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Allogeneic stem cell transplantation (allo-SCT) is the only currently available curative treatment for
thalassemia major. Since it was first done in 1981, several thousand patients have benefited from it and it
is now possible to offer this treatment in different parts of the world with good results. With better risk
stratification and supportive care, the results of allo-SCT are now very good even in high risk patients
who have significant iron overload related organ dysfunction. The improvements have mainly been in
the conditioning strategies with less toxic myeloablation and management of the complications of SCT.
However, several challenges remain. Transplant related complications still cause significant morbidity
and mortality. There is data to show that the results of transplantation as best if done in well transfused
and chelated patients <7 years of age. As only a third of the patients will have a matched related donor,
there is need for investigating SCT with alternative donors. Experience with SCT for thalassemia major
from matched unrelated donors or haplo-identical donors is still limited but needs further exploration.
Adequate management needs to be provided post-SCT for all pre-existing complications particularly iron
chelation to prevent further organ dysfunction. Systematic follow-up is needed to measure long term
outcomes. The biggest challenges in India are the cost of this treatment and access to centres capable of
providing this treatment. With greater support from the government, health insurance and philanthropic
programs, there has been a rapid increase in the number of SCTs for thalassemia major in India. The
number centres providing this treatment are also increasing making this curative treatment more widely
available in India.
© 2018 Publishing Services by Elsevier B.V. on behalf of Pediatric Hematology Oncology Chapter of Indian

Academy of Pediatrics. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Recent advances in gene therapy for hemoglobinopathies could
potentially be a paradigm change in the management of these
disorders. Currently however, an allogeneic stem cell transplant
(allo-SCT) remains the only curative option for the majority of pa-
tients with b thalassemia major. The use of allo-SCT is rapidly
increasing in India and other developing countries and is hence the
most widely available and accessible curative therapeutic strategy
for this condition. The central concept revolves around the ability to
replace the hematopoietic stem cells (HSC) from a donor to a
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recipient resulting in a new donor derived hematopoietic system in
the recipient. Significant advances over the last two decades have
resulted in a steady improvement in clinical outcomes for patients
with this disorder undergoing such a procedure. Currently in pa-
tients with good risk features it is reasonable to anticipate a greater
than 90% chance of a successful transplant outcome [1]. Even
among those with high risk features, success rates are approaching
80%. These improvements have resulted from use of better risk
stratified conditioning regimen and more effective supportive care
[1,2].

With thalassemia being a significant public health problem in
the country, there is great need for effective transplant programs.
Absence of suitable donors, cost of treatment and lack of enough
centers capable of offering this therapy are major challenges pre-
venting wider use of this therapy. With increase in the donor pool
by the use of matched unrelated donors, cord blood stem cells and
haplo-identical donors, more patients can access this curative
therapy. Experience with alternate donor transplants for
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thalassemia major is gradually increasing and their results are also
getting better. However, more experience is required with these
transplants before they can be considered standard of care. Better
understanding of graft characteristics and immune re-constitution
post-transplant has the potential to identify interventions to
further improve the short and long term clinical outcomes. There is
limited data on the role of splenectomy prior to transplant or
optimal post-transplant chelation and care of these patients. These
are some of the issues that will be briefly addressed in this review
along with a description of the situation with HSCT for thalassemia
in India.

2. Risk of graft rejection and regimen related toxicity (RRT) in
high risk populations

Risk stratification of patients with b thalassemia major under-
going a myelo-ablative allogeneic (SCT) classifies them into three
risk groups (Pesaro Class I, II and III) based on liver size (>2 cm),
presence of liver fibrosis and inadequate iron chelation [3,4]. Pa-
tients with none of the above risk factors are classified as Class I,
those with one or two of these risk factors are Class II while those
patients who have all three adverse risk factors are classified as
Class III. Patients in Class I and II our considered to be low risk and
have an excellent long term outcome following an allogeneic SCT
[3,4]. Class III patients on the other hand are considered high risk
and have inferior outcomes following a SCT. However, in a popu-
lation with poor medical treatment prior to SCT, the above risk
stratification is limited by its failure to recognize [2] the significant
heterogeneity among patients in Class III. The Pesaro risk stratifi-
cation [3,4] does not recognize a very high risk subset of Class III in
these populations perhaps because such patients hardly exist in
Western countries. With allo-SCT being increasingly offered in
many developing countries where this category of patients exist in
large numbers, recognizing this high risk group is extremely
important to suitably modify their HSCT protocols [2,5,6].

