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THE INHERITED DISEASES OF HAEMOGLOBIN 
Suthat Fucharoen

Thalassemia Research Center, Institute of Molecular
Biosciences, Mahidol University, Nakornpathom,
Thailand

Thalassemia is one of the common genetic disorders.
Approximately 5-7% of the world’s population is a car-
rier, and about 300,000 babies with severe diseases are
born each year. β-thalassemia (β-thal) is frequent wor-
ldwide with low frequency. The α-thalassemia occurs
across the tropical zone. Hb E is most concentrated in
Southeast Asia. The complex gene-gene interaction leads
to many thalassemic syndromes including such as homo-
zygous β-thal, β-thal/Hb E and Hb Bart’s hydrops fetalis.
Management of thalassemia requires regular blood tran-
sfusion and effective iron chelation. In low-income coun-
tries it is not possible to give optimal blood transfusions
to most patients. The iron chelator such as desferrioxami-
ne is too expensive. Oral iron chelator is recently availa-
ble, however, it is still too expensive or need special
monitor. Stem cell transplantation is complex and costly.
Sickle cell patients need primary care interventions inclu-
ding information and support for families, and care for
patients with acute complications. Prevention of thalasse-
mia is more important. This includes providing the best
care to the patients and to prevent birth of new cases.
Prevention strategies include community education, car-
rier detection, genetic counseling and prenatal diagnosis.
Success in this program involves two major components,
management and technology. WHO disease burden esti-
mates are incomplete and speculative. The severe beta
thalassemias probably account for 50,000 to 100,000
deaths per year, or 0.5-0.9% of all deaths of children
under five in low- and middle-income countries. Each
death accounts for 29.2 DALYs if it occurs before the
child reaches the age of one. Thalassemia is causing an
increasingly severe public health burden because it is
very difficult to convince the governments that thalasse-
mia is a public health problem compared with other com-
municable disease that these countries are handling.
WHO report in 2004, recommend both North/South and
local networks should be established as an aid to helping
member countries to evolve these services. In conclusion,
thalassemia is causing an increasingly severe public
health burden for many countries in Africa, Asia and need
proper program for the prevention and novel treatment.

PROMOTING ACCESS TO TREATMENT FOR
PATIENTS WITH HAEMOGLOBIN DISORDERS
Perickleous Loizos

The presentation focuses on TIF’s consistent mission and
clear sense of direction in campaigning for preventive
programs, since there is an apparent continuity in the lack
of medical care for thalassemia patients in specific
regions of the world. Hence, emphasis on screening pro-
grams have proved to be effective, particularly in coun-
tries in which medical care is weak. The presentation also
delivers a summary of the history of the creation of TIF,
and the crucial role of parents, patients, and medical prac-
titioners who have been steadfast in their persistence on

improving the lives of thalassemia patients. In addition,
the presentation concentrates on personal reflections on
the ways in which medical care and awareness has chan-
ged over time, and how the efforts of patients, parents and
professional medical practitioners shaped the much-nee-
ded change. Emphasis is placed on the value of TIF and
the need to sustain unity, which is vital to the success of
the organization.

COMPONENTS OF AN EFFECTIVE LARGE SCALE
PROGRAM FOR THE PREVENTION OF INHERITED
HEMOGLOBIN DISORDERS; THE PARADIGM OF
GREECE
Dimitris Loukopoulos

Biomedical Research Foundation; Academy of Athens,
Greece

Thalassemia major or sickle cell disease result in a pain-
ful, miserable, and non-productive life of the patients
along with a huge expense for their therapy, which can
neither be optimal at all times nor easily met by the fami-
ly and/or the national Health Authorities. Moreover, pos-
sibilities of cure by bone marrow transplantation are limi-
ted and the long awaited gene therapy is still an experi-
mental exercise. Under these conditions, prevention
remains as the only realistic solution to this date.
Prevention, i.e., carrier identification and genetic coun-
selling should be offered prospectively, i.e., before cou-
ples at risk proceed to pregnancy. In countries where the
frequency of the abnormal genes is high, prospective pre-
vention is a responsibility of the Health Authorities and
should be provided to all prospective parents at the right
time. Embarking on a large program of prevention starts
with the commitment of the respective Authorities that
they will totally support it; arguments which will support
this step are the number of surviving patients and the
expenses associated with their care along with the projec-
tion of these parameters over the years to come if no con-
trol measures are taken. Additional measures are the sen-
sitization and ample information of the involved popula-
tion (posters, leaflets, mass media and school), the orga-
nisation of laboratories which will offer carrier identifica-
tion in a convenient and free of charge manner, and pos-
sibility of personal genetic counselling when both par-
tners are diagnosed as carriers of the abnormal trait. Last
but not least comes the possibility of prenatal diagnosis,
which should be offered to all couples at risk in a descent
and non-expensive manner, which will not only prevent
birth of an affected child, but will also allow them to have
healthy children. Large programs of this kind are now
successfully running in several areas of the planet, where
the incidence of hemoglobinopathies is high and should
expand with no delay wherever a similar problem exists.
The fact that preventing birth of an ever increasing num-
ber of new patients will ensure the use of the available
resources for a better care of the patients actually survi-
ving cannot be overemphasized.   
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THALASSEMIA PREVENTION PROGRAMME: 
A MODEL FROM IRAN
Ashraf Samavat

Head, Genetics Office, CDC, Ministry of Health &
Medical Education, Iran

National Thalassemia prevention programme in Iran was
started in 1997. It was planned after several years of
advocacy by the haematologists involved and families
affected by the disease. The plan focused on the pre-mar-
riage screening covering 800,000 couples per year on
average. Community and target groups’ education, scree-
ning, genetic counseling, genetic diagnosis and epidemio-
logic surveillance have been the axial parts of the natio-
nal plan. From the beginning the programme has been
encountered questions and problems. Health authorities
and managers of the programme to answer the questions
planned different strategies and have been adopting tools
and taking specific steps. Results of the different parts of
the national programme proved continuous evolution and
promotion concurrent with great achievements regarding
the goals of the different strategies. The programme also
paved the paths for the prevention and control of the other
genetic diseases and proved for being a management
model for Iran's comprehensive plan of community gene-
tics. This article reviews and discusses main challenges
and solutions to the problems and illustrates results to
show the direct achievements of the thalassemia pro-
gramme. The article also outlines the comprehensive
community genetics of Iran to address the management
model for the control of genetic diseases achieved by the
integration of the thalassemia programme in the health
system of the country.

HEMOGLOBINOPATHY PREVENTION PROGRAM
IN TURKEY 
Duran Canatan

Thalassemia Federation of Turkey, Antalya, Turkey 

Thalassemia and abnormal hemoglobins are a serious
health problem in Turkey. Very important steps for
toward preventing thalassemia have been taken in Turkey
by Ministry of Health (MOH), Turkish National Hemo -
globinopathy Council (TNHC) and Thalassemia Fed -
eration of Turkey (TFT) since 2000. In 1993, a law was
issued called Fight Against Hereditary Blood Disease
especially for thalassemia and hemoglobinopathies. The
law commends to prevent hemoglobinopathies and to
treat all patients with hemoglobinopathy and thalassemia.
A pilot project was started and centers were created in the
MOH Hospitals in the southern provinces of Turkey. In
2000, TNHC was installed to combine all centres, foun-
dations, and associations into one organization controlled
by the MOH. In 2001, the MOH and the TNHC made an
inventory of all recorded patients with thalassemia and
abnormal hemoglobins in Turkey, registering at least
4513 patients. In 2002, writen regulations for the Fight
Against Hereditary Blood Disease were published. MOH
and TNHC selected 33 cities situated in the Thrace,
Marmara, Agean, Mediterranean and South Eastern
regions with high birth prevalence of severe hemoglobi-

nopathies. In 2003, the hemoglobinopathy scientific com-
mittee was set up, a guidebook was published and a natio-
nal Hemoglobinopaty Prevention Program (HPP) was
started in these high risk cities on 8th of May. This pro-
gram has been run in these cities successfully.In 2005,
TFT was established as a secular society organization
instead of TNHC. In 2007, National Thalassemia
Prevention Campaign (NTPC) was organized for public
education by TFT. This campaign contributed very
important supporting to HPP in Turkey, because totally
62,682 people such as health workers, students, teachers,
demarches, religion officers and the other many people
were educated for preventing thalassemia and hemoglobi-
nopathies. In 2009, National Thalassemia Education
Seminars (NTES) for health personels have been planned
in 26 cities by MOH and TF. A total 3600 health persons
were educated on thalassemia preventing and therapy
with NTES in 18 centers in 2009 and 2010. In conclusion,
according to reports of MOH, 46 first level hemoglobino-
pathy diagnosis centers, 5 second level diagnosis and the-
rapy center and 5 third level prenatal diagnosis center
were set up and licensed in 30 cities between 2003 and
2009. While premarital screening tests were 30% of all
couples in 2003, it was increased continuously during 6
years and it was reached 81% in 2008. The number of
newborns with thalassemia and hemoglobinopathies was
272 in 2002, it was decreased to 23 in 2008, as a result
there has been a 90% reduction in new affected births.
Key words: hemoglobinopathy prevention program,
Turkey.

PREIMPLANTATION GENETIC DISORDERS
IN THE PREVENTION OF THE HAEMOGLOBIN
DISORDERS
Semra Kahraman

Istanbul Memorial Hospital ART and Genetics Center,
Turkey

Preimplantation genetic diagnosis (PGD) is currently an
alternative for couples with high risk of pregnancies with
genetic anomalies. PGD offers to these couples the possi-
bility of avoiding the need to terminate affected pregnan-
cies, since it allows the selection of unaffected embryos
for transfer. PGD for inherited disorders has become
extremely accurate (99.5%), and may currently be perfor-
med for any genetic condition even available haplotypes.
PGD has been performed for more than 100 different con-
ditions resulting in the birth of at least 1000 healthy chil-
dren free of genetic disorder. PGD is presently also used
together with preimplantation HLA typing for treatment
of affected sibling with genetic and acquired disorders
requiring HLA matched stem cell transplantation. This is
not only to allow couples to have an unaffected child but
also to select a potential donor progeny for stem cell tran-
splantation. It is therefore of a great value for hematopo-
ietic and other life threatening diseases as stem cells in
the cord blood and bone marrow from an HLA compati-
ble newborn can be used for transplantation without graft
rejection, thus saving an affected children’s life. PGD for
HLA matching has also been used as a primary indication
in cases not requiring mutation testing Haemoglobin



disorders can be effectively reduced through a strategic
balance of these management and prevention programs
and PGD is an extremely useful tool for prevention (i.e.
leukemia) (Verlinsky and Kuliev, 2003). Considering that
the theoretical probability of finding HLA compatible and
mutation free embryos is about 18%, obtaining a suffi-
cient number of suitable embryos as well as good quality
necessitates a higher number of oocytes to be fertilized
and embryos to be biopsied for a given cycle. Due to a
small number of children per family, only one third of
patients are able to find an HLA identical sibling. This
may further be improved by 3% using an extended fami-
ly research for a matched related donor. In the remaining
patients the only resort is the identification of a matched
unrelated donor, which may be maximized by establi-
shing national registries. Apart from being a valuable tre-
atment approach, there may exist several patients or
cycle-specific limitations and it seems that not all couples
can benefit from the present procedures. In Turkey, tha-
lassemia is the most commonly seen genetic disorder the
rate of thalassemia carriers is about 3-4%. The majority
of our PGD cases are thalassemia carriers. They do not
only require thalassemia mutation analysis but also HLA
typing for their affected child. PGD results of 236 Turkish
couples with or without HLA typing will be presented
and discussed. 

THE MOLECULAR BASIS OF β-THALASSEMIA
IN TURKEY
A. Nazli Basak

Bogazici University, Dept. Molecular Biology and
Genetics, Director, Neurodegeneration Research
Laboratory, Istanbul, Turkey

As in many other Mediterranean countries, β-thalassemia
is a major public health concern in Turkey. The gene fre-
quency is estimated to be 2.1% throughout the country,
and in certain regions this number increases to 10%. The
number of β-thalassemia carriers is approximately
1.300.000, and the number of β-thalassemia patients is
around 4000 in Turkey. The number of affected births is
higher than expected, because the birthrate is still high in
Turkey and the number of consanguineous marriages is
above 60% in the eastern parts of the country. In contrast
to most other Mediterranean countries, β-thalassemia in
Turkey is very heterogeneous at clinical level and the
transfusion-dependent severe β-thalassemia is the major
predominating form. Today we know that the clinical
heterogeneity is largely the result of the molecular hete-
rogeneity, which can be explained by the unique geogra-
phical location and rich historical background of the
country, which forms a bridge between Europe and Near
East. Historically, Turkey served as an important crossro-
ad among civilizations, cultures and continents for seve-
ral centuries. The molecular analysis of β-thalassemia
was initiated for the first time in Turkey in our laboratory
in 1987; at that time the molecular basis of β-thalassemia
was largely unknown in Turkey. The main purpose was to
establish a comprehensive prenatal diagnosis strategy,
based on DNA analysis, similar to successful examples in
many at-risk populations. Between 1987 and 2008, more

than 3100 chromosomes from β-thalassemia patients and
families were investigated at our Center. As in most other
eastern Mediterranean countries, by far the predomina-
ting mutation in Turkey is the IVS-1-110 (G-A) lesion,
followed by the relatively mild IVS-1-6 (T-C) mutation.
The ratio of β0 to β+ mutations is 1:1, but since the majo-
rity of β-thalassemia cases bears the severe IVS-1-110
mutation, most of these mutations give rise to β-thalasse-
mia major in homozygous or compound heterozygous
combinations. The six most common mutations in Turkey
add up to 70%, and the overall frequency of the first 12
mutations, including HbS is 83.5%. Through examination
of the collective results of over 3100 β-thalassemia chro-
mosomes and their origins in Turkey, we established the
distribution pattern of β-thalassemia and HbS alleles in
Turkey and constructed a nationwide distribution map of
β-thalassemia mutations, which facilitated a more focu-
sed molecular genetic approach to prevention. I will
demonstrate in my presentation that despite the high
degree of molecular heterogeneity, the above approach,
combined with the advent of PCR-based techniques and
improved methodologies of early fetal sampling have
made heterozygote screening and prenatal diagnosis of β-
thalassemia feasible in Turkey.

THE CURRENT STATUS OF GENE THERAPY 
OF THE β-THALASSEMIA SYNDROMES
George Stamatoyannopoulos

University of Washington, Seattle, WA, USA

Attempts to develop a gene therapy for the β thalassemia
syndromes were initiated about 25 years ago. Following
several years of disappointments, the very difficult task of
developing stable viral vectors that allow high level of
globin gene expression was finally successful and the
first patient with severe HbE/β° thalassemia was treated
with a β-globin gene vector in 2008. In this talk I will
review the current experience with the gene therapy of β
thalassemia and I will discuss developments expected to
take place in the near future.

