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Abstract

Hematopoietic stem cell transplantation is the only modality that offers the potential of cure for severe thal-
assemia, including homozygous B-thalassemia and severe Hb E/B-thalassemia. All children with class 1 or 2
disease should be transplanted if they have HLA-identical siblings, and transplantation should be performed
as early as possible. Sibling cord blood transplantation is recommended in children with class 1 or 2 of the
disease if adequate numbers of cord blood cells from younger siblings are available.

Bone marrow transplantation in class 3 children and adult patients with appropriate conditioning regimen
gives results that are superior to those obtained with cord blood. However, we recommend that patients and
their families should discuss in detail the risks and benefits, and transplantation should be performed in only
motivated patients who have a clear understanding of the entire process. There is new hope that haploidenti-
cal transplantation will be successful, but further studies are required to confirm early results.
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Introduction

The distribution of thalassemia used to be confined to areas
from the Mediterranean across the Middle East through
Southern Asia to Southeast Asia: the so-called thalassemia
belt [1]. At present, migration of people has spread thalas-
semia throughout the world. Furthermore, with the improve-
ment of medical care, including developing countries, thalas-
semic children can now survive the early months of life and
live long enough to require treatment. Thalassemia is, there-
fore, now considered to be a global health problem [2].

In Thailand, both a- and B-thalassemias as well as Hb E and
Hb Constant Spring are prevalent [3]. There are more than 60
clinical syndromes resulting from various gene interactions,
giving 12,000 annual births of thalassemic children. Among
them, the common severe thalassemic syndromes with which
patients can survive are homozygous B-thalassemia or tha-

lassemia major, and Hb E/B-thalassemia. Hb E/B-thalassemia
is the most common severe clinical syndrome in adults and
is found more frequently than homozygous p-thalassemia in
Thailand [4]. This syndrome is unique to Southeast Asia in
general and to Thailand in particular. Clinical manifestations
of this syndrome are heterogeneous: at one end, symptoms
may be as severe as with thalassemia major, at the other end,
patients may have only mild anemia [4]. However, those who
show symptoms related to anemia during the first year of life
usually have severe manifestations later on.

Therapy of severe thalassemia with regular hypertransfusion
and iron chelation has dramatically improved life expectancy
[5,6], but there remain many problems related to quality of
life, compliance, and expense. Hematopoietic stem cell trans-
plantation is at present the only modality with the potential to
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cure thalassemia [7]. The objective of allogeneic transplan-
tation for thalassemia is to replace thalassemic hematopoi-
esis by normal hematopoiesis through allogeneic stem cell
transplantation. Patients require “conditioning” to eradicate
thalassemic stem cells and to overcome the immunological
barriers (histoincompatibility and transfusion-associated al-
losensitization).

Bone marrow transplantation from HLA-identical
siblings in children with thalassemia

The first successful treatment of thalassemia with bone mar-
row transplantation from HLA-identical sibling donors was
performed in 1981 in Seattle [8]. Most subsequent experi-
ence, however, has been reported by the Pesaro group [9-
14], and other case series have been presented [15-23]. Most
transplants for thalassemia have employed bone marrow from
unaffected HLA-identical sibling donors. However, only 25—
30% of patients have an HLA-matched sibling donor.

By using conditioning with busulfan, 14 mg/kg given over
4 days, followed by cyclophosphamide, 200 mg/kg over the
next 4 days, the Pesaro group reported successful bone mar-
row transplantation in large numbers of children and identi-
fied three risk factors, which predicted outcome after trans-
plantation [9]. These risk factors include hepatomegaly of
more than 2 cm, liver histology showing portal fibrosis, and
irregular (and therefore ineffective) iron chelation. On that
basis patients can be classified into three risk categories: class
1 without any risk factors, class 2 with one or two risk factors,
and class 3 with all risk factors.

Results in class 1 and 2 patients

The majority of transplants were performed in children in the
class 1 and 2 risk groups using bone marrow from HLA-iden-
tical siblings. Overall survival was 87-90% and thalassemia-
free survival 85-87% [9,11,15-23]. The incidence of graft re-
jection and transplant-related mortality was 3% and 10-13%,
respectively. On the basis of these recommendations, children
with severe thalassemia should undergo bone marrow trans-
plantation if they have HLA-identical siblings, as early in life
as possible.

Class 3 patients

By using busulfan at 14 mg/kg and cyclophosphamide at 200
mg/kg as conditioning, the Pesaro group reported lower over-
all survival (61%), thalassemia-free survival (53%) and high-
er transplant-related mortality (47%) [12] than that observed
in class 1 and 2 patients. Conditioning comprising busulfan
14 mg/kg and lower dose of cyclophosphamide (160 or 120
mg/kg) improved the overall survival to 80%; however, the
graft rejection rate was increased to 33%, giving a thalasse-
mia-free survival of 56% [12]. This conditioning regimen is,
therefore, inadequate to eradicate the marrow erythroid hy-
perplasia related to the disease.

