
T
he definition thalassemia intermedia is a
label applied to thalassemia patients
characterized by a transfusion-indepen-

dent clinical course of intermediate severity
between thalassemia major and asymptomatic
carriers.1,2 Since the definition of thalassemia
intermedia is relative, it includes a wide range
of clinically and genetically heterogeneous
patients. The spectrum of disorders includes, at
one end, patients who are able to produce
approximately 6 g/dL of hemoglobin, show
skeletal abnormalities and occasionally require
transfusions and, at the other end, asympto-
matic subjects with mild anemia and spleno-
megaly diagnosed by chance or during family
studies. 

The criterion of transfusion independency is
unsatisfactory for defining thalassemia inter-
media, since it varies among patients and is also
related to medical trends. When a policy of
starting high transfusion regimens in infancy
for homozygous thalassemia patients was intro-

duced,3,4 some intermediate forms were proba-
bly enrolled in the program. 

On the other hand, since the prognosis of
thalassemia intermedia in terms of survival,
quality of life, puberty and mature sexual func-
tion was considered better than that of patients
regularly transfused,2 some patients able to
maintain high Hb levels only thanks to huge
hemopoietic expansion and bone abnormalities
were not enrolled in a regular transfusion pro-
gram. This unfortunately resulted in not trans-
fusing some patients who would have benefit-
ted from this treatment. 

During the last decade several attempts have
been made to improve definition of thalassemia
intermedia. New clinical and molecular criteria
are needed to establish prognosis and to offer
different therapeutic options, at least to selected
groups of patients. Moreover, this clarification
becomes crucial to quantifying the prevalence
of thalassemia intermedia patients in different
countries for purposing of genetic counselling.
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ABSTRACT
Thalassemia intermedia is a clinical definition applied to patients whose clinical phenotype is

milder than that of thalassemia major. Criteria used to define thalassemia intermedia including age
at presentation, hemoglobin or fetal hemoglobin levels and transfusion independence, are unsatis-
factory. The possibility of typing the molecular defect allows a retrospective analysis of patients and
offers a new tool for the diagnosis of thalassemia intermedia. Nevertheless, because of several fac-
tors that interact in the disease expression, the b-genotype alone is not predictive of the phenotype
in all cases. Although benign, the clinical course of thalassemia intermedia is characterized by sev-
eral complications that can be prevented by an accurate follow-up. The conventional treatment of
thalassemia intermedia remains controversial; it is hoped that recent advances in the pharmacolog-
ical manipulation of hemoglobin switching will offer a therapeutic option in the future, at least to
selected patients.
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Problems in diagnosis
One of the major clinical criteria proposed

for identifying patients with thalassemia inter-
media is age at presentation. Some patients
affected by very mild forms may be recognized
in the second decade of life or even later, but
usually the discrimination between thalassemia
major and intermedia is a pediatric task.
Modell and Berdoukas2 have suggested that
when homozygous patients present at two years
of age with hemoglobin above 7 g/dL and do
well clinically, it is wise to offer only supportive
treatment and a proper follow-up. Some of
these patients may indeed have thalassemia
intermedia. Children who continue to grow
normally at three years and do not develop evi-
dent bone changes without regular transfusions
are definitely considered as thalassemia inter-
media. Some of these patients develop hyper-
splenism, even severe, in following years and
require splenectomy. Some may become trans-
fusion dependent in adulthood. In our retro-
spective series of 165 thalassemia intermedia
patients of Italian origin, 95% were diagnosed
after two years of age.5 Forty-three percent had
never been transfused, 30% were occasionally
transfused during infections, pregnancy or
surgery and 28% became transfusion depen-
dent in adulthood. Figure 1 shows the age at
first transfusion in this series of thalassemia
intermedia patients. 

Hemoglobin level at presentation and hemo-
globin composition play an important role in
the diagnosis of thalassemia intermedia.
Although absolute Hb values cannot be estab-
lished, usually patients presenting after two
years of age have an average hemoglobin above
7.0 g/dL. In adult life some thalassemia inter-
media patients who tolerate even lower hemo-
globin levels well (Hb 6.0-6.5g/dL) may be
encountered. 

Hb F at diagnosis can be extremely variable,
according to the genetic defect: b° homozygotes
have almost 100% Hb F, whereas variable
amounts of Hb A are present in b+ homozy-
gotes. 

