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Low-dose post-transplant cyclophosphamide with low-dose
antithymocyte globulin for prevention of graft-versus-host
disease in first complete remission undergoing 10/10
HLA-matched unrelated donor peripheral blood stem cell
transplants: a multicentre, randomized controlled trial
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The most widely used regimens of graft-versus-host disease (GVHD) prophylaxis in HLA-matched unrelated donor peripheral blood
stem cell transplantation (MUD-PBSCT) are based on anti-thymocyte globulin (ATG) or post-transplant cyclophosphamide (PTCy). To
improve the efficiency of GVHD prophylaxis, a novel regimen, composed of low-dose PTCy (20 mg/kg on day +3 and +4) and low-
dose ATG (6 mg/kg), was evaluted in patients with hematological malignancies ungoing 10/10 HLA MUD-PBSCT in first remission
(CR1). In our prospective, multicenter study, 104 patients were randomly assigned one-to-one to low-dose PTCy-ATG (n = 53) or
standard-dose ATG (10 mg/kg, n = 51). Both the cumulative incidences (Cls) of grade II-IV acute GVHD (aGVHD) and chronic GVHD
(cGVHD) at 2 years in low-dose PTCy-ATG cohort were significantly reduced (24.5% vs. 47.1%; P = 0.017; 14.1% vs. 33.3%; P = 0.013).
The Cl of non-relapse-mortality (NRM) was much lower (13.2% vs. 34.5%; P = 0.049) and GVHD-free, relapse-free survival (GRFS) was
significantly improved at 2 years in low-dose PTCy-ATG arm (67.3% vs 42.3%; P = 0.032). The low-dose PTCy-ATG based GVHD
prophylaxis is a promising strategy for patients in CR1 after 10/10 HLA MUD-PBSCT.
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INTRODUCTION

Graft-versus-host disease (GVHD) remains a major obstacle to
the survival of patients after allogeneic stem cell transplantation
(allo-HSCT) [1, 2]. Anti-thymocyte globulin (ATG), a conventional
GVHD prophylaxis protocol, has been proven to effectively prevent
acute GVHD (aGVHD) and chronic GVHD (cGVHD) [3, 4]. Hence,
the updated recommendations suggest that the use of ATG has
represented the standard of care of patients with matched
unrelated donor (MUD) allo-HSCT in GVHD prophylaxis [5].
Nevertheless, the ATG-based regimen is associated with higher risk
of aGVHD as well as infections, especially cytomegalovirus (CMV)
and Epstein-Barr virus (EBV) infection [6-8]. More recently, post-
transplant cyclophosphamide (PTCy) had excellent outcomes of
GVHD, non-relapse mortality (NRM) and engraftment in the
haploidentical HSCT (haplo-HSCT) setting [9, 10]. Since then, PTCy-
based regimen had been utilized as GYHD prophylaxis in multiple
clinical trials for patients with HLA-identical sibling and mismatched
unrelated donor or MUD transplantation [11-15]. However, the
superiority of PTCy as GVHD prophylaxis has been predominantly

displayed when the allo-HSCT was performed using bone
marrow (BM) as the source of stem cells [16]. Accordingly, the
outcomes of of single-agent PTCy were unsatisfactory for GVHD
prophylaxis in HLA-matched peripheral blood stem cell transplanta-
tion (PBSCT) [17-19].

To pursue maximum therapeutic and minimum side effects,
investigators established a regimen using low-dose ATG (5 mg/kg)
in conjunction with low-dose PTCy (one dose, 50 mg/kg) for GVHD
prophylaxis to achieve low incidence of GVHD and potentially
improve GVHD-free, relapse-free survival (GRFS) after haplo-HSCT
[20, 21]. The joint use of low-dose PTCy (14.5 mg/kg on days 3 and
4) and standard-dose ATG achieved outstanding results in the
haplo-HSCT setting, with significant improvments in the rates of
GVHD, NRM, and GRFS [22]. In addition, the combined low-dose
ATG (4.5 mg/kg) and PTCy (50 mg/kg on days 3 and 4) regimen
demonstrated low rates of aGVHD and cGVHD as well as NRM,
with acceptable relapse rate in MUD-PBSCT [23-25]. Up to now,
the doses of ATG and PTCy in the novel regimen still remain
diverse without a standard protocol. In the 10/10 HLA MUD-
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PBSCT, we launched a prospective, multicenter, randomized
controlled clinical trial (ChiCTR2200056979) to evaluate the
efficacy of low-dose ATG (6 mg/kg, Sanofi-Aventis) followed by
low-dose PTCy (20 mg/kg on days 3 and 4) as GVHD prophylaxis
for patients in first complete remission (CR1). The results
suggested that the joint regimen had outstanding outcomes for
GVHD prophylaxis in 10/10 HLA MUD-PBSCT.

METHODS

Patients

A multicenter, randomized trial was performed in three transplant centers
from March 2018 to October 2021. Patients with hematological
malignancies undergoing the first 10/10 MUD-PBSCT in CR1 were eligible
and randomly assigned one-to-one to two cohorts. The patients of low-
dose PTCy-ATG cohort were performed with low-dose PTCy (20 mg/kg on
days 3 and 4) and low-dose ATG (6 mg/kg), while the patients of standard-
dose ATG cohort were administated with ATG (10mg/kg) as GVHD
prophylaxis. The study was approved by the ethical committees of each
center and complied with country-specific regulatory requirements. The
study was in accordance with the Declaration of Helsinki. All patients
provided informed consent prior MUD-PBSC transplantation. Inclusion
criteria included those patients with hematological malignancies who were
eligible for MUD-HSCT. The following patients were excluded from the trial:
(1) those with ECOG score >2, (2) those with active autoimmune disease,
(3) those with heart, liver, or kidney dysfunction, (4) those with HIV, HBV or
HCV hepatitis during active stage, (5) those with uncontrolled active
bacterial and fungal infections, (6) those in pregnancy or lactation, (7)
those received any other study drug within the last month.

Transplantation procedure

All patients who underwent 10/10 MUD-HSCT received the conditioning
regimen consisting of fludarabine 30 mg/m?/day for 5 days administered
between days —6 to —2, busulfan 12.8 mg/kg administered in 16 doses
between days —5 to —2, and cytosine arabinoside 2.0 g/m?/day for 5 days
administered between days —6 to —2. Patients with lymphocytic
malignancy were administered total body irradiation with 2.5~3 Gy on
day —7. The protocol of PTCy 20 mg/kg on days +3 and +4, ATG 1.5 mg/
kg/day on days —4 through —1, and ciclosporin (CsA) and mycophenolate
(MMF) from day +5 were administrated to patients as GVHD prophylaxis in
the low-dose PTCy-ATG cohort. The patients in the standard-dose ATG
cohort were administered ATG 2.0 mg/kg/day on days —5 through —1 and

short-course methotrexate (MTX) 10 mg/m? on day -+1 followed by 7 mg/
m? on days 43, +6, and +11, with CsA and MMF on day —1. CsA was
administered at 2 mg/kg as a continuous infusion and was then tapered
from day +60 without GVHD. MMF was administered at 15 mg/kg oral
twice daily (maximum dose 3 g per day) and MMF tapering was started
around day +30 if no aGVHD. The graft source was PBSCs mobilized with
granulocyte colony stimulating factor (G-CSF).

