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Allogeneic hemopoietic stem cell (HSC) transplan-
tation in thalassemia major has been a corner-
stone of the development of cell-based thera-

pies1 and a matter of passionate debate during the ‘80s
and early ‘90s.2 The aim of HSC transplantation in tha-
lassemia is to replace the ineffective endogenous tha-
lassemic erythropoiesis with an effective allogeneic
substitute and to obtain a lasting, permanent, clinically
effective correction of the hemolytic anemia3,4 and of
the transfusion-associated pathologies, including iron
overload. The large Pesaro experience demonstrated
that this target has been achieved (Figure 1).
The issue of HSC transplantation in genetic disease is
much different from that of HSC transplantation in
malignancies. In the case of thalassemias, a graft versus
leukemia effect in not required but the expansion of the
erythroid compartment together with the enhanced
immunological activity likely related to repeated trans-
fusions result in the risk of graft rejection and disease
recurrence being higher5 than those observed for malig-
nant diseases.

Application of transplantation world-wide
The HSC transplantation therapeutic approach pio-

neered by the Pesaro group5-11 is now applied widely
worldwide. The European Group for Blood and

Marrow Transplantation (EBMT) has established the
hemoglobinopathy registry which now contains
detailed epidemiological data on over 3,000 patients.
Since the early ‘90s, between 133 and 197 transplants
per year have been registered (Figure 2). 

The EBMT registry highlights the pioneering role of
the Pesaro group in this field (Figure 3) and shows the
wide diffusion of the procedure after 1993 (the year in
which Professor Lucarelli gave the Ham-Wasserman
lecture at the St. Louis ASH meeting). 

Medical therapy for thalassemia major
Medical therapy of thalassemia is one of the most

spectacular medical successes of the last two decades.
Thalassemia has been transformed from a lethal dis-
ease of infancy into a chronic disease of adulthood12

with a dramatic increase in both survival and life
expectancy. An Italian retrospective study clearly
demonstrated the enormous progress for patients born
in the last two decades compared with patients born in
earlier decades ( Figure 4).

In recent years we have witnessed spectacular
advances in our knowledge of iron overload patho-
physiology, which have been accompanied by a sub-
stantial improvement in quality and availability of diag-
nostic capability, and by the development of new,
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effective and safe oral chelation regimens.13 These
newly developed oral chelators today offer a reliable
alternative to deferoxamine therapy and promise to
further increase the successes of medical therapy.

However, the very large majority of patients live
today in non-industrialized countries, where availabili-
ty of these effective therapies is severely curtailed. A
recent survey by Bernadette Model indicated that over
330,000 hemoglobinopathy affected infants are born
annually (83% sickle cell disorders, 17% tha-
lassemias).14 While in industrialized countries prenatal
screening has dramatically decreased the number of
newborns affected by thalassemia major, underdevel-
oped countries have so far  been unable to implement
prenatal diagnosis and counseling due to limitations in
available funds and expertise.

The dilemma of a choice
No prospective randomized clinical trial will be able

to provide a definitive answer to the challenge of
choosing between HSC transplantation and medical
therapy for each individual patient. In absence of defin-
itive evidence, the choice has to be based on large
prospective transplant studies and retrospective med-
ical therapy trials in conjunction with individual prefer-
ence. This decision process is by definition highly indi-
vidualized and patient specific, since it must consider
age, clinical status, willingness, capability and compli-
ance to adhere to the appropriate transfusional-chela-
tion regimen, quality of life and resources. For pediatric
patients, parents face an even more difficult decision. 

Availability of resources 
In the treatment of thalassemias, availability of

resources is a key issue. A modern complete transfu-
sion – chelation regimen is a high technology therapy
requiring unique expertise and resources. Medical ther-

apy, without even considering the associated complica-
tions, is very expensive and clearly not widely available
worldwide. A recent Italian study based on cost/bene-
fit estimation from a societal perspective, quantified
tariffs, expenses, and net earnings in 2006 prices, gener-
ated an estimated mean direct cost of medical therapy
(transfusion + deferoxamine chelation) of approximate-
ly 15,000 euros /year/ patient.15 In addition, proper
medical therapy for thalassemias requires an increasing
number and array of advanced technologies (like car-
diac MRI) which have to be provided by an increasing
number of treatment centers.16 HSC transplantation is
also a high-skills/ high-technology therapy, which is
becoming increasingly available worldwide: the
unpublished EBMT survey indicates that presently
more than half of the transplants for thalassemia are
performed outside industrialized/developed countries.

