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ABSTRACT
Introduction: Beta thalassemia major is the com-
monest inherited hematological disorder world-
wide which needs lifelong sufficient supportive 
management. Hematopoietic stem Cell trans-
plantation (HSCT) is the only curative treatment 
available till now.  Aim: To evaluate the outcome of 
children who underwent allogenic hematopoietic 
stem Cell transplantation as a curative approach 
for Thalassemia Major, treated at Queen Rania 
AL- Abdullah children Hospital (QRCH) Methods: 
A retrospective review of the medical files was 
conducted for all children (< 15 years) who had 
thalassemia major and received HSCT between 
January, 2010 and January, 2019. The following 
variables were studied for all patients: age , gender, 
Pesaro classifications, the count of infused raw 
bone marrow stem cell (CD34), engraftment time, 
outcome and complications. Results: A total of 34 
children were transplanted for thalassemia major, 
at an average of 4 cases per year. All underwent 
allogenic raw bone marrow transplantation from 
matched related donors. Thirteen patients (38.2%) 
were males and twenty one (61.2%) were females. 
The age ranged between 2 and 15 years, with a 
median age of 6.5 years.  According to Pesaro clas-
sification, 31 patients were class 2 (91.2%) and 3 
patients were class 3 (8.8%) while no single case 
met the criteria for class 1 Pesaro classification. The 
median CD34 count was 3.5 million/Kg of recipi-
ent weight (range, 1.5*106-7*106 /kg). The median 
time for neutrophil engraftment was 15.5 days.  
At a median follow up of 5 years (range 1- 9.5), 33 
patients were alive. One patient died before 100 
days post transplantation due to grade IV acute 

gastrointestinal Graft Versus Host Disease (GVHD). 
Three patients had secondary graft failure (8.8%). 
Six patients (17.5 %) developed mild grade 1-2 skin 
GVHD while another patient developed hemor-
rhagic cystitis due to BK virus and cytomegalovirus 
(CMV) which reactivated simultaneously, and was 
successfully managed. Conclusion: The outlook for 
Thalassemia major has dramatically changed after 
HSCT, with a considerable success in Jordan and 
results comparable to international data.
Keywords: Hematopoietic stem cell transplanta-
tion, Thalassemia.

1.	INTRODUCTION
Thalassemia is the commonest inherited he-

matological diseases worldwide. Around 60,000 
children are born each year suffering from thal-
assemia major (1, 2). Thalassemia is found more 
commonly in Mediterranean, Middle Eastern 
and Asian countries (3). However, in Jordan 
thalassemia is common as the percentage of 
thalassemia carriers reaches 3.5-4% and 80-90 
patients are diagnosed with Beta thalassemia 
major (B-thalassemia) yearly (4).

B-thalassemia patients have an abnormal 
accumulation of the alpha globin chain and de-
fective erythropoiesis with hemolytic anemia 
which are the results of absent or reduced beta 
globin formation (5, 6). Supportive management 
is needed for each thalassemia patient including 
regular blood transfusion and iron chelation to 
maintain a safe level of iron that increases due 
to recurrent red blood cells transfusion or in-
creased gastrointestinal absorption of iron (7). 
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Until now there is no curative treatment for B-thalassemia 
patients except hematopoietic stem cell transplantation 
(HSCT) which showed very good results in the last decade. 
(8-14).

As the outcome of HSCT is much better in younger can-
didates, HSCT is preferred to be done as soon as possible 
when there is an available matched related donor (15). On 
the other hand, Pesaro group classified thalassemia patients 
into 3 classes depending on three criteria’s; hepatomegaly > 
2 cm below the costal margin, liver fibrosis and the compli-
ance of the patient to deferoxamine (16-18), and the results 
showed better outcome for patients with class 1 and 2 in 
comparison with patients with advanced disease (class 3).

To introduce a comprehensive review of the results of 
patients underwent HSCT for B-thalassemia major, this 
retrospective study analyzed the data for patients who 
underwent HSCT for B-thalassemia from January 2010 to 
January 2019 in QRCH, which is the only specialized pedi-
atric hospital in Jordan.

2.	AIM
To evaluate the outcome of children who underwent allo-

genic hematopoietic stem Cell transplantation as a curative 
approach for Thalassemia Major, treated at Queen Rania 
AL- Abdullah children Hospital (QRCH) in Amman, Jordan.

3.	PATIENTS AND METHODS
This retrospective study was approved by the Ethics 

Committee of the Jordanian Royal Medical Services. The 
medical records of children (<15 years) with B-thalassemia 
major who underwent HSCT were reviewed at QRCH in 
Amman-Jordan during the period between January 2010 
and January 2019.

