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Introduction

Inherited hemoglobin disorders can be divided into two
main groups. The first group includes structural hemoglobin
variants, such as hemoglobin S, C, and E. The second group
includes the alpha (α)- and beta (β)-thalassemias which result
from the defective synthesis of the α- or β-globin chains of
adult hemoglobin A. Inheritance of such disorders follows a
typical Mendelian-recessive manner whereby asymptomatic
heterozygous parents, or carriers, pass on one copy of a defec-
tive gene to their children. The high prevalence of hemoglobin
mutations in particular parts of the world often leads to simul-
taneous inheritance of two different thalassemia mutations
from each parent or co-inheritance of thalassemia together
with structural hemoglobin variants. Thus there are a wide
variety of clinically distinct thalassemia syndromes.1 Since the
hallmark of disease in these syndromes is ineffective erythro-
poiesis, peripheral hemolysis, and subsequent anemia, transfu-
sion-dependence has been an essential factor in characterizing
the various thalassemia phenotypes and their severity. For
instance, a diagnosis of β-thalassemia major entails lifelong reg-
ular transfusion requirement for survival. The main concern
with transfusion-dependence is secondary iron overload,
which if left untreated leads to target-organ toxicity and death.2

However, considerable advances have been made, in iron over-
load assessment and management strategies for transfusion-
dependent patients, especially in the last decade, and these
have translated into improved patient survival.2 Non-transfu-
sion-dependent thalassemias (NTDT) is a term used to label
patients who do not require lifelong regular transfusions for

survival, although they may require occasional or even fre-
quent transfusions in certain clinical settings and usually for
defined periods of time (Figure 1). NTDT encompasses three
clinically distinct forms: β-thalassemia intermedia, hemoglobin
E/β-thalassemia (mild and moderate forms), and α-thalassemia
intermedia (hemoglobin H disease).3 Although patients with
hemoglobin S/β-thalassemia and hemoglobin C/β-thalassemia
may have transfusion requirements similar to NTDT patients,
these forms have other specific characteristics and manage-
ment peculiarities and are better considered as separate enti-
ties. NTDT are primarily to be found in the low- or middle-
income countries of the tropical belt stretching from sub-
Saharan Africa, through the Mediterranean region and the
Middle East, to South and Southeast Asia.3-4 This is primarily
attributed to the high frequency of consanguineous marriages
in these regions, as well as to a conferred resistance of carriers
to severe forms of malaria in regions where the infection has
been, or is still, prevalent.3-4 Improvements in public health
standards in these regions have also helped to improve survival
and the number of affected patients. Increasing incidences of
these disorders in other areas of the world, such as North
Europe and North America, previously relatively unaffected by
these conditions, have also been reported.3-5

The aims of this review are 3-fold. First, to highlight those
genetic and environmental factors that explain the milder dis-
ease form in NTDT compared with transfusion-dependent
patients. Second, to overview prominent pathophysiological
mechanisms, especially in the absence of transfusions, and
illustrate how these translate into clinical morbidity. Third, to
outline current knowledge on the role of available manage-
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ment options and summarize novel advances in therapeutic
strategies. Curative therapy including bone marrow trans-
plantation and gene therapy will not be covered as these
have been recently reviewed elsewhere.6

Genetic and environmental modifiers 
of phenotype

β-thalassemia
Distinction of the various phenotypes of thalassemia is

mostly based on clinical parameters, although a genotype-
phenotype association is established in both α- and β-tha-
lassemia syndromes (Table 1). In patients with β-tha-
lassemia intermedia, the primary modifier of phenotype is
the broad diversity of mutations that affect the β-globin
gene in the homozygous or compound heterozygous state
(>200 disease-causing mutations. Up-dated list available
from: http://globin.cse.psu.edu).7 These range from mild pro-
moter mutations that cause a slight reduction in β-globin
chain synthesis to the many different mutations that result
in the β0-thalassemias; that is, a complete absence of β-glo-
bin. Deletions of the β-globin gene are uncommon. The
diversity of mutations and the consequent variable degree
of α/β-globin chain imbalance are the main determinants
for milder anemia and phenotype. Secondary modifiers are
those that are involved directly in modifying the degree of
α/β-globin chain imbalance including co-inheritance of dif-
ferent molecular forms of α-thalassemia and effective syn-
thesis of γ-chains in adult life.8 Several genes have been
uncovered which could modify γ-chain production and
ameliorate phenotype; some of them are encoded in the β-
globin gene cluster (δβ0-thalassemia or point mutations at
A-γ or G-γ promoters), while others are on different chro-
mosomes (BCL11A, KLF1, HBS1L-MYB).7 Tertiary modi-
fiers include polymorphisms that are not related to globin
chain production but may have an ameliorating effect on
specific complications of the disease such as iron absorp-
tion, bilirubin metabolism, bone metabolism, cardiovascu-

lar disease, and susceptibility to infection.9-10 β-thalassemia
intermedia may also result from the increased production of
α-globin chains by a triplicated or quadruplicated α-geno-
type associated with β-heterozygosity.11