Since the largest number of patients with severe tha-
lassemia is now situated in either underdeveloped or
still developing countries, the availability of resources

Figure 1. Results of hemopoietic stem cell transplantation in 900
consecutive patients, aged 1-35 years, transplanted from an HLA
identical sibling in Pesaro since December 1981. Courtesy of
Guido Lucarelli.

Figure 2. Numbers of hemopoietic stem cell transplants performed for thalassemia through the years in centers of the European
Registry for Blood and Marrow Transplantation (EBMT). Unpublished data from the Hemoglobinopathy Registry of the European Group
for Blood and Marrow Transplantation.
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rather than published literature is the main driver of
therapeutic decisions. In this setting, transplant is like-
ly to be the most cost effective approach, but only for
a limited number of patients.

Mixed chimerism 
In the field of hemopoietic stem cell transplantation

mixed chimerism is defined as the concurrent presence
of donor and recipient hematopoietic cells. Mixed
chimerism is commonly reported after transplantation
in thalassemia with a myeloablative conditioning. In a
prospective study involving more than 300 consecutive
patients, mixed chimerism was observed in 28% of
them within the first two months.17 By the second year
after the transplant, 43% of the chimeric patients
evolved to complete engraftment (i.e., residual host
cells were no longer detectable), 35% showed a pro-
gressive loss of donor-engrafted cells and had recur-
rence of thalassemia, 22% (12% of all survivors) had
persistent mixed chimerism. After the second year, the
chimeric state remained stable in all patients in long fol-
low-up. During the same period of observation, no
patient who had complete engraftment (i.e., 100%
donor cells) at the second month of follow-up subse-
quently developed graft failure or recurrence of tha-
lassemia.17

In patients who maintained mixed chimerism after
the second year of follow-up, a partial engraftment (up
to 20% of marrow cells) was still able to maintain a
normal hemoglobin level avoiding blood transfusions.
In this population, no signs of increasing iron overload
or other clinical complications of thalassemia were
detectable, thus rendering this congenital disease com-

pletely controlled as in full chimera patients. Therefore,
contrary to common expectations and beliefs, complete
donor hematopoiesis is not essential for sustained
engraftment and thalassemia recurrence prevention.
Two factors appear to contribute to this phenomenon:
presence of expanded T-cell clonotypes that could be
responsible for the induction of donor/recipient toler-
ance, maintaining at the same time a normal immune
status and a selective survival of the non-thalassemic
red cells. 

Regardless of the mechanism, correction of anemia

Figure 4. Kaplan-Meier survival curves in 977 medically treated
patients with thalassemia in Italy. Survival is calculated after the
first decade of life, by birth cohort. Reprinted with permission.12
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by relatively low degrees of mixed chimerism after
HSC transplantation provides the rationale for the
development of minimally-ablative preparative regi-
mens to obtain partial engraftment and at the same
time avoid or significantly diminish transplant-related
morbidity and mortality. The evidence that a partial
engraftment of a normal erythropoiesis is able to con-
trol thalassemia could also be the basis for a gene ther-
apy program (when safely available) since complete
eradication of the thalassemic marrow is not necessary
for clinical control of the disease. The objective to
reduce transplant related toxicity is particularly indicat-
ed for adult and advanced-disease patients in whom a
significant transplant related mortality has been
observed.18, 19

Alternative conditioning regimens
Because it is not necessary to completely eradicate a

malignant clone, mixed chimerism and minimally abla-
tive conditioning regimens have been postulated to be
the future direction for HSC transplantation in tha-
lassemia and other hemoglobinopathies. 

However, limited attempts performed in this direc-
tion failed. Recently two sobering experiences have
been reported.20,21 Overall, 11 patients affected by tha-
lassemia or sickle cell disease were given an allogeneic
stem cell transplantation following a non-myeloabla-
tive regimen. As expected, transplant related toxicity
was minimal but after a transient engraftment all
patients but one experienced a return of the underlying
condition.20,21 These data indicate that stable donor
engraftment after reduced intensity conditioning is dif-
ficult to achieve among patients with hemoglo-
binopathies. The expanded erythroid thalassemic clone
and the immunological condition of thalassemia
patients are likely to be the reason for this clinical
behavior which is also not a trivial problem for the
more aggressive myeloablative regimen. Moreover, the
addition of donor lymphocyte infusion to sustain the
engraftment does not appear to be a rational approach
in terms of risk/benefit ratio for thalassemia. 

