, the same study indicated that the level of haemoglobin produced by cells transduced
with lentiviral vectors carrying the β-globin gene correlates with both the median VCN and,
more significantly, with the percentage of transduced CD34+ HSPCs [8].  More recently, results
of another phase 3 trial (HGB-212, Northstar-3 [NCT03207009]), investigating beti-cel in TDT
patients with β0/β0, β0/β+IVS-I-110, or β+IVS-I-110/β+IVS-I-110 genotypes were reported. Of the 18 patients
who received beti-cel, 13 (72%) were younger than 18 years and five (28%) were older than 18
years. Twelve (67%) patients had β0/β0 genotypes, three (17%) had β0/ β+IVS-I-110, and three (17%)
had β+IVS-I-110/β+IVS-I-110. As of Jan 30, 2023, all 18 patients were evaluable for TI, with 16 (89%) of
18 reaching and maintaining TI to last follow-up (median follow-up time: 47.9 months; range
23.8-59.0) [9]. TDT patients completing the core trials were eligible to enrol in the ongoing 13-
year long-term follow-up study (for a total of 15 years), LTF-303 (NCT02633943) [10].

In 2019, beti-cel received conditional marketing authorisation from the European Medicines
Agency (EMA) for use in Europe for the treatment of TDT. However, the developer voluntarily
withdrew market authorisation in 2021, not due to concerns regarding safety or efficacy. In
2022, beti-cel was approved by the U.S. Food and Drug Administration (FDA). 

In another published phase 1/2 safety study of a lentiviral gene-insertion trial conducted by
the San Raffaele Telethon Institute for Gene Therapy (SR-TIGET, NCT02453477), three adults and
six children with TDT received intra-bone administration of stem cells transduced with the
GLOBE lentiviral vector after a myeloablative conditioning regimen including treosulfan and
thiotepa. The treatment resulted in successful haematopoietic engraftment in all patients,
without signs of clonal dominance. Three out of four children became independent of blood
transfusions, while adult patients experienced only a reduction in their transfusion needs,
without achieving TI [11].

In 2012, a phase 1 clinical trial (NCT01639690) was conducted at the Memorial Sloan Kettering
Cancer Center (MSKCC) in New York using the TNS9.3.55 β-globin vector in four adult patients
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with TDT. Partial myeloablation was applied, resulting in a median cumulative busulfan exposure
of 39.8 to 59.7 mg*L/h. This regimen provided stable engraftment but resulted in low in vivo
VCN in peripheral blood mononuclear cells (PBMCs), with a median VCN of 0.03 (range: 0.01–
0.11) at the last follow-up. As a result, only two patients experienced a moderate reduction
(35-37%) in transfusion requirements. These findings underscored the critical role of more
intensive myeloablation and a minimum CD34+ cell transduction threshold for achieving
clinically meaningful benefit in thalassaemia gene therapy with currently available globin
vectors. Additionally, moderate clonal expansions were observed near cancer-related gene
integrations, suggesting non-erythroid activity of globin vectors in stem/progenitor cells and
highlighting the need for careful monitoring of patients treated with globin vectors [12].

3. GENE EDITING TECHNIQUES

The field of genome editing has rapidly advanced due to technological progress, notably with
the development of the safer, more effective, and cost-efficient clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) system. The most
commonly used genome editing tools are zinc finger nucleases (ZFNs), transcription-activator
like effector nucleases (TALENs), and the CRISPR-Cas9 system. Although each system has
inherent limitations, the CRISPR/Cas9 system offers significant advantages due to its simplicity,
cost-effectiveness, and general efficiency [13]. 

Genome editing relies on the creation of a double-strand break (DSB) in a sequence-specific
manner followed by repair by either non-homologous end joining (NHEJ) or homology-directed
repair (HDR) in the presence of a donor template [14, 15]. Direct correction of pathogenic β-
globin gene mutations through genome editing is challenging as it requires HDR, which
demonstrates significantly lower efficiency as compared to NHEJ, particularly in CD34+ HSPC
[1]. By contrast, NHEJ is highly efficient and can be leveraged to modify the genomic sequence
through small insertions/deletions (INDELs), resulting in interrupted expression of the targeted
gene or by changing the sequence motif required for protein binding [15].  In the context of
haemoglobinopathies, genetic disruption strategies relying on the NHEJ are increasingly
employed to promote compensatory foetal haemoglobin (HbF) expression, which can
ameliorate the clinical severity of these disorders. Indeed, a naturally occurring, benign genetic
condition termed hereditary persistence of HbF (HPFH), characterised by pancellular elevation
of HbF levels in postnatal RBCs, significantly mitigate the disease phenotype of co-inherited
haemoglobinopathies [16-18]. Similarly, neonates and infants with TDT or SCD are typically
asymptomatic in the first months of life, while HbF levels are still high, and start experiencing
initial disease manifestations only when HbF declines [19]. Globin expression is controlled by a
developmentally regulated mechanism known as globin switching and includes the interaction
of transcriptional factors with the upstream enhancer cluster and gene promoters [16, 17, 19].
Details regarding the process of globin switching and the regulation of HbF are discussed in
Chapter 1. Genome editing approaches aimed at restoring HbF synthesis in adult RBCs primarily
focus on introducing naturally occurring mutations associated to elevated HbF levels, disrupting
HbF repressors, and modulating epigenetic regulators that control HbF expression [20].
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3.1. Gene editing: clinical trial results

One of the main targets of gene-disruption strategies is represented by the transcription factor
BCL11A, which acts as key HbF repressor protein binding to a regulatory region around the β-
globin gene cluster [21]. Genetic variation in the expression of BCL11A and persistent HbF
production have been shown to reduce the clinical severity of β-thalassaemia [22, 23].

Preclinical studies have shown that gene editing approaches that remove the repressive
function of the BCL11A protein will lead to increases in HbF and subsequently amelioration of
TDT and SCD symptoms [24]. Since BCL11A plays key roles outside the erythroid lineage, such
as in the development and function of haematopoietic stem cells and B-lymphocytes, clinical
translation of a BCL11A-targeting therapy requires lineage specificity to selectively reduce the
BCL11A protein in erythrocytes [25]. Exagamaglogene autotemcel (exa-cel; formerly CTX-001)
is a cell therapy that is specifically designed to reactivate HbF through ex vivo CRISPR-Cas9
editing in autologous CD34+ HSPCs. This approach targets a critical binding site of the
transcription factor GATA1 in the non-coding erythroid lineage-specific enhancer region of
BCL11A, located on chromosome 2. Repair of these double-stranded DNA breaks by the cell
using NHEJ produces INDELs, disrupting GATA1 binding, and in turn, selectively lowering
BCL11A transcription only in erythroid cells [26].

In 2021, Frangoul and colleagues reported on preclinical investigations evaluating the precision
of CRISPR-Cas9 editing and preliminary clinical findings from the first two patients treated with
exa-cel, one diagnosed with TDT and the other with SCD [26]. The gene editing frequency at
the erythroid-specific enhancer of BCL11A in CD34+ HSPCs from ten healthy donors
demonstrated high rates of allelic editing (mean 80%) across all CD34+ cell subpopulations,
which persisted longitudinally. In immunocompromised murine models, engraftment of CD34+
HSCs was comparable between control and single-guide RNA (sgRNA) CRISPR-Cas9-edited cells.
Computational analyses utilising sequence similarity, combined with experimental, high-depth
next-generation sequencing (e.g., GUIDE-seq) revealed no detectable off-target effects in edited
stem cells from four healthy donors. Functionally, the engraftment potential of edited versus
unedited HSCs was equivalent, indicating that CRISPR-Cas9 editing did not adversely affect
haematopoietic stem cell functionality. Furthermore, differentiation of edited cells into the
erythroid lineage showed increased mean HbF levels compared to unedited controls [26]. From
a clinical perspective, after myeloablative conditioning with busulfan followed by exa-cel
infusion, both patients achieved successful engraftment of neutrophils and platelets. Increases
in total haemoglobin and HbF with pancellular distribution were observed, along with high
allelic editing rates in bone marrow and peripheral blood. Notably, after over a year of follow-
up, the TDT patient remained free of transfusion requirements, and the SCD patient experienced
no vaso-occlusive crises (VOCs) [26].

Exa-cel was then comprehensively evaluated in two phase 3 clinical trials: CLIMB THAL-111
(NCT03655678) in TDT [27] and CLIMB SCD-121 (NCT03745287) in SCD [28]. As of May 2024, 56
TDT participants (mean age of all participants: 21.2 years, range: 12-35), including 35 (62.5%)
with severe genotypes (β0/β0, β0/β0-like), have received exa-cel within the CLIMB THAL-111 trial.
The primary efficacy endpoint was TI, defined as proportion of participants maintaining a
weighted average haemoglobin ≥9 g/dL without RBC transfusion for ≥12 consecutive months
(TI12). Of the 52 participants evaluable for the primary endpoint, 49 achieved TI12 (94.2%;
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95%CI: 84.1-98.8), without differences between adolescents and adults. Participants achieving
TI12 stopped transfusions at a mean of 1.1 months after exa-cel infusion and remained free
from transfusions for up to 5 years (mean 32.4 months, range: 14.3-60.8). Among the remaining
3 patients, two additional subjects became transfusion independent at later time points in the
long-term follow up roll-over study, CLIMB-131 (NCT04208529). The mean total haemoglobin
was maintained at normal or near normal levels of 12 g/dL from month 5 onward and the mean
HbF was 11 g/dL from month 5 onward with pancellular distribution (95% RBCs expressing
HbF). The proportion of edited BCL11A alleles was stable after infusion in bone marrow CD34+
cells and stable from month 2 onward in peripheral blood nucleated cells. Mean serum ferritin
decreased to below baseline by month 12, with 26/56 (46.4%) of participants stopping iron
removal therapy [29].

A closely similar approach was employed by a Chinese group to treat two paediatric patients
with TDT (7 and 8 years old) who achieved TI and normal haemoglobin levels at 18 months
follow-up [30].

The erythroid enhancer region of the BCL11A gene has been targeted ex vivo also using the
ZFN technology. The product consisting of autologous HSPCs edited with this approach, termed
ST-400, has been evaluated in a phase 1/2 trial (THALES, NCT03432364) in five patients with
TDT. All participants exhibited only a temporary increase in HbF levels, without any significant
or sustained clinical improvement, indicative of suboptimal transduction efficiency in long-
term, bone marrow-repopulating HSPCs [31].

Some HPFH variants affects the BCL11A binding motifs in the γ-globin promoter, indicating
that disruption of the same motifs by genome-editing-mediated NHEJ could induce HbF
therapeutically without ablating the expression of the erythroid repressor [32-34]. Approaches
targeting HGB1 and HGB2 promoter region are primarily being explored for the treatment of
SCD, although they may also theoretically demonstrate efficacy in TDT [35]. The phase 1/2
EdiTHAL study (NCT05444894) uses the autologous HSPCs drug product (renizgamglogene
autogedtemcel, reni-cel; formerly EDIT-301) generated by using CRISPR-Cas12a to disrupt the
BCL11A binding motif in the γ-globin (HBG1 and HBG2) promoter region. Similar to the CRISPR-
Cas9 system, CRISPR-Cas12a is a programmable single RNA-guide endonuclease system. While
the Cas12a and Cas9 proteins have functional similarities, there are also substantial differences
between these proteins. The Cas12a protein contains a single nuclease domain, unlike the dual
nuclease domains of Cas9, and possesses intrinsic RNA processing activity, allowing for
multigene editing of RNA transcripts. In addition, whereas CRISPR-Cas9 editing results in blunt
DNA ends, Cas12a editing leads to the generation of staggered DNA ends. As of February 2024,
7 patients with TDT had been dosed with reni-cel and all achieved neutrophil and platelet
engraftment. Following reni-cel infusion, total haemoglobin, driven by HbF production,
remained above the TI threshold of 9.0 g/dL, and increased to 12.8 g/dL by month 6 (n = 3),
allowing all 7 subjects to discontinue RBC transfusions for a range of 1.2-9.9 months [36].

The need to rely on the NHEJ pathway to repair the double-stranded breaks induced by gene
editing systems such as CRISPR-Cas9, TALEN, and ZFN has led to the development of alternative
gene editing techniques that can generate precise point mutations without double-stranded
DNA breaks. Base editing is an emerging gene editing approach where nucleotide changes can
be introduced at specific genomic locations, generating a DNA point substitution without using
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cellular repair pathways [37]. Two types of base editors (BEs) have been developed: cystine base
editors which can facilitate the conversion of C:G base pairs to T:A base pairs, while adenine
base editors can facilitate the conversion of A:T base pairs to G:C base pairs [38, 39]. These BEs
can promote HbF synthesis by introducing point mutations in the γ-globin promoter that
disrupt BCL11A binding motifs or create novel binding sites for transcriptional activators.
Preliminary data suggest that the formation of new binding motifs, which cannot be easily
achieved through Cas9-mediated NHEJ, may result in more robust HbF induction compared to
the disruption of repressor motifs or direct targeting of the BCL11A erythroid enhancer [40].
The recently initiated phase 1/2 BEACON (NCT05456880) clinical trial is investigating autologous
CD34+ HSPCs edited ex vivo to introduce naturally occurring A-to-G substitutions in HBG1/2
promoters (BEAM-101), thereby disrupting BCL11A repressor binding sites in patients with SCD.
Initial results are promising, and this approach may be adaptable for the treatment of TDT as
well [41].