FROM GENOTYPE TO PHENOTYPE IN THALASSEMIA
Renzo Galanello

Pediatric Clinic 2 and Thalassemia Unit, Ospedale
Microcitemico, University of Cagliari-ASL8, Italy 

The clinical manifestations of β-thalassemia are extreme-
ly heterogeneous, ranging from severe transfusion-depen-
dent anemia, to the mild non transfusion dependent tha-
lassemia intermedia and to the asymptomatic carrier state.
The remarkable phenotypic variability is primary due to
variations in the different globin genes (primary gene
modifiers). The main pathophysiological determinant of
the severity of β-thalassemia syndromes is the extent of
α/non-α globin chain imbalance. Therefore, any factor
capable of reducing the globin chain imbalance may have
an ameliorating effect on the clinical picture. The most
common mechanisms responsible of the amelioration of
the phenotype are mild or silent β thalassemia alleles,
coinheritance of α thalassemia, or of genetic determi-
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nants associated with increased g globin chain produc-
tion. Rarely, other complex mechanisms including domi-
nantly inherited β thalassemia, somatic deletion of β glo-
bin gene and coinheritance of extra α globin genes with
heterozygous β thalassemia have been reported. In addi-
tion to the variability of the phenotype resulting from pri-
mary gene modifiers, other genetic factors (secondary
gene modifiers), mapping outside the β and α globin clu-
ster, may influence the disease complications. Among
these factors the ones best so far defined are those affec-
ting bilirubin, iron and bone metabolism. However, the
new methods of DNA analysis (i.e. GWAS and related
methods) are expect expand the number of genes or gene
variants involved in the phenotypic variability and in the
response to treatment of β thalassemia.

GAMMA GLOBIN GENE REGULATION
Swee Lay Thein

King’s College London/King’s College Hospital, James
Black Centre, London, UK

Our understanding of haemoglobin control, including the
persistence of fetal haemoglobin (HbF, α2g2) synthesis in
adults, is historically based on Mendelian models of inhe-
ritance of natural mutants. Indeed, a series of mutations at
the HBB cluster that impairs the switch from fetal to adult
haemoglobin have been characterised in a syndrome ter-
med hereditary persistence of fetal haemoglobin (HPFH).
These Mendelian forms of HPFH are caused by two clas-
ses of mutations: deletions removing substantial regions
of the β globin gene cluster, and point mutations in the
promoter of the g globin genes (HBG1 and HBG2). The
molecular mechanisms for the persistent g globin gene
expression has been ascribed to altered binding to trans-
acting factors at the site of the point mutations. Deletional
HPFH is associated with both loss of repressive interge-
nic sequences and juxtaposition of the 3' enhancer
sequencer sequences into close proximity with � globin
genes. Although the increases in HbF mirror the molecu-
lar diversity of the HPFH mutations, within each molecu-
lar class, a range of HbF levels following a continuous
distribution and that do not fit clear Mendelian inheritan-
ce models have been observed. Variable increases in
HPFH levels have also been noted in individuals with sic-
kle cell anaemia (SCA, HbSS) and �β thalassemia. While
some of the variability may be related to variation at the
HBB locus, discordant HbF levels among sibships with
identical mutant β alleles suggest the influence of trans-
acting factors. It is now clear that the variable HbF levels
among individuals with identical HPFH mutations and in
disease occurs on a background of common HbF varia-
tion observed among healthy adults that persists as a
quantitative gene trait. Positional cloning has led to the
identification of a quantitative trait locus (QTL) on 6q
(HBS1L-MYB intergenic polymorphism, HMIP) in an
Asian Indian family, and more recently a rare variant in
KLF1 on chromosome 19p in a Maltese family with
HPFH. Recent genome-wide association studies (GWAS)
not only ‘rediscovered’ the known loci – Xmn1 HBG2,
and HBS1L-MYB intergenic region (HMIP) on chromo-

some 6q23 – but identified BCL11A on chromosome
2p16, previously known as an oncogene. BCL11A, HMIP
and the HBB QTL account for 20-50% of the phenotypic
variation in HbF levels, both in healthy adults and in
patients with a significant impact on clinical severity of
the β haemoglobinopathies. Two plausible mechanisms
have been suggested for the biological effect of the QTLs
on HbF expression: 1) direct effect on g globin gene
expression (activation or repression of HBG transcrip-
tion) and 2) alteration of the kinetics of erythroid matura-
tion mimicking a situation encountered in stress erythro-
poiesis that results in the accelerated expansion of the
early erythroid progenitors that still retain a predominan-
tly g globin expression programme. In this respect both
BCL11A and HMIP have also been shown to have a ple-
iotropic effect on other haematological parameters.
Functional and transgenic mice studies have shown that
BCL11A acts as a repressor of g globin expression.
BCL11A exerts its effect through association with various
proteins – SOX6, GATA1 and the repressive  nucleosome
remodelling and deacetylase complex (NuRD). As for
HMIP, the interval has all the makings of a distal regula-
tory locus and it is suggested that these regulatory ele-
ments distally control the flanking genes – HBS1L and
MYB that indirectly influence HbF expression and evi-
dence so far suggests that MYB is the culprit. As the story
unfolds, KLF1 (also known as EKLF) has reemerged as a
key erythroid regulator. KLF1 binds to the BCL11A pro-
moter. In the light of recent findings, KLF1 may mediate
the switch through a dual mechanism – activation of β
globin gene and repression of g globin gene by trans-acti-
vation of BCL11A. In a final twist, a recent study showed
that knockdown of MYB  in human erythroid progenitors
was associated with decreased KLF1 expression.
Ultimately, it may be that MYB is the master regulator –
reduction of MYB accelerates erythroid differentiation
with expansion of the F cell pool; at the same time, with
downregulation of KLF1, BCL11A remains repressed
with persistence of g globin expression. Chromatin-modi-
fying factors may also derepress the globin gene by alte-
ring their methylation status and these include the argini-
ne methyltranferase 1 (PRMT1) and FoP (friend of
PRMT1). Challenges that remain include delineating the
causal variants in these HbF QTLs and identifying other
loci in the molecular network to improve the prediction of
one’s ability to produce HbF. Nonetheless, recent disco-
veries have already provided novel targets for reactiva-
ting the g globin gene in the treatment of the β haemoglo-
bin disorders.

FETAL GLOBIN GENE INDUCTION: 
CLINICAL STAGE ORAL AGENTS FOR 
TARGETED THERAPEUTIC REGIMENS
Susan P. Perrine

Boston University School of Medicine & Phoenicia
BioSciences, Boston, MA, USA

β thalassemia intermedias are serious anemias worldwi-
de, in which widespread organ damage occurs due to
hemolysis from globin chain imbalance, bone marrow
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expansion, and excessive gastro-intestinal iron uptake,
and eventually progresses to transfusion-dependency.
Pharmacologic augmentation of fetal globin expression
by even small increments can reduce the globin chain
imbalance and hemolytic anemia, and has shown proof-
of-concept in eliminating transfusion dependency.
Combining oral pharmacologic HbF-inducers with diffe-
ring mechanisms of action offers a feasible approach for
high-level fetal globin induction. Our group has emplo-
yed molecular modeling and high throughput screening to
interrogate chemical libraries for fetal globin-inducing
compounds, and has identified epigenetic modifiers, spe-
cific inducers of the fetal globin gene promoter, which
displace repressor complexes, and agents that suppress
the repressor Bcl-11A. These newly identified therapeu-
tics include a panel of therapeutics already FDA-appro-
ved for other medical conditions. Multiple newly identi-
fied therapeutics have 10 to 100-fold higher potency in
inducing fetal globin mRNA than prior-generation agents.
Evaluating the activity of different drugs on erythroid
progenitors cultured from diverse thalassemia genotypes
and genetic modifiers (QTLs) can guide personalized
regimens. These clinical-stage therapeutics now make
fetal globin induction a feasible treatment approach for
worldwide use. 

NEW ADVANCES IN BLOOD SAFETY: 
A REGIONAL EXPERIENCE IN FRANCE OF
PATHOGEN INACTIVATION TREATMENT 
OF LABILE BLOOD COMPONENTS TO PREVENT
TRANSFUSION–TRANSMITTED INFECTIONS 
Jean Pierre Cazenave

Université de Strasbourg, France

Transfusion of labile blood components (LBC) is vital for
patients in the absence of alternative treatment. Trans -
fusion transmitted infections by LBC and blood derived
drugs have always been feared by patients and doctors.
EFS Alsace provides all LBC to transfuse 2 million inha-
bitants. Since 2006, we implemented universal pathogen
inactivation (PI) treatment of platelet (PI-PC) and plasma
(PI-FFP) with amotosalen and UVA light [INTERCEPT
Blood System™ (IBS)]. As part of a mandatory national
hemovigilance (HV) program, we prospectively collects
>99.5% data on production, distribution, and response to
transfusion of all LBC. For PC, data collection covered
three periods: 1) PC in plasma, 2) PC with platelet additi-
ve solution, and 3) PC prepared with PI. Data on compo-
nent utilization were analyzed for all patients receiving PC
in each period and for the subset of hematology-oncology
patients to evaluate PC use by an intensely transfused
population. About 2000 patients received PC in each
period. Platelet and RBC use per patient was not increased
after PI and the incidence of acute transfusion reactions
(ATRs) was significantly reduced (P<0.02). In addition,
since routine use of more than 77,000 PI-PC there have
been no cases of transfusion-related sepsis (TRS). In con-
trast, TRS continues to be reported in EFS regions not
using PI-PC. EFS Alsace led a multi-national HV program
to evaluate the safety of PI-FFP after each transfusion. The
primary outcome was the incidence of ATRs within 24 h
of transfusion. As of 2009, 3232 patients (2884 adults, 160
children, and 188 infants) with a primary indication for
plasma transfusion due to a hematology disorder (23.1%),
surgery (32.5%) or a general medical condition (44.4%)
received 7483 transfusions (19,069 PI-FFP components).
The study included patients undergoing liver transplant
and therapeutic plasma exchange. ATRs were reported for
8/7483 transfusions (0.11%) and 8/3232 patients (0.25%).
Five ATRs were of Grade-1 severity and 3 classified as
serious. No deaths or episodes of TRALI attributed to a
PI-FFP were reported. EFS Alsace has introduced deve-
lopmental studies with the IBS for RBC using S-303 to
initiate Phase 3 clinical trials in 2011. Universal imple-
mentation of PI of LBC is a major step to improve safety
against infection in transfusion. Routine implementation
of PI technology for platelet and plasma components in a
French regional transfusion centre demonstrated feasibili-
ty, efficacy, and safety. 
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BLOOD SAFETY ACCORDING TO EUROPEAN AND
INTERNATIONAL STANDARDS  
Mahmut Bayik

President of Blood Banks and Transfusion Society of
Turkey (BBTST)

Blood safety depends on: The recruitment and retention
of blood donors who are at low risk of transmitting infec-
tion, safe blood collection procedures, correct testing for
transfusion-transmissible infections, blood grouping and
compatibility testing and the appropriate use and safe
administration of blood. WHO strategy for blood safety.
A well-organized, nationally-coordinated blood transfu-
sion service that can provide adequate and timely sup-
plies of safe blood for all patients in need, the collection
of blood only from voluntary non-remunerated blood
donors from low-risk populations, testing of all donated
blood for transfusion-transmissible infections, blood
grouping and compatibility testing, the appropriate clini-
cal use of blood, including the use of alternatives to tran-
sfusion wherever possible, and the safe administration of
blood and blood products, quality system covering all sta-
ges of the transfusion process. Requirements for safe
blood policy. National blood policy and plan, legislation
and regulation, well-structured blood transfusion service
(BTS), specific budget allocation, and standards for blood
transfusion services. An effective national quality system
requires. National quality policy and plan, quality officers
at national and local levels, quality standards, documen-
tation system (with special software for haemovigilance
and traceability) (RFID system), training of all staff,
assessment of the quality system. Requirements for safe
blood supply. National blood donor programme, identifi-
cation of low-risk donor populations, national criteria for
donor selection, safe blood collection procedures, donor
notification and referral for counseling, donor records.
Requirements for quality in testing, processing, storing
and transportation of blood: National strategy for TTI
testing and blood grouping, evaluation and reliable sup-
ply of test kits and reagents, sustainable programme that
responds to clinical demands, application of good manu-
facturing practice, specialized storage and transportation
equipment, regular monitoring and maintenance of equip-
ment. The appropriate clinical use of blood requires.
National policy and guidelines on transfusion, training of
all staff involved in transfusion, availability of alternati-
ves to transfusion, hospital transfusion committees, blood
request form, blood ordering schedule, system for moni-
toring transfusion practice. Prevention from transfusion
reactions requires. standard operating procedures for
bedside transfusion, training in bedside transfusion, hae-
movigilance system for monitoring, reporting and inve-
stigating adverse events associated with transfusion
European Council regulations. The 2002 Directive of the
European Parliament and of the Council (2002/98/EC),
setting standards of quality and safety for the collection,
testing, processing, storage and distribution of human
blood and blood components and amending Directive
2001/83/EC. The Council of Europe Guide to the prepa-
ration, use and quality assurance of blood components.

BLOOD TRANSFUSION THERAPY IN
THALASSAEMIA MAJOR
John B. Porter

University College London, UK

Blood transfusion therapy in thalassemia major aims to
deliver the optimal amount of blood in the safest manner.1,2

Strategies for minimising risks from allo-iminisation,
other transfusion reactions, and infection risks have been
detailed in the Thalassemia International Federation (TIF)
guidelines. Alloimunisation can be minimized with care-
ful donor selection and screening; voluntary, regular non-
remunerated blood donation is the recommended stan-
dard. Confirmation of the genetic diagnosis of thalassemia
major is important before regular transfusion begins.
Before the first transfusion, extended red cell antigen
typing of patients for C, E and Kell as a minimum are
commended. At each transfusion, ABO, Rh(D) compatible
blood should be given with additional matching for C, E
and Kell antigen and with, full cross-match and screen for
new antibodies before each transfusion. A long-term
record of red cell antibodies, transfusion reactions and
annual transfusion requirements for each patient is impor-
tant and particularly useful when patients move their place
of treatment. Leuco-reduced packed red cells with pre-sto-
rage filtration is recommended, but blood bank pre-tran-
sfusion or bedside filtrations are acceptable alternatives.
Washed red cells are only indicated for patients who have
severe allergic reactions. Use red cells stored in CPD-A,
as fresh as possible (less than one week old) and in additi-
ve solutions for less than 2 weeks is optimal. Transfusion
should occur every 2-5 weeks, maintaining pre-transfu-
sion Hb above 9-10.5 g/dL, but higher levels (11-12 g/dL)
may be necessary for patients with heart complications.
The post-transfusion Hb should not be not higher than 14-
15 g/dL. Future developments including pre-treatment of
the red cell product to reduce infection risks including
prior related diseases will be discussed.3 The rationale for
guidelines about the transfusion regime that optimises the
balance between over and under-transfusing patients will
be discussed.4,5 This has been determined only in an Italian
population of thalassemia patients and it is likely that this
optimal rate may vary with the underlying genotype of
thalassemia being treated. For example in E-β thalasse-
mia, the optimal rate may be significantly less. Because of
changes in the preparation of red cell products in recent
years, there is variability in iron content of a ‘unit’ of
blood. It is recommended that each centre involved in the
treatment of thalassemia know the average haematocrit
and volume of the blood product that they are using, as
this impacts on response to chelation therapy. Based on
the rates of blood transfusion, recommendations about
maintenance dosing with chelation regimes involving
deferasirox or desferrioxamine can now be given.6
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OVERVIEW OF THE CURRENT ISSUES AND
ADVANCES IN HAEMOPOIETIC STEM CELL
TRANSPLANTATION FOR β-THALASSEMIA MAJOR
Sema Anak

Dept. of Pediatric Hematology/Oncology, Istanbul
School of Medicine, Istanbul University, Turkey

β-thalassemia major is a genetic defect that causes an
ineffective erythropoiesis with hemolysis. The main treat-
ment principles are regular red blood cell (RBC) transfu-
sions with iron chelation therapy for transfusion-related
iron overload and supportive care. Bone marrow tran-
splantation (BMT) is the only possible curative treatment
for β thalassemia major. Turkey is one of the countries
where the prevalence of β thalassemia major is still very
high and causes an important burden for health facilities.
Yesilipek et al. recently presented the results of HSCT for
β thalassemia patients on behalf of Turkish Pediatric
Stem Cell Transplantation Group. Between Jan 1991-
June 2009, 245 children with β thalassemia major under-
went first allo HSCT in 9 centers in Turkey. M/F ratio was
129/116 and the median age was 6.6 (range 1-22 years).
Forty-one patients were in Class I, 137 in Class II, 63 in
Class III and class is not known in 11 patients. Stem cell
sources were bone marrow in 88, peripheral blood in 137
and cord blood in 20. All donors were HLA matched rela-
ted donors. Conditioning regimens consisted of BU + CY
in 95, BU+CY+ATG in 100, Pesaro Protocol 26 in 40,
BU+CY+ Tio-Thepa (TT) in 3. CsA alone or in combina-
tion with MTX or metylprednisolon is used for graft ver-
sus host disease (GvHD) prophylaxis. Median follow-up
period after HSCT was 61 months, (14-231 months).
Acute GvHD was observed in 42 children, 31 of which
had Grade II-IV. Chronic GvHD have occurred in 29
patients, 8 with extended form. Thalassemic reconstitu-
tion has been observed in 43 transplantations. Nineteen
patients expired in the first 100 days and transplantation
related mortality (TRM) was 7.75%. EFS (thalassemia
free and alive) and OAS were 68.0% and 85.0%, respec-
tively. In conclusion, the role of transplantation for β-tha-
lassemia major, which is a chronic, nonmalignant condi-
tion, depends on the available supportive care measures
in that country. Still, with best conditions, most persons
die of thalassemia or of complications related to its treat-
ment in the fourth or fifth decades of life. So, the succes-
sful transplantation outcomes reported should encourage
the staff and families for the possibility of HLA-matched
sibling BMT, when there are limited resources.

