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Abstract
Maternal and collateral donors were associated with a higher incidence of graft-versus-host disease (GvHD) after 
haploidentical hematopoietic stem cell transplantation (haplo-HSCT). A more effective regimen for GvHD prophylaxis 
after haplo-HSCT with maternal/collateral donors needed to be explored. A retrospective study was performed on 62 
patients after haploidentical peripheral blood stem cell transplantation (haplo-PBSCT) with maternal/collateral donors, which 
included 35 patients with low-dose antithymocyte globulin (ATG) plus low-dose posttransplant cyclophosphamide-based 
(low-dose ATG/PTCy-based) and 27 with ATG-based regimens for GvHD prophylaxis. The 180-day cumulative incidences 
(CIs) of grades II-IV and III-IV acute GvHD (aGvHD) were 17.7% and 6.8% in low-dose ATG/PTCy-based group, which 
were significantly lower than that in ATG-based group (55.4% and 31.9%) (P = 0.003 for grade II-IV and P = 0.007 for III-IV 
aGvHD). In low-dose ATG/PTCy-based group, the 1-year overall survival (OS) and relapse-free survival (RFS) were 80.0%and 
80.4%, which were higher than that in ATG-based group with OS of 59.4% and RFS of 62.0%. In multivariate analysis, the 
low-dose ATG/PTCy-based regimen significantly reduced the risk of grade II-IV (HR = 0.357; P = 0.049) and grade III-IV 
aGvHD (HR = 0.190; P = 0.046) as an independent risk factor. The results suggested that the low-dose ATG/PTCy-based 
regimen could effectively prevent the occurrence of aGvHD after haplo-PBSCT with maternal/collateral donors compared 
with the ATG-based regimen.
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Introduction

Haploidentical hematopoietic stem cell transplantation 
(haplo-HSCT) has been historically associated with poor out-
comes, owing to the high rates of graft-versus-host disease 
(GvHD)1. Along with the wider application of antithymocyte 
globulin (ATG)-based or post-transplant cyclophosphamide 
(PTCy)-based regimens for GvHD prophylaxis, the cumula-
tive incidence (CI) of GvHD could be significantly reduced 
and the survival of patients undergoing T cell replete (TCR) 
haplo-HSCT could be improved2–5. However, these regimens 
could not effectively prevent the occurrence of GvHD after 
haplo-HSCT with maternal or collateral related donors. 
Because maternal or collateral related donors were associated 
with a higher incidence of GvHD and worse survival com-
pared with direct family donors, maternal or collateral related 
donors were the last choices within some family related 
donors for haplo-HSCT6–9. The exact causes of maternal/
collateral donor increasing the risk of GvHD with maternal or 
collateral related donors were uncertain, but it may reflect the 
incompatibility of human leukocyte antigen (HLA) matching 
between donors and recipients and the immunity to minor his-
tocompatibility antigen encoded genes (mHAgs) on the Y 
chromosome (H-Y)10,11. PTCy was effective to prevent GvHD 
through killing active T cells and enhancing quick Treg recon-
stitution12. However, there was no conclusive research to 
prove that PTCy was effective to prevent GvHD with mater-
nal/collateral donors. Therefore, we sought to explore a more 
effective regimen for GvHD prophylaxis after haplo-HSCT 
with maternal or collateral related donors.

A novel regimen for GvHD prophylaxis in haploidenti-
cal peripheral blood stem cell transplantation (haplo-
PBSCT), which was composed of low-dose ATG plus 
low-dose PTCy combined with cyclosporine (CsA) and 
mycophenolate mofetil (MMF) (low-dose ATG/PTCy-
based), has been developed at our center. Our previous 
results showed that this new regimen could significantly 
reduce the CIs of acute GvHD (aGvHD) without influenc-
ing the effects of graft versus leukemia (GVL) after haploi-
dentical and unrelated PBSCT13–15. To explore the efficacy 
of the low-dose ATG/PTCy-based regimen for GvHD pro-
phylaxis in haplo-PBSCT with maternal and collateral 
donors, we retrospectively analyzed the outcomes of haplo-
PBSCT with maternal land collateral related donors in our 
center. The results suggested that this regimen could effec-
tively prevent the occurrence of GvHD after haplo-PBSCT 
with maternal and collateral related donors.