Hemoglobin E/β-thalassemia
Hemoglobin E is caused by a G-to-A substitution in

codon number 26 of the β-globin gene, which produces a
structurally abnormal hemoglobin and an abnormally
spliced non-functional mRNA. Hemoglobin E is synthe-
sized at a reduced rate and behaves like a mild β-tha-
lassemia. Patients with hemoglobin E/β-thalassemia co-
inherit a β-thalassemia allele from one parent, and the struc-
tural variant, hemoglobin E, from the other.8,12 Hemoglobin
E/β-thalassemia is further classified into severe (hemoglo-
bin level as low as 4-5 g/dL, transfusion-dependent, clinical
symptoms similar to β-thalassemia major), moderate
(hemoglobin levels between 6 and 7 g/dL, transfusion-inde-
pendent, clinical symptoms similar to β-thalassemia inter-
media), and mild (hemoglobin levels between 9 and 12
g/dL, transfusion-independent, usually do not develop clin-
ically significant problems) clinical forms; with the latter
two falling into the category of NTDT.13-14 A disease scoring
system that helps classify patients into mild, moderate, and
severe has been proposed (Table 2).15 Similar to patients
with β-thalassemia intermedia, modifiers of disease severi-
ty in hemoglobin E/β-thalassemia include the type of β-tha-
lassemia mutation, co-inheritance of α-thalassemia and
determinants that increase fetal hemoglobin production, as
well as tertiary modifiers of complications such as the
inherited variability in the function of the gene for UDP-glu-
curonosyltransferase-1 underlying the more severe chronic
hyperbilirubinemia and an increased occurrence of gall-
stones observed in some patients.13,14 It should be noted that
patients with hemoglobin E/β-thalassemia also show differ-
ent phenotypic severity at particular stages of development.
Advancing age has an independent and direct effect on the
background level of erythropoietin production in response
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Figure 1. Transfusion requirement in various thalassemia forms.



to anemia.16-18 The most notable environmental factor influ-
encing phenotype in patients with hemoglobin E/β-tha-
lassemia is infection with malaria, particularly Plasmodium
vivax.19

α-thalassemia
Unlike β-thalassemia, deficient synthesis of α-globin

chains in α-thalassemia is typically caused by deletions
within the α-globin gene cluster on chromosome 16.
Approximately 128 different molecular defects are known
to cause α-thalassemia.20,21 There are many different sized
deletions of the α-globin genes. Southeast Asian deletion (-
SEA) is the most common and involves both α-genes, but not
embryonic globin genes. Larger deletions such as (-THAI)

affect embryonic genes and may be more severe. The dif-
ferent phenotypes in α-thalassemia are primarily attributed
to whether one (α+) or both (α0) α-globin genes are deleted
in each of the two loci (Table 1). Hemoglobin Bart’s hydrops
fetalis (α-thalassemia major) is caused by deletion of all four
α-globin genes, and patients often die in utero. Deletion of
three α-globin genes results in hemoglobin H disease (α-
thalassemia intermedia).20,21 In addition to deletional forms,
there are at least 7 forms of non-deletional hemoglobin H
disease which are typically associated with a more severe
phenotype, the most commonly described non-deletional
hemoglobin H disease forms are hemoglobin H Constant
Spring but also including hemoglobin H Paksé, Quong Sze,
and Suan Dok.22-25 These deletional and non-deletional
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Table 2. Mahidol score for hemoglobin E/β-thalassemia severity classification.15

Criteria Value Score Value Score Value Score

Steady-state hemoglobin, g/dL >7 0 6-7 1 <6 2
Age of onset, years >10 0 2-10 0.5 <2 1
Age at 1st blood transfusion, years >10 0 4-10 1 <4 2
Requirement for transfusion None/rare 0 Occasionally 1 Regularly 2
Size of spleen, cm <4 0 4-10 1 >10 2
Growth retardation - 0 +/- 0.5 +, s/p 1
For each criterion, a score is given depending on the value. The total sum of all scores is then interpreted as follows: mild hemoglobin E/β-thalassemia: severity score <4; moderate
hemoglobin E/β-thalassemia: severity score 4-7; severe hemoglobin E/β-thalassemia: severity score >7.

Table 1. Genotype-phenotype associations in β- and α-thalassemia.
Phenotype                                                    Genotype                                                                                              Clinical severity

β-thalassemia

Silent carrier                                                           • silent β/β                                                                                                              • Asymptomatic
                                                                                                                                                                                                                         • No hematologic abnormalities
Trait/minor                                                               • β0/β, β+/β, or mild β+/β                                                                                     • Borderline asymptomatic anemia
                                                                                                                                                                                                                         • Microcytosis and hypochromia
Intermedia*                                                            • β0/mild β+, β+/mild β+, or mild β+/mild β+                                                                                      • Late presentation
                                                                                    • β0/silent β,  β+/silent β, mild β+/silent β, or silent β/silent β             • Mild-moderate anemia
                                                                                    • β0/β0, β+/ β+, or β0/ β+ and deletion or non-deletion α-thalassemia     • Transfusion-independent
                                                                                    • β0/β0, β+/ β+, or β0/ β+ and increased capacity for γ-chain synthesis     • Clinical severity is variable and 
                                                                                    • Deletion forms of δβ-thalassemia and HPFH                                             ranges between minor to major 
                                                                                    • β0/β or β+/β and ααα or αααα duplications 
                                                                                    • Dominant β-thalassemia (inclusion body)                                                   
Major                                                                         • β0/β0, β+/ β+, or β0/ β+                                                                                        • Early presentation
                                                                                                                                                                                                                         • Severe anemia
                                                                                                                                                                                                                         • Transfusion-dependent
α-thalassemia                                                                                                                                                                                             

