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Summary
In the setting of haploidentical haematopoietic cell transplantation (HCT), post-
transplant cyclophosphamide (PTCy) has dramatically reduced the incidence of 
graft-versus-host disease (GVHD) and non-relapse mortality. To further reduce 
GVHD incidence, the addition of antithymocyte globulin (ATG) to PTCy was 
evaluated in retrospective and non-comparative prospective studies showing 
promising results. We conducted a large retrospective analysis of the European 
Society for Blood and Marrow Transplantation (EBMT) registry to evaluate this 
approach. We analysed haploHCT with peripheral blood stem cells performed for 
haematological malignancies between 2014 and 2021. GVHD prophylaxis included 
either PTCy alone or PTCy+ATG. Four thousand five hundred and nineteen pa-
tients were analysed in the PTCy only group versus 675 with PTCy+ATG. Median 
follow-up was 29.80 months. In univariate analysis, 2-year GVHD-free, relapse-
free survival (GRFS), relapse-free survival (RFS), overall survival (OS), cumulative 
incidence of relapse, non-relapse mortality (NRM) and chronic GvHD (cGVHD) 
were, respectively: 40.5% versus 37.5% (p = 0.098), 50.9% versus. 45.8% (p = 0.015), 
56.9% versus 52.5% (p = 0.01), 24.2% versus 28.1% (p = 0.032), 25% versus 26.1% 
(p = 0.49) and 28.4% versus 18.5% (p < 0.001). aGVHD did not differ. After multi-
variable adjustment, OS and RFS were lower in the PTCy+ATG group: HR = 1.18 
(p = 0.037) and HR = 1.18 (p = 0.027) and patients receiving PTCy+ATG had less 
cGVHD: HR = 0.68 (p = 0.004). In that retrospective analysis, the addition of ATG 
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I N TRODUC TION

In the setting of allogeneic haematopoietic cell transplan-
tation (HCT) for haematological malignancies, the use of a 
haploidentical donor has been historically limited due to a 
high incidence of severe graft-versus-host disease (GVHD) 
leading to unacceptable non-relapse mortality (NRM).1,2 In 
2008, a group from Baltimore and Seattle described a new 
platform for haploidentical HCT (haploHCT) using post-
transplant cyclophosphamide (PTCy) as GVHD prophylaxis 
in patients receiving a bone marrow graft.3 Since then, this 
approach has demonstrated its efficacy for the prevention 
of severe acute and chronic GVHD, allowing a wider use of 
haploidentical donors.4,5 On the other hand, in allogeneic 
HCT with a matched sibling donor (MSD) or a matched un-
related donor (MUD), adding a low dose of antithymocyte 
globulin (ATG) to the conditioning regimen has been proven 
to reduce the incidence of GVHD with an acceptable toxic-
ity profile and no excess of relapse.6,7 Therefore, given the 
higher incidence of GVHD using peripheral blood stem cells 
(PBSCs), in an attempt to further reduce this incidence in pa-
tients receiving haploHCT with a PBSC graft, the addition of 
a low dose of ATG to PTCy has been evaluated.8–14 An EBMT 
registry study conducted in acute myeloid leukaemia (AML) 
in CR receiving a haploHCT showed a lower incidence of all 
grade chronic GVHD but no difference for extensive chronic 
GVHD with the use of ATG plus PTCy compared to PTCy 
alone. In addition, no difference was found in terms of acute 
GVHD (aGVHD), overall survival (OS), leukaemia-free sur-
vival (LFS), non-relapse mortality (NRM) and GVHD-free, 
relapse-free survival (GRFS).15 Nonetheless, to this day, no 
large retrospective study or prospective trial has compared 
the classical PTCy approach to the dual T-cell depletion in 
that setting.

To compare the efficacy of PTCy alone or combined with 
ATG in haploHCT with PBSC graft, in a large cohort of 
patients, we performed a retrospective analysis within the 
EBMT centres taking into account every haematological 
malignancy regardless of the remission status at the time of 
transplantation.

DATA A N D M ETHODS

Data selection and definitions

This study included 5194 adult patients (≥18 years at 
transplantation) with haematological malignancies that 
underwent a first haploHCT between 1 January 2014 and 

31 December 2021. Patients received a PBSC graft and a 
GVHD prophylaxis based on a calcineurin inhibitor and 
mycophenolate mofetil combined with either PTCy alone 
or PTCy + ATG. Any haematological malignancies (AML, 
acute lymphoblastic leukaemia, myelodysplastic syn-
drome, myeloproliferative neoplasm, chronic leukaemia 
and lymphoma) and conditioning regimens were included. 
Patients with missing or not valid information on condi-
tioning were excluded. Clinical data were collected and 
stored by the EBMT Registry. The following variables are 
derived from the data: the Disease Risk Index (DRI)16 is 
used as an independent disease risk classification system 
and has been validated for allogeneic HCT.17 Two other 
variables were created, CMV serostatus patient and donor 
match (−/− vs. other combinations) and patient donor sex 
match (male–female vs. other combinations). The study 
was approved by the Cellular Therapy and Immunobiology 
Working Party of the EBMT.

