
Abstract

Bone marrow transplantation (BMT) is the only possible curative
treatment for β-thalassemia major. The largest experience occurred in
Pesaro, Italy, where the BMT was applied after a standard risk assess-
ment. The patients were divided into 3 risk classes based on liver size
by physical examination, the presence or absence of fibrosis by liver
biopsy, and adherence to regular iron chelation. Outcomes were main-
ly affected by the risk status. After modifications to the conditioning
regimens, the risk of transplantation-related complications in high-
risk recipients reduced considerably. As a result, outcomes after trans-
plantation have become more similar across risk categories. For BMT,
most centers use bone marrow instead of peripheral blood in tha-
lassemia. Some studies showed that peripheral blood stem cell trans-
plantation (PBSCT) is better than BMT with regard to hematologic
recovery, hospitalization period, leukemia-free survival, overall sur-
vival (OS), and transplant-related mortality (TRM). No significant dif-
ferences were seen in grade II to IV acute GVHD (aGVHD); but the
incidence of chronic GVHD (cGVHD) was significantly higher in the
PBSCT group. BMT from unrelated donors may offer similar results to
those obtained using HLA-identical family donors, at least for patients
who are not fully compliant with conventional treatment and do not yet
show severe complications of iron overload. All studies conclude that
MUD BMT might be a good alternative for patients with less risk fac-
tors. Another study concluded that, at present, due to high graft failure
and GVHD rates, BMT from alternative donors should be restricted to
patients who have poor life expectancies because they cannot receive
adequate conventional treatment or because of alloimmunization to
minor blood antigens. In another study unrelated cord blood transplan-
tation (CBT) was compared to related donor transplantation for chil-
dren with β-thalassemia. The results were comparable to the survival

rates of related-donor BMT for thalassemia. It has always been a dream
for parents to have a new baby who might be a donor for his/her sib-
ling and save his/her life. Today some families tried to learn the HLA
group of the fetus using prenatal diagnosis. The last step in this devel-
opment was preimplantation genetic diagnosis (PGD). PGD has
become available as an alternative to prenatal diagnosis in order to
avoid the risk for pregnancy termination, because PGD allows selec-
tion of unaffected embryos before a pregnancy is established. Gene
therapies, the ultimate idea, involves replacing allogeneic stem cell
transplantation with the transfer of normal globin genes into patient-
derived autologous haematopoietic stem cells, bypassing the need for
allogeneic donors and the immunosuppression required to achieve
engraftment of the transplanted cells and to eliminate the risk of
donor-related graft-versus-host disease. The successful preclinical
studies in thalassaemia mousemodels, the accumulating data on
lentiviral vector-mediated HSC transduction and the anticipated
increased safety of lineage-restricted globin SIN lentiviral vectors
strongly support the initiation of Phase I gene therapy clinical trials in
β-thalassaemia.

Introduction

β-thalassemia major is a genetic defect that causes an ineffective
erythropoiesis with hemolysis. The main treatment principles are reg-
ular red blood cell (RBC) transfusions with iron chelation therapy for
transfusion-related iron overload and supportive care. The disease and
treatment-related complications such as liver, cardiac, endocrine, and
posttransfusion viral infections result in poor quality of life and
increased mortality. Bone marrow transplantation (BMT) is the only
possible curative treatment for β-thalassemia major. The defective
gene is replaced by the normal hematopoietic cells after BMT.1

For many countries, especially around the Mediterranean region, β-
thalassemia major is an important health problem, requiring life-long
supportive care. Turkey is one of the countries where the prevelance of
β-thalassemia major is still very high and causes an important burden
for health facilities.

During the last 25 years, BMT as a curative therapeutic approach for
thalassemia has undergone considerable change and development.
The largest experience occurred in Pesaro, Italy where the BMT was
applied after a standard risk assessment. The patients were divided
into 3 risk classes based on liver size by physical examination, the
presence or absence of fibrosis by liver biopsy, and adherence to regu-
lar iron chelation. Outcomes were mainly affected by the risk status.
After modifications to the conditioning regimens, the risk of trans-
plantation-related complications in high-risk recipients reduced con-
siderably. As a result, outcomes after transplantation have become
more similar across risk categories. The most recent results after
human leukocyte antigen (HLA)-matched sibling bone marrow trans-
plantation (BMT) for Pesaro class I or II and class III recipients show
thalassemia-free survival probabilities of 87%, 85%, and 80%, respec-
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tively. Despite these improvements, long-term transfusions and organ
damage from iron overload still appear to impact the long-term out-
comes negatively. In the most recent update, the transplantation-relat-
ed mortality in class I or II and class III patients was 3% and 10%,
respectively, and 8% to 12% of pediatric recipients experienced graft
rejection after BMT.2,3

The results of HLA-matched sibling BMT for thalassemia major of
the patient series outside Italy were not as successful, but the reasons
for this were obscure when compared.4-7 In a recent report, 179 patients
with β-thalassemia major who received BMT from HLA-matched sibling
were reviewed. The distribution of Pesaro risk class I, II, and III cate-
gories was 2%, 42%, and 36%, respectively. The 5-year probabilities of
overall- and disease-free survival were 91% and 88%, respectively, for
patients with Pesaro risk class II, and 64% and 62%, respectively, for
Pesaro risk class III.1