TRANSPLANTATION FOR THALASSEMIA IN
LOWER-RESOURCE SETTINGS
Lawrence Faulkner,1 Naila Yaqub,2 Sadaf Khalid,1

Tatheer Zhara,1 Saqib Ansari,3 Tasneem Farzana,3

Tahir Shamsi3

1Cure2Children Foundation, Florence, Italy; 
2Pakistan Institute of Medical Sciences Children’s
Hospital, Islamabad, Pakistan; 3National Institute of
Blood Diseases, Karachi, Pakistan

Thalassemia major (TM) is the most common deadly gene-
tic disorder, a major cause of chronic non-infectious mor-
bidity and financial burden in many low- and middle-inco-
me regions. In these settings few children reach adulthood
because proper long-term supportive care in seldom avai-
lable. Bone marrow transplantation (BMT) is the only
available curative modality and it can be very successful
and cost-effective for young children with low-risk featu-
res and a compatible related donor. However, in countries
where TM is most prevalent there is a dire shortage of
BMT centers. The Cure2Children Foundation has suppor-
ted a feasibility study evaluating safety, efficacy and costs
of developing a new BMT center in an underserved lower-
middle-income country with relatively untrained professio-
nals within a structured collaboration and knowledge-tran-
sfer program. A total of 24 patients who underwent BMT
in Pakistan between September 2008 and August 2010
were included in this prospective analysis, 17 from an esta-
blished bone marrow transplant center, the National
Institute for Blood Disease in Karachi, Pakistan and the ini-
tial 7 BMTs from a start up unit in a government civil
hospital, the Pakistan Institute of Medical Sciences
Children’s Hospital in Islamabad. Patients were matched
for age, nutritional status, growth, disease, diseases status
and post-BMT follow-up time. All patients were younger
than 10 years at BMT, received the same conditioning regi-
men and all needy families could rely on a support program
throughout the 8-month post-transplant period. The
Cure2Children Foundation provided professional and
financial support as well as a structured web-based data
management and cooperation platform. At a median follow
up of 19.6 months (range 8.7 to 31.5) actuarial thalassemia-
free survival is 85.6% and 85.7% and overall survival
94.1% and 85.7% in the established and start-up center
respectively with no statistically significant differences.
Other outcome indices like Infectious complications,
engraftment parameters, transplant-related complications,
and post-BMT performance scores did not differ. The
median cost of matched-related transplants in the start-up
center, including pre-BMT evaluation, was 11,513 USD
(range 7518 to 21,176). Within structured cooperation stra-
tegies bone marrow transplantation for thalassemia major
can be performed safely, effectively, and affordably even in
start-up centers in lower-middle-income countries, like
Pakistan, where most thalassemia patients live. This obser-
vation may have important implications to increase access
to cure for thalassemia world-wide.



PATHOPHYSIOLOGY OF IRON OVERLOAD 
IN THALASSAEMIA SYNDROMES
John B. Porter

University College London, UK

Excess iron from blood transfusions and/or from elevated
dietary absorption accumulates as tissue storage iron as fer-
ritin and haemosiderin. Increased iron absorption is driven
by suppression of hepcidin synthesis in the liver by ineffec-
tive erythropoiesis (IE), which can be detected indirectly
by raised plasma levels of GDF15 and circulating transfer-
rin receptors. This rate is small however compared with the
rate of iron accumulation from transfusion. This depends
on the patient’s underlying disease; 0.3 and 0.5 mg/kg/day
in thalassemia major, although higher or lower rates are
seen in a small proportion of thalassemia patients.1

Transfused red cells are catabolized in macrophages, relea-
sing iron that saturates transferrin, forming plasma non-
transferrin bound iron (NTBI). The uptake of plasma NTBI
into tissues occurs by a different mechanism and in diffe-
rent tissues than with transferrin-mediated iron uptake, lea-
ding to excess accumulation in the liver, heart, pancreas,
anterior pituitary, thyroid, and parathyroid glands. NTBI is
also increased by IE, so that a simple relationship between
high NTBI levels and iron stores are not always seen.
Furthermore, patients with thalassemia intermedia often
have high NTBI and LPI levels but rarely accumulate
extra-hepatic iron unless they commence regular transfu-
sion.While storage iron is not directly toxic, this contribu-
tes to increasing the magnitude of labile intracellular iron.
Plasma or intracellular labile iron pools can be toxic becau-
se these iron the formation of free radicals that cause oxi-
dative damage to lipids, proteins, and DNA. Injury to these
tissues may result in liver fibrosis and cirrhosis, hypogona-
dodrophic-hypogonadism, hypothyroidism, hypoparathy-
roidism and cardiomyopathy. The highest concentration of
tissue iron is found in the liver, and this concentration
(LIC) reflects body iron loading in a predictable way.2

Overall iron burden (most accurately assessed by liver iron
measurement) correlates with clinical outcome. Iron bur-
den is reflecred by serum ferritin levels, the long-term con-
trol of which correlates with long-term survival. However
single measures of ferritin or LIC do not predict myocar-
dial iron concentration, as measured by T2*. Some patients
are remarkably resistant to extra-hepatic iron accumulation
despite very high LIC values, while others appear to deve-
lop myocardial iron loading despite good control of ferritin
or LIC. The reasons for this variability are currently under
investigation, but the underlying haemoglobinapathy,3 the
rate of transfusion, the modality of chelation and as yet
undefined genetic polymorphisms are likely to contribute
to this variability.
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OVERVIEW OF CURRENT CHELATION PRACTICES
Yesim Aydinok

Ege University, Department of Pediatric Hematology,
Izmir, Turkey

Deferoxamine (DFO) is reference standard therapy for
transfusional iron overload since 1980s. Although it is a
highly effective iron chelator, compliance problem to
subcutaneous administration of DFO remained as the
major problem. The oral chelator Deferiprone (DFP) has
not marketing in North America, however, has been licen-
sed in India since 1994 and the European Union (EU)
granted marketing approval for DFP in 1999. DFP is
approved specifically for patients with thalassemia major
when DFO is inadequate, intolerable or unacceptable.
There are still limited data available on the use of DFP in
children between 6 and 10 years of age, and no data on
DFP use in children under 6 years of age. Subsequent oral
chelator Deferasirox was approved by FDA and EMEA
for the treatment of patients with transfusional iron over-
load -older than 2 years of age- as first line therapy, in
2005 and 2006 respectively. The primary objective of
iron chelation is to maintain body iron at safe levels at all
times but once iron is accumulated, the objective of iron
chelation is to reduce tissue iron to the safe levels which
is a slow process. The chelation regimen and dose (and
frequency if the chelator is DFO) of the chelator(s) are
mainly determined based on body iron burden, presence
of myocardial iron and the transfusional iron loading rate.
A proper monitoring of chelation has of importance for
measuring response rate to a chelation regimen and pro-
viding dose adjustments to enhance chelation efficacy but
avoid toxicity. Efficacy of a chelation regimen may show
individual variability resulted from factors such as absor-
btion and metabolism of chelator. Tolerability and com-
pliance with the chelator are also individual variables
effecting response to chelation. Understanding of advan-
tages and limitations of chelators, accurately determining
chelation needs of patients with iron overload and desi-
gning individualized chelation regimens with less toxici-
ty but optimum efficacy should provide long-term survi-
val and quality of life for patients with iron loading ane-
mias. The goal of this review is to summarize current
concepts in iron chelation therapies based on the conside-
rable amount of prospective data obtained by clinical stu-
dies.

INITIAL TRIALS OF A NOVEL ORAL IRON 
CHELATOR
Ellis J. Neufeld

Egan Family Foundation Chair in Transitional
Medicine, Hematology-Oncology, Children's Hospital
Boston, Mass., USA

Chelators commercially available in 2011 effectively
maintain iron balance in the majority of thalassemia
patients. However deferoxamine, deferasirox and (where
approved) deferiprone each have disadvantages (e.g.
route of administration, tolerability, adherence, side effect
profile) and worldwide, suboptimal chelation is common.
Combined or alternating use of current chelators is insuf-
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ficiently studied. The state of the field leaves ample room
for novel chelators. FBS0701 (Ferrokin Biosciences) is a
desferithiocin derivative currently in Phase 2 clinical
development. The Phase 2 study is the fourth clinical
study aimed at understanding the pharmacokinetics, safe-
ty, patient tolerability and activity of this agent for the tre-
atment of transfusional iron overload. Pharmacokinetic
parameters have been determined in both healthy volun-
teers and iron overloaded adults following single or mul-
tiple doses of FBS0701. With the exception of fraction
excretion of oral dose in the urine, which was greater in
healthy male volunteers than in iron, overloaded patients,
there were no significant differences in pharmacokinetic
parameters. Analysis of the plasma concentration and uri-
nary excretion data in iron overloaded patients receiving
FBS0701 after oral administration of 3 mg/kg, 7 mg/kg,
14 mg/kg, 29 mg/kg, and 36 mg/kg (as active drug) once-
daily for seven (7) days indicates linear pharmacokinetics
over that range of doses. There were no apparent dose
dependencies with respect to Tmax, CL/F, Vz/F, or t½.
The mean elimination half-life was ~15 hours and appro-
ximately 44% of the oral dose was recovered in the urine
unchanged. CL/F appears to be directly related to body
weight, suggesting that weight based dosing may be
appropriate for FBS0701. Clearance was proportional to
LIC over a three-fold range. Urinary iron excretion was
dose proportional but deminimus. CTP-04 is a one-year
Phase 2 randomized, open label study of FBS0701 initia-
ted in September 2010. The primary objective is to eva-
luate safety, tolerability and efficacy based on clinical and
MRI assessments of two doses of FBS0701 with a view
to identifying a differential pharmacodynamic dose
response to two dose levels (14 and 29 mg/kg/d of active
drug). The study is fully enrolled with 50 patients.
Primary outcome data are anticipated in the summer of
2011.

IRON CHELATION: COMPLIANCE AND CHALLENGES
Ahmet Varoglu

Northern Cyprus Thalassaemia Society

Thalassemia is an inherited blood disorder which in its
most severe form it causes life threatening  anaemia. It
creates the need for life-long blood transfusions that
result in iron overload in the body. Iron chelation agents
are therefore necessary for the excretion of the excess
iron from the body. Iron overload causes organ damage
(liver, endocrine glands and bones ); growth failure and
cardiac failure. There are three main available chelating
agents: 1) Desferrioxamine (DFO) is one of the chelating
agents which has been available to use for more that 30
years. It has a short half life of approximately 20 minutes,
so it must be given by continuous infusions and is admi-
nistrated 8-12 hrs/day for 5-7 days/week. 2) Deferiprone
(DFP) has been patented in 1982 and was licensed in EU
in 1999. It is taken 3 times/day orally. 3) Exjade (ICL
670) it is licensed in the USA and the EU and it is given
as once a day. All three chelating agents have different
adverse side effects and patients have to comply with iron
chelation treatment despite these side effects. Compliance
is the state or act of conforming with or agreeing to do

something and doctor’s play an important role in helping
and motivating patients to comply with their treatment. 
Thalassemia patients are asked to comply with all or
many of the following treatments: blood transfusion; iron
chelation; HCV/liver disease treatment; bone treatment;
diabetes; cardiological monitoring; fertility treatment;
endocrinological treatment; psychosocial issues and spe-
cific other complications. Although treatment has been
getting better over the years, patients are still non com-
pliant and there are a number of factors for that: non-
acceptance of their condition; pain; forget to take their
drugs; adverse side effects; feelings of being different;
body image damage; get tired of following their treat-
ment; lack of availability of drugs; cost of drugs; ignoran-
ce of parents. 

THE ECONOMICS OF IRON CHELATION 
IN DEVELOPING COUNTRIES
Suthat Fucharoen

Thalassemia Research Center, Institute of Molecular
Biosciences, Mahidol University, Nakornpathom,
Thailand

Thalasseamia is one of the common genetic disorders. A
genetic defect causes reduction of the globin chains lea-
ding to chronic haemolytic anaemia from birth. The
mainstay of treatment is blood transfusion to maintain
adequate levels of the haemoglobin. Secondary iron over-
load in β-thalassemia patients is secondary to multiple
blood transfusions and increased iron absorption.
Excesses iron potentially catalyses free-radicals genera-
tion and impairment in cellular function and integrity.
Extensive iron-induced injury develops in the heart, liver,
pancreas and endocrine system. In regularly transfused
patients, in the absence of iron-chelation therapy, death
from iron-induced heart failure occurs by the mid-teena-
ge years. Conventional treatment with parenteral iron
chelator desferrioxamine improves mortality but it is too
expensive for middle and low-income countries. Oral iron
chelator such as deferiprone (L1) and deferasirox appears
to be promising, however, it is still too expensive or need
special monitor. Serum ferritin has been used for many
years as a guide for chelation therapy. However, recent
studies demonstrated that using serum ferritin or liver
iron measurements as a monitor of iron-chelation intensi-
ve therapy would have been discontinued long before the
iron had cleared from the heart. There is evidence of the
value of myocardial T2* measurements by MRI for the
detection of early cardiac iron overload which cannot be
predicted by liver iron or serum ferritin and for the moni-
toring of iron-chelation therapy. The major problem is the
expensiveness of MRI measurement. In conclusion, the
problem of iron chelation in low-income countries may
be summarized as follows: i) drug is not available in
every countries that need the medicine; ii) cost; iii) edu-
cation of doctor, parents/patients and local government
about the benefit of iron chelation, iv) monitoring of its
toxicity and adverse drug reaction. In the TIF conference
in Dubai, in 2006, a group of experts had agree to send
the document to the D-G of the WHO with a strong
request that all chelators (currently available and those
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that will be available in the future) be designated essen-
tial for the treatment of transfusion dependent anaemias.

