
ORIGINAL ARTICLE

Transplantation of unrelated donor umbilical cord blood utilizing

double-unit grafts for five teenagers with transfusion-dependent

thalassemia

T-H Jaing1, C-P Yang1, I-J Hung1, S-H Chen1, C-F Sun2 and R Chow3

1Divisions of Hematology and Oncology, Department of Pediatrics, Chang Gung Children’s Hospital, Chang Gung University,
Taoyuan, Taiwan; 2Department of Clinical Pathology, Chang Gung Memorial Hospital, Taoyuan, Taiwan and 3StemCyte Taiwan
National Cord Blood Center, Linko, Taiwan

To augment graft cell dose, we evaluated the safety of the
combined transplantation of two partially HLA-matched
umbilical cord blood (UCB) units. Five patients with
transfusion-dependent thalassemia, median age 11.1 years
(range 10–13.1), received 2 UCB units after myeloablative
conditioning. Cord blood units were a 4/6-HLA-match
or better with the recipient, and contained a minimum
combined pre-freeze CD34 cell dose of 3.0� 105/kg. All
patients engrafted at a median of 15 days (range 12–19).
Four patients with durable trilineage engraftment showed
acute grade I–III GVHD; none developed extensive
chronic GVHD until the date of last contact. The median
times to red blood cell transfusion independence and
platelet engraftment were 32 and 49 days after transplant,
respectively. With a median follow-up of 18.5 months
(range 11–32), four patients transplanted with UCB from
two different partially HLA-matched donors were trans-
fusion-independent. Therefore, transfusion of two par-
tially HLA-matched UCB units is safe, and may overcome
the cell-dose barrier that limits the use of UCB in long-
term recipients of multiple transfusions for thalassemia.
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Introduction

SCT still remains the only cure currently available for
patients with thalassemia.1–4 Umbilical cord hematopoietic
stem cells are increasingly used as an alternative to bone
marrow; advantages include ready availability, no risk to

the donor, low rate of viral contamination and low risk of
GVHD. Disadvantages include low stem-cell dose for
larger patients and lack of stem cells for boost infusions
following the initial procedure. In multiply transfused
patients, rejection of donor cells was a major clinical
problem due to sensitization of transplant candidates to
HLAs via blood transfusions. We hypothesized that two
partially matched umbilical cord blood (UCB) units could
facilitate engraftment without crossed immunological
rejection. We discuss the newer strategies being pursued
to improve the safety and efficacy of double-unit UCB
transplantation (UCBT).

Patients and methods

Patients
Five patients with transfusion-dependent thalassemia
underwent transplantation with two unrelated UCB units
at Chang Gung Children’s Hospital between August 2004
and August 2006. The thalassemia patients were diagnosed
before or around 1 year of age and then received regular
monthly transfusion. All but one of our patients received
more than 100 transfusions. No patient was splenectomized
before transplantation. The diagnosis of each transfusion-
dependent thalassemia participant was confirmed by DNA
sequencing. Patients included in this study had to be over
10 years of age, and did not have donor relatives with
acceptable HLA compatibility. After written informed
consent was given by their caregivers, five teenagers were
eligible for double-unit UCBT because no single 5-6/6
HLA-A, B, DRB1-matched UCB unit was available that
had total nucleated cells of 43.0� 107/kg and pre-freeze
CD34 dose 42.0� 105 cells/kg. We did not assess risk in our
patients according to the Pesaro risk classification because
we did not routinely perform pretransplantation liver
biopsy. The median age of the recipients was 11.1 years
(range 10–13.1 years) with weight between 29.5 and 36.5 kg.