End-points

For the analysis the following end-points were used: OS, 
relapse-free survival (RFS), and cumulative incidences 
of grade II–IV and grade III–IV aGVHD, chronic GvHD 
(cGVHD), extensive cGVHD, relapse, NRM and neutrophil 
recovery. OS was defined as the time from HCT to death 
from any cause. RFS is defined as the time from transplant 
to relapse or death, whichever occurred first (patients with 
continuous progression are set to have a relapse at 2 months, 
and for those with missing relapse timing, times were 
imputed by randomly drawing from the relapse timing 
distribution in the data). Cumulative incidence of relapse and 
NRM were defined as time from transplant to, respectively, 
relapse and death without prior relapse, with respectively 
NRM and relapse as competing events. For all GVHD end-
points, death, relapse and second allogeneic transplant 
were considered competing events. In case of missing time 
of onset of aGVHD, event times are imputed by randomly 
drawing from grade specific aGVHD distributions from the 
data. aGVHD grading was based on the modified Glucksberg 
criteria and cGVHD on the revised Seattle criteria.18,19 
GRFS is defined as time from transplant until relapse, death, 
aGVHD (grade III–IV) or extensive chronic GvHD (If date 
of turning to extensive cGVHD is not known, first cGVHD 
incidence is used), whichever occurred first.20 Neutrophil 
recovery was defined as the first of three consecutive days 
in which the absolute neutrophil count (ANC) exceeded 
0.5 G/L. For cumulative incidence of neutrophil recovery, 

to PTCy for GVHD prophylaxis in haploHCT was associated with a reduction of 
cGVHD but also a worse OS and RFS.

K E Y W O R D S
BMT, cell therapy, GVHD
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death was considered a competing event. Artificial censoring 
at 5 years was applied for all outcomes.

Statistical methods

For continuous variables, the median and interquartile 
range (IQR) were reported, whereas for categorical varia-
bles, numbers and percentages were stated. Kaplan–Meier 
curves for survival outcomes (RFS, OS and GRFS) and 
cumulative incidence curves for outcomes with a compet-
ing risk (relapse, NRM, GvHD end-points and neutrophil 
and platelet recovery) were calculated for patients with 
PTCy + ATG versus PTCy only as GVHD prophylaxis to 
display differences in survival and cumulative incidences 
between the treatment groups. For statistical compari-
sons, log-rank tests were used to compare Kaplan–Meier 
curves, while Gray's test was applied for comparing cu-
mulative incidence curves. Multivariable (cause-specific) 
Cox proportional hazards models are employed to inves-
tigate the association of GVHD prophylactic treatment 
(PTCy + ATG vs. PTCy only) with the above-described 
end-points. Apart from the binary treatment variable, the 
following variables were included in the models as poten-
tial confounders: donor and patient age, year of transplant, 
Karnofsky score, donor patient sex match, DRI, CMV se-
rostatus match, total body irradiation (TBI) and condi-
tioning intensity (myeloablative vs. reduced intensity). A 
missing indicator for donor age was added as a variable, 
and for Karnofsky score and CMV serostatus match, a cat-
egory for missing was included in order to avoid exclusion 
of a substantial number of patients. Those with missing 
on other variables were excluded (complete case analysis). 
To account for potential unobserved heterogeneity across 
different hospital/centres, we included a frailty term in our 
Cox proportional hazards model. Specifically, we modelled 
the hazard function using a shared frailty approach, with 
the frailty term representing the random effects associated 
with each hospital/centre. As non-proportional hazards 
were detected for the association of treatment with both 
neutrophil and platelet recovery; for both these analyses, 
treatment was included as a time-dependent covariate 
(time split of 0–0.5, 0.5–1 and 1+ months), but stratified by 
hospital/centre (rather than shared frailty).

For the group of patients with PTCy + ATG, it was investi-
gated whether dosage had an impact on the above-described 
end-points. A binary variable indicating whether a patient 
had received a relatively low dosage (thymoglobulin <5 mg/
kg or grafalon <30 mg/kg) versus a higher dosage; other-
wise, the same confounding variables as in the previous 
models were included in the (cause-specific) Cox propor-
tional hazards models. Given the relatively high number of 
missing or invalid dosages (around 33%), missing imputa-
tion was applied as a robustness test, using the Multivariate 
Imputation by Chained Equations (MICE) approach for im-
putation. Dosage, confounding variables and additionally 
event indicators plus Nelson-Aalen estimators21 were used 

in the imputation model. Fifty imputed datasets were gener-
ated and the MICE algorithm was run 20 times; each of the 
datasets was analysed and then summarised using Rubin's 
rules to obtain final estimates of the regression coefficients, 
their standard errors and significance levels. All analyses 
were performed using R version 4.4.1 with the survival, 
PRODLIM and MICE packages.

R E SU LTS

Population characteristics

A total of 5194 patients fulfilled the inclusion criteria and 
were analysed, with 4519 patients in the PTCy only group 
and 675 in the PTCy + ATG group. Median follow-up was 
29.80 months (IQR: 16.1–48.07); 30.75 (IQR: 16.82–48.95) 
in the PTCy group versus 24.15 (IQR: 12.16–40.41) in the 
PTCy + ATG group. Patients and transplantation character-
istics are shown in Table 1. Some significant differences were 
found in terms of underlying diagnosis, and the Disease 
Risk Index (DRI) was slightly higher in the PTCy + ATG 
group. Moreover, patients received TBI more frequently in 
the PTCy only group (32% vs. 18% p < 0.001). Regarding the 
CMV serological status, the combination donor negative/re-
cipient negative was more frequent in the PTCy + ATG group 
(25% vs. 17% p < 0.001) and the combination donor positive/
recipient positive was more frequent in the PTCy only group 
(53% versus 47% p < 0.001). The rest of the characteristics 
were similar.

