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Abstract
Background: Post-transplant cyclophosphamide (PTCY) is increasingly used for allogeneic peripheral
blood stem cell transplantation (allo-PBSCT) from an HLA-matched unrelated donor (MUD) as an
alternative to the standard anti-thymocyte globulin (ATG) graft-versus-host disease (GvHD) prophylaxis.
Following the demonstration that the use of PBSC haploidentical grafts results in more GvHD than bone
marrow grafts, groups have attempted to reduce GvHD in haploidentical-PBSCT by adding ATG to PTCY.
The experience of combined PTCY+ATG in the MUD allo-PBSCT is minimal and whether ATG brings any
added value when PTCY is used in this setting is still unclear.

Methods: In this registry-based study, we compared outcomes of 421 patients with PTCY and 151
patients with PTCY+ATG who underwent a �rst MUD allo-PBSCT for acute myeloid leukemia (AML) in
complete remission.

Results: Characteristics of PTCY and PTCY+ATG patients were well balanced, including the number of
additional immunosuppressive drugs, with the only signi�cant difference between the two cohorts being
the median year of transplant, and the follow-up period (19.6 versus 31.1 months, respectively, p<0.0001).
Engraftment failure was low in both groups. Overall, two-year survival was 69.9% vs 67.1% in PTCY and
PTCY+ATG, respectively, with deaths related to relapse (39% vs 43.5%), infection (21.9% vs 23.9%) or
GvHD (17.1% vs 17.4%) not differing between groups. On univariate comparison, a signi�cantly lower rate
of extensive chronic GvHD was found when ATG was added (9.9% vs 21%, p=0.029), a �nding which was
not con�rmed in the multivariate analysis. The Cox proportional-hazards model showed no difference
between PTCY+ATG and PTCY alone with respect to acute and chronic GvHD of all grades. In univariate
and multivariate analyses, no statistical differences were observed for non-relapse mortality, relapse,
leukemia-free survival, overall survival, and GvHD-free, relapse-free survival between study cohorts.

Conclusions: To date, the question of the best combination of GvHD-preventing drugs in the MUD-PBSCT
setting remains unanswered. Our results highlight that in PTCY-based MUD-PBSCT for AML, the addition
of ATG does not provide any extra bene�t in terms of further GvHD reduction, better GRFS or better
survival.

Introduction
The curative potential of allogeneic hematopoietic cell transplantation (allo-HCT) is hampered by graft-
versus-host disease (GvHD).1,2 Although allo-HCT has been routinely performed for more than six
decades, the search for the ideal partner or alternative to conventional immunosuppressive (CIS) agents
(such as calcineurin inhibitors, methotrexate, mycophenolate mofetil, sirolimus) to further reduce GvHD
while sparing the graft-versus-leukemia (GVL) effect and immune-reconstitution is ongoing.3 Anti-
thymocyte globulin (ATG) has proven bene�cial in reducing GvHD and improving outcomes in the human
leukocyte antigen (HLA)-matched unrelated donor (MUD) peripheral blood stem cell transplantation
(PBSCT), thus becoming the standard of care in this setting.4–6 Post-transplantation cyclophosphamide
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(PTCY) has been developed over the past decade as a breakthrough technique for in vivo T-cell depletion
demonstrating remarkable anti-GvHD e�cacy in haploidentical HCT, whereas its value in the MUD-setting
is still under intensive clinical investigation.7–11

Following the demonstration that the use of PBSC haploidentical grafts result in more GvHD than bone
marrow grafts,12,13 groups have managed to reduce GvHD in haploidentical PBSCT by adding ATG to
PTCY, however a concern of increased graft failure when reduced intensity conditioning (RIC) is used has
been raised.14–16 It is unknown whether such a dual PTCY + ATG T-cell depletion approach can also be
safely applied and bring any added value in the MUD-PBSCT setting. In this retrospective multicenter
study, we compared the outcomes of PTCY + ATG versus PTCY-treated acute myeloid leukemia (AML)
patients who underwent a MUD-PBSCT.