Due to the increased oxygen affinity of Hb F
(a2c2), Hb composition has a remarkable effect
on tissue hypoxia and on erythropoietin-medi-

ated erythropoiesis expansion. Hb F is remark-
ably variable among patients, ranging from 5 to
100%. No direct correlation exists between total
Hb and Hb F levels, suggesting that different
mechanisms are responsible for c chain pro-
duction. One mechanism is the preferential
survival of F-cells, which operates when b chain
synthesis is absent or very low. It is based on
selection of cells intrinsically able to produce
more c chains and is of no use in compensating
for a severe anemia.1,6 A second is an inheritable
ability to produce more Hb F per cell (as occurs
in db-thalassemia or hereditary persistence of
fetal hemoglobin, also called HPFH) or to
increase the number of F cells (as in the hetero-
cellular type of HPFH).6,7 This mechanism is
useful for partially correcting the degree of ane-
mia since it reduces the a/nona chain imbal-
ance within the red cell precursors, thus
decreasing ineffective erythropoiesis.

Family studies often show the classic b-tha-
lassemia trait in both parents. However, they
are relevant in cases of coinheritance of a-tha-
lassemia or atypical cases (silent forms of tha-
lassemia or HPFH).

In the evaluation of thalassemia intermedia
and in the decision of whether to start transfu-

2-5 5-10 10-15 15-20 20-30 30-40
0

10

20

30

40

50

60

70

Figure 1. Age at first transfusion in a series of thalassemia intermedia
patients (6).
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sions in childhood, a major point could be the
quantitation of erythropoietic expansion and of
ineffective erythropoiesis. A simple index pro-
posed to estimate bone marrow expansion was
the width of the medullary cavity, as derived
from X-rays by measuring the internal diameter
of the second metacarpal bone. High values or
recent increases were proposed as an indication
to initiate transfusions.8 This index, however, is
scarcely used in clinical practice. A tentative
correlation of total Hb and Hb F levels with
erythropoietic expansion was recently carried
out by Galanello et al.,9 who evaluated serum
erythropoietin and circulating transferrin
receptor (TfR), which in the absence of iron
deficiency provides the best estimate of total
erythropoiesis.10,11 In untransfused patients with
comparable degree of anemia, subjects with
high (more than 40%) Hb F had significantly
higher erythropoietin and TfR levels than those
with low (less than 40%) Hb F. More extensive
studies are needed to evaluate the usefulness of
these functional determinations in categorizing
thalassemia intermedia patients for the purpose
of deciding whether to transfuse. 

Recently, knowledge about the molecular
pathology of b-thalassemia syndromes has per-
mitted direct investigation of the b-globin gene
mutations in thalassemic patients, providing a
new tool which can help in making the
diagnosis.12

Molecular basis of thalassemia intermedia
The vast majority of patients with thalassemia

intermedia have both b genes affected by inac-
tivating mutations. A minority are carriers of a
single b-thalassemia mutation.13 In Italy it can
be estimated that 10-20% of b-thalassemia
homozygotes, but only occasional heterozy-
gotes, present the clinical phenotype of tha-
lassemia intermedia. These proportions may
vary in different populations.

The main genotypes occurring in thalassemia
intermedia are summarized in Table 1. 

Homozygosity or compound heterozygosity for
mild mutations

Some b-thalassemia mutations allow a signifi-

cant residual production of normal b chains
and are mild both in vitro and in vivo. The first
description of homozygozity for a mild muta-
tion was the Portuguese thalassemia,14 due to the
homozygosity for the IVS I 6 C’T mutation. In
vitro this substitution creates an alternative
splice site which is rarely used so that significant
amounts of normal b chains are produced.15

There is general agreement that this mutation is
also mild in vivo. Heterozygotes for IVS I 6 C’T
have less severe red cell alterations as compared
to usual reference values.16 In the homozygous
state the phenotype is usually that of tha-
lassemia intermedia, although some patients
with thalassemia major have been reported.17

On the contrary some compound heterozygotes
for IVS I 6 C’T with a severe mutation are trans-
fusion dependent.

A second group of mild mutations affects
DNA sequences necessary for mRNA process-
ing, i.e. promoter, polyadenylation signal, or
CAP site. The most common mutations of this
type in the Mediterranean area are –87 C’G and
–101 C’T,18-22 both of which are associated with a
mild decrease in b gene transcription.
Transcriptional analysis of –87 C’G in Hela cells
produces 20-30% residual b-activity.15 Similar
experiments in MEL cells for –101 indicate a
two- threefold decrease in promoter activity as
compared to normal.18 Carriers of –87 C’G have
larger and better hemoglobinized red cells16 than
carriers of severe mutations, whereas –101 C’T
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Table 1. Genotype combinations in thalassemia intermedia.