Retrospective analysis of factors impacting clinical outcome on
large data set from our center done in 2007, helped us to identify
age �7 years old and had a liver size �5 cm in a patient pre-
transplant to constitute what has been shown to be a very high
risk subset of a conventional Class III group (Class III Vellore high
risk or Class III VHR) [2]. The adverse impact of age (�7 years) and
liver size (>2 cms) was further validated by an international
collaborative analysis in 2010 [7]. The significance of this differ-
entiation has been emphasized by the fact that outcomes of HSCT
were clearly different in these two groups when treated with the
same protocols. Class III and more specifically Class III Vellore high
risk [8] subset have a high risk of graft rejection and regimen
related toxicity (RRT), especially sinusoidal obstruction syndrome
(SOS) leading tomulti-organ failure and death. These complications
are perhaps related to the high degree of allo-immunization and
iron over load related end organ damage in this cohort. The poor
clinical outcome in this subset of older patients with very poor pre-
transplant medical therapy, as reported previously, is not reflected
in the Western literature as such patients are distinctly uncommon
there. However, when such a population is transplanted even in a
developed country with expertise in such transplants the rejection
rate is as high as 34% [9].

3. Challenges to select conditioning regimen: reducing graft
rejection and RRT

At our centerwe evaluated two different regimens of busulfan to
see their effect on graft rejection, we also added anti-lymphocyte
globulin in one of them to see its effect on graft rejection and
GVHD [10]. While we did succeed in demonstrating an association
with graft rejection and busulfan pharmacokinetics we were not
able to see any effect of anti-lymphocyte globulin in this study on
graft rejection or GVHD (data not shown for GVHD), we were also
not able to address the relatively high incidence of RRT in this
population [10]. The increased incidence of RRT, particularly in the
high risk patients with thalassemia major, has led to the evaluation
of a number of novel conditioning regimens to improve the clinical
outcome among these patients [3,4,11e16] (summarized in
Table 1). Early efforts to reduce the RRT among Class III patients
involved reducing the cumulative dose of cyclophosphamide from
200mg/kg to 160mg/kg13. While this approach did significantly
reduce the RRT associated mortality it was also associated with an
increased incidence of graft rejections (from 13% to 35%) [13]. An
increased risk of graft rejections was noted in all subsequent at-
tempts at reduced intensity conditioning regimens to reduce RRT
[17,18] and hence for the most part such an approach has been
abandoned as an option in patients with transfusion dependent
hemoglobinopathies such as Thalassemiamajor. The first successful
attempt at improving clinical outcomes in Class III patients by
modifying the conditioning regimen was reported by Sodani et al.
[12]. They used the same template of reducing the cyclophospha-
mide dosing to 160mg/kg but based on their initial adverse expe-
rience with this approach augmented the immune-suppression by
adding fludarabine and azathioprine to the conditioning regimen.
Additional elements starting from day �45 included intensive
chelation and hyper-transfusion therapy along with hydroxyurea
and growth factors. They achieved <10% graft rejectionwith a >85%
event free survival in a relatively small series of 33 consecutive
Class III patients. There have been no subsequent series from the
same or other centers that have replicated these results. Intrave-
nous busulfan along with therapeutic dose monitoring and dose
modifications was a promising strategy to reduce RRT and poten-
tially reduce the risk of graft rejection as illustrated in the study by
Gaziev et al. [19]. However, as demonstrated in the study by Chiesa
et al. this approach while effective in reducing RRT was not able to
reduce the risk of graft rejection in patients with very high risk
thalassemia major [9]. More recently, Anurathapan et al. reported a
novel approach of administration of one or two courses of immune-
suppressive therapy with a combination of fludarabine and dexa-
methasone one to two months prior to start of conditioning and
followed this up with a reduced toxicity myelo-ablative condi-
tioning regimen consisting of fludarabine, intravenous busulfan
and anti-thymocyte globulin with promising results in another
small series of 18 patients with Class III VHR thalassemia major
[20]. The caveat to interpretation of the above studies is that the
proportion of Class III patients varies and the subset of patients who
would fulfill the criteria for Class III VHR is often not available.
These variables, especially the proportion in Class III VHR would
significantly impact the clinical outcome and make comparison
across different studies difficult unless they are clearly identified in
all reports.

