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Abstract: Allo-haploidentical hematopoietic stem cell transplantation (HSCT) is an effective curative treatment for 
various refractory blood diseases. To identify risk factors for neutropenia after pediatric HSCT, we retrospectively 
enrolled 25 pediatric patients with hematological malignancies who underwent human leukocyte antigen (HLA)-
haploidentical HSCT with high-dose, post-transplant cyclophosphamide (PT/Cy) as prophylaxis. Primary diseases 
included 13 cases of acute lymphoblastic leukemia, seven of acute myeloid leukemia, two of non-Hodgkin’s lympho-
ma, two of chronic myelogenous leukemia, and one of juvenile myelomonocytic leukemia. All donor and recipient 
pairs had at least one or two HLA mismatches. The 3-year overall survival, event-free survival, non-relapse mortality 
(NRM), relapse rates (RR), and neutropenia incidence rates were 28%, 28%, 40%, 32%, and 40%, respectively. HLA-
haploidentical HSCT with PT/Cy prophylaxis against graft versus host disease (GVHD) for pediatric hematological 
malignancies was associated with a greater incidence of neutropenia, high NRM, and RR. Donor age and CD34+ cell 
dosage were significantly associated with the incidence of neutropenia. Furthermore, donor age was identified as 
an independent risk factor. In conclusion, PT/Cy after HLA-haploidentical HSCT can effectively prevent GVHD with 
full donor chimerism, but with a high incidence of relapse and TRM after engraftment. 

Keywords: Pediatric, haploidentical hematopoietic stem cell transplantation, neutropenia, cyclophosphamide, risk 
factor

Introduction

Allo-haploidentical hematopoietic stem cell 
transplantation (HSCT) is an effective treat-
ment for various refractory blood diseases. 
However, more than half of patients are un- 
able to receive treatment due to failure to find 
HLA-matching donors in a timely manner. 
Theoretically, everyone has at least one HLA 
half-matched related donor (haploid). The  
more incompatible the HLA loci, the worse the 
transplantation efficacy, which leads to limit- 
ed haploidentical transplantation [1-4]. Cyclo- 
phosphamide (Cy) is a highly effective anti-can-
cer agent. Clinical trials have demonstrated 
that high-dose Cy after non-myeloablative HLA-
HSCT was beneficial for early and stable implan-
tation, while the incidence of acute and chronic 
graft-versus-host disease (GVHD) as well as the 
non-relapse mortality (NRM) rate in recipients 
were comparable to identical sibling transplan-

tation [5, 6]. Neutropenia is a common compli-
cation after HSCT due to infection, septicemia 
and GVHD [7, 8]. The most important causes 
are myelotoxic potential and ganciclovir use, 
which is reportedly associated with an inci-
dence rate of neutropenia of up to 40% [8, 9]. 

Therefore, the aim of this study is to identify risk 
factors for neutropenia, especially the relation-
ship between allo-HSCT with PT/Cy and neutro-
penia, in pediatric hematological malignancies. 
Here, we retrospectively analyzed pediatric 
patients with refractory hematological malig-
nancies who underwent HLA-haploidentical 
HSCT combined with PT/Cy.

Materials and methods

Patients

We retrospectively reviewed the medical 
records of 25 children (13 boys and 12 girls; 
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Table 1. Patient characteristics 

Cases Diagnosis HLA matching Preparative 
regimens

Stem cell 
origins GVHD Neutropenia

Survival
Disease Time (mo)