A new preparative regimen was developed by the Pesaro
group in an attempt to eradicate more effectively thalassemic
marrow erythropoiesis [14]. This protocol comprises intensi-
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fied preparation with hydroxyurea 30 mg/kg and azathioprine
3 mg/kg daily on day -45 to day -11, followed by fludarabine
20 mg/m”2/day from day -17 to day 11, and busulfan at, 14
mg/kg and cyclophosphamide at 160 mg/kg . With this ap-
proach overall survival, thalassemia-free survival, graft rejec-
tion and transplant-related mortality were 93%, 85%, 8% and
6%, respectively. Thus, the use of this regimen has improved
outcome in class 3 patients to the level observed in class 1
and class 2 patients conditioned with a less intensive regimen.

Transplantation in adult patients

Early trials from the Pesaro group showed unfavorable results
in adult patients, who typically had more advanced disease
with marked erythroid expansion and therapy-related organ
complications. With conditioning regimens comprising bu-
sulfan 14 mg/kg and cyclophosphamide 200 mg/kg in class 2,
and busulfan 14-16 mg/kg and cyclophosphamide 120-160
mg/kg in class 3 patients, the overall survival, thalassemia-
free survival, rejection, and transplant-related mortality were
66%, 62%, 4%, and 37%, respectively.

By using a new preparative regimen similar to that used for
children with class 3 risk (cyclophosphamide dose lowered to
90 mg/kg), the overall survival, thalassemia-free survival, re-
jection, and transplant-related mortality were 65%, 65%, 7%,
and 28%, respectively [14]. Thus, this strategy has improved
transplant results in adult patients with thalassemia; however,
transplant-related mortality is still significant.

Bone marrow transplantation for thalassemia in
Thailand

The first successful bone marrow transplant for thalassemia
in Thailand was performed in 1988 at Siriraj Hospital, Ma-
hidol University. Subsequently, transplant programs were
also developed at Ramathibodi and Chulalongkorn hospitals.
By 2008, 241 patients with thalassemia had undergone bone
marrow transplantation in Thailand. Of these, 48 (22%) had
homozygous B-thalassemia, and 155 (72%) had severe Hb
E/B-thalassemia. Patients with Hb E/B-thalassemia with ane-
mic symptoms for the first time during the first year of life are
considered to have severe disease and should undergo bone
marrow transplantation if they have HLA-identical siblings.
Only a few patients received hypertransfusion and iron che-
lation. The results showed that overall survival and thalas-
semia-free survival in class 1 and 2 children were 89% and
80%, respectively. However, results in class 3 children were
unfavorable. By using modified conditioning with busulfan
600 mg/m? and cyclophosphamide 200 mg/kg, outcome was
improved to 90% overall survival, and 85% thalassemia-free
survival [15].

Cord blood transplantation from related donors

We reported the first successful use of cord blood from an
unaffected younger sibling to transplant a child with Hb E/B-
thalassemia [24]. The use of cord blood circumvents the need
for a donor bone marrow harvest, is associated with a lower
incidence of GvHD, and allows for prompt transplantation.
So far, 14 patients have undergone cord blood transplanta-



tion for thalassemia at our institution. Three patients had
homozygous B-thalassemia, and 11 had Hb E/B-thalassemia.
Patients were | to 8 (a median of 4) years old, 8 were males
and 6 were females. One patient died early, and one patient
failed to engraft. Twelve patients had documented engraft-
ment, and 10 of them are surviving thalassemia-free. Two
patients, both in risk class 3, rejected their grafts. Based on
our experience from a single institution, we recommend that
sibling cord blood transplantation should be performed only
in children with class 1 or 2, not in advanced disease. An
adequate cell dose of cord blood is important to guarantee
success.

Data from Eurocord show a high survival rate (100%) and
thalassemia-free survival of 89% for class 1, and 62% for
class 2 patients [25]; however, graft rejection was high (21%),
presumably reflecting the importance of cell dose, although
cell dose did not predict engraftment. Graft rejection was de-
creased when thiotepa was added to the conditioning regi-
men, and when methotrexate was omitted from GvHD pro-
phylaxis.

Transplants from donors other than HLA- identical
siblings

Only 25-30% of patients have an unaffected HLA-identical
sibling donor. The remaining patients may receive stem cells
from alternative donors including matched unrelated donors,
unrelated cord blood, and haploidentical donors. However,
it should be emphasized that thalassemia is not a malignant
disease, and although bone marrow transplantation can cure
the disease, patients can live a long time with a satisfactory
quality of life with hypertransfusion and iron chelation, and
without transplantation. Transplants from donors other than
HLA-identical siblings should be considered only when pati-
ents and their parents fully understand the potential risks and
benefits and are motivated to perform transplantation.