Supportive Care

G-CSF was given to all patients starting on day +5 at 5 ug/kg/day until
absolute neutrophil count (ANC) recovery. Prophylactic ganciclovir at 5 mg/
kg was given to patients in the conditioning period. Broad-spectrum
antibiotics and antifungals were used for agranulocytosis or fevers. CMV-DNA
in serum was routinely monitored by quantitative polymerase chain reaction
twice a week until at least day +100. Preemptive therapy with ganciclovir or
foscarnet was administered for CMV reactivation. EBV-DNA in whole blood
was performed weekly by quantitative polymerase chain reaction. Rituximab
at dose of 100 mg for adults and 50 mg/m? for children was administrated on
day +5 as EBV prophylaxis in the low-dose PTCy-ATG cohort.

Engraftment, chimerism monitoring, and GVHD evaluation
Neutrophil engraftment was defined as obtaining an ANC > 0.5 x 10%/L for
three consecutive days for transplantation without G-CSF. Platelet
engraftment was defined as obtaining a platelet count =20x 10%/L for
the first of seven consecutive days without platelet transfusion. Full donor
chimerism was defined as >95% donor cells in peripheral blood and/or BM
samples [26].

GVHD diagnosis was based on clinical characteristics and parenchymal
biopsy. aGVHD was graded in line with the modified Glucksberg criteria
[27], and cGHVD diagnosis and grades were according to the 2014 National
Institutes of Health consensus criteria [28]. First-line therapy of aGVHD was
methylprednisolone at 1 mg/kg/day.

Statistical analyses

The primary end point of the study was the cumulative incidence (Cl) of
grade II-IV aGVHD. Secondary end points included engraftment rate, the Cls
of grades llI-IV aGVHD and cGVHD, the Cls of relapse (CIR) and NRM,
probability of overall survival (OS), disease-free survival (DFS), and GRFS.
Calculation of sample size was determined by a reduction in the Cl of grade
II-IV aGVHD from 46% [29, 30] in ATG-based GVHD prophylaxis to 27.9% [11]
in PTCy-based GVHD prophylaxis, with a power of 80%. To detect the
difference at a significance level of 5%, a total of 104 participants was

Assessed for eligibility (N = 108)

Excluded (n=4)
Did not meet inclusion criteria (n = 2)
Consent not obtained (n = 2)

Randomly assigned

(n=104)

Allocated to low-dose PTCy-ATG
group (n = 53)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 53)
Excluded from analysis (n = 0)

Allocated to standard-dose ATG
group (n=51)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n=51)
Excluded from analysis (n = 0)

Fig. 1 Flowchart of the study participants. PTCy post-transplant cyclophosphamide, ATG anti-thymocyte globulin.
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Table 1. Patient characteristics and transplant-related parameters.

Variables PTCy-ATG ATG group P values
group (N=51)
(N=53)
Median age in years 29 (2-59) 29 (4-52) 0.969
(range)
Recipient sex 0.219
Male 28 (52.8%) 33 (64.7%)
Female 25 (47.2%) 18 (35.3%)
Disease type 0.362
Acute myeloid 24 (45.3%) 31 (60.8%)
leukemia (AML)
Acute 22 (41.5%) 16 (31.4%)
lymphoblastic
leukemia (ALL)
Myelodysplastic 6 (11.3%) 4 (7.8%)
syndromes (MDS)
CMML 1 (1.9%) 0
HCT-CI 0.843
>3 8 (15.1%) 7 (13.7%)
<3 45 (84.9%) 44 (86.3%)
Disease risk index 0.230

26 (49.1%) 31 (60.8%)
High/very high 27 (50.9%) 20 (39.2%)

Minimal residual 0.708
disease at transplant

Low/intermediate

Negative 30 (56.6%) 27 (52.9%)
Positive 23 (43.4%) 24 (47.1%)

KPS 0.563
<90 14 (26.4%) 11 (21.6%)
=90 39 (73.6%) 40 (78.4%)

Donor sex 0.335
Male 48 (90.6%) 43 (84.3%)
Female 5 (9.4%) 8 (15.7%)
Donor age (year, 30 (21-48) 31 (18-46) 0.862
median, range)

Donor-recipient pair 0.513
Female to female 2 2
Female to male 3 6
Male to female 23 16
Male to male 25 27

Blood type matching 0.723
Match 19 (35.8%) 20 (39.2%)

Mismatch 34 (64.2%) 31 (60.8%)
Median 11.07 11.12 0.592

mononuclear cell (1.11-25.95) (4.43-29.30)

(range, 10%/kg)

Median CD34 + 6.57 6.4 0.709
cells (range, 106/kg) (0.16-18.69) (1.75-35.7)

Median follow-up 561 600 0.196
for survivors (182-1450) (196-1370)

(range, days)
PTCy post-transplant cyclophosphamide, ATG anti-thymocyte globulin,
AML acute myelocytic leukemia, ALL acute lymphocyte leukemia, MDS
myelodysplastic syndrome, CMML chronic myelomonocytic leukemia,
HCT-CI  hematopoietic cell transplantation-comorbidity index, KPS
Kanofsky performance score.
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required and the participants were randomly assigned to each arm. A
centralized, 24-hour, internet-based randomization system was used to
allocate patients into the two groups. Research staff, clinical teams, and
patients were masked to randomization and treatment allocation.

NRM was defined as the time from transplant to death without relapse or
progression. Relapse was defined as the time from transplant to
morphologic, cytogenetic, or molecular leukemia recurrence. OS was defined
as the time from transplant to death regardless of any cause. DFS was
defined as survival with continuous CR after transplant. GRFS was defined as
the earliest occurrence of grade llI-IV aGVHD, severe cGVHD, relapse, or death
from any cause after transplant.

Continuous variables and percentages for categorical variables were
expressed via median values and ranges. Mann-Whitney test was used to
analyze continuous variables. Differences between groups were compared
with chi-square or Fisher's exact test for categorical variables. Kaplan-Meier
curves and Log-rank tests were used to estimate OS, DFS, and GRFS.
A competing risk model was performed to calculate Cls, with death
without relapse as a competing event for relapse, relapse or death for
aGVHD, and cGVHD, with relapse as a competing risk for NRM. All P-values
were two-sided, and P < 0.05 was considered statistically significant. SPSS
17.0 (Mathsoft, Seattle, WA, USA) and SAS version 9.4 (SAS Institute, Cary,
NC) were used for data analyses.