1 ALL (CR2) A, DR FBAY BM HVG Fb BMF 2.5
2 CML (PR) B, CW FBAY BM aIIa F Infection 5
3a ALL (PR) A, B, C FBCY BM aIV N Relapse 4.5
4 AML (NR) A, B, C, DR, DQ FBVY BM N Yc Infection 6
5 AML (CR2) B, DR FBAY BM N Y N 54
6 ALL (CR1) B, CW FBVY BM N N N 43
7 ALL (PR) A, B, CW FBAY BM aII N Relapse 2
8 ALL (CR) A, B, DR FBVY BM aI Y N 48
9 NHL4 (NR) B, DR FBVY PBSC Cd N HC 5
10 NHL (CR2) A, B, C, DR, DQ FBCY PBSC C Y cGVHD 10
11 ALL (CR) A, B, C, DR, DQ FACY BM+PBSC N Y N 28
12 AML (PR) A, B, C FAC+TBI BM aI N Relapse 8
13 AML (CR2) A, B, C, DR, DQ FBTY BM aII N N 25
14 ALL (CR) A, B, C, DR, DQ FBTY BM N N N 24
15 AML (NR) B, DR, DQ FBTY BM aI F Relapse 14
16a AML (NR) A, C, DR, DQ FBC BM aIV F Relapse 3.5
17a ALL (NR) B, C, DR, DQ FBC+TBI BM aIII Y Relapse 3
18 CML-ALL A, C, DR FBC+TBI BM+PBSC c N Infection 6
19 AML (CR) B, DR FBTY BM aI N Infection 1.5
20 ALL (De, CR) A, B, C, DR, DQ FBTY BM+PBSC N Y Relapse 4
21 CML (CR) A, C, DQ FBVY BM aI N N 16
22 ALL (De, CR) A, B, C, DR, DQ TBI+FVC BM+PBSC N Y Infection 5
23 ALL (CR2) A, B, C TBI+FVC BM+PBSC aIII Y GVHD 6
24 JMML (PR) A, C, DQ FBVY BM+PBSC N N Relapse 3
25 ALL (CR1) A, B, C, DR TBI+FVC BM+PBSC N Y Infection 3
NHL: Non Hochkin’s lymphoma, JMML: juvenile myelomonocytic leukemia, NR: none remission, aGVHD: acute graft-versus-host 
disease, cGVHD: chronic graft-versus-host disease, HVG: host-versus-graft, HC: hemorrhagic cystitis, FBAY: Flu+Bu+Ara-C+Cy, 
FBVY: Flu+Bu+VP-16+Cy, FBCY: Flu+Bu+CCNU+Cy, FACY: Flu+Ara-c+CCNU+Cy, FACT: Flu+Ara-c+Cy+TBI, FBTY: Flu+BU+TT+Cy, 
FBC: Flu+Bu+CCNU, FVC: Flu+ VP-16+Cy. aDonor lymphocyte infusion for relapse resulted in GVHD. bThe neutropenia after day 
28 cannot be evaluated. cYes; dcGVHD; eDouble expression.

median age, 9.0 years; age range, 1.2-13.0 
years) with refractory hematological malignan-
cies who underwent HLA-haploidentical HSCT 
in our center between June 2009 and November 
2012. Patient demographics are described in 
Table 1. Of these patients, 13 were diagnosed 
with acute lymphoblastic leukemia (ALL), 7 with 
acute myeloid leukemia (AML), 2 with non-
Hodgkin’s lymphoma (NHL), 2 with chronic 
myelogenous leukemia (CML), and 1 with juve-
nile myelomonocytic leukemia (JMML). The pre-
transplant status of these patients is listed in 
Table 1. Of these patients, 17 underwent HSCT 
from a parent donor and eight from haploidenti-
cal sibling donors. The median donor age was 
33 years (range, 4-46 years). There were two 
HLA-mismatches in six donor-recipient pairs 
and > 3 in 19 pairs.

Mobilization, collection, and infusion of hema-
topoietic stem cells

Stem cell sources included bone marrow (BM) 
in 16 cases, granulocyte colony-stimulating 
factor (G-CSF)-primed peripheral blood stem 
cells (PBSCs) in two, and BM+PBSCs in seven. 
All PBSCs and those collected from BM were 
primed with G-CSF at dose of 10 µg/kg body 
weight (BW)/day for 5 days. The recipients 
received a median of 1.6×108 (range, 1.3-
16.1×108) BM nuclear cells/kg BW for BM  
therapy, 9×108 (range, 9-9×108) PBSCs/kg BW 
for PBSC therapy, or a median of 4.5×108 
(range, 0.18-10.2×108) nuclear cells/kg BW for 
BM+PBSC transplant therapy. The median 
number of total nucleated cells, mononuclear 
cells, and CD34+ cells were 8.3×108 (range, 
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3.6-16.8×108)/kg BW, 3.3×108 (range, 0.18-
10.2×108)/kg BW, and 7.0×106 (range, 2.2-
17.4×108)/kg BW, respectively.