Patients and Methods

Patients, Donors, and Graft Sources

Sixty-two patients with hematological malignancies were 
enrolled into this retrospective study. All the patients under-
went haplo-PBSCT with maternal or collateral related donors 
from March 2016 to January 2022. Collateral donors were 

defined as the non-immediate family relatives (uncle/aunt, 
cousin). A total 153 patients underwent haplo-PBSCT with 
non-maternal/collateral family donors in the same period. 
HLA haplo-matched was defined as at least three loci mis-
matched between family donor and recipient at HLA-A, -B, 
-C, -DRB1, and -DQB1loci16. Donor-specific antibody 
(DSA) was defined as previous reference17. Haploidentical 
donor selection was performed according the reference18. 
The rationale of donor selection was that (1) DSA negative; 
otherwise desensitization for recipients if there were no alter-
native donors; (2) male, younger; (3) children > sibling > 
father > mother/collateral relatives; a younger collateral 
donor was preferred if a direct family donor was older than 
50 years old; (4) ABO compatibility between donor and 
recipient; (5) matched serum CMV status between donors 
and recipients. Patients with positive DSA (median fluores-
cence intensity, 5000 < MFI < 10,000) were desensitized 
with Rituximab (375 mg/m2) on day −7 plus high-dose 
gamma globulin (0.4 g/kg/d for 5 days) on days −5 to −1. 
The peripheral blood stem cell (PBSC) grafts for all patients 
were mobilized with granulocyte colony-stimulating factor 
(G-CSF, 7.5–10 μg/kg/d) for 5 days. The target value for 
CD34+ cells was a minimum of 8 × 106/kg of recipient’s 
weight. A single unrelated cord blood (UCB) was given to 
some patients as the third-party cells co-infused with PBSC 
grafts. This study had ethical approval from the local ethical 
committees and conducted in accordance with the Declaration 
of Helsinki. All patient data originated from clinical trials 
with mandatory written informed consent.

Conditioning Regimens

Reduced-intensity conditioning (RIC) regimen was given to 
patients above 55 years old (≥55 years) or HSCT comorbid-
ity index above 2 (HCT-CI > 2), while myeloablative condi-
tioning (MAC) regimens were designed for patients below 
55 years old (<55 years) or HCT-CI ≦ 2. In the present 
study, all patients received MAC regimens in this study. The 
MAC regimen for myeloid malignancies was composed of 
busulphan (Bu, 3.2 mg/kg/d for 4 days), cytarabine (Ara-C, 
1–2 g/m2/d for 5 days), and fludarabine (Flu, 30 mg/m2/d for 
5 days). The RIC regimen included Bu (3.2 mg/kg/d for 2 
days), Flu, Ara-C, and total body irradiation (TBI, 3Gy on 
day −1). The doses and schedules of Flu and Ara-C were the 
same as that in the MAC regimen. For lymphoid malignan-
cies, all patients received MAC regimens including Bu 
(3.2mg/kg/d for 4 days) combined with cyclophosphamide 
(CTX, 50 mg/kg/d for 2 days) and etoposide (VP16, 10 mg/
kg/d for 2 days) or TBI (total 10 Gy for 5 times) combined 
with the same doses of CTX and VP16 as above13,19.

GvHD Prophylaxis

Low-dose ATG/PTCy-based and ATG-based regimens were 
used in the present study. All patients received ATG-based 
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regimen for GvHD prophylaxis before 2017, while ATG- 
and low-dose ATG/PTCy-based regimens were prescribed 
to patients according to physician’s decision and patient’s 
choice after 2017. In the ATG-based regimen, total dose of 
ATG (10 mg/kg) was given at a dose of 2.5 mg/kg/d from 
day −4 to −1 and PTCy (CTX 50 mg/kg/d for 1 day on day 
+3), cyclosporine (CsA), and mycophenolate mofetil 
(MMF)13. The ATG-based regimen included ATG, CsA, 
short-term methotrexate (MTX), and MMF. In the low-dose 
ATG/PTCy-based regimen, low-dose ATG was given at a 
dose of 2.5 mg/kg/d for 2 days on day −2 to −1. Intravenous 
MTX (10 mg/m2/d) was delivered on days + 1, + 3, and + 
6 after graft infusion. CsA was given from day +4 in low-
dose ATG/PTCy regimen and day −5 in ATG-based regi-
men, respectively, with 2 mg/kg/d with a nadir of 200 to 300 
ng/ml and tapered from day +90 to day +180. MMF was 
given for 30 days after transplantation with a dose of 15 mg/
kg/d three times a day (maximum dose of 3g/d) if aGvHD 
does not occur13. MMF started from day +4 in low-dose 
ATG/PTCy-based regimen and day +1 in ATG-based regi-
men, respectively.

