
Abstract. – OBJECTIVE: In the present study,
the outcomes of childhood leukemia treated
with haplo-HSCT using parent as donor were
evaluated and the risk factors for survival were
identified.

PATIENTS AND METHODS: 111 consecutive
cases from March 2002 to March 2012 in our
center were analyzed. The median age of pa-
tients was 10 (3-14) years old. All patients re-
ceived unmanipulated combined marrow and
peripheral blood stem cells for transplant after
conditioning with busulfan and cyclophos-
phamide (Cy)/Cy and total body irradiation (TBI)
plus antithymocyte globulin (ATG).

RESULTS: Durable hematopoietic reconstitu-
tion was seen in 98% of recipients. Engraftment
failure occurred in 3 cases including 2 cases of
father to daughter transplants. One-hundred-day
transplant-related mortality (TRM) was only
4.5%. The cumulative incidences of grade II to IV
acute graft-versus-host disease (aGvHD) and
chronic GvHD (cGvHD) were 47.6% and 28.3%,
respectively. With the median follow-up of 32
(12-134) months, 2-year and 5-year overall sur-
vival (OS) rates for all patients were 82.1% and
79.2%, respectively. Five-year OS rates for pa-
tients in early, intermediate and advanced dis-
ease were 84.0%, 81.0%, and 57.1%, respectively
(p = 0.08). Five-year OS of transplants in father
to son, father to daughter, mother to son, and
mother to daughter were was 88.1%, 57.1%,
70.6%, and 82.6%, respectively (p = 0.08).

CONCLUSIONS: Under current protocol, chil-
dren with leukemia tolerate haplo-HSCT from
their parent very well with lower TRM, less
cGvHD, and better OS compared with our pub-
lished data. Pre-transplant disease status and
donor- recipient relationship and the recipient
age have significant impact on survival.

Key Words:
Overal l  survival, Haploidentical transplant,

Leukemia; Pediatrics.

European Review for Medical and Pharmacological Sciences

Treatment of childhood leukemia with
haploidentical hematopoietic stem cell 
transplantation using parent as donor:
a single-center study of 111 case

Y. SUN1, J. XIAO1, Z.-H. LI1, S.-F. FAN1, Y. SHEN2

1Department of Paediatric Hematology, Beijing Daopei Hospital, Bei Jing, China
2Department of Nephrology, Beijing Children Hospital, Capital Medical University, Bei Jing, China

Corresponding Author: Ying Shen, MD; e-mail: zhuhuamail@yeah.net 4379

Introduction

Only one-third of patients have an HLA-
matched-sibling donor1. In China, most couples
have only one child. So, finding matched sibling
donors is even more difficult. However, nearly
all patients have HLA-haploidentical parents
donors. Moreover, the success rate of unrelated
umbilical cord blood or hematopoietic stem cell
transplant is less than 30%2. However, the num-
ber of hematopoietic stem cells in umbilical cord
blood is inadequate and that restricts its applica-
tion in heavier children. At our treatment center,
human leukocyte antigen (HLA)-haploidentical
hematopoietic stem-cell transplantation has be-
come the most common way of hematopoietic
stem cell transplantation. Compared with fully
HLA-matched sibling donors or unrelated
donors, haploidentical transplantation may be as-
sociated with a higher appearance of chronic and
acute graft-versus-host disease (GvHD) and
more severe symptoms. The probability of severe
infections and recurrence is also higher due to
delayed immune reconstitution. These defects
have been generally recognized with haploidenti-
cal transplantation3. But nonetheless haploidenti-
cal transplantation donors are much greater in
number and the hematopoietic stem cells are
more easily available. Besides, donor lympho-
cyte infusion is possible for recurrent cases of
leukemia after transplantation, and donor-derived
antileukemic cytotoxic T-lymphocyte (CTL) can
be prepared for treating post-transplant infec-
tions. The above advantages of haploidentical
transplantation are very important for those who
have no related donors. The effect of haploidenti-
cal transplantation is constantly improving when
interventional therapies are used in conjunction.
According to previous reports, the effect of hap-
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mother-to-daughter pattern. These four types
of cases shared similar clinical features.

