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A B S T R A C T
Cyclosporine A (CSA) and methotrexate (MTX) is the standard graft-versus-host disease (GVHD) prophylaxis
regimen for matched sibling donor (MSD) allogeneic hematopoietic cell transplantation (allo-HCT). Recently,
post-transplantation cyclophosphamide (PTCy) has been shown to be effective in GVHD prevention. In this
registry-based study, we compared outcomes of 118 patients treated with PTCy and 1202 patients with
CSA/MTX who underwent MSD allo-HCT for acute myelogenous leukemia. In a matched-pair analysis, PTCy
was associated with a higher incidence of relapse at 2 years compared with CSA/MTX (41.1% versus 21.3%;
P = .039). The incidences of day +180 grade II-IV acute GVHD and 2-year chronic GVHD were comparable in
the PTCy and CSA/MTX arms (25.2% versus 25.4% [P = .90] and 42.6% versus 42.6% [P = .84], respectively).
Similarly, 2-year leukemia-free survival (LFS; 54.4% versus 74.32%; P = .052), overall survival (OS; 70.6% versus 79.7%; P = .15), and GVHD-free relapse-free survival (GRFS; 38.1% versus 52.5%; P = .49) were not statistically different in the 2 arms. Our data show that GVHD prophylaxis with PTCy is feasible, resulting in
similar incidences of GVHD, GRFS, LFS, and OS as seen with conventional CSA/MTX in patients undergoing
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allo-HCT from an MSD. The higher rate of relapse observed with PTCy needs further evaluation in a prospective study.
Ó 2021 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
© 2021 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.

INTRODUCTION
Allogeneic hematopoietic cell transplantation (allo-HCT) is
the most important form of immunotherapy for patients with
acute myelogenous leukemia (AML). A fully HLA-matched sibling donor (MSD) remains the ideal donor choice for allo-HCT.
Calcineurin-inhibitor (CNI)-based graft-versus-host disease
(GVHD) prophylaxis is commonly used in the setting of alloHCT from a MSD. Cyclosporine A (CSA) with methotrexate
(MTX) has been shown to reduce the risk of acute GVHD compared with either agent alone [1]. Similarly, tacrolimus with
MTX has been found to be effective in preventing acute GVHD
in the setting of allo-HCT from an MSD [2]. Despite the lower
risk of GVHD compared with other donor types, approximately
30% to 40% of patients develop acute GVHD after MSD alloHCT, which is a major cause of morbidity and mortality [3].
Newer strategies to improve immune tolerance are needed to
reduce GVHD without impacting immune reconstitution and
the graft-versus-leukemia (GVL) effect.
The original post-transplantation cyclophosphamide
(PTCy) regimen was developed in the setting of bone marrow
(BM) grafts and nonmyeloablative allo-HCT from an HLA-haploidentical (haplo) related donor [4,5]. PTCy promotes graft
tolerance by facilitating the selective proliferation of regulatory T cells (Tregs) and reduces the risk of GVHD [6]. Recently,
PTCy has been used with fully HLA-matched donor and peripheral blood stem cell (PBSC) grafts. In multiple observational
studies, GVHD and survival after haplo-HCT and PTCy were
comparable to allo-HCT with an HLA-matched donor and
GVHD prophylaxis with a CNI [7 13]. Recently, the Blood and
Marrow Transplant Clinical Trials Network (BMT CTN) 1301
showed no difference in primary GVHD outcomes and overall
survival (OS) between PTCy alone versus tacrolimus/MTX in
patients who received a BM graft from an MSD or a matched
unrelated donor (MUD) after myeloablative conditioning
(MAC) [14]. It is unknown whether these outcomes apply to
the recipients of PBSC grafts. In this study, we analyzed a relatively uniform cohort of patients with AML who underwent
MSD allo-HCT.
METHODS
Study Design and Data Collection
This retrospective multicenter analysis was conducted using the dataset
of the Acute Leukemia Working Party of the European Society for Blood and
Marrow Transplantation (EBMT) registry. The EBMT is a voluntary working
group of more than 600 transplantation centers. The centers are required to
report all consecutive stem cell transplantations and follow-ups once annually. The accuracy of the data is conﬁrmed by routinely performed audits. The
eligibility criteria for this analysis included adult patients age 18 years with
de novo AML who underwent ﬁrst allo-HCT with a genoidentical MSD
between 2010 and 2019. All patients were in ﬁrst complete remission (CR1)
at the time of allo-HCT and received PTCy or CSA/MTX for GVHD prevention.
Patients with secondary or therapy-related AML or myelodysplastic syndrome, who underwent allo-HCT from any other donor source, received ex
vivo graft manipulation, or had a previous history of allo-HCT were excluded
from the study cohort. We also excluded cases without sufﬁcient information
on GVHD prophylaxis or HLA matching. Patients with favorable-risk cytogenetics or who received any form of antithymocyte globulin (ATG) or alemtuzumab for in vivo T cell depletion were excluded as well.
Data collected included donor and recipient characteristics (sex, age, and
cytomegalovirus serostatus), disease features, Karnofsky Performance Status
(KPS), type of conditioning regimen, year of transplantation, and graft source.
The conditioning regimen was deﬁned based on the reports from individual