Preparative regimen

Patients received intravenous Cy at a dose of 
14.5-50 mg/kg BW/day on days-9 and -8, 
fludarabine i.v. at a dose of 40 mg/m2/day  
from day-6 to day 2, and busulfan i.v. at a dose 
of 3.2 mg/m2/day (or p.o. 4 mg/m2/day) from 
day-7 to day-4. On day-3, six patients addi- 
tionally received cytarabine i.v. at 4-6 g/m2/ 
day and nine received etoposide at 400-600 
mg/m2/day, while six received oral semustine 
at 250 mg/m2/day. On day-1, six patients 
underwent total body irradiation (TBI) at a  
dose of 200 cGy. Patients undergoing  
pretreatment TBI received a subcutaneous 
injection of G-CSF at a dose of 3 µg/kg BW/ 
day from post-transplantation day 4 until the 
absolute neutrophil count (ANC) increased to ≥ 
0.5×109 cells/L plasma for 3 days.

GVHD and prevention of transplant rejection

After stem cell infusion, all 25 patients received 
Cy, tacrolimus, and mycophenolate mofetil 
(MMF) to prevent GVHD in addition to Cy on 
days +3 to +4. Among these patients, 10 
received doses of 50 mg/kg BW/day, 15 
received doses of 40 mg/kg BW/day and all 
were given the same mesna dose to pre- 
vent hemorrhagic cystitis. On day +5, patients 
started to receive tacrolimus i.v. at 0.03 mg/kg 

lone at 1-2 mg/kg BW/day at relapse or rejec-
tion, as immunosuppression must be reduced 
or stopped in such cases. Donor lymphocyte 
infusion (DLI) or PBSC was infused in six cases, 
but the responses were insufficient. The initial 
DLI dose was 1×106/kg and infusion was 
repeated 2 weeks later. The dose was increased 
to 5×106/kg according to the engraftment test 
results, and each patient received an infusion 
no more than 3 times per donor.

Other therapies 

Infusion of heparin sodium and ursodeoxycho-
lic acid (p.o.) was used to prevent veno-occlu-
sive disease. Ganciclovir (10 mg/kg BW/day) 
was administered to prevent cytomegalovirus 
(CMV) infection and itraconazole was adminis-
tered on post-transplant day 5 to prevent fun-
gal infections.

Donor engraftment analyses and definitions of 
neutropenia after post-transplant day 28 

The myeloid engraftment time refers to the 
time from which the ANC was ≥ 0.5×109/L for 3 
consecutive days. The platelet engraftment 
time refers to the time from which no platelet 
infusion was conducted, while the platelet 
count was ≥ 20×109/L for 7 consecutive days. 
We used polymerase chain reaction analysis of 
interspersed repeat sequences of the periph-
eral blood or BM short fragments, chromosome 
in situ hybridization, and ABO blood type to 
identify the chimeric status of the recipients. 
Cytopenia was defined as a white blood cell 

Figure 1. Average leucocyte counts of 10 haploid transplants. The curing 
showing ten recipients appeared to have Neutropenia 2 to 6 months after 
the transplantation.

BW/day, which was changed  
to oral administration after 
restoration of intestinal func-
tion. The dose was adjusted 
to ensure the blood trough 
level concentration was main-
tained at 5~15 μg/L. The 
dose was gradually decreased 
from 90 days post-transplan-
tation and stopped at 180 
days if GVHD did not occur.  
On day +5, MMF was orally 
administered at a dose of 15 
mg/day three times a day, 
which was stopped on post-
transplant day 35 if GVHD did 
not occur. Patients with acute 
GVHD (aGVHD) grade ≥ II were 
also given methylpredniso-
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Table 2. Univariate analysis for neutropenia

Neutropenia No  
neutropenia

P 
value

Patient’s age
    > 6 years 8 (42.1) 11 (57.9)
    ≤ 6 years 2 (33.3) 4 (66.7) 0.54
Donor’s age
    > 40 years 6 (75) 2 (25)
    ≤ 40 years 4 (23.5) 13 (76.5) 0.028
Recipients gender
    Male 3 (23.1) 10 (76.9)
    Female 7 (58.3) 5 (41.7) 0.082
Donors gender
    Male 6 (42.9) 8 (57.1)
    Female 4 (36.4) 7 (63.6) 0.53
Gender mismatcha