THE IDEAL CENTRE FOR HAEMOGLOBINOPA-
THIES
Antonio Piga, Roberta Rossi, Simona Roggero

Thalassemia & Haemoglobinopathies Centre,
Department of Clinical and Biological Sciences, School
of Medicine and Hospital S. Luigi Gonzaga, University
of Torino, Italy

First of all an ideal Centre for Haemoglobinopathies must
be a dedicated unit, as in large multi-purpose units other
conditions (i.e. oncology) absorb most resources.
Dedicated but not isolated, as the staff requires a career
structure with promotion opportunities to allow low tur-
nover rate and continuity of care. In addition to patient
care, the Centre should include facilities for screening of
carriers, genetic counselling, prenatal diagnosis and drive
local (regional, national) prevention programs within the
health system. A minimum number of patients (≈50) is
critical to allocate resources and develop specific servi-
ces. Basic patient care facilities should allow free access
to high quality blood products, iron chelators, and tests
for monitoring and supportive care. Ideally any medical
prescription should be driven only by clinical indication
and not biased by economic restriction. A treating physi-
cian specially trained in haemoglobinopathies oversees
all aspects of treatment, referring to specialists when indi-
cated. Most commonly involved are nurse specialist(s),
cardiologist, endocrinologist, reproduction endocrinolo-
gist, andrologist or gynaecologist, dental team, dietician,
hepatologist, transplant specialist, psychiatrist or clinical
psychologist, social worker. The staff must include a
charge nurse who supervises the nursing staff. Regular
meetings for case review, work organisation review and
procedures, together with haemoglobinopathies-oriented
CME should be facilitated. More important than the
medical background (Pediatrics, Hematology, Internal
Medicine) is the interest of the group in development of
optimal care and research in chronic diseases and transi-
tional medicine. The thalassemia unit should operate on
an outpatient basis, with facilities for evening and night
transfusion to minimize interference with patient’s social
life. Important specific services include trans-cranial
Doppler ultrasound, MRI for iron assessment and rapid
access to care where the Centre physician is available for
consultation or sharing the responsibility of management
in any condition like emergency, hospital admission for
any acute condition, heart failure, intensive chelation, and
stem cell transplant. Quality control procedures should
take into account patient’ opinion. A well-balanced inte-
raction with any specific patients and parents association
is crucial on the way to optimal achievement.

EMOTIONAL ASSISTANCE IN THALASSEMIA:
PILOT IMPLEMENTATION OF A STANDARD 
PROTOCOL
Maria Teresa Veit, Rita de Cassia Macieira, Marilia
Zendron, Helena Pedrosa, Silvana Cantu, Ana Paula
Teixeira

ABRASTA – Associação Brasileira de Talassemia, São
Paulo, Brazil

This study aims to describe The creation process of stan-
dard procedures to make possible multicentre studies
related to emotional aspects of thalassemic patients, their
families and caregivers; and the pilot phase of the routi-
nes implementation. The objectives defined to perform
this goal are: i) develop routines to assess and
manage/treat emotional issues; ii) adjust the ABRASTA -
Brazilian Association of Thalassaemia computer system
to the input of collected data and its compilation; iii) con-
duct a pilot implementation of the routines; iv) discuss
the whole process and propose next steps. Forty patients
were assisted following the above mentioned routines of
psychological evaluation, follow-up assistance and mana-
gement of specific emotional issues. Conclusions are that
the routines are adequate to enable multicenter research
to compare findings and develop specific interventions to
thalassemia patients, their families and caregivers; infor-
mation gathered through them is an important means of
subsidizing medical doctors and other members of the
professional team, both in the therapeutic planning and in
the communication process with patients and families;
finally, considering the nature of the information, psycho-
logists and psychiatrists are the most indicated professio-
nals to perform the assessment and the interventions rela-
ted to emotional issues, due to their professional back-
ground, training and specific skills that allow a free and
candid communication with the patients and their fami-
lies.

FACING PSYCHOSOCIAL ISSUES IN
THALASSEMIA
Chris Sotirelis

Thalassemia β major is a life-long inherited condition
that affects people of Mediterranean, Middle Eastern,
South and Far East Asian origin. Depending upon the cul-
tural background, the chronic nature of this condition and
the fact that it is blood related, impacts the psychosocial
aspects of people living with this condition and their
carers. Even the first days with a new baby, can be extre-
mely traumatic for a couple at risk. Often they are waiting
for the result of the neonatal test and other tests which
will determine whether their baby is affected and the
severity. But even those who already know, it is also a
very anxious time as they are coming to terms with what
it means to have a thalassemic child. We shall examine
the issues behind living as a thalassemic through the
decades. They may also have cultural worries about stig-
ma associated with the condition, although that stigma
could mostly be in the perception of the parents rather
than based in reality. This can cause the parents to isolate
the child; some do not even communicate about thalasse-
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mia with their child’s teachers or carers. As a result of
these and other factors, the parents may be so anxious and
worried they find it hard to mix and communicate with
their peers and even other family members. We shall also
be looking at what happens even beyond the early years,
and as societies become more enlightened, the issues
other people consider “normal” have somehow got to be
“normalised” by thalassemics through a variety of adap-
tive mechanisms. In the end, every person can be “as nor-
mal as they want to be”, although they will need to fight
within themselves and society at large for it, perhaps
more than they would otherwise need to.

QUALITY OF LIFE IN PATIENTS WITH 
THALASSEMIA
George Constantinou

Quality of life of any person has the following require-
ments: Good child life; Good adolescence life; Success in
school and university; Fulfilment at work; Family crea-
tion; Achieving one’s inspirations. A patient with thalas-
semia has the same parameters to achieve the same qua-
lity of life, but the success of such a patient does not only
depend on their family’s support or their willingness and
capabilities to work hard throughout their life, but is also
dependent on whether the State, Hospital, Treating
Doctor, Nurses, Family and Society are willing to look at
them as a complete human being and not only just as a
number or a burden. It is necessary for good quality tre-
atment, to be provided in a manner that allows patients to
concentrate on their life and not on how to overcome tre-
atment obstacles. Treatment for thalassemia has reached a
stage where all patients should live to a normal retirement
age with a lower burden and so have a Normal Life and
Good Quality of Life. Why is this not happening?

OVERVIEW OF HEPATITIS ASSOCIATED LIVER
DISEASE IN THALASSEMIA AND ITS CURRENT
MANAGEMENT
George M. Dusheiko

Royal Free Hospital and University College London
Medical School, UK 

Excessive iron absorbtion occurs in patients with thalas-
semia. Multiple transfusions can lead to secondary iron
overload, although regular chelation therapy can delay
but not completely avert the development of hepatic
fibrosis. The iron loading that is encountered is similar to
that seen in genetic haemochromatosis, but is exacerba-
tion by the requirement for blood transfusions that lead to
parenteral iron overload. Iron loading is observed at an
early age, and necessitates aggressive prophylactic use of
oral and parenteral iron chelation therapy with close regu-
lation. Iron loading in the liver leads to liver damage,
hypersplenism, thrombocytopaenia secondary to hyper-
splenism and portal hypertension. Patients with thalasse-
mia major require lifelong chelation therapy to prevent
iron induced organ damage. There have been concerns
regarding the effect of deferiprone induced progression of
hepatic fibrosis but these have not been substantiated.

Chronic hepatitis B infection and C infection remain an
important cause of morbidity in thalassemics worldwide.
Before screening of blood, transfusion was a major risk
factor for the acquisition of hepatitis C and many patients
with thalassemia major became chronically infected.
Thus these patients are at risk of developing hepatic
fibrosis both from iron overload and from chronic HCV
infection, emphasizing the need for effective antiviral
therapy in addition to regular iron chelation. Coexistent
hepatitis B or C infection can increase the risk of progres-
sive fibrosis of the liver leading to cirrhosis, complica-
tions of cirrhosis, liver failure and hepatocellular carcino-
ma. Studies have shown that iron overload and hepatitis
C infection are independent risk factors for liver fibrosis
progression and their concomitant presence results in a
striking increase in risk. Non invasive means of estima-
ting fibrosis may assist in the identification of advanced
liver disease. Between 25-35% of those chronically infec-
ted with hepatitis B develop progressive liver disease.
Several stages of hepatitis B exist. Typically HBeAg
positive patients are younger and may have high levels of
hepatitis B replication, but relatively mild liver damage in
the immunotolerant phase of the infection. Patients with
pre-core mutant disease are anti-HBe positive, but repli-
cate a variant of hepatitis B not expressing HBeAg.
Inactive carriers of hepatitis B are anti-HBe positive, but
have low levels of HBV replication and normal serum
amintransferases. The goals of therapy are to reduce and
preferably maintain suppression of HBV DNA to prevent
sequelae of HBV infection. The advent of potent nucleo-
side analogues with low barriers to resistance has impro-
ved the outlook for patients with hepatitis. Cirrhosis
develops within 10 years in about 10-20% of patients
with chronic hepatitis C. Older age at infection, concomi-
tant alcohol abuse, concurrent HBV or HIV infection and
other illness may be important aggravating cofactors. The
natural history after the first 20 years has not been fully
defined in prospective studies. Combin ation treatment
with interferon alpha (pegylated interferon) and ribavirin
has been the mainstay of treatment. Iron overload does
not prevent the possibility of a sustained virological
response. The advent of new direct acting antiviral and
host acting antivirals will hopefully translate into impro-
ved outcomes from hepatitis C in thalassemics. The toxi-
cities and drug -drug interactions of these new com-
pounds will require special assessment in thalassemia. 

COMPLICATIONS AND MANAGEMENT 
OF THALASSEMIA INTERMEDIA
Maria Domenica Cappellini

“Ca’ Granda” Foundation IRCCS, University of Milan,
Italy

β thalassemia is an inherited disorder of hemoglobin syn-
thesis wherein mutations of the β globin gene lead to
various degrees of defective β chain production, an imba-
lance in α/β globin chain synthesis, ineffective erythropo-
iesis, and a spectrum of anemia. Extremely diverse pheno-
types exist within the β thalassemia syndromes. At one
end of the spectrum is β thalassemia minor, a clinically
silent, mildly hypochromic and microcytic anemia. At the
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other end is β thalassemia major (TM) which refers to
those patients whose clinical course is characterized by
profound anemia, who present to medical attention in the
first year of life, and who subsequently require regular
blood transfusions and iron chelation therapy for survival.
The term β thalassemia intermedia (TI) was suggested to
describe patients who had clinical manifestations that are
too severe to be termed minor yet too mild to be termed
major, although there remains substantial overlap between
the three conditions. If left untreated, three main factors
are responsible for the clinical sequelae of TI: ineffective
erythropoiesis, chronic hemolytic anemia, and iron over-
load. The degree of ineffective erythropoiesis is the prima-
ry determinant of the severity of anemia, while peripheral
(intra- and extravascular) hemolysis of mature red blood
cells (RBCs) remains secondary. Ineffective erythropoie-
sis is also associated with skeletal deformities and osteo-
penia attributed to erythroid marrow expansion as well as
compensatory extramedullary hematopoiesis (EMH) lea-
ding to tumor formation anywhere throughout the body.
Hemolysis has mainly been associated with splenomega-
ly; however, recent evidence suggests that hemolysis,
along with other factors, is also the hallmark of a hyper-
coagulable state in TI. Hypercoagulability justifies the
high rate of thromboembolic phenomena in patients with
TI and may explain other complications such as pulmona-
ry hypertension (PHT) with secondary right heart failure
(HF). Ineffective erythopoiesis and chronic anemia also
lead to an increase in gastrointestinal iron absorption,
resulting in non-transfusional iron overload (similar to
patients with hemosiderosis), in the liver and less so in the
heart. Involvement of the liver can eventually lead to cir-
rhosis and hepatocellular carcinoma. A recent report on
120 treatment-naive patients with TI revealed a significant
role for advancing age (even among pediatric and adult
patients) in acquiring clinical complications. The study
demonstrated a decreasing trend in Hb level and a progres-
sive increase in iron accumulation with advancing age.
Thus, despite being considered as having a milder form of
the disease at initial presentation and diagnosis, TI patients
are still at risk of acquiring several serious complications
with the passage of time, which warrants optimal and
early intervention extremely essential.

TRANSFUSION REGIMENS IN THALASSEMIA
INTERMEDIA
Zeynep Karakas

Istanbul University, School of Medicine, Department uf
Pediatrics, Division of HematologyOncology,
Thalassemia Unit, Istanbul, Turkey

Thalassemia intermedia (TI) is a heterogeneous disease,
in terms of both clinical manifestations and underlying
molecular defects. Some TI patients are asymptomatic
until adult life, whereas others are symptomatic from
early childhood. In contrast to patients with TM, patients
with TI have less severe anemia and do not require tran-
sfusions during at least the first few years of life. Many
patients with TI, especially older ones, have been exposed
to the multiple long-term effects of chronic anemia and

tissue hypoxia and their compensatory reactions, inclu-
ding enhanced erythropoiesis and increased iron absor-
ption. Bone marrow expansion and extramedullary hemo-
poiesis lead to bone deformities and liver and spleen
enlargement. In patients with TI, the heart is primarily
affected by, which is the leading cause of congestive heart
failure (CHF). High CO resulting from chronic tissue
hypoxia is the main contributing factor for pulmonary
hypertension (PHT) and CHF. Therapeutic strategies in
TI, are not clear and different criterias are used to decide
the initiation of transfusion and chelation therapy, modu-
lation of fetal hemoglobin production, and hematopoietic
stem cell transplantation with individual basis. It seems
that the majority of TI patients will be benefited if this
kind of treatment is applied targeting prevention and not
palliation of the anemia-induced complications. The cli-
nical picture of well-treated TM patients with regular
transfusion-chelation therapy is better from TI patients
who have not received transfusions or have occasionally
received transfusions. The new oral iron chelators and the
magnetic resonance imaging application for early detec-
tion of heart iron load are promising for further improve-
ment on survival. There are a significant role of early
blood transfusion to prevent and treat complications of
commonly associated with TI as extramedullary erythro-
poiesis and thalassemic stigmata, autoimmune hemolytic
anemia, leg ulcers, gallstones, Pseudoxantoma Elasticum,
hyperuricuria and gout, and pulmonary hypertension.
which are rarely seen in thalassemia major. Nowadays,
indications of transfusion patients with TI are chronic
anemia (Hb <7 g%), bone deformities, growth failure,
extramedullary erythropoiesis, heart failure and pregnan-
cy and prior to surgical procedures. Regular transfusion
therapy is an important treatment modality for increasing
quality of life in some patients with thalassemia interme-
dia during chıldhood. 