GRFS, OS, RFS

There was no significant difference in the probability of 
GRFS for 2 years between the PTCy only and PTCy + ATG 
group: 40.5% (95% confidence interval (CI) [38.9–42.1]) ver-
sus 37.5% (95% CI [33.2–41.8]) (p = 0.098). Two-year RFS was 
significantly better in the PTCy only group, being 50.9% (95% 
CI [49.3–52.4]) versus 45.8% (95% CI [41.5–50.1]) (p = 0.015). 
Similarly, 2-year OS was significantly higher in the PTCy 
only group: 56.9% (95% CI [55.4–58.5]) versus 52.5% (95% 
CI [48.2–56.8]) (p = 0.01). Two-year cumulative incidence of 
relapse was lower in the PTCy only group: 24.2% (95% CI 
[22.8–25.5]) versus 28.1% (95% CI [24.2–31.9]) (p = 0.032). 2-
year NRM did not differ: 25% (95% CI [23.6–26.3]) in the 
PTCy only group versus 26.1% (95% CI [22.5–29.8]) in the 
PTCy + ATG group (p = 0.49) (Figure 1).

After multivariable adjustment, GRFS was not statistically 
different between groups: HR = 1.14 (95% CI [0.99–1.32]) 
(p = 0.062) while OS and RFS were lower in the PTCy + ATG 
group: HR = 1.18 (95% CI [1.01–1.38]) (p = 0.037) and 
HR = 1.18 (95% CI [1.02–1.36]) (p = 0.027) respectively. Two-
year cumulative incidence of relapse was not significantly 
different: HR = 1.21 (95% CI [1–1.48]) (p = 0.055). NRM 
did not differ significantly: HR = 1.15 95% CI [0.93–1.43] 
(p = 0.189) (Table 2).
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GVHD

Cumulative incidence of grade II–IV and grade III–IV 
aGVHD at day 100 was 32.2% (95% CI [30.8–33.6]) and 
11.1% (95% CI [10.1–12]), respectively, in the PTCy only 
group versus 30.2% (95% CI [26.7–33.8], p = 0.31) and 
13.2% (95% CI [10.6–15.9], p = 0.10), respectively, in the 
PTCy + ATG group. The 2-year cumulative incidence of 
cGVHD was significantly higher in the PTCy only group: 
28.4% (95% CI [27.0–29.8]) versus 18.5% (95% CI [15.2–
21.9]) in the PTCy + ATG group (p < 0.001). Similarly, 
the 2-year cumulative incidence of extensive cGVHD 
was significantly higher in the PTCy only group: 12.2% 
(95% CI [11.2–13.2]) versus 7.8% (95% CI [5.5–10.1]) in the 
PTCy + ATG group (p = 0.002) (Figure 2). In multivariable 
analysis, we confirmed that PTCy + ATG was associated 
with a lower cumulative incidence of cGVHD: HR = 0.68 
(95% CI [0.53–0.89]) (p = 0.004) but not for extensive 
cGVHD: HR = 0.71 (95% CI [0.48–1.04]) (p = 0.079). The 
multivariable model found no evidence for a difference in 
grade II–IV and grade III–IV aGVHD: HR = 0.87 (95% CI 
[0.70–1.06]) (p = 0.17) and HR = 1.20 (95% CI [0.90–1.59]) 
(p = 0.226) respectively (Table 3).

Haematopoietic recovery

In univariate analysis, the day 28 cumulative incidence of 
neutrophil recovery was slightly higher in the PTCy + ATG 
group, being 91.7% (95% CI [89.5–93.8]) versus 89.7% (95% 
CI [88.8–90.6]) in the PTCy only group (p < 0.001). It was 
confirmed in the multivariable analysis. Platelet recovery 
did not differ significantly (data not shown).

T A B L E  1   Descriptive table of patients and transplantation 
characteristics for the two groups.

Characteristics
PTCy only 
N = 4519

PTCy + ATG 
N = 675 p-value

Patient sex 0.2

Male 2792 (62%) 435 (65%)

Female 1726 (38%) 239 (35%)

Missing 1 1

Donor sex 0.3

Male 2777 (62%) 430 (64%)

Female 1726 (38%) 239 (36%)

Missing 15 1

Patient age 55 (40, 64) 55 (41, 64) >0.9

Donor age 37 (28, 47) 38 (29, 49) 0.066

Missing 126 6

Year transplant 0.074

2014 174 (3.9%) 17 (2.5%)

2015 315 (7.0%) 32 (4.7%)

2016 381 (8.4%) 54 (8.0%)

2017 524 (12%) 88 (13%)

2018 585 (13%) 97 (14%)

2019 712 (16%) 126 (19%)

2020 899 (20%) 131 (19%)

2021 929 (21%) 130 (19%)

Diagnosis

AML 2076 
(46.4%)

341 (50.5%)

ALL 525 (11.6%) 59 (8.7%)

MDS 610 (13.5%) 122 (18.1%)

MPN 271 (6%) 45 (6.7%)

B-cell lymphoma 635 (14.1%) 53 (8%)

T-cell lymphoma 244 (5.4%) 39 (5.8%)

Other 158 (3.5%) 16 (2.4%)

Disease risk index <0.001

Low 350 (7.7%) 25 (3.7%)

Intermediate 2836 (63%) 415 (61%)

High 1092 (24%) 186 (28%)

Very high 241 (5.3%) 49 (7.3%)

Karnofsky score 0.8

≤80 1181 (28%) 168 (27%)

≥90 3112 (72%) 454 (73%)

Missing 226 53

CMV status <0.001

D−/R− 755 (17%) 163 (25%)

D−/R+ 347 (7.9%) 48 (7.3%)

D+/R− 947 (22%) 139 (21%)

D+/R+ 2347 (53%) 312 (47%)

Missing 123 13

Conditioning intensity 0.075

MAC 1981 (44%) 269 (40%)

Characteristics
PTCy only 
N = 4519

PTCy + ATG 
N = 675 p-value

RIC 2522 (56%) 398 (60%)

Missing 16 8

Conditioning type <0.001

Fludarabine + Busulfan 969 (22%) 174 (26%)

Fludarabine + Busulfan + 
Thiotepa

1550 (34%) 239 (35%)

Fludarabine + TBI 1150 (25%) 70 (10%)

Other 850 (19%) 192 (29%)

Received TBI 1423 (32%) 119 (18%) <0.001

Missing 40 2

Note: p-values based on Kruskal test for continuous variables (Wilcoxon rank sum 
test when ‘by’ variable has two levels), Pearson's chi-square test for categorical 
variables with all expected cell counts ≥5, and Fisher test for categorical variables 
with any expected cell count <5.
Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid 
leukaemia; MAC, myeloablative conditioning; MDS, myelodysplastic syndrome; 
MPN, myeloproliferative neoplasm; RIC, reduced intensity conditioning; TBI, total 
body irradiation.

