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Abstract Despite their transfusion-independence, non-

transfusion-dependent thalassemia (NTDT) patients expe-

rience a variety of serious clinical complications that

require prompt and comprehensive management. Transfu-

sion therapy may still be an important part of management

of this disease, in cases of acute stress, to support growth

and development in childhood, or to prevent clinical

morbidities stemming from ineffective erythropoiesis or

hemolytic anemia. Although splenectomy is associated

with improvements in hemoglobin levels, it leads to several

short- and long-term adverse events, warranting caution in

application of this intervention. Fetal hemoglobin induction

therapy has been evaluated in non-randomized studies,

with benefits extending beyond hematologic improvements

to lowering morbidity risk. Effective and safe iron chela-

tion therapy is now available for NTDT patients in whom

iron overload develops, irrespective of transfusions, due to

increased intestinal absorption, ultimately leading to clin-

ically high iron burden levels and subsequent morbidity.

Optimal management of NTDT patients requires a holistic

approach targeting all hallmarks of the disease to ensure

favorable patient outcomes.

Key Points

Non-transfusion-dependent thalassemia (NTDT)

encompasses three clinically distinct forms:

b-thalassemia intermedia, hemoglobin

E/b-thalassemia, and a-thalassemia intermedia

(hemoglobin H disease).

Ineffective erythropoiesis alongside chronic

hemolytic anemia are the hallmarks of disease

process in NTDT; which in turn lead to increased

intestinal iron absorption (iron overload) and a

hypercoagulable state.

NTDT is associated with a multitude of serious

clinical complications involving almost every organ

system.

Splenectomy should only be performed in indicated

situations as it is associated with a variety of adverse

events; while beneficial roles of tailored transfusion

therapy, iron chelation therapy, and fetal hemoglobin

induction justify use of these modalities to manage

patients with NTDT.

1 Introduction

The thalassemias are a group of inherited disorders of

hemoglobin synthesis characterized by various degrees of

defective production of the a- or b-globin chains of adult

hemoglobin A, leading to the a- and b-thalassemias,

respectively. When thalassemias mutations are inherited in

homozygous or compound heterozygous forms, they lead
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to several phenotypes, although the hallmark of disease

remains ineffective erythropoiesis and a chronic hemolytic

anemia of varying severity. The thalassemias can also be

co-inherited with structural hemoglobin variants, like

hemoglobin S, C, and E, further adding to the heteroge-

neity and phenotypic diversity of thalassemia syndromes

[1, 2]. Transfusion-dependence in these congenital anemias

has been classically utilized as a factor to distinguish the

various thalassemia phenotypes and their severity. Non-

transfusion-dependent thalassemias (NTDT) are those

phenotypes that do not require lifelong regular transfusions

for survival, although they may require occasional or even

frequent transfusions in certain clinical settings and for

defined periods of time [3]. Although the NTDT classifi-

cation can include a variety of thalassemia phenotypes,

three forms have been the focus of most recent research

studies and management guidelines owing to high preva-

lence and similarities in clinical manifestations: b-thalas-

semia intermedia, hemoglobin E/b-thalassemia (mild and

moderate forms), and a-thalassemia intermedia (hemoglo-

bin H disease) [3]. This review focuses on practical man-

agement considerations of these three NTDT forms, which

are further described in Figs. 1 and 2 [3].

2 Global Epidemiology of Non-Transfusion-Dependent

Thalassemias (NTDT)

The thalassemia syndromes are the most common mono-

genetic disease worldwide, with around 68,000 children

born with various phenotypes each year [4–6]. It is esti-

mated that 80–90 million people are carriers of a b-thal-

assemia mutation across the world (1.5 %). Approximately

half of these carriers originate from South East Asia [7].

