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Abstract
Background. Use of haploidentical cell transplantation (Haplo-HCT) with peripheral blood stem cells
(PBSC) is increasing for acute myeloid leukemia (AML). We explored whether the addition of
antithymocyte globulin (ATG) to post-transplant cyclophosphamide (PTCy) allows better outcomes than
PTCy alone in Haplo-PBSC.

Methods. We included 441 adult patients undergoing a �rst Haplo-PBSC for AML in �rst or second
complete remission; graft-versus-host disease (GVHD) prophylaxis contained either PTCy alone (n = 374)
or ATG + PTCy (n = 67), in addition to cyclosporine A (CsA) and mycophenolate mofetil (MMF) as other
immunosuppressive agents. Transplant period was 2011–2019.

Results. No major imbalances were observed between the two groups. Median age was 56 years and
median year of Haplo-HCT was 2017 for both groups. Most patients received a reduced-intensity
conditioning regimen (57% and 61% in PTCy and ATG + PTCy, respectively; p = 0.54). Median follow-up
was 19 versus 15 months in PTCy and ATG + PTCy, respectively (p = 0.59). Neutrophil engraftment
occurred in 97% and 98% of PTCy and ATG + PTCy, respectively. In univariate analysis, no statistical
differences in transplant outcomes were observed between PTCy and ATG + PTCy. In multivariate
analysis ATG + PTCy resulted in a lower risk of chronic GVHD as compared to PTCy alone (HR = 0.46, 95%
CI 0.23–0.93; p = 0.03). No differences were observed for the other transplant outcomes.

Conclusion. In Haplo-PBSC, addition of ATG to PTCy (with CsA and MMF) is feasible, better at preventing
chronic GVHD, and survival and transplant outcomes are comparable to those with PTCy alone, without
increasing transplant toxicity, mortality, or relapse incidence.

Introduction
The recent increase in the use of haploidentical cell transplantation (Haplo-HCT) is mainly attributable to
the favorable transplant outcomes obtained with the use of post-transplant cyclophosphamide (PTCy) as
part of graft-versus-host disease (GVHD) prophylaxis [1][2]. Another valuable approach in Haplo-HCT in
preventing GVHD is the use of antithymocyte globulin (ATG) instead of PTCy, as initially reported by the
Perugia group in Italy, and by the Beijing group from China (GIAC protocol) [3][4]. However, to lower the
risk of GVHD related to the existence of multiple HLA mismatches, initial Haplo platforms were
exclusively based on the use of bone marrow as the stem cell source [2][5]. Peripheral blood stem cells
(PBSC) as the stem cell source, has been largely reported in all donor settings as being associated with a
higher risk of GVHD [6][7][8][9][10]. Recently, studies focusing on HLA-identical sibling and unrelated
donor transplantation with PBSC have shown that the addition of ATG to standard immunosuppressive
agents results in lower rates of chronic GVHD (cGVHD), higher GVHD-free/relapse-free survival (GRFS)
and allows earlier withdrawal of immunosuppression as compared to the use of standard
immunosuppressive agents without ATG [11][12]. 
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Meanwhile, due to the increasing experience and improvements in transplant outcomes after Haplo-HCT,
use of PBSC in this setting has also increased, with favorable outcomes despite the expected higher risk
of GVHD [13]. Therefore, implementation of GVHD prophylaxis with the addition of ATG to PTCy and
other adjuvant immunosuppressors has been explored when using PBSC [14][15] [16]. In the current study
we sought to compare transplant outcomes of patients receiving PTCy alone or ATG in addition to PTCy
in Haplo-HCT with PBSC (Haplo-PBSC).  