Silent carrier                                                           • -α/αα                                                                                                                    • Asymptomatic
                                                                                                                                                                                                                         • No hematologic abnormalities
Trait/minor                                                               • -α/-α                                                                                                                     • Borderline asymptomatic anemia
                                                                                    • --/αα                                                                                                                     • Microcytosis and hypochromia
Deletional (hemoglobin H disease)*               • --/-α                                                                                                                        • Mild-moderate anemia
                                                                                                                                                                                                                         • Transfusion-independent
                                                                                                                                                                                                                         • Clinical severity is variable and
                                                                                                                                                                                                                         ranges between minor to major
Non-deletional hemoglobin H disease*           • --/αCSα                                                                                                                    • Severe anemia
                                                                                                                                                                                                                         • Often transfusion-dependent
Major (hemoglobin Bart’s hydrops fetalis)     • --/--                                                                                                                         • Most develop hydrops fetalis 
                                                                                                                                                                                                                         syndrome and die in utero during
                                                                                                                                                                                                                         pregnancy, or shortly after birth
                                                                                                                                                                                                                         • Survivors are transfusion-dependent

HPFH: hereditary persistence of fetal hemoglobin. *Fall into the category of non-transfusion-dependent thalassemias (NTDT).



hemoglobin H diseases are the NTDT forms covered in this
review. It should be noted that the most severe forms of
non-deletional hemoglobin H disease may become com-
pletely transfusion-dependent (hemoglobin H hydrops) in
which case they are considered similar to {β}-thalassemia
major patients. Studies on the role of modifiers of disease
severity in α-thalassemia are limited. Genetic modification
may occur with co-inheritance of mutations in β-globin
genes resulting in β-thalassemia, also referred to as hemo-
globin H/β-thalassemia trait.22 In non-deletional hemoglo-
bin H disease there may be a role for the α-hemoglobin sta-
bilizing protein in ameliorating disease severity, although
this warrants further study.8

Pathophysiology and clinical manifestations

In the absence of transfusion therapy, the plethora of
underlying pathophysiological mechanisms emanating from
ineffective erythropoiesis and peripheral hemolysis lead to a
multitude of clinical complications in patients with NTDT
(Figure 2). In cross-sectional surveys, these complications are
often noted at a higher rate than in transfusion-dependent
patients26 (Figure 3). This section describes key pathological
processes and associated clinical complications in NTDT. 

Ineffective erythropoiesis and peripheral hemolysis
In NTDT, erythropoiesis is ineffective due to the imbal-

ance in the production of α- and β-globin chains. Unstable
globin chain tetramers precipitate and undergo oxidation
into methemoglobin and hemichromes with eventual sepa-
ration of heme from globin. The free iron released from
heme disintegration in thalassemia erythroid cells eventual-
ly catalyzes the formation of reactive oxygen species which
leads to oxidation of membrane proteins, structural mem-
brane defects, and exposure of red-cell senescence antigens
such as phosphatidylserine causing premature cell death
within the bone marrow (ineffective erythropoiesis) or
peripheral circulation (hemolysis).27,28 In states of ineffective
erythropoiesis, erythroid precursors proliferate in great
numbers, but a larger fraction fails to mature. Therefore,
ineffective erythropoiesis is characterized by expansion,
limited differentiation, and premature death of erythroid
precursors.27,28 Expansion of the erythron in the bone mar-
row is not only associated with osteoporosis and bone
deformities but is also associated with homing and prolifer-
ation of erythroid precursors in the spleen and liver
(extramedullary hematopoiesis) leading to
hepatosplenomegaly. The expansion of the erythron,
observed both in stress erythropoiesis and ineffective ery-
thropoiesis, suggests that the activity of factors that control
steady-state erythropoiesis are enhanced to increase the
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Figure 2. Pathophysiological mecha-
nisms and clinical complications in non-
transfusion dependent thalassemias.



production of erythroid cells. In fact, it has been shown that
increased activation of Janus Kinase 2 (JAK2)/STAT5 path-
way is associated with an excessive proliferation of mouse
and human erythroid β-thalassemic progenitors.29
Ineffective erythropoiesis in NTDT patients also forces

expansion of the hematopoietic tissue in areas other than
the liver and spleen, mostly in the form of masses termed
extramedullary hematopoietic pseudotumors (prevalence
of approx. 20% compared to <1% in transfusion-depen-
dent patients26,30). Almost all body sites may be involved
including the lymph nodes, thymus, heart, breasts, prostate,
broad ligaments, kidneys, adrenal glands, pleura, retroperi-
toneal tissue, skin, peripheral and cranial nerves, and the
spinal canal. Paraspinal involvement (11-15% of cases)
receives most attention due to the debilitating clinical con-
sequences secondary to spinal cord compression.31
Morbidity in patients with NTDT is directly proportional

to the severity of ineffective erythropoiesis and peripheral
hemolysis32 as these remain the hallmark of subsequent
pathophysiological mechanisms including iron overload
and hypercoagulability (Figure 2).