4. Novel conditioning regimen

Treosulfan (dihydroxy-busulfan), in the recent past, has attrac-
ted a lot of attention as an agent to replace busulfan in view of its
favorable toxicity profile [21]. While treosulfan is structurally
similar to busulfan, unlike busulfan it is water soluble and easy to
reconstitute and administer intravenously. It also has a linear
pharmacokinetic profile but with large intra and inter individual
variability in pharmacokinetic profile of nearly 30 fold [22,23].
However, again unlike busulfan, it has a huge therapeutic window
because in Phase I studies at even at cumulative doses of 56 gm/m2

(a dose not usually reached when used as an agent in conditioning
regimens) there were no dose limiting hepatic, renal, neurological



Table 1
Major reported clinical studies that have attempted to improve the outcome of patients with Class III thalassemia major.

Year N Median
Age (yrs)/
(range)

Proportion
in Class III
(%)

Proportion
in
Class III
VHRd (%)

Major defining feature of change in protocol Treatment
related
mortality (%)

Graft
rejection
(%)

EFS
(%)

OS
(%)

Lucarelli et al.
[13]a

1996 115 11(3e16) 100 NA Reduction in cumulative cyclophosphamide from 200mg/kg to 160mg/
kg

24 35 49 74

Sodani et al.
[12]

2004 33 11(5e16) 100 NA Reduction in cyclophosphamide dose to �160mg/kg. Addition of
azathioprine and fludarabine and intensification of immunosupression.
Suppression of erythropoesis by hyeprtransfusion, chelation and
hydroxyurea starting from day �45

6 6 85 93

Gaziev et al.
[19]

2010 71 9(1.6e27) 57.3 NA Intravenous busulfan, dose adjustments with therapeutic drug
monitoring

7 5 87 91

Chiesa et al.
[9]

2010 53 8(1e17) 47 NA Intravenous busulfan, dose adjustments with therapeutic drug
monitoring

4 15 79 96

Chiesa et al.
[9]c

2010 25 NA 100 NA Intravenous busulfan, dose adjustments with therapeutic drug
monitoring

4 34 66 96

Bernardo
et al. [30]

2012 60 7(1e37) 27e NA Treosulfan based conditioning regimen 7 9 84 93

Li et alne [15] 2012 82 6 (0.5e15) NA NA Conditioning with age adjusted PK based IV Bu, Cy (110mg/kg), high
dose Flu (200mg/kg), Thiotepa. Additional therapy from day �45 with
immunosuppression with Azt and suppression of erythropoiesis withHU

8.5e 4e 88e 91e

Choudhary
et al. [31]

2013 28 9.6(2e18) 75 39 Treosulfan based conditioning regimen 21 7 71 79

Anurathapan
et al. [20]

2013 18 14(10
e18)

100 NA Pre-conditioning immunosuppression therapy with Fludarabine and
dexamethasone; one or two courses one to two months prior to
transplant. Conditioning regimen of fludarabine with intravenous
busulfan

5 0 89 89

Mathews
et al. [28]

2013 50 11(2e21) 100 48 Treosulfan based conditioning regimen with PBSC graft in 74% 12 8 79 87

Mathews
et al. [28]b

2013b 24 12(3e21) 100 100 Treosulfan based conditioning regimen with PBSC graft in 74% 13 8 78 87

Gaziev et al.
[16]

2016 37 10 (5e17) 100 NA As in Sodani et al. [22] but with higher dose of Fludarabine (150mg/kg)
and addition of Thiotepa(10mg/kg)