6. Procedures of hematopoietic stem cell trans-
plantation
• Pretreatment: 91 cases received the treat-

ment of busulfan (BU, Meryer, Shanghai,
China) plus cyclophosphamide (CY, BAX-
TER, China): cytarabine (Pfizer, New York,
NY, USA) 3-4 g/m2 (-10 d, -9 d); BU 1-1.2
mg/kg, once every 6h (-8 d, -7 d, -6 d); CY
1.8 g/m2 (-5 d, -4 d); Me-CCNU (Ruixin,
China) 250 mg/m2 (-3 d); ATG (Fresenius,
Bad Homburg, Germany) 2.5 mg/(kg·d) (-5d
to -2d). Twenty cases received the treatment
of TBI plus CY: total TBI dose 10-12Gy, ad-
ministered in 3 days (-9d, -8d, -7d); cytara-
bine 3-4 g/m2 (-7 d, -6 d); CY 1.8 g/m2 (-5 d,
-4 d); ATG 2.5 mg/ (kg·d) (-5d to -2d)
(There were many confounding factors, and
the use of TBI was related to the time of
transplantation. Cases in early phase were
generally treated by busulfan and cyclopho-
sphamide (BUCY), while those in intermedi-
ate and blast phase were treated by total body
irradiation (TBI). Please make a comparison
of the survival with two treatment schemes).

• Mobilization and collection of hematopoi-
etic stem cells: the donors received continu-
ous subcutaneous injection of granulocyte
colony stimulating factor (G-CSF, Qilu, Chi-
na) at 5-10 µg/(kg·d) for 5-6d. Marrow was
collected under epidural anesthesia on 4d.
For the major ABO blood group mismatch,
the blood cells in the donor bone marrow
were removed by precipitation with hydrox-
yethyl starch; for the minor mismatch, the
plasma was removed by centrifugation. On
5-6d, peripheral blood stem cells (PBSC)
were collected with blood cell separator. The
total number of PBSC was 4.4-10.5 × 108/kg,
either in infusion of bone marrow plus PBSC
or single infusion of PBSC. CD34+ cell count
was 1.8-12.0×106/kg. All collected cells were
infused back to the donors.

• Indicators of hematopoietic reconstitution:
comparison was made of chromosomes, red
blood cell type and DNA fingerprints before
and after transplantation. Absolute neutrophil
count > 0. × 109.L-1 and platelet count > 20 ×
109.L-1 indicated hematopoietic reconstitution.

7. Prevention and treatment regimen of compli-
cations
• GVHD prevention and treatment: short-

term methotrexate (MTX, Qilu, China) treat-

loidentical transplantation is almost comparable
with matched sibling donor transplantation as a
result of the development of novel strategies4-6.
Haploidentical transplantation now be performed
safely and indeed might result in outcomes simi-
lar to those reported using other donor types. For
children, the treatment effect is even better than
that of umbilical cord blood transplantation7.

Most of the children treated at our center have
no siblings. Therefore, haploidentical transplan-
tation is generally performed on these children
whose parents are donors. Our previous studies
have demonstrated that haploidentical
hematopoietic stem cell transplantation (haplo-
HSCT) has achieved comparable outcomes with
identical sibling transplant4, and the results of
haplo-HSCT are similar overall between adults
and children8.

In this report, we discussed the effect of trans-
plantation and the difference in treatment effect
among children having different donor patterns,
aiming to identify the prognostic factors. The
cases included were children with leukemia who
were treated at our center by haploidentical
transplantation with their parents as donors in the
past 10 years.

Patients and Methods

1. From March 2002 to March 2012, 111 consec-
utive leukemia children were included, with a
median follow-up of 46 months (12-134
months).

2. There were 73 males and 38 females with a
median age of 10 years (3-14).

3. There were 46 cases of acute myeloid
leukemia (AML), 49 cases of acute lym-
phoblastic leukemia (ALL), 12 cases of
chronic myelogenous leukemia (CML), and 4
cases of mixed lineage leukemia (MLL).
They were acute leukemia (AL) cases show-
ing complete response with first treatment
(CR1) and CML in chronic phase (CP); 42
cases were intermediate, including AL ≥ CP
2 and CML in accelerated phase (AP); 18
cases were in accelerated or blast phase, in-
cluding AL with partial response (PR) and
CML in blast phase (BP).