Dysregulated iron homeostasis and clinical 
iron overload
In NTDT, ineffective erythropoiesis is the central process

that leads to inappropriately low hepcidin levels and
increased intestinal iron absorption.33-35 Proposed regulators
of hepcidin production include growth differentiation fac-
tor-15, twisted gastrulation factor-1, hypoxia inducible tran-

scription factors, and transmembrane protease serine-6
(TMPRSS6).36,37 However, more recently, growth differenti-
ation factor-15 was shown to be not essential for systemic
iron homeostasis in phlebotomized mice and humans.38-39
Therefore, additional erythropoietic factors are likely to reg-
ulate hepcidin expression in NTDT patients. Regardless of
the signaling mechanism, the end result is suppression of
hepcidin levels, increased intestinal iron absorption, and
increased release of recycled iron from the reticuloendothe-
lial system.27 This in turn leads to depletion of macrophage
iron, relatively lower levels of serum ferritin, and preferen-
tial portal and hepatocyte iron loading (increased liver iron
concentration),40 with subsequent release into the circula-
tion of free iron species (labile plasma iron and non-trans-
ferrin bound iron with a consequent increase in intracellular
labile iron pool) that can cause target-organ damage.41 By
contrast, regularly transfused patients do not have low hep-
cidin levels, and iron is preferentially distributed to the retic-
uloendothelial system, thereby stimulating ferritin synthe-
sis and its release into circulation, resulting in high serum
ferritin levels. It should be noted that apart from this pri-
mary source of iron overload in NTDT patients, they can
eventually accumulate iron from occasional or more fre-
quent transfusions which may be indicated as illustrated in
the management section.37
The accumulation of iron from intestinal absorption in

NTDT patients is slower than that observed in transfusion-
al siderosis and may reach 3-4 mg/day or as much as 1,000
mg/year.37 A mean annual increase in liver iron concentra-
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Figure 3. Differences in
common clinical complica-
tions profile between non-
transfusion-dependent
thalassemias compared to
regularly transfused β-tha-
lassemia major patients.
The figure illustrates those
complications that are
often observed at a higher
prevalence in one group
over the other in available
studies and clinical set-
tings, although all men-
tioned complications can
exist in both entities at
varying rates.



tion of 0.38±0.49 mg Fe/g dry weight was observed in a
recent trial including NTDT patients.42 Nonetheless, iron
overload in NTDT patients is a cumulative process as evi-
dent from studies documenting positive correlations
between iron overload indices and advancing age.25,41,43-45
Thus, a considerable proportion of NTDT patients eventu-
ally accumulate iron to liver iron concentration thresholds
of clinical significance.25,40,42,46,47 An association between iron
loading evident from longitudinal elevations in serum fer-
ritin level and worsening of hepatic fibrosis in patients with
β-thalassemia intermedia has been established.48 Several
case reports and case series also suggest an association
between iron overload and hepatocellular carcinoma in this
patient population.49 Interestingly, cardiac siderosis and sub-
sequent cardiac disease do not seem to be a major concern
in NTDT, even in patients with considerably elevated liver
iron concentration.50-53 In a recent cross-sectional study of
168 patients with β-thalassemia intermedia, higher liver
iron concentration values on magnetic resonance imaging
were associated with a significantly increased risk of devel-
oping thrombosis, pulmonary hypertension, hypothy-
roidism, hypogonadism, and osteoporosis.46 Levels of 5 mg
Fe/g or over were associated with a considerable morbidity
risk increase.54 An association between iron overload and
renal tubular dysfunction, as evident from proteinuria, has
also been recently reported in β-thalassemia intermedia
patients.55

Hypercoagulability and vascular disease
A hypercoagulable state has been identified in children

and adults with thalassemia and remains an active area of
investigation, particularly in patients with β-thalassemia.56,57
Abnormalities of platelets and pathological red blood cells
are believed to be the key factors causing hypercoagulabili-
ty and subsequent thrombotic events, especially in splenec-
tomized and transfusion-independent patients, making this
pathophysiology highly relevant to patients with NTDT.58
Several other factors have also been identified and it is often
a combination of these factors that leads to a hypercoagula-
ble state resulting in clinical thrombosis (Figure 4).59-61
Clinically, the prevalence of thrombotic events in patients

with β-thalassemia intermedia can reach up to 20%, com-
pared to less than 1% in patients with β-thalassemia
major.30,62-64 These events are mostly venous and primarily
occur in splenectomized patients (22.5% vs. 3.5% preva-
lence rate in splenectomized vs. non-splenectomized

patients; P<0.001).30,64 Other risk factors for thrombotic
events include advancing age, total hemoglobin level  less
than 9 g/dL, history of thrombotic or other vascular events,
elevated platelet (>500x109/L) and nucleated red blood cell
counts (>300x106/L),30,43,64,65 while other conventional risk
factors are often absent in such patients. The prevalence of
overt strokes in β-thalassemia intermedia patients with a
history of thrombosis ranges between 5% to 9%.66
However, a higher prevalence of silent cerebral ischemia
(up to 60%) has been consistently documented, especially
in splenectomized adults with elevated platelet counts.66
Such lesions were usually small (<0.5 cm), multiple, and
involved the frontal and parietal lobes. Recent studies have
also documented a high prevalence of large cerebral vessel
disease (magnetic resonance angiography) and decreased
neuronal function (positron emission tomography-comput-
ed tomography) primarily in the temporal and parietal lobes
in similar patient cohorts.66-68 A significant association
between the occurrence of these abnormalities and elevated
iron overload indices was noted.67,68 In the general popula-
tion, and in patients with sickle cell disease, these silent
cerebrovascular abnormalities are associated with subse-
quent risk of overt stroke and neurocognitive decline, fur-
ther highlighting the importance of these findings.66
Another vascular complication of NTDT (primarily β-