The donors, patients and the transplantation charac-
teristics are shown in Table 1. At the transplantation time 
the median age of the patients was 6.5 years (range, 2-12 
years). DNA typing for human leukocyte antigen (HLA) 
class 1 (HLA -A,-B,-C) and class 2 (HLA -DRB1,-DQB1) was 
done. Gender was distributed in this study as follows: male 
13 (38.2%) and female 21 (61.8%). Patient’s donors were 
distributed as follows in this study: brothers 20 (58.9%), 
sisters 12 (35.3%) while father and mother constituted 
(2.9%) each. All the donors were 10/10 HLA matched. All 
of our patients had B-thalassemia major except one who 
had thalassemia intermedia but she was transfusion de-
pendent. Patients were classified into 3 classes according 
to Pesaro risk factors: none of our patients was class 1, 31 
patients (91.2%) were class 2 and three patients were class 
3 (8.8%). Stem cells source was raw bone marrow for all 
patients, median CD34 count was 3.5*106/kg of recipient 
weight (range, 1.5*106-7*106/kg).

Supportive care and infection prophylaxis
All patients were transplanted in double door isolation 

rooms. Ciprofloxacin was used as an antibacterial prophy-
laxis, starting on day (-10) and continued until discharge 
from the hospital. Co-trimoxazole was used for pneumo-
cystis jiroveci prophylaxis starting from day (+20) and con-
tinued until one year post transplant. Regarding antifungal 
prophylaxis, before 2016 fluconazole was used, starting 
from day (-10) until 2-3 months post transplant, but since 

2016 micafungin was used from day (-10) until discharg-
ing the patient from hospital then fluconazole orally was 
continued until 2-3 months post transplant. For antiviral 
prophylaxis acyclovir was used from day (-10) until 3-4 
months post transplant unless GVHD happened, then the 
antiviral was given for longer duration. For veno-occlusive 
disease prophylaxis Ursodeoxycholic acid was used from 
day (-10) until 40 days post transplant.

Intravenous immunoglobulin’s (IVIG) was given at day 
(-1) and every two weeks for two months then it was given 
according to serum immunoglobulin’s levels. As we used 
oral busulfan for conditioning we used to use epanutin as 
seizure prophylaxis starting it 24 hours prior to first dose 
of busulfan and the last dose of epanutin given 48 hours 
after the last dose of busulfan.

Blood cultures from the two lumens of the central venous 
catheter were done weekly. Screening for CMV in blood 
and urine were done twice weekly until the patient was 
discharged from the hospital, then it was done once weekly 
until day (+100) then it was done monthly until 1 year post 
transplant or if clinically suspected.

Antibiotics therapy was started when patients became 
febrile, and if fever persisted more than 96 hours or if fun-
gal infection was clinically suspected antifungal therapy 
was added.

Blood was given when hemoglobin level was below 8 
g/dl. Platelets were given when platelet count was below 
20.000 /μL or in cases of bleeding. All blood products given 
were irradiated.

Vaccination was given after 12 months of transplant if 
there were no signs of Graft Versus Host Disease (GVHD) 
and if the patient was on no immunosuppressant medica-
tions.

Transplantation procedure
Details about conditioning regimens and the medica-

tions used for GVHD prophylaxis were shown in Table 1. 
According to Pesaro classification, class 2 patients were 
given myeloablative conditioning regimens which consist 
of oral busulfan (total 16 mg/kg divided into 16 doses from 
days -9 to -6) without blood concentration monitoring in 
addition to Cyclophosphamide (total dose 160-200 mg/kg 
divided into 4 doses between days -5 and -2), while class 
3 patients received reduced intensity conditioning (RIC) 
which consisted of oral busulfan (total 14 mg/kg divided 
into 16 doses from days -9 to -6) without blood concentra-
tion monitoring in addition to Cyclophosphamide (total 
dose 120 mg/kg divided into as 4 doses between days -5 
and -2). Before 2016 rabbit antithymocyte globulin (ATG)
was used at a total dose of 10 mg/kg divided into 4 days 
from days -5 to -2, while after 2016 ATG dose was raised 
to 15-20 mg/kg.