Engraftment, Chimerism Monitoring, and GvHD 
Evaluation

Neutrophil engraftment time was the day when the abso-
lute neutrophil count (ANC) ≥ 0.5 × 109/L for 3 con-
secutive days after transplantation without G-CSF. 
Platelet engraftment was defined as the first day of 7 con-
secutive days with platelet counts of >20 × 109/L with-
out platelet transfusion20. Complete remission (CR) and 
hematologic and molecular relapse were defined by 
European Society for Blood and Marrow Transplantation 
(EBMT) criteria21. Quantitative chimerism monitoring 
was performed as previous references22–24. The diagnosis 
and classification of acute GvHD (aGvHD) and chronic 
GvHD (cGvHD) were performed as described inrefer-
ences25,26. Revised disease risk index (R-DRI) was 
defined as previous references27,28.

Supportive Care

All patients received G-CSF since day +5 until neutrophil 
recovery. Levofloxacin and acyclovir were given from the 
beginning of conditioning to neutrophil recovery. 
Posaconazole was given from the day of conditioning until 1 
month after engraftment13. Cytomegalovirus (CMV) DNA in 
serum and Epstein–Barr virus (EBV) in whole blood was 
weekly monitored by polymerase chain reaction (PCR) until 
day 100. When >1,000 copies of CMV/ml of serum and 
>5000 copies of EBV/ml of the whole blood were detected, 
the preemptive therapy was performed with ganciclovir or 
foscarnet sodium for CMV and anti-CD20 monoclonal anti-
body for EBV reactivation13.

Definitions

Overall survival (OS) was defined as the time from the first 
day of transplantation to death as a result of any cause. 
Relapse-free survival (RFS) was measured from the date 
when the relapse or death whichever occurred first. 
Cumulative incidence of relapse (CIR) was defined from the 
first day of transplantation or the date of getting CR after 
transplantation until relapse. Non-relapse mortality (NRM) 
was defined as death as a result of any cause other than 
relapse. CI of GvHD was defined from the first day of trans-
plantation to aGvHD or cGvHD. Only patients with success-
ful neutrophil engraftment were evaluated for aGvHD and 
cGvHD.

Statistical Analysis

The Kaplan–Meier outcome curves for the OS and RFS 
were used for all 62 patients. CI functions were used to 
assess NRM, relapse, aGvHD, and cGvHD. For multivariate 
analysis, univariate analysis was performed at first using the 
log-rank test to identify prognostic factors. Second, factors 
with lower P value (P < 0.5) in univariate analysis were 
enrolled into multivariate analysis. Finally, the Cox propor-
tional hazards regression model was constructed to assess 
previously defined risk factors in multivariate analysis. All 
statistical tests were two-sided and P value < 0.05 was con-
sidered significant. The statistical analyses were performed 
using IBM SPSS 17.0 statistical software (IBM, North 
Harbour, Portsmouth, UK).

Results

Patient Characteristics

Sixty-two patients undergoing maternal or collateral donor 
transplantation were diagnosed with hematological malig-
nancies including myeloid malignancies (61.3%), lymphoid 
malignancies (33.9%), and mixed lineage leukemia (MAL, 
4.8%). Myeloid malignancies included acute myeloid leuke-
mia (AML, 53.2%) and myelodysplasia (MDS, 8.1%), while 
lymphoid malignancies mainly included acute lymphoblas-
tic leukemia (ALL) accounting for 19.4% of total patients. 
Thirty-five patients received low-dose ATG/PTCy-based 
regimen, while 27 received ATG-based regimen for preven-
tion of GvHD. In the whole cohort, the median age was 30 
(range: 15–54) years old. In the low-dose ATG/PTCy-based 
group, the median age was 32 years old, which was older 
than that of 28 in the ATG-based group (P = 0.061). At the 
time of transplantation, 54 patients were in CR while 8 in 
active disease. Maternal donors accounted for 48.1%, while 
collateral donors accounted for 51.6% (P = 0.329). The 
ratio of maternal to collateral related donor in the low-dose 
ATG/PTCy-based group was similar with that in the ATG-
based group (P = 0.429). DSA was performed in all patients. 
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DSA was positive for nine patients (14.5%), including three 
in the ATG-based group and six in the low-dose ATG/PTCy-
based group, respectively (P = 0.512).The median follow-
up time for all patients was 347.5 days (range: 1–957) and 
for patients in the ATG-based group (248 days [range: 
1–957]) was similar with that in the low-dose ATG/PTCy-
based group (363 days [range: 52–946]; P = 0.121). The 
median follow-up time for all survivors was 377.5 days 
(range: 71–957) while for survivors in ATG-based group 
was 323.5 days (range: 71–957) and in low-dose ATG/PTCy 
group was 396 days (range: 119–946), respectively. The 
other characteristics were similar between two groups 
(Table 1).