1. Homozygosity or compound heterozygosity for mild mutations

2. Homozygosity or compound heterozygosity for severe mutations plus

- a-thalassemia
- heterocellular HPFH

3. Compound heterozygosity for b-thalassemia and

- db-thalassemia
- deletion or non deletion HPFH

4. Heterozygosity for b-thalassemia and triplicated a-locus

5. Heterozygosity for a dominant form of b-thalassemia



carriers are hematologically normal.18 The com-
bination of –101 C’T with a severe mutation
produces a mild intermedia phenotype, just
slightly more severe than the heterozygous con-
dition.20 The case of a single homozygote for –87
C’G has been described; the person was over 60,
had a mild thalassemic condition and enjoyed
an almost normal quality of life.23 Homozygotes
for –101 C’T have not been reported; it is likely
that they are hematologically normal. A C’T
mutation at position –87 has also been
described that affects CACCC box and causes
approximately a 50% reduction of the activity in
HeLa cells.24 Other mild mutants occasionally
found in Mediterranean countries are –90 C’T,25

IVS2-844 C’G21 and two thalassemic hemoglo-
binopathies: Hb E (GAG’AAG = 26 Glu’Lys)26

and Hb Knossos (GCC’TCC = 27 Ala’Ser).27

These substitutions create alternative splice sig-
nals that are rarely used. A polyadenylation
mutant which changes AATAAA to AATGAA
has been reported in Greeks.28 A list of mild
mutations found in the Mediterranean area is
reported in Table 2.

Homozygosity or compound heterozygosity for
severe mutations

Some homozygous patients, in spite of having
two mutations which fully inactivate both b-
genes, have a mild phenotype or at least a late
presentation of the disease.29 In these cases

other genetic (or acquired) factors are responsi-
ble for the benign clinical course. Some of these
interacting factors are linked to the b-cluster
and others are not. The most well-known
examples are a-thalassemia and HPFH; others
may play a role in stress erythropoiesis, such as
–158 Gc C’T30 or other polymorphic sites in the
b-cluster (b-haplotypes), which have been
associated with increased Hb F. 

Determinants linked to the b-cluster
It is well known that the association of HPFH

(both deletion and non deletion type) with b-
thalassemia gives rise to a mild thalassemic dis-
order, since the high level of c chains compen-
sates for the absence of b chains.1,7 Even the
association of a db-thalassemia characterized
by a moderate increase in the ability to produce
Hb F and a b-thalassemia mutant results in
mild conditions.7 The association of heterocel-
lular HPFH with severe homozygous b-tha-
lassemia is also a mild condition, in spite of
100% Hb F.30

The C’T substitution at position –158 up-
stream from the Gc gene (Xmn I polymor-
phism) was originally related to high Gc and
high Hb F in sickle cell anemia patients.30,32

Some b-thalassemia homozygous patients with
Xmn polymorphism have a benign clinical
course.29,33,34 However, this polymorphism can
also be found in thalassemia major.6,29 The Hb F
increase in thalassemia intermedia subjects car-
rying this substitution is less documented than
in sickle cell anemia. Also, a sequence variation
(ATA insertion and a T deletion) at approxi-
mately 530 bp 5’ to the b gene has been
described as being able to bind a repressor pro-
tein.35 This configuration was considered as a
possible causal mutation in a thalassemic indi-
vidual without mutation in the structural
sequences of the b-globin gene.36 Some authors
have suggested that specific configurations are
associated with the ability to express more Hb
F.37 Other studies considered these variations to
be neutral polymorphisms.13,38,39

A region of the b-cluster with a major influ-
ence on globin gene expression is b-LCR.40 Poly-
morphisms in the major domain of this region
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Table 2. Mild b-thalassemia mutations in Mediterraneans.

Mutation type Ethnic group Reference

-101 C→T Turkish, Italian (17,19)

-90 C→T Portuguese (24)

-87 C→G Mediterranean (28,22)

-87 C→T German/Italian (21, 23)

-86 C→A Italian (21)

Hb E cd 26 G→A Mediterranean (25)

Hb Knossos cd 27 G→T Greek (26)

IVS I 6 T→C  Mediterranean (14)

IVS II 844 C→G Italian (20)

AATAAA→AATGAA Mediterranean (27)



(hypersensitive site 2 or HS2) have been impli-
cated in the modulation of Hb F in sickle cell
patients,41 and distinct configurations of a sim-
ple LCR HS2 repeat are in strong association
with each of the major bS haplotypes and are
related to Hb F production.42 The role of poly-
morphic differences along the b cluster in mod-
ulating the Hb F increase in thalassemia inter-
media is uncertain.