GVHD prophylaxis was achieved by cyclosporine and 
intravenous (IV) Methotrexate. Cyclosporine IV was initi-
ated at day -2 at a dose of 3 mg/kg/day divided into 2 doses, 
blood cyclosporine trough level was done twice weekly 
to maintain the level between 150-250ng/ml. When the 
patient started to tolerate oral feeding cyclosporine was 
shifted to oral route with doubling the IV dose, it was con-
tinued until day +180 then tapered over 1-2 months if no 
signs of GVHD .Methotrexate IV was given at day (+1) with 
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a dose of 15 mg/kg, then 10 mg/kg was given at days (+3), 
(+6) and (+11). Rescue folinic acid IV at a dose of 15 mg/kg 
was given 24 hours following each dose of methotrexate.

For patients with acute GVHD (aGVHD) Grade II-IV, ste-
roids were given as the first line of treatment. Engraftment 
was considered if absolute neutrophil count (ANC) is ≥ 500/
ml and platelet count is ≥  20.000/μL for three consecu-
tive days without transfusion. Chimerism monitoring was 
done to assess engraftment only in cases of sex mismatch 
between donor and recipient using Fluorescent in-situ 
Hybridization (FISH) XY chromosome analysis, otherwise 
the transplant considered successful if the patient became 
transfusion independent.

Definitions and endpoints
The endpoints for the primary study were overall sur-

vival (OS), thalassemia free survival (TFS) and graft fail-
ure (GF). OS was defined as the period from transplant to 
death from any cause.TFS was defined as survival without 
graft failure. Primary GF was defined as no hematological 
recovery with persistent pancytopenias beyond day +28, 
while secondary GF was defined as decrease in the neutro-
phil count below 500/ml and platelet count below 20.000/
μL after successful engraftment.

Statistical analysis
On completion of data collection phase, coded data were 

fed to the computer using Statistical Package for Social Sci-
ences (SPSS version 25 and Excel 2010 (Microsoft). We chose 
descriptive statistical terms to characterize performance 
measurements, including mean, median. As statistical 
measurement univariate comparisons were made by using, 
the Chi-square test or Fisher’s exact test for dichotomous 
variables and Pearson’s exact Chi-square test for qualitative 
variables. The univariate probabilities of OS and TFS were 
calculated using the Kaplan–Meier estimator, and their 
95% confidence intervals (CI) were constructed. Whereas 
comparing the probabilities of survival was calculated by 
using the log-rank test. Also a stratified univariate analysis 
of OS and TFS was performed using the Mantel–Haenszel 
test. Multivariate Cox regressions were performed for the 
variables identified as being associated with one of the 
endpoints.

4.	RESULTS
A total of 34 patients with B-thalassemia were included in 

this study. The post-HSCT follow-ups lasted for 48 months 
on average due to mortality. The longest follow-up lasted 
for 10 years. Donor cells engraftment were achieved in all of 
our patients.15.5 days was the median day for neutrophils 
engraftment (range 13-19 days) while 20 days was the me-
dian day for platelets engraftment (range 18-25 days). Six 
of our patients developed grade 2-3 skin aGVHD. One of our 
patients died because of grade 4 gastrointestinal aGVHD. 
Except the died patient, all of our patients responded very 
well to the first line management with steroids and increase 
the duration of cyclosporine therapy. Fortunately none of 
our patients had chronic GVHD (cGVHD).

Over a median follow up of 5 years (range 1-9.5 years), the 
probabilities of accumulated OS and TFS were 97.1 ± 0.03 
and 88.2 ± 0.05 % respectively (Figure 1). Only one patient 
died at day + 65 because of grade 4 GI aGVHD, the died 

patient was male who was a 2 years old. Secondary graft 
failure happened in 3 of our patients at days (+200), (+180), 
(+120) respectively. All of these patients were females. Pa-
tient number one was 9 years old who had class 3 disease, 
patient number 2 was 11 years old who had class 2 disease, 
while patient number 3 was 3 years old who had class 2 
disease (Table 2, Table 3). The graft loss happened gradu-
ally and was manifested as gradual drop in the hemoglobin 
level and mean corpuscle volume (MCV) until they became 
transfusion dependent; this was approved by hemoglobin 
electrophoresis which showed B-thalassemia major pattern.