Engraftment

All 62 patients received G-CSF mobilized PBSC grafts with 
mononuclear cells (MNCs) 16.55 (7.1–40.14) ×108/kg, 
CD34+ cells 10.48 (2.12–46.96) ×106/kg, and CD3+ cells 2.96 
(1.57–15.07) ×108/kg. Eight patients (29.6%) in the ATG 
group and 12 patients (34.3%) in the low-dose ATG/PTCy 
group received a single UCB (P = 0.703).The median number 
of MNCs, CD34+ cells, CD3+ cells in PBSC grafts and nucle-
ated cells, and CD34+ cells of UCB were similar between two 
groups (Table 1). The median time of neutrophil engraftment 
were 11.5 days (range: 10–20) and 12 days (range: 10–21) 
in the ATG-based and low-dose ATG/PTCy-based groups, 

Table 1. Patient and Donor Characteristics.

Characteristics Total (n = 62) ATG (n = 27) ATG/PTCy (n = 35) P value

Age (median [range], year) 30 (15–54) 28 (16–52) 32 (15–54) 0.061
Gender (male/female) 40/22 20/7 20/15 0.173
Disease type 0.103
 Myeloid malignancies 38 (61.3%) 21 (77.8%) 17 (48.6%)  
 Lymphoid malignancies 21 (33.9%) 4 (14.8%) 17 (48.6%)  
 MAL 3 (4.8%) 2 (7.4%) 1 (2.8%)  
ECOG (median, [range]) 0 (0–4) 0 (0–2) 0 (0–4) 0.094
HCT-CI (median, [range]) 0 (0–2) 0 (0–2) 0 (0–2) 0.783
R-DRI 0.672
 Low risk 6 (9.7%) 1 (3.7%) 5 (14.3%)  
 Intermediate risk 25 (40.3%) 13 (48.1%) 12 (34.3%)  
 High risk 31 (50%) 13 (48.1%) 18 (51.4%)  
Disease status 0.699
 CR 54 (87.1%) 23 (85.2%) 31 (88.6%)  
 NR 8 (12.9%) 4 (14.8%) 4 (11.4%)  
HLA-matching 0.473
 5/10 39 (62.9%) 15 (55.6%) 24 (68.6%)  
 6/10 10 (16.1%) 6 (22.2%) 4 (11.4%)  
 7/10 13 (21.0%) 6 (22.2%) 7 (20.0%)  
Donor source 0.329
Mother 30 (48.4%) 15 (55.6%) 15 (42.9%)  
Collateral relatives 32 (51.6%) 12 (44.4%) 20 (57.1%)  
Donor gender (male/female) 19/43 5/22 14/21 0.071
Donor age (median, [range], year) 40 (24–64) 40 (27–64) 38 (24–56) 0.314
Blood type matching 0.993
 Matched 23 (37.1%) 10 (37.0%) 13 (37.1%)  
 Mismatched 39 (62.9%) 17 (63.0%) 22 (62.9%)  
PBSC graft  
 MNC (median, [range], ×108/kg) 16.55 (7.1–40.14) 14.24 (7.1–40.14) 17.05 (9.78–39.74) 0.727
 CD34+cells (median, [range], ×106/kg) 10.48 (2.12–46.96) 10.38 (2.12–46.96) 10.62 (3.48–25.56) 0.979
 CD3+cells (median, [range], ×108/kg) 2.96 (1.57–15.07) 2.73(1.7–9.6) 3.08 (1.57–15.07) 0.551
UCB  
 Nucleated cells (median, [range], ×107/kg) 2.35 (0.39–3.39) 2.01 (1.13–2.97) 2.41 (0.39–3.39) 0.462
 CD34+cells (median, [range], ×104/kg) 6.10 (1.13–14.30) 6.6 (1.48–13.00) 5.50 (1.13–14.30) 0.838
 Follow-up time (median [range], days) 347.5 (1–957) 248 (1–957) 363 (52–946) 0.121

ATG: antithymocyte globulin; PTCy: posttransplant cyclophosphamide; MAL: mixed lineage leukemia; ECOG: Eastern Cooperative Oncology Group 
score standard; HCT-CI: Hematopoietic Cell Transplantation Comorbidity Index; R-DRI: revised disease risk index; CR: complete response; NR: non-
remission; HLA: human leukocyte antigen; PBSC: peripheral blood stem cell; MNC: mononuclear cell; UCB: unrelated cord blood.
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respectively (P = 0.706). The median time of platelet engraft-
ment were similar between the ATG-based (13.5 days, range: 
10–25) and low-dose ATG/PTCy-based groups (13 days, 
range: 10–33) (P = 0.622). One patient in the ATG-based 
group died of septic shock on day +1 before engraftment. 60 to 
61 (98.4%) evaluable patients achieved full donor chimerism at 
30 days after transplantation. The engraftment ratio of evalu-
able patients between the low-dose ATG/PTCy-based and 
ATG-based groups were similar (97.1% vs 100%, P = 0.384).