transplantation centers according to previously established EBMT criteria
[15]. All study participants received a standard dose of PTCy, 50 mg/kg
administered on days +3 and +4 or days +3 and +5. The doses and schedule of
other immunosuppressive drugs varied based on institutional practice [16].
We used previously published criterial for grading of acute GVHD [17] and
chronic GVHD [18]. Modiﬁed GVHD-free, relapse-free survival (GRFS) was
deﬁned as described by Ruggeri et al. [19]. EBMT minimum essential data
forms were used for the collection of all the necessary data according to
EBMT guidelines. Supplementary Table S1 lists the participating centers that
contributed the cases for this analysis.
Ethics Approval and Consent to Participate
The scientiﬁc board of the EBMT’s Acute Leukemia Working Party
approved this study, and the study protocol complied with country-speciﬁc
regulatory requirements. Informed consents were obtained from all the study
participants to use their information for this analysis. Good Clinical Practice
guidelines and the principles of the Declaration of Helsinki were followed for
this study.
Statistical Analysis
The hypothesis was to estimate the association between GVHD prevention
(PTCy or CSA/MTX) and patient outcome (H0: there is no association versus
H1: there is a signiﬁcant difference between the 2 groups with a risk a = 0.05).
The study endpoints were engraftment, leukemia-free survival (LFS), OS,
relapse incidence (RI), nonrelapse mortality (NRM), acute and chronic GVHD,
and GRFS. All study endpoints were measured from the time of transplantation. GRFS was deﬁned as the ﬁrst event among relapse, death from any cause,
grade III-IV acute GVHD, and extensive chronic GVHD after transplantation
[19,20]. OS was deﬁned as time from transplantation to death from any cause.
LFS was deﬁned as survival without disease progression or relapse.
The baseline characteristics were compared between the PTCy and CSA/
MTX cohorts using Fisher’s exact test or the chi-squared test for categorical
variables and the Mann-Whitney U test for numerical variables, and the
Kaplan-Meier method was used for the probabilities of OS, LFS, and GRFS.
NRM and RI were calculated using cumulative incidence (CI) curves in a competing-risk setting, with death in remission counted as a competing event for
relapse. The reverse Kaplan-Meier method was used to calculate the median
duration of follow-up from transplantation where the event was being alive
and death was censored. The competing event for engraftment incidence was
death. Relapse and death were the competing events while calculating the CI
of acute or chronic GVHD. The log-rank test was used for LFS and OS, and
Gray’s test was used for CI. All events were censored at 2 years post-HCT.
To better understand the association between GVHD prophylaxis and
outcomes of allo-HCT, we conducted a matched-pair analysis. For each
patient who received PTCy, a separate matched control receiving CSA/MTX
was identiﬁed using exact and propensity score-matched criteria with a caliper of 0.02. This method was used to provide close approximations of patient,
disease, and transplantation characteristics. The propensity score was based
on the following variables: patient’s sex, age, KPS, cytogenetics, conditioning
intensity, and disease status before transplantation. Exact matching was used
for graft source, cytogenetics, and conditioning intensity, and nearest-neighbor matching for patient age, year of allo-HCT, KPS, and female donor to male
recipient. The cohorts were well matched, with standardized mean difference
estimates of <5% for all matched parameters. Cluster-robust standard errors
were used to account for dependence between observations within matched
pairs. All P values were 2-sided, with a type 1 error rate ﬁxed at 0.05. Statistical analyses were performed with SPSS 24.0 (IBM, Armonk, NY) and R 4.0.3
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Patient, Transplantation, and Disease Characteristics
Table 1 presents the baseline characteristics of the study
cohorts. A total of 118 patients in the PTCy cohort and 1202
patients in the CSA/MTX cohort were included in the ﬁnal
analysis. The median duration of follow-up was shorter in the
PTCy cohort compared with the CSA/MTX cohort (16.0 months
versus 30.5 months; P < .0001). The median year of transplantation was 2017 for the PTCy cohort and 2015 for the CSA/MTX