4. Eighty cases had 3/6 HLA match, 24 cases 4/6
match, and 7 cases 5/6 match.

5. Of 111 pediatric cases, 47 cases were of fa-
ther-to-son pattern, 7 of father-to-daughter
pattern, 30 of mother-to-son pattern, and 27 of
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ment was given +1d, +3d, +6d and +11d af-
ter transplantation, respectively. Cy-
closporine (CsA, Hanmi, Korea) or Prograf
(FK-506, Astellas, Ireland) treatment started
from -10d to 50d after transplantation with
progression reduction until discontinuance.
Mycophenolate mofetil (MMF, Novartis,
Switzerland) treatment started from -10d,
and the dose was halved after white blood
cell reconstitution until discontinuance at
28d. For acute GVHD (aGVHD) of grade II
or above, methylprednisolone, azathioprine,
anti-CD25 monoclonal antibody, mesenchy-
mal stem cells (MSC) and other immunosup-
pressants were administered.

• Hepatic veno-occlusive disease (HVOD):
prostaglandin (PGE1, Kangnuo, China) was
intravenously injected continuously at the
dose of 0. 3 µg/(kg·d)(-10 d-+30 d).

• Hemorrhagic cystitis: the cases received
transfusion as preventive measures for urine
alkalization, and PGE1 and Uromitexan were
administered. To treat hemorrhagic cystitis,
bladder flushing and local and systemic med-
ications were given.

• Prevention and treatment of infections: pre-
vention measures for bacterial, fungal and vi-
ral infections were adopted during pretreat-
ment. After reconstitution of white blood
cells, anti-bacterial drug was discontinued.
Plasma cytomegalovirus and EB virus DNA
was detected conventionally after transplanta-
tion. Anti-viral treatment was given if the
copy number was high. For some cases virus-
specific cytotoxic T lymphocytes (CTL) ther-
apy was given until the cases turned negative.

• Monitoring and treatment of recurrence:
post-transplant recurrence refers to molecu-
lar recurrence, immunological recurrence
and (or) hematological recurrence. Bone
marrow morphology, immune residues and
leukemia-related genes were detected regu-
larly after allo-HSCT, so as to determine the
burden of myeloid leukemia. After the
symptoms in accelerated or blast phase were
properly controlled, immunosuppressants
were given in reduced dose or discontinued
completely. For molecular recurrence or im-
munological recurrence, immunosuppres-
sants were discontinued, and interleukin-2 or
interferon-χ2b was prescribed, or donor
lymphocytes were infused (DLI). For hema-
tological recurrence, chemotherapy followed
by DLI was administered.

Statistical Analysis
The comparisons of patient characteristics be-

tween the 2 groups were performed using the
Mann-Whitney U test for continuous variable
and χ2 test for categorical data. Survival func-
tions were estimated using the Kaplan-Meier
method and compared by the log-rank test. SPSS
17.0 software (SPSS Inc., Chicago, IL, USA)
was used to analyze the data. p < 0.05 was consi-
dered statistically significant.

Results 

Patient Characteristics
Patient characteristics were described in sub-

ject and method as above, which was shown in
Table I.

Reconstitution
Of 111 cases, 98 cases achieved stable

hematopoietic reconstitution, and only 3 cases
failed. Two failed cases occurred to father-to-
daughter pattern, and 1 to mother-to-son pattern.
The median time of neutrophil reconstitution was
+16d, and that of platelet reconstitution was +21d.
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Characteristics N = 111

Follow-up, m, median (range) 46 (12-134)
Age, y, median (range) 10 (3-14)
Gender, no. (%)

Male 73 (65.8)
Female 38 (34.2)

Disease type
AML 46 (41.4)
ALL 49 (44.1)
CML 12 (10.8)

Mixed 4 (3.6)
Status of disease

Early 51 (45.9)
Intermediate 42 (37.8)
Advanced 18 (16.2)

HLA match
3/6 80 (72.1)
4/6 24 (21.6)
5/6 7 (6.3)

Pretreatment
BUCY 91 (82.0)
TBICY 20 (18.0)

Relationship
F/S 47 (42.3)
F/D 7 (6.3)
M/S 30 (27.0)
M/D 27 (24.3)

Table I. Patient and characteristics.
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Efficacy
1. There were only 5 cases of transplant-related

mortality (TRM) within 100 days after trans-
plantation, accounting for 4.5%.