Methods
This is a retrospective study from the Acute Leukemia Working party (ALWP) of the European Society of
Blood and Marrow Transplantation (EBMT), which is a working group of more than 600 transplant
centers, mostly located in Europe, that are required to report annually all consecutive transplantations and
follow-up data. Data are entered, managed, and maintained in a central database with internet access;
each EBMT center is represented in this database. There are no restrictions on centers for reporting data,
except for those required by law on patient consent, data con�dentiality and accuracy. Quality control
measures include several independent systems: con�rmation of validity of the entered data by the
reporting team, selective comparison of the survey data with MED-A data sets in the EBMT registry
database, cross-checking with the National Registries, and regular in-house and external data audits.
Patients provide informed consent authorizing the use of their personal information for research
purposes. Each patient provides consent for transplant according to the ethical principles of the
Declaration of Helsinki. The study was approved by the Institutional Review Board of the ALWP of the
EBMT. 

Study design and eligibility criteria

Included in the current study were adult patients aged ≥ 18 years at transplant, diagnosed with acute
myeloid leukemia (AML) and undergoing their �rst allo-HCT in �rst complete remission (CR). Patients
with a history  of autologous HCT were eligible. Only patients transplanted from a Haplo donor and
receiving either PTCy alone or PTCy in addition to ATG as GVHD prophylaxis were included. The only
included adjuvant immunosuppressors were cyclosporine A (CsA) in association with mycophenolate
mofetil (MMF), due to their preferential use in the cohort of patients receiving PTCy in association with
ATG (>80% of cases). The only stem cell source allowed was PBSC. Exclusion criteria were ex-vivo T-cell
depletion, use of ATG without PTCy, or use of immunosuppressive agents other than CsA and MMF.
Transplants were performed during the period 2011 to 2019. Schedules and administration of PTCy and
ATG were reported by transplant centers according to center policy. 

De�nitions

Cytogenetic risk was de�ned according to MRC criteria [17]. Performance status was graded according to
the Karnofsky Performance status (KPS) scale and was de�ned as poor when it was <90. The
conditioning regimen was de�ned according to data reported by EBMT centers as myeloablative
conditioning (MAC) or reduced-intensity conditioning (RIC) [18].  
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The primary endpoint of the study was the cumulative incidence of acute GVHD (aGVHD) and cGVHD.
Secondary endpoints included leukemia-free survival (LFS), overall survival (OS), re�ned GRFS,
cumulative incidence of neutrophil engraftment, relapse incidence (RI) and non-relapse mortality (NRM). 

Severity of aGVHD was graded according to the modi�ed Glucksberg criteria and cGVHD according to the
revised Seattle criteria [19][20]. 

Engraftment was de�ned as achieving an absolute neutrophil count ≥ 0.5×109/L for three consecutive
days. The probability of being alive without evidence of relapse or progression de�ned LFS. Overall
survival was de�ned as the time from allo-HCT to death, regardless of the cause. Re�ned GRFS was
de�ned according to Ruggeri et al., i.e. being alive with neither grade III-IV aGVHD nor severe cGVHD, nor
disease relapse at any time point [21]. Relapse was de�ned as the presence of at least 5% of bone
marrow blasts and/or reappearance of the underlying disease. Death without evidence of relapse or
progression de�ned NRM. 

Statistical analysis

Median values and ranges or interquartile ranges (IQR) were expressed for continuous variables and
frequencies and percentages for categorical variables. Patient-, disease- and transplant-related
characteristics of the two groups were compared using the chi-square or Fischer’s exact test for
categorical variables, and the Mann-Whitney test for continuous variables. The probabilities of LFS, OS
and GRFS were calculated using the Kaplan–Meier method and the log-rank test was used for univariate
comparisons of survival [22]. 