Variables No. %

Gender

Male 13 38.2

Female 21 61.8

Age at transplantation, years 6.5

<= 7 23 67.6

>7 11 32.4

Disease severity 

Major 33 97.1

Intermedia 1 2.9

Donor Type 

Brother 20 58.9

Sister 12 35.3

Father 1 2.9

Mother 1 2.9

Pesaro Class

Two 31 91.2

Three 3 8.8

Conditioning regimen 

BU/CY16/200 31 91.2

BU/CY14/160 3 8.8

GVHD prophylaxis

Cyclosporine + Methotrexate 34 100

Graft type

Raw bone marrow 34 100

Mean of CD34 count 
3.5 *106/kg 
of recipient 
weight 

Table 1. Patients and Donors Characteristics

Figure 1. Overall and thalassemia free survival probabilities.
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These 3 patients are still alive and they are transfusion 
dependant as their parents refuse second transplant. At 
the time of this study, of the remaining 30 patients, with a 
median follow up duration of 10 years are alive and thalas-
semia free. Ten patients (29%) developed bacteremia dur-
ing hospitalization in the bone marrow transplant unit, 8 
of them (80%) had gram positive bacteria while 2 of them 
(20%) had gram negative bacteria. None of our patients 
had a positive culture for fungal infection. Three patients 
(9%) developed CMV infections, which was symptomatic 

in one of them as he developed severe hemorrhagic cystitis 
at day (+30) which was treated by gancyclovir, over hydra-
tion, bladder irrigation and forced diuersis. This patient was 
found to have BK virus infection in addition to the CMV at 
the time of hemorrhagic cystitis. Fortunately no one of our 
patients developed veno-occlusive disease (VOD) despite 
the use of oral busulfan without blood level monitoring.

5.	DISCUSSION
In our study, we analyzed retrospectively all patients 

with B-thalassemia who underwent HSCT in QRCH in Jor-
dan between January 2010 and January 2019. Our study is 
the first one in Jordan about HSCT in thalassemia patients. 
The median follow up for the patients were 5 years (range, 
1-9.5 years).  Despite the excellent outcome of HSCT in 
thalassemia patients, the number of the transplants is far 
under satisfactory in developing countries including our 
centre where thalassemia prevalence is high (19, 20). This is 
because of the few number of doctors who are specialized in 
pediatric HSCT and the small capacity of our bone marrow 
transplant unit. Transplant was performed as soon as pos-
sible after we found a matched related donor, so most of our 
HSCT were performed early in childhood; the median age 
at the time of transplant was 6.5 years (range, 2-12 years).

Most of our patients received bone marrow from MSD 
(94%) while the remaining received bone marrow from 
MRD (3% from father and 3% from mother). The stem cell 
source used was unmanipulated raw bone marrow for all 
of our patients. We depend on raw bone marrow as the in-
cidence of cGVHD is much less with raw bone marrow in 
comparison to peripheral blood stem cell (PBSC) (21, 22), 
this lower incidence of cGVHD has an effect on long term 
quality of life and decrease the incidence of secondary 
malignancy post HSCT (23). On the other hand, raw bone 
marrow has superior long term clinical outcome and lower 
cost compared to PBSC (24, 25).

Our patients received myeloablative conditioning regi-
mens including oral busulfan, Cyclophosphamide and ATG. 
Oral busulfan was used instead of IV form as it is less costy 
and the potential advantage of IV busulfan compared to oral 
busulfan is not well established in standard risk thalassemia 
HSCT (26). However, in spite of using oral busulfan for all of 
our patients without blood level monitoring we didn’t have 
any case of veno-occlussive disease (VOD), depending on 
this outcome a prospective multicentre study is needed to 
be done to explain the low incidence of VOD in Jordanian 
population.

In our study the OS was 97% and TFS was 88.2% after a 
median of follow up of 5 years (range, 1-9.5 years). These 
results showed better outcome in our center compared to 
multiple centers results which showed OS and TFS of about 
90% and 80% respectively for MRD HSCT for B-thalassemia 
patients (16, 27). 

This may be explained by the younger age of the patients 
at the time of transplant compared to other centers as the 
median age of transplant at our centre was 6.5 years. This 
conclusion was published in multiple studies as they con-
clude the adverse effect of the older age on TFS and OS in 
B-thalassemia patients who underwent HSCT (28-32). On 
the other hand, our results maybe explained also by the fact 