New perspectives

For BMT, most centers use bone marrow instead of peripheral blood
in thalassemia. In Pesaro, Italy, >1500 patients have received BMT,
with the 20-year probability of thalassemia-free survival (TFS)
around 80%. Studies performed by the European Group for Blood and
Marrow Transplantation (EBMT) and International Bone Marrow
Transplantation Registry (IBMTR) in hematologic malignancies
showed that peripheral blood stem cell transplantation (PBSCT) is
better than BMT with regard to hematologic recovery, hospitalization
period, leukemia-free survival, overall survival (OS), and transplant-
related mortality (TRM). No significant differences were seen in
grade II to IV acute GVHD (aGVHD); but the incidence of chronic
GVHD (cGVHD) was significantly higher in the PBSCT group.8 In a
meta analysis involving 15 studies (9 cohorts, 5 randomized trials,
and 1 database review) a significant increase in the rate of aGVHD
and cGVHD was seen in PBSCT compared with BMT.9 In a study where
87 β thalassemia patients treated with PBSCT compared to 96 BMT
were evaluated, the 2-year disease-free survival was 76% in both
groups, but the median time to neutrophil and platelet recovery in
PBSCT patients was significantly lower than BMT patients. Grade II-
IV acute GVHD and chronic GVHD were more frequent in PBSCT ver-
sus BMT group.8

Another important issue for the application of BMT is finding a
suitable donor. Most of the experience in the last two decades was
based on BMT using HLA-matched sibling donors. But for patients
without a healthy sibling donor, new possibilities like matched-unre-
lated donors or preimplantation genetics were evaluated. 

In Italy, to evaluate whether BMT from an HLA–matched unrelated
volunteer donor can offer a probability of cure comparable to that
obtained when the donor is a compatible sibling, a study was carried
out involving 68 thalassemia patients transplanted in six BMT
Centers. Fourteen patients were classified in risk class 1; 16 in risk
class 2; and 38 in risk class III of the Pesaro classification system.
Nine patients (13%) had either primary or secondary graft failure.
Fourteen patients (20%) died from transplant-related causes. Grade
II–IV acute graft-versus-host disease (GVHD) developed in 24 cases
(40%), and chronic GVHD in 10 cases (18%). Overall survival (OS) in
the cohort of 68 patients was 79.3%, whereas the Kaplan–Meier esti-
mates of disease-free survival (DFS) with transfusion independence
was 65.8%. In the group of 30 thalassemic patients in risk classes 1
and 2, the probability of OS and DFS were 96.7%. BMT from unrelat-
ed donors may offer similar results to those obtained using
HLA–identical family donors, at least for patients who are not fully
compliant with conventional treatment and do not yet show severe

complications of iron overload.10 In another study from China, in only
9 patients, full engraftment was achieved in eight patients. 7 patients
had acute GVHD,while one patient developed chronic GVHD. One
patient died of pulmonary hemorrhage.11 In Thailand experience,
BMT from MUD was carried out in 11 children with severe thalas-
saemia. Grade 2–4 acute GVHD developed in 7 patients and chronic
GVHD in 3 patients. All 11 patients are alive without thalassaemia
after a median follow-up time of 397 days.12 All studies conclude that
MUD BMT might be a good alternative for patients with less risk fac-
tors. In another study, evaluating alternative donors, twenty-nine
patients with thalassemia were given a BMT from an alternative
donor. Six of the 29 donors were HLA-phenotypically identical and two
were mismatched relatives, 13 were mismatched siblings and eight
were mismatched parents. Twenty-three patients were in class 2 or
class 3, whereas six patients were in class 1. Thirteen of 29 patients
(44.8%) had sustained engraftment. The probability of graft failure or
rejection was 55%.

The incidence of grade II–IV acute GVHD was 47.3% and chronic
GVHD was 37.5%. The probability of overall and event-free survival
was 65% and 21%, respectively, with median follow-up of 7.5 years
(range 0.6–17 years) for surviving patients. The degree of HLA dis-
parity between patient and donor did not have a significant effect on
survival. Transplant-related mortality was 34%. It is concluded that, at
present, due to high graft failure and GVHD rates, BMT from alterna-
tive donors should be restricted to patients who have poor life
expectancies because they cannot receive adequate conventional
treatment or because of alloimmunization to minor blood antigens.13

In another study from China, unrelated cord blood transplantation
(CBT) was compared to related donor transplantation for children
with β-thalassemia. In 35 patients, 40 transplants were performed
between October 2003 and September 2009. HLA matching at enrol-
ment was 6/6 (n. 8), 5/6 (n. 16), 4/6 (n. 27), or 3/6 (n. 1) by low-reso-
lution HLA-A, -B, and high-resolution DRB1. The 5-year OS and tha-
lassaemia-free survival after the first transplant were 88.3 and 73.9%,
respectively. The cumulative incidence of TRM at 2 years was 11.7%.
These results were comparable to the survival rates of related-donor
BMT for thalassemia.14