86.e3

A. Nagler et al. / Transplantation and Cellular Therapy 28 (2022) 86.e1 86.e8

Table 1
Baseline Patient, Disease, and Transplantation Characteristics
Characteristic

PTCy (N = 118)

CSA/MTX (N = 1202)

P Value

Follow-up, reverse KM, mo, median (95% CI)

16.04 (13.15-20.9)

30.53 (27.41-33.92)

<.0001

Year of transplantation, median (range)

2017 (2010-2019)

2015 (2010-2019)

<.0001

Patient age, yr, median (range) [IQR]

51.9 (18.9-71.5) [40.9-61.1]

45.1 (18-72.8) [34.7-54.4]

<.0001

Patient sex, male, n (%)

430 (47.7)

163 (58.2)

.002

Donor sex, male, n (%)

663 (55.3)

53 (44.9)

.031

90

950 (84.6)

79 (68.1)

<.0001

Missing

79

2

Time from diagnosis to transplantation, mo, median [IQR]

4 [3.2-5.4]

4.2 [3.4-5.3]

.40
.35

KPS score, n (%)

Cytogenetic risk group, n (%)*
Intermediate

97 (82.2)

944 (78.5)

Poor

21 (17.8)

258 (21.5)

FLT3-ITD, n (%)
Positive

30 (37.5)

277 (32.2)

Missing

38

341

.33

NPM1, n (%)
Positive

25 (30.1)

235 (28.2)

Missing

35

368

MAC

69 (58.5)

980 (81.5)

RIC

49 (41.5)

222 (18.5)

.71

Conditioning regimen, n (%)

BuCy § other

6 (5.1)

564 (47)

BuFlu § other

65 (55.1)

348 (29)

TBI-based

32 (27.1)

181 (15.1)

Other CT

15 (12.7)

108 (9)

Missing

0

1

<.0001
<.0001

GVHD prophylaxis, n (%)
PTCy alone § steroids

18 (15.3)

PTCy + CSA + MTX

6 (5.1)

PTCy + CSA

34 (28.8)

PTCy + CSA + MMF

14 (11.9)

PTCy + tacrolimus

15 (12.7)

PTCy + sirolimus

12 (10.2)

PTCy + tacrolimus + MMF

7 (5.9)

PTCy + sirolimus + MMF

5 (4.2)

PTCy + other

7 (5.9)

CSA/MTX only: 1202 (100)

Female donor to male recipient, n (%)

33 (28)

281 (23.4)

Sex match missing, n

0

3

.27

Patient CMV serostatus
Positive

93 (78.8)

814 (70.2)

Missing

0

43

.05

Donor CMV serostatus
Positive

79 (68.1)

736 (62.6)

Missing

2

27

BM

23 (19.5)

290 (24.1)

PBSC

95 (80.5)

912 (75.9)

.24

Graft source
.26

KM indicates Kaplan-Meier; IQR, interquartile range; FLT3-ITD, FMS-like tyrosine kinase 3-internal tandem duplication; NPM1, Nucleophosmin 1; BuCy, busulfan and
cyclophosphamide; BuFlu, busulfan and ﬂudarabine; TBI, total body irradiation; CT, chemotherapy; MMF, mycophenolate mofetil; CMV, cytomegalovirus.
*According to the UK MRC criteria.