T A B L E  1   (Continued)
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Impact of ATG dosage

Given the wide range of ATG doses used in combination with 
PTCy, we then decided to evaluate whether patients receiving 

lower doses of ATG in the PTCy + ATG group had different 
outcomes from those receiving higher doses. We did not find 
any significant difference in OS, RFS, relapse incidence (RI), 
aGVHD or cGVHD (Tables S1 and S2). NRM was increased 

F I G U R E  1   Survival curves showing incidence comparison between post-transplant cyclophosphamide (PTCy) only and PTCy + antithymocyte 
globulin (ATG) for GVHD-free, relapse-free survival (GRFS) (A), relapse-free survival (RFS) (B), overall survival (OS) (C), RI (D) and non-relapse 
mortality (NRM) (E). GVHD, graft-versus-host disease.
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in patients who received a higher dose of ATG (HR = 1.70, 95% 
CI [1.07–2.69], p = 0.024) and extensive cGVHD was decreased 
(HR = 0.37, 95% CI [0.15–0.95, p = 0.038]); nevertheless, robust-
ness test analysis was conducted using missing imputation and 
did not confirm these results (Tables S3 and S4).

Stratified analysis

To refine our results and account for the heterogeneity of 
our cohort, we performed stratified analyses by subgroup. 
We did not find any specific impact of ATG based on the 
underlying disease (myeloid neoplasm, acute lymphoblas-
tic leukaemia or lymphoma) or CMV serostatus (Figures S1 
and S2). In contrast, when we performed a stratified analysis 
based on DRI index (high or very high vs. low or intermedi-
ate), we found that the lower OS and RFS associated with the 
use of ATG + PTCy seem to be restricted to patients with a 
high or very high DRI (Figure S3).

DISCUSSION

PTCy for GVHD prophylaxis in haploHCT has emerged 
as a gold standard4,5 widening the access to transplanta-
tion for many patients without MSD or MUD and replac-
ing cord blood transplantation to a certain extent.22 On the 
other hand, PBSCs are more frequently used than BM due 
to their easier utilization and better acceptability by donors; 
however, PBSCs also increase the risk of GVHD,23,24 which 
remains a major cause of NRM.3–5 The combination of ATG 
with PTCy in haploHCT with PBSCs demonstrated a low in-
cidence of GVHD, notably cGVHD.10,11 In the current study, 
we did not find any difference in GRFS between PTCy alone 
and PTCY + ATG, yet we showed a better OS and RFS in 
the PTCy alone group on both univariate and multivariate 
analyses. The discrepancies between our results and those 
of Battipaglia et al. might be related to the different popula-
tions, as the previous EBMT study included only AML in 
CR, and it is possible that the impact of the addition of ATG 
to PTCy may differ from one haematological malignancy to 
the other. On the other hand, it could be explained by the 
much larger population we analysed, leading to a higher 
statistical power. It is not clear whether in our analysis, the 
excess of mortality in the PTCY + ATG group comes from 
an increase in NRM, RI or both since neither of these two 
parameters alone differed significantly between groups.

In some previous studies, the use of high-dose ATG 
was associated with an increased risk of relapse and/or 
NRM,7,25,26 so we further analysed the dose and type of ATG 
in our PTCy + ATG group. Unfortunately, this information 
was available in only 67% of cases. On that sample, we found 
a very wide range of dosage of grafalon or thymoglobulin. 
We compared patients who received relatively high doses of 
ATG versus a lower dose, but we were not able to demon-
strate any significant difference in clinical outcomes, proba-
bly due to the incompleteness of data.T
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      |  7CAPES et al.

F I G U R E  2   Survival curves showing incidence comparison between post-transplant cyclophosphamide (PTCy) only and PTCy + antithymocyte 
globulin (ATG) for acute GVHD (aGVHD) II–IV (A), aGVHD III–IV (B), chronic GVHD (cGVHD) (C) and extensive cGVHD (D). GVHD, graft-versus-
host disease.

T A B L E  3   Cox proportional hazards models for aGVHD II–IV, aGVHD III–IV, cGVHD and extensive cGVHD.

Grade II–IV aGVHD Grade III–IV aGVHD cGVHD Extensive cGVHD

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

PTCy + ATG 0.87 (0.70–1.06) 0.17 1.20 (0.90–1.59) 0.226 0.68 (0.53–0.89) 0.004 0.71 (0.48–1.04) 0.079

Age (per 10 years) 1.00 (0.96–1.04) 0.924 0.97 (0.91–1.03) 0.357 1.04 (0.99–1.08) 0.101 1.08 (1.01–1.16) 0.019

Donor age 1.01 (1.01–1.02) <0.001 1.02 (1.01–1.02) <0.001 1.00 (1.00–1.01) 0.031 1.01 (1.00–1.01) 0.037

Year of transplants 0.96 (0.93–0.99) 0.003 0.94 (0.90–0.98) 0.005 1.01 (0.98–1.04) 0.706 0.98 (0.94–1.03) 0.472