    Other 9 (50) 9 (50)
    Female into male 1 (14.3) 6 (85.7) 0.11
HLA mismatch
    2 1 (16.7) 5 (83.3)
    > 3 9 (47.4) 10 (52.6) 0.19
Stem cell source
    PBSC 1 (50.0) 1 (50.0)
    BMT 4 (25.0) 12 (75.0)
    PBSC+BMT 5 (71.4) 2 (28.6) 0.10
CD34+ cell dose
    > 6.4×106 2 (16.7) 10 (83.3)
    ≤ 6.4×106 8 (61.5) 5 (38.5) 0.041
ABO mismatch
    Yes 7 (36.8) 12 (63.2)
    No 3 (50.0) 3 (50.0) 0.45
Donor’s source
    Parent 6 (36.8) 11 (63.2)
    Sibling 4 (50.0) 4 (50.0) 0.45
Post-transplant Cy
    40 mg/kg 6 (40.0) 9 (60.0)
    50 mg/kg 4 (40.0) 6 (60.0) 0.65
aGVHD
    No 6 (54.5) 5 (45.5)
    I-II 2 (20.0) 8 (80.0)
    III-IV 2 (50.0) 2 (50.0) 0.24
CGVHD
    Yes 1 (33.3) 2 (66.7)
    No 9 (40.9) 13 (59.1) 0.65
CMV infection
    Yes 6 (50.0) 6 (50.0)
    No 4 (30.8) 9 (69.2) 0.28
aThere is no different incidence rate of neutropenia between 
donor is female when the recipient is male and the others’ 
sex mismatch.

count of < 3.0×109 cells/L, hemoglobin con-
centration of < 90 g/L, ANC of < 0.5×109/L, or 
platelet count of < 20×109/L, which indicated 
that the treatment regimen must be continued 
for more than 4 weeks. An ANC of < 0.5×109/L 
indicated a state of neutropenia, thus treat-
ment was continued for more than 4 weeks.  
We used transfusion support after day 28 as  
a surrogate marker of anemia and thrombo- 
cytopenia. Since a state of anemia cannot be 
continued for 4 weeks, there was no available 
data regarding the incidence of anemia and 
thrombocytopenia.

Statistical analysis

Patient characteristics are summarized using 
medians and ranges for continuous variables. 
The incidence of neutropenia among different 
groups after day 28 was estimated using the 
chi-square test. A correlation model was used 
to assess associations between different 
groups and the frequency of neutropenia. A 
logistic regression model was used to estimate 
odds ratios and 95% confidence intervals for 
risk factors associated with neutropenia. 
Covariates included patient age, donor age, 
patient sex, donor sex, sex mismatch, HLA mis-
match, stem cell source, CD34+ cell dose, ABO 
mismatch, donor source, post-transplant Cy 
dose, aGVHD, chronic GVHD (cGVHD), and CMV 
infection. Variables with a significance level of 
> 0.05 in the correlation model were candi-
dates for the logistic regression model. All 
reported probability (p) values are two-sided.

Results

Implantation and chimerism

Sustained donor engraftment was demonstrat-
ed in all 25 patients within 28 days after trans-
plantation, and the donor-chimerism rate was > 
95%, while BM failure was observed in one 
patient 60 days later in whom hematopoietic 
function was not recovered. The median neu-
trophil engraftment time was 22.5 (range, 
17-46) days and the median platelet engraft-
ment time was 20.5 (range, 12-67) days. 
Among the 25 cases, neutrophil engraftment 
failed in one and platelet engraftment failed in 
three. 

GVHD occurrence

Of the 25 cases included in this study, 11 (44%) 
developed GVHD (44%, 11/25), including seven 
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(28%) that were acute grade I-II and well con-
trolled after receiving 1-2 mg of methylprednis-
olone/kg BW/day and one (4%) case developed 
aGVHD grade III-IV. Moreover, three cases 
(12%) developed aGVHD grade III-IV after DLI or 
PBSC infusion due to relapse, while three other 
cases (12%) developed cGVHD, of which one 
involved the skin, one the lung, and one the 
hematopoietic system, respectively. 