cohort. PTCy recipients were signiﬁcantly older than CSA/MTX
recipients (median age, 51.9 years versus 45.1 years; P <
.0001) but had a better baseline KPS (baseline KPS 90: 84.6%
versus 68.1%; P < .0001). The median time from AML diagnosis
to allo-HCT, cytogenetic risk group, FMS-like tyrosine kinase
3-internal tandem duplication status, and Nucleophosmin 1
status were not statistically different between the 2 study
cohorts. MAC was used in 58.5% of the patients in the PTCy

cohort and 81.5% of those in the CSA/MTX cohort. The most
common conditioning regimens were busulfan/ﬂudarabine in
the PTCy cohort (55.1%) and busulfan/cyclophosphamide (47%)
in the CSA/MTX cohort. Most patients received a PBSC graft
(PTCy: 80.5%; CSA/MTX: 75.9%). Eighteen patients (15.3%)
received PTCy only, and the remainder (84.7%) received additional immunosuppressive drugs according to institutional
protocol in the PTCy cohort (Table 1).
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Figure 1. Grade II-IV and III-IV acute GVHD and extensive chronic GVHD in patients receiving PTCy and those receiving CSA/MTX.

Transplantation Outcomes, PTCy versus CSA/MTX
The median time to neutrophil engraftment was 21 days for
the PTCy cohort versus 17 days for the CSA/MTX cohort
(P < .0001). Four patients (0.3%) in the PTCy cohort experienced graft failure or loss, which included death before
engraftment. No graft failure seen in the CSA/MTX cohort. In
univariate analysis, there was no statistically signiﬁcant difference between the 2 cohorts with respect to the incidence of
grade II-IV acute GVHD (25.2% for PTCy versus 22.9% for CSA/
MTX; P = .72) and grade III-IV acute GVHD (5.2% versus 8.1%;
P = .25) during the ﬁrst 180 days. Similarly, the incidences of
overall chronic GVHD (42.5% for PTCy versus 47.9% for CSA/
MTX; P = .52) and extensive chronic GVHD (25.5% versus
29.4%; P = .85) at 2 years were comparable in the 2 cohorts
(Figure 1). PTCy was associated with a higher 2-year RI (44.6%
versus 33.5% for CSA/MTX; P = .06), but this difference did not
reach statistical signiﬁcance. Survival outcomes were also
comparable in the 2 study cohorts. In addition, there were no
signiﬁcant between-group differences in 2-year NRM (8.7% for
PTCy versus 12% for CSA/MTX; P = .39); LFS (51.1% versus

63.2%; P = .13), OS (67.7% versus 73%; P = .41), or GRFS (35.4%
versus 42.8%; P = .64) (Figure 2, Supplementary Table S2).
For a matched-pair analysis (Table 2), 110 pairs (1:1 PTCy:
CSA/MTX) were selected according to the aforementioned criteria. In this analysis, PTCy was associated with a higher risk
for relapse at 2 years (41.1% versus 21.3%; P = .039), resulting
in a trend toward lower LFS compared with the CSA/MTX
cohort (54.4% versus 74.2%; P = .052). There was no statistically
signiﬁcant difference between the study cohorts in 2-year
NRM (4.5% versus 4.6%; P = .71), OS (70.6% versus 79.7%;
P = .15), and GRFS (38.1% versus 52.5%; P = .49). The incidences
of grade II-IV acute GVHD (25.2% versus 25.4%; P = .90) and
chronic GVHD (42.6% versus 42.6%; P = .84) also were comparable in the 2 cohorts.
Toxicity
During the study period, 29 patients in the PTCy cohort and
351 patients in the CSA/MTX cohort expired by the last follow
up (Supplementary Table S3). As expected, relapsed AML was
the common cause of death in PTCy and CSA/MTX cohorts
(62.1% for PTCy, 49% for CSA/MTX). The rate of GVHD-relapsed
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Figure 2. NRM, RI, LFS, OS, and GRFS in patients receiving PTCy and those receiving CSA/MTX.