Marrow transplantation from HLA-matched unrelated donors

The outcome of matched unrelated donor transplantation has
improved substantially, primarily due to more refined histo-
compatibility typing and selection of donors on the basis of
matching at the molecular level. Earlier reports using condi-
tioning with busulfan and cyclophosphamide with or without
thiotepa showed thalassemia-free survival of 66%, graft re-
jection of 12%, and transplant-related mortality of 19% [26].
Favorable results were also obtained in adult patients with
overall survival, thalassemia-free survival, graft rejection,
and transplant-related mortality of 70%, 70%, 4%, and 30%,
respectively [27].

A recent report from Thailand confirms this data, showing
overall survival, thalassemia-free survival, graft rejection,
and transplant related mortality of 82%, 71%, 13%, and 18%
respectively [28]. By 2008, 53 patients had undergone mat-
ched unrelated bone marrow transplantation (40 “full” HLA
matches, 13 1 or 2 antigen mismatches) in Thailand. Of these
53 patients, 28 were in class 1, 24 in class 2, and 5 in class
3. Overall survival was 87%, and thalassemia-free survival,
80%. Thus, HLA-matched unrelated donor transplantation is

an excellent option and may have success rates superior to
those achieved with cord blood.

Unrelated cord blood transplantation

Unrelated cord blood transplantation is increasingly used to
treat hematological malignancies [29]. The advantages of
using cord blood are as follows: faster availability, accep-
tability of partial HLA mismatching, and low incidence of
GvHD; however, engraftment is usually delayed. Recent data
from 14 transplant centers showed encouraging results with
overall survival and thalassemic-free survival of 77%, and
65%, respectively [30]. Results were better when transplants
were performed at experienced centers (overall survival 87%
and thalassemia-free survival 77%).

To overcome the cell dose barrier some centers have begun
to use two partially HLA-matched cord blood units for trans-
plantation [31].

Transplantation from haploidentical donors

Almost all patients have haploidentical donors. A recent re-
port described a successful use of T-cell depleted CD34+
peripheral blood and bone marrow cells from haploidentical
mothers in children with thalassemia [32]. However, the me-
thodology to purify CD34+ cells and deplete T cells is sophi-
sticated and expensive.

Graft failure and graft rejection

Graft failure and rejection is more common after transplant
for thalassemia, especially in poor-risk patients, than it is in
other diseases. Failure of primary engraftment with persistent
aplasia is rare and has a poor prognosis, because second trans-
plants following second course of conditioning yield poor re-
sults (overall survival 49%, thalassemia-free survival 33%)
[33]. Most patients with graft rejection show autologous re-
covery of thalassemic hematopoiesis resulting in recurrence
of the disease. Graft rejection most often occurs within the
first 6 months after transplantation [34], therefore monthly
determination of chimerism is recommended for the first 6
months as patients with residual detectable host cells are like-
ly to develop graft rejection [35]. If the proportion of donor
cells is declining, withdrawal of immunosuppressive drugs
may allow for enhancement of donor hematopoiesis [36].

Mixed chimerism was found in one third of thalassemia pa-
tients at 2 months after transplantation. The risks of graft re-
jection was nearly 100%, 41%, and 13% when residual host
cells accounted for more than 25%, 10-25%, and less than
10% of all cells, respectively [35]. None of the patients with
complete chimerism at 2 months rejected the graft [35].

A cohort of 295 patients who underwent transplantation sho-
wed that at 2 months 95 (33%) had mixed chimerism. At 24
months 42 had become complete chimeras, 33 progressed to
rejection, and 20 had persistent mixed chimerism of 30-90%
donor cells [34]. These results indicated that engrafted donor
cells, as evidenced by stable mixed chimerism, are adequate
to cure the disease phenotype once donor-host tolerance has
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been established. Therefore, complete eradication of donor
hematopoiesis may not be necessary for cure.

Reduced intensity conditioning and transplantation
for thalassemia

The findings that stable mixed chimerism is sufficient to sup-
press thalassemic hematopoiesis, have provided the rationale
for using reduced intensity conditioning in thalassemic pati-
ents. Such an approach can reduce the conditioning-related
toxicity, especially in patients with advanced disease. Early
results using reduced intensity conditioning were disappoin-
ting [37-40]. A more recent report describes the use of busul-
fan, 8-12 mg/kg, fludarabine, 175-210 mg/m?, antilympho-
cyte globulin 20-40 mg/kg with or without thiotepa, and total
lymphoid irradiation for conditioning, and cyclosporine or
tacrolimus and mycophenolate mofetil for GvHD prophyla-
xis in 8 patients with class 3 disease [41]. Initial engraftment
was observed in all patients, although two patients lost donor
chimerism later on. Further studies are needed.