Variables OS,  % P TFS,  % P

Gender, mean ± SE 0.35 0.04

Male 147.9± 56.1 75.0± 9.6

Female 131.4± 45.1 48.9± 7.6

Age at transplantation, 
mean ± SE 0.00 0.56

<= 7 y 120.13± 47.2 61.4± 7.7

> 7 y 174.5± 30.9 53.5 ±11.5

Donor type, mean ± SE 0.12 0.63

Brother 129±45.8 52.8±8.3

Sister 139±49.5 64±10.7

Father 216±0.0 84±37.3

Mother 216±0.0 84±37.3

Pesaro Class 0.51 0.26

Two 135.9±51.4 61.1±6.5

Three 156.0±12.0 36.2±21.1

Conditioning regimen 
group, mean ± SE 0.27 0.45

BU/CY16/200 134.8±50.2 57.4±6.6

BU/CY14/160 168.0±31.7 72.2±21.2

CD34*106

<=3
>3

146.0±47.7
114.6±59.5 0.1 66.0±36.05

39.1±32.17 0.05

Table 2 Univariate analysis of OS and TFS. Univariate analysis 
of OS and TFS. Univariate analysis showed that age at 
transplantation was potential key factor for OS: the impacts of 
gender, donor type, Pesaro class, CD34*106,and condition regimen 
on OS were not significant (p>0.05).Univariate analysis also 
showed that gender was potentially related to TFS;the effects 
of age ,donor type, pesaro class ,CD34 count and conditioning 
regimen on TFS were not significant. These results are displayed 
in Table 2.

Variable HR 95%CI P Value

Gender 0.55 0.051 – 6.01 0.063

Pesaro Class 0.09 0.009 – 0.89 0.04

Age at transplantation 1 0.095 – 11.1 0.98

<= 7 y

> 7 y

Table 3. Multivariate Cox Regression analysis of TFS Cox 
Regression. A multivariate COX regression analysis indicated that 
pesaro class was leading factor to difference in TFS [Hazard Ratio 
(HR = 0.09, 95% CI 0.009 – 0.89, P= 0.04)]. While gender and age 
at transplantation not potentially affect of TFS. These results 
noticed in Table 4.
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that most of our patients were Pesaro class 2 (91.2%) while 
Pesaro class 3 patients were just 3 (8.8%). This conclusion 
was published by multiple studies as they noticed that the 
OS and TFS is much better in class 1 and 2 patients in com-
parison to class 3 patients (2, 33). The transplant related 
mortality happened in just one patient (3%) which was due 
to grade IV GI aGVHD, which presented as severe diarrhea 
and vomiting which was associated with ascites and elec-
trolytes disturbances. This aGVHD was confirmed by the 
gastrointestinal biopsies taken during upper and lower en-
doscopy. This aGVHD was refractory to high dose steroids, 
infliximab, cyclosporin and the addition of mycophenolate.

Secondary graft failure was the main problem we had in 
our center which happened in three of our patients; upon 
Pesaro classification one of these patients was class 3 and 
the other two patients were class 2. Two of these three 
patients were receiving blood in peripheral hospitals and 
they were given blood at a hemoglobin level of less than 8 
mg /dl, these levels of hemoglobin have inadequate sup-
pression of erythroid marrow expansion, so we expect that 
their expanded erythropoietic marrow played a major role 
in the rejection of the new bone marrow they received. This 
explanation was observed in the French experience (34).

Grade I-III aGVHD incidence was 17.6% and grade IV 
aGVHD was 3%, these results are similar to that reported by 
others (35). None of our patients developed chronic GVHD 
which is an impressive outcome compared to the interna-
tional studies worldwide including the 30 years study of 
patients with B-thalassemia undergoing HSCT conducted 
by Caocci G and colleagues (36). This may be explained by 
the fact that all of our patients received raw bone marrow 
and most of our patients received stem cells from MSD. This 
was reported by the international survey done by chunfu 
Li and his colleagues (6).

The most common complications happened to our pa-
tients were bacterial infections, mucositis, hypertension 
and CMV virus reactivation. The most serious complication 
was a severe hemorrhagic cystitis which happened to a male 
patient at day (+30), he developed gross hematuria with 
clots, this hemorrhagic cystitis was due to CMV infection 
as the titer was high in blood and urine, the patient also 
had BK virus in the urine at the same time. We managed 
this patient by platelets transfusion to keep the platelets 
count more than 100.000/μL, over hydration, bladder irri-
gation, diuretics and Gancyclovir IV. The patient improved 
with this aggressive management, the symptoms resolved 
completely after 8 days of this management, but the patient 
was kept in hospital for the IV Gancyclovir which continued 
for 3 weeks until 2 negative readings of CMV was observed 
and then he was discharged from the hospital as the patient 
recovered completely.

6.	CONCLUSION
HSCT provides the best option for the treatment of B-

thalassemia considering the excellent results and high suc-
cess rate. The results we achieved shows that the outcome 
of HSCT in QRCH in Jordan are comparable to the results 
reported in the international literatures. Best outcome is 
achieved if HSCT is performed early in life as iron overload 
and related organs toxicity are low.
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