Determinants not linked to the b-cluster 
a-thalassemia
The coinheritance of a thalassemia is able to

ameliorate the clinical course of homozygous
b-thalassemia patients.29,43,44 Deletion of two a
genes is required to modify the excess of a
chains in b°-thalassemia, since the deletion of a
single gene has little effect on the phenotype in
Sardinian b° patients.29 Deletion of a single
gene can ameliorate the phenotype in carriers
of b+ mutations.33 A study of interacting a-tha-
lassemia deletion mutants in continental Italy
revealed that only a minority of the thalassemia
major forms had concomitant a-thalassemia,
but up to 19% of intermedia patients with
severe mutations had a-thalassemia of the 3.7
type.6 We hypothesize that the co-inheritance of
other a-thalassemia determinants which are
less frequent in Italy, such as –a20.5, a5.2,45 a5.2

–Cal,46,47 plays a minor role in thalassemia inter-
media.

Unknown factors
Some forms of heterocellular hereditary per-

sistence of fetal hemoglobin33,48 and rare cases of
b-thalassemia49-50 are due to still unknown
determinants not linked to the b-cluster. These
determinants could modulate Hb F or Hb A
production as well as stimulate a-chain prote-
olysis.1 Their role in thalassemia intermedia is
difficult to assess at present and remains specu-
lative.

Among the general population approximately
10% of people show high levels of F cells and
increased levels of Hb F (up to 3%).7, 51,52 The
interaction of heterocellular HPFH with
homozygous b-thalassemia results in an
improvement of the phenotype.30 However, the

genetics of heterocellular HPFH is quite com-
plex. Certainly some types are related to genes
not linked to the b-cluster. There is evidence
suggesting an X-linked inheritance.51-53 Recently,
a major candidate gene for heterocellular HPFH
was identified54 and mapped in a large Indian
family on the long arm of chromosome 6.55

At present the reason for the mild clinical
course in a significant percentage of cases of
thalassemia intermedia remains unexplained; in
a recent study several patients were found to be
homozygous or compound heterozygous for
severe mutations without interacting a-tha-
lassemia/HPFH, or to be heterozygotes with a
normal numer of a genes.6

It is likely that in the future a better under-
standing of the factors which play a role in regu-
lating globin gene expression may shed some
light on this problems.

Heterozygosity for b-thalassemia 
Occasional patients with heterozygous b-tha-

lassemia have a very mild thalassemia interme-
dia phenotype. Molecular biology studies in
recent years have shown that these patients may
be carriers of unusual genetic conditions, such
as the interaction of triplicated a locus/het-
erozygous b-thalassemia or of inclusion body b-
thalassemia.

Triplicated a locus/heterozygous b thalassemia
The importance of the chain imbalance in

determining the severity of thalassemia is well
exemplified by the interaction of triplicated a
locus with heterozygous b thalassemia,5 6 - 6 0

which can determine a clinical phenotype of
mild thalassemia intermedia.

Homozygosity for the triplication is definitely
associated with a phenotype of thalassemia
intermedia.56,61 In some cases heterozygosity for
the triplication may result in a condition over-
lapping b-thalassemia traits.5-60

Two major factors influence the disease phe-
notype: the type of b mutation (usually b° or b+

severe mutations in thalassemia intermedia)
and the ability of the affected chromosome to
synthesize a chains. Perhaps even the proteolyt-
ic activity of the cell might play some role.

62 C. Camaschella et al.
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Although the triplicated a locus/b-thalassemia
interaction is considered rather rare, a systemat-
ic study of the incidence of this interaction in
different populations is lacking. 

Dominant forms of thalassemia
Dominant forms of thalassemia or inclusion

body thalassemia are determined by mutations
in the b-globin gene which cause a thalassemia
intermedia-like phenotype in the heterozygous
state. Nucleotide substitutions described in
these mutants produce either structurally high-
ly unstable variants or prematurely truncated
or elongated chains.62 The result is a highly un-
stable b-chain incapable of forming a tetramer
with a chains. The unstable b-chains precipi-
tate within the red cell precursors and give rise
to large inclusions that result in a remarkable
decrease of effective b chains.63 The cell prote-
olytic system in these cases has to deal both
with the unstable chain per se and with the con-
sequent a chain excess. This process occurs not
only within erythrocytes but within erythro-
blasts as well, resulting in a prevailing ineffec-
tive erythropoiesis. In contrast, in hemolytic
anemia associated with unstable hemoglobins
the damage occurs mostly in the circulating red
cell. The pathophysiologic mechanism underly-
ing these hemoglobinopathies strengthens the
importance of the efficiency of cell proteolytic
systems in dealing with excess chains.62,63 We
might speculate that a deficiency in this
machinery could play a role even in other tha-
lassemia intermedia conditions. 