Around 23,000 children are born with transfusion-depen-

dent b-thalassemia each year, while a smaller number,

distributed around parts of the Eastern Mediterranean and

Africa [1], have b-thalassemia intermedia (NTDT) [1, 4,

6]. A high prevalence of hemoglobin E mutations is

observed across India, Bangladesh, Thailand, Laos, and

Cambodia (carrier frequencies up to 80 %); as well as

through regions of China, Malaysia, Indonesia, and Sri

Lanka [4, 8–10]. More than 19,000 children are born each

year with the hemoglobin E/b-thalassemia phenotype

(50 % fitting into the definition of NTDT) [4, 6]. In fact, it

is the most common form of b-thalassemia identified in

many newborn screening programs in the USA [11, 12]. It

is estimated that 1,000,000 people currently live with

hemoglobin E/b-thalassemia [13]. a-Thalassemia remains

the most common among all inherited disorders of hemo-

globin, with around 5 % of the world’s population being

carriers, and 1,000,000 people affected with an a-thalas-

semia syndrome [14, 15]. It is most commonly observed in

areas from sub-Saharan Africa through the Mediterranean

region and Middle East, to the Indian sub-continent and

East and Southeast Asia [1]. An increasing incidence of the

disease is also being noted in North Europe and North

America, owing to the high influx of migrants into large

cities [16, 17]. Around 10,000 births are recorded each year

for the NTDT form of a-thalassemia, a-thalassemia inter-

media, or hemoglobin H disease [4, 6]. These numbers

might even be underestimated since there are limited

genetic epidemiology studies of thalassemia syndromes in

parts of the world where the disease is known to be most

prevalent.

3 Practical Disease Management

The following sections review management considerations

in patients with NTDT that primarily target the patho-

physiologic manifestations of the disease. Management of

specific complications (endocrine and bone disease, fertility

and pregnancy, hepatic pathology, thrombosis, pulmonary

β-thalassemia intermedia

• β0/mild β+, β+/mild β+, or mild β+/mild β+

• β0/silent β,  β+/silent β, mild β+/silent β
  or silent β/silent β

• β0/β0, β+/β+, or β0/β+ and deletion or
  non deletion α-thalassemia

• β0/β0, β+/β+, or β0/β+ and increased capacity
  for γ-chain synthesis

• Deletion forms of δβ-thalassemia and HPFH

• β0/β or β+/β and ααα or αααα duplications

• Dominant β-thalassemia (inclusion body) 

• Deletional (--/-α)

• Nondeletional (--/αTα)
  – Constant spring
  – Paksé
  – Quong Sze
  – Suan Dok

• βE/mild β+

• βE/β+

• βE/β0

• Modifiers of disease
  – Mutation type
  – Increased capacity
     for γ-chain synthesis
  – Environmental factors   

Hemoglobin
E/β-thalassemia

Hemoglobin H disease
(α-thalassemia intermedia)

Fig. 1 Genetic profiles most commonly associated with non-transfusion-dependent thalassemia. HPFH hereditary persistence of fetal

hemoglobin
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hypertension, extramedullary hematopoietic pseudotumors,

and acute hemolytic crisis) is not covered and has been

reviewed elsewhere [18, 19].

3.1 Targeting the Hematologic Abnormalities

In NTDT, erythropoiesis is ineffective because of an

imbalance in the a- and b-globin chains production.