Neutrophil engraftment, aGVHD and cGVHD, RI and NRM were calculated using the cumulative incidence
estimator to accommodate competing risks. For NRM, relapse was the competing event, and for RI the
competing risk was death without relapse. To study aGVHD and cGVHD, relapse and death were
considered as competing events. Multivariate analyses were performed using the Cox proportional-
hazards model for the main outcomes [23]. Variables differing signi�cantly between the two groups, with
univariate impact on outcomes, or clinically relevant, were included in the multivariate Cox models. The
latter included GVHD prophylaxis (ATG+PTCy versus PTCy), age at transplant (evaluated as an
incremental age of 10 years), year of allo-HCT, interval from diagnosis to allo-HCT, secondary versus de
novo AML, adverse cytogenetics versus other cytogenetics, conditioning regimen, patient sex, gender
combination (female donor to male recipient versus other gender combinations), KPS, patient and donor
CMV serology.  Results were expressed as the hazard ratio (HR) with a 95% con�dence interval (95% CI).
P-values were two-sided. Statistical analyses were performed with the SPSS 27 (SPSS Inc./IBM, Armonk,
NY, USA) and R 4.0.2 (R Development Core Team, Vienna, Austria) software packages.

Results
Patients and transplant characteristics



Page 6/21

Overall, 441 patients ful�lling the inclusion criteria were identi�ed, with 374 patients in the PTCy alone
group and 67 in the ATG+PTCy group. A description of the two groups is shown in Table 1, with no major
imbalances observed except for median interval from diagnosis to Haplo-PBSC that was longer in the
PTCy group (5 months versus 4.6 months in ATG+PTCy, p=0.03). Median age was 56 years in both
groups (range 18-75 in PTCy and 26-74 in ATG+PTCy, p=0.40). Median year of Haplo-PBSC was 2017 for
both groups (p=0.17). Secondary AML was reported in 21% and 15% of PTCy and ATG+PTCy groups,
respectively (p=0.23). A female donor to male recipient was reported for 21% and 18% of cases in the
PTCy and ATG+PTCy groups, respectively (p=0.58). Most patients in each group had intermediate-risk
cytogenetics with 66% and 69% in PTCy and ATG+PTCy groups, respectively (p=0.70). Poor performance
status was observed in 21% in PTCy and 16% in ATG+PTCy (p=0.35). Total ATG dose was 2.5, 5, 7.5 and
10 mg/kg in 22, 28, 2 and 8 patients in the PTCy + ATG group; information was missing for 7 cases. Most
patients in both groups received a RIC regimen (57% and 61% in PTCy and ATG+PTCy, respectively;
p=0.54), which was mainly thiotepa-busulfan-�udarabine (TBF: 44% and 63% in PTCy and ATG+PTCy,
respectively). Median follow-up was 19 versus 15 months in PTCy and ATG+PTCy, respectively (p=0.59). 

Transplant outcomes for PTCy and ATG+PTCy

Results of the univariate analysis are shown in Table 2. At 6 months, no statistical differences in the
cumulative incidences of grade II-IV and grade III-IV aGVHD were observed between the two groups, these
being 34% (95% CI 30-39) and 12% (95% CI 9-16) in PTCy and 30% (95% CI 19-42) and 11% (95% CI 5-20)
for PTCy + ATG, respectively (p=0.58 and 0.89 for grade II-IV and grade III-IV aGVHD, respectively).
Incidence of 2-year cGVHD was 33% (95% CI 27-39) in the PTCy and 21% (95% CI 10-35) in the
ATG+PTCy group; p=0.06 (Figure 1). No statistical differences were observed for extensive cGVHD
according to GVHD prophylaxis (10% in both groups, p=0.61) (Table 2a). 

At 60 days cumulative incidence of neutrophil engraftment was lower in the PTCy group (97% [95% CI 94-
98] versus 99% [95% CI 83-100] in the ATG+PTCy; p<0.01), which translated into a longer interval to
neutrophil engraftment (19 days [range 9-57] compared to 17 days [range 9-40] in the ATG+PTCy group;
p<0.01), results not shown. 

Cumulative incidence of relapse at 2 years was 25% (95% CI 20-31) and 24% (95% CI 11-39) for PTCy and
ATG+PTCy, respectively (p=0.41). The same held true for cumulative incidence of NRM which was 22%
(95% CI 17-27) versus 26% (95% CI 15-39) for PTCy and ATG+PTCy groups, respectively (p=0.51) (Table
2b, Figure 2). Overall, 132 (35%) and 23 (34%) patients died in the PTCy and ATG+PTCy groups,
respectively. Death was mainly related to infections (35% in both groups) followed by original disease
(32% and 25% in PTCy and ATG+PTCy, respectively). Of note, a higher frequency of death due to GVHD
was reported in the PTCy group (14% as compared to 5% in the ATG+PTCy group), results not shown. 