DRI—Low 1.29 (1.07–1.56) 0.04 1.20 (0.87–1.67) 0.493 0.93 (0.74–1.17) 0.349 1.24 (0.89–1.73) 0.073

DRI—High 0.98 (0.87–1.10) 1.12 (0.92–1.37) 1.11 (0.97–1.27) 1.30 (1.05–1.60)

DRI—Very high 1.12 (0.90–1.40) 1.16 (0.81–1.67) 0.93 (0.68–1.26) 1.30 (0.85–1.97)

Donor sex 
mismatch

0.86 (0.76–0.98) 0.02 0.89 (0.72–1.09) 0.261 1.33 (1.17–1.51) <0.001 1.74 (1.44–2.11) <0.001

Karnofsky—≥90 1.00 (0.88–1.14) 0.34 0.80 (0.65–0.97) 0.089 0.92 (0.79–1.06) 0.28 0.77 (0.62–0.96) 0.062

CMV—other 
combination

0.88 (0.77–1.00) 0.125 0.76 (0.61–0.93) 0.025 0.99 (0.85–1.14) 0.946 1.06 (0.84–1.34) 0.744

RIC conditioning 0.98 (0.87–1.11) 0.766 0.91 (0.75–1.11) 0.362 0.89 (0.77–1.02) 0.086 0.72 (0.58–0.90) 0.003

TBI 1.23 (1.08–1.40) 0.001 0.96 (0.78–1.18) 0.706 1.02 (0.88–1.17) 0.801 1.06 (0.86–1.32) 0.57

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; ATG, antithymocyte globulin; DRI, disease risk index; MAC, myeloablative 
conditioning; MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm; PTCy, post-transplant cyclophosphamide; RIC, reduced intensity conditioning; TBI, 
total body irradiation.
p values under 0.05 are presented in bold.
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8  |      IMPACT OF THE ADDITION OF ANTITHYMOCYTE GLOBULIN TO POST-TRANSPLANTATION CYCLOPHOSPHAMIDE

We acknowledge some limitations to our study. First, the 
retrospective nature of our work. Second, due to large inclu-
sion criteria, our population was heterogeneous in terms of 
disease type and status. We also noticed some heterogeneity in 
the conditioning regimens reported beyond the usual MAC/
RIC dichotomy. Moreover, given its retrospective nature, our 
data do not include the absolute lymphocyte count prior to 
ATG administration or the exact timing of the ATG infusion, 
even though both have been shown to influence transplant 
outcomes.27–29 Similarly, some important information was 
not available in the registry, such as the exact schedule and 
dosage of PTCy, which could have impacted the results.

Nonetheless, this remains the largest retrospective com-
parison to date of standard PTCy GVHD prophylaxis versus 
PTCy plus ATG in haploHCT. We found a potential deleteri-
ous effect of the PTCy plus ATG approach, which appears to 
be restricted to patients with a high or very high DRI. In con-
clusion, prospective trials are warranted to determine which 
patients may benefit from the addition of ATG to PTCy, as 
well as the optimal dosing of both drugs.

A F F I L I AT IONS
1Hôpital Saint Antoine, AP-HP, Sorbonne Université, Paris, France
2EBMT Statistical Unit, Leiden, The Netherlands
3Transplantation and Cellular Immunotherapy, Department of Hematology, 
Institut Paoli Calmettes, Management Sport Cancer Lab, Aix Marseille University, 
Marseille, France
4Istituto Clinico Humanitas, Milan, Italy
5Hospital Gregorio Marañón, Madrid, Spain
6CHU Nantes, Nantes, France
7Institute of Hematology and Blood Transfusion, Prague, Czech Republic
8Dél-pesti Centrumkórház, Budapest, Hungary
9CHU Bordeaux, Hopital Haut-Leveque, Pessac, France
10Complejo Asistencial Universitario de Salamanca-IBSAL, Salamanca, Spain
11Turku University Hospital, Turku, Finland
12Bone Marrow Transplantation Program, Department of Internal Medicine, 
American University of Beirut, Medical Center, Beirut, Lebanon
13European Institute of Oncology, Milan, Italy
14EBMT Leiden Study Unit, Leiden, The Netherlands
15University Medical Center Utrecht, Utrecht, The Netherlands
16Federico II University of Naples, Naples, Italy
17San Raffaele Scientific Institute, Hematology and Bone Marrow Transplantation 
Unit, Milan, Italy

ACK NOW L E DGE M E N T S
AC conceived the study design and wrote the original draft, 
JEM performed statistical analysis and wrote the ‘Methods’ 
section, FM and AR conceived the study design and reviewed 
the final draft. All the other authors reviewed and approved 
the final draft.

C ON F L IC T OF I N T E R E ST STAT E M E N T
Florent Malard reports honoraria from BMS, Therakos/
Mallinckrodt, Sanofi, JAZZ Pharmaceuticals, Gilead, 
Novartis, Astrazeneca and MSD, all outside the submit-
ted work. Mohamad Mohty reports grants, lecture hono-
raria and research support from Adaptive Biotechnologies, 
Amgen, Astellas, BMS-Celgene, GlaxoSmithKline, Janssen, 
JAZZ Pharmaceuticals, Novartis, Pfizer, Takeda and Sanofi, 
all outside the scope of this work. The other authors did not 
disclose any relevant conflict of interest.

DATA AVA I L A BI L I T Y STAT E M E N T
The datasets generated for this study are available upon rea-
sonable request to the corresponding authors.

ET H IC S STAT E M E N T
Each patient provided consent for HCT and authorisation 
for the use of HCT data for research purposes according 
to the guidelines of the Declaration of Helsinki. The insti-
tutional review board of the CTIWP of the EBMT granted 
ethical approval for this study.