Unstable globin chain tetramers ultimately precipitate and

undergo oxidation into methemoglobin and hemichromes,

with separation of heme from globin. The free iron released

eventually catalyzes the formation of reactive oxygen

species, which lead to oxidation of membrane proteins,

structural membrane defects, and exposure of red-cell

senescence antigens like phosphatidylserine, causing pre-

mature cell death within the bone marrow (termed inef-

fective erythropoiesis) or within the peripheral circulation

(termed hemolysis) [3, 20]. While hemolysis is primarily

associated with a high incidence of gall bladder stones

[21], both ineffective erythropoiesis and hemolysis result in

a state of chronic anemia and hypoxia, leading to erythroid

marrow expansion and subsequent hepatosplenomegaly,

extramedullary hematopoietic pseudotumors, as well as

bone deformities and osteoporosis [3]. More importantly,

ineffective erythropoiesis and hemolysis are also associ-

ated with a hypercoagulable state attributed to thrombog-

enicity of hemolyzed red blood cells; which ultimately

leads to a high incidence of thromboembolic and cerebro-

vascular events as well as pulmonary hypertension, espe-

cially in patients with other contributing factors (e.g. high

activated platelet counts) [22–24]. Ineffective erythropoi-

esis and chronic hypoxia also lead to iron overload due to

increased intestinal absorption, with subsequent hepatic,

endocrine, and vascular morbidities [25]; as will be dis-

cussed in a later section. This entails that without appro-

priate treatment, patients with NTDT will continue to

experience various morbidities related to their underlying

condition [26–28].

3.1.1 Transfusion Therapy

Transfusion therapy supplies patients with normal red

blood cells, balancing the hemolytic anemia, and thus

suppressing ineffective erythropoiesis [29–31]. Thus,

although NTDT patients do not require lifelong regular

transfusion therapy for survival, there is still merit in

considering blood transfusions for the prevention or man-

agement of complications resulting from ineffective

erythropoiesis or hemolytic anemia.

NTDT patients should not immediately be placed on

regular transfusion programs for the mere fact of having

anemia, unless the hemoglobin level is persistently and

severely low (\5 g/dl). For example, should a patient show

low hemoglobin levels during the course of an infection,

pregnancy, or surgery, transfusions should only be given

during the period of acute stress and do not necessarily

need to become regular and lifelong. In young patients,

observing the child for signs of poor growth and skeletal

deformities can indicate the need for transfusions during

this period of development [32, 33]. It should be noted that

some children with hemoglobin E/b-thalassemia have a

remarkable ability for adaptation to low hemoglobin levels

[34, 35]. Children with non-deletional hemoglobin H dis-

ease are more likely to show signs of poor growth neces-

sitating transfusions than children with the deletional form

[36]. Observational studies have also provided evidence

towards the role of blood transfusions in several clinical

morbidities frequently encountered in adult NTDT patients,

like leg ulcers, thrombotic events, pulmonary hypertension,

silent brain infarcts, and extramedullary hematopoietic

pseudotumors [24, 37, 38]. In the absence of randomized

trials, there are no specific guidelines on the amount and

Parameter TDT NTDT

Age at presentation

Degree of anemia at presentation

Splenomegaly at presentation

Transfusion requirement

Iron overload source

Key morbidities

<2yrs

Severe

Severe

Lifelong dependence for survival

Secondary (transfusions)

Cardiac, hepatic, and endocrine
siderosis and disease; pulmonary
hypertension; osteoporosis

>2yrs

Mild to Severe

Mild to Severe

None, occasional, or frequent but temporary

Primary (intestinal absorption)

Hepatic fibrosis and cancer; pulmonary hypertension;
extramedullary hematopoiesis; thromboembolism;
leg ulcers; osteoporosis; endocrine disease

Fig. 2 Main clinical differences between non-transfusion-dependent thalassemia (NTDT) and transfusion-dependent thalassemias (TDT)

Practical Management of NTDT 1721



duration of transfusions needed for the effective prevention

or management of such morbidities and, thus, therapy

should be tailored based on individual patient status and

need and should be withdrawn when the desired outcomes

are achieved. It should also be noted that the risk of al-

loimmunization is highest in minimally transfused and

newly transfused patients, in splenectomized patients, and

during pregnancy [39]. Such risk can be reduced by com-

prehensive genotype and antibody screening, and fully

phenotyped matched blood should be given. Figure 3

highlights the practical use of transfusion therapy in the

management course of patients with NTDT.

Patients having regular transfusions for extended peri-

ods of time should be managed as per the guidelines for

transfusion-dependent b-thalassemia major.