8 0 92 92

a Only patients <17 years included in this table.
b Subset of high risk cases from same paper.
c Subset of high risk cases from same paper.
d As defined previously [2].
e Includes all adult cases as well (assumed to be Class III).
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or cardiac toxicity [24]. Hepatic sinusoidal obstruction syndrome
(SOS) which is a common problem with a conventional busulfan
basedmyelo-ablative regimens with an incidence ranging from 5 to
40% [25] occurs only infrequently with treosulfan. Use of a busulfan
based conditioning regimens was associated with an increased
incidence of SOS on a multivariate analysis in a prospective study
[26]. Similarly the link between iron overload pre-transplant and
SOS is well recognized [27]. Targeted busulfan levels and prophy-
laxis with defibrotide have significantly reduced this complication
in patients with thalassemia major [9,25]. These interventions are
expensive or not available to the majority of centers doing allo-SCT
for thalassemia major in developing countries. In the absence of
such interventions, the cumulative incidence of SOS in the very
high risk subset (Class III VHR) of patients has been reported to be
as high as 78% and in 24% of such cases it lead tomulti-organ failure
and death [28]. For these reasons treosulfan, with its large thera-
peutic window, is especially attractive in the context of an allo-SCT
for high risk b thalassemia major because of its reported low he-
patic toxicity profile even at myeloablative doses which was a
significant problem with conventional busulfan in this population
[2,10,29]. It is important to recognize that the pharmacokinetic
profile treosulfan based regimens both in patients with thalassemia
major and when it is combined with other high dose chemother-
apeutic agents as part of the conditioning regimen have not been
studied extensively.

4.1. Current data using treosulfan based conditioning regimen

The first report on the use of treosulfan being used as part of the
conditioning regimen for thalassemia, in a small series of 20 pa-
tients of which 45% were Class III and 18 were matched unrelated
stem cell transplants, was by Bernado et al. [14]. Only two patients
in this series developed transient liver enzyme elevation. The
conditioning consisted in addition thiotepa and fludarabine and
was very well tolerated and 17 cases had complete chimerism.
Recently, the same group reported on their expanded experience
with this reduced toxicity myelo-ablative regimen [30]. In this
expanded series of 60 cases with thalassemia major the median age
was 7 years, though only 7% of the 48 childrenwere Class III and the
remaining 12 were adults. 40 (67%) of the patients received an
unrelated donor transplant and in 47 (79%) the stem cell sourcewas
a bone marrow. The regimen as previously reported was very well
tolerated with a low (<10% graft failure) and a thalassemia free
survival of 84%. In contrast to this favorable experience a small
series reported a comparable outcome between a similar treosulfan
based (n¼ 28) and a historical busulfan based regimen (n¼ 12)31.
However, the median age in the busulfan group was 7 years versus
9.6 years in the treosulfan group and the treosulfan group had 75%
Class III patient of whom 52.4% were Class III VHR as defined pre-
viously. In the busulfan arm 58% were Class III and the number that
fulfilled the criteria of Class III VHR is not available. The age and risk
group of the patients in the treosulfan arm that died due to RRT
(n¼ 4) and those that had a graft rejection (n¼ 2) is not available.
As reported previously the outcome of Class III VHR can be signif-
icantly different from Class III as a whole [2]. Interpreting this data
and comparing the two groups without this information must be
done with caution, more so because of the small numbers in both
groups. It is possible that the inferior outcome in the treosulfan arm
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is related more to the biology of Class III in which a greater pro-
portion of cases were Class IIIVHR rather than the impact of con-
ditioning regimen.

4.2. High risk population: balancing early vs. late complications

In a larger series, from the authors center, a clear advantage of a
treosulfan based regimen on the clinical outcome of Class III as a
whole and the subset of Class III VHR was recently reported [28]. A
significant reduction in non-relapse mortality and RRT, especially
SOS was demonstrated in the Class III VHR in comparison to a
historical control arm that had used a conventional busulfan based
conditioning regimen [28]. It was also noted that in this very high
risk group there was a significantly increased risk of mixed
chimerism which could be overcome with the use of a peripheral
blood stem cell graft (PBSC). The use of this regimen with a PBSC
graft translated to a significantly superior overall and event free
survival in the Class III VHR subset without a significant increased
risk of graft versus host disease (GVHD) [28].

In summary a treosulfan based conditioning regimen is ideally
suited for patients with thalassemia major including very high risk
patients. The low hepatic and other toxicity profile over a wide
range of AUCs obviates the need for drug dose monitoring and
makes this an attractive agent to use in the conditioning regimen. It
is highly likely that treosulfan will replace busulfan as the drug of
choice in the conditioning regimen for transfusion dependent he-
moglobinopathies in the future. With only one manufacturer in the
world at present of treosulfan, its cost amounting to nearly a
quarter of the total cost of the HSCT, is a major restrictive factor in
its widespread use in our country and possibly other developing
nations with a similar costing stricture for allo-SCT. With a new
generic product receiving market authorization in India, this limi-
tation should soon be addressed to a significant extent. As SCT
becomes more widely used in patients with thalassemia major,
there will be a great need for controlled trials to evaluate the
effectiveness of specific treatment regimens for specific groups of
patients.