The probability of 2-year LFS was 53% (95% CI 46-59) as compared to 50% (95% CI 34-64) in PTCy and
ATG+PTCy, respectively (p=0.90) while probabilities of OS were 58% in both groups (95% CI 51-63 for
PTCy, 95% CI 42-71 for ATG+PTCy, p=0.89). No difference in 2-year GRFS was observed between the two
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groups according to GVHD prophylaxis (44% [95% CI 38-49] and 43% [95% CI 28-57] for PTCy and
ATG+PTCy, respectively; p=0.71) (Figure 3, Table 2b). 

In the multivariate analysis (Table 3), GVHD prophylaxis did not signi�cantly in�uence the main
transplant outcomes except for cGVHD, where the risk was lower with the addition of ATG (HR 0.46, 95%
CI 0.23-0.93; p=0.03). Of note, regardless of the GVHD prophylaxis schedule, both a good KPS and donor
CMV seropositivity were associated with a higher probability of GRFS (HR for KPS 0.69, 95% CI 0.50-0.95;
p=0.02) (HR for CMV 0.64, 95% CI 0.47-0.87, p<0.01) and lower risk of grade II-IV aGVHD (HR for KPS
0.65, 95% CI 0.44-0.96; p=0.03) (HR for donor CMV seropositivity 0.63, 95% CI 0.44-0.92; p=0.02). 

Discussion
Despite the existence of multiple HLA mismatches, Haplo-HCT has now become a standard of care in
patients lacking an HLA-identical donor, particularly due to the use of in vivo T-cell depletion (TCD) that
allows low rates of GVHD. To date, the most commonly used in vivo TCD platform in the United States
and Europe is based on PTCy but the Chinese experience with ATG also highlighted the feasibility and
e�cacy of this strategy in the Haplo setting. However, initial experiences with in vivo TCD in Haplo-HCT
were mainly based on the use of bone marrow as the stem cell source, in order to reduce the risk of
GVHD [2][4]. 

Use of PBSC has been associated with a higher risk of acute and particularly cGVHD in all donors
settings [6][7][8]. However, donor collection from PB is more easily manageable and has also been
associated in several studies with faster engraftment and the graft-versus-leukemia effect [6][8].
Therefore, use of PBSC has signi�cantly increased worldwide [24]. The addition of ATG to standard
immunosuppressive agents in both the matched sibling and unrelated donor settings has been shown to
reduce the incidence of GVHD, particularly its chronic form, and also to allow a more rapid withdrawal of
immunosuppression. [11][12]. 

More recently, use of PBSC in Haplo-HCT has also increased signi�cantly and strategies of GVHD
prevention have included dual in vivo TCD with PTCy and ATG [14][15].

The Beijing group from China initially introduced the GIAC protocol using a combination of G-CSF-priming
of the donor, intensi�ed immunosuppression, ATG, and combination of T cell-replete bone marrow plus
PBSC, showing low incidences of GVHD [4]. More recently, they compared the GIAC protocol with ATG
alone to ATG and low-dose PTCy, showing better GVHD prevention with the dual in vivo TCD
approach [25].  

Duléry et al. reported Haplo-PBSC transplant outcomes in patients receiving TBF as the conditioning
regimen and dual in vivo TCD with PTCy and ATG in 51 patients, showing a low incidence of aGVHD
without affecting other outcomes, thus highlighting the feasibility of this schedule [26]. 
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More recently, a multicenter retrospective study from El Cheikh et al. explored the impact of adding ATG to
PTCy versus PTCy alone in Haplo-PBSC with TBF for various hematologic malignancies, showing no
signi�cant differences between the two approaches for any transplant outcome [16].    