Primary disease relapse and recipient survival 

Follow-up was conducted until December 
2013, with a median follow-up duration of 25 
(range, 13-54) months. Eighteen of the 25 
patients died, yielding a mortality rate of 72%, 
with median survival duration of 6 (range, 1.5-
26) months. Eight patients died of primary dis-
ease recurrence, six mainly due to infection, 
one mainly due to refractory hemorrhagic cysti-
tis, one mainly due to cGVHD, one mainly due to 
aGVHD, and one mainly due to BM failure after 
rejection. The 3-year overall survival (OS), 
3-year event-free survival (EFS), NRM, RR, and 
neutropenia incidence rates were 28%, 28%, 
40%, 32%, and 40% respectively. Of the 
patients who died, nine had ALL, five had AML, 
two had NHL, one had JMML, and two had CML. 
Of all 25 patients, 10 with non-remission of pri-
mary disease prior to transplantation died 
(Table 1). 

Main complications

All 25 patients had varying degrees of second-
ary fever caused by infection, while 12 were 
positive for CMV DNA within 100 days of treat-
ment. Although no patient died from CMV infec-
tion, as all became negative after ganciclovir 
treatment, two developed varicella-zoster virus 
infection, one died from viral encephalitis, two 
were confirmed with sepsis by blood culture 
results (one with Klebsiella pneumoniae and 
one with Chryseobacteriummeningosepticum), 
and fungal pneumonia was highly suspected in 
five. All of the six cases with hemorrhagic cysti-
tis received Cy (50 mg/kg), although one 
patient died. There was no case of hepatic 
veno-occlusive disease, while 10 recipients 
appeared to develop severe cytopenia 2-6 
months post-transplantation (Figure 1).

Effect factors for neutropenia after day 28

Among the 25 patients, neutropenia after  
day 28 was significantly associated with donor 

age and CD34+ cell dose, but not Cy dosage 
(Table 2). The correlation model revealed that 
donor age was significantly positively corre- 
lated with neutropenia after day 28 (r = 0.49,  
P = 0.013), while the CD34+ cell dose was sig-
nificantly negatively correlated (r = -0.45, P = 
0.021) (Table 3). The logistic regression model 
identified donor age (> 40 years) as a signifi-
cant risk factor for neutropenia after day 28, 
but not CD34+ cell dose (Table 4). 

Discussion

HLA-haploidentical HSCT presents a viable 
treatment option for children with hematologic 
malignancies who are in urgent need of treat-
ment after failing to find HLA-matching donors. 
However, compared with HLA-matched HSCT, 
HLA-haploidentical HSCT is associated with 
many complications, such as aGVHD, high 
engraft failure rate, slow hematopoietic recon-
stitution, delayed immune reconstitution, and a 
high incidence of fatal infections [10-13]. To 
address these issues, it was previously com-
mon to increase the infusion amount of CD34+ 
cells, selectively inhibit donor T cell depletion 
(TCD) in vivo or in vitro, enhance pretreat- 
ment schemes, and increase the use of immu-
nosuppressive agents, among other methods 
[14]. However, over-enhanced pretreatment 
schemes are likely to increase the incidence of 
transplant-related mortality (TRM) and organ 
toxicity, as excessive TCD is likely to cause 
transplant rejection, increase the risk for infec-
tion, delay hematopoietic recovery, or weaken 
graft-versus-leukemia effects, as well as 
increase the incidence of recurrence [15]. 

In this study, we administered HLA-haploi- 
dentical HSCT with PT/Cy and all patients 
achieved complete engraftment with early 
stage blood recovery. In one case, the hemo-
gram after engraftment was quickly reduced to 
below the clinical standard criteria for engraft-
ment, while BM or peripheral cells were fully 
derived from the donor. Two months later, the 
patient received a high-dose PBSC infusion, 
but hematopoietic function was not recovered. 
We suspected that this might have been asso-
ciated with a microenvironment of BM injury. 
Despite the great disparity in the HLA-
haploidentical related recipients, the incidence 
of aGVHD and extensive cGVHD were quite 
similar to previous reports of regimens using 
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Table 3. Correlation factors of neutropenia 
after day 28