COAGULATION AND THROMBOTIC RISK 
IN THALASSEMIA INTERMEDIA
Ali Taher

Department of Internal Medicine, American University
of Beirut Medical Center, Beirut, Lebanon

Extremely diverse phenotypes exist within the thalasse-
mia syndromes. The term thalassemia intermedia (TI)
was first suggested to describe patients who had clinical
manifestations that were too severe to be termed minor
yet too mild to be termed major, although there remains
substantial overlap between the three conditions. Our
understanding of the molecular and pathophysiological
mechanisms underlying the disease process in patients
with TI has substantially increased over the past decade.
Three main factors highlight the pathophysiology of TI,
ineffective erythropoiesis, chronic anaemia/haemlysis,
and iron overload secondary to increased intestinal absor-
ption. However, the extreme diversity in phenotypic
expression in TI patients led to a wide variation in obser-
ved clinical complications and management practices,
which remain solely based on physician preferences
rather than evidence-based guidelines. Among the clini-
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cal complications of TI that were found to occur at a
higher rate than in patients with TM are thromboembolic
events (TEE). The largest epidemiological study to date
analysed data from 8860 thalassemia patients (6670 tha-
lassemia major [TM] and 2190 TI) and demonstrated that
TEE occurred 4.38 times more frequently in TI than TM
patients. The hypercoagulability in TI has been attributed
to several factors including a procoagulant activity of
haemolysed circulating red blood cells (RBCs), increased
platelet activation, coagulation factor defects, depletion
of antithrombotic factors, endothelial inflammation,
among others. These factors have been observed at a
higher rate in splenectomised patients. Clinical studies
also confirmed that splenectomised TI patients have a
higher incidence of TEE than non-splenectomised con-
trols, and a higher rate of silent cerebral infarction in
older patients. In the OPTIMAL CARE study, 73/325
(22.5%) splenectomised patients developed TEE compa-
red to 9/259 (3.5%) non-splenectomised patient
(P<0.001). A subanalysis of the OPTIMAL CARE study
also demonstrated that splenectomised TI patients who
will develop TEE might be identified early on by high-
nucleated RBC and platelet counts, evidence of pulmona-
ry hypertension, and transfusion naivety. Currently, there
is lack of prospective clinical trials that evaluate the role
of antiplatelets, anticoagulants, or transfusion therapy in
the prevention of TEE in thalassemia patients; such trials
are called for.

CARDIAC FAILURE IN β-THALASSEMIA: 
DIAGNOSIS, PREVENTION AND MANAGEMENT
Athanasios Aessopos

First Dept. of Internal Medicine, Athens University
Medical School, Laiko Hospital, Athens, Greece

Heart failure always represented and still remains the lea-
ding cause of mortality in beta (β)-thalassemia, despite the
therapeutic advances and the considerable amelioration of
prognosis accomplished over the last decades. High car-
diac output due to chronic anemia and myocardial iron
overload due to repetitive blood transfusions are the two
main pathogenetic mechanisms causing heart failure in β-
thalassemia. In regularly treated thalassemia major
patients, left ventricular dysfunction, resulting mainly from
myocardial siderosis, is considered to be the primary cause
of heart failure and thus the prevention, early recognition
and effective management of iron overload is of key
importance. However, the spectrum of cardiovascular com-
plications that may ultimately lead to heart is wide and
should be individually investigated in each one of the
patients. Echocardiography is the main modality used for
the regular follow-up and screening of asymptomatic
patients and for the evaluation of patients with cardiac
symptoms, while the T2* relaxation time provided by
magnetic resonance imaging allows the accurate identifica-
tion and quantification of myocardial iron burden and thus
the proper guidance of iron chelation therapy.
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DIAGNOSIS OF IRON OVERLOAD AND HEART
DISEASE BY MAGNETIC RESONANCE IMAGING

John C. Wood

Division of Cardiology, Children’s Hospital of Los
Angeles, CA, USA

The use of magnetic resonance imaging (MRI) to estima-
te tissue iron was initiated nearly three decades ago but
has only become a practical reality in the last ten years.
MRI is most often used to estimate hepatic and cardiac
iron in patients with thalassemia or sickle cell disease and
has largely replaced liver biopsy for liver iron quantifica-
tion. The ability of MRI to image extrahepatic organs has
really transformed our understanding of iron mediated
toxicity in transfusional siderosis. For decades, iron car-
diomyopathy was the leading cause of death in thalasse-
mia major, but it is now relatively rare in centers with
regular MRI screening. Early recognition of cardiac iron
loading allows more gentle modifications of iron chela-
tion therapy prior to life threatening organ dysfunction.
Serial MRI evaluations have demonstrated differential
kinetics of uptake and clearance among the difference
organs of the body. Although elevated serum ferritin and
liver iron concentration increase the risk of cardiac and
endocrine toxicities, extrahepatic iron deposition and
toxicity occurs in many patients despite having low total
body iron stores; there is no safe liver iron level in chro-
nically transfused patients. Instead, the type, dose, and
pattern of iron chelation therapy all contribute to whether
cardiac iron accumulation will occur. These observations,
coupled with the advent of increasing options for iron
chelation therapy, are allowing clinicians to more appro-
priately tailor chelation therapy to individual patient
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needs, producing greater efficacy with fewer toxicities.
With the decline in cardiac mortality, future frontiers in
MRI monitoring including better prevention of endocrine
toxicities, particularly hypogonadotropic hypogonadism
and diabetes. These organs also serve as early warning
signals for inadequate control of non-transferrin bound
iron, a risk factor for cardiac iron loading. Thus MRI
assessment of extrahepatic iron stores is a critical moni-
toring tool for chronically transfused patients. Further
prospective work is necessary to determine whether mar-
kers of endocrine and exocrine pancreatic function can be
used as surrogates of cardiac risk in regions where MRI
is not available. 

PULMONARY HYPERTENSION: AN EMERGING
RISK IN HEMOGLOBIN DISORDERS

Dimitrios Farmakis

First Dept. of Internal Medicine, Athens University
Medical School, Laiko Hospital, Athens, Greece

Pulmonary hypertension (PH) is one of the main cardio-
vascular complications in hemoglobinopathies and is
considerably implicated in patients’ morbidity and morta-
lity. In thalassemia intermedia, PH is found in about 60%
of traditionally managed patients and represents the main
cause of heart failure. In sickle cell anemia, PH is encoun-
tered in one third of patients and has been found to be a
strong and independent predictor of mortality, while in
sickle thalassemia, PH is generally less frequent and
severe. The patho  physiology of PH in hemoglobinopa-
thies is multifactorial and several mechanisms seem to be
implicated, including a complex vasculopathy, hypercoa-
gulability and elastic tissue defects, all associated with
chronic hemolysis, high output state due to chronic ane-
mia, as well as left heart dysfunction, pulmonary disor-
ders and thromboembolic complications. Echocardiogra-
phy is the most useful tool for patients’ screening on a
regular basis, while the diagnosis of PH should always be
confirmed by right cardiac catheterization. The proper
management of the disease itself with hematological
modalities such as blood transfusions combined with iron
chelation or hydroxyurea, is the most effective approach
for the prevention and treatment of hemoglobinopathy-
associated PH. Anti thrombotic agents should also be con-
sidered while the value of novel agents used in the treat-
ment of pulmonary arterial hypertension, including endo-
thelin antagonists or phosphodiesterase-5 inhibitors, is
not yet established in patients with hemoglobinopathies. 
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CARDIAC ARRHYTHMIA: DIAGNOSIS, MANAGE-
MENT AND NEW TECHNOLOGIES

Malcolm Walker

Consultant Cardiologist the Heart Hospital and
University College Hospital, London, UK 
Clinical Director, Hatter Cardiovascular Institute,
University College Hospital, London, UK

The normal co-ordinated contraction of the heart with its
minute to minute responsiveness to demand depends on
the electrical excitability of cardiac cells and their careful
organisation into regions of spontaneous electrical
discharge (normally the sinus node), separated by areas of
insulation, or non-conduction, as well as distinct anatomi-
cal areas of slow electrical impulse propagation (the
atrio-ventricular node) and finally systems of rapid
impulse propagation, the His Purkinje network.
Abnormalities of cardiac rhythm, detected by changes in
the rate or regularity of the pulse were noted in antiquity
and their association with disease was known to
Hippocrates. The early twentieth century saw Einthoven’s
string galvanometer developed into the now ubiquitous
electrocardiograph (ECG or EKG) and the clinical defini-
tion of the abnormalities of cardiac conduction and
rhythm. Broadly arrhythmia fall into two major catego-
ries: the bradycardias, where the heart beats too slowly
(pragmatically defined as <60 bpm) and tachycardias,
where the heart beats too fast, for the circumstance (>100
bpm, at rest). Arrhythmias are common and may be
encountered even in structurally and functionally normal
hearts. They may also be the first symptom of serious
heart disease, but the severity of symptoms does not
always differentiate between minor clinical problems and
potentially life threatening complications. The clinician’s
role is to navigate between these two radically different
scenarios, by detecting and characterising the arrhythmia,
usually by some form of ECG monitoring, including at
times intracardiac electrophysiological testing (EP) and,
most importantly, determining the underlying “health” of
the heart. This factor is particularly important in the hae-
moglobinopathy population, where knowledge of the car-
diac status, in terms of function and structural integrity
plus an assessment of myocardial iron content by magne-
tic resonance scanning (cMR), is mandatory. This kno-
wledge allows rational, targeted therapy, particularly
where the arrhythmia may be eradicated by intensifica-
tion of chelation therapy, often without the need to consi-
der specific cardiac anti-arrhythmic drugs. Atrial fibrilla-
tion (AF) was previously associated with severe myocar-
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dial iron overload, often signalling the onset of cardiac
failure. In the current situation, in our clinic, AF is now
being seen increasingly commonly in older thalassemia
patients without evidence of important myocardial iron
overload. It may prove to be a difficult clinical manage-
ment problem requiring the use of EP techniques in seve-
re cases. These patients are at potential risk of stroke and
must be offered anti-coagulation, until the AF is perma-
nently eradicated. Severe bradycardias and heart block,
although encountered are very rare in our experience, but
may require pacemaker therapy, with significant implica-
tions for the use of cMR scanning.

OVERVIEW OF CURRENT AND EMERGING
ISSUES IN ENDOCRINOLOGICAL 
COMPLICATIONS OF THALASSEMIA

Vincenzo de Sanctis

Pediatric and Adolescent Outpatient Clinic - Quisisana
Hospital, Ferrara, Italy

Clinical advances in the treatment of thalassemia major
(TM) patients have helped to increase substantially the
life expectancy of patients. The TM patients today repre-
sent the first generation of adult thalassemics. As patients
enter puberty, they begin to experience a variety of endo-
crine abnormalities, presumably the results of chronic
anaemia and tissue iron deposition from the chronic tran-
sfusion therapy. In patients with TM, the anterior pituita-
ry gland is particularly sensitive to free radical stresses. It
has been reported that the GH deficiency (GHD) may be
secondary to either pituitary or hypothalamic dysfun-
ction. The duration of the disease, the patient’s age and
the severity of iron overload are the most important fac-
tors responsible for the defect of growth hormone (GH)
secretion. Recent reports have documented a frequency of
severe growth hormone deficiency in 13-32% of adult
patients with TM. All of these patients underwent GH-
releasing hormone (GH-RH) plus arginine (ARG)
testing.We found a high prevalence of severe GHD in
adult TM patients after glucagons stimulation test (GST).
This percentage is higher compared to previous reports
and may be related to the older age (37.8±8.5 years) of
our patients and to the GH stimulation test employed in
our study.The prevalence of impaired adrenal function in
TM patients (from 0-33%) depends on the age of the
population studied, duration of blood transfusion, iron
overload and procedures used for the evaluation of the
diagnosis, has been reported in the literature, although
clinical adrenal insufficiency (AI) is rare. In our study, all
TM patients had morning normal cortisol concentrations.
But 17 out of 25 patients (68%) had an impaired peak cor-
tisol response after GST and one TM patient had peak
cortisol response compatible with AI. Thyroid dysfun-
ction has been observed in 13-60% of patients, but its
severity is variable in different series. Acquired central
hypothyroidism (CH) is a rare complication. Acquired
CH has been observed in 4 out of 1590 (0.25%) TM
patients, from May 1972 to October 2010, followed in
Ferrara. Our recommendation is that if the level of FT4 is
in the lower one-third of the normal range, then the
patient should be started on levothyroxine (L-T4), but

only after having excluded a concomitant adrenal insuffi-
ciency. If the level of free thyroxine is not consistently
low, then we follow the patient frequently. In the manage-
ment of CH patients the best way to monitor hypothala-
mic-pituitary-thyroid function is the measurement of
serum FT4.

ENDOCRINE CONCERNS AND QUALITY OF LIFE
IN THALASSEMICS

Unver Ahmet

TADAD Thalassaemia Patient Parent Association
Headquarters General Secretary, Istanbul, Turkey

I was born in 13 April 1979 in Istanbul, Turkey. My grand
grandparents origins from Crete. When I was 5-year-old,
my skin color was a little bit pale and I had eating disor-
der. My parents got suspicious and take me to a doctor.
After the blood tests, I was diagnosed thalassemia major
and started to transfuse blood every month. And also star-
ted to use Desferral 5 days in a week. But the main pro-
blem was neither my parents nor me knew anything about
thalassemia. In 1989, my parents participated a meeting
of TADAD (Thalassaemia Patient Parent Association)
and became members of this organization. In 1991 I went
to Whittington Hospital in London to see Dr. Wonke, who
decided that I am not a major thalassemia patient, but my
disease is an intermediate form. I had splenectomy opera-
tion. After that operation my blood transfusion period
changed from one month to three months and my
Desferral usage reduced to 3 nights a week. When I was
20-year-old, Dr. Wonke suggested me to start hydrea and
by the help of hydrea, I transfused blood every six
months. I am still using hydrea 3 capsules a day. In 2003
I met with my wife. After 3 years we decided to have a
kid but no matter what we have tried, we could not. The
gynecologist Dr. Semra Kahraman diagnosed that I also
have azospermia. She suggested the in vitro fertilization
technique to have kids. She also told me that is an endo-
crine complication. After a small operation they found
sperms and fertilized them with my wife’s eggs in a labo-
ratory. Nine months later my son had born, who is now
1.5-years old. Due to my business I need to travel a lot.
During these travels I got tired very quickly. Actually
endocrine problems started way back from my childhood.
Imagine you are a little kid and want to play with your
friends, you want to run with them play ball with them
but you couldn’t. You have to stay at home or sit on the
side and watch it is a hard thing to do for a kid. When you
became a teenager you couldn’t drink with your friends
do any kind of sports. This has also psychological pro-
blems. After a while you fed up with this illness, tests,
blood transfuses medication usage and tries to run away
from all this, and became an antisocial person. I suggest
that besides all of these problems life is still good you
should hang on to it.
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ENDOCRINE INVESTIGATION AND FOLLOW UP IN
THALASSEMIA: TIME FOR SPECIFIC GUIDELINES
Nicos Skordis

Pediatric Endocrine Unit, Makarios Hospital, Nicosia,
Cyprus

Iron deposition in endocrine glands in patients with tha-
lassemia major (TM) is the main cause of endocrine com-
plications. The child with TM has a particular growth pat-
tern, which is relatively normal until age 9-10 years; after
this age a slowing down of growth velocity is observed.
The pathogenesis of growth failure is multifactorial as
seen in Figure 1. 

Figure 1. Three phases of growth according to age of presen-
tation, which have different causes – the multifactorial origin
of growth failure in thalassemia. 