RESULTS

Patients

A total of 108 patients were eligible in the study and a total of 104
patients were enrolled. 53 paitents were randomly assigned to the
low-dose PTCy-ATG cohort and 51 to the standard-dose ATG cohort.
Participant flow is summarized in Fig. 1. The clinical characteristics
of patients and donors are summarized in Table 1. There was no
significant difference with respect to patients’ age, sex, disease type,
disease risk index, Kanofsky performance score, and the donors’ age
or sex between the two cohorts. The median follow-up time for
survivors was 561 (182-1450) days in the low-dose PTCy-ATG group
as compared to 600 (196-1370) days in the standard-dose ATG
group (P=0.196).

Engraftment

All patients achieved engraftment in the low-dose PTCy-ATG group,
while primary graft failure was observed in two patients who died of
aGVHD and septic shock respectively in the standard-dose ATG
group. One patient in each cohort had mixed chimerisms at day
+30 (Table 2). The median numbers of mononuclear cells and
CD34™" cells were comparable between the two cohorts. In the low-
dose PTCy-ATG cohort, the median time to neutrophil recovery was
one day shorter and the median time to platelet recovery was two
days shorter compared to that in the standard-dose ATG cohort
(12 days vs. 13 days; P=0.001; and 12 days vs. 14 days; P = 0.002,
respectively).

aGVHD and ¢cGVHD

The 100-day CI of grade II-IV aGVHD in the low-dose PTCy-ATG
cohort was significantly lower as compared with that in the
standard-dose ATG cohort (24.5% vs. 47.1%; P=0.017) (Table 2)
(Fig. 2a). There was no significant difference in Cl of grade llI-IV
aGVHD between the two groups (7.5% vs. 15.7%; P=0.204)
(Fig. 2b). No patient suffered from late onset aGVHD, so the Cls
of aGVHD at day +100 and +180 were the same. The 2-year Cl
of cGVHD was significantly lower as 14.1% in low-dose ATG-PTCy
group as compared to 33.3% in the standard-dose ATG group
(P=0.013) (Fig. 2c). However, the rates of moderate to severe
cGVHD at 2 years were comparable between two cohorts (8.0%
vs. 15.7%; P =0.207) (Fig. 2d).

Infection complications

As listed in Table 3, the 100-day incidences of CMV reactivation
and CMV disease were comparable between the two cohorts

SPRINGER NATURE
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Table 2. Outcomes of two cohorts.

Variables
Time to ANC recovery (Median, days)
Time to platelets recovery
(Median, days)
Chimerism at day +30(n, %)
Full donor chimerism
Cumulative incidence GVHD % (95% Cl)
Grade II-IV aGVHD at day +100
Grade IlI-IV aGVHD at day +100
cGVHD at 2 years
Moderate/Severe cGVHD at 2 years
Cumulative incidence % (95%Cl)
Non-relapse mortality at 2 years
Relapse at 2 years
Disease-free survival at 2 years
Overall survival at 2 years

GVHD and relapse-free survival at 2 years

PTCy-ATG group (N =53) ATG group (N=51) P values
12 (10-15) 13 (9-19) 0.001
12 (9-22) 14 (9-66) 0.002
52 (98.1) 48 (94.1) 0.289
24.5 (13.9-36.8) 47.1 (32.8-60.1) 0.017
7.5 (24-16.7) 15.7 (7.3-27.0) 0.204
14.1 (6.1-25.3) 33.3 (20.7-46.4) 0.013
8.0 (2.5-17.6) 15.7 (7.3-27.0) 0.207
13.2 (5.7-23.8) 34.5 (19.7-46.0) 0.049
9.8 (3.5-19.9) 3.9 (0.7-12.0) 0.223
77.0 (71.2-82.8) 61.6 (54.6-68.8) 0.217
79.1 (73.5-84.7) 63.6 (56.6-70.6) 0.142
67.3 (60.8-73.8) 42.3 (35.2-49.4) 0.032

ANC absolute neutrophil count, aGVHD acute graft-versus-host disease, cGVHD chronic graft-versus-host disease, C/ cumulative incidence.

(50.9% vs. 47.1%; P=0.692; and 3.8% vs. 2.0%; P=0.581,
respectively). The median time to CMV reactivation was +46 days
(range 23 to 82) and +36 days (range 19 to 87) in the low-dose
PTCy-ATG and standard-dose ATG cohorts, respectively. There
was no significant difference in the time of CMV reactivation
between the two groups (P =0.212). The 2-year incidence of EBV
reactivation in low-dose PTCy-ATG cohort was significantly lower
(15.1% vs. 60.8%; P=0.000). The 2-year incidence of post-
transplantation lymphoproliferative disorder (PTLD) between the
two cohorts was comparable (0% vs. 2.0%; P=0.490). The
incidences of hemorrhagic cystitis and pulmonary infection were
significantly lower in low-dose PTCy-ATG cohort as compared to
those in standard-dose ATG cohort (37.7% vs.62.7%; P=0.011;
and 35.8% vs. 58.8%; P=0.019, respectively).

Outcomes

The median follow-up time was similar among the two cohorts.
The 2-year CIR were similar among the two cohorts (9.8% vs. 3.9%;
P =0.223) (Fig. 3a). The median time to relapse was 4.5 months
(range 4-6 months) in the low-dose PTCy-ATG cohort and
5 months (range 3-23 months) in the standard-dose ATG cohort.
The 2-year ClI of NRM in cohort low-dose PTCy-ATG was
significantly reduced (13.2% vs. 34.5%; P=0.049) (Fig. 3b). The
2-year probabilities of OS and DFS were comparable between the
two cohorts (79.1% vs. 63.6%; P=0.142; 77.0% vs. 61.6%;
P =0.236, respectively) (Fig. 3¢, d). The 2-year probability of GRFS
in the low-dose PTCy cohort was significantly improved (67.3% vs.
42.3%; P=0.032) (Fig. 3e).

The causes of death are shown in Table 4. Relapse was the most
common cause of death in the low-dose PTCy-ATG cohort, while
infection was the foremost reason of death in the standard-dose
ATG cohort.

DISCUSSION

Data from the prospective study showed that the Cls of grade II-
IV aGVHD and cGVHD were significantly lower in the low-dose
PTCy-ATG cohort as compared with the standard-dose ATG
cohort. Meanwhile, lower NRM and improved GRFS have also
been achieved for patients with low-dose PTCy-ATG. Our
observations highlighted that the novel regimen consisting of

SPRINGER NATURE

low-dose PTCy and low-dose ATG in GVHD prophylaxis had
promising activity and improved outcomes of patients in CR1
after 10/10 MUD-PBSCT.