thalassemia intermedia and hemoglobin E/β-thalassemia)
that was found to occur at a relatively high frequency
compared to patients with β-thalassemia major is pul-
monary hypertension.69 However, the diagnosis of pul-
monary hypertension in most available studies was per-
formed by echocardiography and not cardiac catheteriza-
tion and this may increase the rate of false positive
results.70 Chronic anemia and hypoxia, iron overload,
splenectomy, hypercoagulability, and microthrombotic
disease of the pulmonary circulation have all been impli-
cated in the pathophysiology of pulmonary hypertension
in NTDT.71,72 Recently, decreased arginine bioavailability
and nitric oxide depletion secondary to hemolysis have
also been associated with pulmonary hypertension in
patients with thalassemia.73-75 Although pulmonary hyper-
tension is neither associated with myocardial siderosis nor
with left ventricular dysfunction in NTDT patients, it is a
leading cause of right-sided heart failure.69
The risk of leg ulcers in NTDT patients increases with

advancing age.43 The skin at the extremities of elderly
patients can be thin due to reduced tissue oxygenation mak-
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Figure 4. Factors
contributing to a
hype r coagu l ab l e
state and subse-
quent thrombotic
events in non-trans-
fusion dependent
thalassemias. RBC:
red blood cells.



ing the subcutaneous tissue fragile and increasing the risk of
ulceration after minimal trauma. Transfusion-naïvety,
splenectomy and hypercoagulability, low fetal hemoglobin
levels, and iron overload are all risk factors for the develop-
ment of leg ulcers.30,46,76 Local iron overload is also thought to
be a perpetuating factor causing chronicity of lesions espe-
cially when the heme from the degraded red blood cells
accumulates locally and gives a dark hue.77

Management

The clinical morbidities observed in patients with NTDT
may involve several organs and organ systems.71 Without
appropriate treatment, the incidence of these morbidities
increases with advancing age.43 Moreover, the multiplicity
of morbidity in NTDT patients has a direct effect on
patients’ quality of life.78-79 This observation highlights the
importance of timely management and prevention in this
patient population. There are currently no available guide-
lines for the management of patients with NTDT; however,
emerging data from recent studies alongside expert opinion
usually help put forward a management framework for this
group of patients. 

Splenectomy
Splenectomy in NTDT patients can increase the total

hemoglobin level by 1-2 g/dL and avoid blood transfusion
therapy.14,24 However, in view of the multiplicity of adverse
events associated with splenectomy, it is suggested that
splenectomy should be reserved for cases of:71,80 1) worsen-
ing anemia leading to poor growth and development when
transfusion therapy is not possible or iron chelation therapy
is unavailable; 2) hypersplensim leading to worsening ane-
mia, leukopenia, or thrombocytopenia and resulting in
recurrent bacterial infection or bleeding; and 3)
splenomegaly accompanied by symptoms such as left
upper quadrant pain or early satiety or massive
splenomegaly  (largest dimension >20 cm) with concern
about possible splenic rupture.71,80
As described above, abnormalities of platelets and patho-

logical red blood cells are believed to be the key factors
causing a hypercoagulable state in patients with NTDT.58
These abnormalities become more prominent following
splenectomy considering the beneficial role of the spleen in
scavenging these procoagulant platelets and red blood cells.
This puts this subgroup of patients at a higher risk of
thrombotic and vascular events.60,81 For instance, about 80%
of pathological red blood cells are removed extravascularly
by macrophages present mainly in the spleen.82 Several clin-
ical studies in patients with β-thalassemia intermedia con-
firm that splenectomized NTDT patients have a higher risk
of venous thromboembolism (approx. 5-fold), pulmonary
hypertension (approx. 4-fold), leg ulcers (approx. 4-fold),
and silent cerebral infarction than non-splenectomized
patients.24,30,66 The median time to thrombosis following
splenectomy is approximately eight years.65 This delay indi-
cates that thrombosis in splenectomized NTDT patients is
not an acute complication, but a manifestation of a chronic
underlying process, further emphasizing the need for long-
term treatment modalities for prevention.
It has also been suggested that the spleen may be a reser-

voir of excess iron and may have a possible scavenging
effect on iron free species such as non-transferrin bound
iron, which may explain the higher serum level of this free
iron species in splenectomized NTDT patients41 and the

observation that splenectomized patients have a higher rate
of iron-related organ morbidity than their non-splenec-
tomized peers.30
Splenectomy also places NTDT patients of all ages at risk

of morbidity and mortality due to infection. These infec-
tions could have an overwhelming, fatal course such as in
meningitis and sepsis. Appropriate vaccinations and antibi-
otic prophylaxis are critical steps in preventing overwhelm-
ing infection after splenectomy.80