Cord blood selection and characteristics
Units were considered initially if their HLA-A, -B, and -DR
phenotypes matched at least four of the patient’s submitted
six antigen HLA phenotypes at a serologic or intermediate-
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DNA level of resolution. The compatibility of HLA-A, -B,
and -DRB1 was further confirmed by high-resolution
PCR technique with sequence-specific primers (PCR-SSP)
(GVHD mismatches were not included, and only one HLA-
DRB1 single-allele mismatch was allowed). HLA disparity
between each unit and the recipient and between two units
did not necessarily have to be at the same loci. The total
graft nucleated cell dose had to exceed 4.0�
107/kg, with one unit containing a minimum cell dose
of 2.0� 107/kg. Each unit was required to have a dose of
cryopreserved CD34 cells of at least 1.5� 105 cells/kg, such
that the total CD34 cell dose was 3.0� 105 cells/kg or more.
Searches for unrelated cord blood donors were processed
through the StemCyte Cord Blood Bank, where 12 000 cord
blood units are available locally in Taiwan.

Conditioning regimen and transplantation procedure
Before the UCB transplant procedure, all patients were
placed in a high-efficiency particulate air-filtered room in
the bone marrow transplantation unit. The preparative
regimens consisted of oral busulfan 3.5 mg/kg/day (day �9
to �6), intravenous cyclophosphamide 50 mg/kg/day (day

�5 to �2) and antithymocyte globulin (Pharmacia-Upjohn,
Peapack, NJ, USA) 30 mg/kg/day (day �4 to �1). During
treatment, patients received phenytoin for prophylaxis against
seizures. Mesna (50 mg/kg) was administered intravenously
on the days of cyclophosphamide infusion. GVHD prophy-
laxis comprised cyclosporine (CsA) (2.5 mg/kg intravenously
every 8 h) from day �3 with a course of methylprednisolone
(1 mg/kg intravenously every 12 h on days 5–19, decreasing
25% thereafter every other day). The level of CsA was
adjusted to between 200 and 400 ng/ml, as measured by
radioimmunoassay. The CsA dose was tapered beginning at
least 60 days after demonstrating engraftment and full donor
chimerism by short tandem repeat (STR) analysis.

In this study, all patients received 2 units of cord blood.
However, the DNA of only one of the two donors was
eventually detectable in patients with durable engraftment.
The numbers of infused total nucleated and CD34þ cells
are shown in Table 1. The UCB units were thawed with
gentle agitation in a 371C waterbath and without further
processing before infusing into the patients. Granulocyte
colony-stimulating factor (filgrastim, Kirin, Gunma,
Japan) 10mg/kg/day was given intravenously on day 1
after transplantation and on each day thereafter, until

Table 1 Transplant characteristics of patients receiving double-unit CBT for thalassemia

UPN 6 12 16 18 23

Age in years at CBT/gender 11.4/male 10.6/male 10/male 11.1/female 13.1/female
Diagnosis b/b thalassemia b/b thalassemia b/b thalassemia b/b thalassemia b thalassemia/Hb E
Weight at CBT, in kg
(percentile for age and gender)

29.5 (5–10) 36.5 (50–75) 30 (25–50) 34 (25–50) 35.5 (10)

Height at CBT, in cm
(percentile for age and gender)

127 (o5) 129 (o5) 132.5 (25) 142 (25–50) 139 (o5)

Genotype IVS II-654 and
codon 41/42

IVS II-654 and
codon 17

Homozygous
codon 41/42

IVS II-654 and
codon 27/28

Codon 41/42
and Hb E

Pretransplant serum
ferritin level (mg/l)

2125 970.8 1802.8 503.6 733.5

HLA alleles
Patient A0201, A2402, A1101, —, A0201, A11, A0207, A0201, A0207, A1101,

B1525, B5801, B1301, B4601, B1301, B4001, B4601, —, B1301, B4601,
DRB1 0301, 1405 DRB1 0901, 1501 DRB1 1101,1501 DRB1 0901, 1405 DRB1 0803, 1602

Donor A A0207, A3303, A02, A1102, A2402, A1101, A0207, A1102, A0207, A1101,
B5801, —, B1301, B4601, B1301, B4001, B46, —, B1301, B4601,

DRB1 0301, 1405 DRB1 0901, 1501 DRB1 0405, 1501 DRB1 0901, — DRB1 0803, 1602

TNC (� 107/kg)
Pre-freeze 6.31 3.61 9.88 7.73 5.37
Post-thaw 0.97 2.67 6.83 6.11 3.99