Over recent years, GVHD prophylaxis is focused on the use of
ATG and PTCy. ATG-based regimens demonstrated the capability
of aiding reliable engraftment and alleviating GVHD. However,
there are increased risks of infection and relapse as well as
delayed immunological recovery [31, 32]. PTCy has been preferred
on inducing the apoptosis of early alloreactive T-cells after
transplant and reducing the risks of GVHD and graft rejection,
while enhancing potential antineoplastic activity [16, 33, 34].
Nevertheless, prolonged time to engraftment and immune
reconstitution were accompanied by the use of high-dose PTCy,
which relied on the dosage of PTCy [35, 36]. However, some
studies reported that PTCy-based regimens for GVHD prophylaxis
in MUD-PBSCT were associated with relative high incidence of
grade II-IV aGVHD (28%-59%) [11, 37-39]. With the aim to lower
the risk of GVHD and improve outcomes, investigators set out to
study the regimen of PTCy in conjunction with ATG in MUD-
PBSCT. In a previous study with unrelated HSCT donors, the results
revealed that Cls of aGVHD and grade llI-IV aGVHD in PTCy-ATG
cohort (PTCy 50 mg/kg on days +3 and +4 combined with ATG
4.5 mg/kg) were significantly lower than those in ATG cohort (17%
vs.33%; P=0.084; anf 7% vs.25%; P=0.0395, respectively) [25].
Prem et al. [23] reported the results with PTCy (50 mg/kg on days
+3 and +4) combined with ATG (4.5 mg/kg) as GVHD prophylaxis,
the incidences of grade II-IV and grade IlI-IV aGVHD were 31.6%
and 11.8%, and the rate of cGVHD was 21% in MUD-PBSCT. In our
study, the joint regimen could lower the Cls of grade II-IV aGVHD
and cGVHD, which revealed that low-dose PTCy-ATG could be a
promising regimen for GVHD prophylaxis after MUD-PBSCT. When
PBSCs were used as the graft, the risks of grade II-IV aGVHD and
cGVHD increased in recipients of haplo-HSCT [40, 41]. The infusion
of low-dose ATG could deplete early active T lymphocytes, while
the administration of low-dose PTCy on days +3 and +4
could eradicate rapidly proliferating T cells [10]. The synergistic
effects due to different action mechanisms of ATG and PTCy on
T lymphocyte depletion devoted to reduce risk of GVHD.
In additon, grade Ill-lV aGVHD and moderate to severe cGVHD
were comparable between two cohorts in present study even
though wide numerical differences, explained by samll sample

Bone Marrow Transplantation (2022) 57:1573 - 1580
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Fig. 2 Cumulative incidences (Cls) of graft-versus-host-disease (GVHD) between low-dose post-transplant cyclophosphamide (PTCy)
combined with low-dose anti-thymocyte globulin (ATG) and standard-dose ATG cohorts. a The Cl of grade II-IV acute GVHD (aGVHD); b The
Cl of grade lll-IV aGVHD; ¢ The 2-year Cl of chronic GVHD (cGVHD); d The 2-year Cl of moderate to severe cGVHD.

Table 3. Complications of two cohorts.
Complications PTCy-ATG ATG group P values
(n, %) group (N=51)

(N =53)
Pulmonary 19 (35.8) 30 (58.8) 0.019
infection
CMV 27 (50.9) 24 (47.1) 0.692
CMV disease 2 (3.8 1 (2.0 0.581
EBV 8 (15.1) 31(60.8) 0.000
PTLD 0 (0.0) 1 (2.0 0.490
Hemorrhagic 20 (37.7) 32 (62.7) 0.011
cystitis

CMV cytomegalovirus, EBV Epstein-Barr virus, PTLD posttransplantation
lymphoproliferative disorders.

size. Hence, larger sample sizes are required to futher evaluate the
efficacy of the join regimen.

Previous studies have observed prolonged time to engraftment
due to the administration of PTCy, even delaying the time to
neutrophil engraftment as long as a week [36, 37]. However,
inconsistent with prior studies, the median implantation time of
neutrophils and platelets was significantly shorter as compared to
that with standard-dose ATG regimen, which might explained that
the addition of low-dose ATG at pre-transplantation would
accelerated the hematopoietic reconstitution. Furthermore, the
administration of MTX based on cytotoxic effect in standard-dose
cohort might contribute to prolonged time to engraftment.
Previous studies also demonstrated that low/high-dose PTCy
combined with ATG is effective in alleviating GVHD without
impact on relapse [22, 42], and PTCy has been displayed to be
capable of separate GVHD and a graft-versus-leukemia effect in
preclinical experiments [34]. Consistent with previous studies, CIRs
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was comparable among two cohorts, even though the patients
with MRD at transplant accounted for high proportion, might be
explained by the administration of cytosine arabinoside in the
conditioning regimen, and the research with larger samples may
yield rigorous results in view of numerical difference in relapse. As
for survival outcomes, aGVHD and cGVHD are the largest
contributor to NRM after HSCT. The 2-year probability of NRM of
low-dose PTCy-ATG regimen in our study was 13.2%, which was
relatively lower as compared to the results of PTCy-based regimen
(16%) or ATG-based regimens (36%) [37]. Furthermore, 1-year
probability of NRM was 9.2-21.1% in recent reports for patients
with low-dose ATG and PTCy-based GVHD prophylaxis regimens
after MUD-HSCT [23, 43]. In our study, low-dose PTCy-ATG
platform was found to yield better 2-year GRFS rate (67.3%),
while the incidence of GRFS was only 44-52% for patients with
PTCy-based regimen, ATG-based regimen or PTCy-ATG regimens
in the MUD-HSCT [23, 37, 44]. It is speculated that the low-dose
PTCy-ATG baesd prophylaxis represents a promising strategy for
alleviating GVHD and improving survival.

The joint use of PTCy and ATG was associated to increased
infection, explained by the dual immunosuppression of PTCy and
ATG. The rates of CMV reactivation among the two cohorts were
similar, and the observed rate was comparable with previous
studies on the combination of high-dose PTCy and low-dose ATG
(49.0%) [23]. In present study, the incidences of pulmonary
infection and hemorrhagic cystitis were lower in the low-dose
PTCy-ATG cohort. We speculated that immunosuppression was
relatively weak due to the use of low dose of ATG. As for EBV
reactivation, the rate obtained in our study (15.1%) was
remarkably lower when compared with standard-dose ATG
regimen (60.8%) and another study that adopted low-dose PTCy
along with ATG (21.0%) [22]. The novel strategy of rituximab on
day +5 may contribute to the low rate of EBV reactivation, apart
from the fact that PTCy resulted in decreased or absence of
incidence of PTLD [45]. Bacigalupo et al. reported for the first time
that a dosage of rituximab (200 mg) on day +5 led to a decreased
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Fig. 3 Clinical outcomes after matched unrelated donor peripheral blood stem cell transplantation (MUD-PBSCT) between low-dose
post-transplant cyclophosphamide (PTCy) combined with low-dose anti-thymocyte globulin (ATG) and standard-dose ATG cohorts. a The
2-year Cl of relapse; b The 2-year Cl of non-relapse-mortality (NRM); ¢ The 2-year probability of overall survival (OS); d The 2-year probability of
disease-free survival (DFS); e The 2-year Cl of GVHD-free, relapse-free survival (GRFS).