Transfusion therapy
Patients with NTDT may still require occasional blood

transfusions during infection, pregnancy, surgery, or any
setting with anticipated acute blood loss. They may also
require more frequent, yet temporary, transfusions in the
case of poor growth or development during childhood, or
for the management of specific complications in adulthood,
a setting in which the benefit of transfusion therapy has
been established.24,83,84 Observational studies continue to
confirm that NTDT patients who receive transfusions expe-
rience fewer leg ulcers, thrombotic events, pulmonary
hypertension, and silent brain infarcts compared with trans-
fusion-naïve patients.30,64,80,85,86 Successful management of the
hematopoietic compensatory extramedullary pseudotu-
mors has also been reported using transfusion therapy with
and without radiation or surgery, especially in the most
debilitating cases with paraspinal involvement.31
It is absolutely essential to assess the patient carefully

over the first few months after the diagnosis is established
and not to embark on any treatment modality, especially
transfusion therapy, too hastily. Many patients with NTDT,
who may not need regular transfusion, embark on a life of
unnecessary treatment of this kind, particularly if they pres-
ent with an unusually low hemoglobin level during a period
of intercurrent infection. Even if a few transfusions have
been administered in the acute situation, immediate com-
mitment to a transfusion program is not recommended. It is
worthwhile trying to evaluate the patient in the non-emer-
gency situation from the untransfused baseline: i.e. to with-
draw transfusions and observe the situation carefully. In
fact, some children with NTDT, specifically with hemoglo-
bin E/β-thalassemia, have a remarkable ability to adapt to
low hemoglobin levels.16-17 Instead, the patient’s wellbeing,
particularly with respect to activity, growth, development,
and the early appearance of skeletal changes or other dis-
ease-complications are the factors to be taken into consid-
eration.80
The main concern with transfusion therapy is the risk of

iron overload, especially in NTDT patients who have
already accumulated considerable amounts of iron due to
increased intestinal absorption. The risk of alloimmuniza-
tion should also be considered in minimally transfused and
newly transfused patients, those at an old age at first trans-
fusion, and in splenectomized patients. The risk of alloimu-
nization is 1-1.6% after transfusion of one blood unit.87 This
is of particular importance during pregnancy when fully
phenotyped matched blood or transfusion alternatives
should be considered.88

Iron chelation therapy
The same measures available for the assessment of iron

overload in patients with transfusion-dependent β-tha-
lassemia major can be used in NTDT. Whenever available,
measurement of liver iron concentration by non-invasive
means (R2 or R2* magnetic resonance imaging) is recom-
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mended.37 Considering the slow kinetics of iron loading in
NTDT, there is no need to start assessment of liver iron con-
centration before patients reach ten years of age,36 particular-
ly since there is a low prevalence of iron-related morbidities
in patients under ten years of age.43 These can be measured
at one- or even 2-year intervals; however, closer monitoring
may be needed to tailor therapy in patients eligible for iron
chelation.36 In resource-poor countries where measurement
of liver iron concentration may not be available, serial
measurements of serum ferritin level every three months
are recommended. However, serum ferritin levels should be
interpreted with caution.37 Although there is a positive cor-
relation between serum ferritin level and liver iron concen-
tration in NTDT patients,25,42,44,47 the ratio of serum ferritin to
liver iron concentration is lower than in patients with β-tha-
lassemia major.40,44,47,51 Therefore, spot measurements of
serum ferritin level may underestimate iron overload and
delay therapy in patients with NTDT if they are to be inter-
preted in the same way as β-thalassemia major patients.
Although current evidence suggests that patients with
NTDT are less likely to develop cardiac siderosis,50-53 cardiac
magnetic resonance T2* assessment may still be warranted
in older patients with high iron burden.37 Data on the use of
other iron overload indices, such as transferrin saturation or
non-transferrin bound iron, in NTDT patients are still limit-
ed; therefore, no recommendations regarding their use in
clinical practice can be made at this time.37
Iron chelation therapy is indicated in NTDT patients aged

ten years or over, (or fifteen years and over in deletional
hemoglobin H disease) and having liver iron concentration
levels 5 mg Fe/g or over dry weight (or serum ferritin level
≥800 ng/mL when liver iron concentration measurement is
unavailable) as these thresholds indicate increased iron-
related morbidity risk.36,43,54,89,90 Deferasirox is the only iron
chelator to have been evaluated in a randomized clinical
trial in patients with NTDT.42,91 The drug showed efficacy in
reducing liver iron concentration in NTDT patients aged ten
years or over and with a liver iron concentration of 5 mg
Fe/g or over dry weight at starting doses of 5 or 10
mg/kg/day. It recently received approval by the US Food
and Drug Administration (FDA) and the European
Medicines Agency (EMA) for NTDT. The drug showed
acceptable safety down to liver iron concentration values of
3 mg Fe/g dry weight (serum ferritin level of 300 ng/mL).  
Available reports on the efficacy and safety of other iron

chelators (deferoxamine and deferiprone) in reducing iron
burden in patients with NTDT are limited to case reports
and small case series, although benefits have been observed
and warrant further consideration, especially in resource-
poor countries.92-94 A beneficial effect of iron chelation in
reducing clinical morbidity risk in patients with NTDT is
suggested by observational studies and further long-term
studies in this direction are needed.30,48

Fetal hemoglobin induction
As discussed above, increased production of γ-globin,

which, similar to β-globin, combines with α-globin chain
(fetal hemoglobin), results in improvement in α/β-globin
chain imbalance and more effective erythropoiesis. This
partly explains the more favorable phenotype in some
patients with β-thalassemia intermedia and hemoglobin
E/β-thalassemia compared with transfusion-dependent β-
thalassemia major. Recent clinical studies have substantiat-
ed the quantitative ameliorating effect of increased fetal
hemoglobin production on the clinical course in a variety of

