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Abstract

Background: Graft rejection (GR) occurs in a significant proportion 
of individuals with transfusion-dependent β-thalassemia (TDT) fol-
lowing hematopoietic stem cell transplantation (HSCT). There have 
been limited data on the outcome and complications of second HSCT 
in β-thalassemia patients. The objective was to assess the survival ben-
efits and outcome of second allogeneic HSCT in pediatric TDT patients 
using Cytoxan (CY) and total body irradiation (TBI) regimen.

Methods: This was a retrospective study on the analysis of the data 
for 15 patients who had graft failure over an 18-year period (March 
2000 to March 2017) at our institution. For the first failed transplants 
for patients who had a myeloablative regimen consisting of busulfan 
(BU)-CY with or without additional anti-thymocyte globulin (ATG), 
the median age at transplant was 4.2 years. Graft failure occurred over 
a median of 8.6 months (range, 0.6 - 74.3 months) after the first trans-
plant. The median time to the second transplant from GR was 25.3 
months. For the second transplant, the same human leukocyte antigen 
(HLA) match-related donors for the first HSCT were used. Over half 
of the patients had moderate to severe iron overload with pre-trans-
plant serum ferritin of 1,405 to 4,051 µg/L at transplant.

Results: Thirteen patients (86.7%) engrafted with thalassemia-free 
survival (TFS) of 80.0%. One patient rejected the graft and died. An-
other died due to infectious complications. Apart from a mild chronic 
graft-versus-host disease (GvHD) in one patient, no serious complica-
tions were observed.

Conclusion: CY-TBI can be used as conditioning for second HSCT 

in patients with TDT GR following myeloablative conditioning. We 
observed overall survival and TFS of 87% and 80% respectively with 
low rejection rate and mortality, and limited long-term side effects.

Keywords: Stem cell transplantation; Pediatric; Thalassemia; Second 
transplant; Graft failure; Survival benefits

Introduction

Hematopoietic stem cell transplantation (HSCT) is considered 
the potential curative treatment for patients with transfusion-de-
pendent β-thalassemia (TDT) [1-3]. Advanced stage of disease, 
multiple transfusions over a long period of time, and age of the 
patient may adversely lead to graft rejection (GR) which can be 
as high as 38% following HSCT [4]. Recurrence of thalassemia 
with autologous marrow recovery usually follows GR; however, 
marrow aplasia may occur [4-8]. Limited publications on sec-
ond HSCT in TDT are available [9]. Different conditioning regi-
mens had been tried aiming to increase thalassemia-free survival 
(TFS) and overall survival (OS) and at the same time to decrease 
regimen-related toxicity and graft failure with variable results. 
However, the outcome was poor when using less intensive con-
ditioning [4, 6, 9, 10]. We therefore reviewed our experience on 
second transplantation after graft failure using Cytoxan (CY) and 
total body irradiation (TBI) regimen as myelo-immunoablative 
regimen and compared it with the outcome of the published data.

Materials and Methods

From March 2000 to March 2017, 15 pediatric TDT patients (age 
≤ 14 years) underwent second HSCT at our institution following 
the failure of their first transplant that was offered at the same 
center. We gathered clinical, transplant-related, toxicity and out-
come data on these patients from the institutional databases being 
populated prospectively. Ten patients were female (66.7%); pa-
tient characteristics and transplant-related parameters for the first 
and second transplant are provided in Table 1. All recipients were 
conditioned with myeloablative regimen consisting of busulfan 
(BU) 16 mg/kg, CY 200 mg/kg and anti-thymocyte globulin 
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Table 1.  Patient Characteristics and Transplant-Related Parameters (n = 15)