Neutropenia after day 28
N r P value

Patient’s age
    > 6 years 8
    ≤ 6 years 2 0.076 0.71
Donor’s age
    > 40 years 6
    ≤ 40 years 4 0.49 0.013
Recipients gender
    Male 3
    Female 7 -0.36 0.078
Donors gender
    Male 6
    Female 4 0.066 0.75
Gender mismatcha

    Other 9
    Female into male 1 0.32 0.11
HLA mismatch
    2 1
    > 3 9 -0.26 0.19
Stem cell source
    PBSC 1
    BMT 4
    PBSC+BMT 5 -0.31 0.12
CD34+ cell dose
    > 6.4×106 2
    ≤ 6.4×106 8 -0.45 0.021
ABO mismatch
    Yes 7
    No 3 -0.11 0.58
Donor’s source
    Parent 6
    Sibling 4 -0.14 0.50
Post-transplant Cy 
    40 mg/kg 6
    50 mg/kg 4 0 1
aGVHD
    No 6
    I-II 2
    III-IV 2 0 1
CGVHD
    Yes 1
    No 9 -0.05 0.81
CMV infection
    Yes 6
    No 4 -0.19 0.34
r correlation coefficient. aThere is no correlation about 
neutropenia between donor is female when the recipient 
is male and the others’ sex mismatch.

HLA-matched related and unrelated donors 
[16]. Among the cases included in this study, 
the incidence of GVHD was not especially high 
and most instances of aGVHD were grades I–II. 
These results suggest that the protocol effec-
tively promoted hematopoietic recovery and 
prevented GVHD. The results of many pre-clini-
cal studies suggested that Cy administration 
after receiving solid organ transplantation or 
HSCT had a stronger inhibitory effect on graft 
versus host reaction compared with application 
prior to transplantation [17]. However, another 
study reported that low-dose Cy was not as 
effective as CsA in preventing GVHD following 
HLA-matched sibling transplantation, and ani-
mal experiments revealed that a single admin-
istration of Cy (> 150 mg/kg BW) within 48 to 
72 h after transplantation induced resistance 
among minor histocompatibility  antigens [18]. 
Other studies have found fewer CD4+ Foxp3+ 
cells in patients with aGVHD grade II-IV than 
with grades I-II, while interferon-γ RNA expres-
sion was greater in the former group, indicating 
that aGVHD was highly associated with regula-
tory T cell depletion [19]. Our results also sup-
ported the hypothesis that PT/Cy is important 
to the killing of T cell clones, which are involved 
in the development of GVHD [20]. Preliminary 
studies with transgenic mice in which Foxp3+ 
Tregs were selectively depleted suggested that 
this absence abrogates the protection provided 
by PT/Cy against GVHD [21]. Meanwhile, Cy had 
no effect on the restoration of lymphocytes, 
including regulatory T lymphocytes. The main 
mechanism of GVHD prevention with PT/Cy was 
the high aldehyde hydrogenase expression and 
relatively static properties of stem cells, which 
are apparently not affected by high-dose Cy 
[22]. Conversely, the activated T lymphocytes 
were selectively removed by Cy administration, 
leading to an effective reduction in the occur-
rence of GVHD [23]. This conclusion is consis-
tent with recent observations that Foxp3+ Tregs 
are critical to tolerance induction in major histo-
compatibility complex-matched and -mis-
matched models using anti-T cell antibodies 
and co-stimulatory blockade [24]. Luznik et al. 
applied Cy (50 mg/kg BW/day) for 3-4 days 
post-transplantation to prevent GVHD, which 
was based on animal experiments that report-
ed that CsA may hinder Cy-induced immune tol-
erance, while tacrolimus and MMF may be 
applied after administration of the last dose of 
Cy [23].
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One study reported that among 68 patients 
with hematologic malignancies undergoing 
non-myeloablative HLA-haploidentical HSCT 
combined with Cy, the incidence of aGVHD 
grades II-IV and III-IV at postoperative day 200 
was 34% and 6%, respectively [5], while the 
incidence of aGVHD grades II-IV and III-IV 100 
days after myeloablative sibling HSCT was  
43% and 10%, respectively [15]. The 1-year cu- 
mulative non-myeloablative HLA-haploidentical 
HSCT and NRM rates for the former were 51% 
and 15%, respectively, and the 2-year OS and 
EFS rates were 36% and 26%, respectively [5], 
indicating that the non-myeloablative HLA-
haploidentical HSCT rate was a major problem. 
In this study, the mortality rate was relatively 
high, mainly due to non-myeloablative HLA-
haploidentical HSCT and infection. Most 
patients who underwent non-myeloablative 
HLA-haploidentical HSCT had ALL with a high-
risk for non-remission of bone marrow morphol-
ogy prior to transplantation, indicating that dis-
ease status prior to transplantation might sig-
nificantly influence prognosis. Infection was a 
major cause of NRM after transplantation. We 
suspected that this was mainly because neu-
tropenia was likely to cause infection and treat-
ment was discontinued due to medical costs. 
We found that in 22 appreciable cases, 10 
developed neutropenia 2 to 6 months after 
transplantation. Other studies reported that 
the incidence of neutropenia might be associ-
ated with BM GVHD, CMV infection, immuno-
suppressant dose, pre-treatment intensity, HLA 
matching, as well as CD34+ cell numbers, 
among other factors [25, 26]. Nakamae et al. 
indicated that patient age, CMV seropositivity, 
unrelated donor status, HLA mismatched 
donor, MMF use, and lower CD34+ cell dose (≤ 
6.4×106/kg BW) were significant risk factors  
for the development of cytopenias, especially 
neutropenia after transplantation [27]. Non-my- 
eloablative conditioning was associated with 
significantly reduced incidences of anemia and 
thrombocytopenia, but not neutropenia. In the 

present study, the incidence of neutropenia 
was higher than that reported by Nakamae et al 
[27]. Our analysis showed that low CD34+ cell 
dose and especially advanced donor age were 
associated with a greater incidence of neutro-
penia. We hypothesized that in pediatric trans-
plantation, older donors may have a greater 
frequency of natural factors associated with 
neutropenia, such as functional deterioration 
of cells, greater risk of infections, and low 
immune function, etc. Surprisingly, CD34+ cell 
dose (≤ 6.4×106/kg BW) was not identified as a 
risk factor, which may be due to the relatively 
limited number of included cases. Also, other 
data showed that CMV infection was correlated 
to delayed platelet recovery after BM trans-
plant [28]. However, in the present study, there 
was no correlation between CMV infection and 
neutropenia. Dominietto et al. analyzed platelet 
recovery in 342 patients after allogeneic HSCT 
and found that the severity of GVHD was asso-
ciated with a greater decrease in platelet 
counts and reduced OS [29]. In the present 
study, no patient developed severe GVHD, 
which may be attributable to the high PT/Cy 
dose. Moreover, stem cell expression of alde-
hyde dehydrogenase might be influenced by 
ethnic and individual differences, leading to 
genetic polymorphisms regarding the efficacy 
of Cy, which might thereby impact hematopoi-
etic recovery to various degrees. In our study, 
we found no correlation between the effect of 
two PT/Cy regimens (40 and 50 mg/kg BW) on 
the prevention of neutropenia and the inci-
dence of GVHD. However, because of the limit-
ed number of cases, larger studies are needed 
in the future and the efficacy of individualized 
treatment regimens, such as Cy infusion and 
HSCT, must be further improved.

The results of this study suggest that PT/Cy 
after HLA-haploidentical HSCT can effectively 
prevent GVHD with full donor chimerism. 
However, there was a high incidence of relapse 
and TRM after engraftment. Finally, the study 
identified potentially modifiable factors that 
could be used before transplantation to mini-
mize the risk of neutropenia, such as the inclu-
sion of male patients and the use of higher 
doses of CD34+ cell infusions. Revised proto-
cols are needed in further prospective random-
ized studies to improve the efficacy of haploi-
dentical HSCT in pediatric hematological malig- 
nancies.

Table 4. Risk factor for neutropenia after day 
28

N HR (95% CI) P value
Donor’s age
    > 40 years 6 1
    ≤ 40 years 4 9.75 (1.38-68.78) 0.022
HR: hazard ratio, CI: confidence interval.
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