Table 4. Causes of death.

Cause of death PTCy-ATG group ATG group
(N=12) (N=19)

Infection other than 4 (33.3%) 7 (36.8%)

CMV/EBV

Relapse 5 (41.7%) 3 (15.8%)

GVHD 1 (8.3%) 3 (15.8%)

Organ failure 1 (8.3%) 4 (21.1%)

TMA 1 (8.3%) 2 (10.5%)

CMV cytomegalovirus, EBV Epstein-Barr virus, GVHD graft-versus-host
disease, TMA thrombotic microangiopathy.

incidences of EBV reactivation and aGVHD without adding
infectious episodes for alternative donor HSCT [46]. In our study,
the dose of rituximab was fixed at 100 mg for adult and 50 mg/m?
for children, which had a similar effect in terms of EBV prophylaxis.
Nevertheless, the use of rituximab only to low-dose PTCy-ATG arm
was the limitation of the study, and the follow-up experiments will
not repeat the administration of rituximab to address the concern.

Moreover, the dose of ATG was what we needed pay attention.
The standard-dose of ATG was based on the Beijing protocol
comprising T-cell depletion with high-dsoe ATG and strengthened
immune suppression, but accompanied with high risk of infection.
Hence, the novel regimen was administrated to evaluate the
impact on GVHD and infection after MUD-HSCT. Seo et al.'s report
[47] showed that with ATG 7.5 mg/kg for GVHD prophylaxis, grade
II-IV, and grade IV aGVHD were 20.0% and 20.0% in absolute
lymphocyte count (ALC) < 500/ul group, while were 32.7% and
16.3% in ALC >500/ul group. In the cause of death, infection
accounted for 70.0% and 41.2% in two group, respectively. The
addition of 4.5mg/kg ATG to a backbone of PTCy, the rates of
grade II-IV and grade llI-IV aGVHD were 6.2%-20.1% and 4.6%, the
proportion of death caused by infection was 22.2-41.2% in the
MUD-HSCT setting [24, 43]. In present study, the Cls of grade II-IV
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and grade llI-IV aGVHD were 24.5% and 7.5%, and death due to
infection accounted for 33.3% in the PTCy-ATG cohort. Our data in
corporation with these results suggested that low-dose ATG and
PTCy might not increase the risk of infection. Nevertheless,
the optimal dose of ATG in the combined regimen remains to be
further explored with randomized and controlled trials on the
basis of long-term follow-up and large samples.

This study had several limitations, including between-group
difference of rituximab, lower number of samples, shorter follow-
up, etc. Further studies with high methodological quality are
needed to verify the feasibility of the strategy in the future. Inter-
institutional comparison is another limitation. Although the
identical protocol is adopted in all three centers and standard of
transplantation is really well matched, we cannot completely rule
out the existence of small differences in medical practices, which
may influence transplant outcomes to some extent. In conclusion,
the results of our study displayed decreased risk of GVHD as well
as excellent engraftment and disease control. The low-dose PTCy-
ATG based GVHD prophylaxis might be a promising protocol for
patients undergoing MUD-PBSCT in CR1.

DATA AVAILABILITY
The datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.

REFERENCES

1. Lee CJ, Kim S, Tecca HR, Bo-Subait S, Phelan R, Brazauskas R, et al. Late effects
after ablative allogeneic stem cell transplantation for adolescent and young adult
acute myeloid leukemia. Blood Adv. 2020;4:983-92. https://doi.org/10.1182/
bloodadvances.2019001126. e-pub ahead of print 2020/03/14

2. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sobocinski KA, Jacobsohn D, et al.
Long-term survival and late deaths after allogeneic hematopoietic cell trans-
plantation. J Clin Oncol: Off J Am Soc Clin Oncol. 2011;29:2230-9. https://doi.org/
10.1200/jc0.2010.33.7212. e-pub ahead of print 2011/04/06

3. Walker |, Panzarella T, Couban S, Couture F, Devins G, Elemary M, et al.
Pretreatment with anti-thymocyte globulin versus no anti-thymocyte globulin
in patients with haematological malignancies undergoing haemopoietic cell

Bone Marrow Transplantation (2022) 57:1573 - 1580


https://doi.org/10.1182/bloodadvances.2019001126
https://doi.org/10.1182/bloodadvances.2019001126
https://doi.org/10.1200/jco.2010.33.7212
https://doi.org/10.1200/jco.2010.33.7212

1%

o

~N

o

O

transplantation from unrelated donors: a randomised, controlled, open-label,
phase 3, multicentre trial. Lancet Oncol. 2016;17:164-73. https://doi.org/10.1016/
51470-2045(15)00462-3. e-pub ahead of print 2016/01/03

. Finke J, Schmoor C, Bethge WA, Ottinger H, Stelljes M, Volin L, et al. Long-term

outcomes after standard graft-versus-host disease prophylaxis with or without
anti-human-T-lymphocyte immunoglobulin in haemopoietic cell transplantation
from matched unrelated donors: final results of a randomised controlled trial.
Lancet Haematol. 2017;4:2293-e301. https://doi.org/10.1016/52352-3026(17)
30081-9. e-pub ahead of print 2017/06/07

. Penack O, Marchetti M, Ruutu T, Aljurf M, Bacigalupo A, Bonifazi F, et al. Prophylaxis

and management of graft versus host disease after stem-cell transplantation for
haematological malignancies: updated consensus recommendations of the Eur-
opean Society for Blood and Marrow Transplantation. Lancet Haematol. 2020;
7:¢157-e167. https://doi.org/10.1016/52352-3026(19)30256-x. e-pub ahead of print
2020/02/01

. Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M, et al.

Reduced mortality after allogeneic hematopoietic-cell transplantation. N. Engl J
Med. 2010;363:2091-101. https://doi.org/10.1056/NEJMoa1004383. e-pub ahead
of print 2010/11/26

. Wagner JE, Thompson JS, Carter SL, Kernan NA. Effect of graft-versus-host disease

prophylaxis on 3-year disease-free survival in recipients of unrelated donor bone
marrow (T-cell Depletion Trial): a multi-centre, randomised phase II-lll trial. Lan-
cet. 2005;366:733-41. https://doi.org/10.1016/s0140-6736(05)66996-6. e-pub
ahead of print 2005/08/30

. Soiffer RJ, Lerademacher J, Ho V, Kan F, Artz A, Champlin RE, et al. Impact of

immune modulation with anti-T-cell antibodies on the outcome of reduced-
intensity allogeneic hematopoietic stem cell transplantation for hematologic
malignancies. Blood. 2011;117:6963-70. https://doi.org/10.1182/blood-2011-01-
332007. e-pub ahead of print 2011/04/06