ORCI D
Antoine Capes   https://orcid.org/0000-0002-5086-9519 
Mohamad Mohty   https://orcid.org/0000-0001-8536-7781 
Patrice Chevallier   https://orcid.org/0000-0003-3142-5581 
Edouard Forcade   https://orcid.org/0000-0002-8873-2868 
Lucía López Corral   https://orcid.
org/0000-0003-1908-5596 
Enrico Derenzini   https://orcid.org/0000-0002-7154-8140 
Giorgia Battipaglia   https://orcid.
org/0000-0002-0695-3879 
Annalisa Ruggeri   https://orcid.org/0000-0002-7261-2765 

R E F E R E N C E S
	 1.	 Szydlo R, Goldman JM, Klein JP, Gale RP, Ash RC, Bach FH, et al. 

Results of allogeneic bone marrow transplants for leukemia using do-
nors other than HLA identical siblings. J Clin Oncol. 1997;15(5):1767–
77. https://​doi.​org/​10.​1200/​JCO.​1997.​15.5.​1767

	 2.	 Drobyski WR, Klein J, Flomenberg N, Pietryga D, Vesole DH, Margolis 
DA, et al. Superior survival associated with transplantation of matched 
unrelated versus one-antigen–mismatched unrelated or highly human 
leukocyte antigen–disparate haploidentical family donor marrow 
grafts for the treatment of hematologic malignancies: establishing a 
treatment algorithm for recipients of alternative donor grafts. Blood. 
2002;99:806–14. https://​doi.​org/​10.​1182/​blood.​V99.3.​806

	 3.	 Luznik L, O'Donnell PV, Symons HJ, Chen AR, Leffell MS, Zahurak 
M, et al. HLA-haploidentical bone marrow transplantation for hema-
tologic malignancies using nonmyeloablative conditioning and high-
dose, posttransplantation cyclophosphamide. Biol Blood Marrow 
Transplant. 2008;14:641–50. https://​doi.​org/​10.​1016/j.​bbmt.​2008.​03.​005

	 4.	 Rashidi A, Hamadani M, Zhang MJ, Wang HL, Abdel-Azim H, Aljurf 
M, et  al. Outcomes of haploidentical vs matched sibling transplanta-
tion for acute myeloid leukemia in first complete remission. Blood Adv. 
2019;3(12):1826–36. https://​doi.​org/​10.​1182/​blood​advan​ces.​20190​00050​

	 5.	 Rimando J, McCurdy SR, Luznik L. How I prevent GVHD in high-
risk patients: posttransplant cyclophosphamide and beyond. Blood. 
2023;141:49–59. https://​doi.​org/​10.​1182/​blood.​20210​15129​

	 6.	 Chakupurakal G, Freudenberger P, Skoetz N, Ahr H, Theurich 
S. Polyclonal anti-thymocyte globulins for the prophylaxis of 
graft-versus-host disease after allogeneic stem cell or bone mar-
row transplantation in adults. Cochrane Database Syst Rev. 
2023;2023(6):CD009159. https://​doi.​org/​10.​1002/​14651​858.​CD009​
159.​pub3/​full

	 7.	 Bonifazi F, Rubio MT, Bacigalupo A, Boelens JJ, Finke J, Greinix H, 
et al. Rabbit ATG/ATLG in preventing graft-versus-host disease after 
allogeneic stem cell transplantation: consensus-based recommen-
dations by an international expert panel. Bone Marrow Transplant. 
2020;55:1093–102. https://​doi.​org/​10.​1038/​s4140​9-​020-​0792-​x

	 8.	 Duléry R, Ménard A-L, Chantepie S, el-Cheikh J, François S, 
Delage J, et  al. Sequential conditioning with thiotepa in T cell-
replete hematopoietic stem cell transplantation for the treatment 
of refractory hematologic malignancies: comparison with matched 

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.70050 by U

niversity O
f T

urku, W
iley O

nline L
ibrary on [02/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-5086-9519
https://orcid.org/0000-0002-5086-9519
https://orcid.org/0000-0001-8536-7781
https://orcid.org/0000-0001-8536-7781
https://orcid.org/0000-0003-3142-5581
https://orcid.org/0000-0003-3142-5581
https://orcid.org/0000-0002-8873-2868
https://orcid.org/0000-0002-8873-2868
https://orcid.org/0000-0003-1908-5596
https://orcid.org/0000-0003-1908-5596
https://orcid.org/0000-0003-1908-5596
https://orcid.org/0000-0002-7154-8140
https://orcid.org/0000-0002-7154-8140
https://orcid.org/0000-0002-0695-3879
https://orcid.org/0000-0002-0695-3879
https://orcid.org/0000-0002-0695-3879
https://orcid.org/0000-0002-7261-2765
https://orcid.org/0000-0002-7261-2765
https://doi.org/10.1200/JCO.1997.15.5.1767
https://doi.org/10.1182/blood.V99.3.806
https://doi.org/10.1016/j.bbmt.2008.03.005
https://doi.org/10.1182/bloodadvances.2019000050
https://doi.org/10.1182/blood.2021015129
https://doi.org/10.1002/14651858.CD009159.pub3/full
https://doi.org/10.1002/14651858.CD009159.pub3/full
https://doi.org/10.1038/s41409-020-0792-x


      |  9CAPES et al.

related, haplo-mismatched, and unrelated donors. Biol Blood Marrow 
Transplant. 2018;24(5):1013–21. https://​doi.​org/​10.​1016/j.​bbmt.​2018.​
01.​005