It has always been a dream for parents to have a new baby who
might be a donor for his/her sibling and save his/her life. Before pre-
natal HLA typing was possible, families tried to have more children
with the hope of finding a matching donor (Burgio et al., 1987, 1997).
Later some families tried to learn the HLA group of the fetus using
prenatal diagnosis. Kearney & Caplan (1992) approached the problem
of curettage if the fetus was not HLA-matching. The last step in this
development was preimplantation genetic diagnosis (PGD). PGD has
become available as an alternative to prenatal diagnosis in order to
avoid the risk for pregnancy termination, because PGD allows selec-
tion of unaffected embryos before a pregnancy is established. Despite
the need for ovarian stimulation and in vitro fertilization (IVF) to be
part of the procedure, PGD has become an acceptable method for
avoiding the birth of children with genetic disorders.15 The first appli-
cation of PGD together with HLA matching was for a child with
Fanconi’s Anemia.16 The most discussed reality was the instrumental-
ization of the child. The future child would be used as an instrument
to cure another child.17 These ethical issues must be discussed for
new concepts.

The strategy optimized for preimplantation genetic diagnosis
(PGD) of haemoglobinopathies combined with HLA matching
involves a minisequencing based genotyping of HLA regions A, B, C
and DRB combined with mutation analysis of the gene regions
involved by mutation. Analysis of at least eight polymorphic short tan-
dem repeat (STR) markers scattered through the HLA complex has
also been included to detect potential contamination and crossing-
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over occurrences between HLA genes. The strategy was clinically
applied for HLA matching in 17 cycles (14 for β-thalassaemia, one for
Wiscott-Aldrich syndrome and two for leukaemia). In total, 22 (14.8%)
embryos were obtained that were HLA-matched with the affected sib-
lings, 14 (9.4%) of which were unaffected and transferred back to the
patients. Four clinical pregnancies were obtained, three of which
(one twin, two singletons) are ongoing and were confirmed as
healthy and HLA-identical with the affected children.18

PGA with HLA matching is widely used for hemoglobinopathies. In
some countries, this procedure is forbidden because of religious or
ethical issues. In Turkey this procedure is applied successfully. In a
survey done by Turkish Pediatric BMT group in May 2009, among
1250 BMT cases, 263 were for Thalassemia Major. Among these 9
were from donors born by PGA/IVF procedure in 5 centers. 6 were
A&W, 2 were very recent to evaluate and one rejected.

Gene therapies has always been the ultimate idea for the solution
of genetic diseases. This approach involves replacing allogeneic stem
cell transplantation with the transfer of normal globin genes into
patient-derived, autologous haematopoietic stem cells. This highly
attractive strategy offers several advantages, including bypassing the
need for allogeneic donors and the immunosuppression required to
achieve engraftment of the transplanted cells and to eliminate the
risk of donor-related graft-versus-host disease. But effective gene
therapy for hemoglobinopathies will require high numbers of autolo-
gous gene-engineered hematopoetic stem cells to be reintroduced
into the patients.

Because high numbers of corrected cells will be required to physi-
cally compete for niche space against the large pool of unmodified
stem cells and the engrafted gene-corrected stem cells will not have
any selective advantage compared with the endogenous stem cells.
Stem cell mobilization using G-CSF is the most convenient and effec-
tive approach to achieve this goal, but it can have severe side effects
like splenic rupture in the case of severe thalassemia.19,20 The suc-
cessful preclinical studies in thalassaemia mousemodels, the accu-
mulating data on lentiviral vector-mediated HSC transduction and the
anticipated increased safety of lineage-restricted globin SIN lentiviral
vectors strongly support the initiation of Phase I gene therapy clinical
trials in β-thalassaemia.

However, questions remain regarding the optimal vector design,
the optimal means of acquiring and engrafting HSCs in patients with
β-thalassaemia and potential complications associated with an adult
thalassaemia patient population. These questions must be addressed
before the enormous potential for gene therapy in the treatment of
the thalassaemias can be realised.19,20

A. Yesilipek, et al. recently presented the results of HSCT for β-tha-
lassemia patients on behalf of Turkish Pediatric Stem Cell
Transplantation Group. Between Jan 1991-June 2009, 245 children
with β-thalassemia major underwent first allo HSCT in 9 centers in
Turkey. M/F ratio was 129/116 and the median age was 6.6 (range1-22
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 related 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 combination with MTX
or metylprednisolon is used for graft versus host disease (GvHD) pro-
phylaxis. 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 reconstitution 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 OS were 68.0% and 85.0%, respectively.21

Conclusions

In conclusion, the role of transplantation for β-thalassemia major,
which is a chronic, nonmalignant condition, 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
treatment in the fourth or fifth decades of life. So, the successful
transplantation outcomes reported should encourage the staff and
families for the possibility of HLA-matched sibling BMT, when there
are limited resources.
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