The abnormal upper-to-lower segment ratio can be attri-
buted to delayed puberty and desferrioxamine (DFX)
toxicity. Treatment: anemia, folate deficiency and hyper-
splenism are traditional causes of poor growth in TM
where transfusion is not regular. In countries where DFX
is regularly used, this is a major cause of growth retarda-
tion and should be monitored. In peri-pubertal patients,
hypogonadism should be carefully investigated before
starting treatment with growth hormone (GH). GH treat-
ment often with high dose is not always as effective as
expected and may result in decreased insulin sensitivity
and abnormal glucose tolerance. Therefore GH should be
viewed as not a panacea and judiciously given in selected
cases with proven GH deficiency. Delayed puberty and
hypogonadism are the most obvious clinical consequen-
ces of iron overload. Delayed puberty is defined as the
complete lack of pubertal development in girls by the age
of 13 years, and in boys by the age of 14 years. Hypo -
gonadism is defined in boys by the absence of testicular
enlargement (less than 4 mL), and in girls by the absence
of breast development by the age of 16 years. Most
women with TM present with primary amenorrhea, whe-
reas secondary amenorrhea will invariably develop with
time especially in patients poorly compliant to chelation
therapy. Ovarian function of these women is normal as
they produce the expected number of ova after stimula-
tion therapy. Damage of the ovaries by iron deposition is

rarer and is more likely to appear in women of 25-30
years of age because of high vascular activity on the ova-
ries at this age. The treatment depends on factors such as
age, severity of iron overload, damage to the hypothala-
mo-pituitary-gonadal axis and chronic liver disease. Sex
steroids are the optimal therapeutic regimen – in females’
estrogens with progesterone to maintain the normal men-
strual cycle and in males testosterone preparations.
Induction of spermatogenesis has been successfully
achieved with the combination of hormonal preparations
mimicking FSH and LH. The treatment of hypogonadism
is a complex issue as sex steroids have a great impact on
the quality of life of the adult thalassemic and each
patient has to be assessed individually. Therefore guideli-
nes are needed in regard to the best therapeutic regimen
and the duration of treatment. The results of our recent
study (De Sanctis et al.) are consistent with a high preva-
lence of severe GH deficiency in adult TM patients
(54.5%). These findings raise a vital question regarding
GH administration, as GH in the adults is involved in
numerous biologic functions, most importantly that of
cardiac morphology and function. 

PAIN IN THALASSEMIA: AN EMERGING 
COMPLICATION

Patricia J. Giardina

Paediatric Haematology, Weil Cornell Medical College,
New York, NY, USA

There is now a growing awareness that many thalassemia
subjects both transfused (Major/TM) and non-transfused
(intermedia/TI) suffer from longstanding bone disease,
reduced or low bone mass (osteopenia or osteoporosis),
fractures and bone pain. The prevalence of low bone
mass, fractures and pain has been recently documented
among all thalassemia syndromes by the North American
Thalassemia Clinical Research Network (TCRN) and stu-
died by other international groups. Historically bone
disease in thalassemia has been associated with the mar-
ked osseous changes and in particular the facial and limb
deformities, pathological fractures, premature epiphyseal
closure. The pathogenesis of bone disease has been attri-
buted to the underlying marrow expansion of medullary
bone caused by the massive ineffective erythropoiesis
and subsequent cortical thinning as well as metabolic
deficiencies and endocrine dysfunction secondary to iron
overload and in some instances iron chelation. The advent
of hypertransfusion therapy to maintain near normal pre-
transfusion hemoglobin levels resulted in the reduction or
prevention of bone deformities. Therefore the detection
of low bone mass, the high prevalence of fractures and
pain in regularly transfused and well-chelated subjects
over the last few decades was quite unexpected. I will
review the outcomes of the TCRN studies of bone disea-
se to reveal the nature of bone disease across all ages and
thalassemia syndromes and identify the prevalence and
nature of fractures and pain and briefly discuss the patho-
genesis and therapeutic options of bone disease in thalas-
semia.
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BISPHOSPHONATES – WHEN TO START 
AND WHEN TO STOP TREATMENT
Ali Kemal Topaloglu

Cukurova University, Department of Pediatric
Endocrinology, Adana, Turkey

Osteopenia or osteoporosis is seen in approximately half
of the even well-treated thalassemia major patients.
Several factors are implicated in thalassemia-associated
bone disorder including accompanying diabetes mellitus,
hypothyroidism, hypoparathyroidism, accelerated hemo-
poiesis with progressive marrow expansion, iron toxicity
on osteoblasts, and several polymorphisms in bone-rela-
ted genes. Pathogenesis involves reduced osteoblastic
activity accompanied by an even greater increase in bone
resorption. Bisphosphonates are potent inhibitors of
osteoclastic bone resorption. They mainly act by inhibi-
ting osteoclastic development and activity. Bisphos -
phonates are considered among the in mainstays the
management of osteoporosis in these patients along with
improved nutrition, hormone, vitamin and nutrient repla-
cements and specific thalassemia treatments. However,
details of how to use bisphosphonates including when to
start/stop have not been established. It is plausible to indi-
vidualize the bisphosphonates treatment as the degree of
osteopenia/osteoporosis and the age it clinically emerges
vary among patients. Also, caution should be exercised
for potential long-range side effects as these drugs have
been shown to be active several years onwards.

PAIN AND BONE DISEASE: A PATIENT’S VIEW

Loris Brunetta

The improvement in life expectancy of thalassemia
patients due to diagnostic and therapeutic approaches
adopted in recent decades has shifted the focus on moni-
toring and on management of complications. Main com-
plications, related to transfusion therapy, the iron overlo-
ad on the liver and on heart, have been investigated for
years. This led to a significant improvement in both qua-
lity of life and life expectation for patients. Adult thalas-
semia patients reported pain with increasing frequency
and in some cases they complained the occurrence of
fractures due to osteoporosis. A study on quality of life
conducted in Genoa, Italy, in 2001 revealed several
patients suffering from a widespread pain. According to
this study, about 40% of patients with thalassemia major
and 15% with thalassemia intermedia reported a constant
back pain and a widespread state of malaise due to the
presence of pain. Data from more recent studies increases
this percentage up to 69%. Until a few years ago, patients
had no adequate therapeutic responses perhaps due to the
fact that the presence of osteoporosis was not usually
associated with the presence of pain. Furthermore thera-
pies administered were poorly effective to control ade-
quately the pain. The constant presence of the pain forced
patients to spend several days away from their job, cau-
sing social and psychological problems and a decreasing
self-esteem. From the clinical point of view the mecha-
nism that leads to osteoporosis is still unclear, however
today something more than in the past has being done.

The use of bisphosphonates, the only currently available
drugs, is only partially effective probably due to subjecti-
ve patient response to treatment. According to other stu-
dies, though, the use of these drugs is improving the situa-
tion. Preliminary results of another study held in Genoa
seem to indicate a marked improvement in the perception
of pain due to osteoporosis and a general improvement in
the patients’ perception of their state of health. As repor-
ted in every development of therapies in the field of tha-
lassemia, it is important to follow a multidisciplinary
approach. This means to involve different specialists, able
to design and run clinical studies to identify the mecha-
nisms of the disease. The main objective should be to find
the optimal management of the problem in order to pre-
vent the osteoporosis, whether it is possible, and to redu-
ce the presence of disabling pain in patients.

OVERVIEW OF BONE DISEASE RESEARCH IN
THALASSEMIA – CURRENT AND FUTURE

Evangelos Terpos

Department of Clinical Therapeutics, University of
Athens School of Medicine, Athens, Greece

Osteoporosis represents a prominent cause of morbidity
in patients with thalassemia major (TM). The delay in
sexual maturation, the presence of diabetes and hypothy-
roidism, the parathyroid gland dysfunction, the progressi-
ve marrow expansion, the iron toxicity on osteoblasts, the
iron chelators, the deficiency of growth hormone (GH) or
insulin growth factors (IGFs) have been identified as
major causes of bone loss in TM. Dynamic bone forma-
tion histomorphometry studies established reduced bone
formation rate in TM patients, which is thought to-date to
be mainly the result of iron poisoning in osteoblasts
and/or the result of reduced function of GH and IGF-1
axis. However, novel molecules seem to be implicated in
osteoblast dysfunction in TM. Dickkopf-1 (Dkk-1) is a
Wnt signaling inhibitor that inhibits the osteoblast diffe-
rentiation and function. Sclerostin is another Wnt inhibi-
tor which is produced by osteocytes and inhibits osteo-
blast-driven bone formation. Both Dkk-1 and sclerostin
were found to be elevated in TM patients. Furthermore,
recent data support that the reduced osteoblastic activity
is accompanied by a comparable or even greater increase
in osteoclast function. This increased osteoclast activity is
due to an imbalance in the receptor-activator of nuclear
factor-kB ligand (RANKL)/osteo protegerin (OPG)
system as the ratio of sRANKL/OPG is elevated in the
serum of TM patients with osteo penia/osteoporosis.
Moreover, the overproduction of cytokines that are invol-
ved in osteoclastogenesis, such as interleukin (IL)-1, IL-
6 and transforming growth factor-β and tumor necrosis
factor-α is present in TM. These data suggest that in addi-
tion to our current management of osteoporosis in TM,
novel drugs that target RANKL, such as denosumab,
which has been licensed by FDA and EMEA for the tre-
atment of postmenopausal osteoporosis, and antibodies
against Dkk-1 or against sclerostin may be future agents
for the effective control of bone loss in thalassemia. 
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SICKLE CELL DISEASE: AN OVERVIEW 
OF PATHOGENESIS AND TREATMENT
Abdullah Kutlar

Medical College of Georgia, Augusta, GA, USA

The last three decades have witnessed a tremendous pro-
gress in our understanding of mechanisms contributing to
the pathogenesis of sickle cell disease (SCD). This has
led to advances in therapeutic approaches, especially in
developed countries, with significant improvement in life
expectancy to around the mid-50s. Despite this progress,
huge global challenges remain: cure remains elusive;
significant challenges to public health, especially in the
developing world; health disparity, even in developed
Western countries. Progress in deciphering the mecha-
nisms involved in the pathology of SCD has changed our
understanding. The disease is no longer thought of as a
process characterized by episodic microvascular occlu-
sion leading to acute complications between which the
affected individuals have a so called “steady state,” a
state of relative normalcy. Rather, we now think of SCD
as a chronic illness with an ongoing inflammatory state
and chronic hemolysis punctuated by episodes of acute
complications with heightened inflammation and micro-
vascular occlusion ultimately leading to chronic organ
damage, significant morbidity, and early mortality. Such
an understanding requires a paradigm shift in our appro-
ach to therapy with emphasis changing from interven-
tions aimed at acute symptomatic relief to disease modi-
fying modalities. A major area of intense research has
focused on unraveling the basis of phenotypic/clinical
heterogeneity of SCD. Beyond the well known genetic
modifiers (high Hb F, co-existing α-thalassemia), during
the past decade of the human genome era, a large number
of studies have tried to decipher the non-globin genetic
modifiers of SCD. While some interesting results have
emerged from candidate gene approaches and more
recently from genome wide association studies, this field
is still in its infancy. In terms of therapy, with the excep-
tion of stem cell transplantation (limited availability) and
gene therapy trials (very early stages), there are no avai-
lable curative strategies. Thus, disease modifying approa-
ches will form the mainstay of treatment for the foreseea-
ble future. Foremost among these are anti-switching (Hb
F inducing) therapies. Hydroxyurea has proven to be an
effective treatment modality for the majority of patients
with SCD. Recent trials of IMIDs, histone deacetylase
inhibitors, and DNA methyl transferase 1 inhibitors appe-
ar promising. Approaches targeting downstream effects
of “sickling” (RBC cation loss and dehydration, cell
adhesion, inflammation, hemolysis) may be important;
however, lessons from clinical trials in the past decade
suggest that efficacy as single agents may be very limited
and may best be used in conjunction with anti-switching
therapies.

PREVENTION AND MANAGEMENT OF STROKES
IN SICKLE CELL DISEASE

Yurdanur Kilinç

Çukurova University, Faculty of Medicine, Department
of Pediatric Hematology, Balcalı, Adana, Turkey

Sickle cell disease (SCD) is one of the most common
hemoglobinopathies in the world which causes stroke by
the physiopathological events beginning with vasculopa-
thy in circulating blood. The stroke is four times preva-
lent in homozygous SS(SCD) patients than the other SCD
syndromes (US Department of Health and Human servi-
ces) and it is about 0.5-1.0% in children. Especially in
childhood, anatomic and phsiological abnormalities of
CNS in childhood may be a predisposing factors even if
they seem to be normal neurologically. Although, mostly,
it affects to the distal segments of the internal carotid arte-
ry, also middle and anterior segments of the cerebral arte-
ries are involved. The presence of cerebral infarction with
transcranial Doppler ultrasound is seen as a high risk fac-
tor for stroke. Stroke could be prevented by periodical
ultrasound examination and selective red blood cell tran-
sfusions are the first steps for the prevention of stroke.
The stroke is the most troublesome complication of sickle
cell anemia.The management of stroke depends on the
manifestations and age of the patient. When the oxygene
supply to the brain is insufficient, brain dysfunction
occurs. Brain ischemia findings are hemiparesis, visual
and language disturbances, seizures, altered sensation,
mentation and alertness. Because of high oxygene
demand in children, the child with SCD who also has ane-
mia is of particular risk. The most frequent clinical fin-
dings are hemiparesis, speech defects, focal seizures, gai-
ting disturbancies. If there is also intracranial bleeding,
sudden severe headache, sometimes associated with neck
pain, vertigo, syncope, nistagmus, ptozis, meningismus
and photofobia. The indication for surgical intervention is
based upon Magnetic Resonance Angiography - MRA).
The diagnostic approach is done with CBC, reticulocyte
count, ICSs %, trans cranial doppler, computarized tomo-
graphy, magnetic resonance imaging, MRA, and cerebral
arteriography. In treatment, fluid supplementation, chro-
nic transfusion programme at least for 6 months with
exchange transfusion or erythrocytapheresis for reducing
the HbS under 30%. Hydroxyurea should be given to
increase HbF. In selected cases, stem cell transplantation
will be lifesaving. 

MANAGEMENT OF THE ACUTE PAINFUL CRISIS
IN SICKLE CELL DISEASE

Paul Telfer

Consultant Haematologist, The London and St.
Bartholomew’s Hospital, London, UK

The acute painful crisis is the commonest acute compli-
cation in children and adults with homozygous sickle cell
disease. The majority of episodes in older children and
adults are managed at home, but more severe episodes,
and those presenting with co-morbidities require treat-
ment in hospital. Principles of acute hospital care include:
i) Immediate effective analgesia (preferably within 5 min
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from arrival). ii) Sustained analgesia to continue until
pain beings to settle. iii) Withdrawal of analgesics as the
pain settles. iv) Regular monitoring by nursing and medi-
cal staff to identify adverse effects of analgesics and
development of additional sickle cell complications.
There is no single analgesic drug which is acceptable and
suitable in all settings. We have found intranasal diamor-
phine very effective for immediate analgesia, and the
large majority of children can then be managed with an
oral regime of morphine. Short acting morphine (oro-
morph) needs to be given pro-actively and more frequen-
tly during the first 6-12 hours of the crisis. We add in
long-acting morphine (MST) at 6 hours if the pain is not
well controlled, and this is a very effective analgesic for
short-term (1-7 days) background pain control. Intra -
venous opiates (via patient/nurse controlled analgesic
devices) are used in many units. Analgesia during the
acute chest syndrome is a situation where a short acting
intravenous opiate is required. There is no risk of opiate
dependency if acute crises are managed according to
these principles. 