Parameters of interest, n (%) First transplant Second transplant P value
Age at SCT, years, median (range) 4.2 (2.0 - 9.9) 10.1 (5.3 - 13.8) -
Source of stem cells 1.000
    Bone marrow 15 (100.0%) 14 (93.3%)
    PBSC - 1 (6.7%)
CD34 (106/kg), median (range) 8.5 (3.0 - 12.7) 4.6 (2.4 - 20.5) -
Recipient weight (kg) at infusion, median (range) 15.5 (9.0 - 28.2) 24.9 (15.1 - 48.9) -
Conditioning regimens < 0.001
    BU, CY 8 (53.3%) -
    BU, CY, ATG 7 (46.7%) -
    CY, TBI - 14 (93.3%)
    CY, TBI, ATG - 1 (6.7%)
Donor → recipient gender 1.000
    Male → female 3 (20.0%) 3 (20.0%)
    Male → male 2 (13.3%) 3 (20.0%)
    Female → female 7 (46.7%) 7 (46.7%)
    Female → male 3 (20.0%) 2 (13.3%)
Time to ANC recovery, median days (range), number recovered 16 (13 - 27), 15 18 (13 - 22), 15
Time to platelets recovery, median days (range), number recovered 29 (15 - 54), 15 35 (19 - 96), 11 0.348
    Within 42 days 13 (86.7%) 7 (63.6%)
    Beyond 42 days 2 (13.3%) 4 (36.4%)
Graft evaluation at day +100 0.080
    Engrafted 9 (60.0%) 13 (86.7%)
    Primary graft failure - 1 (6.7%)
    Secondary graft failure 6 (40.0%) 1 (6.7%)
Acute GvHD (+) 1 (6.7%) 5 (33.3%) 0.169
Acute GvHD overall 1.000
    Grade I 1 (100.0%) 2 (40.0%)
    Grade II - 1 (20.0%)
    Grade III - 2 (40.0%)
Transplant-related toxicity during day +100
Hypertension 9 (60.0%) 12 (80.0%) 0.427
Seizure - 2 (13.3%) 0.483
Interstitial pneumonia 1 (6.7%) - 1.000
Hemorrhagic cystitis 2 (13.3%) 1 (6.7%) 1.000
CMV reactivation 3 (20.0%) 3 (20.0%) 1.000
Encephalopathy - 1 (6.7%) 1.000
Mucositis 1 (6.7%) 9 (60.0%) 0.005
Infections
    Bacterial 4 (26.7%) 3 (20.0%) 1.000
    Viral 1 (6.7%) 3 (20.0%) 0.598
    Fungal 2 (13.3%) 1 (6.7%) 1.000
Chronic GvHD - 1 (6.7%) 1.000
Graft evaluation at last contact < 0.001
    Engrafted - 13 (86.7%)
    Failed graft 15 (100.0%) 2 (13.4%)

ANC: absolute neutrophil count; ATG: anti-thymocyte globulin; BU: busulfan; CMV: cytomegalovirus; CY: Cytoxan; GvHD: graft-versus-host disease; 
PBSC: peripheral blood stem cell; SCT: stem cell transplantation; TBI: total body irradiation.
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(ATG, Grafalon) 40 mg/kg in the first transplant and for the sec-
ond transplantation CY 200 mg/kg over 4 days and TBI of 1,200 
cGy fractionated in six doses over 3 days with lung shielding.

For the second transplant, bone marrow (BM) was the source 
of stem cells in 14 (93.3%) and one patient received peripheral 
blood stem cells (PBSCs). Donor was a human leukocyte antigen 
(HLA) identical sibling in 13 (86.7%) transplants and remain-
ing two were parental donors; one was a mother and the other 
a father, in each. Donor-recipient degree of HLA mismatch was 
10/10 in all cases. Median CD34+ cell dose was 4.6 × 106/kg 
(range, 2.4 - 20.5). Following the graft granulocyte colony-stim-
ulating factor (G-CSF) was administered in 11 cases. The median 
interval between the first HSCT and graft failure was 8.6 months 
(0.6 - 74.3 months) and the same between graft failure and the 
second HSCT was 25.3 months (7.8 - 115.1 months). Median 
time to the second transplant from the first was 47.2 months 
(range, 21.3 - 125.3). Liver biopsies were not done routinely for 
the patients; therefore, Pesaro classification was not possible. 
However, severity was assessed based on risk category (ferritin 
> 3,000 µg/L, liver size > 3 cm below costal margin and age at 
transplant > 7.0 years); presence of three risk factors was consid-
ered severe, of two moderate and one mild. More than half of the 
patients were in the moderate to severe iron overload with serum 
ferritin range of 1,405 to 4,051 µg/L at transplant. None of our 
patients had splenectomy. All patients were on transfusion proto-
col in the interim between graft failure and the second transplant 
and were on iron chelation therapy in the form of oral deferasirox 
throughout interim period and were monitored routinely by se-
rum ferritin every 3 months as follow-up assessment. Routinely, 
patients were given cytomegalovirus (CMV) prophylaxis in the 
form of intravenous (IV) acyclovir until day 100.