CD34 (� 105/kg)
Pre-freeze 3.97 3.21 4.83 3.27 1.70
Post-thaw 0.56 1.27 3.61 1.30 2.40
Donor B A0201, —, A1101, —, A0201, A1101, A0207, A1101, A0207, A1101,

B5601, B5801, B40, B4601, B5021, B4001, B4601, B4001, B1301, B4601,
DRB1 0301, 1401 DRB1 0901, 1501 DRB1 1101, — DRB1 0901, 1405 DRB1 0803, 1602

TNC (� 107/kg)
Pre-freeze 4.73 4.26 4.83 3.43 2.78
Post-thaw 2.28 2.00 3.61 2.19 2.32

CD34 (� 105/kg)
Pre-freeze 1.71 1.54 1.53 1.71 1.50
Post-thaw 1.75 0.97 1.31 0.47 1.55

Abbreviations: IVS¼ intervening sequence; TNC¼ total nucleated cells.
‘—’ Indicates the allele is homozygous.
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the neutrophil count remained above 1.0� 109/l for 3
consecutive days.

Supportive care and post transplantation follow-up
Blood components were given whenever indicated to
maintain hemoglobin and platelet values 480 g/l and
20� 109/l, respectively. For streptococcal prophylaxis,
intravenous cefazolin was given until the neutrophil counts
exceeded 0.5� 109/l, and oral itraconazole (antifungal
prophylaxis) 3 mg/kg daily was prescribed for the month
preceding transplantation. Intravenous or oral acyclovir
and oral co-trimoxazole were given to prevent CMV
reactivation and Pneumocystis jiroveci infection. Both
acyclovir and co-trimoxazole were continued as prophy-
laxis until day 180 after transplantation and further
continued until T-cell function is restored. Parenteral
nutrition was provided for the duration of anorexia.
Intravenous immunoglobulin (500 mg/kg) was given at
days –6, þ 7, þ 21, þ 35, þ 56, þ 77, and þ 98 following
UCBT. The standard CMV pp65 antigenemia assay was
performed in parallel. The positive results were quantified
by counting the number of pp65-expressing cells per 50 000
leukocytes on the slide.

Myeloid engraftment was defined as 3 consecutive days
of an absolute neutrophil count of X0.5� 109/l. The last
day of RBC transfusion was recorded as a day of RBC
transfusion independence. Platelet engraftment was defined
as 7 consecutive days of a platelet count of X20� 109/l
maintained without transfusion. Current methods for
measuring hematopoietic chimerism are based on STR
polymorphisms that distinguish recipient from donor.
Serial STR polymerase chain reaction confirmed the
conversion from mixed chimerism to a predominantly
donor profile on the day the myeloid engraftment occurred,
on days þ 42, þ 100, þ 180, þ 270 and þ 360, 1.5 years
after transplantation, and yearly, thereafter. An additional
test was done if clinically indicated. In patients achieving
myeloid engraftment, desferrioxamine was administered at
a dose of 40 mg/kg/day as a 24-h intravenous infusion to
accelerate the clearance of body iron deposits.

Results

Engraftment and chimerism status
Double cord blood units were used to minimize the risk of
developing graft failure in these multiply transfused
patients with weights over 30 kg. High-resolution molecular
typing demonstrated that four recipient/donor pairs had an
HLA 2–4 loci mismatch, and only one patient received an
HLA-matched graft (6/6 match). All patients demonstrated
primary engraftment with one having late graft failure and
autologous recovery. Myeloid engraftment occurred at a
median of 15 days (range 12–19 days) after transplantation.
Interestingly, the patient with a ‘perfect’ match and the
lowest cell dose had initial mixed donor engraftment but
demonstrated rapid autologous recovery by day 42. In
patients with successful transplantation, the median time to
RBC transfusion independence was 32 days (range 10–120
days). The median number of days to achieve a platelet

count of 420� 109/l was 49 days (range 25–117 days;
Table 2).