patients with NTDT.76,95-100 The earliest attempts to induce
fetal hemoglobin through DNA methylation inhibition
with 5-azacytidine were encouraging, although these were
later hampered by concerns about the safety of this agent.101
More recently, this approach has been revisited with the
use of a safer demethylating agent, decitabine. A pilot study
on 5 patients with β-thalassemia intermedia showed that
subcutaneous decitabine given at 0.2 mg/kg two times per
week for 12 weeks increased total hemoglobin level by an
average of 1 g/dL. Favorable changes in red blood cell
indices were also noted and a call for larger studies was
made.102 After being identified as a potent inducer of fetal
hemoglobin, hydroxyurea became one of the key therapeu-
tic agents for the management of patients with sickle cell
disease. In studies including NTDT patients, mean increases
in total hemoglobin level average approximately 1.5 g/dL,
although results in these studies are highly variable.101 This
increase remains essential since, for example, a difference
between a severe and mild hemoglobin E/β-thalassemia
patient is only 1-2 g/dL.15 Improvement in anemia is usually
associated with better exercise tolerance, appetite, and
sense of general wellbeing. Favorable effects on certain mor-
bidities such as pulmonary hypertension, leg ulcer, and
extramedullary hematopoietic pseudotumors have also
been observed.101 However, available evidence on hydrox-
yurea comes from small single-arm trials or retrospective
cohort studies, and it has been difficult to determine predic-
tors of response or the optimal dose and duration of thera-
py.101 Randomized clinical trials with hydroxyurea in
patients with NTDT are called for, especially given that the
effects of hydroxyurea seem to extend beyond fetal hemo-
globin induction and may improve the hypercoagulable
state of the disease through effects on phosphatidylserine
externalization in the red cell.103 Favorable responses to
short-chain fatty acid (butyrate derivatives) inducers of fetal
hemoglobin in small studies involving NTDT patients have
also been documented, although effects were less notable in
long-term therapy.101
The use of recombinant human erythropoietin or the

newer erythropoietic stimulating agent darbepoetin alfa in
patients with NTDT is associated with increases in total
hemoglobin level.104 When such agents were combined
with fetal hemoglobin inducers in NTDT patients, an addi-
tive effect on total hemoglobin augmentation was noted,
although mostly at high doses.101 However, so far, such
treatment options remain investigational and should be per-
formed under carefully controlled trials.

Management of specific complications
The Online Supplementary Appendix highlights manage-

ment options for specific clinical complications in NTDT
patients.

Novel therapeutic approaches

In this section, we discuss the rationale and progress with
several key strategies that are being or deserve to be devel-
oped to provide novel management options for patients
with NTDT.

Modulators of erythropoiesis and iron metabolism 
in NTDT
Mouse models mimicking human NTDT (exhibiting

non-transfusion dependent anemia, aberrant erythrocyte
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morphology, hepatosplenomegaly, and iron overload) have
been generated and allowed several potential therapeutic
targets to be evaluated. This is done by heterozygous dele-
tion of both the β-minor and β-major or deletion of both β-
major genes, respectively indicated as th3/+ and th1/th1.

JAK2 inhibitors
As indicated previously, JAK2 is a signaling molecule that

regulates proliferation, differentiation, and survival of ery-
throid progenitors in response to erythropoietin. In murine
models and patients with β-thalassemia, erythroid precur-
sors express elevated levels of phosphorylated active JAK2
(pJAK2) and other downstream signaling molecules that pro-
mote proliferation and inhibit differentiation of erythroid
progenitors. In th3/+ mice, erythroid hyperplasia and mas-
sive extramedullary hematopoiesis were associated with
high erythropoietin levels and persistent JAK2 phosphoryla-
tion. Furthermore, early erythroid progenitors fail to differ-
entiate, and hyperproliferate in the bone marrow, spleen and
liver, thus contributing to hepatosplenomegaly.27,29 Given the
role of JAK2 in the pathophysiology of ineffective erythro-
poiesis, it has been hypothesized that JAK2 inhibitors
(JAK2is) may be effective in preventing the severe complica-
tions associated with β-thalassemia.105 Studies in th3/+ mice
have shown that a short treatment with a JAK2i can affect
ineffective erythropoiesis and decrease spleen size. In partic-
ular, in untransfused th3/+ mice, a JAK2i reduces both inef-
fective erythropoiesis (fewer bone marrow erythroid pro-
genitors) and splenomegaly with minimal effect on red
blood cell synthesis.29,106,107
If data from th3/+ mice can be translated to humans,

JAK2i may allow NTDT patients to avoid splenectomy,
thereby preventing additional pathophysiological sequelae,
such as increased iron absorption, potential infections and
thrombosis. Results from clinical studies in patients with
myeloproliferative disorders, characterized by activating
JAK2 mutations, suggest that the JAK2i ruxolitinib is an
effective treatment option with a tolerable safety profile.108
Concerns were raised in patients treated chronically with
ruxolitinib for more than eight months.108 However, NTDT
differ considerably from JAK2-related neoplasms in that the
activity of JAK2 is mediated by relatively high erythropoi-
etin levels (and not a mutation in JAK2) and the progression
of splenomegaly and extramedullary hematopoiesis occur
more slowly in NTDT than in polycythemia vera/myelofi-
brosis patients. Thus, it is possible that the beneficial effects
of JAK2is in NTDT will be achieved with reduced doses,
shorter intermittent courses, and relatively fewer complica-
tions.105