Immune Reconstitution

The median lymphocyte counts (CD3+, CD4+, and CD8+) 
during the first-year posttransplant was shown in Fig. S1. 
There was no significant difference between the ATG-based 
and low-dose ATG/PTCy-based group for immune reconsti-
tution (CD3+: P = 0.426; CD4+: P = 0.997; CD8+: P = 
0.586) (Fig. S1a–c). In the ATG-based group, median CD3+, 
CD4+, and CD8+ were 1,025 (447–7,314), 178 (27–305.1) 
and 896 (378–5,382)/μl on day +120, respectively (Fig. 
S1a–c), while in the low-dose ATG/PTCy-based group, the 
median CD3+, CD4+, and CD8+ were 949 (52–4,169), 209.9 
(5–618), and 654.5 (24–3,584)/μl day +120 (Fig. S1a–c).

GvHD

For patients with maternal/collateral related donors, the 180-
day CIs of grade I-IV aGvHD were 65.1% (95% CI 

48.4%–77.7%) and 40.0% (95% CI 19.8%–59.5%) in the 
ATG-based and low-dose ATG/PTCy-based groups, respec-
tively (P = 0.084). The 180-day CI of grade II-IV aGvHD 
was significantly reduced in the low-dose ATG/PTCy-based 
group (17.7% [95% CI 1.51%–48.9%]) as compared with 
that in the ATG-based group (55.4% [95% CI 36.8%–70.5%]) 
(Fig. 1A, P = 0.003). The CI of grade III-IV aGvHD in the 
low-dose ATG/PTCy-based group (6.8% [95% CI 0.0%–
51.7%]) was also significantly lower than that in the ATG-
based group (31.9% [95% CI 9.9%–56.7%]) (Fig. 1B, P = 
0.007). The CIs of aGvHD were similar between maternal 
and collateral related donors with whether ATG-based regi-
men (Fig. 1C, P = 0.484 for grade II-IV aGvHD; Fig. 1D, P 
= 0.245 for grade III-IV aGvHD) or low-dose ATG/PTCy-
based regimen (Fig. 1E, P = 0.651 for grade II-IV aGvHD; 
Fig. 1F, P = 0.806 for grade III-IV aGvHD).

For patients with ATG-based regimen, the CI of grade II-IV 
aGvHD was significantly higher with maternal/collateral 
donors (55.4% [95% CI 36.8%–70.5%]) than that with direct 
family donors (except mother) (24.1% [95% CI 8.9%–
43.4%]) (Fig. S2a, P = 0.002). The CI of grade III-IV 
aGvHD with maternal/collateral donors was also signifi-
cantly higher than that with direct family donors (except 
mother) (31.9% [95% CI 9.9%–56.7%] vs 10.8% [95% CI 
0.7%–37.3%], P = 0.013) (Fig. S2b).

For patients with maternal/collateral related donors, the 
1-year CIs of overall cGvHD were 41.0% (95% CI 5.8%–
75.7%) in the ATG-based group and 25.8% (95% CI 

Figure 1. Cumulative incidences (CIs) of acute graft-versus-host disease (aGvHD) with maternal/collateral donors. (A) CIs of grade 
II-IV aGvHD between the ATG-based and low-dose ATG/PTCy-based groups. (B) CIs of grade III-IV aGvHD between the ATG-based 
and low-dose ATG/PTCy-based groups. (C) CIs of grade II-IV aGvHD between maternal and collateral donors in the ATG-based 
group. (D) CIs of grade III-IV aGvHD between maternal and collateral donors in the ATG-based group. (E) CIs of grade II-IV aGvHD 
between maternal and collateral donors in the low-dose ATG/PTCy-based group. (F) CIs of grade III-IV aGvHD between maternal and 
collateral donors in the low-dose ATG/PTCy-based group. aGvHD: acute graft-versus-host disease; ATG: antithymocyte globulin; PTCy: 
posttransplant cyclophosphamide.
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4.5%–55.4%) in the low-dose ATG/PTCy-based group, 
respectively (Fig. 2A, P = 0.588). For moderate-to-severe 
cGvHD, the 1-year CI of 14.5% (95% CI 0.2%–54.3%) in 
the low-dose ATG/PTCy-based group was similar with that 
of 20.8% (95% CI 0.1%–72.7%) in the ATG-based group 
(Fig. 2B, P = 0.706).