Although the precise biologic mechanisms for single-
donor predominance in double UCBT are not understood
to date, all except patient 5 showed predominance of one
cord by day þ 19 at the time of first STR DNA analysis.
Chimerism analysis showed 100% single donor chimerism
by day þ 42 in four of the patients evaluable for long-term
follow-up of 18.5 months (range 11–32). In one recipient
(patient 5) of 6/6 HLA-matched units, chimerism status on
day 16 was donor A 53.4% and donor B 47.1%, which was
completely lost on day 42.

Transplantation-related events
The grading of acute GVHD was grade I in one patient,
grade II in one, and grade III in two. Patients with grade III
acute GVHD were treated with methylprednisolone at
48 mg/m2 per day and both showed good response. Limited
chronic GVHD involving skin subsequently developed in
four patients who were treated with topical steroids.
Asymptomatic CMV reactivation was detected in three
patients (patient 1, 3 and 5) on post transplantation day
62, 63 and 56, respectively. The first two patients were
successfully treated preemptively with intravenous ganci-
clovir. Patient 5 developed late-onset hemorrhagic cystitis
24 days post transplant associated with BK viruria
concomitant with CMV reactivation. BK virus-associated
hemorrhagic cystitis and simultaneous CMV reactivation
were treated simply by stopping immunosuppressive agents
after complete autologous recovery had been identified.

Two of these patients (3 and 4) succumbed to their
bleeding complications, and alloimmunization contributed
significantly to the demise in patient 4. Eight months
following UCBT she presented with severe hemolytic
anemia and thrombocytopenia (Evans’ syndrome). Treat-
ment included high-dose steroids, intravenous immunoglo-
bulins, CsA, and anti-CD20 monoclonal antibody
(rituximab), but produced poor response. The patient died
of diffuse alveolar hemorrhage 11 months post transplant.

Patient 3 had experienced a complicated post transplant-
ation course that included an episode of massive pericardial
effusion. Pericardial drainage of fluid was carried out.
Results showed hemorrhagic pericardial effusion. Methi-
cillin-resistant Staphylococcus aureus pericardial abscess
developed eventually, which necessitated surgical interven-
tion and multiple antibiotic treatment courses in varying
combinations including linezolid. Although CsA therapy
had to be stopped before the 6-month withdrawal, he was
transfusion-independent with full donor chimerism 16
months post transplant.

According to the criteria outlined previously, continuous
chelation therapy was performed with desferrioxamine in
four patients during the early post transplantation period.

Discussion

UCB has the advantages of rapid availability, and low risk
of severe GVHD despite donor–recipient HLA disparity.5

Previous mortality risk outweighs the benefit from un-
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related transplantation and cell dose is a critical factor for
UCBT,6 although it is difficult to compare the units from
different cord blood banks. Laughlin et al.7 found that dose
of cryopreserved nucleated cells is a major determinant of
neutrophil recovery and that higher CD34þ cell dose is
associated with improved survival in adult UCB recipients.
The optimal way to deal with delayed engraftment of UCB
and its complications has not yet been found.8

Cotransplantation of two partially HLA-matched
unrelated UCB is an attractive option, especially for older
children who are typically not eligible for single UCBT
because of limitations of cell dose. If no single 5-6/6
HLA-A, -B, -DRB1 matched UCB is available that had a
TNC of 43.0� 107 cells/kg, the patient is considered
for double UCBT. Besides being more readily available, an
acceptable double unit graft can be identified for the
majority of patients. HLA disparity between each unit and
the recipient and between two units does not necessarily
have to be at the same loci.9 It is difficult to extrapolate the
results of studies correlating post-thaw cell dose and
transplant outcome to establish criteria for product selection
using data obtained on products before cryopreservation.10

The engraftment failure occurred in patient 5 who used
HLA-matched grafts, but the pre-freeze CD34þ cell doses
were the smallest among these five patients. Wagner et al.5

observed a threshold infused CD34 cell dose of X1.7�
105/kg was required for durable hematopoietic engraft-
ment, below which the rate of recovery and incidence of

engraftment are unsatisfactory. Together, these data suggest
the graft selection should be principally based on HLA
match for those units with an acceptable cell dose.