5. Bone marrow versus peripheral blood stem cell grafts

Bonemarrow (BM) has been the preferred choice of stem cells in
non-malignant hematological disorders to reduce the risk of GVHD,
though the incidence of both acute and chronic GVHD in this pre-
dominantly pediatric population is low [10,32]. Peripheral blood
stem cell grafts (PBSC) when used have been reported to be asso-
ciated with faster engraftment and lower requirement of blood
product support in the peri-transplant period [28,33,34] and have
also been associated with a low incidence of graft rejection [11,34].
However, the risk of chronic GVHD is increased [28,33,34]. Our
experience of using a PBSC graft with a treosulfan based regimen to
overcome early mixed chimerism and potential graft failure re-
mains to be validated in larger studies. Larger prospective studies
are required to confirm the benefit of PBSC over BM in thalassemia
major in Class III patients receiving treosulfan based conditioning.
The current consensus, however, is that a BM graft should be used
as far as possible for non-malignant conditions to reduce the risk of
GVHD.

6. Alternate donor sources

6.1. Matched unrelated stem cell transplants

Unfortunately, only about a third of patients with thalassemia
major have a HLA matched sibling donor which limits the utility of
an allo-SCT. Use of a matched unrelated donor (MUD) SCT has the
potential to overcome this. The initial results with this approach,
prior to the advent of high resolution HLA typing, were dismal with
a 55% graft rejection [35]. Since then, there has been significant
improvement in MUD SCT with high resolution molecular HLA
typing becoming standard inMUD selection. Outcome inmalignant
disorders with MUD is now comparable to that of HLA matched
sibling transplants. More recent data suggests that OS of 79% can be
achieved with this approach with TFS of 66% and a 25% chance of
TRM [36]. This study also suggested that an extended haplotype
match was associated with a superior outcome. The overall data
would suggest that MUD SCT should only be considered in centers
that have reasonable experience with this approach and is best
limited to low risk patients at present. High resolution HLA typing
with a full (10 of 10) match is the preferred donor and in addition
they should ideally not have HLA-DP1 mismatches in the direction
favoring graft rejection [37].

6.2. Cord blood transplants

Cord blood transplants over the last decade have been the most
rapidly growing source of stem cells for allogeneic SCT. However,
for patients with thalassemia major there is limited data. Using
cord blood stem cells for allogeneic SCT in thalassemia major must
be considered under two categories, which are distinctly different
in terms of clinical outcome:

1. Related cord blood transplant: when a HLA matched or partly
mismatched sibling is the source of stem cells

2. Unrelated cord blood transplant: when an unrelated cord blood
product is procured from a cord blood bank as part of donor
search for an allogeneic SCT. There could be varying degrees of
HLA mismatch.

Using related cord blood the Eurocord Transplant Group re-
ported a 2 year probability of EFS of 79% in 33 patients with thal-
assemia. There was a 21% (7 rejections) risk of rejection of the graft,
in spite of none of the patients being Class III, in fact 20(61%) of the
patients were Class I [38]. A few smaller series have reported lower
rejection rates but the numbers are small [39,40]. A large series
recently reported by Eurocord and EBMT demonstrated compara-
tive clinical outcomes with bone marrow and a fully HLA matched
related cord [41]. However, in this report it is important to note that
of the 96 related HLA cord blood transplants only 2 patients were
Class III while the rest (96%) were Class I (61%) or II (35%) and in
spite of this statistically significantly higher proportion of Class I
cases in the related cord blood arm the graft rejections were higher
at 10.4%. This data cannot and should not be extrapolated to pop-
ulations where the majority of patients are Class III where we
would err on waiting for two years and do a regular bone marrow
harvest and stem cell transplant from the same donor without this
increased risk of graft rejection. The proposed reduction in acute
GVHD from approximately 20%e10% with the related cord blood
transplant must be tempered by the fact that only 2% of patients in
the bone marrow arm developed Grade 4 GVHD [41]. There is a
theoretically reduced risk of GVHD and more importantly less
donor discomfort if one were to do a related donor cord blood
transplant.