These hemoglobinopathies are rare and often
de novo mutations. A condition of this type
should be suspected in patients with an inter-
media phenotype but no positive family history.

A practical approach to interpreting molecu-
lar data in the diagnosis of thalassemia interme-
dia is shown in Figure 2.

Clinical problems
In thalassemia intermedia the chronic anemia

itself might be responsible for several clinical
problems. A relative folic acid deficiency is a
common feature in untreated patients.2 Hyper-
splenism due to spleen enlargment caused by

excessive red cell breakdown or red cell pooling
and extramedullary hematopoiesis may exacer-
bate anemia. Iron overload is frequently record-
ed even in untransfused thalassemia intermedia
patients because of ineffective erythropoiesis,
peripheral red cell breakdown and increased
intestinal iron absorption. This condition
becomes evident mainly after the second or
third decade of life, and the severity of overload
varies from patient to patient. In agreement
with previous reports,64-65 we observed that tha-
lassemia intermedia patients who undergo
splenectomy have significantly higher levels of
transferrin saturation, ferritin and urinary iron
excretion than their non splenectomized coun-

Figure 2. Practical approach to the investigating of thalassemia intermedia
using molecular studies presently available. +/+ refers to the presence of
both a-thalassemia and –158 Gc C→T mutation; +/– to the presence of one
factor; –/– to the absence of both.
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terparts. However, these indirect parameters for
measuring iron overload probably do not
reflect hepatic iron because they do not corre-
late with the iron concentration measured in
liver biopsy at the time of splenectomy.66

Masses of heterotopic marrow often develop
in patients as a result of continuous erythropoi-
etic stress. Intrathoracic localizations are the
most common, although extramedullary ery-
thropoiesis has been described along the spinal
cord and in parenchymal organs such as the
liver.2 Problems may arise from compression of
the spinal cord or other organs and prompt
treatment may be required.67-69 A large number
of untransfused adult thalassemia intermedia
patients present masses of heterotopic marrow
at conventional radiology. In a long-term fol-
low-up using CT scan and magnetic resonance
imaging we showed that often these masses
progressively reduce their functional activity
because of fat substitution. In this case they do
not require any type of therapy.70-71

Leg ulcers are common in thalassemia inter-
media. Several factors contribute to their
pathogenesis: chronic anemia, reduced oxygen
delivery to the distal regions, venous stasis and
erythrocytes rheologic abnormalities.72

Thrombotic events have been sporadically
reported, suggesting a thrombotic tendency in
thalassemia intermedia patients.73 The mecha-
nisms involved are not yet fully understood,
although decreased levels of proteins C and S
have been reported.74-75 A comprehensive study
of coagulation and fibrinolysis in a subset of 30
thalassemia intermedia patients recently showed
that there are signs of activated coagulation
accompanied by secondary fibrinolysis in
splenectomized thalassemia intermedia patients
as compared to non splenectomized ones.76

Treatment
Treatment of thalassemia intermedia should

be conservative for as long as possible.2,77 Con-
tinuous folic acid supplementation is recom-
mended in all thalassemia intermedia patients.
Splenectomy is the first therapeutic approach to
consider to correct anemia before starting regu-
lar transfusions. The age at splenectomy in tha-

lassemia intermedia is usually higher than in
thalassemia major. During surgery it is useful to
perform a liver biopsy to assess liver damage
and iron deposition, and cholecystectomy when
gallstones or sludges are present. Penicillin pro-
phylaxis against pneumococcal infection is
indicated in children but has not been demon-
strated to be of clear value in adults. Early
antibiotic treatment of non specific febrile ill-
nesses in asplenic patients, while not supported
by controlled trials, seems to be an acceptable
compromise in adults.78 Administration of a
polivalent pneumococcal vaccine is mandatory
before splenectomy to avoid overwhelming
infections.7 9 Because of the demonstrated
thrombotic tendency of these patients, throm-
botic events must be guarded against during all
surgical procedures by subcutaneous heparin
administration.76 On the other hand, the bene-
fits of antiplatelet treatment have not been
proved.