Furthermore, adenine BEs have been recently employed in a pre-clinical setting to directly
correct the (IVS1-110 [G>A]) mutation, which is one is one of the most common genetic defects
responsible for TDT in the Middle East and Mediterranean area [42]. 

Induction of HbF expression can also be achieved with strategies based on lentiviral vectors.
These include (1) the transduction with a lentiviral vector containing a modified γ-globinG16D

gene (ARU-1801) [43], (2) upregulation of γ-globin expression via the targeted depletion of
BCL11A using shRNA delivered by a lentiviral vector [44], and (c) induction of γ-globin
expression by forced chromatin looping mediated by a Zink-Finger/Ldb1-fusion protein
expressed from a lentiviral vector [45]. While these methodologies have been mainly
investigated for SCD, their potential application in the treatment of TDT patients is theoretically
feasible. Despite this evidence of feasibility, further development of one of these strategies,
ARU-1801, has been recently interrupted by the manufacturer.

A summary of key clinical trials of gene addition and editing techniques is provided in Table 1. 
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4. THE JOURNEY OF PATIENTS RECEIVING GENE ADDITION AND GENE 
EDITING PRODUCTS

Ex vivo gene addition therapy or gene editing for TDT is essentially an autologous HSCT-based
procedure, in which patient-derived HSPCs need to be collected and manufactured before the
infusion [46]. Autologous HSPCs in TDT are mobilised with granulocyte colony-stimulating factor
(G-CSF) plus plerixafor, harvested by apheresis, CD34+ cell-enriched by immunomagnetic
separation, and genetically modified ex vivo. The process of harvesting and manufacturing the
patient's cells before re-infusion can take several months, especially if multiple collection cycles
are needed. This is a relevant difference in comparison to allogeneic HSCT, in which, once a suitable
donor is identified, the transplantation process can proceed relatively quickly.  In TDT patients, the
combination of G-CSF and plerixafor is highly effective and the majority of subjects only require
one cycle of mobilisation and apheresis to generate a sufficient quantity of gene-modified cells
(generally >3 x106 CD34+ cells/kg) [8, 27]. 

Once the product has been manufactured and has completed all necessary quality control
assessments, the patient undergoes myeloablative conditioning, followed by the infusion of the
gene-modified HSPCs, and remains hospitalised until sustained haematopoietic recovery is
achieved. 

For the procedure to be successful, the infused gene-modified HSPCs must be introduced into an
environment which favours their survival and long-term expansion. Unlike other conditions where
gene therapy has demonstrated significant success, such as severe combined immunodeficiency
(SCID), corrected cells in haemoglobinopathies have only a modest proliferative advantage over
cells harbouring the uncorrected genetic defect [46]. As a consequence, in order to achieve durable
engraftment and not to dilute the therapeutic effect, it is crucial to implement a carefully tailored
myeloablative conditioning regimen.

Differently from allogeneic transplantation, gene therapy does not require immune ablation
involving serotherapy or lympholytic cytotoxic agents. In clinical trials, myeloablative conditioning
with either busulfan alone or the combination of treosulfan and thiotepa has been employed [8,
11, 12, 27]. However, only protocols using myeloablative busulfan have consistently achieved TI.
An earlier trial utilising non-myeloablative busulfan failed to produce successful outcomes, primarily
due to relatively low transduction efficiency of gene-modified cells [12].  In this perspective, it is
absolutely mandatory to ensure therapeutic drug monitoring of busulfan to achieve adequate
systemic exposure to the alkylating agent, aiming to avoid on one side underexposure, which may
result in insufficient myeloablation, and on the other overexposure, which increases the risk of
toxicity. Indeed, the myeloablative conditioning regimen is the main factor responsible for the
acute toxicities associated with gene therapy, which typically include cytopaenia, mucositis,
bacterial infections, and bleeding. The most significant complication observed in largest clinical
trials reported so far is represented by the occurrence of hepatic vaso-occlusive disease (VOD),
which has been reported in 10-13% of cases after myeloablative busulfan and always resolved with
appropriate therapy [8, 27]. In addition, myeloablative chemo-conditioning may also result in long-
term sequelae, most importantly, infertility. Although additional long-term concerns include the
potential risk of treatment-induced malignancies, a recent systematic literature review suggests
that the incidence of busulfan-related secondary malignancies is low, and likely to be substantially
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less than 1% in paediatric transplant recipients, especially those receiving busulfan monotherapy
for non-malignant conditions other than SCD [47]. 

In order to avoid the toxicities of chemotherapy, alternative ways of myeloablation are under
investigation. These employ the depletion of CD45+ or CD117+ precursors with toxic immune
conjugates and hold the promise to achieve successful myeloablation with minimal systemic
toxicity [48, 49]. However, the potential effectiveness of these types of immune conjugates-
mediated conditioning within the hyperexpanded erythroid marrow peculiar of TDT remains a
topic of debate.

In summary, in comparison to allogeneic HSCT, the main advantages of gene therapy for the
treatment of thalassaemia are the following:

l Donor independence: gene therapy is based on autologous HSCs sourced directly from the
patient. This eliminates the need for an HLA-matched donor and circumvents the limitations and
risks associated with donor availability/compatibility.

l Absence/reduction of immune-mediated complications: the use of the patient’s own genetically
modified HSCs abrogates the risk of graft-versus-host disease (GvHD) and graft rejection, which
are major contributors for morbidity and mortality in allogeneic HSCT.

l Lower toxicity: the safety profile observed in clinical trials is generally consistent with single agent
busulfan myeloablation in the context of an autologous HSCT procedure.

Thanks to these characteristics, the procedures of gene addition and gene editing result in a more
manageable safety profile and, thus, offer broad eligibility for a wider range of patients, allowing
the access to curative treatment to subjects who may not be candidates for allogeneic HSCT due
to the lack of suitable donors or increased risk factors related to age or comorbidities. Nonetheless,
the potential risk for treatment-related toxicity cannot be entirely neglected. Consequently, the
administration of gene therapy in TDT candidates with severe pre-existing organ damage, should
be approached with caution until substantial real-world data and clinical experience are accrued
to better inform patient selection and management strategies.

5. GENOTOXICITY RISKS OF GENE THERAPY

All gene therapy strategies have a theoretical risk of genotoxicity. The integration of lentiviral vector
into the genome is not random, exhibiting a preference for transcriptionally active regions, which
raises concerns about insertional mutagenesis with lentiviral vectors [50]. To address this risk, third-
generation lentiviral vectors, such as those used in the beti-cel gene addition, have been specifically
designed to be replication-incompetent and self-inactivating in order to mitigate the potential risk
of insertional oncogenesis. A recent meta-analysis of gene therapy trials involving HSPCs for
monogenic disorders, encompassing 406 treated patients, demonstrated an improved safety profile
for those receiving lentiviral vector-transduced HSPCs as compared to γ-retroviral vector [51]. 

To date, no cases of insertional oncogenesis have been reported in patients with TDT treated with
beti-cel. However, two patients with SCD who received lovotibeglogene autotemcel, an earlier
version of the lentiviral vector and manufacturing process used in beti-cel, were diagnosed with
acute myeloid leukaemia (AML) at 3 years and 5.5 years post-infusion. In both cases, comprehensive
studies did not identify insertional oncogenesis as the cause, although leukaemic blast cells in one
patient showed BB305 lentivector insertion. This integration occurred near the VAMP4 gene, which



CHAPTER 15

405

has never been implicated in leukaemogenesis/oncogenesis [52, 53]. These findings underscore
the importance of long-term surveillance of patients treated with the BB305 lentiviral vector to
further elucidate insertional patterns and the associated risks of lentiviral vector transduction.

Genome editing presents several theoretical advantages over lentiviral-mediated gene addition;
however, it may result in potentially genotoxic, nonspecific (‘off-target’) DNA alterations. The
development of high-fidelity Cas9 nucleases has been instrumental in reducing the incidence of
such off-target events [54]. Thus, comprehensive genome-wide off-target analyses and evaluations
for potential genomic rearrangements are essential to validate the safety of gene editing
approaches for haemoglobinopathies. Researchers can employ in silico prediction tools to model
potential off-target events based on the sequence of a given guide RNA (gRNA). Additionally, next-
generation sequencing (NGS) assays, such as GUIDE-seq, DISCOVER-seq, and ChIP-seq can be
utilised to comprehensively survey the genome for occurrences of off-target editing, thereby
confirming the precision of the gene editing process [55]. HSCs are notably susceptible to DSBs,
particularly when multiple on-target or simultaneous on-target and off-target events occur [56].
Unintended off-target DSBs, frequently found in genomic regions with partial homology to the
sgRNA, may disrupt normal gene function [57]. Despite the precision of these nucleases, the
creation of DSBs at both on- and off-target loci can result in extensive chromosomal deletions,
structural rearrangements, aneuploidy, or chromothripsis, often accompanied by TP53 pathway
activation [58, 59]. Within the phase 3 exa-cel trials, the potential for off-target editing was
investigated by nominating candidate off-target sites through a computational homology search
and GUIDE-seq (a method that identifies double-strand breaks).  Each nominated off-target locus
was then tested with the use of high-coverage hybrid-capture sequencing (which identifies
insertions and deletions). The CRISPR-Cas9 editing process was precise, with no evidence of off-
target editing on the basis of preclinical evaluations in samples from six patients (three patients
with TDT and three patients with SCD) and no evidence of chromosomal abnormalities [60]. Despite
these results, the limited number of samples, particularly patient-derived samples, analysed and
the inherent limitations of detection of hybrid-capture sequencing and GUIDE-seq warrant
additional investigation.

That said, it is crucial to acknowledge that the risk of translocations in CRISPR-Cas9 editing
applications is mitigated by the high precision of genome editing and the minimisation of off-
target editing events. Translocations require the concurrent generation of edits at two distinct
genomic sites; thus, in the absence of off-target modifications, conditions that would promote
translocation formation are not present. Additionally, chromothripsis has only been demonstrated
in cell line models where tumour suppressor pathways have been disrupted, and it has never been
observed in primary HSPCs [61].

Compared to Cas9 nucleases, BEs significantly reduce the incidence of DSBs, thereby decreasing
certain genotoxic risks. Nevertheless, current base editing technology is still limited by the potential
for random mutagenesis and off-target effects in both DNA and RNA due to the non-specific activity
of nucleobase deaminase enzymes [62].
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6. FINANCIAL HURDLES IN ADOPTION 

The results achieved by gene therapy certainly offer new curative opportunities to patients affected
with TDT, as heralded by the conditional approval of two different advanced therapy medicinal
products (ATMPs) for this specific indication. Nevertheless, the issue of costs, even in high-income
countries, may still represent a major obstacle in providing broad access to such treatments [63]. 

In this regard, the history of beti-cel in Europe represents a paradigmatic example of how cost
issues may hamper the widespread adoption of innovative therapies. After receiving conditional
marketing approval in Europe, bluebird bio, the manufacturer of Zynteglo (commercial name for
beti-cel), proposed a price of 1.65 million Euro (1.9 million USD), which was based on potential
savings from 50 years of hypothetical thalassaemia-free life. Although bluebird bio suggested to
adopt a payment method diluted over five years and contingent on sustained clinical effectiveness,
the product's price remained prohibitively high for public and private payers in many high-income
countries and totally unaffordable for low- to middle-income countries. Despite conditional
marketing approval, no European country has agreed on payment or reimbursement terms, leaving
patients unable to access this treatment. This, along with delayed decisions from other major
European Union (EU) countries, led bluebird bio to cease operations in Europe and reorganise in
the USA, as announced in August 2021, with complete withdrawal of beti-cel’s marketing
authorisation from both the EU and the United Kingdom in 2022. Beti-cel is now approved in the
USA for paediatric and adult patients with TDT since 2022.

Starting from November 2023, Casgevy (commercial name for exa-cel) has secured regulatory
approval for the treatment of TDT in patients aged 12 years and older from authorities in the United
Kingdom, USA, Europe, Bahrain, and Saudi Arabia. In the United Kingdom, exa-cel is priced at 1.65
million GBP per patient, although Vertex Pharmaceuticals, the manufacturer, has negotiated a
confidential discounted rate for the NHS [64]. In the USA, the cost is set at 2.2 million USD per
treatment [65]. Details regarding negotiations with other European regulatory bodies remain
limited. However, the anticipated costs are likely to place considerable financial burden on
European, universalistic, healthcare systems. Regardless of the outcome of the negotiations in
individual countries, a global and dynamic framework for pricing agreements for this new category
of treatments is urgently needed. Such a framework should promote transparent, evidence-based
discussions that incorporate the therapeutic efficacy claims of pharmaceutical companies with
validation by comprehensive, long-term real-world data. It is crucial for global health stakeholders
to collaboratively establish standards that encompass drug pricing, research and development
investments, production expenses, and the cost-benefit analysis associated with reduced
dependency on prolonged supportive care [66]. This comprehensive approach would help mitigate
reimbursement complexities and promote the seamless integration of novel therapies into clinical
settings. Additional price mitigation may derive from future technological advancements, increased
competition, and scalable production, but these improvements are not anticipated in the near
term. Establishing sustainable, equitable pricing models is now essential to ensure the accessibility
and adoption of groundbreaking gene therapies.
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KEY POINTS AND RECOMMENDATIONS

1. The outcomes achieved with gene therapy approaches in experimental studies, along with
the initial regulatory approval of these treatments, are beginning to reshape the landscape
of potentially curative options for transfusion-dependent β-thalassaemia (TDT), redefining
particularly the role of allogeneic transplantation. 