Unrelated cord blood transplant genuinely increases the po-
tential pool of donors for patients with thalassemia major. Unfor-
tunately the published data is limited. In a recent review over 6
studies a total of 19 patients were reported [42]. After combining
data from three different registries, Ruggeri et al. reported in 2011,
that the cumulative graft failure rate was an unacceptable 52% [43].
At this time point one cannot recommend an unrelated cord blood
transplant outside the setting of a clinical trial particularly with
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increasing possibilities of haplo-identical related donor transplants.
The cost of unrelated cord blood grafts can also be a significant
limitation.

6.3. Haplo-identical stem cell transplants

There is a lot of interest in haplo-identical stem cell transplants
in the world over the last few years. Novel conditioning and GVHD
prophylaxis regimens have resulted in dramatic improvements in
clinical outcome even without T cell depletion of the graft. There is
however very limited data in thalassemia major. In one small series
(n¼ 22) using Tcell depletion grafts the graft rejection ratewas 27%
and the TFS about 67%. More recently the use of grafts with
depletion of CD3ab T cells looks promising with a few successful
reports [44]. In a disease where several management options exist
and newer ones are on the horizon, whether a treatment option
that gives less than ~80% TFS can or should be recommended needs
further discussion. Haplo-identical SCT therefore cannot be rec-
ommended at this time outside the setting of a clinical trial.

7. Stem cell dose and immune re-constitution post-
transplant and its impact on clinical outcomes

Given the high rate of rejection in all HSCT for thalassemia
major, at our center we had prospectively evaluated bone marrow
graft cellular subsets and patterns of immune reconstitution in
cohort of 63 consecutive thalassemia major patients who under-
went a HLA matched sibling allogeneic SCT [32]. Data from this
analysis suggests that in this cohort of patients, increasing the stem
cell dose reduces the risk of post-transplant bacterial and fungal
infections. We hypothesize that faster immunologic recovery oc-
curs with higher CD34 cell doses and, consequently, diminishes the
risk of bacterial and fungal infections as observed in a previous
report [45].Wewere however not able to demonstrate a correlation
in speed of recovery of any specific cellular subset in relationship to
the stem cell dose. We also noted that patients in the highest
quartile of the stem cell dose did not have an increased risk of acute
or chronic GVHD (data not shown). While the number of events is
few and the cohort studied small, it would still be reasonable in
future, based on the available data, to target a CD34 cell dose of
7e9� 106/Kg. At these doses, our data would suggest that there
should be a significant reduction in post-transplant without an
increased risk of GVHD [32]. We also noted an association with the
day 28 NK cell count recovery and graft rejection. Patients who
achieved less than themedian level on day 28 post-transplant were
significantly more likely to have secondary graft rejection [31].
More data is required on these aspects of the graft and subsequent
immune reconstitution before any definitive conclusions can be
drawn but these are certainly areas to be explored further to
incrementally improve outcome of allo HSCT for thalassemia major.
We also had a subset of cases that had a G-CSF primed bonemarrow
product, this approach was used for a period of time at our center
based on some preliminary data that suggested the potential
benefit of such an approach, however as illustrated in our analysis
we could not demonstrate any benefit for such an approach over a
standard non-primed bone marrow product [32].

8. Role of pre-transplant splenectomy

Massive splenomegaly in patients with b thalassemia major is
often a reflection of inadequate medical care and/or advanced
disease and is often seen in Class III patients [46]. It is associated
with increased blood transfusion requirement [47]. Splenectomy is
conventionally indicated when the transfusion requirement ex-
ceeds 220ml PRBC/kg/year [47]. Splenectomy is also indicated if
there is significant abdominal discomfort, splenic infarction or
symptomatic hypersplenism [47].

Presence of splenomegaly prior to a SCT raises the theoretical
concern of sequestration of infused stem cells which could poten-
tially have an adverse impact on engraftment. Splenectomy prior to
a SCT could alter engraftment kinetics which in turn could have an
impact on graft tolerance and development of GVHD [48]. Sple-
nectomy prior to an allogeneic SCT has the theoretical potential of
reducing peri-transplant transfusion requirement and hastening
engraftment [49].