3.1.2 Splenectomy

Splenectomy has been a common practice in NTDT

patients to increase the total hemoglobin level by 1–2 g/dl

and avoid blood transfusions [3]. However, recent and

cumulative evidence confirms that splenectomy is associ-

ated with a variety of adverse outcomes in patients with

NTDT. As will be noted later, abnormalities of platelets

and hemolyzed red blood cells are believed to be the key

factors causing a hypercoagulable state in patients with

NTDT [22]. These abnormalities become more prominent

following splenectomy and increase the risk of vascular

events [40, 41]. Splenectomized NTDT patients have a

fivefold increased risk of venous thromboembolism, four-

fold increased risk of pulmonary hypertension and leg

ulcers, as well as a higher risk of silent cerebral infarction

than nonsplenectomized patients [24, 37]. The median time

to thrombosis following splenectomy is around 8 years

[42]. A higher rate of iron overload-related morbidity has

also been noted in splenectomized compared with non-

splenectomized NTDT patients [37], which may be

attributed to lower ability to scavenge toxic iron species

like non-transferrin-bound iron (NTBI) [43, 44]. Splenec-

tomy also places NTDT patients of all ages at risk of

infection, with associated morbidity and mortality [45].

Thus, a conservative approach to the use of splenectomy in

FOLLOW UP AND CLOSE OBSERVATION

Progressive changes from childhood ComplicationsAcute stress

CONSIDER TAILORED TRANSFUSION THERAPY

CONSIDER SPLENECTOMY CONSIDER HYDROXYUREA

Older than 5 years Characteristics or complications

Discontinue when
outcome achieved

Observe for
alloimmunization
and iron overload

Evaluate response Q6
months (hemoglobin,
function, quality of life,
complications)

Monitor safety

Hemoglobin
decline <5 g/dl

Surgery

Infection

Pregnancy

Worsening anemialeading to poor growth and development
    -When transfusion therapy is not possible or iron chelation therapy
      is unavailable 

Hypersplenism
    -Leading to worsening anemia, leucopenia or thrombocytopenia
     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 

-Thalassemia intermediahomozygous for the
XmnI polymorphism

Patients with Leporeor    -thalassemia

Patients for which a transfusion course is
required but are alloimmunized

Patients with the following clinical morbidities
    -Pulmonary hypertension

    -Extramedullary hematopoietic pseudotumors

    -Leg ulcers

Persistently severely low or declining hemoglobin level
in parallel with profound enlargement of the spleen (at a
rate exceeding 3 cm/year in periods of maximal growth
and development)

Growth failure (height is more indicative of growth pattern
than weight)

Poor performance at school

Diminished exercise tolerance

Failure of secondary sexual development in parallel with
bone age

Signs of bony changes

Declining quality of life

Thrombotic or cerebrovascular
disease

Pulmonary hypertension with or
without secondary heart failure

Extramedullary hematopoietic
pseudotumors

Leg ulcers

Frequent hemolytic crisis
(hemoglobin H disease) 

Diagnosis

Fig. 3 Practical guide to management of non-transfusion-dependent thalassemia using transfusion therapy, splenectomy, and hydroxyurea
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NTDT patients is usually recommended [45], and the

procedure should be reserved for specific cases. Figure 3

highlights the practical use of splenectomy in the man-

agement course of patients with NTDT.

When performed, laparoscopic splenectomy is preferred

to the open technique, since the procedure is associated

with lower intra-operative blood loss, postoperative mor-

bidity and mortality, a shorter length of hospital stay, and a

more favorable body image and cosmesis [46]. Partial

splenectomy has been used to preserve some immune

function while reducing the degree of hypersplenism,

although the long-term success of this approach is still

under evaluation. The likelihood of splenic re-growth and

the volume of splenic tissue required to preserve immune

function remain unknown [45]. The gall bladder should be

inspected and removed during splenectomy if there is

evidence of gallstones [45]. Post-splenectomy sepsis

remains a risk in all patients, especially in children

\2 years, between 1–4 years after surgery, and in patients

with poor immune health [45]. Therefore, febrile splenec-

tomized patients should undergo rapid evaluation and

prompt treatment. Equally important is that splenectomized

patients receive appropriate vaccinations and prophylactic

antibiotics [45], as well as anticoagulation therapy, espe-

cially in those patients with high platelet counts and

nucleated red blood cell levels [42].