Conclusions

Hematopoietic stem cell transplantation is the only moda-
lity that offers the potential of cure for severe thalassemia,
including homozygous B-thalassemia and severe Hb E/B-
thalassemia. All children with class 1 or 2 disease should be
transplanted if they have HLA-identical siblings, and trans-
plantation should be performed as early as possible. Sibling
cord blood transplantation is recommended in children with
class 1 or 2 disease, if adequate numbers of cord blood cells
from younger siblings are available.

Bone marrow transplantation in class 3 children and adult
patients with appropriate conditioning regimen gives results
that are superior to those obtained with cord blood. However,
we recommend that patients and their families should discuss
in detail the risks and benefits, and transplantation should
be performed only in motivated patients who have a clear
understanding of the entire process. There is new hope that
haploidentical transplantation will be successful, but further
studies are required to confirm early results.
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TpchnnaHTaunﬂ réeMOITIOITUIECCKHUX CTBOJIOBBIX KJIE€TOK IIPH TaJIaCCEMHUHU

Uccaparpusun Cypamnon

Pe3rome

B namnoil 0030pHOIM CTaThe MPEACTABICHBI CBEACHHUS O TPAHCIUIAHTAIMA TEMOIOITHYECKUX CTBOJIOBBIX
TpaHCIUTaHTAIIHS TEMOITOI THIECKUX CTBOJIOBBIX KJICTOK SIBJISETCS €IMHCTBEHHON BO3MOKHOCTHIO TOTEHITHAIHHOTO
W3IIEYCHUSI TIPU TSOKEION TallacCeMUH, B TOM UYHCIE TIPH TOMO3UTOTHOW B-TaacceMUM U TSHKEJION TaacceMuu
¢ remorniobunom E/B. Ilpu 3aboneBanuu 1-ro wim 2-ro KJIACCOB PHCKAa BCEM JIETSAM JIOJDKHA ITPOBOIUTHCS
TpaHCIUIAHTAIKS, eclu OHU UMetoT HLA-UeHTUYHBIX OpaTheB UIIK CECTEP, M TAKYI0 TPAHCILIAHTAIUIO CIIeAyeT
OCYIIECTBIISATH KaK MOKHO paHbIie. [lepecagka KJIeTOK My TOBHHHOM KPOBH OT OPaThEB UIIH CECTEP PEKOMEHTYETCS
TIETSM ¢ 3a0oyieBaHueM 1-ro uim 2-ro KJacCOB PUCKA, €CITH HMEIOTCS B HAJTUYINH aJIeKBaTHBIC KOTUYIECTBA KIIETOK
MTYTTOBUHHON KPOBU OT MIIAAIINX CHOTHUHTOB.

TpaHcruTaHTaIMs KOCTHOI'O MO3ra JIeTSM 3-TO KJlacCa PHCKA M B3POCIBIM OOJBHBIM C IMPUMCHEHHEM
COOTBETCTBYIOIIUX PEKUMOB KOHIUIIMOHUPOBAHUSI JACT JIYUIIIUE PE3yJIBTATHl M0 CPABHECHUIO C TEMU, KOTOPHIC
MOJIYYAFOTCS IIPH MCIIOJIb30BAHMY yTIOBUHHOM KPOBU. Mbl PEKOMEHIYEM, OJHAKO, YTOOBI OOJIbHBIC M MX CEMbHU
MOTJIH OOCY/IMTH B MOAPOOHOCTSAX BO3MOXKHBIEC (DaKTOPHI pHUCKA M MPEUMYIIECTBA JICYCHUS, U TPAaHCIIIaHTAIUS
JIOJKHA TIPOBOJIUTHCS TOJBKO MOTHUBHPOBAHHBIM IallHEHTaM, KOTOpPbIE MMEIOT YeTKOe TMOHsATHE 000 BceM
nporiecce. HoBble HaZIe:K bl CBSI3aHBI C BO3MOXHBIM YCIIEXOM IaIllIONICHTHYHOM TPaHCIIAHTAI[UH, HO TPEOyOTCS
JalIbHEUIIINE UCCIIEIOBAHUS TSI IOATBEPKACHUS IPEABIIYIIIUX PE3YIbTATOB.

KuarwoueBble cj1oBa: TajaaCCeMusl, KINHHUYCCKUEC (1)aKTOpBI PpUCKa, TpaHCIIaHTAlIUA TEMOIIOOTUYCCKHUX CTBOJIOBBIX
KJICTOK, ITOKa3aHuA, IPEUMYIICCTBA
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