Infectious Complications

The CIs of CMV viremia within 1 year after transplantation 
were 66.7% and 51.4% in the ATG-based group and the low-
dose ATG/PTCy-based group, respectively (P = 0.235). 
Twenty-two patients suffered from Epstein–Barr virus 
(EBV) viremia (35.5%), including 12 in the ATG-based 
group and 10 in the low-dose ATG/PTCy-based group (P = 
0.201). No significant differences were found for infectious 
pneumonia between the ATG-based and low-dose ATG/
PTCy-based groups. Patients in the ATG-based group devel-
oped more bacterial or viral enteritis than that in the low-
dose ATG/PTCy-based group (P = 0.040) (Table 2).

NRM, Relapse, and Survival

Fourteen patients died of non-relapse causes including seven 
in the ATG-based group and seven in the low-dose ATG/
PTCy-based group. The 1-year NRM were 28.9% (95% CI 
5.1%–59.6%) in the ATG-based group and 15.8% (95% CI 
1.2%–46.6%) in the low-dose ATG/PTCy-based group, 
respectively (P = 0.227, Fig. 3C). In the ATG-based group, 
six patients died of infection and one died from cerebral 
hemorrhage. In the low-dose ATG/PTCy-based group, three 
patients died from cerebral hemorrhage, three died of infec-
tion, and one died from aGvHD.

All eight patients in active disease status at transplanta-
tion achieved CR after transplantation. In the whole cohort, 
three cases relapsed with a median relapse time of 207 days 
(range: 148–244 days), including two in the ATG-based 
group and one in the low-dose ATG/PTCy-based group. Two 
cases were diagnosed with AML and the other with T cell 
lymphoblastic lymphoma. All the three cases were in CR sta-
tus at transplantation and soon died after relapse. The 1-year 
CIR were 11.1% (95% CI 0.01%–58.4%) in the ATG-based 

Figure 2. CIs of cGvHD with maternal/collateral donors. (A) CIs of overall cGvHD. (B) CIs of moderate-to-severe cGvHD. aGvHD: 
acute graft-versus-host disease; ATG: antithymocyte globulin; CI: cumulative incidences; HSCT: hematopoietic stem cell transplantation; 
PTCy: posttransplant cyclophosphamide.

Table 2. Infectious Complications.

Total (n = 62) ATG (n = 27) ATG + PTCY (n = 35) P value

CMV viremia 36 (58.1%) 18(66.7%) 18 (51.4%) 0.235
CMV disease 8 (12.9%) 4(14.8%) 4 (11.4%) 0.699
EBV viremia 22(35.5%) 12 (44.4%) 10(28.6%) 0.201
Hemorrhagic cystitis BK virus related 16(25.8%) 9(33.3%) 7(20%) 0.241
Pneumonia  
 Bacterial 10 (16.1%) 4 (14.8%) 6 (17.1%) 0.809
 Virus 6 (9.7%) 3 (11.1%) 3 (8.6%) 0.742
 Fungal 2 (3.2%) 1 (3.7%) 1 (2.9%) 0.855
 Pneumocystis carinii pneumonia 1 (1.6%) 0 1 (2.9%) 0.384
 TB 1 (1.6%) 1 (3.7%) 0 0.258
 Undefined pneumonia 1(1.6%) 1 (3.7%) 0 0.258
Bacterial/viral intestinal infection 17(27.4%) 11 (40.7%) 6(17.1%) 0.040

ATG: antithymocyte globulin; CMV: cytomegalovirus; EBV: Epstein–Barr virus; PTCy: posttransplant cyclophosphamide; TB: tuberculosis.
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group and 4.5% (95% CI 0.0%–64.7%) in low-dose ATG/
PTCy-based group, respectively. (P = 0.314, Fig. 3D).

The 1-year overall survival (OS) and relapse-free survival 
(RFS) were 72.1% (95% CI 56.8%–82.8%) and 73.3% (95% 
CI 56.4%–85.3%) for all patients, respectively. In the low-
dose ATG/PTCy-based group, the 1-year OS and RFS were 
80.0% (95% CI 60.4%–90.6%) and 80.4% (95% CI 61.2%–
90.7%), which were higher than that in the ATG-based group 
with OS of 59.4% (95% CI 32.8%–78.4%) (P = 0.097, Fig. 
3A) and RFS of 62.0% (95% CI 36.1%–79.9%) (P = 0.120, 
Fig. 3B).

Univariate and Multivariate Analysis

The univariate analysis for GvHD, OS, RFS, NRM, and 
CIR were shown in Table S2–S7. The multivariate analysis 
(Table 3) revealed that the low-dose ATG/PTCy-based regi-
men significantly reduced the risk of grade II-IV (HR = 
0.357, 95% CI 0.128–0.996; P = 0.049) and grade III-IV 
aGvHD (HR = 0.190, 95% CI 0.037–0.972; P = 0.046) as 
an independent risk factor. Higher score of Eastern 
Cooperative Oncology Group score standard (ECOG), 
higher index of revised disease risk index (R-DRI), and 
grade III-IV aGvHD were significantly associated with 
worse OS, RFS, and NRM. No significant prognostic 

factors for relapse were identified in univariate analysis 
(Table S6) because of only three cases relapsed.