In the current retrospective analysis, we evaluated the impact of the addition of ATG to PTCy in the
setting of Haplo-PBSC as compared to PTCy alone in a population of AML patients in CR, all receiving
CsA and MMF in addition. Furthermore, the two cohorts were well balanced for most demographic
characteristics, including distribution of conditioning regimens. Our results con�rm the feasibility of such
a strategy in the Haplo-PBSC setting, as previously reported, with both the MAC and RIC regimens. 

Of note, we observed a signi�cantly higher cumulative incidence with faster neutrophil engraftment when
adding ATG to PTCy. Previous studies comparing ATG to PTCy in different donor settings showed that
use of ATG provides a more rapid and higher rate of neutrophil engraftment [27][28]. Therefore, in the
Haplo-PBSC setting, addition of ATG to PTCy may promote the host-versus-graft reaction and favor a
faster engraftment. 

Importantly, we found that addition of ATG to PTCy resulted in a lower risk of cGVHD of all grades (but
not of extensive cGVHD) without differences for other transplant outcomes. This result con�rms, as
previously reported in other donor settings, that ATG is a valid agent in GVHD prevention, particularly in its
chronic form, due to the long-term inhibitory effect on both B and T cells that play a pivotal role in the
development and the pathogenesis of GVHD [11][12][29][30].  

Major concerns with the use of ATG are the risk of delayed immune reconstitution, higher mortality due to
infection and higher risk of disease relapse [31][32]. In a single-center analysis from Canada, addition of a
total ATG dose of 4 mg/kg to PTCy in Haplo-PBSC with the use of a RIC regimen resulted in a 1-year NRM
of 38.2% that was mainly attributed to infection complications [33]. In an attempt to reduce NRM, the
same group tried a dose reduction from 4 to 2 mg/kg, which resulted in a higher incidence of aGVHD with
no impact on other transplant outcomes [14]. Importantly, in our study we did not observe any differences
in the cumulative RI or in NRM with the addition of ATG, with infection mortality being 35% in both
groups. Furthermore, although different doses of ATG were used in the ATG+PTCy group, the low number
of patients prevented us from exploring the impact of ATG dose on transplant outcomes. 

Our results should be taken with caution, due to the retrospective nature of the study and the consequent
lack of certain data that may have confounded the results. For example, criteria guiding physicians in
patient allocation to a speci�c regimen, absence of speci�c data on immune reconstitution, incidence of
non-fatal infections, the detailed AML risk strati�cation, a potential center effect when using ATG and the
post-transplant strategies to prevent or treat disease relapse. Furthermore, we also acknowledge the
relatively small number of patients included in the ATG+PTCy cohort and the short follow-up. 

Conclusions
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In conclusion, addition of ATG to PTCy in the Haplo-PBSC setting is not only feasible, with no signi�cant
changes in terms of RI or NRM, but is even associated with a lower incidence of cGVHD of all grades, and
higher and faster neutrophil engraftment. 
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Tables
Table 1. Patient, disease and transplant characteristics 
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Characteristic (%) PTCy (n=374) ATG+PTCy
(n=67)

p-
value

Median age at allo-HCT, years (range) 56 (18-75) 56 (26-74) 0.40

F/M gender ratio 150 (40)/224
(60)

34 (51)/33 (49) 0.10

Female donor into male recipient 78 (21) 12 (18) 0.58

Median donor age, years (IQR) 39 (29-49) 38 (29-50) 0.98

Secondary AML 80 (21) 10 (15) 0.23

Karnofsky performance status <90% 80 (21) 11 (16) 0.35

Patient CMV serology 

Negative

Positive

Missing

 

97 (26)

273 (74)

4

 

23 (34)

44 (66)

0

0.17

Donor CMV serology 

Negative

Positive

Missing

 

136 (37)

232 (63)

6

 

29 (45)

36 (55)

2

 

0.24

Interval from diagnosis to allo-HCT, months
(range)