. Bashey A, Zhang X, Sizemore CA, Manion K, Brown S, Holland HK, et al. T-cell-

replete HLA-haploidentical hematopoietic transplantation for hematologic
malignancies using post-transplantation cyclophosphamide results in outcomes
equivalent to those of contemporaneous HLA-matched related and unrelated
donor transplantation. J Clin Oncol: Off J Am Soc Clin Oncol. 2013;31:1310-6.
https://doi.org/10.1200/jc0.2012.44.3523. e-pub ahead of print 2013/02/21

. Luznik L, O’'Donnell PV, Symons HJ, Chen AR, Leffell MS, Zahurak M, et al. HLA-

haploidentical bone marrow transplantation for hematologic malignancies using
nonmyeloablative conditioning and high-dose, posttransplantation cyclopho-
sphamide. Biol Blood Marrow Transpl: J Am Soc Blood Marrow Transpl.
2008;14:641-50. https://doi.org/10.1016/j.bbmt.2008.03.005. e-pub ahead of print
2008/05/21

. Ruggeri A, Labopin M, Bacigalupo A, Afanasyev B, Cornelissen JJ, Elmaagacli A,

et al. Post-transplant cyclophosphamide for graft-versus-host disease prophylaxis
in HLA matched sibling or matched unrelated donor transplant for patients with
acute leukemia, on behalf of ALWP-EBMT. J Hematol Oncol. 2018;11:40 https://
doi.org/10.1186/513045-018-0586-4. e-pub ahead of print 2018/03/17

. Brissot E, Labopin M, Moiseev |, Cornelissen JJ, Meijer E, Van Gorkom G, et al.

Post-transplant cyclophosphamide versus antithymocyte globulin in patients
with acute myeloid leukemia in first complete remission undergoing allogeneic
stem cell transplantation from 10/10 HLA-matched unrelated donors. J Hematol
Oncol. 2020;13:87 https://doi.org/10.1186/s13045-020-00923-0. e-pub ahead of
print 2020/07/06

. Jorge AS, Suérez-Lled6é M, Pereira A, Gutierrez G, Fernandez-Avilés F, Rosifiol L,

et al. Single antigen-mismatched unrelated hematopoietic stem cell transplan-
tation using high-dose post-transplantation cyclophosphamide is a suitable
alternative for patients lacking HLA-matched donors. Biol Blood Marrow Transpl:
J Am Soc Blood Marrow Transpl. 2018;24:1196-202. https://doi.org/10.1016/
j.bbmt.2018.01.021. e-pub ahead of print 2018/02/08

. Carnevale-Schianca F, Caravelli D, Gallo S, Coha V, D’Ambrosio L, Vassallo E, et al.

Post-transplant cyclophosphamide and tacrolimus-mycophenolate mofetil com-
bination prevents graft-versus-host disease in allogeneic peripheral blood
hematopoietic cell transplantation from HLA-matched donors. Biol Blood Marrow
Transpl: J Am Soc Blood Marrow Transpl. 2017;23:459-66. https://doi.org/
10.1016/j.bbmt.2016.12.636. e-pub ahead of print 2017/01/01

. Mielcarek M, Furlong T, O'Donnell PV, Storer BE, McCune JS, Storb R, et al.

Posttransplantation cyclophosphamide for prevention of graft-versus-host dis-
ease after HLA-matched mobilized blood cell transplantation. Blood.
2016;127:1502-8. https://doi.org/10.1182/blood-2015-10-672071. e-pub ahead of
print 2016/01/15

. Luznik L, Bolanos-Meade J, Zahurak M, Chen AR, Smith BD, High-dose RB.

cyclophosphamide as single-agent, short-course prophylaxis of graft-versus-host
disease. Blood. 2010;115:3224-30. https://doi.org/10.1182/blood-2009-11251595

. Bradstock KF, Bilmon |, Kwan J, Micklethwaite K, Blyth E, Deren S, et al. Single-

agent high-dose cyclophosphamide for graft-versus-host disease prophylaxis in
human leukocyte antigen-matched reduced-intensity peripheral blood stem cell

Bone Marrow Transplantation (2022) 57:1573 - 1580

Y. Zu et al.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

transplantation results in an unacceptably high rate of severe acute graft-versus-
host disease. Biol Blood Marrow Transpl: J Am Soc Blood Marrow Transpl.
2015;21:941-4. https://doi.org/10.1016/j.bbmt.2015.01.020. e-pub ahead of print
2015/02/01

. Kanakry CG, O'Donnell PV, Furlong T, de Lima MJ, Wei W, Medeot M, et al. Multi-

institutional study of post-transplantation cyclophosphamide as single-agent
graft-versus-host disease prophylaxis after allogeneic bone marrow transplanta-
tion using myeloablative busulfan and fludarabine conditioning. J Clin Oncol: Off
J Am Soc Clin Oncol. 2014;32:3497-505. https://doi.org/10.1200/jco.2013.54.0625.
e-pub ahead of print 2014/10/01

. Kanakry CG, Tsai HL, Bolanos-Meade J, Smith BD, Gojo |, Kanakry JA, et al.

Single-agent GVHD prophylaxis with posttransplantation cyclophosphamide
after myeloablative, HLA-matched BMT for AML, ALL, and MDS. Blood. 2014;
124:3817-27. https://doi.org/10.1182/blood-2014-07-587477. e-pub ahead of
print 2014/10/16

Yang J, Jiang J, Cai Y, Li S, Wan L, Zhu J, et al. Low-dose anti-thymocyte globulin
plus low-dose posttransplant cyclophosphamide as graft-versus-host disease
prophylaxis in haploidentical peripheral blood stem cell transplantation com-
bined with unrelated cord blood for patients with hematologic malignancies: a
prospective, phase Il study. Bone Marrow Transpl. 2019;54:1049-57. https://
doi.org/10.1038/s41409-018-0382-3

Xu X, Yang J, Cai Y, Li S, Niu J, Zhou K, et al. Low dose anti-thymocyte globulin
with low dose posttransplant cyclophosphamide (low dose ATG/PTCy) can
reduce the risk of graft-versus-host disease as compared with standard-dose anti-
thymocyte globulin in haploidentical peripheral hematopoietic stem cell trans-
plantation combined with unrelated cord blood. Bone Marrow Transpl.
2020;56:705-8. https://doi.org/10.1038/541409-020-01047-2

Wang Y, Wu D-P, Liu Q-F, Xu L-P, Liu K-Y, Zhang X-H, et al. Low-dose post-
transplant cyclophosphamide and anti-thymocyte globulin as an effective strat-
egy for GVHD prevention in haploidentical patients. J Hematol Oncol. 2019; 12.
https://doi.org/10.1186/513045-019-0781-y

Prem S, Atenafu EG, Al-Shaibani Z, Loach D, Law A, Lam W, et al. Low rates of acute
and chronic GVHD with ATG and PTCy in matched and mismatched unrelated
donor peripheral blood stem cell transplants. Eur J Haematol. 2019;102:486-93.
https://doi.org/10.1111/ejh.13230