Statistical analysis

All continuous data are presented as median with minimum 
and maximum points. Kaplan-Meier curve was drawn for sur-
vival analysis and death from all causes was considered as an 
event. Graft failure or death from all causes was considered as 
event to estimate TFS. IBM-SPSS for Windows (version 20.0) 
was used for statistical analysis of the data.

Institutional Review Board approval and ethical compli-
ance

This study was submitted to the Institutional Review Board of 
King Faisal Specialist Hospital and Research Center, Riyadh, 
Saudi Arabia, and was approved by the Research Advisory 
Committee through established procedures via approval num-
ber 2211115. This study was conducted in compliance with the 
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

Results

Following the second transplantation, all our recipients had 

successful engraftment with neutrophil recovery in a median 
of 18 days (range, 13 -22), while platelets recovery was re-
corded in 11 (73.3%) with a median of 35 days (range, 19 - 96); 
seven (63.6%) of them achieved this within day +42. Based 
on hematopoietic assessment and short tandem repeat param-
eters of > 60% donor cells, 13 (86.7%) engrafted on day +100, 
one (6.7%) had a primary graft failure and the remaining one 
(6.7%) had a secondary graft failure. Cumulative incidence 
of acute graft-versus-host disease (GvHD) was 33.3% (n = 5) 
and only one recipient (6.7%) had limited mild chronic GvHD 
of skin. Details on transplant-related complications and infec-
tious toxicity within day +100 are also provided in Table 1. 
At the last follow-up, 13 (86.7%) of the recipients were main-
taining their graft with no evidence of disease or transfusion 
dependence. For two recipients with graft failure, one child 
with secondary graft failure died later and the other was alive 
and transfusion-dependent. Median follow-up time was 137.9 
months (95% confidence interval: 126.0 - 150.0 months). With 
a mortality rate of 13.3% (n = 2), the cumulative probability of 
5-year OS was 92.9±6.9%. The same for TFS was 80.0±10.3% 
(Fig. 1). Causes of death included disseminated fungal infec-
tion with CMV viremia in one and pulmonary aspergillosis 
and multi-organ failure in the other patient. Snapshot of the 
recipients and post-transplant outcome are described in Table 
2. Post-transplant on follow-up growth hormones deficiency 
was noted in four (26.7%) and gonadal failure in five (33.3%) 
recipients only.

Discussion

The use of a myeloablative conditioning for patients with 
TDT utilizing BU/CY had proven to be effective and suc-
cessful regimen in this disease category. However, rejection 
remains a challenge beside the long-term toxicity [4, 6, 10, 11]. 
A study reported the outcome of the use of reduced-intensity 
conditioning (RIC) regimen to avoid toxicity, resulting in an 
increased rejection rate up to 63% [10]. Stepensky et al in 2009 
reported unfavorable outcome using different RIC regimens 
on nine patients who had a second HSCT after rejection. Fol-
lowing HSCT, 33% had early mortality and 66% developed 
GvHD, while only 40% were transfusion-independent with 
stable chimerism [9]. Gaziev et al reported on 16 patients who 
had a second HSCT using intensive myelo-immunoablation 
regimen using BU/CY including azathioprine, hydroxyurea, 
ATG, thiotepa, fludarabine, pre-transplant and prolonged im-
munosuppression post-HSCT (protocol 26). The OS, event-
free survival, treatment-related mortality and graft failure rates 
were 79%, 79%, 16%, and 6%, respectively. The study con-
firmed the importance of conditioning regimen intensification 
for a successful second engraftment [6]. Other studies had also 
indicated the need to use both myeloablation and immunosup-
pression regimens [12-14]. It is crucial to give adequate time 
interval between the two transplants to allow organ recovery, 
and to reduce toxicity and transplant-related mortality [9]. An-
other study had shown that the outcome is significantly better 
if the second HSCT is deferred for more than 1 year after graft 
failure [15]. In our study, median time to the second transplant 
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from the first was 47.2 months (range, 21.3 - 125.3).
Having failed conditioning with BU/CY for the first HSCT 