Although the use of myeloablative conditioning might be
linked to infertility, its benefits should be weighed against
its potential risks, and diligent long-term follow-up should
be carried out especially in thalassemic patients with iron
overload, in whom the risk for infertility is already
increased. After transplantation of cord blood, engraftment
usually seems slower than after transplantation of marrow
or peripheral blood. A consensus is emerging that UCB
grafts of higher cell doses should be selected wherever
possible to optimize engraftment.11 Although CD34 quan-
tification in UCBT has not been consistently predictive of
time to donor hematopoietic engraftment,12 CD34 cell
dose may play a critical role in engraftment. Thus, there
are concerns about reaching a sufficient cell dose for
engraftment.

UCBT has problems related to risk of graft failure or
relatively late engraftment in patients with thalassemia.13,14

To our knowledge, this study is the first to suggest that the
utilization of double-unit UCBT has shown promising
results in teenagers with transfusion-dependent thalasse-
mia, although the clinical effectiveness of HSCT over
traditional transfusion and chelation therapy has been
reported previously.15 Notably, tolerability and safety were
also acceptable in the therapeutically challenging clinical
setting of our study. Phlebotomy was not routinely

Table 2 Characteristics of engraftment, transplant-related events, GVHD grading, outcome, and chimerism

UPN 6 12 16 18 23

Days until
ANC 40.5� 109/l 12 19 19 14 15
RBC transfusion
independence

22 42 120 10 NA

Platelet 420� 109/l 55 43 117 25 NA

Transplantation-related
complications

CMV reactivation Pneumonitis CMV reactivation
ICH

Pericardial abscess

Evans’ syndrome CMV reactivation
BK virus-associated
hemorrhagic cystitis

Acute GVHD
Maximum clinical grade III II III I NA
Site(s) involved Skin Skin Skin, gastrointestinal

tract
Skin NA

Chronic GVHD Limited Limited Limited Limited NA

Outcome Transfusion
independence

Transfusion
independence

Transfusion
independence

Died of pulmonary
hemorrhage

Autologous recovery
by day 52

Months after transplant 32 21 16 11 8

Chimerism status
Day of myeloid
engraftment

100% donor A 6.2% donor A 83.2% donor A 90.2% donor A 53.4% donor A

93.8% donor B 8.6% donor B 8.4% donor B 47.1% donor B
Day +42 post transplant 100% donor A 100% donor B 100% donor A 100% donor A 100% recipient
Day +100 post transplant 100% donor A 100% donor B 100% donor A 100% donor A NA
Latest follow-up 100% donor A 100% donor B 100% donor A 100% donor A NA

Lansky play-performance
scale

100 100 90 NA 100

Abbreviations: ANC¼ absolute neutrophil count; ICH¼ intracranial hemorrhage; NA¼ not applicable; RBC¼ red blood cells.
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performed in our study, as it may stimulate the hyperplastic
bone marrow after HSCT, and the residual recipient cells
may also be stimulated.16

Patients with transfusion-dependent thalassemia are at
high risk of graft failure, either because of major prior
alloimmunization or an insufficient amount of UCB stem
cells.17 Our conditioning regimens were generally well
tolerated and the median day of neutrophil engraftment
was 15 days (12–19 days) after transplantation. Four
patients had sustained engraftment despite one, whose case
was subsequently complicated by fatal Evans’ syndrome.
Although agreement on the minimum acceptable and the
optimal UCB graft cell doses are not yet unanimous,14,18

our result suggested that higher cell doses may partially
overcome the negative impact of HLA disparity. Ideally,
since no standardized treatment concept exists, these data
will be used to design larger comparative studies.

The present study provides evidence suggesting double-
unit UCBT is an acceptable therapeutic approach in
thalassemic patients with multiple-transfusion aged over 10
years. With strategies that maximize cell dose – using non-
red cell reduced plasma depleted UCB, no post-thaw wash,
and double cord transplantation – promising results may be
achieved with UCBT in selected patients with thalassemia.
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