deaths was lower in the patient cohort (10.3% versus 20.7%).
Infection-related deaths were comparable in the 2 cohorts
(17.2% for PTCy versus 20.5% for CSA/MTX). Four patients died
due to veno-occlusive disease and 5 died from a second malignancy in the CSA/MTX cohort, but no patients in the PTCy
cohort died from these conditions.
DISCUSSION
In this registry-based observational study of MSD allo-HCT
in patients with AML, the risk of acute and chronic GVHD after
prophylaxis with PTCy was comparable to that with CSA/MTX.
The results conﬁrm a signiﬁcant impact of the GVHD prevention strategy on allo-HCT outcomes. PTCy was associated with
an increased risk of relapse but did not have a signiﬁcant
impact on LFS or OS. A trend toward lower LFS was seen with
PTCy in a matched-pair analysis but without an impact on OS.
The majority of the patients in the PTCy cohort received

additional immunosuppressive drugs, and MAC and PBSC
grafts were commonly used in both cohorts. Further prospective studies with uniform conditioning and immunosupressive
regimens are needed to validate our ﬁndings.
PTCy has emerged as a powerful platform for overcoming
the HLA barrier to facilitate allo-HCT from a partially HLAmatched donor. Registry-based studies across various hematologic malignancies have shown comparable survival between
haplo-HCT with PTCy and fully matched donor allo-HCT with
CNI-based GVHD prophylaxis [7-13,21]. A prospective study
using single-agent PTCy as the sole GVHD prophylaxis after
MUD/MSD allo-HCT in 92 patients with various hematologic
malignancies using MAC and BM grafts showed favorable rates
of severe acute GVHD (grade III-IV: 15%), chronic GVHD (14%),
and NRM (16%) without increasing disease relapse (22%) [22].
A retrospective study by Kwon et al. [23] showed improved
acute GVHD and GRFS with PTCy/CSA/MMF compared with
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Table 2
Matched-Pair Analysis: Effect of Patient, Disease, and Transplantation Characteristics on Outcomes
Characteristic

CSA+MTX (N = 110)

PTCy (N = 110)

Follow-up, mo, median [IQR]

16.99 [13.64-22.45]

16.04 [12.92-20.9]

P Value

Time from diagnosis to HCT, mo, median (range) [IQR]

4.5 (2.3-14.2) [3.5-5.4]

3.9 (1.6-15.9) [3.2-5.1]

.11

Patient age#, yr, median (range) [IQR]

51.5 (18.1-68.3) [40.5-59.2]

51.5 (18.9-71.5) [40.9-60.3]

.81

Cytogenetic risk (UK MRC), n (%)*
Intermediate

91 (82.7)

91 (82.7)

Poor

19 (17.3)

19 (17.3)

FLT3-ITD mutation, n (%)
Positive

29 (33)

29 (38.7)

Missing

22

35

.45

NPM1 mutation, n (%)
Positive

24 (27.3)

23 (29.9)

Missing

22

33

.71

MAC

67 (60.9)

67 (60.9)

RIC

43 (39.1)

43 (39.1)

Year of transplantation,# median (range) [IQR]

2017 (2010-2019) [2016-2018]

2017 (2010-2019) [2016-2018]

1

Patient sex, male, n (%)

62 (56.4)

61 (55.5)

.89

Conditioning regimen, n (%)*

Donor sex, male, n (%)

61 (55.5)

49 (44.5)

.11

Female donor to male recipient combination, n (%)#

29 (26.4)

30 (27.3)

.88

BM

19 (17.3)

19 (17.3)

PBSC

91 (82.7)

91 (82.7)

<90

31 (28.2)

32 (29.1)

90

79 (71.8)

78 (70.9)

80 (72.7)

86 (78.2)

.35
1

Graft source, n (%)*

KPS, n (%)#
.88

Patient CMV serology, n (%)
Positive
Donor CMV serology
Positive

73 (67.6)

73 (67.6)

Missing

2

2

Allo-HCT outcomes
Acute GVHD (180 d), % (95% CI)
Grade II-IV

25.4 (17.5-34)

25.2 (17.4-33.9)

.90

Grade III-IV

11.6 (6.3-18.7)

3.7 (1.2-8.6)

.056

Overall

42.6 (31.2-53.4)

42.6 (31.2-53.5)

.84

Extensive

20.5 (12.1-30.3)

21.7 (13.1-31.6)

.83

NRM (2 yr), % (95% CI)

4.6 (1.5-10.5)

4.5 (1.4-10.6)

.71

Relapse (2 yr), % (95% CI)

21.3 (13.1-30.8)

41.1 (29.1-52.7)

.039

LFS (2 yr), % (95% CI)

74.2 (63.2-82.3)

54.4 (41.6-65.5)

.052

OS (2 yr), % (95% CI)

79.7 (68.5-87.2)

70.6 (58-80)

.15

GRFS (2 yr), % (95% CI)

52.5 (41.2-62.6)

38.1 (26.2-50)

.49

Chronic GVHD (2 yr), % (95% CI)

Pair matched on these factors: *exact matching; #nearest-neighbor.