Discussion

In the present study, the data showed that the low-dose ATG/
PTCy-based regimen significantly decreased the CIs of grade 
II-IV and grade III-IV aGvHD from maternal /collateral 
donors as compared with ATG-based regimen and did not 
exacerbate the risk of relapse. The results suggested that the 
low-dose ATG/PTCy-based regimen could significantly miti-
gate the high risk of GvHD from maternal/collateral donor 
transplantation.

Compared with other ATG-based or PTCy-based regi-
mens for haploidentical transplantation from maternal/ 
collateraldonors6–8,29, our low-dose ATG/PTCy-based regi-
men could more efficiently lower the CIs of grade II-IV 
(17.7%) and grade III-IV aGvHD (6.8%). Wang et al.30 
reported that ATG-based regimen (ATG 10 mg/kg) com-
bined with low-dose PTCy (29 mg/kg) could significantly 
decreased the CIs of acute and chronic GvHD and NRM 
with maternal/collateral donors, while the 1-year CIs of 
relapse and overall survival were similar with our results. 
The CIs of grade II-IV aGvHD, overall and moderate-to-
severe cGvHD from the present study were similar with that 

Figure 3. Clinical outcomes of haplo-PBSCT with maternal/collateral donors between the ATG-based and low-dose ATG/PTCy-based 
groups. (A) Probability of overall survival (OS). (B) Probability of relapse-free survival (RFS). (C) Non-relapse mortality (NRM).  
(D) Cumulative incidences (CIs) of relapse. ATG: antithymocyte globulin; CIR: Cumulative incidence of relapse; HSCT: hematopoietic 
stem cell transplantation; NRM: non-relapse mortality; PBSCT: peripheral blood stem cell transplantation; PTCy: posttransplant 
cyclophosphamide; RFS: relapse-free survival.
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from Wang’s study (grade II-IV:17.7% vs 26%, overall 
cGvHD: 25.8% vs 30%, moderate-to-severe cGvHD: 14.5% 
vs 17%, respectively). The dosage of ATG in our regimen 
was only half of that in Wang’s study. The larger dosage of 
ATG might cause more deep immunosuppression and later 
immune reconstitution, which could result in higher inci-
dences of virus reactivation and infections13,14.

Our data were consistent with the results from previous 
reports about the higher incidences of grade II-IV aGvHD 
with ATG-based regimen for maternal/collateral donor trans-
plantation6,8. According to a study with 990 patients who 
received a haplo-SCT with PTCy, the 100-day CIs of grade 
II-IV and III-IV aGvHD were 22% and 6% for the whole 
population. In this study, parent donors, particularly mothers, 
are associated with worse progression (PFS) and GvHD-
relapse-freesurvival6. However, other studies found that 
maternal donors were not associated with poorer out-
comes31,32. Some studies did not show that the collateral 
donors could increase the risk of GvHD. Ye et al.33 reported 
that in TCR haplo-HSCT with ATG-based regimen for 
GvHD prophylaxis, the incidences of grade II-IV aGvHD 
had no differences between first-degree related donors 
(including mother donors) and non-first-degree related 
donors. But there were more male donors in non-first-degree 
related donors (NFDs) than that in first-degree related donors 
(FDs) (NFD, 82% vs FD, 61%; P = 0.04), which would 
decrease the incidences of GvHD with NFDs because female 
donor to male recipient was an important risk factor for 

GvHD34. Elmariah et al.35 reported that in TCR haploidenti-
cal bone marrow transplantation (haplo-BMT) from NFDs 
(collateral donors of 85%, grandchildren donors of 15%) 
with PTCy-based regimen for GvHD prophylaxis, the inci-
dence of grade II-IV was only 24% within 180 days after 
transplantation and only one patient experienced grade 
III-IV. But non-myeloablative pre-conditioning (NAC) regi-
men and bone marrow graft were used in the study. NAC 
regimen and bone marrow graft were protective factors for 
aGvHD36, which might lower the incidence of aGvHD in the 
study. These results further suggested that the low-dose ATG/
PTCy-based regimen could mitigate the risk of GvHD after 
haplo-PBSCT with maternal/collateral donors.