5 (2-24) 4.6 (2-23) 0.03

ATG total dose, mg/kg

2.5

5

7.5

10

Missing 

 

-

 

22

28

2

8

7

 

Year of allo-HCT 2017 (2011-
2019)

2017 (2012-
2019) 

0.17

Conditioning regimen

MAC

RIC

 

160 (43)

214 (57)

 

26 (39)

41 (61)

 

0.54

Median follow up, months (range) 19 (9-36) 15 (4-36) 0.59
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Abbreviations:  ATG, antithymocyte globulin; PTCy, post-transplant cyclophosphamide; allo-HCT,
allogeneic hematopoietic cell transplantation; F, female; M, male; IQR, interquartile range; AML, acute
myeloid leukemia; NA, not available; nt, not tested; CMV, cytomegalovirus; MAC, myeloablative
conditioning regimen; RIC, reduced-intensity conditioning regimen.

Table 2. Cumulative incidences of GVHD (a) and 2-year survival outcomes (b). 

a)

  6-mo grade II-IV
aGVHD [95% CI]

6-mo grade III-IV
aGVHD [95% CI]

2y-cGVHD, any
grade [95% CI]

2y-cGVHD,
extensive [95% CI]

PTCy 34% [30-39]

 

12% [9-16]

 

33% [27-39]

 

10% [7-15]

 

ATG+PTCy 30% [19-42] 11% [5-20] 21% [10-35]

 

10% [3-22]

p-value 0.58 0.89 0.06 0.61

 

b)

  LFS [95% CI] OS [95% CI] GRFS [95% CI] RI [95% CI] NRM [95% CI]

PTCy 53% [46-59] 58% [51-63] 44% [38-49] 25% [20-31] 22% [17-27]

ATG+PTCy 50% [34-64] 58% [42-71] 43% [28-57] 24% [11-39] 26% [15-39]

p-value 0.90 0.89 0.71 0.41 0.51

Abbreviations: mo, months; aGVHD, acute graft-versus-host disease; CI, con�dence interval; y, years;
cGVHD, chronic graft-versus-host disease; ATG, antithymocyte globulin; PTCy, post-transplant
cyclophosphamide; LFS, leukemia-free survival; OS, overall survival; GRFS, graft-versus-host
disease/relapse-free survival; RI, relapse incidence; NRM, non-relapse mortality. 

 

Table 3. Multivariate analysis  
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  HR (95% CI) p-value

LFS

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

 

1.02 (0.65-1.58)

1.09 (0.94-1.25)

1.01 (0.92-1.11)

1.03 (0.99-1.08)

1.01 (0.69-1.46)

1.26 (0.89-1.79)

1.30 (0.88-1.92)

1.16 (0.85-1.60)

0.97 (0.70-1.33)

0.78 (0.54-1.12)

1.42 (0.97-2.10)

0.72 (0.51-1.02)

 

0.94

0.25

0.80

0.16

0.97

0.19

0.19

0.35

0.84

0.17

0.07

0.06

OS

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

 

1.09 (0.69-1.73)

1.13 (0.97-1.31)

1.02 (0.92-1.12)

1.02 (0.97-1.07)

0.91 (0.62-1.35)

1.27 (0.89-1.82)

1.51 (0.99-2.29)

1.15 (0.83-1.61)

1.03 (0.74-1.44)

0.73 (0.50-1.07)

1.44 (0.95-2.16)

0.79 (0.55-1.12)

 

0.70

0.12

0.76

0.43

0.65

0.19

0.05

0.40

0.86

0.10

0.08

0.19

GRFS

ATG+PTCy vs PTCy

Incremental age (x10y)

 

0.93 (0.63-1.39)

1.00 (0.88-1.12)

 

0.73

0.96
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Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

0.97 (0.89-1.05)

1.03 (0.99-1.07)

0.97 (0.69-1.35)

1.18 (0.86-1.62)

1.13 (0.81-1.58)

1.06 (0.80-1.41)

1.08 (0.82-1.44)

0.69 (0.50-0.95)