FERTILITY AND PREGNANCY ISSUES 
IN THALASSEMIA 

Ratna Chatterjee, Rekha Bajoria

Institute For Women’s Health, University College
Hospital, London, UK 

Advances in the primary care of β-thalassemia major by
optimal blood transfusions and chelation therapy have
improved survival of patients into adulthood. Therefore
expectation to have a family is an important aspiration for
a better quality of life. Although spontaneous fertility can
occur in well chelated and transfused patients with spon-
taneous puberty, majority are infertile due to hypogona-
dotrophic hypogonadism (HH) and need assisted repro-
ductive techniques (ART). I will report our experience of
pregnancy including those following ART in thalassemia
patients. A brief outline on prenatal diagnosis will also be
addressed and new perspectives of induction of gameto-
genesis including pregnancy care in patients with thalas-
semia syndrome will be highlighted. ART in 11 women
with β-thalassemia major over the last 15 years at the
University College Hospital, London who had HH but
functionally intact ovaries will be presented. The major
pre-pregnancy issues including pre-pregnancy counse-
ling, partner screening, medications, suitability for induc-
tion of ovulation and pregnancy care are reviewed.
Pregnancy was advised when patients had echocardiogra-
phically normal resting left ventricular performance. Iron
overload was assessed by cardiac and hepatic MRI.
Cardiac function, along with hematological, endocrine,
and hepatic parameters were initially assessed and moni-
tored throughout pregnancy and for 2 to 9 years post par-
tum. All patients were screened for Hep B, Hep C and
HIV prior to ART. Partners were investigated for haemo-
globinopathy. Desferrioxamine or oral chelators were
discontinued. Fourteen healthy newborn infants were
delivered. There were 2 sets of twin and one set of triplet
pregnancy. One patient developed thrombo-embolic epi-
sode, while 2 had pre-eclampsia. The mean serum ferritin

concentration increased from pre-pregnancy value of
2000 to 5000 mg/L post delivery. Although no significant
cardiac complications were encountered, the incidence of
preterm labour and growth restriction were 3 fold higher
than the background population. Elective caesarean sec-
tion was performed in 73% of cases. None of the fetuses
had congenital malformations. The mean fetal birth
weight was 2.5 kg. Breast-feeding was encouraged in all
cases. Chelation therapy was recommenced in the imme-
diate post partum period. In conclusion, pregnancy is fea-
sible in women with β-thalassemia with normal resting
cardiac performance and optimized iron overload status.
Our experience suggests that, with proper care and gui-
dance, pregnancies in women with thalassemia major are
practical and can have successful outcome in specialist
centres under a multi disciplinary team.

HETEROGENEITY IN THE CLINICAL SEVERITY OF
HBH DISEASE

Vip Viprakasit

Hematology/Oncology Division, Department of
Pediatrics and Thalassemia Center, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand

Clinical phenotypes associated with α thalassemia result
from mutations involving the α globin gene cluster on the
telomeric region of the short arm of chromosome 16 (16p
13.3). From two copies of the α globin gene per haploid
genome (αα/αα), the α0 thalassemia (when gene expres-
sion is completely abolished), is caused by lost of the
both linked α globin genes (--/αα) resulting in mild
hypochromic, microcytic anemia in heterozygotes. In α+

thalassemia, the globin expression is reduced and mainly
casued by single α gene deletions (-α) or mutations in
one or a few nucleotides in critical regions of the α genes
(αTα). Compound heterozygotes for α0 and α+ thalasse-
mia results in a severe imbalance in globin chain synthe-
sis giving rise to excess β globin chains precipitate and
form a characteristic, Hemoglobin H (Hb H) due to β glo-
bin tetramer (β4). Patients with this syndrome have mild
to moderate chronic hemolytic anemia and some might be
more severe due to additional deleterious effects on ter-
minal erythroid differentiation and red cell metabolism in
particular cases with αT mutations. Some might require
regular transfusion, however nearly all of them responded
well with splenectomy. It is possible that several genetic
modifiers might play role on different clinical heteroge-
neity found in Hb H disease including co-inheritance of β
thalassemia, mutations of iron-regulating genes, red cell
membrane microskeletal proteins, bilirubin metabolism
and erythroid specific transcription factors such as KLF-
1 etc. Beside these genetic polymorphisms, variation in
clinical severity in Hb H patients could also be contribu-
ted by several environmental factors from perinatal and
neonatal stress, chronic infection causing active splenic
function to organism that directly attacked erythroid pro-
genitor cells such as Parvo-virus B19. Altogether, Hb H
disease might not necessarily benign as usually thought
and a careful diagnosis by molecular testing of globin
defects and others with closely monitoring and follow up
in any given patients must be obligatory.
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PROMOTION OF HAEMOGLOBINAPATHIES 
AS A MEDICAL SPECIALTY 

Rekha Bajoria, Ratna Chatterjee

Institute For Women’s Health, University College
Hospital, Department of Obstetrics and Gynaecology,
London, UK

Haemoglobinopathies are the commonest global monoge-
nic disorders affecting 420 million worldwide, with 50%
childhood deaths and marked morbidity of survivors, the
largest in Mediterranean basin, South East Asia and
Africa. This is due to poor understanding of disease and
lack of resources. There has never been any specialist
training for health care professionals caring for these
patients. Educating doctors globally is challenging due to
widespread dispersal of multidisciplinary experts, disease
heterogeneity with cultural diversity. Therefore we have
designed a Masters course in Haemoglobinopathy, the
first of this kind, in partnership with thalassemia interna-
tional federation using cutting edge lively state of art
media based technology, aiming to attain excellence in
teaching and learning within a diverse range of cultural
and social setting. The major benefit of this course is that
it will allow doctors and other health care professionals to
learn about all aspects of Haemoglobinopathy i.e.,
Holistic care in Haemoglobinopathy. The MSc in haemo-
globinopathy fulfils all the UCL and TIF’s teaching and
learning theme of Education of global citizenship to
address a chronic and a serious disease. The cardinal
advantage of the programme is that the doctors can be
trained at their workplace and interact with global tutors
and students at flexible times in the ideal social and cul-
tural environment through virtual network without brain
drain of doctors from the place of work. The extensive
use of Internet technology for Web ex tutorials, walk in
surgery is key tools for student and tutor engagement. The
assessment and maintenance of quality control of the pro-
gramme are based on strict UCL criteria. We have used
course work and on line modular interactive exams as
assessment tools which have been validated by stringent
UCL criteria. The exit exam is undertaken at British
council centres of country of origin of doctors. The cour-
se is running successfully for 3 years with very positive
feedback from students and National and International
tutors. The course Directors have been awarded presti-
gious UCL Provosts award for excellence in teaching.

COUNTERFEIT/COPY DRUGS: PATIENTS SAFETY
IN THE HEART
Yilmaz Capan

Hacettepe University, Faculty of Pharmacy, Department
of Pharmaceutical Technology, Ankara, Turkey

Some studies demonstrate that a large proportion of copy
drugs contain lower levels of active substances and
higher impurity levels than reference drugs. The number
of copy drugs failing to meet internationally recognised
quality criteria consequences of patients receiving lower
doses of active substances than expected. In addition,
possible clinical effect of impurities must be considered.
Counterfeiting of drugs exhibits a significant and gro-
wing threat to human health and public safety. It also
results an economic problem for innovator drug manufac-
turers, undermining their revenues and reputation.
Moreover, it negatively affects the confidence of the
public in their medicines and the credibility of national
health and enforcement authorities. Although precise and
detailed data on counterfeit and substandard drugs are
impossible to obtain, it is widely assumed that 10% of
medicines worldwide are likely to be counterfeit while it
is estimated that 5% of all world trade in branded goods
is counterfeit, leading to huge financial losses for the
pharmaceutical industry. But much more important from
public health point of view, is that such products may lead
to a great health risk. The essence of counterfeit products
and the reason they are so dangerous is the complete
absence of quality control, since they are often indistin-
guishable from the genuine product. Internet-sourced
drugs are often considered suspect. The World Health
Organization (WHO) reports that drugs from websites
that conceal their physical address are counterfeit in over
50 percent of cases; the U.S. Food and Drug
Administration (FDA) works with the National As -
sociation of Boards of Pharmacy (NABP) to regulary
update a list of websites likely to sell drugs that are ille-
gal or of questionable quality.

FROM BENCH TO BEDSIDE: WAYS AND STEPS
OF DRUG DISCOVERY

Sefik Alkan

Dept. Mol. Genetics & Microbiology, Johnson Medical
School, Piscataway, NJ, USA

Doctors and patients often wonder why drugs are so
expensive! It is also difficult to understand why there are
only so few new drugs discovered despite higher inve-
stments. Even if we know the molecular target it takes too
long (10-15 years) to develop a drug and to bring it to the
patient. In this presentation, I will guide you through all
stages of classical drug development so that we can
understand the reasons of the current situation. Although
I am not an expert in hematological diseases, the lessons
I have learned during my 30 years of experience in the
pharmaceutical industry will hopefully allow encoura-
ging discussions to find novel ways for the treatment of
thalassemia. Drugs are discovered by many different
ways: By following folk medicine (e.g. Aspirin); serendi-
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pity (e.g. Desferal); whole animal screening (e.g. cyclo-
sporin); cellular screening (many) and rational design
molecular screening (e.g. Gleevec). Today’s drug disco-
very process starts with a disease hypothesis, that is, we
have to have a good idea about the pathogenesis of a
disease. This helps to identify a molecular target. By
developing and using an appropriate test, we can screen a
huge number of compounds from the chemical library by
means of modern robotic systems. First, we find hits
which may become leads for the medicinal chemist. They
then optimize the leads and help to select candidate drugs
so that preclinical pharmacology can start (early-ADME,
toxicology, animal testing etc). If successful, it will enter
into the clinic. I will summarize the aims of Phase I-IV
clinical trials. The whole drug R&D may take 10-15 years
and cost ½ -1 billion dollars. Any drug may die at any
stage. Thus, drug discovery is a very risky business. I will
briefly mention some of the precautions that can prevent
costly mistakes. After reviewing the standard treatments
for thalassemia, I will summarize the status of new
approaches such as stem cell transplants, inserting normal
hemoglobin gene into stem cells and triggering patient’s
fetal hemoglobin.

LIFE STYLE ISSUES IN HAEMOGLOBINOPATHIES

Antonio Piga, Ilaria Salussolia, Simona Roggero

Thalassemia & Haemoglobinopathies Centre, Depart -
ment of Clinical and Biological Sciences, School of
Medicine and Hospital S. Luigi Gonzaga, University of
Torino, Italy

Mild forms of haemoglobinopathies do not require special
recommendations for life style, whereas for moderate and
severe forms the key factor is quality of care. If optimal
treatment is available and applied, the patient may enjoy a
normal life style and experience regular physical and emo-
tional development. Where the disease cannot be fully
compensated with proper care, the patient should be fully
informed about the limitations, that are stricter for sickle
cell anaemia than for thalassemia. Parents of young
patients should be encouraged to balance the attention to
prevent negative events (i.e. infections) with a normal
social interaction. and during adolescence Depending on
the country, thalassemia and sickle cell anaemia may be
recognised as disabilities, with resulting benefits and spe-
cial employment facilities. Care should be taken that these
entitlements do not interfere with a positive attitude to
normality, self-esteem and the ability to work. Full respect
of patient’s privacy is the needed premise to let the patient
build up a realistic and balanced position between being
open and being secretive about the disease. Treating staff
should do the best to minimise hospital time. There are no
reasons to skip or delay the standard vaccinations or to
skip the additional vaccinations recommended for thalas-
semia and sickle cell anaemia. Special conditions require
special attention: i) spleen enlargement requires caution
in physical activities and contact sports; ii) splenectomi-
sed patient should always travel with antibiotics and have
prompt medical attention in case of fever or animal bites;
travel where the risk of malaria is significant should be
discouraged; iii) carriers of viral hepatitis have to take

specific measures to limit the risk of sexual or cohabita-
tion transmission; iv) in conditions like heart disease or
osteoporosis, physical activity, if balanced to the clinical
condition, is beneficial; v) life style habits are important
on long-term evolution of liver disease: alcohol triggers
the oxidative damage of iron and aggravates the effect of
HBV and HCV on liver tissue. Where all three factors are
present, the probability of developing cirrhosis and hepa-
tocarcinoma is significantly raised; vi) alcohol consum-
ption, as well as smoking, are also a facilitator of osteo-
porosis. Healthy life style habits may significantly impro-
ve perspectives of life of haemoglobinopathies and, if
perceived normal, may improve the quality of life too.

OXIDATIVE STRESS IN THALASSEMIA – 
POTENTIAL ROLE OF ANTIOXIDANTS

Eliezer Rachmilewitz,1 Eitan Fidbach2

1Edith Wolfson Medical Center, Holon, Israel; 
2Hadassah - Hebrew University Medical Center, Ein-
Kerem, Jerusalem, Israel

Oxidative stress is a major pathophysiological event in
patients with homozygous forms of thalassemia. The
main cause of oxidative stress is iron overload (IO) resul-
ting from intracellular denaturation of hemoglobin, mul-
tiple blood transfusions and increased iron absorption
from the G.I.T. One of the consequences of IO is the pre-
sence of free iron species – non-transferrin-bound iron
(NTBI) and its redox-active form the labile plasma iron
(LPI) and the cellular labile iron pool (LIP). These free
iron species generate reactive oxygen species (ROS) that
cause damage to various cellular components, including
DNA, proteins and lipids, in vital organs such as heart,
liver and endocrine glands. Hemolysis and ineffective
erythropoiesis' resulting in decreased RBC survival and
hypercoagulable state also occur. To protect from these
deleterious effects, cells have antioxidant systems such as
the reduced gluthatione (GSH) that removes ROS by
metabolic conversion. Using flow cytometry methodolo-
gy, oxidative stress parameters (ROS, membrane lipid
peroxides, external phosphatidylserine) and free iron spe-
cies (LIP) were found to be increased with concomitant
decrease in GSH – in thalassemic cells compared to their
normal counterparts. In view of all these data, the que-
stion is how to ameliorate the damage caused by oxidati-
ve stress in thalassemia? One target are the free iron spe-
cies, LPI and LIP, by iron chelators. In addition, specific
antioxidants have been used, such as vitamin E, which is
a lipid antioxidant that is deficient in homozygous β-tha-
lassemic patients. Another lipid antioxidant and iron che-
lator is curcumin, a polyphenol-rich herb product used as
food additive. Thiol-containing compounds have a pro-
found role by promoting GSH in antioxidant cell defense
and redox regulation. Among them are N-acetyl-cysteine
and its amide form which is more lipophilic and permea-
tes better RBC as well as blood-brain barrier. Another
natural health product is fermented papaya preparation
which limits oxidative stress both in vivo and in vitro.
Clinical trials carried out with these antioxidants for up to
6 months clearly demonstrated a significant amelioration
of oxidative stress parameters in several forms of homo-
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zygous β-thalassemia. However, they were not sufficient
to improve hematological parameters. It is possible that
longer treatment duration and/or a combination of diffe-
rent antioxidants and iron chelators will yield better
results.