Alternative source of stem cells
The large majority of transplants in thalassemia have

been performed using bone marrow derived stem cells.
In the EBMT survey, more than 80% of the transplants
have been performed using bone marrow derived cells.
Bone marrow derived stem cells continue to be the pre-
ferred source of stem cells for transplantation in tha-
lassemia even in the most recent years. 

In 2003, Locatelli first successfully proposed the use
of identical sibling cord blood derived hemopoietic
stem cells for transplantation in thalassemia.22

Alternative donor
Only approximately one in three of patients has an

HLA identical sibling inside the family.23 Use of alterna-
tive donors include mismatched donors and matched
unrelated donors. Mismatched donor transplantation
has been studied in a very limited number of trials.24

Because of the experimental role of this procedure and
the alternatives available today, it should not be recom-

mended unless in selected clinical cases in which other
approaches have been documented to be not practicable.

HSC transplantation from a matched unrelated
donor has been applied by a multicentric Italian study
which demonstrated satisfactory results25 similar to
those obtained from sibling donors in pediatric and
adult patients.25 However the limited number of cases
reported (< 100) and the limitation in donor selection
means this procedure should be reserved for special-
ized centers.

Unrelated cord blood transplantation is standard
practice today for HSC therapy of malignancies.
Tolerance of 1-2 HLA antigen disparity, fast availabili-
ty, and low incidence of graft versus host disease make
this option attractive, especially for diseases in which a
graft versus tumor effect is not requested. Preliminary
experience with this approach in the setting of tha-
lassemias is promising but limited (77% overall survival
and 65% disease free survival in 36 cases reported)26

and should therefore be considered an experimental
approach. 

Mixed chimerism after cord blood translantation
In this issue of the journal, Daniela Lisini and co-

workers studied the effect of early chimerism on long-
term engraftment after HLA identical sibling cord blood
derived hemopoietic stem cell transplantation for tha-
lassemia.27 Contrary to what had been widely docu-
mented17, 27 after adult hemopoietic stem cell transplan-
tation, Lisini et al. demonstrate that early mixed
chimerism is not predictive of long-term graft failure
and thalassemia recurrence. Sustained engraftment (full
chimera or persistent long lasting clinical effective
mixed chimera) occurred in all patients without further
immunological therapy despite demonstration of early
mixed chimerism. The more pronounced tolerance of
this kind of hemopoietic stem cell could be the basis of
this different behavior. This observation is quite rele-
vant because it provides evidence that the concept of
early mixed chimerism as predictor of graft failure is
not applicable after cord blood transplantation, and
may open the way to further studies of reduced inten-
sity - reduced toxicity conditioning for cord blood
transplant. This regimen could reduce mortality and
still sustain full or partial engraftment able to control
anemia. This hypothesis will need to be tested in con-
trolled experimental pilot trials. 

Transplantation for thalassemia in the era of oral
iron chelatorrs

The central role of hemopoietic stem cell transplanta-
tion in thalassemia has now been fully established,
through a long, controversial, hard, but in the end pro-
ductive debate. Transplantation remains today the only
definitive curative therapy for thalassemias and other
hemoglobinopathies. The development of oral chela-
tors did not change this position. However, this has not
settled the debate on how this curative but potentially
lethal treatment stands vis-à-vis a medical, non-cura-
tive therapy for adult and advanced disease patients.
Transplantation technologies have improved substan-
tially during recent years and their outcome is likely to
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be much better today than it was in the ‘80s. Recent
data indicated a probability of overall survival and tha-
lassemia free survival of 97% and 89% for patients
with no advanced disease and of 87% and 80% for
patients with advanced disease.28 Similar data are com-
ing out of the unpublished EBMT survey with a 90% 5-
year overall survival in over 1,000 patients transplanted
world wide during recent years.  

We should make our best effort to further reduce
transplant related mortality and to extend the opportu-
nity of transplant even to patients lacking an HLA iden-
tical donor and those without modern healthcare
resources. This is the challenge for the definitive cure of
thalassemias and hemogobinopathies in the third mil-
lennium.
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