1.34 (0.95-1.88)

0.64 (0.47-0.87)

0.41

0.16

0.84

0.31

0.46

0.68

0.57

0.02

0.10

<0.01

RI

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

 

0.77 (0.39-1.50)

1.05 (0.87-1.27)

1.08 (0.95-1.23)

1.02 (0.95-1.09)

1.13 (0.68-1.88)

1.42 (0.88-2.28)

1.19 (0.70-2.04)

1.16 (0.74-1.81)

0.75 (0.47-1.19)

0.78 (0.47-1.29)

1.25 (0.74-2.10)

0.68 (0.42-1.09)

 

0.44

0.61

0.25

0.59

0.64

0.15

0.52

0.51

0.23

0.34

0.40

0.11

NRM

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

 

1.34 (0.74-2.43)

1.13 (0.92-1.39)

0.95 (0.84-1.08)

1.05 (0.99-1.11)

0.88 (0.51-1.53)

1.10 (0.66-1.84)

 

0.33

0.24

0.42

0.14

0.66

0.72



Page 18/21

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

1.40 (0.79-2.48)

1.17 (0.75-1.84)

1.25 (0.79-1.96)

0.78 (0.46-1.32)

1.67 (0.93-3.00)

0.77 (0.47-1.27)

0.25

0.49

0.34

0.35

0.09

0.31

Grade II-IV acute GVHD

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

 

0.84 (0.51-1.37)

1.00 (0.86-1.16)

0.94 (0.86-1.04)

0.99 (0.94-1.05)

1.05 (0.69-1.60)

1.34 (0.92-1.95)

0.85 (0.57-1.28)

1.28 (0.91-1.81)

0.82 (0.57-1.17)

0.65 (0.44-0.96)

1.25 (0.82-1.91)

0.63 (0.44-0.92)

 

0.48

0.97

0.22

0.78

0.82

0.13

0.45

0.16

0.28

0.03

0.30

0.02

Chronic GVHD, all grades

ATG+PTCy vs PTCy

Incremental age (x10y)

Year of allo-HCT

Interval from diagnosis to transplant

Secondary vs de novo AML

Adverse cytogenetics vs others

RIC vs MAC

Female vs male recipient

Female vs male donor

KPS≥90 vs <90

 

0.46 (0.23-0.93)

0.85 (0.73-1.00)

0.96 (0.85-1.08)

0.98 (0.92-1.05)

0.71 (0.42-1.18)

0.90 (0.56-1.43)

1.32 (0.82-2.10)

1.24 (0.82-1.87)

1.22 (0.82-1.82)

0.68 (0.42-1.08)

 

0.03

0.05

0.48

0.56

0.19

0.65

0.25

0.3

0.33

0.10
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Patient CMV seropositivity vs seronegativity

Donor CMV seropositivity vs seronegativity

1.14 (0.71-1.84)

0.69 (0.44-1.09)

0.58

0.11

Abbreviations: HR, hazard ratio; CI, con�dence interval; LFS, leukemia-free survival; OS, overall survival;
GRFS, graft-versus-host disease/relapse-free survival; RI, relapse incidence; NRM, non-relapse mortality;
GVHD, graft-versus-host disease; ATG, antithymocyte globulin; PTCy, post-transplant cyclophosphamide;
vs, versus; y, years; allo-HCT, allogeneic hematopoietic cell transplantation; AML, acute myeloid leukemia;
RIC, reduced-intensity conditioning regimen; MAC, myeloablative conditioning regimen; KPS, Karnofsky
performance status; CMV, citomegalovirus. 

Figures

Figure 1

Chronic graft-versus-host disease according to graft-versus-host disease prophylaxis. 
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Figure 2

Relapse incidence (a) and non-relapse mortality (b) according to graft-versus-host disease prophylaxis.



Page 21/21

Figure 3

Leukemia-free survival (a), overall survival (b) and graft-versus-host disease/relapse-free survival (c)
according to graft-versus-host disease prophylaxis. 