2. In this regard, it is critical to emphasise that paediatric patients up to the age of 14 years
undergoing allogeneic haematopoietic stem cell transplantation (HSCT) from HLA-identical
sibling donors demonstrate excellent clinical outcomes (see Chapter 14). Within this
framework, allogeneic HSCT remains the preferred curative intervention and warrants
thorough consideration, particularly in regions outside the USA where no gene therapy is
yet commercially accessible for patients below 12 years (Grade B, Class I). 

3. Recent registry data further suggest that, in highly specialised transplantation centres,
outcomes of allogeneic HSCT using fully HLA-matched (10/10) unrelated volunteers are
comparable to those achieved with HLA-identical sibling donors. Nonetheless, the decision
to pursue HSCT from unrelated registry donors in paediatric patients with TDT should be
meticulously discussed with the families (Grade B, Class IIa). This discussion should
encompass the potentially higher risk of immune-mediated complications associated with
unrelated donors, along with the anticipated broader availability of gene addition and gene
editing strategies in the near future. 

4. For patients aged 14 years and older or for those who do not have an HLA-identical family
donor, gene therapy instead constitutes an optimal therapeutic option (Grade C, Class IIa):

l Findings from the betibeglogene autotemcel (beti-cel) and exagamaglogene autotemcel
(exa-cel) registrational studies did not reveal any specific clinical characteristics associated
with an improved safety and efficacy profile. 

l Results were comparable between adolescent and adult subjects, with no observed
differences in outcomes based on iron overload status, genotype, transfusion burden, or
other factors. 

l Consequently, there are no absolute indicators, within the studied population, to
determine which patients should be prioritised for treatment with the either one of the
two products. 

l In addition, the unique challenges posed by autologous gene therapy approaches require
new frameworks that cannot be directly extrapolated from the experiences and
knowledge gained through allogeneic transplantation (Table 2).
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5. Beti-cel is currently available only in the USA, where it is FDA-approved for paediatric and
adult subjects with TDT, irrespective of patient’s age and genotype. Exa-cel has been recently
approved by regulatory agencies in Europe (EMA), North America (FDA), United Kingdom,
Bahrain and Saudi Arabia for TDT patients aged 12 years and above, without an upper age
limit. Despite the absence of age limitations, during the decision-making process, it is
advisable to conduct an initial selection based on the primary inclusion/exclusion criteria
used in the Northstar and CLIMB THAL-111 studies, which supported the submission for
regulatory approvals. At least in the initial phases, it is recommended not to consider the
treatment of patients who do not meet the eligibility characteristics defined by the
registrational studies (Grade C, Class IIb):

Table 2. Key variables influencing outcomes: comparison between allogeneic haematopoietic stem cell
transplantation and autologous gene therapy.

Variables Allogeneic HSCT

Age

Type of
donor

Disease
severity and
iron
overload

l Younger patients had better outcomes
than older patients, with an age
threshold of around 14 years or
younger determined to be optimal

l Data from large cohort studies have
confirmed that an HLA-identical family
donor is the donor profile that
guarantees the best outcome in terms
of overall and disease-free survival

l Allogeneic HSCT from 10/10 HLA-
matched unrelated donors offers
excellent outcomes in paediatric
patients when performed in highly
specialised centres

l Pesaro Criteria provided the proof of
concept that prolonged exposure to
iron toxicity in TDT is a relevant cause
of oxidative damage to human tissues
and increases the risk of transplant-
related complications and toxicity
- Limits: mostly qualitative, not
validated in adults, in autologous
setting, and in recent years

l No other disease-specific features have
been consistently associated with
outcomes

Autologous gene therapy

l Majority of treated patients are
adolescents and adults (few children
enrolled in the beti-cel trial)

l The upper age limit for enrolment in
clinical trials arbitrarily set at 35-50
years BUT the upper age limit of
treated patients is around 35 years in
most studies

l No differences in outcomes between
adolescents and adults in the largest
cohorts reported so far

l The number of treated patients is still
limited

l Not applicable (autologous HSPCs are
employed)

l Drug product specific features?
- VCN and transduction efficiency in
gene-addition therapy have been
variably associated with efficacy
outcomes
- Needs to be further investigated in
genome editing trials

l No available criteria for patient
selection or stratification

l No reported differences in main safety
and efficacy outcomes according to
genotype, transfusion burden, or iron
overload status

Abbreviations: HSCT, haematopoietic stem cell transplantation; beti-cel, betibeglogene autotemcel; HSPCs,
haematopoietic stem and progenitor cells; VCN, vector copy number; TDT, transfusion-dependent β-
thalassaemia.
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5. Beti-cel is currently available only in the USA, where it is FDA-approved for paediatric and adult
subjects with TDT, irrespective of patient’s age and genotype. Exa-cel has been recently
approved by regulatory agencies in Europe (EMA), North America (FDA), United Kingdom,
Bahrain and Saudi Arabia for TDT patients aged 12 years and above, without an upper age limit.
Despite the absence of age limitations, during the decision-making process, it is advisable to
conduct an initial selection based on the primary inclusion/exclusion criteria used in the
Northstar and CLIMB THAL-111 studies, which supported the submission for regulatory
approvals. At least in the initial phases, it is recommended not to consider the treatment of
patients who do not meet the eligibility characteristics defined by the registrational studies
(Grade C, Class IIb):

l With respect to patient’s age, the safety and efficacy of beti-cel was studied in clinical trials
that enrolled patients between the ages of 4 and 35 years old, while the exa-cel study was
conducted on patients aged 12 to 35 years. Within this age range, the ideal candidate is a
patient who exhibits the following characteristics (Grade C, Class IIa): 

- Significant transfusion history (at least 100 mL/kg or at least 10 units/year of packed red
blood cells [pRBCs]).

- Adequate control of iron overload (liver iron concentration [LIC] ≤7 mg/g dry liver weight
and cardiac T2* >20 ms).

- Normal ventricular function and respiratory function tests.

- Absence of significant hepatosplenomegaly.

- Absence of gallstone disease.

- Potential for effective fertility preservation.

- High level of personal motivation.

- This type of patient profile is associated with the highest likelihood of success and the
lowest risk of treatment-related toxicity. Moreover, this category of patients is most likely
to benefit from such an intervention due to the following factors:

l A greater number of transfusion-free years if treatment is successful, contributing to a
longer life expectancy.

l Lower risk of exacerbation or chronicity of prior damage related to the underlying
disease.

l High probability of successful mobilisation and collection of haematopoietic stem cells
(reducing the need for additional cycles beyond the initial one).

l Decreased risk of delayed engraftment and related complications.

l Minimisation of treatment-related infertility risk, positively impacting post-treatment
quality of life.

l Patients presenting with at least one of the characteristics listed below should also be
considered for treatment, ideally within a short timeframe (24 months), provided that the
treatment is administered in centres with proven expertise in managing TDT patients using
allogeneic HSCT or gene therapy approaches (Grade C, Class IIb):

- Age between 35 and 45 years.
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- Moderate-to-severe iron overload (LIC >7 and <15 mg/g dry liver weight and cardiac T2*
<20 and >15 ms).

- Rare erythrocyte phenotypes or a history of alloimmunisation, which could lead to
foreseeable difficulties in the identification and long-term availability of suitable RBC units
(provided that transfusion support can be ensured during treatment phases).

- Proven intolerance to iron chelating drugs (due to allergic reactions or excessive side
effects) that would likely result in a rapidly progressive worsening of iron overload.
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1. INTRODUCTION

In patients with transfusion-dependent β-thalassaemia (TDT), adequate transfusion and iron
chelation therapy have surely translated to improved patient survival over the years [1].
However, several challenges hinder optimal patient care, especially in resource-limited settings.
In many parts of the world, pretransfusion haemoglobin levels have to be maintained at
suboptimal levels due to blood shortage [2, 3], which puts patients at increased risk of anaemia-
related morbidity and mortality [4]. Even when blood transfusions are adequate, they come
with a considerably added burden of frequent hospital visits, diminished quality of life, and the
need for regular iron monitoring and lifelong chelation therapy, which comes with its own
challenges of limited availability, poor compliance, or side effects  [5-7]

The past few decades witnessed several efforts to evaluate agents and approaches that can
reduce the need for transfusion therapy (and thus secondary iron overload and the need for
chelation) or abolish it altogether. Therapies with a curative intent include haematopoietic stem
cell transplantation (see Chapter 14) and gene manipulation techniques (see Chapter 15).
Despite commendable success with most of these approaches, wide application may be limited
by donor availability, prohibitive costs and reimbursement challenges, or the need for
specialised expertise which may not be available in many parts of the world. The search for
disease-modifying agents has thus continued. Several existing drugs have been repurposed
for use in TDT patients, especially those with the ability to induce γ-globin gene expression,
and consequently foetal haemoglobin (HbF) synthesis. These include hydroxyurea, thalidomide
and derivatives, short-chain fatty acids, erythropoietin and derivatives, and DNA methylation
inhibitors (e.g., 5-azacytidine and decitabine), sirolimus, or their combinations [8-36]. Although
an indication of erythroid response and clinical benefit was evident in some large studies and
meta-analyses (especially for hydroxyurea) [9, 10], data were generated mostly in small, non-
randomised clinical trials, or larger trials restricted to single country experiences (primarily
China, India, Iran, and Pakistan) without dedicated/full development programmes. Responses
have also often been restricted to patients with specific molecular profiles or diminished over
long-term therapy [11, 12, 37]. Thus, no formal treatment recommendations for any of these
agents can be made at this stage. However, efforts to repurpose existing drugs are always met
with encouragement as they may support treatment options in low/middle-income countries
with limited resources. 

With the persisting unmet need, several new disease-modifying agents and programmes have
been initiated in the past few years and these will be featured in this Chapter (Figure 1).
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2. PROGRAMMES HALTED DURING EARLY-PHASE DEVELOPMENT

2.1. Tovinontrine (IMR-687)

Tovinontrine (IMR-687) is a potent, specific, and highly selective small molecule inhibitor of
phosphodiesterase (PDE) 9, which mediates cellular signalling pathways by degrading cyclic
guanosine monophosphate (cGMP) to its inactive or monophosphate form. By inhibiting PDE9, it
increases intracellular cGMP levels and stimulates the production of HbF [38-40]. Forte
(NCT04411082) was a phase 2, randomised, double-blind, placebo-controlled trial aiming to
evaluate the safety, tolerability, pharmacokinetics, and pharmacodynamics of tovinontrine
administered orally once daily for 36 weeks in 120 adult subjects with β-thalassaemia (TDT and
non-transfusion-dependent β-thalassaemia [NTDT]). Secondary objectives in TDT patients included
reduction in transfusion burden, iron loading rate, iron chelation dose requirements, and serum
ferritin levels. Interim results showed sub-optimal clinical benefit and the trial and programme
were terminated [41].

2.2. Ruxolitinib (INCB018424, INC424)

Janus Kinase 2 (JAK2) is another signalling molecule that regulates proliferation, differentiation,
and survival of erythroid progenitors. Studies in TDT and NTDT mouse models indicated that a
short treatment with a JAK2 inhibitor can ameliorate ineffective erythropoiesis and decrease spleen
size [42, 43]. Moreover, in vitro studies indicated that the JAK2 inhibitor ruxolitinib can induce higher
γ-globin gene expression compared with hydroxyurea [44]. A single-arm, phase 2a study
(NCT02049450) to evaluate the efficacy and safety of oral ruxolitinib (INCB018424, INC424)
administered at a starting dose of 10 mg twice daily among 30 adults with TDT and splenomegaly
showed only a slight increase in pretransfusion haemoglobin level and a trend towards transfusion

Figure 1. Novel disease-modifying therapies that have been recently developed or approved in
transfusion-dependent β-thalassaemia. Abbreviations: JAK2, janus kinase 2; PK, pyruvate kinase; HbF,
foetal haemoglobin.
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reduction following 30 weeks of treatment. Reduction in spleen size was the only clinical benefit
observed. Levels of HbF were not analysed in this trial. Adverse events included upper respiratory
tract infection, nausea, upper abdominal pain, anaemia, diarrhoea, and weight increase [45]. Based
on these results no further development was undertaken. 

2.3. Hepcidin mimetics

Owing to the observed bidirectional relationship between ineffective erythropoiesis and hepcidin
dysregulation in β-thalassaemia, the prospect of achieving an erythroid response through
increasing hepcidin levels has been evaluated. In β-thalassaemia mouse models, moderate
transgenic hepcidin expression not only decreased iron loading in the liver but also resulted in
prolonged red blood cell life span and increased haemoglobin levels [46] In pre-clinical studies,
synthetic long-acting hepcidin analogs (minihepcidins) were able to ameliorate ineffective
erythropoiesis, anaemia, and splenomegaly [47-49].

A synthetic human hepcidin given as a subcutaneous injection, LJPC-401 [50] was evaluated in a
phase 2, multicentre, randomised, open-label study (NCT03381833) in adult patients with TDT with
the aim of improving cardiac iron overload among other haematologic benefits. The trial was
prematurely terminated due to lack of efficacy on interim analysis [51]. Another injectable hepcidin
mimetic, rusfertide (PTG-300), was also evaluated in TRANSCEND (NCT03802201), phase 2, open-
label, single-arm, dose-escalation study including adults with NTDT and TDT, with the aim of
reducing transfusion burden in patients with TDT. Preliminary data indicated that it may be too
early to determine if rusfertide has clinically meaningful activity in patients with TDT, and no further
development plans were announced [52].