Salas MQ, Prem S, Atenafu EG, Datt Law A, Lam W, Al-Shaibani Z, et al. Dual T-cell
depletion with ATG and PTCy for peripheral blood reduced intensity conditioning
allo-HSCT results in very low rates of GVHD. Bone Marrow Transpl. 2020. https://
doi.org/10.1038/541409-020-0813-9

Deotare U, Atenafu EG, Loach D, Michelis FV, Kim D, Thyagu S, et al. Reduction
of severe acute graft-versus-host disease using a combination of pre transplant
anti-thymocyte globulin and post-transplant cyclophosphamide in matched
unrelated donor transplantation. Bone Marrow Transpl. 2017;53:361-5. https://
doi.org/10.1038/541409-017-0053-9

Chang YJ, Zhao XY, Xu LP, Zhang XH, Wang Y, Han W, et al. Donor-specific anti-
human leukocyte antigen antibodies were associated with primary graft failure
after unmanipulated haploidentical blood and marrow transplantation: a pro-
spective study with randomly assigned training and validation sets. J Hematol
Oncol. 2015;8:84. https://doi.org/10.1186/513045-015-0182-9

Przepiorka D, Weisdorf D,PM. Consensus conference on acute GVHD grading.
Bone Marrow Transpl. 1995;15:825-8.

Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D, Cowen EW, et al. National
Institutes of Health Consensus Development Project on Criteria for Clinical Trials
in Chronic Graft-versus-Host Disease: |. The 2014 Diagnosis and Staging Working
Group report. Biol Blood Marrow Transpl: J Am Soc Blood Marrow Transpl.
2015;21:389-401.e381. https://doi.org/10.1016/j.bbmt.2014.12.001. e-pub ahead
of print 2014/12/23

Pagliardini TA-O, Harbi S, Fiirst S, Castagna LA-O, Legrand F, Faucher C, et al. Post-
transplantation cyclophosphamide-based haploidentical versus Atg-based unre-
lated donor allogeneic stem cell transplantation for patients younger than 60
years with hematological malignancies: a single-center experience of 209
patients. Bone Marrow Transpl. 2019;54:1067-1076. https://doi.org/10.1038/
541409-018-0387-y. (1476-5365 (Electronic))

Butera S, Cerrano M, Brunello L, Dellacasa CM, Faraci DG, Vassallo S, et al. Impact
of anti-thymocyte globulin dose for graft-versus-host disease prophylaxis in
allogeneic hematopoietic cell transplantation from matched unrelated donors: a
multicenter experience. Ann Hematol. 2021;100:1837-47. https://doi.org/
10.1007/500277-021-04521-z. e-pub ahead of print 05/04

Aversa F, Terenzi A, Tabilio A, Falzetti F, Carotti A, Ballanti S, et al. Full haplotype-
mismatched hematopoietic stem-cell transplantation- a phase Il study in patients
with acute leukemia at high risk of relapse. J Clin Oncol: Off J Am Soc Clin Oncol.
2005;23:3447-54.

Aversa F, Tabilio A, Velardi A, Cunningham |, Terenzi A, Falzetti F, et al. Treatment
of high-risk acute leukemia with T-cell-depleted stem cells from related donors
with one fully mismatched HLA Haplotype. N. Engl J Med. 1998;339:1186-93.

SPRINGER NATURE


https://doi.org/10.1016/s1470-2045(15)00462-3
https://doi.org/10.1016/s1470-2045(15)00462-3
https://doi.org/10.1016/s2352-3026(17)30081-9
https://doi.org/10.1016/s2352-3026(17)30081-9
https://doi.org/10.1016/s2352-3026(19)30256-x
https://doi.org/10.1056/NEJMoa1004383
https://doi.org/10.1016/s0140-6736(05)66996-6
https://doi.org/10.1182/blood-2011-01-332007
https://doi.org/10.1182/blood-2011-01-332007
https://doi.org/10.1200/jco.2012.44.3523
https://doi.org/10.1016/j.bbmt.2008.03.005
https://doi.org/10.1186/s13045-018-0586-4
https://doi.org/10.1186/s13045-018-0586-4
https://doi.org/10.1186/s13045-020-00923-0
https://doi.org/10.1016/j.bbmt.2018.01.021
https://doi.org/10.1016/j.bbmt.2018.01.021
https://doi.org/10.1016/j.bbmt.2016.12.636
https://doi.org/10.1016/j.bbmt.2016.12.636
https://doi.org/10.1182/blood-2015-10-672071
https://doi.org/10.1182/blood-2009-11251595
https://doi.org/10.1016/j.bbmt.2015.01.020
https://doi.org/10.1200/jco.2013.54.0625
https://doi.org/10.1182/blood-2014-07-587477
https://doi.org/10.1038/s41409-018-0382-3
https://doi.org/10.1038/s41409-018-0382-3
https://doi.org/10.1038/s41409-020-01047-2
https://doi.org/10.1186/s13045-019-0781-y
https://doi.org/10.1111/ejh.13230
https://doi.org/10.1038/s41409-020-0813-9
https://doi.org/10.1038/s41409-020-0813-9
https://doi.org/10.1038/s41409-017-0053-9
https://doi.org/10.1038/s41409-017-0053-9
https://doi.org/10.1186/s13045-015-0182-9
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1038/s41409-018-0387-y
https://doi.org/10.1038/s41409-018-0387-y
https://doi.org/10.1007/s00277-021-04521-z
https://doi.org/10.1007/s00277-021-04521-z

Y. Zu et al.

1580

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Lee CJ, Savani BN, Mohty M, Labopin M, Ruggeri A, Schmid C, et al. Haploidentical
hematopoietic cell transplantation for adult acute myeloid leukemia: a position
statement from the Acute Leukemia Working Party of the European Society for
Blood and Marrow Transplantation. Haematologica. 2017;102:1810-22. https://
doi.org/10.3324/haematol.2017.176107

Luznik L, Fuchs EJ. High-dose, post-transplantation cyclophosphamide to pro-
mote graft-host tolerance after allogeneic hematopoietic stem cell transplanta-
tion. Immunol Res. 2010;47:65-77. https://doi.org/10.1007/512026-009-8139-0
Nakamae H, Fujii K, Nanno S, Okamura H, Nakane T, Koh H, et al. A prospective
observational study of immune reconstitution following transplantation with post-
transplant reduced-dose cyclophosphamide from HLA-haploidentical donors.
Transpl Int: Off J Eur Soc Organ Transpl. 2019;32:1322-32. https://doi.org/10.1111/
ri.13494

Mehta RS, Saliba RM, Chen J, Rondon G, Hammerstrom AE, Alousi A, et al. Post-
transplantation cyclophosphamide versus conventional graft-versus-host disease
prophylaxis in mismatched unrelated donor haematopoietic cell transplantation.
Br J Haematol. 2016;173:444-55. https://doi.org/10.1111/bjh.13977