When GvHD was well prevented, relapse after haplo-
HSCT might be one of the most important concerns. Several 
clinical trials had proved that the addition of ATG to classical 
GvHD prophylaxis regimens did not affect the risk of 
relapse37,38. Although high-dose PTCy might be associated 
with a higher rate of relapse3, the EBMT group confirmed 
that standard-dose PTCy did not increase relapse risk39,40. In 
the present study, there were no significant differences of 
1-year CIR between ATG-based and low-dose ATG/PTCy-
based group (11.1% vs 4.5%, P = 0.314). No significant risk 
factors were found for relapse; because there were only three 
patients (3/62) relapsed after transplantation. Compared with 
ATG-based regimen, the low-dose ATG/PTCy-based regi-
men did not increase the relapse risk after haplo-PBSCT with 
maternal/collateral donors.

Table 3. Multivariate Analysis for aGvHD, OS, RFS, and NRM.

Outcomes

Multivariate analysis

Hazard ratio 95% CI P value

Grade II-IV aGvHD  
 ATG/PTCy vs ATG 0.357 0.128–0.996 0.049
Grade III-IV aGvHD  
 ATG/PTCy vs ATG 0.190 0.037–0.972 0.046
OS  
 ECOG 6.376 1.908–21.310 0.003
 R-DRI  
  High risk vs Low/intermediate risk 7.498 1.448–38.828 0.016
 Grade III-IV aGvHD vs grade 0-I aGvHD 12.492 1.261–123.746 0.031
RFS  
 ECOG 5.393 2.323–12.518 <0.001
 R-DRI  
  High risk vs Low/intermediate risk 6.738 1.643–27.641 0.008
Grade III-IV aGvHD vs grade 0-I aGvHD 14.132 1.422–140.442 0.024
NRM  
 ECOG 15.664 1.904–128.839 0.010
 R-DRI  
  High risk vs Low/intermediate risk 12.826 1.174–140.162 0.037
Grade III-IV aGvHD vs grade 0-I aGvHD 60.148 1.678–2156.401 0.025

aGvHD: acute graft-versus-host disease; OS: overall survival; RFS: relapse-free survival: NRM: non-relapse mortality; ATG: antithymocyte globulin; PTCy: 
posttransplant cyclophosphamid; ECOG: Eastern Cooperative Oncology Group score standard; R-DRI: revised disease risk index.
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In our study, the 1-year OS and RFS were higher in the 
low-dose ATG/PTCy-based group compared with the ATG-
based group for patients with maternal/collateral donor 
transplantation (OS:80.0% vs 59.4%, P = 0.097; RFS:80.4% 
vs 62.0%, P = 0.120, respectively). The 1-year RFS were 
greater than OS because all relapsed patients died. Previous 
research suggested that the survival of transplantation with 
maternal or collateral donors was worse than that with direct 
family donors in haplo-PBSCT, owing to the higher proba-
bility of GvHD and NRM9. For children with acute leuke-
mia, avoiding of mother donors might improve the outcomes 
of Haplo-HSCT41. Grade III-IV aGvHD and generalized 
cGvHD were reported to be the most important factors 
affecting the survival and were the major causes of NRM42. 
In our study, the 1-year NRM was relatively higher in the 
ATG-based group compared with that in the low-dose ATG/
PTCy-based group, while there was no statistical difference 
(28.9% vs 15.8%, P = 0.227). In the low-dose ATG/PTCy-
based group, three patients died of infection, and one died 
from aGvHD. Compared with the ATG-based prophylaxis, 
the PTCy-based regimen was with lower virus infection in 
the haplo-SCT43. Our results showed that CMV and EBV 
reactivation were relatively lower in the low-dose ATG/
PTCy-based group than that in the ATG-based group (CMV: 
51.4% vs 66.7%, EBV: 28.6% vs 44.4%). Nevertheless, the 
ATG-based group was with significantly higher bacterial/
viral Intestinal infection than the low-dose ATG/PTCy-based 
group (40.7% vs 17.1%, P = 0.040). Therefore, the low-dose 
ATG/PTCy-based regimens could decrease the CIs of 
aGvHD, further to improve the prognosis of patients after 
haplo-PBSCT with maternal or collateral donors.

In conclusion, compared with the ATG-based regimen, 
the low-dose ATG/PTCy-based regimen for GvHD prophy-
laxis could obviously decrease the incidences of grade II-IV 
and III-IV aGvHD after haplo-SCT with maternal/collateral 
donors, further to improve the prognosis without increasing 
the relapse risk. However, there were several limitations in 
this study, such as the limited number of samples and the 
shorter follow-up time. Therefore, we should go further stud-
ies with larger sample size and longer follow-up time to con-
firm the superior efficacies of the low-dose ATG/PTCy 
regimen after haplo-PBSCT with maternal /collateral donors.
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