Splenectomy in patients with b thalassemia major is also
considered a surrogate marker of high risk disease, since it is often
performed in older patients or in those who have had inadequate
medical care. Splenectomy is reported to be associated with
increased risk of pulmonary hypertension [8], progressive restric-
tive pulmonary disease [8] and alteration in hemostatic parameters
that favor thrombosis [50e52]. It has also been reported to be
associated with an increased risk of infections [53]. All the above
factors could contribute to an adverse outcome following an allo-
geneic SCT.

In a retrospective analysis done at our center we evaluated the
impact of pre-transplant splenectomy on clinical outcomes [54].
Our analysis would suggest that though pre-transplant splenec-
tomy among patients with thalassemia major was associated with
faster engraftment and reduced transfusion support it did not
translate to an improved TFS or OS due to the higher RRT and peri-
transplant infection related deaths in the splenectomized group. On
multivariate analysis splenectomy was not an independent adverse
factor and its perceived adverse effect on survival was probably due
to its association with other adverse features such as older age
group and inadequate medical therapy prior to transplant. We
could not demonstrate any significant beneficial effect that would
warrant considering this procedure routinely prior to transplant
[54,55].

9. Post-transplant care and management of iron overload

The iron overload state continues to require attention post
transplantation. Post a successful transplant, provided the patients
is stable and the Hb is above 100 g/L, the preferred method of iron
removal is phlebotomy. It can be repeated once in 14e28 days and a
volume of 6e8ml/kg can be removed in one sitting [56]. If the child
is too small with difficult venous access or the hemoglobin level is
not adequate or if phlebotomy is not possible even in older children
then the patient should be started on chelation therapy. It should be
continued (maybe required for years) till the ferritin level
is< 100 ng/ml. The optimal pharmacological agent(s) and chelation
regimen post-transplant remains to be defined. In addition to iron
chelation, these patients need close attention to immunization,
endocrine and organ dysfunction secondary to iron overload. All
these need to be adequately evaluated and managed through a
multidisciplinary teampost allo- SCT. This is also a good reasonwhy
allo-SCTs should be done at younger age, between 2 and 5 years,
well before any end organ damage occurs in these patients so that
there are no sequelae of the disease after a successful allo-SCT and
these children can then grow up to live normally.

10. HSCT for thalassemia major in India

Since the first allo HSCT for thalassemia major in India in 1991,
data from the Indian Stem Cell Transplant Registry shows that the
number of centers that offer this treatment has increased signifi-
cantly to about 35. However, most of these centers perform only a
small number of these transplants so that the annual number
transplants being done in the country remains relatively small at
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about 250. Given that nearly 10,000 children are still born with
thalassemia major every year in the absence of an effective control
program, there is need to enhance this number rapidly while also
taking steps to initiate a thalassemia prevention program. Eco-
nomic reasons are a major barrier to larger numbers of these
transplants being done. Recently, the Ministry of Health of the
Union Government has initiated a program to fund an additional
200e300 allo-SCTs for thalassemia major in the country. This funds
are provided by one of the public sector undertakings of the Union
Government, the Coal India Limited, under its corporate social re-
sponsibility program. Currently, this program is limited to four
HSCT centres in the country e Christian Medical College, Vellore;
All India Institute of Medical Sciences, New Delhi; Tata Medical
Centre, Kolkata and the Rajiv Gandhi Cancer Hospital, New Delhi. If
successful, this will be expanded to include several more centres
and that would be a major boost to increasing access to this
treatment in the country. It could become a new model for sup-
porting management of other such treatable genetic disorders.

11. Conclusion

Significant progress has been made in the understanding of
allogeneic stem cell transplant for thalassemia major with regards
to risk stratification, optimal conditioning regimens, alternative
stem cell sources and this has translated to improved outcomes for
patients. These have translated to a steady improvement in clinical
outcomes. However, there are limitations as to which of these ad-
vances can be readily translated to the larger worldwide commu-
nity. The major constraints are the lack of awareness, trained
personnel and the infrastructure for allo-SCTs as well as the cost of
therapy. As a result, allo-SCT is an option available to only to a small
fraction of patients. Therefore, apart from efforts to improve
transplant protocols and expand donor options, major attention
also needs to be given to factors which limit access of more patients
to this well-established therapy.
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