Indications to transfuse include growth, sexu-
al maturation, intercurrent infections, surgery,
pregnancy, healing of leg ulcers. As a result of
retrospective analysis of adult thalassemia inter-
media patients,6 we suggest that in severe tha-
lassemia intermedia genotypes the Hb level
should be maintained around 10-11 g/dL by
transfusions during infancy and adolescence in
order to avoid bone deformities. The transfu-
sion regimen in these cases should be reevaluat-
ed in adult life. When transfusions are started
in adult life, it is suggested to maintain lower
pretransfusional Hb levels (9-10 Hb g/dL) than
for thalassemia major. It has been reported that
for some patients starting transfusions late in
life may result in the production of alloantibod-
ies to red cells.80-81 For this reason it is important
to check compatibility accurately for Rh, Kell,
Kidd and Duffy blood groups as well.

Chelation treatment with desferrioxamine
(DF) is obviously indicated when a transfusion
regimen is started. It is even indicated in
untransfused patients when iron overload is
documented.76 Although there is no evidence of
DF damage during pregnancy or breast-feed-
ing, it is recommended to discontinue DF as
soon as pregnancy is confirmed.

Leg ulcers are often refractory to conventional

64 C. Camaschella et al.
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treatment. Blood transfusions may favor ulcer
healing, but often the ulcers recur after treat-
ment is withdrawn. Very recently it has been
reported that in a small number of patients a
short treatment with new agents – such as
recombinant erythropoietin or hydoxyurea (see
below) – may be associated with a rapid
improvement and even a healing of leg
ulcers.82,83 Larger studies are needed to docu-
ment the real effectiveness of these treatments.

When heterotopic marrow causes compres-
sion, small doses of radiotherapy (10-16 Gy)
have been shown to relieve symptoms rapid-
ly.68,84 In our experience and that of others,
blood transfusions offer the same rapid effect of
relieving compression.67,69

New trends 
Although bone marrow transplantation has

been performed in patients with thalassemia
intermedia, in view of the long survival of these
patients with conventional treatment, this ther-
apeutical approach should be evaluated case by
case at present and cannot be proposed as stan-
dard therapy for all patients with a suitable
marrow donor.85,86

Thalassemia intermedia patients should
potentially benefit more than their thalassemia
major counterparts from pharmacological
manipulation of the Hb switching proposed to
increase Hb F. In the last few years it has been
shown that several cytotoxic drugs – such as 5’-
azacytidine (5’-Aza) and hydroxyurea (Hy) –
are able to increase Hb F production in adult
hemoglobinopathy patients.87-89 The mechanism
of the Hb F increase was originally reported to
be a direct effect of 5’-Aza on c-globin gene
methylation, but subsequently it was shown to
be due prevalently to a selection of erythroid
precursors able to produce Hb F. Hy has been
shown to be the most effective drug in sickle
cell anemia. In view of these results few cases of
thalassesmia intermedia have been treated and
the results are still under evaluation.90 Reversion
of the Hb composition to a fetal pattern can
also be achieved by other drugs such as
butyrate91,92 and short chain fatty acids.93 A short
trial of continuous i.v. infusion of arginine
butyrate at escalating doses in a small series of

patients affected by thalassemia or hemoglo-
binopathies demonstrated a remarkable
increase in both total Hb and Hb F.91 Other pre-
liminary experiences reported failure in some
cases treated with the same drug.94

Trials with recombinant human erythropoi-
etin (Epo) have recently been started in selected
patients. The rationale for this type of treat-
ment is still controversial. Endogenous Epo lev-
els in thalassemia intermedia are heterogeneous
and in some cases inappropriate for the degree
of anemia.95,96 The majority of patients treated
with high-dose Epo (400-900 U/kg subcuta-
neously) three times weekly showed some
degree of response such as an increase of total
Hb, usually not of Hb F.97,98 This effect was
ascribed to improvement of the erythropoietic
activity of the bone marrow by Epo. The cost of
this drug limits its use on a large scale.99 A
short-term treatment could be attempted in sit-
uations of severe anemia (e.g. following inter-
current infections) in alloimmunized patients
who cannot tolerate blood transfusions.

Successful results have been obtained with
combinations of Epo and Hy in some patients
with sickle cell anemia.100 Trials with the same
combination and with an association of Epo
and butyrate are under evaluation in tha-
lassemia intermedia. 
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