	 9.	 Salas MQ, Law AD, Lam W, Al-Shaibani Z, Loach D, Kim DD, et al. 
Safety and efficacy of haploidentical peripheral blood stem cell trans-
plantation for myeloid malignancies using post-transplantation cy-
clophosphamide and anti-thymocyte globulin as graftversus-host 
disease prophylaxis. Clin Hematol Int. 2019;113:105–13. https://​doi.​
org/​10.​2991/​chi.d.​190316.​003

	10.	 Duléry R, Bastos J, Paviglianiti A, Malard F, Brissot E, Battipaglia G, 
et  al. Thiotepa, busulfan, and fludarabine conditioning regimen in 
t cell-replete hlahaploidentical hematopoietic stem cell transplanta-
tion. Biol Blood Marrow Transplant. 2019;25(7):1407–15. https://​doi.​
org/​10.​1016/j.​bbmt.​2019.​02.​025

	11.	 Peric Z, Mohty R, Bastos J, Brissot E, Battipaglia G, Belhocine R, et al. 
Thiotepa and antithymocyte globulin-based conditioning prior to 
haploidentical transplantation with posttransplant cyclophosphamide 
in high-risk hematological malignancies. Bone Marrow Transplant. 
2020;55(4):763–72. https://​doi.​org/​10.​1038/​s4140​9-​019-​0726-​7

	12.	 Salas MQ, Atenafu EG, Law AD, Lam W, Pasic I, Chen C, et  al. 
Experience using anti-thymocyte globulin with post-transplantation 
cyclophosphamide for graft-versus-host disease prophylaxis in pe-
ripheral blood haploidentical stem cell transplantation. Transplant 
Cell Ther. 2021;27(5):428.e1–428.e9. https://​doi.​org/​10.​1016/j.​jtct.​
2021.​02.​007

	13.	 Li X, Yang J, Cai Y, Huang C, Xu X, Qiu H, et  al. Low-dose anti-
thymocyte globulin plus low-dose post-transplant cyclophospha-
mide- based regimen for prevention of graft-versus-host disease 
after haploidentical peripheral blood stem cell transplants: a large 
sample, long-term follow-up retrospective study. Front Immunol. 
2023;14:1252879. https://​doi.​org/​10.​3389/​fimmu.​2023.​1252879

	14.	 Alfaro Moya T, Salas MQ, Santos Carreira A, Atenafu EG, Law AD, Lam 
W, et al. Dual T cell depletion for graft versus host disease prevention 
in peripheral blood haploidentical hematopoietic cell transplantation 
for adults with hematological malignancies. Bone Marrow Transplant. 
2024;59:534–40. https://​doi.​org/​10.​1038/​s4140​9-​024-​02216​-​3

	15.	 Battipaglia G, Labopin M, Blaise D, Diez-Martin JL, Bazarbachi A, 
Vitek A, et  al. Impact of the addition of antithymocyte globulin to 
post-transplantation cyclophosphamide in haploidentical transplan-
tation with peripheral blood compared to post-transplantation cyclo-
phosphamide alone in acute myelogenous leukemia: a retrospective 
study on behalf of the Acute Leukemia Working Party of the European 
Society for Blood and Marrow Transplantation. Transplant Cell Ther. 
2022;28(9):587.e1–587.e7. https://​doi.​org/​10.​1016/j.​jtct.​2022.​06.​006

	16.	 Armand P, Kim HT, Logan BR, Wang Z, Alyea EP, Kalaycio ME, et al. 
Validation and refinement of the disease risk index for allogeneic 
stem cell transplantation. Blood. 2014;123:3664–71. https://​doi.​org/​
10.​1182/​blood​-​2014-​01-​552984

	17.	 Saccardi R, Putter H, Eikema D-J, Busto MP, McGrath E, Middelkoop 
B, et al. Benchmarking of survival outcomes following haematopoi-
etic stem Cell transplantation (HSCT): an update of the ongoing proj-
ect of the European Society for Blood and Marrow Transplantation 
(EBMT) and Joint Accreditation Committee of ISCT and EBMT 
(JACIE). Bone Marrow Transplant. 2023;58(6):659–66. https://​doi.​
org/​10.​1038/​s4140​9-​023-​01924​-​6

	18.	 Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P, Hows 
J, et  al. 1994 Consensus conference on acute GVHD grading. Bone 
Marrow Transplant. 1995;15(6):825–8.

	19.	 Lee SJ, Vogelsang G, Flowers MED. Chronic graft-versus-host dis-
ease. Bone Marrow Transplant. 2003;9(4):215–33. https://​doi.​org/​10.​
1053/​bbmt.​2003.​50026​

	20.	 Battipaglia G, Ruggeri A, Labopin M, Volin L, Blaise D, Socié G, et al. 
Refined graft-versus-host disease/relapse-free survival in transplant 
from HLA identical related or unrelated donors in acute myeloid leu-
kemia. Bone Marrow Transplant. 2018;53(10):1295–303. https://​doi.​
org/​10.​1038/​s4140​9-​018-​0169-​6

	21.	 White IR, Royston P. Imputing missing covariate values for the cox 
model. Stat Med. 2009;28(15):1982–98. https://​doi.​org/​10.​1002/​sim.​3618

	22.	 Passweg JR, Baldomero H, Ciceri F, de la Cámara R, Glass B, Greco 
R, et al. Hematopoietic cell transplantation and cellular therapies in 
Europe 2022. CAR-T activity continues to grow; transplant activ-
ity has slowed: a report from the EBMT. Bone Marrow Transplant. 
2024;59(6):803–12. https://​doi.​org/​10.​1038/​s4140​9-​024-​02248​-​9