in our cohort of patients, we elected to use combination of CY/
TBI in an attempt to intensify the myeloablation/immunoab-
lation effect. Inclusion of radiation to conditioning has been 
known to improve donor cell engraftment and decrease the risk 
of GR by its potent immunosuppressive effect. However, it can 
cause immediate and delayed toxicities and overlap with side 
effects of other chemotherapies used in conditioning regimen. 
Delayed complications such as pulmonary toxicity, infertility 
(gonadal dysfunction), growth and developmental delay, hy-
perthyroidism, and secondary malignancy can occur. Howev-
er, the use of adjusted delivered dose, dose rate, fractionation, 
interval between fractions, lung and gonads shielding and the 
source of radiation all, can be practiced to reduce incidence 
of TBI-related side effects. A recent study using helical tomo-
therapy with gonadal sparing irradiation in conditioning for 
non-malignant disease demonstrated encouraging results in 
improved preservation of gonadal function [16].

Conclusion

To the best of our knowledge, this is the first long-term follow-
up study using CY/TBI conditioning for second transplanta-
tion in patients following recurrence of thalassemia with good 
TFS and limited toxicity. Besides, TBI-based conditioning re-
sulted in low rejection rate and mortality. All patients at their 

last follow-up were maintaining good quality of life and none 
of them developed any malignancy. Although this study is the 
longest follow-up evaluating outcome of a second transplan-
tation following TBI-based regimen after rejection in TDT 
patients, further follow-ups with more patients are needed to 
validate our results.
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Figure 1. Thalassemia-free survival.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com30

Second HSCT in Pediatric Thalassemia J Hematol. 2025;14(1):26-31

Ta
bl

e 
2.

  S
na

ps
ho

t o
f t

he
 C

oh
or

t f
or

 S
ec

on
d 

Tr
an

sp
la

nt
 E

pi
so

de
 (n

 =
 1

5)

Pt
.

Se
x

A
ge

 a
t 

tr
an

s-
pl

an
t 

(y
ea

rs
)

M
on

th
s 

to
 

se
co

nd
 

tr
an

s-
pl

an
t

C
D

34
 

(1
06 /

kg
)

C
on

di
-

tio
ni

ng
So

ur
ce

D
on

or
G

ro
w

th
 

fa
ct

or
s

D
ay

s 
to

 
A

N
C

 
re

co
v-

er
y

D
ay

s 
to

 
PL

T 
re

co
v-

er
y

D
ay

 +
10

0 
en

gr
af

t-
m

en
t

Fe
r-

ri
tin

 
(µ

g/
L

)

T
2*

 
ca

r-
di

ac
 

(m
s)

T
2*

 
he

pa
t-

ic
 (m

s)

%
M

ye
 

(D
 

+3
65

)

%
Ly

m
 

(D
 

+3
65

)

G
ro

w
th

 
ho

r-
m

on
es

 
de

fi-
ci

en
cy

%
M

ye
 

la
te

st
%

Ly
m

 
la

te
st

O
S 

(y
ea

rs
 

fr
om

 fi
rs

t 
in

fu
si

on
)

2
M

7.
4

65
.6

10
.6

6
C

Y
/T

B
I

B
M

B
ro

th
er

G
-C

SF
21

29
En

gr
af

te
d

1,
56

0
10

0
10

0
-v

e
10

0
10

0
A

, 2
0.

6

4
F

11
.9

11
9.

7
2.