Hepcidin modulation
Because of hepcidin deficiency, NTDT patients develop

iron overload in a manner similar to hereditary hemochro-
matosis. Thus, hepcidin therapy curbing hyperabsorption
of dietary iron may be beneficial in these patients.
Furthermore, high hepcidin levels may lead to redistribu-
tion of iron from parenchyma to macrophages that could
potentially limit target-organ toxicity. It is also possible that
in NTDT patients, excessive iron supply to developing ery-
throcytes may contribute to the hyperproliferation of ery-
throid precursors and stimulate ineffective and
extramedullary erythropoiesis. Finally, it might also
decrease heme synthesis, limiting the formation of
hemichromes. Therefore, administration of hepcidin could
not only help manage iron loading but could also diminish

the severity of erythroid pathologies. 
Since in th3/+ mice endogenous hepcidin is inappropri-

ately low and the iron absorbed by th3/+ mice is excessive
in relation to the amount of iron needed to maintain their
hemoglobin levels, it has been hypothesized that moderate
hepcidin supplementation could limit iron absorption
without interfering with the need of iron for erythro-
poiesis.34 To test this hypothesis, th3/+ mice that over-
express hepcidin in the liver were generated.109 In fact,
moderate hepcidin overexpression in th3/+ mice reduced
iron content in the liver and spleen. Furthermore, these
mice exhibited higher hemoglobin levels, decreased reticu-
locyte counts, reduction in splenomegaly and liver
extramedullary hematopoiesis, and more normal spleen
architecture.109 Due to the important role of TMPRSS6 in
suppressing hepcidin, studies have evaluated whether the
increased expression of hepcidin observed in Tmprss6-/-
mice could be beneficial in animals affected by β-tha-
lassemia. Lack of Tmprss6 in mice affected by β-tha-
lassemia significantly improved iron overload and anemia
in Tmprss6-/- th3/+ mice.110 Overall, these observations sug-
gest that development of new pharmacological agents to
increase hepcidin expression could be extremely valuable
in the treatment of NTDT.111 Hepcidin agonists (minihep-
cidins) have been recently developed and showed benefit
in mouse models with severe hemochromatosis.112-113

Apo-transferrin 
Iron is transported between sites of acquisition, storage,

and utilization by transferrin. The main role of this liver-
synthesized molecule is to deliver iron to cells by receptor-
mediated endocytosis. Low hepcidin expression causes
excess circulatory iron, saturation of transferrin, and accu-
mulation of toxic non-transferrin bound iron. Likewise,
hypotransferrinemia, an inherited defect in transferrin
expression, is associated with increased plasma non-trans-
ferrin bound iron and low hepcidin expression.34 Transferrin
circulates in three forms: diferric-transferrin, monoferric-
transferrin, and apo-transferrin, depending on the iron avail-
able. In th1/th1 mice, daily apo-transferrin injections result-
ed in increased hemoglobin, reduced reticulocytosis, small-
er red blood cells with lower mean corpuscular hemoglo-
bin, normalized red blood cell survival (likely as a conse-
quence of reduced hemichromes precipitation on red blood
cell membranes), decreased erythropoietin, improved mat-
uration and decreased apoptosis of erythroid precursors,
reversed splenomegaly, improved extramedullary
hematopoiesis, and increased hepcidin expression.114
These observations demonstrate that apo-transferrin

therapy is useful not only in the management of iron over-
load, but could also diminish the severity of ineffective ery-
thropoiesis and anemia and indicate the importance of
transferrin as a regulator of liver hepcidin expression. Taken
together, apo-transferrin therapy would simultaneously
reduce circulating non-transferrin bound iron and aberrant
parenchymal iron deposition, improve anemia and ineffec-
tive erythropoiesis, and reduce further iron overload. If
administration of apo-transferrin proves to be relatively free
of side effects, it could provide an additional major
improvement over existing therapy in patients with NTDT. 
Table 3 illustrates how such novel therapies may poten-

tially be used in the management of NTDT patients. These
new approaches, especially hepcidin modulators and trans-
ferrin, may ameliorate ineffective erythropoiesis and pre-
vent iron overload in the early stage of the disease.
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However, they might also be beneficial if used in later
stages of the disease (after iron overload is already estab-
lished) in combination with iron chelators to slow down
the iron absorption while iron is being removed and hence
to accelerate the detoxification.

Targeted fetal hemoglobin induction
Although several molecular determinants of fetal hemo-

globin expression have been previously identified, only
recently were the details of the developmental switching of
fetal to adult hemoglobin uncovered. Importantly, recent
molecular investigations of this process have provided
promising targets for therapeutic purposes to induce fetal
hemoglobin. Such molecules include BCL11A, MYB, and
KLF1 that have largely been identified as a result of human
genetic studies.115 Correction of sickle cell disease in adult
mice by interference with fetal hemoglobin silencing (inac-
tivation of BCL11A) has been recently documented.116
Moreover, epigenetic partners of these factors have been
identified for which small molecule inhibitors already exist.
The clinical development of therapeutics for these targets
could be the future path for NTDT and other hemoglo-
binopathies.101,115

Conclusions

It has now been established that morbidity in NTDT
patients is more common and serious than previously rec-
ognized, and these patients should be carefully followed
for early diagnosis and management of complications.
This is essential given that the prevalence of such tha-
lassemia forms is shifting towards a global distribution
that could have serious implications for public health. It
should be noted, however, that several of these complica-
tions still lack sufficient data to allow us to recommend
specific guidelines for treatment. Therefore, recommenda-
tions about specific treatments should be made separately
for each patient on an individualized basis until more data
are available. Moreover, better understanding of the
underlying pathophysiological mechanisms should allow
novel therapeutics to be developed in clinical trial pro-
grams.
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