3.1.3 Fetal Hemoglobin Induction

Increased production of c-globin chains in patients with b-

thalassemia can bind the excess a-chains (thus producing

fetal hemoglobin), ameliorating the a/b-globin chain

imbalance and ineffective erythropoiesis. This can occur

developmentally through inheritance of certain mutations

and polymorphisms [47] or through pharmacologic therapy

as reviewed in this section. Irrespectively, there is now

evidence that increased fetal hemoglobin levels are asso-

ciated with lower morbidity rates in NTDT patients [48].

The first agent to be evaluated for its effect on inducing

fetal hemoglobin in thalassemia patients was 5-azacytidine,

a DNA methylation inhibitor that was associated with an

unfavorable safety profile. More recently, another deme-

thylating agent, decitabine, was evaluated in a pilot study

in five patients with b-thalassemia intermedia using a

subcutaneous 0.2 mg/kg dose two times per week for

12 weeks. The drug was able to increase total hemoglobin

level by an average of 1 g/dl, with a manageable safety

profile [49]. Favorable fetal and total hemoglobin respon-

ses to butyrate derivatives have also been observed in a few

studies including small samples of NTDT patients,

although effects were less notable on the long term [50].

The use of erythropoietic-stimulating agents has also been

evaluated in small studies of NTDT patients, both in

monotherapy [51] and in combination with other fetal

hemoglobin stimulants like hydroxyurea or butyrate

derivatives. In such combinations, an additive effect on

total hemoglobin level increase was noted with high doses

of the erythropoietic-stimulating agent [52, 53].

Hydroxyurea (also known as hydroxycarbamide) is the

fetal hemoglobin-inducing agent that has been most studied

in NTDT patients. Hydroxyurea is a cytotoxic, anti-meta-

bolic, and anti-neoplastic agent with apparent potent fetal

hemoglobin inducer properties, as noted in studies in

patients with sickle cell disease [54]. In addition to its

known effects in stimulating c-globin production during

stress erythropoiesis, hydroxyurea may have a more gen-

eral role in augmenting globin synthesis, including b-glo-

bin in some NTDT patients who maintain the capacity to

express normal b-globin chains [55]. There is also evidence

that hydroxyurea diminishes the hypercoagulability of red

cells in NTDT patients who have undergone splenectomy

[56].

Despite the availability of a good amount of evidence on

hydroxyurea use in patients with NTDT, randomized

clinical trials have not been conducted to date. At doses of

10–20 mg/kg/day, mean increases in total hemoglobin

level of 0.5 and 2.5 g/dl (average of around 1.5 g/dl) have

been reported [50], with the portion of patients having

increases of [1.0 g/dl ranging between 40 and 70 % [50].

The effects may be dependent on age, co-inheritance of

certain mutations and polymorphisms (especially homo-

zygosity for the XmnI polymorphism -158 C?T Gc), and

baseline hematologic values. According to a recent review,

they are most commonly noted in the first 3–6 months,

with further improvements noted up to 12 months of

therapy, and sustained responses observed over long-term

follow-up in several studies [50]. However, some studies

noted a decline in hematological response on long-term

therapy (beyond 12 months), and it has been theorized that

long-term treatment with hydroxyurea may result in an

impairment in the ability of certain hematopoietic stem

cells to give rise effectively to erythroid lineage cells [50].

Regardless, increases in the range of 1–2 g/dl in total

hemoglobin attributed to hydroxyurea are of clinical sig-

nificance and may shift patients to a lower disease severity

grouping [57], especially as they were usually associated

with better exercise tolerance, appetite, and sense of well-

being [50]. The benefit of hydroxyurea extends beyond

correcting anemia. A beneficial role in patients with pul-

monary hypertension was suggested, especially upon

combination with the antioxidant L-carnitine [58–60].