2. The 2-year and 5-year overall survival (OS) of
all 111 cases was 82.1% and 79.2%, respec-
tively.

3. The influence of different factors on 2-year
and 5-year OS is shown in Table II. We inves-
tigated the correlation between OS and related
factors. Among these factors, status of disease
before transplantation, donor-recipient rela-
tionship and time of transplantation showed
obvious correlations with 2-year and 5-year
OS. The 2-year OS of cases in early, interme-
diate, and accelerated/blast phase was 86.0%,
83.3%, and 64.3%, respectively (p = 0.01); the
5-year OS was 84.0%, 81.0%, and 57.1%, re-
spectively (p = 0.08). For different donor-re-
cipient relationship, the 2-year OS for the pat-
terns of father-to-son, father-to-daughter,
mother-to-son and mother-to-daughter was
88.1%, 57.1%, 76.5% and 87.0%, respectively
(p = 0.114); the 5-year OS for these patterns
was 88.1%, 57.1%, 70.6%, and 82.6%, respec-
tively (p = 0.08) (Table II).

II-IV grade of aGVHD occurred in 49 cases,
accounting for 47.5% of all successful cases. The
influence of different factors on aGVHD is
shown in Table III. It can be seen that the age of

recipient was a significant factor. The risk of
aGVDH for for recipient older than 10 years was
2.583 times of that of recipient below 10 years
old (p = 0.031). In contrast, gender, disease type,
status of disease before transplantation, pretreat-
ment, donor-recipient HLA match, donor-recipi-
ent relationship and time of transplantation were
not significantly correlated with aGVHD (data
not shown).

cGVHD occurred in 21 cases, accounting for
28.3% of the successful cases. However, age,
gender, disease type, status of disease before
transplantation, pretreatment, donor-recipient
HLA match, donor-recipient relationship, and
time of transplantation were not significantly
correlated with cGVHD.

In this study, 24 death cases occurs during fol-
low-up. Among the death cases, 13 died of recur-
rence, 4 of GVHD, 4 of infections, and 3 of
failed transplantation. Therefore, recurrence was
the leading cause of post-transplant death in chil-
dren with leukemia. Multivariate analysis re-
vealed that status of disease before transplanta-
tion was the most related risk factor of recur-
rence. The risk of 2-year recurrence in late-stage
cases was 6.911 times that of early-stage cases (p
= 0.002), and the risk of 5-year occurrence in
late-stage cases was 8.776 times that of early-
stage cases (p = 0.001). The immune phenotype
of tumor cells after recurrence was the same as
that before transplantation.
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2 year OS (%) p 5 year OS (%) p

Age < 10 years 80.0 0.856 77.5 0.867
≥ 10 years 77.5 74.6

Gender Male 80.8 0.311 79.5 0.173
Female 73.7 68.1

Disease type ALL 73.5 0.585 71.4 0.791
AML 80.4 78.3
CML 91.7 83.3
Mixed 75 75.0

Pretreatment BUCY 78 0.863 74.7 0.712
TBICY 80 80

HLA match 3/6 82.5 0.156 81.2 0.08
4/6 70.8 62.5
5/6 57.1 57.1

Status of disease Early 86 0.01* 84.0 0.005*
Intermediate 79.5 77.3
Advanced 52.9 47.1

Relationship F/S 88.1 0.005* 88.1 0.008*
F/D 44.4 44.4
M/S 71.4 68.6
M/D 84 76

Table II. The influence of different factors on 2 year and 5 year OS.



Discussion

The treatment effect of haploidentical trans-
plantation is improving in recent years9-11.
Hematopoietic stem cells transplantation has
nearly universal available donors and can pro-
vide adequate and continuous hematopoietic
stem cells supplement. Moreover, haploidentical
transplantation also well-matched the needs of
post-transplant immune therapy and DLI, which
makes this technique increasingly popular. How-
ever, many of the existing reports on haploidenti-
cal transplantation focus on adults and rarely on
pediatric case According to our knowledge, hap-
loidentical transplantation with parents as donors
of hematopoietic stem cells is not yet reported.
We presented description of consecutive pedi-
atric cases with leukemia who were treated at our
center from 2002 to 2012 by haploidentical
transplantation using hematopoietic stem cells
donated by their parents. The objective of this
study was to discuss the outcome of haploidenti-
cal transplantation and the influence factors.