Moiseev IS, Pirogova OV, Alyanski AL, Babenko EV, Gindina TL, Darskaya El, et al.
Graft-versus-host disease prophylaxis in unrelated peripheral blood stem cell
transplantation with post-transplantation Cyclophosphamide, Tacrolimus, and
Mycophenolate Mofetil. Biol Blood Marrow Transpl: J Am Soc Blood Marrow
Transpl. 2016;22:1037-42. https://doi.org/10.1016/j.bbmt.2016.03.004. e-pub
ahead of print 2016/03/13

Gaballa S, Ge |, El Fakih R, Brammer JE, Kongtim P, Tomuleasa C, et al. Results of a 2-
arm, phase 2 clinical trial using post-transplantation cyclophosphamide for the
prevention of graft-versus-host disease in haploidentical donor and mismatched
unrelated donor hematopoietic stem cell transplantation. Cancer. 2016;122:3316-26.
https://doi.org/10.1002/cncr.30180. e-pub ahead of print 2016/10/21

Shah MV, Saliba RM, Rondon G, Chen J, Soebbing D, Rus I. et al. Pilot study
using post-Transpl cyclophosphamide (PTCy), tacrolimus mycophenolate
GVHD prophylaxis older patients receiving 10/10 HLA-matched Unrelat
donor hematopoietic stem cell Transplant. Bone Marrow Transpl. 2019;54:601-6.
https://doi.org/10.1038/541409-018-0367-2.

Bashey A, Zhang M, McCurdy S, St Martin A, Argall T, Anasetti C, et al. Mobilized
peripheral blood stem cells versus unstimulated bone marrow as a graft source
for T-Cell-replete haploidentical donor transplantation using post-transplant
cyclophosphamide. J Clin Oncol: Off J Am Soc Clin Oncol. 2017;35:3002-9. https://
doi.org/10.1200/jco.2017

Lee SJ, Logan B, Westervelt P, Cutler C, Woolfrey A, Khan SP, et al. Bone marrow is
associated with better patient-reported outcomes than peripheral blood in sur-
vivors 5 years after unrelated donor transplantationl. JAMA Oncol. 2016;2:1583-9.
https://doi.org/10.1001/jamaoncol.2016.2520

Al Dawsari G, Hassanein MFR, Rasheed W, Almohareb F, Chaudhri NA, Alsharif F,
et al. Addition of ATG to myeloablative haplo conditioning with post-
transplantation cyclophosphamide might decrease the risk of Gvhd and TRM
without increasing the risk of relapse. Blood. 2016;128:5871 https://doi.org/
10.1182/blood.V128.22.5871.5871

Sun X, Yang J, Cai Y, Wan L, Huang C, Qiu H, et al. Low-dose antithymocyte globulin
plus low-dose posttransplant cyclophosphamide combined with cyclosporine and
mycophenolate mofetil for prevention of graft-versus-host disease after HLA-
matched unrelated donor peripheral blood stem cell transplantation. Bone Marrow
Transpl. 2021;56:2423-31. https://doi.org/10.1038/s41409-021-01358-y

Battipaglia G, Labopin M, Hamladji RM, Blaise D, Chevallier P. Post-
transplantation520cyclophosphamide versus antithymocyte globulin in patients
with acute myeloid leukemia undergoing521allogeneic stem cell transplantation
from HLA-identical sibling donors: A retrospective analysis from522the Acute
Leukemia Working Party of the European Society for Blood and Marrow Trans-
plantation. Cancer. 2021;127:209-18. https://doi.org/10.1002/cncr.33255.
Kanakry JA, Kasamon YL, Bolanos-Meade J, Borrello IM, Brodsky RA, Fuchs EJ, et al.
Absence of post-transplantation lymphoproliferative disorder after allogeneic blood

SPRINGER NATURE

or marrow transplantation using post-transplantation cyclophosphamide as graft-
versus-host disease prophylaxis. Biol Blood Marrow Transpl: J Am Soc Blood Marrow
Transpl. 2013;19:1514-7. https://doi.org/10.1016/j.bbmt.2013.07.013

46. Dominietto A, Tedone E, Soracco M, Bruno B, Raiola AM, Van Lint MT, et al. In vivo
B-cell depletion with rituximab for alternative donor hemopoietic SCT. Bone
Marrow Transpl. 2012;47:101-6. https://doi.org/10.1038/bmt.2011.28

47. Seo J, Shin D-Y, Koh Y, Kim I, Yoon S-S, Min Byun J, et al. Association
between preconditioning absolute lymphocyte count and transplant outcomes
in patients undergoing matched unrelated donor allogeneic hematopoietic stem
cell transplantation with reduced-intensity conditioning and anti-thymocyte
globulin. Therap Adv Hematol. 2021;12:204062072110637. https://doi.org/
10.1177/20406207211063783

ACKNOWLEDGEMENTS

We extended our gratitude to all who contributed to this paper, especially for Lanwei
Guo who gave a hand regarding statistical methods. This study was partly funded by
Henan Province Medical Science and Technology Public Relations Plan Province
Department joint construction project (SBGJ202103034).

AUTHOR CONTRIBUTIONS

YLZ analyzed the data, wrote the article and takes responsibility for the integrity of
the work as a whole. YPS and JZ designed the research. Other authors assessed
patients for eligibility, collected data, and critically revised the manuscript; All authors
approved the final manuscript for submission.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Jian Zhou or
Yongping Song.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Bone Marrow Transplantation (2022) 57:1573 - 1580


https://doi.org/10.3324/haematol.2017.176107
https://doi.org/10.3324/haematol.2017.176107
https://doi.org/10.1007/s12026-009-8139-0
https://doi.org/10.1111/tri.13494
https://doi.org/10.1111/tri.13494
https://doi.org/10.1111/bjh.13977
https://doi.org/10.1016/j.bbmt.2016.03.004
https://doi.org/10.1002/cncr.30180
https://doi.org/10.1038/s41409-018-0367-2
https://doi.org/10.1200/jco.2017
https://doi.org/10.1200/jco.2017
https://doi.org/10.1001/jamaoncol.2016.2520
https://doi.org/10.1182/blood.V128.22.5871.5871
https://doi.org/10.1182/blood.V128.22.5871.5871
https://doi.org/10.1038/s41409-021-01358-y
https://doi.org/10.1002/cncr.33255
https://doi.org/10.1016/j.bbmt.2013.07.013
https://doi.org/10.1038/bmt.2011.28
https://doi.org/10.1177/20406207211063783
https://doi.org/10.1177/20406207211063783
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Low-dose post-transplant cyclophosphamide with low-dose antithymocyte globulin for prevention of graft-versus-host disease in first complete remission undergoing 10/10 HLA-�matched unrelated donor peripheral blood stem cell transplants: a multicentre, ran
	Introduction
	Methods
	Patients
	Transplantation procedure
	Supportive Care
	Engraftment, chimerism monitoring, and GVHD evaluation
	Statistical analyses

	Results
	Patients
	Engraftment
	aGVHD and cGVHD
	Infection complications
	Outcomes

	Discussion
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