Hydroxyurea therapy was also associated with improve-

ments in leg ulcers [61] and extramedullary hematopoietic

pseudotumors [38] in smaller studies. In a cross-sectional

study of 584 b-thalassemia intermedia patients, hydroxy-

urea therapy was associated with reduced adjusted odds of

Practical Management of NTDT 1723



extramedullary hematopoietic pseudotumors, pulmonary

hypertension, leg ulcers, hypothyroidism, and osteoporosis

[37].

According to a recent review, hydroxyurea therapy was

generally well tolerated in most published studies with

NTDT patients [50]. The rate of myelotoxicity ranged

between 0 and 30 % and was usually dose-dependent and

reversible. No renal or hepatic side effects were reported

with hydroxyurea therapy, while data on dermatologic,

neurologic, or endocrine adverse effects are heterogeneous

and, in many instances, conflicting [50]. Figure 3 high-

lights the practical use of hydroxyurea in the management

course of patients with NTDT.

3.1.4 On the Horizon

Pre-clinical studies have suggested that two agents, sota-

tercept (ACE-011) and ACE-536, that block the activity of

certain transforming growth factor (TGF)-b family cyto-

kines involved in late stages of erythropoiesis have the

ability of increasing hemoglobin production in thalassemia

[62]. Studies in thalassemic mice have also shown that a

short treatment with a JAK2 inhibitor (TG101209) can

ameliorate ineffective erythropoiesis and decrease spleen

size [63, 64]. Interference with (reversal of) developmental

fetal hemoglobin silencing corrected the anemia in animal

studies [65], while gene therapy has shown similar benefits

in human case reports [66]. Data from clinical trials

exploring those novel therapies are awaited. Bone marrow

transplantation is the only definitive curative therapy for

the thalassemias. Data specific to patients with NTDT are

lacking and called for. Until then, the decision between

transplantation and medical therapy should be highly

individualized and patient-specific, while also dependent

on donor availability.

3.2 Targeting Iron Overload

Ineffective erythropoiesis in NTDT leads to inappropri-

ately low hepcidin levels, increased intestinal iron

absorption, and increased release of recycled iron from the

reticuloendothelial system [67]. This in turn leads to

depletion of macrophage iron, relatively lower levels of

serum ferritin, increased liver iron concentration (LIC), and

release into the circulation of free iron species that can

cause target-organ damage [44, 68].

Without treatment, iron overload in NTDT patients

continues to accumulate, and a considerable proportion of

NTDT patients eventually reach LIC thresholds of clinical

significance [3], with iron-related morbidity appearing

beyond 10 years of age (or later at 15 years in deletional

hemoglobin H disease) [26, 69, 70]. Although cardiac

siderosis does not seem to be a concern in NTDT patients

[71–74], several vital organs may be affected, with the iron

overload state leading to significant morbidity and mor-

tality [75]. An association between iron overload and

hepatic fibrosis in non-chelated patients with NTDT has

been observed [76], and the occurrence of hepatocellular

carcinoma in hepatitis-negative patients is increasingly

being reported [77]. In a recent study of 168 non-chelated

patients with NTDT, higher LIC values were associated

with a significantly increased risk of developing thrombo-

sis, pulmonary hypertension, hypothyroidism, hypogonad-

ism, and osteoporosis [78]. Liver iron concentration levels

C5 mg Fe/g dry weight (dw) were associated with a con-

siderable morbidity risk increase [79]. A more recent lon-

gitudinal follow-up over a 10-year period confirmed these

findings, and a serum ferritin level of C800 ng/ml was the

threshold after which all patients became at risk of devel-

oping morbidity [69]. Renal tubular dysfunction as evident

from proteinuria has also been recently reported in iron-

overloaded NTDT patients [80]. Iron overload has also

been associated with a high prevalence of silent brain

infarction, large cerebral vessel disease, and decreased

neuronal function in NTDT patients [24, 81, 82]. Prompt

diagnosis and management in NTDT is essential to prevent

the occurrence of serious, sometimes irreversible, clinical

morbidities.