Of 111 pediatric cases of leukemia, 98 cases
achieved stable reconstitution. Two failed cases
were of father-to-daughter donation pattern and 1
case was of mother-to-son donation pattern. Al-
though all failed transplantations involved dona-
tion between different genders, gender was not
qualified as a risk factor due to limited size of
failed cases. But it was indicated that haploiden-
tical transplantation did not have a higher rate of
failure compared with other transplantation tech-
niques. The 2-year and 5-year OS was 82.1% and
79.2%, respectively, which was very encourag-
ing. TRM within 100 days after transplantation
was only 4.5%, which was a better outcome

compared with that among adult population treat-
ed by the same method at our center8. In accor-
dance with previous studies we also found that
degree of HLA disparity on the HLA-mis-
matched haplotype is not correlated with overall
survival12.

Our results indicated that the outcome of hap-
loidentical transplantation was not correlated
with age, gender, disease type, donor-recipient
HLA match, or aGVHD and cGVHD, but with
status of disease before transplantation, donor-re-
cipient relationship and time of transplantation.
Younger recipients showed a better outcome than
older recipients. Therefore, status of disease be-
fore transplantation is an explicit prognostic fac-
tor, and early-stage leukemia usually promising a
better prognosis. So, for primary leukemia dis-
ease stratification is necessary and the work of
preparing hematopoietic stem cells can com-
mence at an early stage so as to improve the
prognosis.

We also found that among different donation
patterns, father-to-son pattern showed the best
effect, followed by mother-to-daughter pattern
and mother-to-son pattern, and the father-to-
daughter pattern had the poorest effect. Since fa-
ther-to-daughter pattern showed the lowest suc-
cess rate, our institution limited the enrollment
of this pattern, which leading to uneven distribu-
tion between groups. But it is obviously to iden-
tify that transplantation between the same gen-
der has a better prognosis than that between dif-
ferent genders. This agrees with the results
among adult population treated by haploidenti-
cal transplantation in previous studies12-14. The
two patterns, namely, mother-to-son and moth-
er-to-daughter, only showed limited differences
in success rate. It is uncertain whether such dif-
ference is due to distinctiveness of sex chromo-
somes or immune tolerance of mothers to chil-
dren during pregnancy.

Of 24 death cases, post-transplant relapse was
still the leading cause, which might be correlated
with status of disease before transplantation15.
Based on the above analysis, survival of pediatric
cases can be greatly prolonged by accurate dis-
ease stratification, early preparation of
hematopoietic stem cells and early transplanta-
tion. Besides, the prevention and treatment of
post-transplant recurrence are also important for
improving prognosis. For example, infusion of
donor DC-CIK cells and tumor CTL can reduce
the recurrence risk16. We have relevant studies
underway at present.
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Odds ratio (95% CI) p

Age
≥ 10 y vs. < 10 y 2.583 (1.092-6.112) 0.031*

HLA match
4/6 vs. 3/6 0.264 (0.090-0.775) 0.015*
5/6 vs. 3/6 0.402 (0.071-2.293) 0.305

Gender
Female vs. male 1.187 (0.120-11.748) 0.883

Disease stage
Intermediate vs. early 1.162 (0.454-2.978) 0.754
Advanced vs. early 1.117 (0.288-4.341) 0.873

Pretreatment
TBICY vs. BUCY 0.989 (0.289-3.383) 0.986

Table III. The influence of different factors on aGVHD.
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Conclusions

As the technique of haploidentical transplanta-
tion is being constantly developed, haploidentical
hematopoietic stem cell transplantation has be-
come an effective treatment for high-risk, refrac-
tory, and advanced leukemia17. The treatment ef-
fect is comparable to that using fully HLA-
matched sibling donors or unrelated donors and
umbilical cord blood transplantation. Haploiden-
tical transplantation will have an even brighter
future for treating childhood leukemia.
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