	23.	 Anasetti C, Logan BR, Lee SJ, Waller EK, Weisdorf DJ, Wingard JR, 
et al. Peripheral-blood stem cells versus bone marrow from unrelated 
donors. N Engl J Med. 2012;367(16):1487–96. https://​doi.​org/​10.​1056/​
NEJMo​a1203517

	24.	 Ruggeri A, Labopin M, Bacigalupo A, Gülbas Z, Koc Y, Blaise D, et al. 
Bone marrow versus mobilized peripheral blood stem cells in hap-
loidentical transplants using posttransplantation cyclophosphamide. 
Cancer. 2018;124(7):1428–37. https://​doi.​org/​10.​1002/​cncr.​31228​

	25.	 Soiffer RJ, Lerademacher J, Ho V, Kan F, Artz A, Champlin RE, 
et  al. Impact of immune modulation with anti-T-cell antibod-
ies on the outcome of reduced-intensity allogeneic hematopoietic 
stem cell transplantation for hematologic malignancies. Blood. 
2011;117(25):6963–70. https://​doi.​org/​10.​1182/​blood​-​2011-​01-​332007

	26.	 Remberger M, Ringdén O, Hägglund H, Svahn BM, Ljungman P, 
Uhlin M, et al. A high antithymocyte globulin dose increases the risk 
of relapse after reduced intensity conditioning HSCT with unrelated 
donors. Clin Transplant. 2013;27(4):E368–E374. https://​doi.​org/​10.​
1111/​ctr.​12131​

	27.	 Modi D, Kim S, Surapaneni M, Ayash L, Ratanatharathorn V, Uberti 
JP, et al. Absolute lymphocyte count on the first day of thymoglobulin 
predicts relapse-free survival in matched unrelated peripheral blood 
stem cell transplantation. Leuk Lymphoma. 2020;61:3137–45. https://​
doi.​org/​10.​1080/​10428​194.​2020.​1805114

	28.	 Zhou X, Cai Y, Yang J, Tong Y, Qiu H, Huang C, et al. Lower absolute lym-
phocyte count before conditioning predicts high relapse risk in patients 
after haploidentical peripheral blood stem cell transplantation with 
low dose anti-thymocyte globulin/post-transplant cyclophosphamide 
for GvHD prophylaxis. Cell Transplant. 2022;31:9636897221079739. 
https://​doi.​org/​10.​1177/​09636​89722​1079739

	29.	 Jin F, He J, Jin C, Fan W, Shan Y, Zhang Z, et al. Antithymocyte glob-
ulin treatment at the time of transplantation impairs donor hemato-
poietic stem cell engraftment. Cell Mol Immunol. 2017;14(5):443–50. 
https://​doi.​org/​10.​1038/​cmi.​2015.​92

SU PP ORT I NG I N FOR M AT ION
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Capes A, Mooyaart JE, Blaise 
D, Bramanti S, Kwon M, Mohty M, et al. Impact of 
the addition of antithymocyte globulin to post-
transplantation cyclophosphamide in haploidentical 
transplantation with peripheral blood compared to 
post-transplantation cyclophosphamide alone: A 
retrospective study on behalf of the Cellular Therapy 
and Immunobiology Working Party of the European 
Society for Blood and Marrow Transplantation. Br J 
Haematol. 2025;00:1–9. https://doi.org/10.1111/
bjh.70050

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.70050 by U

niversity O
f T

urku, W
iley O

nline L
ibrary on [02/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.bbmt.2018.01.005
https://doi.org/10.1016/j.bbmt.2018.01.005
https://doi.org/10.2991/chi.d.190316.003
https://doi.org/10.2991/chi.d.190316.003
https://doi.org/10.1016/j.bbmt.2019.02.025
https://doi.org/10.1016/j.bbmt.2019.02.025
https://doi.org/10.1038/s41409-019-0726-7
https://doi.org/10.1016/j.jtct.2021.02.007
https://doi.org/10.1016/j.jtct.2021.02.007
https://doi.org/10.3389/fimmu.2023.1252879
https://doi.org/10.1038/s41409-024-02216-3
https://doi.org/10.1016/j.jtct.2022.06.006
https://doi.org/10.1182/blood-2014-01-552984
https://doi.org/10.1182/blood-2014-01-552984
https://doi.org/10.1038/s41409-023-01924-6
https://doi.org/10.1038/s41409-023-01924-6
https://doi.org/10.1053/bbmt.2003.50026
https://doi.org/10.1053/bbmt.2003.50026
https://doi.org/10.1038/s41409-018-0169-6
https://doi.org/10.1038/s41409-018-0169-6
https://doi.org/10.1002/sim.3618
https://doi.org/10.1038/s41409-024-02248-9
https://doi.org/10.1056/NEJMoa1203517
https://doi.org/10.1056/NEJMoa1203517
https://doi.org/10.1002/cncr.31228
https://doi.org/10.1182/blood-2011-01-332007
https://doi.org/10.1111/ctr.12131
https://doi.org/10.1111/ctr.12131
https://doi.org/10.1080/10428194.2020.1805114
https://doi.org/10.1080/10428194.2020.1805114
https://doi.org/10.1177/09636897221079739
https://doi.org/10.1038/cmi.2015.92
https://doi.org/10.1111/bjh.70050
https://doi.org/10.1111/bjh.70050

	Impact of the addition of antithymocyte globulin to post-transplantation cyclophosphamide in haploidentical transplantation with peripheral blood compared to post-transplantation cyclophosphamide alone: A retrospective study on behalf of the Cellular Ther
	Summary
	INTRODUCTION
	DATA AND METHODS
	Data selection and definitions
	End-points
	Statistical methods

	RESULTS
	Population characteristics
	GRFS, OS, RFS
	GVHD
	Haematopoietic recovery
	Impact of ATG dosage
	Stratified analysis

	DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES


