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Abstract
The prognosis of relapsed/refractory (R/R) pediatric acute leukemia is extremely poor. We retrospectively reviewed 20 con-
secutive pediatric patients with R/R acute leukemia who underwent a first HLA-haploidentical peripheral blood stem cell 
transplantation following reduced-intensity conditioning (haplo-RIC-PBSCT) with very low-dose antithymocyte globulin 
(ATG) between 2012 and 2019. Of these 20 patients, 7 patients had acute lymphoblastic leukemia, and 13 had acute myeloid 
leukemia. At the time of haplo-RIC-PBSCT, 15 patients had active disease. The median follow-up duration for survivors 
was 56 months (range 22–108 months). Graft-versus-host disease (GVHD) prophylaxis consisted of tacrolimus, short-term 
methotrexate, methylprednisolone, and ATG 1.25 mg/kg on day-2. The 2-year cumulative incidence of transplant-related 
mortality and relapse were 5.0% [95% confidence interval (CI) 0.7–30.5%)] and 57.8% (95% CI 37.4–79.6%), respectively. 
Among the 20 patients, 16 (80.0%) developed grade III–IV acute GVHD, and 2 developed severe chronic GVHD. The 2-year 
event-free survival and overall survival rates were 40.0% (95% CI 19.3–60.0%) and 50.0% (95% CI 27.1–69.2%), respectively. 
Although the sample size is small, the survival outcomes of the present study are encouraging.

Keywords  Pediatric · Acute leukemia · Relapsed/refractory · Haploidentical peripheral blood stem cell transplantation · 
Low-dose ATG​

Introduction

The prognosis for pediatric acute leukemia has recently 
been improving, with a high overall survival rate up of to 
approximately 90% in acute lymphoblastic leukemia (ALL) 
[1–3] and approximately 70% in acute myeloid leukemia 
(AML) [4]. However, the prognosis of relapsed/refractory 
(R/R) pediatric acute leukemia, such as primary induction 
failure or relapse after allogeneic hematopoietic stem cell 
transplantation (allo-SCT), is extremely poor. One of the 
most curable options for R/R disease is allo-SCT, especially 
HLA-haploidentical hematopoietic stem cell transplantation 

(haplo-SCT) with intension to induce graft-versus-leukemia 
(GVL) effect. However, a high potential for the GVL effect 
also means having a high potential for graft-versus-host dis-
ease (GVHD), which is a leading cause of morbidity and 
mortality in allo-SCT. This dilemma makes it difficult to 
determine the optimal GVHD prophylaxis that preserves 
the proper GVL effect. GVHD prophylaxis of haplo-SCT is 
generally performed by T-cell depletion using ex vivo proce-
dures, such as CD34 positive selection [5], CD3/CD19 nega-
tive selection [6–8], αβTCR/CD19 negative selection [9, 10] 
and so on, or in vivo procedures, such as post-transplant 
cyclophosphamide (PTCy) [11], antithymocyte globulin 
(ATG) [12–14], and alemtuzumab [15].

For R/R acute leukemia in pediatric patients, we con-
ducted HLA-haploidentical peripheral blood stem cell trans-
plantation following reduced-intensity conditioning (haplo-
RIC-PBSCT), in which GVHD prophylaxis was performed 
with very low-dose ATG.
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Patients and methods

Study design and inclusion criteria

We retrospectively reviewed 20 consecutive pediatric (under 
18 years of age) patients with R/R acute leukemia who 
underwent a first haplo-RIC-PBSCT with very low-dose 
ATG between 2012 and 2019. In this analysis, ‘relapsed’ 
is defined as relapsed following previous allo-SCT, which 
is non-haplo-RIC-PBSCT; and ‘refractory’ is defined as 
resistant to chemotherapy and not in hematological com-
plete remission (CR) without prior allo-SCT. Unless they 
did not have haploidentical donor, all patients who meet 
above inclusion criteria received haplo-RIC-PBSCT, even 
if they had related/unrelated HLA-matched suitable donor. 
This study was approved by the institutional review board 
at Osaka Women’s and Children’s Hospital. All patients or 
their guardians gave written informed consent.

haplo‑RIC‑PBSCT procedure

We use reduced-intensity conditioning instead of myeloa-
blative conditioning for all patients regardless of their 
performance status or organ conditions, emphasizing on 
preventing conditioning-associated complications. The 
conditioning regimen mainly consisted of fludarabine 
(180 mg/m2)/clofarabine (200 mg/m2), melphalan (140 or 
210 mg/m2), and etoposide (200 mg/m2). We had used 
fludarabine-containing regimen until 2013. Since 2014, we 
have been using clofarabine-containing regimen. Almost 
all patients received about 1–2 weeks of low-dose etopo-
side (30 mg/m2/day, civ) and cytarabine (20 mg/m2/day, 
civ) (LDEC) [16] and/or high-dose cytarabine (6–12 g/m2) 
(HDCA) just prior to the conditioning regimen to stabilize 
or reduce the leukemic burden. Initially we started using 
LDEC regardless of disease status. Since August 2018, in 
principle, we have been using LDEC for those in CR and 
HDCA for those with active disease, with some excep-
tions at the discretion of attending physician. All patients 
received HLA-haploidentical peripheral blood stem cell 
(PBSC) grafts from related donors. Starting on day-4, each 

donor was given granulocyte colony-stimulating factor 
(G-CSF) (Filgrastim 400 μg/m2/day or Lenograstim 10 μg/
kg/day) for 4 or 5 consecutive days and received apheresis 
with the goal of collecting at least 2 × 106 CD34+/kg of 
recipient body weight. Nineteen donors received single 
apheresis on day 0; one donor received twice apheresis on 
days 0 and 1. As shown in Fig. 1, GVHD prophylaxis con-
sisted of tacrolimus (TAC) (except 1 patient who received 
cyclosporine) from day-1, short-term methotrexate 
(7.5 mg/m2/dose on days 1, 3, and 6), methylprednisolone 
(mPSL) (1 mg/kg/day) from day1, and ATG (thymoglobu-
line, 1.25 mg/kg) on day-2. To prevent the anaphylaxis 
caused by ATG, mPSL was administered at 500 mg/m2 on 
day-2 and at 250 mg/m2 on day-1. The target trough level 
of TAC was 5–10 ng/mL until around day 30; thereafter, 
TAC and mPSL were tapered.

Confirmation of donor engraftment

Donor engraftment was mainly confirmed by polymerase 
chain reaction amplification of the polymorphic short tan-
dem repeat region. For sex-mismatched transplantation, 
donor engraftment was also confirmed by XY fluorescence 
in situ hybridization.

Supportive care

During the neutropenic period, each patient was isolated 
in a laminar air-flow room, prophylactic antibiotics and 
antifungal agents were administered, and standard decon-
tamination procedures were followed. All patients received 
trimethoprim/sulfamethoxazole and acyclovir to prevent 
Pneumocystis jirovecii pneumonia and human herpes sim-
plex infection, respectively. Cytomegalovirus (CMV) anti-
genemia was monitored every week after engraftment, and 
patients were administered ganciclovir when the antigen-
positive cell number was ≥ 10/150,000 white blood cells. 
G-CSF was administered from day 5 to when the absolute 
neutrophil count exceeded 5000/µL.

Fig. 1   Schema of the GVHD 
prophylaxis protocol
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Definitions and statistical analysis

Neutrophil engraftment was defined as an absolute neu-
trophil count of 500/µL or more on 3 consecutive days. 
Full donor chimerism was defined as ≥ 95% of donor-
type white blood cells in peripheral blood. Acute GVHD 
(aGVHD) was graded according to standard criteria [17], 
while chronic GVHD (cGVHD) was graded according to 
National Institutes of Health (NIH) criteria [18].

The cumulative incidence of relapse and transplant-
related mortality were estimated using Gray’s method. 
The event-free survival (EFS) and overall survival (OS) 
were estimated using the Kaplan–Meier method. EFS 
was defined as the duration from haplo-RIC-PBSCT to 
any relapse or transplantation-related mortality. OS was 
defined as the duration from haplo-RIC-PBSCT to death. 
All statistical analyses were performed with EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, Vienna, Austria). More pre-
cisely, it is a modified version of R commander designed 
to add statistical functions frequently used in biostatistics 
[19].

Results

Patient characteristics

Patient characteristics are shown in Table 1. The median 
age at the time of haplo-RIC-PBSCT was 9.5 years (range 
1–17 years). Thirteen patients were male, and 7 were female. 
All 20 patients had good performance status, having East-
ern Cooperative Oncology Group performance status score 
of 0 or 1. The median follow-up duration was 16 months 
(range 1–108 months), and the median duration of survivor 
follow-up was 56 months (range 22–108 months). Of the 
20 patients, 7 patients had ALL (B lineage: n = 5, T lin-
eage: n = 2), and 13 had AML, including M0 (n = 2), M1 
(n = 1), M2 (n = 2), M4 (n = 1), M5 (n = 3), and M7 (n = 3) 
in French–American–British classification. At the time of 
haplo-RIC-PBSCT, 2 patients were in second CR (CR2), 
3 patients were in third CR (CR3), and the remaining 15 
patients had active disease (primary induction failure: n = 4, 
relapse after allo-SCT: n = 11). Serological HLA dispari-
ties (in HLA-A, -B, -C, and -DR loci) in graft-versus-host 
(GVH) direction were observed at 2/8 loci (n = 1), 3/8 loci 
(n = 7), and 4/8 loci (n = 12). Other details of the patient 
characteristics are shown in Table 2. LDEC/HDCA, which 
were administered as pre-conditioning regimen, actually sta-
bilized or reduced the leukemic burden, and there were no 
major complications due to this regimen observed.

Engraftment

PBSC grafts contained a median of 8.48 (range 
2.62–73.70) × 106 CD34+ cells/kg, a median of 4.93 (range 
1.63–19.69) × 108 CD3+ cells/kg, and a median of 1.32 
(range 0.33–5.35) × 108 CD3+8+ cells/kg (Table 3). All 20 
patients achieved neutrophil engraftment and full donor chi-
merism. The median duration of the neutrophil engraftment 
was 12 days (range 9–16 days).

Graft‑versus‑host disease

In this series, all patients except one developed aGVHD. 
Of the 20 patients, 16 (80.0%) developed severe (grade 
III–IV) aGVHD (Table 3). Management for aGVHD was 
conducted with the dose up of mPSL and the addition of 

Table 1   Patient characteristics, summary

ALL acute lymphoblastic leukemia, AML acute myeloid leuke-
mia, Clo clofarabine, CR complete remission, CSA cyclosporin, Flu 
fludarabine, GVH graft-versus-host, Mel melphalan, mPSL methyl-
prednisolone, sMTX short-term methotrexate, TAC​ tacrolimus

Variable

Median age, year (range) 9.5 (1–17)
Sex, no.
 Male 13
 Female 7

Disease, no.
 ALL 7
 AML 13

Disease status, no.
 Active disease 15
 CR2 2
 CR3 3

Previous allo-SCT, no.
 Yes 11
 No 9

Donor, no.
 Mother 14
 Father 5
 Sibling 1

HLA disparity in GVH direction, no.
 2/8 1
 3/8 7
 4/8 12

Conditioning regimens, no.
 Flu/Mel based 5
 Clo/Mel based 15

GVHD prophylaxis, no.
 TAC + mPSL + sMTX 19
 CSA + mPSL + sMTX 1

Median follow-up duration for survivor, mo (range) 56 (22–108)
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immunosuppressants including ATG, MTX, dexametha-
sone palmitate, mycophenolate mofetil, mesenchymal stem 
cells, infliximab, and etoposide. Although a high incidence 
of severe aGVHD was observed, there was no death related 
to aGVHD.

Regarding cGVHD, 4 patients developed mild cGVHD, 
2 patients developed moderate, and 2 more developed 
severe cGVHD (Table 3). The 2-year cumulative incidence 
of overall and moderate/severe cGVHD were 41.8% (95% 
confidence interval (CI), 22.4–68.6%) and 16.9% (95% CI 
5.7–44.1%), respectively.

Viral reactivation

Episodes of viral reactivation were observed in 16 patients 
and included CMV (n = 11), Epstein-Barr virus (n = 3), 
human herpesvirus-6 (HHV-6) (n = 1), BK virus (n = 4), 
and JC virus (n = 1).

Transplant‑related mortality, and relapse

The 2-year cumulative incidence of transplant-related mor-
tality and relapse were 5.0% (95% CI 0.7–30.5%) and 57.8% 
(95% CI 37.4–79.6%), respectively (Fig. 2). There was one 
case of transplant-related mortality, whose cause of death 
was thrombotic microangiopathy following HHV-6 encepha-
litis. Other major transplant-related complications, including 
idiopathic pneumonia syndrome (IPS) and hepatic sinusoidal 
obstruction syndrome (SOS)/veno-occlusive disease (VOD), 
were not observed in this series.

Survival

As shown in Fig. 3, the 2-year EFS and OS rates were 40.0% 
(95% CI 19.3–60.0%) and 50.0% (95% CI 27.1–69.2%), 
respectively.

Discussion

For 20 patients of R/R pediatric acute leukemia, we per-
formed HLA-haploidentical RIC-PBSCT with very low-
dose (1.25 mg/kg) ATG. Although the survival outcome was 
encouraging, almost all cases developed aGVHD, further-
more, of which 85% developed severe aGVHD.

Lu et al. reported the use of ATG in a haplo-SCT setting 
[13]. They used 10 mg/kg ATG (thymoglobuline) for T-cell 
depletion and demonstrated that the outcome of haplo-SCT 
with ATG for leukemia is comparable to that of HLA-iden-
tical sibling SCT. Lee et al. reported the use of 12 mg/kg 
ATG (thymoglobuline) and showed favorable outcomes of 
patients of acute leukemia and myelodysplastic syndrome 
[14]. These reports demonstrate the feasibility of haplo-SCT 
with relatively high-dose ATG as alternative transplantation, 
namely without strong alloreactivity.

On the other hand, other reports found strong allore-
activity to haploidentical grafts. Ikegame et al. designed 
a prospective study of haplo-RIST with low-dose ATG 
(Fresenius, 8 mg/kg) for advanced hematologic malig-
nancies [20]. GVHD prophylaxis in their study consisted 
of tacrolimus and methylprednisolone (1 mg/kg). They 

Fig. 2   Cumulative incidence of transplant-related mortality (A) and relapse (B)
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reported that the cumulative incidence of grade II to IV 
aGVHD was 30.7% and the survival rates at 1 year for 
patients with CR/chronic phase and non-CR status before 
transplantation were 62.5% and 42.3%, respectively. They 
concluded that their protocol is safe and feasible. Sano 
et al. reported the efficacy and toxicity of T-cell-replete 
haplo-SCT using low-dose ATG (thymoglobulin, 2.5 mg/
kg) in children with R/R acute leukemia [21]. In addi-
tion to low-dose ATG, GVHD prophylaxis in their study 
consisted of tacrolimus, methotrexate, and prednisolone. 
They reported that the cumulative incidence of aGVHD 
was 73.0%, but that of grade III-IV aGVHD was 34.1% 
and the probabilities of EFS and OS at 2 years were 33.8% 
and 54.8%, respectively.

From our institute, Sawada et al. reported the feasibility 
of PTCy for advanced pediatric malignancies [22]. Giving 
emphasis to the GVL or graft-versus tumor effect, the dose 
of cyclophosphamide was reduced to 50 mg/kg, which is 
half the normally used dose. They concluded that PTCy was 
feasible; however, the survival outcome was poor. In the 
present study, we attempted to control R/R leukemia using 
stronger alloreactivity of haplo-SCT. While the lower the 
amount of ATG, the more likely it is that severe GVHD will 
occur, a stronger GVL effect may also be expected. There-
fore, we set the dose of ATG to be low. As mentioned above, 
a high incidence rate of aGVHD, especially severe aGVHD, 
was observed. However, we could manage aGVHD by add-
ing immunosuppressants. It is true that increasing the dose 
of ATG or the addition of other prophylactic agents should 
be considered to reduce GVHD, but the present procedure 
might be acceptable in terms of the relatively good survival 

outcome, low rate of transplant-related mortality, and espe-
cially in terms of no GVHD-related mortality.

In conclusion, although the sample size is small and 
severe aGVHD occurred at a high rate, the 2-year EFS 
and OS of patients involved in this study, including those 
who relapsed after allo-SCT, was encouraging. For further 
improvement of outcomes, it is necessary to use a combina-
tion therapy to enhance the anti-leukemic effect, such as 
molecular target therapeutic agents.
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