Assessment of LIC remains the gold standard for

quantification of total body iron [83]. Owing to limita-

tions with performing a liver biopsy (invasiveness, sam-

pling error, variability), and the limited availability of

methods such as superconducting quantum interference

device (SQUID) and magnetic iron detector (MID),

magnetic resonance imaging (MRI) has become the pre-

ferred method to assess LIC in NTDT patients [25]. MRI

using either R2 or T2* techniques are reliable and inter-

nationally reproducible, and have been validated against

liver biopsy [84]. The upper limit to reliably estimate LIC

by MRI is 30–40 mg Fe/g dw, depending on the scanner

specifications [84]. In resource-poor countries, serum

ferritin measurement may be the only method available

for the assessment of iron overload. There is positive

correlation between serum ferritin level and LIC in NTDT

patients [70, 85–87], and the technique is still a reliable

approach to follow serial changes in iron overload.

However, one caution when using single/spot serum fer-

ritin levels for decision making is that the ratio of serum

ferritin to LIC is lower relative to patients with transfu-

sion-dependent b-thalassemia [72, 86–88]. Thus, serum

ferritin levels used to guide iron chelation decisions in

transfusion-dependent b-thalassemia (e.g. 1,000 and

2,500 ng/ml) do not exactly reflect the same LIC levels or

morbidity risk in NTDT, and NTDT-specific thresholds

should always be used.
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3.2.1 Iron Chelation Therapy

Considering phlebotomy is not an option in NTDT patients

who are already complicated with anemia, iron chelation

therapy remains the cornerstone of therapy for iron over-

load. Current recommendations are to initiate iron chela-

tion therapy in NTDT patients who are 10 years or older

(15 years in hemoglobin H disease) and have an LIC of

C5 mg Fe/g dw, considering these are the thresholds when

iron-related morbidity manifests, while therapy should be

interrupted and patients observed when they reach a target

LIC of B3 mg Fe/g dw to avoid over chelation [19, 68, 89,

90]. The 5 and 3 mg Fe/g dw values for starting and

stopping iron chelation therapy were successfully used in

the context of clinical trials [85]. However, LIC assessment

is not always feasible and alternate serum ferritin level

thresholds have been suggested [19, 68, 89, 90], partly

since they have good predictive power for LIC (B300 ng/

ml for LIC of B3 mg Fe/g dw and C800 ng/ml for LIC of

C5 mg Fe/g dw) [91, 92] and also since the two thresholds

are associated with 0 and 100 % risk of morbidity in

NTDT, respectively [69]. These findings encourage the use

of serum ferritin to guide iron chelation therapy when LIC

measurement is unavailable or when the need for careful

resource allocation arises. However, it should be noted that

close to 50 % of patients with a serum ferritin level

\800 ng/ml may still have an LIC C5 mg Fe/g dw [91,

92]; highlighting the need for LIC assessment or other

confirmatory means in this subgroup of patients before the

decision not to initiate iron chelation therapy.

Subcutaneous deferoxamine therapy was the first iron

chelator to be studied in NTDT patients since the 1980s in

two small case series totaling 14 patients [93, 94]. Defer-

oxamine showed urinary iron excretion in the majority of

patients (b-thalassemia intermedia). Aside from a lack of

solid evidence from large studies on the benefit of defer-

oxamine in NTDT patients, the main limitation is its

cumbersome subcutaneous administration, which might

cause compliance challenges for NTDT patients in whom

iron overload is diagnosed at a later stage (early adoles-

cence) than transfusion-dependent patients. Data from

recent studies of deferasirox in patients with NTDT [95,

96] noted that recruited patients have not been successfully

treated previously with deferoxamine due to poor compli-

ance (sporadic use). Therefore, the use of oral iron chela-

tors for iron overload management in NTDT remains a

more practical option.