51
C

Y
/T

B
I

B
M

B
ro

th
er

G
-C

SF
19

-
Pr

iG
F

1,
22

2
30

.2
7

5.
28

0.
0

0.
0

-v
e

0
0

A
, 1

6.
6

6
F

10
.6

96
.4

2.
56

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
16

36
En

gr
af

te
d

68
4

10
0

10
0

-v
e

10
0

10
0

A
, 1

3.
2

8
F

5.
7

26
.8

3.
95

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
19

52
En

gr
af

te
d

1,
40

5
99

.4
98

.9
-v

e
99

99
A

, 2
.5

10
M

9.
7

82
.1

4.
57

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
13

35
En

gr
af

te
d

47
0

10
0

10
0

-v
e

10
0

10
0

A
, 1

1.
8

12
F

10
.1

47
.2

4.
24

C
Y

/T
B

I
B

M
Si

st
er

-v
e

20
96

En
gr

af
te

d
1,

05
7

10
0

10
0

+v
e

13
41

A
, 1

1.
3

14
M

5.
3

27
.1

7.
62

C
Y

/T
B

I
B

M
B

ro
th

er
-v

e
22

30
En

gr
af

te
d

3,
83

3
12

.0
58

.0
+v

e
10

0
10

0
A

, 1
0.

7

16
F

7.
7

42
.4

20
.4

8
C

Y
/A

TG
/

TB
I

PB
SC

M
ot

he
r

G
-C

SF
13

19
En

gr
af

te
d

4,
05

1
30

.2
2.

72
10

0
10

0
-v

e
10

0
10

0
A

, 5
.1

18
F

9.
1

55
.0

4.
57

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
18

-
En

gr
af

te
d

1,
35

6
-

-
-v

e
10

0
10

0
E,

 4
.7

20
F

12
.0

25
.6

2.
37

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
15

24
En

gr
af

te
d

1,
26

9
10

0
10

0
+v

e
10

0
10

0
A

, 9
.4

22
M

11
.9

32
.0

2.
77

C
Y

/T
B

I
B

M
B

ro
th

er
-v

e
21

44
En

gr
af

te
d

2,
92

4
10

0
10

0
-v

e
10

0
93

A
, 1

1.
2

24
F

13
.8

12
5.

3
4.

94
C

Y
/T

B
I

B
M

B
ro

th
er

G
-C

SF
14

-
En

gr
af

te
d

2,
79

3
36

.4
5

1.
5

10
0

10
0

-v
e

10
0

10
0

A
, 1

5.
5

26
F

13
.8

11
1.

3
4.

79
C

Y
/T

B
I

B
M

Fa
th

er
-v

e
13

-
Se

cG
F

1,
02

0
36

.0
8.

8
-

-
-v

e
10

0
61

E,
 9

.6

29
F

9.
9

39
.2

3.
96

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
19

29
En

gr
af

te
d

2,
02

8
10

0
10

0
-v

e
10

0
10

0
A

, 1
4.

4

31
M

10
.8

21
.3

8.
8

C
Y

/T
B

I
B

M
Si

st
er

G
-C

SF
16

58
En

gr
af

te
d

1,
50

4
10

0
10

0
+v

e
10

0
10

0
A

, 1
0.

1

A:
 a

liv
e;

 A
N

C
: a

bs
ol

ut
e 

ne
ut

ro
ph

il 
co

un
t; 

AT
G

: a
nt

i-t
hy

m
oc

yt
e 

gl
ob

ul
in

; B
M

: b
on

e 
m

ar
ro

w
; B

U
: b

us
ul

fa
n;

 E
: e

xp
ire

d;
 G

-C
SF

: g
ra

nu
lo

cy
te

 c
ol

on
y-

st
im

ul
at

in
g 

fa
ct

or
; L

ym
: l

ym
ph

oi
d;

 M
ye

: 
m

ye
lo

id
; O

S:
 o

ve
ra

ll 
su

rv
iv

al
; P

BS
C

: p
er

ip
he

ra
l b

lo
od

 s
te

m
 c

el
l; 

PL
T:

 p
la

te
le

ts
; P

riG
F:

 p
rim

ar
y 

gr
af

t f
ai

lu
re

; S
ec

G
F:

 s
ec

on
da

ry
 g

ra
ft 

fa
ilu

re
; T

BI
: t

ot
al

 b
od

y 
irr

ad
ia

tio
n.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com 31

Al-Jefri et al J Hematol. 2025;14(1):26-31

were secured as governed by the institutional policies on pa-
tient confidentiality and privacy. No informed consents were 
obtained since this was a retrospective review of data and 
all data items collected were already documented in medical 
charts as part of the patients care and disease management 
documentation.
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