3. APPROVED AGENTS

3.1. Luspatercept (ACE-536)

3.1.1. Mechanism of action

Luspatercept (ACE-536) is a recombinant fusion protein made of a modified extracellular domain
of the human activin receptor type IIB fused to the Fc domain of human IgG1. These in turn bind
to select transforming growth factor β superfamily ligands, block SMAD2/3 signalling, and enhance
erythroid maturation during late-stage erythropoiesis [53-55]. In β-thalassaemia mouse models,
its effects were shown to be mediated by restoring nuclear levels of the transcription factor GATA-
1 in erythroid precursors [55], reduction of α-globin chain aggregation and haemolysis, increasing
erythrocyte life span, and improving iron overload [54]. It also improved reduced bone mineral
density and splenomegaly [53].

3.1.2. Development programme and trials

It is worth noting that the development of luspatercept was preceded by another ligand-trap fusion
protein containing the modified extracellular domain of activin receptor type IIA, sotatercept (ACE-
011). Although sotatercept was evaluated up to a phase 2 trial in β-thalassaemia adults with positive
findings [56], the decision was not to advance sotatercept to phase 3 trials in this patient population,
but to only progress with the luspatercept development programme instead.

Following a phase 1 trial indicating safety and tolerability in healthy volunteers [57], luspatercept
was evaluated in a multicentre, open-label, dose-ranging phase 2 study (NCT01749540) in adults
with β-thalassaemia, confirming its safety and effectiveness in reducing transfusion requirement
in TDT and improving haemoglobin levels in NTDT [58], with benefits maintained throughout a 5-
year extension study (NCT02268409) [59].
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BELIEVE (NCT02604433) was a randomised, double-blind, placebo-controlled phase 3 trial including
336 adults (≥18 years) with TDT [60]. Patients had to have received 6-20 packed red blood cell units
in the 24 weeks prior to randomisation with no ≥35-day transfusion-free period during that time.
Patients were randomised in a 2:1 ratio to receive luspatercept (subcutaneous injection every three
weeks) at a dose of 1.0 mg/kg with titration up to 1.25 mg/kg or placebo for ≥48 weeks. Patients
who completed the double-blind period could continue or cross-over to luspatercept in an open
label extension for up to 5 years. As soon as a long-term follow up (LTFU) study (NCT04064060)
opened, patients were rolled over. Final data analyses for the BELIEVE trial included all patient follow
up until they joined the LTFU study. 

During the core 48-week treatment period, a significantly greater percentage of patients receiving
luspatercept achieved the primary endpoint of a ≥33% reduction in transfusion burden from
baseline during weeks 13-24 compared with placebo (21.4% vs 4.5%). Secondary endpoint
responses of a ≥33% reduction from weeks 37-48, and ≥50% reduction from weeks 13-24 and
weeks 37-48 were also significantly higher in luspatercept than placebo [60]. Analyses of ‘rolling
intervals’ were also conducted, since fixed-period results may not fully reflect observation periods
in clinical practice. A significantly greater proportion of luspatercept-treated patients achieved
≥33% and ≥50% reduction during any rolling 12-week or 24-week interval (70.5% vs 29.5% had
≥33% reduction during any 12 weeks). Most common adverse events observed at a higher rate in
luspatercept vs placebo included transient bone pain, arthralgia, dizziness, hypertension, and
hyperuricemia [60]. 

Luspatercept responders were more likely to show improvements in quality of life, which was overall
maintained during the core treatment period [61], while improvements in iron overload indices
were only modest and primarily attributed to iron redistribution due to enhanced erythropoiesis
[60, 62].  

On long-term follow up, luspatercept-treated patients from the BELIEVE trial continued to
experience reductions in transfusion burden in both the open-label extension and LTFU study
[63, 64], with no new safety concerns emerging [63, 65]. Data from long-term follow up also
started showing considerable improvements in iron overload indices and decreasing trends of
overall iron chelation use and dosing [63, 66-68]. A summary of BELIEVE trial key data is provided
in Table 1 [69]. 

Table 1. Summary of the BELIEVE trial in adults with transfusion-dependent β-thalassaemia. Modified
with permission from [69].

Feature Details

Design

Population 

l Randomised (2:1), double-blind, placebo-controlled phase 3 trial
l Countries: Australia, Bulgaria, Canada, France, Greece, Italy, Israel,

Lebanon, Malaysia, Taiwan, Thailand, Turkey, Tunisia, United Kingdom,
and USA

l 336 adults with TDT (6-20 RBC units per 24 weeks before
randomisation, and no ≥35-day transfusion-free period)

l β-Thalassaemia and haemoglobin E/β-thalassaemia (concomitant 
α-globin deletion, mutation, or duplication were allowed)
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Duration

Intervention

Erythroid response

Patient reported
outcomes

Iron overload

Adverse events

l 48 weeks double-blind treatment
l Up to 5 years open-label treatment (with cross-over)
l 3 years post-treatment follow up
l Roll-over to LTFU study up to 5 years

l Luspatercept 1 mg/kg subcutaneously every 3 weeks (with up
titration to 1.25 mg/kg) (n = 224) 

l Placebo (n = 112)

l Primary endpoint (percentage of patients who had a reduction in the
transfusion burden of ≥33% from baseline during weeks 13-24 plus a
reduction of at least 2 red-cell units over this 12-week interval): 21.4%
luspatercept vs 4.5% placebo (p <0.0001)

l Primary endpoint in favour of luspatercept across all subgroups
l Reduction of ≥33% during weeks 37-48: 19.6% luspatercept vs 3.6%

placebo
l Reduction of ≥50% during weeks 13-24: 7.6% luspatercept vs 1.8%

placebo; during weeks 37-48: 10.3% luspatercept vs 0.9% placebo
l Reduction of ≥33% during any 12 weeks: 70.5% luspatercept vs 29.5%

placebo; during any 24 weeks: 41.1% luspatercept vs 2.7% placebo 
l Reduction of ≥50% during any 12 weeks: 40.2% luspatercept vs 6.3%

placebo; during any 24 weeks: 16.5% luspatercept vs 2.9% placebo 
l Non-responders to luspatercept treatment in weeks 13-24 achieved

greater transfusion reduction than placebo upon continuing therapy
through week 48

l Longer-term data: 77.2% had ≥33% reduction during any 12 weeks
after a median treatment duration of 153.6 weeks and 80.4% had
≥33% reduction during any 12 weeks after a median treatment
duration of 229.1 weeks

l No significant changes in quality of life measures between
luspatercept and placebo, but luspatercept responders were more
likely to show improvements

l No clinically meaningful changes in iron parameters or iron chelator
dosing during the 48-week treatment period

l Longer-term data: increasing proportion of patients switching to safer
iron overload thresholds and decreasing trends of overall iron
chelation use and dosing

l Transient bone pain, arthralgia, dizziness, hypertension, and
hyperuricemia were more common with luspatercept than placebo

l Higher number of thromboembolic events in luspatercept compared
with placebo, in patients with pre-existing risk factors

l Longer-term data: no additional safety concerns

Abbreviations: TDT, transfusion-dependent β-thalassaemia; RBC, red blood cell; Hb, haemoglobin; LTFU, 
long-term follow up.
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Two safety concerns which have been raised with luspatercept treatment based on higher rates
observed in treated patients compared with placebo are thromboembolic events (primarily in TDT,
BELIEVE trial) and worsening extramedullary haematopoietic masses (primarily in NTDT, BEYOND
trial). However, these mainly occurred in patients with pre-existing risk factors for these
complications, which are naturally common in patient with β-thalassaemia due to ineffective
erythropoiesis and hypercoagulability [60, 70]. Details of luspatercept’s dosing and monitoring
recommendations are provided in the product’s prescribing information and reviewed recently
[69, 71-73]. 

Based on data from the BELIEVE trial, luspatercept was approved in the USA (2019) and Europe
(2020) for the treatment of anaemia in adult patients with TDT. Luspatercept is also now approved
in Europe (but not the USA) for the treatment of anaemia in adults with NTDT based on data from
the BEYOND trial (NCT03342404) [70]. Clinical trials in paediatric patients (NCT04143724) [74] and
in α-thalassaemia (NCT05664737) [75] are ongoing. 

3.1.3. Real-world evidence

Data on luspatercept use in real-world settings are now available from few observational studies
from Greece [76, 77], Italy [78-80], USA [81], Turkey [82], and Malaysia [83]. Collectively, these data
resonate with findings from the BELIEVE trial and reflect erythroid responses (improvement in
pretransfusion haemoglobin level, reduction in red blood cell units transfused, increase in
transfusion intervals), improvement in iron indices and quality of life. Some new predictors of
response were suggested including baseline HbF levels [78]. Some studies also showed that higher
baseline transfusion burden patients (compared with BELIEVE) can be successfully treated, patients
who had transitioned from NTDT to TDT may achieve transfusion independence, and patients who
had difficulty receiving transfusions due to alloimmunisation can be effectively treated with
luspatercept. High discontinuation rates, however, alluded to the need for more informed patient
selection and treatment optimisation. 

3.1.4. Practical insights

Although response with luspatercept was observed across all evaluated patient subgroups in
BELIEVE, some subgroups showed different magnitudes or timing of response [60]. Patients who
have a non-β0/β0 genotype, who are splenectomised, and who have low-moderate transfusion
burden may show earlier response, higher magnitude of response, or require lower doses [60, 73,
76, 84]. Further data on predictors of response, ideally including easy-to-measure clinical data or
biomarkers, may be imperative for clinicians to prioritise treatment for patients who are most likely
to respond; especially in a resource-limited setting. Some guidance based on expert opinion has
been recently published [85], and suggests the following group of patients to be assigned priority:

l Patients receiving moderate transfusion regimens (≤4 packed red blood cell units/month)

l Patients with non-β0/β0 genotype

l Splenectomised patients

l Patients unable to sustain transfusion regimen for target haemoglobin level 

l Patients with progressive iron overload (nonadherence, poor tolerance/response to iron chelation
therapy) 

According to luspatercept’s product label, response (defined as ≥33% reduction in transfusion
burden in the European Medicines Agency label and as any reduction in the US Food and Drug
Administration label) should be evaluated after two or more doses for potential dose escalation,
while treatment discontinuation is recommended if no reduction in transfusion burden is noted
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following three doses at the maximum dose (15 weeks from initiation of therapy) [71, 72]. However,
delayed response has been observed in the BELIEVE trial, even in patients who did not achieve the
primary endpoint of ≥33% reduction during weeks 13-24. Responses of ≥20% reduction in
transfusion burden may also be considered clinically meaningful [60, 86, 87]. In some countries
where pretransfusion haemoglobin level is maintained at levels below those recommended in
these guidelines, improvements in pretransfusion haemoglobin with the same transfusion regimen
may also be regarded as ‘clinical benefit’ [85]. 

4. ONGOING CLINICAL DEVELOPMENT PROGRAMMES

4.1. Mitapivat (AG-348)

Preclinical studies on pyruvate kinase (PK)-deficient mice have indicated that the metabolic
disturbance in PK deficiency alters not only the survival of red blood cells but also the maturation
of erythroid progenitors, resulting in ineffective erythropoiesis. 

Mitapivat (AG-348) is a first-in-class oral, small-molecule, allosteric activator of the red blood cell-
specific form of PK which has shown efficacy and safety and received approval in the USA and
Europe for the treatment of haemolytic anaemia in adult patients with PK deficiency [88-91]. In
thalassaemia mouse models, it reduced markers of ineffective erythropoiesis and haemolysis, and
improved red blood cell survival, anaemia, transfusion burden, and indices of iron overload [92-
94]. In an open-label, multicentre, phase 2 study of mitapivat in 20 adults with NTDT (median age
44 years, 50% identifying as Asian; 15 with β-thalassaemia and 5 with α-thalassaemia) and a
haemoglobin level ≤10 g/dL, 16 (80%) patients had a response defined as a haemoglobin increase
by ≥1.0 g/dL (5/5 in α-thalassaemia and 11/15 in β-thalassaemia). Favourable changes in markers
of erythropoiesis and haemolysis were also noted. The most common treatment-emergent adverse
events were initial insomnia (50%), dizziness (30%), and headache (25%) [95]. Mitapivat (100 mg
orally, twice daily) is currently being evaluated in two phase 3, double-blind, randomised, placebo-
controlled, multicentre trials in TDT (ENERGIZE-T, NCT04770779) and NTDT (ENERGIZE,
NCT04770753) including both β-thalassaemia and α-thalassaemia. Data from the core follow up
period in both trials were announced to positive in 2024, for all primary and key secondary
endpoints [96-98]. 

In ENERGIZE-T, 258 adults with α- or β-TDT from 19 countries were randomised 2:1 to mitapivat 100
mg (n = 171) or placebo (n = 87) twice daily for 48 weeks. Transfusion dependence was defined as
6-20 red blood cell units transfused and a ≤6-week transfusion-free period during the 24-week
period before randomisation. Randomisation was stratified by thalassaemia genotype (β0/β0 and
non-β0/β0, including haemoglobin E/β-thalassaemia and α-thalassaemia/haemoglobin H disease)
and geographic region. A total of 155 (90.6%) and 83 (95.4%) patients in the mitapivat and placebo
arms, respectively, completed the 48-week double-blind period. The mean age was 35.5 years and
44.2% had a β0/β0 genotype. The primary end point of a transfusion reduction response defined as
≥50% reduction in transfused red blood cell units and a reduction of ≥2 units in any consecutive
12-week period through Week 48 compared with baseline was achieved in 30.4% of patients in the
mitapivat arm vs 12.6% in the placebo arm (p = 0.0003), and response was observed in all pre-
defined subgroups, at different effect estimates. Statistically significant reductions in transfusion
burden for mitapivat vs placebo were also demonstrated for all other secondary definitions of
transfusion response (14.6% vs 1.1% for ≥33% reduction and 7.6% vs 1.1% for ≥50% reduction
during Weeks 13 to 48 vs baseline). Treatment-emergent adverse events occurring in ≥10% of
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patients on mitapivat were headache, upper respiratory tract infection, initial insomnia, diarrhoea,
and fatigue. Serious adverse events were reported in 11.0% and 15.3% of patients on mitapivat and
placebo, respectively; and 2.3% and 1.2%, respectively, were considered treatment-related [98].
Patients who completed the core follow up period could cross-over or continue mitapivat therapy
for five additional years.