Figure 1.

EXERCISE AND SPORTS IN HEMOGLOBIN
DISORDERS

Dilek Yazman

North Cyprus Turkish Thalassemia Center, Turkey

Hemoglobin disorders involve genetic defects in structu-
re or rate of production of globin chains of hemoglobin.
The result is anemia and lower oxygen transport to tis-
sues, interfering with normal physical development.
Brittle bones which are due to insufficiently treated ane-
mia, osteoporosis, or heavy desferrioxamine use will
increase the risk of fractures during many types of exer-
cising, but most importantly with heavy weight lifting or
resistance training. Hypoxia will cause muscle pain
during exercising and poor muscle and body building.
Heart problems, and restrictive type of lung problems
which are mostly due to iron loading are major hinderan-
ces against exercising capacity, as confirmed in several
studies in thalassemia major patients showing pulmonary
functional abnormality presenting as restrictive lung
disease with increasing age while degree and duration of
iron overload was explained as the main factor in its
pathogenesis. In recent era with regular blood transfu-
sions and efficient oral or parenteral chelation modalities
we see that many patients lead a normal development and
life with little or no change from the lifestyle of their
unaffected friends. Exercise itself is a measure to impro-
ve circulation and oxygenation if enough hemoglobin is
present, and hence help growth, muscle and bone buil-
ding. Smoking cessation, good nutrition with enough pro-
tein, calorie, calcium, vitamin D and exercising on a regu-
lar basis are important points for maintaining healthy
growth and development. Exercise will help prevent frac-
tures and bone deformities. For strong bones, brisk wal-
king, jogging, running, aerobics, step, dancing, circuit
training, weight bearing exercises will be suggested
according to the person’s medical condition. There are
cognitive and emotional factors leading behaviour for
participation in the social life and exercise, as studied by

many scientists in Italy, United Kingdom, Greece and
India. Most of them were carried out with interviews
using different schedules. In 2006, the Indian researchers
found that adverse impact of thalassemia was mainly per-
ceived in education (70%) and sports (72%). The study
population confessed physical weakness as hindering par-
ticipation in the physical activities, but also admitted
disappointment for their physical appearances as a nega-
tive self concept.

CHOOSING THE RIGHT DIAGNOSTIC APPROACH
Mary Petrou
Haemoglobinopathy Genetics Centre, University
College London, Institute of Women’s Health, University
College London Hospitals, NHS Foundation Trust,
London, UK 

The beginning of the second decade of the new millen-
nium seems a good time to reflect on the enormous chan-
ges that have taken place in the field of genomics. The
Human Genome Project, an important feature in the
molecular revolution involved an international effort to
create an ordered map of the human genome and make it
available worldwide. The HGP was completed in 2003
and the detailed knowledge of the human genome provi-
des new avenues for advances in medicine and biotechno-
logy. These advances will touch the lives of many but
what is the fate for low resource countries? There were
already existing genomic advances that were known
before the start of the human genome project. Such is the
case for thalassemia. We are unlikely to learn more about
any disease than we already know about thalassemia. We
know the gene and its mutations, the mechanism of loss
of function, yet we do little for the majority of the
patients. We know the mutations that cause thalassemia,
there is reliable technology for carrier detection and
molecular technology for prenatal diagnosis but it is little
used in many countries where the incidence of thalasse-
mia is high and the populations are large. Or where used
in these countries, it has little effect in reducing the huge
number of affected children born. The HGP invested
large sums of funds to address the ethical, legal and social
issues (ELSI) that may arise from the project. However
major ELSI issues have not been addressed, such as the
inability of the knowledge acquired to be translated for
the benefit of developing countries, how to provide opti-
mum services to patients and how the existing technolo-
gy can be used to provide prevention programmes for
countries such as India, Pakistan, Bangladesh, Central
Asia, South East Asia, countries where the incidence of
thalassemia is significant. The ultimate goal; to provide a
truly informed choice for couples at risk for thalassemia
disorders. Which are the right strategies and diagnostic
methods for these countries? Can we employ suitable
strategies for these countries that will provide reliable
results and reduce the burden for at risk couples?
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DETECTION OF COMPLEX HEMOGLOBINOPA-
THIES – RECOMMENDATIONS ON SCREENING
AND DNA TESTING

Erol Baysal

Dept. of Pathology & Genetics, Dubai Genetic &
Thalassemia Center, Dubai, United Arab Emirates

Common hemoglobinopathies such as β-thal, α-thal,
HPFH, δβ-thal and abnormal Hbs (HbE, S, C, Lepore, D-
Punjab, O-Arab) can be detected easily. Their accurate
identification can provide valuable diagnostic and pro-
gnostic options for clinicians and for couples who may
have to consider family planning. The diagnosis of hemo-
globinopathies has become an increasing challenge in the
multinational countries such as Australia, USA, Canada
as well as in Europe and the Gulf Countries. This is well
exemplified by Dubai, which is home to 202 different
nationalities (latest figures), hence the propensity for
significantly enriched thalassemia gene pool coupled
with high degree of consanguinity. In an attempt to curb
the hemoglobinopathy problem, the National Premarital
Screening Program was rendered mandatory in Dubai in
2006 for all nationalities and the Prenatal Diagnosis
Program has been underway successfully since 2005.
These preventive programs were imperative as hemoglo-
binopathies are a major public health concern in the UAE.
Dubai is arguably the most heterogeneous hemoglobino-
pathy nation in the world with 55 β-globin gene defects
reported to date. It is anticipated that various complex
hemoglobinopathies with extensive heterogeneity in
genotype and variable phenotype will emerge from such
admixture of genes in a small nation where first cousin
marriage among the indigenous population is a norm and
not an exception. In addition, α-thal and β-thal interac-
tions occur due to relatively high frequencies of α globin
and β globin gene defects; 50% and 8.3%, respectively.
This makes clinical diagnosis and laboratory evaluation
much more challenging in a young nation where 26% of
the population is below age 15 and 71% is between 15-
64. The laboratory diagnoses of hemoglobinopathies are
often made with certain assumptions: i) variation in the
phenotype could be a reflection of interplay between dif-
ferent abnormal globin genes (α, β, g, δ); ii) same geno-
types may have different phenotypes in different geogra-
phical areas thus denoting the role of environment as a
modulator; iii) complex genotypes occur rarely so no
concrete conclusions must be drawn from only a few
examples. Here we provide guidance to clinicians, coun-
sellors and healthcare providers on complex hemoglobi-
nopathies only. Several real case scenarios and various
algorithms will be discussed to reach correct diagnoses.
Comparison from different laboratories will be presented
in order to highlight the importance of appropriate lab
assessment and interpretation especially with reference to
different normal ranges for MCV, MCH, HbA2 adopted
in different labs. 

STATE-OF-THE-ART HEMOGLOBINOPATHY 
DIAGNOSTICS. IMPLEMENTING DIAGNOSIS,
PREVENTION AND RESEARCH IN THE
NETHERLANDS
Cornelis Harteveld

Dept of Human and Clinical Genetics, Leiden University
Medical Center, Leiden, The Netherlands

The disease. Hemoglobinopathies (HbP) are the most
common monogenic recessive trait in man. The disorders
are caused by mutations on the globin genes that may
change the structure of the gene products (abnormal
hemoglobin’s) or that may impair the expression of the
genes (thalassemia’s). Because the trait (carrier state)
have protected many world populations during the last
10.000 years against death in infancy due to malaria tro-
pica, at least 7% of the world population originating from
the tropical and subtropical belt of the old world is today
a (healthy) HbP carrier. Children of parents who are both
healthy carriers have 25% chance of being severely affec-
ted with the most common severe forms i.e. sickle cell
disease (SCD) and β-thalassemia Major (Cooley ane-
mia).1 The proteins. Sickle cell disease and �β-thalassemia
major are disorders involving a protein essential for life,
the hemoglobin molecule. The HbA tetramer (α2/β2) is
the protein that transports oxygen trough our body. HbA
is the major component of the red cells in postnatal life
and like the red cells has a lifespan of 120 days. During
an average lifespan we need to make 300 kg of hemoglo-
bin and for this we need several perfectly functioning glo-
bin genes. Genetics. In human α- and β-like globins are
coded by two gene clusters located on chromosomes 16
and 11 respectively. Embryonic genes (z2 and e) are only
active during early embryonic life, producing Hb Gower-
1, Gower-2 and Hb Portland. Two α-genes per chromoso-
me (two of maternal and two of paternal origin, 4 in total
= �αα/αα) are expressed throughout fetal life producing
the �α globin needed for the formation of fetal hemoglo-
bin (HbF = g2/α2) in combination with the g� chains
coded by 4 g genes per chromosome (also two of mater-
nal and two of paternal origin). Shortly after birth the 4 �
genes lose their expression while 2 β� genes (one of
maternal and one of paternal origin) become active. The
4 α genes stay active in postnatal life coding for the same
α globin chains, now needed for the formation of adult
hemoglobin HbA (α2/β2). Equally, the 4 α� genes, with a
limited amount of δ� chains expressed by the 2 δ genes,
also contribute to the formation of the minor postnatal
tetramer HbA2 (α2/δ2). This Hb fraction has no patholo-
gical relevance but is of significant interest for the dia-
gnosis of β-thalassemia carriers. Keeping in mind the
number of genes involved at a specific stage of life is
important for the interpretation of the laboratory results.
Because of the pre- and post-natal expression, pathologi-
cal genotypes involving the 4 α genes manifest both in
pre- and postnatal life while pathological β-globin genes
are only significantly expressed in post-natal life.
Therefore, sickle cell disease and β-thalassemia major
come to expression only in the after-birth stages of life,
when non-affected fetal cells have disappeared.2 Basic
diagnostic tools for the hematology lab. The tools for
basic diagnostics are still based on the basic hematologi-
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cal parameters and on the separation and estimation of the
hemoglobin fractions. Dedicated HPLC and CE devices
available on the market recognize all abnormal separa-
tions at a high degree of sensitivity. Frequent traits can be
confirmed by simple or more complex additional analy-
sis, however, although very sophisticated, HPLC and CE
present, like any analytical method with inevitable limita-
tions. A normal individual after the age of 2 will present
with about 96-97% HbA, ±3% HbA2 and <1%HbF. Any
change in this pattern will be anomalous might indicate
an hemoglobinopathy and will have to be investigated. In
the mixed Dutch population the prevalent HbP traits are
HbS (the cause of sickle cell disease), β- and α-thalasse-
mia. HbS, very common in the Netherlands, will be easi-
ly detected as an anomalous fraction of about 40% or less
in the healthy carrier and of about 80-90% in not jet tran-
sfused sickle cell patients. Equally, new born with the
trait or the disease will present with ±80% HbF and 10%
HbA and 10% HbS or with ±20% HbS only, respectively.
Carriers of β-thalassemia will be diagnosed from the age
of 1 by their microcytic hypochromic anemic state and by
the elevated level of the HbA2 fraction (>4%, N= 2.5-
3.5%). The child affected with β-halassemia major will
be severely anemic and not able to produce the normal
HbA fraction. If not yet transfused, they will present with
HbF and HbA2 only. α+-thalassemia is very common in
the world population and can only be suspected at the
hematological and biochemical level due to microcytic
hypochromic parameters and eventually a reduced HbA2

level. Confirmation of α-thalassemia is done at the mole-
cular level. Molecular diagnostics. Molecular analysis is
needed to confirm and for the prognosis of β-thalassemia
and to offer prevention by early pregnancy molecular dia-
gnostics. The main technologies involved are direct DNA
sequencing for the many �β-thalassemia and α-thalasse-
mia point mutations and for SCD. Gap-PCR is the
technology of choice for the common α-thalassemia dele-
tions and MLPA is the ultimate solution for unknown
deletion defects of either the �β- or α-globin genes cluster.
The most established approach in DNA diagnostics to
screen for the most common deletion defects causing α-
thalassemia or β-thalassemia is gap-PCR, because the
method makes use of equipment already available in most
diagnostic laboratories, is inexpensive and fast. For less
common rearrangements in the α- and β-globin gene clu-
sters, Multiplex Ligation-dependent Probe Amplification
(MLPA) has become a standard tool,3 besides Southern
blotting and cytogenetic methods. MLPA is a technology
based on ligation of probe-pairs hybridized to a region of
interest to detect deletions or duplications by quantitative
PCR and fragment analysis. Due to the implementation of
MLPA for the detection of copy number variation in the
α- and β-globin gene clusters, more and more new types
of deletions were detected. But also the discovery of
duplications of the complete α-globin gene cluster inclu-
ding the Major Conserved Regions shed light on some
unexpectedly severe cases of β-thalassemia intermedia in
β-thalassemia carriers. However, by using MLPA the
exact breakpoints of these novel deletions and duplica-
tions remain unknown. Knowledge of breakpoint sequen-
ces might give more insight in the molecular mechanisms
giving rise to these rearrangements and may facilitate pri-

mer design for gap-PCR to screen for certain common
population specific deletions.4 For this purpose a custom
fine-tiling array for high resolution breakpoint determina-
tion was designed to perform array Comparative Genome
Hybridization. The oligonucleotides cover the complete
α- and β-globin gene clusters including the neighboring
regions. Based on the results breakpoint primers were
designed to perform gap-PCR and breakpoint sequen-
cing.
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INTERACTOMICS APPROACH IN HEMOGLOBINO-
PATHIES

Erol Ömer Atalay

Pamukkale University Medical Faculty Department of
Biophysics, Denizli, Turkey

Protein-protein interactions are major elements in living
cells either in normal and pathological states. Interactions
between these proteins have central roles in all cellular
processes under interest. Up to date technologies based
on bioinformatics and novel biophysical techniques at
molecular level cause many developments in understan-
ding the molecular processes involved during normal and
pathological states leading to the development of novel
therapeutic and diagnostic strategies. Determining the
entire human genome sequences was the first step in
genomics research. During genomics era, new molecular
techniques including genome sequencing, based on PCR
(polymerase chain reaction) were developed and huge
amount of genomic data were collected. The study of
human genome identified the individual characteristics of
the human genome and collected enormous amount of
data on human genetic diversity. In the post genomic era,
novel omics approaches has become under interest by the
researchers. The advent of these novel approaches has
been directed to the large number of transcripts (tran-
scriptomics), DNA and chromation modifications (epige-
nomics), metabolites (metabolomics), degradation pro-
cesses (degradomics), interactions proteins (interacto-
mics) etc. Phage and peptide display approaches are
being used to identify the interacting proteins and pepti-
des against the targets under interest. Developed peptides
based on display techniques can be used as functional
molecules in possible therapeutic strategies and also as
specific biological sensing diagnostic tool. As it is well
known, hemoglobinopathies are genetically based blood
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disease commonly seen in world populations. In the
genomics era, many diagnostic tools were developed to
detect the molecular problem of these blood diseases. In
the post genomic era, the therapeutic and diagnostic pro-
blems in the hemoglobinopathies need to be solved due to
the lack of scientific information in protein-protein inte-
ractions leading to the development of the normal and
pathologic disease states. The potential interactomics tar-
gets in hemoglobinopathy research are the red cell mem-
branes and hemoglobins under interest. Here in this sym-
posium; the results of functional peptides against living
cells (K562 cell line) and peptides recognizing Hb A2 and
Hb S will be presented. According to the results obtained,
the use of peptide libraries against living cells and abnor-
mal hemoglobins will be discussed.
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