Materials And Methods

Study design and data collection
This is a retrospective, multicenter, registry-based analysis. Data were provided by the Acute Leukemia
Working Party (ALWP) of the European Society for Blood and Marrow Transplantation (EBMT) registry in
which > 600 transplant centers report annually according to EBMT speci�c quality measures, all their
consecutive HCTs. EBMT Centres commit to obtain informed consent according to the local regulations
applicable at the time of transplantation and report pseudonymized data to the EBMT. The study was
conducted in accordance with the Declaration of Helsinki guidelines. Transplant data from allo-HCTs
performed between 2010 and 2019 were initially screened for availability of detailed GvHD prophylaxis
information. Included in the analysis were adult patients diagnosed with AML who underwent a �rst
allogeneic PBSCT (allo-PBSCT) in �rst or second complete remission (CR1/CR2) from a 10/10 or 9/10
HLA-MUD (HLA A, B, C, and DRB1 and DQB1 allelic typing) using PTCY as GvHD prophylaxis. The
outcomes of patients who received PTCY plus ATG were compared with outcomes of those receiving
PTCY without any further in vivo T-cell depletion. Ex vivo T-cell depletion was an exclusion criterion. The
list of institutions reporting data included in this study is given in the Appendix in the Supplementary
data. Raw data used in this study can be requested from M.L.

De�nitions and statistical analysis
The primary objective of the study was the impact of the addition of ATG to PTCY on GvHD rates. Acute
GvHD (aGvHD) and chronic GvHD (cGvHD) were de�ned and graded according to standard criteria. Death
without evidence of relapse (REL) de�ned non-relapse mortality (NRM). GvHD, REL, and NRM were
calculated using cumulative incidence curves in a competing risk setting. The probabilities of overall
survival (OS) de�ned as time to death from any cause, leukemia-free survival (LFS) de�ned as time being
alive without evidence of REL, and the re�ned GvHD-free, relapse-free survival (GRFS) de�ned as time
being alive with neither grade III-IV aGvHD nor severe cGvHD nor disease REL at any time point were
calculated from time of transplant using the Kaplan–Meier estimate.17 The follow-up time was
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calculated using the reverse Kaplan–Meier method. Endpoints were censored at 2 years for all
comparisons to take into account the difference of follow-up between the 2 groups. Univariate
comparisons between groups were performed using the Chi-square and Fischer’s exact test for
categorical variables and the Mann-Whitney test for continuous variables, the Gray’s statistic for
cumulative incidence functions (GvHD, NRM, REL) and the log-rank test for survival outcomes (OS, LFS
and GRFS). Multivariate analysis was performed using a Cox proportional-hazards model which included
variables differing signi�cantly between the groups, factors known to be associated with outcomes, plus
a center frailty effect to take into account the heterogeneity across centers, as previously reported.17 All
tests were two-sided with the type 1 error rate �xed at 0.05. Statistical analyses were performed with
SPSS 27.0 (SPSS Inc., Chicago, IL, USA) and R 4.1.1 (R Development Core Team, Vienna, Austria,
URL:https://www.R-project.org/).

Results

Characteristics of study population
Baseline patient, disease, and transplant characteristics are shown by study cohort (PTCY versus PCTY + 
ATG) in Table 1. In total, 572 patients with a median age of 50.9 years (range 18-75.6) were included in
the analysis. With a median follow-up of 22.9 months (95% con�dence interval [CI] 19.2–25.1) for the
whole population, the cumulative incidences of grade II-IV and grade III-IV aGvHD were 27.4% (95% CI
23.8–31.2) and 9.1% (95% CI 6.9–11.7), respectively, and of cGvHD (all grades) and of extensive cGvHD
were 34.3% (30–40) and 17.6% (95% CI 14-21.8), respectively. At 2-years, the outcomes for the entire
cohort were as follows: NRM 14.1% (95% CI 11-17.6), REL 28% 95% CI (23.5–32.5), LFS 63.9% (95% CI
59.2–68.3), and OS 69.3% (95% CI 64.7–73.5).
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Table 1
Patient, Disease and Transplantation characteristics