CSA/MTX using mostly PBSC grafts from MSDs; however, that
study included patients with heterogeneous hematologic
malignancies and pretransplantation disease status. In a phase
II BMT CTN 1203 study, PTCy/tacrolimus/MMF was associated
with better GRFS compared with a nonrandomized cohort of
tacrolimus/MTX in the setting of reduced-intensity conditioning (RIC) PBSC transplantation (PBSCT) with an HLA-matched
donor [24]. Subsequently, the randomized phase 3 study (BMT
CTN 1301) showed no statistical difference between PTCy
alone versus tacrolimus/MTX in the setting of MAC allo-BMT
from an MSD or MUD. PTCy was associated with lower relapse
(hazard ratio, 0.52; P = .4) but comparable OS (hazard ratio,
1.02; P = .95) versus tacrolimus/MTX [14]. Another phase 3
study (BMT CTN 1703) with similar schema has recently

completed accrual that should further deﬁne the role of PTCy
in the setting of matched donor RIC PBSCT.
Numerous GVHD prevention strategies have been studied
in the setting of fully HLA-matched donor allo-HCT to reduce
the risk of GVHD and NRM compared with traditional CNIbased GVHD prophylaxis [13]. Alousi et al. [25] conducted a
single-center phase II study using PTCy alone after RIC alloHCT from an MUD/MSD using BM or PBSC grafts in a small
cohort of patients with myelodysplastic syndrome and AML,
and reported poor survival with PTCy alone, owing to a higher
incidence of acute GVHD compared with historical CNI-based
allo-HCT. This highlights the need for additional immunosuppressive medications with PTCy when using RIC and/or PBSC
grafts for matched donor allo-HCT. Low-dose ATG has been
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shown to reduce acute GVHD without negatively impacting
relapse or NRM in prospective studies in the setting of HLAmatched allo-PBSCT [26 28]. Recently, Brissot et al. [29] presented the results of a phase IIb study comparing PTCy and
ATG in RIC allo-PBSCT from an MSD or a 10/10 HLA MUD,
which showed no signiﬁcant differences in GRFS, NRM, and
relapse between the study cohorts.
The higher disease relapse with PTCy in our study was concerning and suggests a potential negative impact of PTCy on
the GVL effect. PTCy suppresses natural killer (NK) cell recovery and promotes regulatory Treg proliferation after allo-HCT
[30]. Rambaldi et al. [31] reported delayed early T cell recovery, a high Treg/conventional T (Tcon) cell ratio, and expansion
of functionally impaired immature CD56brightCD16 NK cells
after haplo-HCT with PTCy compared with CNI-based HLAmatched PBSCT. It is possible that the GVL effect in MSD transplants is more reliant on leukemia-speciﬁc neoantigens versus
an HLA discrepancy as is seen with haploidentical transplants.
Thus, NK cells may play a dominant role in this setting to
impact the GVL effect, because they are independent of the
major histocompatibility complex. Further studies are needed
to conﬁrm this hypothesis.
This analysis has the expected limitations of a retrospective
study. Transplantation outcomes may have been affected by
unknown or unmeasured factors. Heterogeneity in conditioning regimens, concurrent immunosuppressive medications in
the PTCy cohort, and supportive therapy were some of the
confounding factors. Measurable residual disease (MRD) status
before and after allo-HCT is a major predictor of release
[32,33]. In our previous analysis, patients with AML and persistent MRD before haplo-HCT with PTCy had signiﬁcantly poorer
LFS compared with patients without MRD [34]. In our registry
database, MRD information was available in only a subset of
patients, precluding any meaningful analysis. At the same
time, this study is the largest of such analyses in a relatively
uniform patient population comparing PTCy and CSA/MTX as
GVHD prophylaxis compared with previously published small
retrospective studies with heterogeneous diagnoses.
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CONCLUSIONS
In this study of patients with AML undergoing MSD alloHCT, the use of PTCy was associated with a higher risk of disease relapse but similar risks of GVHD and OS compared with
the use of CSA/MTX.
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