Similar to experiences with deferoxamine, that with the

oral chelator deferiprone is limited to small studies and case

series in NTDT patients. Reductions in serum ferritin level

in transfusion-independent hemoglobin E/b-thalassemia

patients were noted in a study of 39 patients [97, 98].

However, only nine patients were shown to have reductions

in LIC by direct liver biopsy [98]. Published data in b-

thalassemia intermedia are restricted to a total of four

patients [99, 100]. There has also been only one study of

iron chelation using deferiprone in patients with hemoglo-

bin H disease (n = 17) [101]. Although a reduction of serum

ferritin was observed from 6 months of therapy, interpre-

tation of changes in liver iron are difficult considering the

nature of the assessment technique and the control group.

More recently, data from the largest and first random-

ized clinical trial of iron chelation therapy in 166 patients

with NTDT became available (THALASSA) [85]. The

once-daily oral iron chelator deferasirox resulted in a sig-

nificant reduction of LIC compared with placebo following

12 months of therapy in patients C10 years of age with

LIC C5 mg Fe/g dw. LIC decreased by a mean of 2.33 ±

0.70 and 4.18 ± 0.69 mg Fe/g dw in patients receiving

starting doses of 5 mg/kg/day (p = 0.001) and 10 mg/kg/

day (p \ 0.001), respectively. Doses were doubled after

6 months for patients with LIC[7 mg Fe/g dw and\15 %

reduction from baseline; and were interrupted when LIC

was \3 mg Fe/g dw. The frequency of adverse events in

patients receiving deferasirox was similar to that with

placebo. The most common drug-related adverse events

were nausea (6.6 %), rash (4.8 %), and diarrhea (3.6 %)

[85]. Sub-analyses from the study showed that reduction in

LIC with deferasirox 5 and 10 mg/kg/day starting dose

groups is consistent irrespective of baseline LIC/serum

ferritin, age, gender, race, splenectomy status, and under-

lying NTDT form. The analyses also showed that greater

reductions in LIC were achieved in patients dose-escalated

at 6 months from deferasirox 10 mg/kg/day starting dose to

20 mg/kg/day [102]. An extension of the core study

showed that deferasirox progressively decreases iron

overload over 2 years in NTDT patients, with a safety

profile consistent with that in the core study [103]. The

deferasirox safety profile remains consistent as patients

approach the chelation interruption target of LIC 3 mg Fe/g

dw [104]. On 23 January 2013, deferasirox received US

Food and Drug Administration (FDA) approval as first-line

therapy for the management of iron overload in NTDT

patients 10 years and older, making it the first drug spe-

cifically approved for use in NTDT patients. Deferasirox

had also received European Medicines Agency approval on

16 November 2012 for the treatment of chronic iron

overload requiring chelation therapy when deferoxamine

therapy is contraindicated or inadequate in patients aged

10 years and older with NTDT syndromes. However, it

should be noted that deferasirox remains the only iron

chelator ‘specifically’ approved for NTDT patients. The

deferoxamine label in most European countries allows for

its use in NTDT patients, although this was not based on

any specific clinical studies from NTDT patient popula-

tions [19]. Figure 4 presents a practical guideline for iron
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overload assessment and chelation therapy in NTDT

patients.

A beneficial effect of iron chelation therapy in reducing

clinical morbidity risk in patients with NTDT is also sug-

gested by observational studies, and further long-term

studies in this direction are awaited [37, 76].

3.2.2 On the Horizon

Studies in NTDT mouse models suggested a role for hep-

cidin and transferrin therapy to decrease iron overload

[105, 106]. Reducing transmembrane protease serine-6 has

also been shown to ameliorate iron overload in mice [107].

Human studies evaluating the role of such modalities, alone

or in combination with iron chelators, are of high merit,

especially with the noted hematologic improvements

associated with such therapies.

4 Conclusion

The complexity of pathophysiologic mechanisms and

multiplicity of risk factors for morbidity in NTDT patients

entail a holistic approach to management where several

interventions may be necessary to prevent or manage

clinical complications and thus improve outcomes and

quality of life in this patient population.
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