Regulatory filing for mitapivat’s for patients with α- and β-TDT (and NTDT) is currently underway,
and if successful, this will offer a new oral treatment options for patients with TDT.

4.2. Etavopivat (FT-4202)

Etavopivat (FT-4202) is another PK activator currently being developed for patients with TDT [99].
GLADIOLUS (NCT04987489) is a phase 2, open-label trial evaluating the safety and efficacy of
etavopivat in patients with thalassaemia (TDT and NTDT, α and β) or sickle cell disease [100]. The
primary endpoint for TDT patients is the proportion of patients with ≥20% reduction in red blood
cell transfusions over a continuous 12-week treatment period versus baseline red blood cell
transfusion history. Data from this trial are awaited. 

5. FUTURE OUTLOOK

Despite multiple failures in recent development programmes, we are fortunate to witness some
trials delivering on their endpoints and agents finding their way to the market. Such advances in
science and clinical development can only be truly successful if matched with pragmatic access
programmes that ensure novel therapies are available to all patients worldwide, considering that
most patients with TDT live in resource-limited countries. Application of clinical trial data in the real-
world setting may not be as straight forward as expected, and efforts to design educational
programmes that can support best practices are essential. The practicalities of altering patients’
transfusion programmes and the impact of transfusion reduction on patients’ lifestyles and quality
of life should be further studied. More importantly, the impact of long-term therapy on iron
overload and clinical morbidities should be more thoroughly evaluated in a chronic disease such
as thalassaemia. The availability of several new treatment options would require robust evidence
to support patient selection through head-to-head comparisons and combinatorial studies.  
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KEY POINTS AND RECOMMENDATIONS

1. Luspatercept is recommended in transfusion-dependent β-thalassaemia (TDT) adults (≥18
years) to achieve transfusion burden reduction (Grade B, Class I).

2. The following patient subgroups may be prioritised for luspatercept treatment (Grade C,
Class IIb): 

l Patients receiving moderate transfusion regimens (≤4 packed red blood cell units/month).

l Patients with non-β0/β0 genotype.

l Splenectomised patients.

l Patients unable to sustain transfusion regimen for target haemoglobin level. 

l Patients with progressive iron overload (nonadherence, poor tolerance/response to iron
chelation therapy).

3. Luspatercept treatment dosing should follow local prescribing information; otherwise, the
below guidance should be followed (Grade B, Class I):

l Starting dose of 1 mg/kg subcutaneously every 3 weeks.

l Dose increase to 1.25 mg/kg if patient has no reduction in transfusion burden after at least
2 consecutive doses (6 weeks) of 1 mg/kg.

- Per US Food and Drug Administration (FDA) product label. In the European Medicine
Agency (EMA) label, <33% transfusion burden reduction is required.

l Treatment discontinuation if patient has no reduction in transfusion burden after 3
consecutive doses (9 weeks) of 1.25 mg/kg (minimum overall treatment duration of at least
15 weeks).

l Treatment interruption if pre-dose haemoglobin is ≥11.5 g/dL in the absence of transfusions.
Treatment can be restarted when haemoglobin is ≤11 g/dL.

l Dose decrease if increase in haemoglobin is >2 g/dL within 3 weeks and in the absence of
transfusions (decrease 1.25 mg to 1.0 mg, 1 mg to 0.8 mg, 0.8 mg to 0.6 mg, interrupt if
0.6 mg).

- Luspatercept 0.6 mg/kg dose is approved for TDT patients by the US FDA label only; the
EMA label states that the lowest dose should be 0.8 mg/kg.

4. Luspatercept treatment adverse event monitoring and management should follow local
prescribing information; otherwise, the below guidance should be followed (Grade B, Class I):

l Mild adverse events are generally manageable with over-the-counter analgesics /
medications.

l For patients who experience persistent high-grade adverse events:

- Treatment may be interrupted until the adverse event resolves.

- Dosage may be modified.

- Treatment may be discontinued.

- Individual patient assessment and close monitoring are essential.

l Treatment should be discontinued for grade 3 or 4 hypersensitivity reactions.
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l Thromboembolic events: considering the higher number of thromboembolic events
observed in luspatercept-treated vs placebo patients in the BELIEVE trial, patients should be
monitored for signs and symptoms of thromboembolic events and treatment instituted
promptly. Thromboembolic risk assessment and prophylaxis in high-risk patients are advised
in patients with β-thalassaemia (especially splenectomised adults) irrespective of
luspatercept therapy.

l Hypertension: patients treated with luspatercept had an average increase in systolic and
diastolic blood pressure of 5 mmHg from baseline:

- Treatment must be started only if the blood pressure is adequately controlled.

- Blood pressure should be monitored before each luspatercept administration.

- Luspatercept dose may require adjustment or may be delayed, and patients should be
treated for hypertension.

l Extramedullary haematopoiesis (EMH): cases of EMH were documented during luspatercept
therapy across β-thalassaemia trials. Patients should be monitored at initiation and during
treatment with luspatercept for signs and symptoms of EMH masses (paraspinal localisation
being the most concerning), especially in non-transfusion-dependent or sub-optimally
treated transfusion-dependent patients who are naturally at higher risk of EMH.

5. Application of transfusion reduction during luspatercept treatment (i.e., reduction of the
number of transfused units vs increasing the transfusion visit interval) and any alternate
definitions of transfusion reduction response (e.g., ≥20%) should follow the physician’s
discretion (Grade C, Class IIb).

6. Patients receiving luspatercept should continue to be monitored and managed for iron
overload, with necessary adjustments based on changes in the rate of iron intake (Grade C,
Class IIb).

7. The off-label clinical use and repurposing of drugs with a disease-modifying effect based on
available literature in TDT should follow institutional policies and ethical standards (Grade C,
Class IIb).
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1. INTRODUCTION

Transforming healthcare in the 21st century is a difficult and an extremely challenging task due to
the many intricate layers that form part of and influence the system. Political, environmental,
economic, and public health factors combined with cultural differences are often constrained by
value conflicts, resistance, and delays to proceed to changes. Amongst the key stakeholders that
can contribute productively to changes and reforms in the healthcare environment, leading to
improvements aiming to better patient outcomes and to a more inclusive society, are the patients
themselves, and more particularly those with chronic illnesses, along with their families who live
and feel on an everyday basis the benefits, challenges, and gaps of the health and social care
systems in their country. They are those who fear most for their future, who have uncertainties for
the availability of and accessibility to the next days’ care. They are those who are the first to be
adversely affected during periods of crises whether health, economic, environmental, climatic, or
geopolitical in nature. Patients with transfusion-dependent β-thalassaemia (TDT), are among the
ones to be severely influenced because of their lifelong, daily dependency on diverse medical,
public health, social care, and other interventions.  

It is a well-known fact that for decades, the decisions leading to health and social care systems’
reform and changes were taken by those who served mainly political goals and agendas, and when
seeking for guidance and advice, these were provided solely through scientific and medical
recommendations. Healthcare professionals across disciplines thus possessed for decades the role
of providing both scientific input and patients’ perspectives to decision makers, without or with
very confined patient contribution. 

Patients’ opinion, impressions, concerns, expectations, and challenges in assessing the range and
quality of services they considered essential to address their multiple medical and social needs,
characterizing in particular a chronic disease such as β-thalassaemia, were not sought for or
acknowledged to any level for their value. No effort was made in the past to even identify the
challenges and gaps of the system as seen and felt by the patients (and their families) to allow their
reflection in recommendations provided by the healthcare professionals community to the
regulators. Undoubtedly, we have all lived through such paternalistic approaches and quite sadly,
there is ample evidence through patients and families testimonies, known to the Thalassaemia
International Federation (TIF) for example, that such an approach still prevails to a smaller or larger
extent across the world. Often, the absence of a structured patient engagement approach prior to
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decision making led, and certainly continues to lead in many countries across the world (particularly
of the developing economies), to health and social care reforms that are associated with great costs
and that could jeopardise the sustainability and resilience of the health and social care systems
without in fact effectively and sustainably addressing the needs of patients (especially those with
chronic disease). Recognition of the need and value of listening to patients and taking on board
their views, concerns, and real-life experiences came rather slow through the years, since resistance
from the medical community was indeed very powerful. This was coupled with limited action to
put forward procedures to productively engage and involve, in a meaningful and official way,
patients at the decision-making level (national, regional, and international). 

2. THE HISTORY OF PATIENT ENGAGEMENT IN THALASSAEMIA: 
HOW IT ALL BEGAN

In the field of thalassaemia, a number of decent and quite successful efforts were started by patients
and their families in the 1950s and 1960s in countries in Southern (Mediterranean) Europe, where
the disease was quite prevalent in the indigenous population. However, achieving patient and
family involvement and participation in decision-making processes and discussions on policy
reforms often meant confronting physicians, national health authorities, politicians, and other
involved stakeholders. Patients and parents’ confessions reveal that such movements had been
extremely difficult in those early days and indeed such efforts caused them considerable pain,
stress, and agony and certainly prevented or considerably delayed any real progress to be made in
addressing their needs more effectively. 

The unmet needs and the challenges of patients with thalassaemia were (and still are) evident in
many countries worldwide, whether medical or social in nature including the burden of the ‘stigma’
carried by a genetic, hereditary disorder. Confronting the healthcare system and society in a country
thus seemed like undertaking a ‘masked’ revolution. Patients in those year, were sub-optimally or
not treated at all in most countries across the world, leading to very poor health-related quality of
life (HR-QoL) and early, premature death. Knowledge about the pathophysiology and hence the
effective management of the disease was very confined and research interest by the academia and
industry was also very limited. Patients and their families felt the need to take their fate in their
hands. Patient engagement and involvement in ways as known to us today were quite unknown
concepts then. Patients and their families navigated through the system trying to find solutions to
their problems, often with huge delays, enduring wrong or belated diagnosis and inappropriate
interventions for years. They were also often faced with resistance and/or non-responsive
behaviours from the authorities or poor awareness from healthcare professionals concerning the
needs of their condition. There was no other way for patients and families to address their situation
except to unite their efforts to make their voice heard. That is how and why patient organisations
started to develop and that is how patient involvement began to evolve (in the case of
thalassaemia). 

The achievements (mostly disease-specific but also many in the larger context of public health) of
some of the first national thalassaemia associations established in the 1960s and 1970s in Southern
Europe (mainly Cyprus, Greece and Italy; but also in the United Kingdom), are considered milestones
in the history of the development of disease-specific national programmes in these countries;
particularly in the areas of spreading awareness about the disease to the community at large,
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promoting voluntary blood donation practices, ensuring safety of blood, and sensitising the
competent authorities about the value and contribution of effective, nationally-funded, and
coordinated prevention programmes for improvement of the quality of services provided to the
patients. Although the competent authorities and healthcare professionals community led these
efforts by law, the voluntary contribution of patient organisations proved to be substantial and
invaluable. 

The work and official involvement of the patients/parents at the decision-making level were
considered at the time (i.e., in the 1960s) as an innovative, extremely bold movement; referred to
by many stakeholders as a revolution in health. The medical community and political decision
makers initially met this movement with scepticism and great reservation, one that they had to
fight, subside, and strongly resist. They were not able to realise back then that this is going to be
one of the most significant steps ever taken to compliment and strengthen their own work, rather
than oppose or harm it.

3. HOW DID THE MEDICAL COMMUNITY PERCEIVE THIS MOVEMENT 

A veteran Greek Professor of Haematology, the late Professor Dimitris Loukopoulos, who made
considerable academic and research contributions to the history of  haemoglobin disorders in
Greece and internationally stated during the Thalassaemia International Conference in 1999: 

‘The patient/parent movement that started in Greece, Cyprus and Italy in the 1960s and 1970s and
followed by others through the years, the determination and persistence of the patients and their families
to be heard by competent authorities and the involved healthcare professionals community through
becoming involved in all stages of planning and decision taking with regards to their disease were well
beyond our understanding and well above  healthcare professionals comprehension. At the same time,
we realised that this was also well beyond our power to either ignore or stop. 

The strength of their action alarmed and impressed us but also scared us at the beginning, feeling we
may lose our power and our key role as decision makers or key contributors to decision making in
healthcare. But as time passed, along with many others involved colleagues across the world, we
recognised and greeted the added value of this new development. The role of healthcare professionals
was not threatened at all but in fact was greatly strengthened and we came to realise and appreciate
that patient advocacy and involvement could in fact significantly support our academia and  research
communities’ efforts. Utilising and building on the extremely valuable information and real-world
perspectives obtained from the patient and parent community itself and reflecting these into our
recommendations to the competent authorities contributed immensely to taking decisions more focused
and tailored to the patient’s needs and to make changes and reforms in the services and policies that
were more appropriate for the effective management and control of these disorders.  

At the same time, such approach proved to be more cost-effective for the health and social care systems
themselves, protecting sustainability and resilience. Patients were indeed more ‘independent’ to move
things along than us, the professionals, who had restrictions in confronting the system. Patients and
their families could argue, disagree, and access concerned authorities without permission and
bureaucratic procedures, acknowledging their right as humans and patients for quality, decent, and
appropriate care and to be respected(as safeguarded by the United Nations (UN) and the World Health
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Organization (WHO) resolutions and declarations. In fact, very shortly, we as health specialists not only
greeted with relief but also began to request the collaboration and active involvement of the patient
community gradually in our efforts, and in a more structured and official way. In conclusion, we
welcomed patients’ engagement in the decisions taken regarding their disease and also in other related
public health and social care aspects.’ 

4. NATIONAL PATIENT/PARENT SUPPORT GROUPS LED TO THE BIRTH OF THE
THALASSAEMIA INTERNATIONAL FEDERATION 

Throughout the years, patients united their voice and efforts and started establishing non-
governmental organisations (NGOs) across the world largely relying on the format, mission, and
vision of the first thalassaemia associations in Southern Europe which had already
demonstrated successful outcomes. After recognizing (i) the strength of the voice of the patients
and the value of their participation and contribution at the national level in achieving disease-
specific improvements, (ii) the worldwide occurrence of these disorders, (iii) the need to transfer
knowledge and expertise gathered mainly from countries in Southern Europe which were first
to successfully implement prevention and management approaches through the development
of specific national programmes, and (iv) the urgent need to strengthen research for achieving
further improvements, a small group of patients, parents, and healthcare professionals with the
support and guidance of the WHO, established TIF in 1986. The support of the WHO working
group was instrumental to provide the necessary environment for creation of TIF. At first, TIF
had a very confined membership of patient organisations from around the world. However,
membership expanded over the years with TIF enjoying to date (2024) membership of more
than 200 patient organisations from 68 countries across the six different regions of the world
as defined by the WHO. 

TIF, since its establishment, in shaping its Constitution opted for a Board of Directors where
patients were represented in equal number with parents (non-patients), and recognised from
the beginning of its existence that three activities were of highest priority to be included in its
mission and mandate, in order to have effective patient engagement and valuable contribution
to achieve disease-oriented improvements at all levels, national, regional, and international: 

1. Education of patients and families about the disease and its medical and social needs and
the serious repercussions if it is left unaddressed or sub-optimally controlled. By the 1990s,
considerably more scientific evidence became available on how to effectively prevent and
appropriately manage this disorder. TIF established an extensive educational programme for
patients, and in more recent years, its Global Patient Advisory/Advocacy Group comprised of
patients from across various countries and regions of the world. These patients not only
represent their country but also TIF and they provide the patients’ perspective in discussing
unmet needs and challenges and in advocating for improvements. The added value of such
interaction and engagement has been recognised and immensely appreciated and
acknowledged by the scientific community and regulatory and competent authorities at 
any level. 

2. Empowerment of national patient organisations towards the establishment of a line of
productive interaction, communication, and collaboration with the medical/scientific community
in their countries. This would support patient-oriented improvements in every country with

CHAPTER 17
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patient involvement at the national decision-making level.  At the international and regional
levels, TIF worked in a parallel way: urging and empowering the international medical/scientific
community to put together the knowledge and experience they gathered throughout the years
into developing guidelines and recommendations for the prevention and the management of
the disease. The collaboration and networking of patients (i.e., TIF) with the healthcare
professionals community constituted a great step forward by enabling the patients through
evidence-based guidelines authored by international experts, to pass on to the competent
authorities what was/is considered as ‘optimal care’ to address the needs of the disease and the
patients. This covered management aspects well beyond conventional medical care for a
complex, genetic, hereditary disorder with multiorgan impact and significant challenges in social
inclusiveness. In addition, TIF through collaboration with the medical/scientific community, had
the opportunity to develop various educational programmes including conferences, workshops,
preceptorships, webinars, courses, fellowships, and other programmes (virtual, physical, or
hybrid) aiming to provide lifelong educational opportunities to healthcare professionals, patients,
their families, and the community at large. The programmes and agendas of these educational
programmes whether implemented at national, regional, or international level are developed
jointly by patients/parents’ representatives and healthcare professionals, and they are organised
jointly to address the needs of both communities alike.  

3. The third activity recognised by TIF towards achieving effective and meaningful patient
involvement in decision making was the establishment of official collaborations with health-
related official bodies at the international, regional, and national levels including but not
limited to:

- Official European Union (EU) competent bodies including the European Blood Alliance
(EBA), the European Centre for Disease Prevention and Control (ECDC), the European
Directorate for the Quality of Medicines & HealthCare (EDQM), European Medicines Agency
(EMA), as well as the European Reference Network (ERN) dedicated to haematological
disease (EuroBloodNET) and its European Patient Advocacy Group (ePAG)

- The WHO (in official relations since 1996), the UN, the UN Economic and Social Council
(ECOSOC, special consultative status in April 2017),  the European Commission (official
partner in the field of health since 2018), the Association of Southeast Asian Nations (ASEAN)
(since 2013), and others while at the national level this is achieved through official
agreements (Memorandums of Understanding) with Ministries of Health.

- National, regional, and international scientific professional bodies including the European
Hematology Association (EHA, with a TIF member involved in the EHA Patient Advocacy
Committee), the International Society of Blood Transfusion (ISBT), and the European
Association for the Study of the Liver (EASL).

- Other organisations including the European Organisation for Rare Diseases (EURORDIS),
Rare Diseases International, the International Alliance of Patients’ Organisations (IAPO), and
the European Patients' Forum (EPF).

- Industry and academia involved in research.

- Multistakeholder initiatives focused on strengthening patients’ voice and position on critical
matters aiming to achieve further improvements in the health and social care of patients.
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5. KEY OBSERVATIONS CAPTURED THROUGH THE WORK AND ACTIVITIES OF
THE THALASSAEMIA INTERNATIONAL FEDERATION

Patient involvement with the process of healthcare delivery can vary according to the patient’s age,
sex, and education level, and possibly ethnicity and culture. Younger patients tend to want more
involvement than older patients, females prefer a more active role than males, and highly educated
patients opt for greater engagement than their less academic peers. It has been demonstrated
through TIF’s work that some of these effects are due to differences in health literacy levels – in
general younger and more educated patients tend to have a greater capacity for obtaining,
processing, and comprehending basic health information needed to make appropriate health
decisions.

In addition, TIF’s experience at the grassroots, demonstrates or suggests that patients with less
severe conditions may take on a more active role in their healthcare than  patients who live with
more severe symptoms. 

The direction of advocacy and depth of engagement are certainly different in each country and
even within a country, depending on the challenges and gaps existing or perceived by patients
and their families, and on whether patients’ involvement is acknowledged for its value and ‘allowed’
to happen in a national system with regards to thalassaemia care for example. 

6. A STRONG EXAMPLE OF A VERY POWERFUL MOVEMENT: THE HUMAN
IMMUNODEFICIENCY VIRUS  STORY

In the early 1990s and during those same years that thalassaemia patient engagement initiatives
began to evolve and strengthen, another patient movement, perhaps the strongest and most
powerful ever, became the focus of attention and interest of global academic and research
communities, the industry and international health bodies, and regulatory drug authorities. This
was the ‘revolution’ of patients with human immunodeficiency virus (HIV) which constitutes another
excellent example of how patients involvement achieved significant success in improving the
management of a very complex and devastating disease, and in achieving progress in patients’ HR-
QoL and social inclusion. Patients infected with HIV had to demand and ‘oblige’ all relevant
stakeholders to ‘LISTEN’ to their odyssey and understand their needs and journey, as they otherwise
went through a labyrinth of poor services with unknown effectiveness. They demanded investment
in research and drug development to effectively address the tragic consequences of the infection
which constituted one of the most severe global public health threats ever. Although it took years
of fight, success was indeed achieved, ultimately leading to the development of drugs that have
the power today, and for some time now, to convert this infectious disease with immense medical,
public, social, and economic repercussions into a chronic, well-managed one. No other disease has
ever received more interest and funding for research, trials, and drug development than HIV.

This development, however, could not have happened without the continuous, active, united,
persistent, strong, and on occasions aggressive yet well-documented patient advocacy and active
involvement at national, regional, and international decision-making levels.  Despite the burden
of the huge stigma carried by this disease, patients worldwide opened up, talked about, and
published their personal stories and experiences during their tragic disease journey.  Research on
HIV will also be remembered for another major contribution in addition to demonstrating the
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power of patients’ engagement. This concerns the development of molecular biology tools that
can achieve early and accurate diagnosis and monitoring of the progression of HIV infection. These
tools also later supported numerous other medical diseases and scientific applications. Similarly,
the thalassaemia patient involvement and engagement contributed immensely to the
development and strengthening of many other medical and public health areas such as voluntary,
non-remunerated, blood donation practices and optimisation of blood transfusion services. 

7. PATIENT ENGAGEMENT WITH REGULATORY AGENCIES

The HIV movement coincided or was followed by many other successful examples especially for
rare diseases in Europe. The active and meaningful engagement of patients with rare diseases at
all levels in decision making in the EU has led to the recognition by the EU competent bodies of
the multiple unmet patients’ needs and the development of specific recommendations and policies
to be implemented in every EU country.  The aim was, and still is, to improve early and accurate
diagnosis, strengthen research and drug development, and provide effective management while
acknowledging the poor HR-QoL and social exclusion of many if not most patients with rare
diseases. The various challenges and special needs of these patients on account of their complexity
and rarity got to be addressed in a more focused and patient-centric manner when patient
engagement became more structured and recognised for its value by official bodies and
competent authorities. In the EU, contrary to other regions, patient engagement and participation
in essential committees has become mandatory throughout the years.

Patient engagement with the European Medicines Agency (EMA) for example has evolved and
diversified over the years in parallel with the expansion of EMA’s remit. There are several categories
of patient representation at EMA; those who represent all patients in the European community as
members of the EMA Management Board and scientific committees, those who represent their
organisation via membership of EMA’s Patients’ and Consumers’ Working Party (PCWP), or
participation in workshops and responding to EMA public consultations. Patients also represent
themselves as individual experts for medicine approval-related activities such as scientific advice,
scientific advisory groups (SAGs), and the review of documents destined for the public such as
medicines overviews, safety communications, and package leaflets. Various engagement
methodologies have been tested and implemented over the years, resulting in established
procedures to include the patient voice all along the medicines regulatory lifecycle at EMA.

Patient involvement in scientific advice began in 2005 when rare disease patients requested to be
involved in protocol assistance procedures for medicines with an orphan designation. Success of
this activity led to the inclusion of patients in scientific advice for medicines without an orphan
designation from 2013 as well as parallel procedures of scientific advice and health technology
assessment (HTA) bodies (Figures 1-3) [1].
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Figure 1. Number of patients involved with the European Medicines Agency from 2008 to 2020, by
procedure type (protocol assistance, scientific advice and parallel procedures with health technology
assessment bodies). Data collection on patient involvement in scientific advice procedures began in
2008. Reproduced with permission from [2].

Figure 2. Areas of development plan where patients provided input as part of the European
Medicines Agency scientific advice. More than one category could be selected for each survey
question. Reproduced with permission from [2].
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Several criteria were used to select patients, usually one and sometimes two patients are invited
to participate in a scientific advice procedure. English is the working language at EMA, and all
patients must have a level of understanding that would enable them to read the relevant
documents and comment in writing or in person. Depending on the questions raised, the level of
experience can vary from a newly diagnosed individual, a carer, or a long-term patient advocate
representing the condition. Having followed a training course on medicines’ development is
beneficial but not a pre-requisite for involvement. As with all other experts participating in EMA
activities, patients were required to complete a confidentiality agreement and declare any
competing interests, which were assessed prior to formal invitation. EMA experts were generally
residents of an EU Member State.

Similarly, earlier in 2012 and as part of the reauthorisation of the Prescription Drug Use Fee Act
(PDUFA V), the US Food and Drug Administration (FDA) established a programme to help ensure
patients’ experiences, perspectives, needs, and priorities are captured and meaningfully
incorporated into the development and review process. This was formalised as Patient-Focused
Drug Development (PFDD) [2]. A number of activities and meetings are involved in this novel
approach so as to gather input from patients who are willing to share their personal experiences
of living with a disease or condition. 

Moreover, in the attempt to foster collaboration among the regulatory agencies across the world
and to harmonise patient involvement, the EMA and FDA are pursuing several common activities
where patients’ representatives are involved, like the joint meeting of Clinical Trial Transformation
Initiative (CTTI) as part of the Patient Engagement Collaborative (PEC) of the FDA and the EMA’s
PCWP. These two groups started their activity in 2022 to share the different perspectives and lessons
learned from the COVID-19 pandemic and are now working on common definitions for patient
reported outcomes (PRO) and HRQoL data and how they influence regulatory decisions.

Figure 3. Additional input by patients on aspects such as real-life experience as part of the European
Medicines Agency scientific advice, different perspectives and other considerations were also
measured (2017-2020). Reproduced with permission from [2].
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8. PATIENT ENGAGEMENT IN RESEARCH

Involvement of patients in the planning and conduct of clinical research, beyond being study
participants, ensures patient centricity in design and supports better recruitment and retention.
Figure 4 demonstrates possible patient involvement in clinical research while Table 1 describes
specific initiatives to engage patients in the research process [3]. 

Table 1.  Specific initiatives to engage patients in the research process. Modified with permission from [3]. 

Identifying research
priorities

Leading and designing
research

Improving access to
clinical trials

Adequate information
about the study

Assessing patients’
experience

Informing participants
about the study results

Disseminating and
applying research
findings

Information and
education

l James Lind Alliance (http://www.jla.nihr.ac.uk/)
l PCORI (www.pcori.org)

l PatientsLikeMe (www.patientslikeme.com)
l 23andME (www.23andMe.com)
l OMERACT (www.omeract.org)

l European Union (www.clinicaltrialsregister.eu)
l Trials 4 Me (http://trials4me.lillycoi.com/)
l NIH (https://clinicaltrials.gov/)

l Readability of informed consent documents and patient information
sheets

l Systematic collection of opinions and experiences of the 
participants

l Process to communicate the results at the end of 
the study

l Promoting transparency
l Databases of randomised clinical trials
l Information for patients in medical journals

l FDA (www.fda.gov/ForPatients)
l NIH (www.nih.gov/health/clinicaltrials/index.htm)
l ASCO (www.cancer.net/)
l Oxford University (www.healthtalkonline.org/)
l EUPATI (www.patientsacademy.eu)

Aspect Approach

Abbreviations: EUPATI, European Patients’ Academy on Therapeutic Innovation; FDA, Food and Drug
Administration; NIH, National Institute of Health; PCORI, Patient-Centered Outcomes Research Institute;
OMERACT, outcome measures in rheumatoid arthritis clinical trials; ASCO, American Society of Clinical Oncology.
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Figure 4. How to engage patients in clinical research? Reproduced with permission from [3]. 

9. THE GLOBAL PERSPECTIVE OF PATIENT ENGAGEMENT: THE EXAMPLE OF THE
WORLD HEALTH ORGANIZATION 

At the global level, the WHO since the 1970s was perhaps the first official health body that
acknowledged the value of patients’ involvement and the inclusion of patients’ representation in
its work and different programmes at country, regional, and international levels. The WHO assigns
NGOs including patient organisations which fulfil the criteria as non-state actors, in ‘official relations
with the WHO’. TIF enjoys the privilege of being one of such organisations and maintains this status
since 1996. 

In this context, patients can become involved in the works of the regional and general assemblies
and can contribute to public consultations and the development of publications as well as engage
in other activities related to the various programmes of WHO. Patients in official relations with the
WHO often advocate for the implementation of the WHO’s and UN’s significant work and
resolutions by governments and competent authorities across the world, while they also undertake
joint projects with the WHO’s headquarters, regional, national, or collaborating centres. The
development of TIF's Global Thalassaemia Review [4], capturing patients’ perspective on the extent
and quality of the services provided in their countries (members of TIF), is an example  of such joint
work with the WHO. It proved to be an asset for better understanding of the unmet needs and
challenges faced by patients, and of the gaps and weaknesses of the health and social care systems
across the world as perceived by patients and their families. 

Globally, there is an ongoing effort by patients and patient organisations to follow the example of
successful patient movements, especially those from the West. The journey to successful patient
involvement and engagement of most patient organisations in the developing world where more
than 80% of the thalassaemia patient community live, is indeed very challenging. Patients’
engagement at the decision-making level in these countries is still not recognised for its value,
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despite TIF’s immense efforts to support this transformation. In these countries, with very few
exceptions, decision makers are still only looking for healthcare professionals to provide
recommendations and support their decisions for improvements, just like the early days in the
Europe. 

The establishment of TIF’s national, regional, and global patient advocacy groups in 2016, involving
patients with knowledge and experience mainly obtained through TIF’s educational programmes,
has indeed started to contribute albeit slowly towards this direction (Figure 5). Considerable work
is still needed to ‘copy’ the successful patient engagement and productive advocacy model of
patients in the EU. 

Figure 5. Thalassaemia International Federation’s patient advocacy groups' structure and membership.
Abbreviations: TPA, thalassaemia patient advocates; NTA, national thalassaemia association; TIF,
Thalassaemia International Federation; WHO, World Health Organization. 

10. PATIENT ENGAGEMENT IN THALASSAEMIA INTERNATIONAL FEDERATION
ACTIVITIES

The work of TIF mandates patients’ engagement in every activity undertaken and at all levels. Some
key examples of such activities at the international level, with patients/parents participation, are
provided below:

l WHO, as an NGO in official relations (since 1996) 

- Three-year joint plan of activities supporting and promoting WHO’s work, recommendations,
and resolutions

- Participation and contribution to the work of General and Regional Assemblies and activities

- Contribution to disease-specific and other relevant International Days 
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- Distribution of recommendations and WHO material to patients across the world during
public health and other health-related crises

- Providing feedback and support to public consultations for relevant programmes 

- Contribution to WHO projects, programmes, and development of publications 

- Collaboration with countries and regional WHO offices and WHO collaborating centres
with relevant disease expertise, across the world

Examples of such activities at the regional level (e.g., in Europe) are provided below:

l TIF collaborates with the European Commission and European Parliament through 

- Coordination, contribution, and participation in EU-funded projects

- Contribution to public consultations (EU) concerning the revision of existing or
development of new recommendations, directives, regulations, and position papers

- Participation in relevant committees during the development or reviewing of policy
papers

- Providing the patients’ perspective in events organised by the European Commission
and European Parliament on relevant topics

- Providing the patients’ perspective through participation in committees and to the work
of European Commission bodies or agencies: ECDC, EDQM, EMA, EuroBloodNet ePAG 

l TIF provides the patients perspective and position through active participation of patients
in national, regional, and international medical/healthcare professionals bodies including
(but not limited to)

- EHA: a patient (member of TIF), holds the Vice Chair of EHA’s Patient Advocacy
Committee

- ISBT

- EASL

- Providing the patients’ perspective through participation in the programmes of
conferences organised by many other professional associations across medical
disciplines

l TIF provides the patients’ perspective through the official collaborations established in the
context of a Memorandum of Understanding with

- Governments, health, and social competent authorities 

- Universities (medical schools)

l TIF undertakes projects jointly with the academic and research community and the industry
by providing the patients’ perspective living with the disease, supporting and empowering
the development of drugs, recruitment of patients to clinical trials, and contributing to the
collection of real-world data essential to establish evidence for long-term safety and efficacy
of innovative therapies 

l TIF collaborates with medical/scientific communities and contributes, at national, regional,
and international levels to

- The development and continuous update of guidelines for the prevention and
management of thalassaemia (α and β, transfusion- and non-transfusion-dependent)
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- The development of educational materials, courses, programmes, and events including
national, regional, and international conferences, workshops, fellowships, and
preceptorships covering thalassaemia and other haemoglobin disorders  

l TIF undertakes to collect and analyse the patients’ perspective, through surveys,
questionnaires, semi-interviews, and other tools concerning their challenges, concerns,
HRQoL, safety, and effectiveness of the medical and social care services they receive aiming
to alert and advocate to national competent authorities, health care professionals’ community
for reforms and changes for improvements

l TIF develops, in collaboration with expert scientists in the field, tools to facilitate
improvements at the national level including:  

- A generic model of a national registry and cost of illness

- Recognition of treating centres across the world that can become TIF’s Collaborating
Centres and in the establishment of regional networks to connect and reach out to
patients and healthcare professionals more effectively in every region (e.g., ASEAN)

11. REACHING OUT

TIF keeps patients and healthcare professionals across the globe well-connected and actively
engaged throughout the year through the existence and ongoing updates of its webpage, the
regular provision of reports on activities and clinical trials, a bimonthly newsletter, use of social
media, and development of a mobile learning application (THALIA App) (Table 2). It is expected
that the use of artificial intelligence in the very near future will significantly strengthen and
facilitate TIF’s efforts further in reaching out more effectively to its global patient community
and succeed to achieve even stronger and more active patient engagement at the national
decision-making level. This is while acknowledging the fact that, based on TIF’s observations,
this is still very limited in the majority of its member countries across the world. Based on TIF’s
long-term collaboration and networking with patient organisations (n = 240) in its member
countries across the world (68 countries), a gross division is observed amongst them with
regards to their level of  engagement at the decision-making level in their countries, and
consequently, on the extent of their achievements in co-deciding mainly (and not only) on
disease-specific reforms and improvements (Table 3). 
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Table 2. Examples of Thalassaemia International Federation’s educational programmes 
and resources.  

Table 3. Level of patient engagement across Thalassaemia International Federation’s member
countries.  

Group A: United Kingdom, Cyprus, Greece, Italy, USA, Malaysia, Brazil, Iran, Canada, India.

Countries that have achieved a very good level of engagement with successful patient contribution to
disease-specific and public health improvements.

Group B: Germany, Sweden, Austria, Norway, Belgium, Netherlands. 
Countries that have quite newly established patient organisations. The national health systems of these
countries are very well organised and responsive to unmet needs of patients with haemoglobin disorders,
making their active engagement and continuous involvement at the decision-making level not so essential
as their needs and challenges are timely and appropriately addressed. These are countries with
haemoglobin disorders included in their national lists of rare diseases or countries with very small numbers
of patients; although, haemoglobin disorders having been introduced to their indigenous population
through migration and population movements either some time ago or more recently, except for
Germany. Germany has a large population with haemoglobin disorders introduced into the indigenous
population decades ago, but strong patient engagement, advocacy, and involvement have not yet been
achieved to a satisfactory level. Considerably more efforts are needed to establish true, active, and official
patient engagement at the level of decision making (as has been achieved in the United Kingdom and
France which historically also hosted migrant populations).  

Level of engagement

l Online e-courses
- Thalassaemia e-course for patients

and parents
- SCD course for patients, families and

carers
l TIFLIX
l Conferences
l Capacity building workshops
l THALIA Mobile App
l Publications
l Podcasts

l Online e-courses
- eThalED course (thalassaemia

prevention)
- eThalED course (thalassaemia

management)
- SCD course for healthcare professionals
- HPLC screening in the service of

prevention and diagnosis
l TIFLIX
l Publications
l Fellowships
l Conferences
l Capacity building workshops
l Bimonthly update on advances and clinical

trials
l Scientific literature overviews

For patients For healthcare professionals

Abbreviations: SCD, sickle cell disease; HPLC, high-performance liquid chromatography.
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12. FINAL THOUGHTS

Considering the current global landscape with its numerous challenges, geopolitical,
economical, public health, environmental, climatic, and others as well as the multiple unmet
needs of patients with β-thalassaemia and other haemoglobin disorders, as demonstrated
through the 2023 Global Thalassaemia Review [4], in the greatest majority of the countries
where these disorders occur, including those with high disease prevalence, the official,
mandatory, and meaningful engagement of patients becomes  essential. This involvement is
crucial to drive and support progress in the control, management, and research of these
conditions.

Despite the advanced knowledge, scientific achievements, and successful experience and
outcomes through the years, disease and other medical and public health-specific policies still
need to be developed and/or strengthened where they exist, in particular in low- and middle-
income countries where more than 80% of the patient population is born and lives. Patients
need to be heard and their perspectives to be highly acknowledged so as to have patient-
centred policies. On the other hand, effective control of chronic conditions for obvious reasons,
benefit or contribute positively and significantly to the sustainability and resilience of health
and social care systems. Moreover, the very recent scientific advances, despite bringing hope
and great optimism to patients including those with β-thalassaemia, need to yet be made
available, accessible, and affordable to the patient as this remains a huge challenge that the
world is facing currently. Engagement and contribution of patients in the research, clinical trials,
and collection of real-world data to demonstrate the long-term safety, durability, and efficacy
of these medicines is critical and invaluable, especially considering that many obtained a
conditional authorisation with long-term commitment of the developers to collect reliable and
comprehensive data.

We as TIF hope that healthcare professionals who take an interest to read this Chapter join our
efforts towards ensuring that the patients’ voice and involvement is taken seriously onboard
by regulators and decision makers in general.    

Group C: Bulgaria, Pakistan, Egypt, Romania, Türkiye, Indonesia, Palestine, Yemen.
Countries that have struggled for years now for active patient engagement and which, despite the robust
infrastructure of their patient organisations and some significant achievements in establishing
improvements, their official patient involvement and participation at the decision-making level has only
been achieved to a confined level. Palestine and Yemen sadly and despite their work and huge focus on
achieving improvements, political and war conflicts have prevented any further progress. Palestine indeed
had met the criteria of Group A prior to the conflicts.

Group D: Bangladesh, Cambodia, Vietnam, Thailand, Morocco, Algeria, Argentina, Albania.
Countries where patient organisations had very little or no success in achieving to any length, patient
engagement and acknowledgement of its value at any level. Thailand, a country with high disease
(thalassaemia) prevalence and with huge improvements made in research, control, and management of
thalassaemia (both α and β) throughout the years constitutes a unique example of a case where patients
and families’ involvement and official engagement are absent.
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SUMMARY OF MONITORING RECOMMENDATIONS

The below table summarises routine monitoring recommendations for morbidities and
manifestations of transfusion-dependent β-thalassaemia featured in these Guidelines. These
represent screening (first level) assessments. Additional assessments may be required to confirm
the diagnosis of specific complications. The frequency of assessment may also need to be adjusted
(lower/higher) based on previous findings. Further details on these recommendations and their
grading can be found in respective Chapters. Recommendations for special scenarios and
populations such as fertility and pregnancy are detailed in respective Chapters.
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WHAT

Diagnosis

Clinical examination and family history, complete

blood count with red cell indices and morphology,

iron studies, and capillary electrophoresis or HPLC

Molecular studies to confirm β-genotype and 

α-thalassaemia status, HLA typing

Blood transfusion

Extended red cell antigen typing at least for Rh C,

c, D, E, e, and Kell (K, k), and if available, a full red

cell pheno/genotype

New antibodies and indirect antiglobulin test

crossmatch or electronic crossmatch 

Haemovigilance and adverse events monitoring

and reporting

Haemoglobin

Blood units, volume, and haematocrit

Iron overload and chelation

Calculated transfusional iron intake

Serum ferritin

LIC (MRI)†

Myocardial T2* MRI†

Iron chelation adverse event monitoring as

provided with the drug when receiving

authorisation from internationally or nationally

recognised competent regulatory authorities 

(e.g., US FDA, EMA)

Iron chelation adherence monitoring 

WHEN/WHO*

At suspicion of thalassaemia in patients with

hypochromic microcytic anaemia

At diagnosis 

Before first transfusion

Before each transfusion

Ongoing with transfusion

Before/after each transfusion

With each transfusion

Annual

At least every 3 months, with the start 

of transfusion therapy

Annually, starting 8-10 years

Annually, starting 8-10 years

Ongoing with iron chelation therapy

Ongoing with iron chelation therapy
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Cardiac disease

Echocardiography (including TRV)

Electrocardiogram 

VTE risk assessment 

Liver disease

AST, ALT, alkaline phosphatase, γGT, and bilirubin

Prothrombin time and albumin

Hepatic ultrasound

Alpha fetoprotein

Transient elastography and fibrosis-4 score 
(in non-splenectomised patients) to assess for
fibrosis/cirrhosis

Height and growth disorders

Clinical and auxological evaluation including
weight, height, BMI, height when sitting, growth
rate/velocity (charted), and Tanner stage  

Disorders of pubertal development

Testicular volume, growth rate, and Tanner stage 

Female hypogonadism

Menses rhythm for oligo/amenorrhoea

FSH, LH, oestradiol, and pelvic ultrasound

Male hypogonadism

Testosterone, FSH, and LH

Hypothyroidism

FT4 and TSH

WHEN/WHO*

Annually, starting 10 years

Regular as clinically indicated 

In medical and surgical settings based on local
guidelines, especially in older patients who are
splenectomised, with low pretransfusion
haemoglobin, or pregnant

Every 3 months

Every 3 months, in patients with severe hepatic
impairment

Annually, starting 18 years
Every 6 months, in patients with advanced liver
damage, cirrhotic patients, and in patients with
severe hepatic iron overload, age >45 years, or
chronic viral hepatitis

Every 6 months, in cirrhotic patients and in
patients with severe hepatic iron overload,
age >45 years, or chronic viral hepatitis

In patients with advanced liver damage

Every 6 months, starting from patient first access 
at the treatment centre, until adult height achieve -
ment and completion of pubertal development

Every 6 months, starting from the normal age of
puberty, until the completion of pubertal growth

Every 6 months

In patients with oligo/amenorrhoea

Annually, starting puberty

Annually, starting 9 years
Every 6 months, in patients with suboptimal iron
overload management
Every 3 months, in patients receiving drugs
interfering with thyroid function (e.g., amiodarone)
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WHAT

Glucose metabolism disorders

Fasting blood glucose levels and/or blood glucose
during OGTT, and HOMA-IR index

Serum fructosamine

Hypocorticosurrenalism

Sodium, potassium, and ACTH/cortisol at 8 a.m.

Hypoparathyroidism

Serum calcium (corrected for albumin) and
phosphorus

PTH, magnesium, serum creatinine, 25OH vitamin
D, and 24-hour urine calcium

Growth hormone deficiency (adults)

IGF-1 level

Bone disease

BMD by DXA

Cholelithiasis

Gall blader ultrasound

Malignancy (other than liver)

Screening for solid and haematologic
malignancies

Skin manifestations and leg ulcers

Skin inspection

Renal disease

Serum creatinine and urine analysis with spot
ratio of protein/creatinine

Serum calcium, phosphorus, magnesium, uric
acid, and 24-hour urine collection for
protein/creatinine and calcium/creatinine ratio

Renal ultrasound

Splenomegaly

Spleen size assessment on physical exam

Infectious disease

HBsAg
Anti-HBs
Anti-HCV
Anti-HIV

WHEN/WHO*

At least every 2 years, from 10-18 years
Annually, starting 18 years

Periodic (e.g., every 6-12 months)

Annually, starting adolescence

Annually, starting 10 years

In patients with hypocalcaemia

Annually, starting 25 years or earlier in case of
severe iron overload and other pituitary deficits

Every 1-2 years, starting 10 years

As part of routine hepatic ultrasound

Per local screening standards and guidelines‡

Every visit

Every 6 months

Annually, starting 10 years 

Every 2 years, starting adolescence and in case of
laboratory abnormalities

Every visit

Annually, in unvaccinated patients
Annually, in vaccinated patients
Annually, followed by HCV RNA if positive
Annually
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Oral and dental care

Dental assessment

Nutrition

25OH vitamin D

Copper, magnesium, selenium, zinc, folate,

vitamin C, vitamin E, cholesterol, and triglycerides

Patient reported outcomes

QOL and psychological well-being

WHEN/WHO*

Regular

Every 6 months, to maintain circulating levels
above 30 ng/mL (75 mmol/L)

Annually, starting 10 years

Regular

*Recommendations apply to all patients unless otherwise indicated. 
†Using validated method with appropriate calibration, acquisition, and processing. 
‡If MRI is done regularly for LIC, images can also be checked for abnormalities and tumours, but this does not replace
standard cancer screening guidelines. 
Abbreviations: LIC, liver iron concentration; MRI, magnetic resonance imaging; FDA, Food and Drug Administration;
EMA, European Medicines Agency; HPLC, high-performance liquid chromatography; TRV, tricuspid valve regurgitant
jet velocity; VTE, venous thromboembolism; AST, aspartate transaminase; ALT, alanine transaminase; γGT, gamma
glutamyl transferase; FIB-4, fibrosis-4 score; BMI, body mass index; FSH, follicle stimulating hormone; LH, luteinising
hormone; FT4 free thyroxine; TSH, thyroid-stimulating hormone; OGTT, oral glucose tolerance test; HOMA-IR,
Homeostatic Model Assessment for Insulin Resistance; PTH, parathyroid hormone; ACTH, adrenocorticotropic
hormone; 25OH, 25-hydroxy; PTH, parathyroid hormone; IGF-1, insulin-like growth factor 1; BMD, bone mineral
density, DXA, dual-energy X-ray absorptiometry; HBsAg, hepatitis B surface antigen; Anti-HBs, hepatitis B surface
antibody; HCV, hepatitis C virus; HIV, human immunodeficiency virus; QOL, quality of life. 
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TIF'S COMPREHENSIVE EDUCATIONAL PROGRAMME
EDUCATIONAL EVENTS
TIF organises physical and virtual educational events (conferences, seminars and workshops) held
at local, national, regional and international levels. 
► TIF’s International Conferences on Thalassaemia and Other Haemoglobinopathies constitute the

biggest educational events in the field of haemoglobin disorders, attracting over 2,000 participants
from over 60 countries around the world.

► TIF’s Pan-European, Pan-Asian and Pan-Middle East Regional Conferences are held in the years
between the international conferences to shed light onto regional challenges and actively engage
local actors in disease-specific education.

RENZO GALANELLO FELLOWSHIP PROGRAMME
Offered each year through the Joint Red Cell Unit, Haematology Department of the University College
London NHS Foundation Trust in London, UK, under the leadership of Dr Perla Eleftheriou, Consultant
Haematologist, the Renzo Galanello Fellowship programme covers all aspects of the clinical
management of haemoglobinopathies and is addressed to physicians, specialists in the field of
haematology, paediatrics or internal medicine.

e-ACADEMY
► eThalED Course for Medical Specialists 

The eThalED course offers specialised knowledge on the prevention and clinical management of
thalassaemia to medical specialists who have an interest and/or are involved in these areas. Based
on the “Guidelines for the Management of Transfusion-Dependent Thalassaemia (4th edition,
2021)”, the course offers valuable insights on a number of topics, incl. genetic counselling, patient
adherence and the changing doctor-patient relationship.

► SCD e-Course for Healthcare Professionals
The Sickle Cell Disease Course is an online educational course for healthcare professionals around
the world. This course covers all aspects of SCD clinical management, with content developed by
eminent international medical experts, with extensive experience in treating patients with SCD.
The course has been reviewed and endorsed by the European Haematology Association (EHA).

► HPLC Screening in the Service of Prevention and Diagnosis
The course, HPLC Screening in the Service of Prevention and Diagnosis, offers specialised
knowledge on interpreting HPLC chromatograms to identify haemoglobinopathy cases. This
course is comprised of a series of educational videos covering in-depth key issues related to
understanding and analysing HPLC chromatograms.

All courses are offered free-of-charge, attested by a certificate issued by TIF, and can be accessed
through a simple registration on TIF’s e-Academy. 

EDUCATIONAL RESOURCES
► AI Knowledge Bot

The AI Knowledge Bot is a revolutionary tool designed to transform the way individuals access
and engage with information about thalassaemia. Created with patients, caregivers, healthcare
professionals, and the broader community in mind, this state-of-the-art solution leverages the
power of artificial intelligence alongside TIF’s extensive and trusted resources on thalassaemia.

Trained exclusively on TIF’s reputable resources and publications, the bot ensures that all provided
information is both accurate and reliable. Available 24/7, it supports multiple languages to promote
inclusivity and accessibility. Moreover, it dynamically tailors its responses based on the user's
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profile-whether they are a healthcare professional, a patient, or a member of the community-
delivering personalized and relevant support for everyone.

TIF Knowledge Bot can be accessed on TIF’s Website: Go to https://thalassaemia.org.cy/

► TIF’s LIbrary eXtended (TIFLIX) 
TIF’s Library has been extended to provide its users with premium, on-demand educational video
content on a variety of topics relevant to thalassaemia and other haemoglobin disorders. TIFLIX
contains an extensive library of case studies and lectures addressed to healthcare professionals
with an interest in the clinical management of haemoglobin disorders.

► Publications
Since 1996, TIF has issued a vast number of diverse publications on thalassaemia and sickle cell
disease, many of which have been and are still used as reference texts for academics, healthcare
professionals, patient-support organisations and individual patients. New editions are regularly
produced to keep up with scientific progress and novel concepts.

TIF PUBLICATIONS | HEALTH CARE PROFESSIONALS

5th Edition
GUIDELINES FOR THE MANAGEMENT 
OF TRANSFUSION-DEPENDENT 
β-THALASSAEMIA (TDT) 

PUbLISHERS:   THALASSAEMIA INTERNATIONAL FEDERATION

Editors:  Taher, A.T.
              Farmakis, D.
              Porter, J.B.
              Cappellini, M.D.
              Musallam, K.M.
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that some of

our publications 
are translated 
to a number of
languages.
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Visit our digital library: https://thalassaemia.org.cy/tif-publications/

TIF PUBLICATIONS | PATIENTS

Authors 
Ellen B. Fung (TIF Scientific Collaborator)
Anne Yardumian (TIF Medical Collaborator)

Reviewers
Androulla Eleftheriou (TIF Executive Director)
Michael Angastiniotis (TIF Medical Advisor)
George Constantinou (TIF Vice President)
Manal Zaatar (TIF Board Member)

Maria Hadjidemetriou (TIF Board Member)

Nutrition in Thalassaemia
A Guide for Patients, Families and Caregivers
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ABOUT THE THALASSAEMIA INTERNATIONAL FEDERATION (TIF)

The Thalassaemia International Federation, a non-governmental, patient-driven umbrella organisation,

established in 1986, supports to-date, the rights of patients for access to quality health, social and other

care through its work with over 200 national thalassaemia associations in 64 countries across the world.

It was founded by a small group of doctors and patients/parents who represented National Patient

Associations, mainly from Cyprus, Greece, Italy, UK and USA, i.e. countries where thalassaemia had been

recognized early as a genetic, hereditary disorder with huge medical, public health, social and economic

repercussions if left unaddressed in terms of both effective prevention and management. Thus, these

were the countries where strong research activity was initiated and the first control programmes were

implemented in the early 1980s, with measurable success. The rationale of these founding members lay

on the establishment of an international umbrella organisation to build on the accumulated experience

and the knowledge gained, aiming to support the efforts of other countries since by the mid-1980s the

worldwide prevalence of the diseases had been well verified.

Our Mission:      The prioritisation of thalassaemia on national health agendas and the development 
                                programmes within national healthcare systems based on universal coverage 

Our Vision:         To support the provision of equal access of every patient with thalassaemia to high
                                quality health, social and other care in a truly patient-centred healthcare setting

Our Values:        Transparency, reliability, ethos, accountability, independence and patient-centredness

Our Work:            l Education
         l Advocacy 
         l Collaborations / Networking
         l Research 
         l Raising Awareness

Our Partners:     l World Health Organisation: in official relations since 1996

         l United Nations: in special consultative status with the United Nations Economic and
                           Social Council (ECOSOC) since 2017
         l Council of Europe: participatory status in the Conference of International NGOs 

                           since 2019
         l European Union: official partners of the European Commission in the field of Health 

                           since 2018
                               l European Hematology Association (EHA): Members since 2010

Our Motto:      Unity & Knowledge constitute our Strength!

Thalassaemia International Federation
P.O.Box 28807, Nicosia 2083, Cyprus
Tel: +357 22319129
Fax: +357 22314552
Email: thalassaemia.org.cy

ISBN:  978-9963-717-30-9

Co-funded by
the European Union

Disclaimer: Funded by the European Union. Views and opinions expressed
are however those of the author(s) only and do not reflect those of the
European Union or HaDEA. Neither the European Union nor the granting
authority can be held responsible for them. 
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