Variable PTCy (N = 421) PTCy + ATG (N = 151) P

Age (years) median (min-max) (IQR) 51 (18-75.6)

(38.6–63.2)

49.8 (20.1–71.1)

(37.2–57.5)

0.081

Year allo-HCT Median

(min-max)

2017

(2010–2019)

2015

(2010–2019)

< 0.0001

Follow-up median

(95% CI)

19.6

(16.4–23.2)

31.1

(27.4–48.0)

< 0.0001

Sex M 247 (59%) 86 (57%) 0.71

  F 174 (41%) 65 (43%)  

Diagnosis de novo 367 (87%) 129 (85%) 0.59

  sec AML 54 (12.8%) 22 (14.6%)  

Cytogenetics not adverse 334 (79.3%) 123 (81.5%) 0.58

  adverse 87 (20.7%) 28 (18.5%)  

Status at HCT CR1 350 (83.1%) 118 (78.1%) 0.17

  CR2 71 (16.9%) 33 (21.9%)  

Type of donor UD 10/10 272 (64.6%) 99 (65.6%) 0.83

  UD 9/10 149 (35.4%) 52 (34.4%)  

ATG Thymoglobulin 0 80 (72.7%)  

  Fresenius/Neovii 0 30 (27.3%)  

  missing   41  

CIS No drugs 7 (1.7%) 7 (4.6%) 0.13

  1 drug 158 (37.5%) 55 (36.4%)  

Abbreviations (for all Tables): AML, Acute Myeloid Leukemia; sec AML, secondary AML; ATG, anti-T-
cell globulin; CI, 95% con�dence interval; CIS, conventional immunosuppression (cyclosporine,
tacrolimus, mycophenolate mofetil, methotrexate, sirolimus) ; CMV, cytomegalovirus; CR, complete
remission; F, female; GvHD, Graft versus Host Disease; GRFS, GvHD-free, relapse-free survival; HCT,
allogeneic hematopoietic cell transplantation; HCT-CI, HCT-Comorbidity Index; HR, hazard ratio; IQR,
interquartile range; KPS, Karnofsky Performance Status; LFS, leukemia-free survival; M, Male; MAC,
myeloablative conditioning; NRM, non-relapse mortality; OS, overall survival; REL, relapse; PTCY, post-
transplantation cyclophosphamide; RIC, reduced intensity conditioning; UD, unrelated donor.
Cytogenetic risk according to MRC classi�cation (Blood 2010;116: 354 − 65). Signi�cant p values are
given in bold.
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Variable PTCy (N = 421) PTCy + ATG (N = 151) P

  2 drugs 256 (60.8%) 89 (58.9%)  

Conditioning MAC 214 (51.1%) 87 (59.2%) 0.09

  RIC 205 (48.9%) 60 (40.8%)  

  missing 2 4  

KPS < 90 103 (25%) 38 (25.7%) 0.87

  >=90 309 (75%) 110 (74.3%)  

  missing 9 3  

HCT-CI 0 203 (59.2%) 52 (58.4%) 0.35

  1 or 2 50 (14.6%) 18 (20.2%)  

  >=3 90 (26.2%) 19 (21.3%)  

  missing 78 62  

F to M no 358 (85.2%) 130 (86.7%) 0.67

  yes 62 (14.8%) 20 (13.3%)  

  missing 1 1  

Patient CMV negative 107 (25.8%) 34 (22.8%) 0.47

  positive 308 (74.2%) 115 (77.2%)  

  missing 6 2  

Donor CMV negative 233 (55.7%) 76 (50.7%) 0.28

  positive 185 (44.3%) 74 (49.3%)  

  missing 3 1  

Engraftment graft failure 9 (2.2%) 3 (2%) 0.91

  engrafted 406 (97.8%) 146 (98%)  

Abbreviations (for all Tables): AML, Acute Myeloid Leukemia; sec AML, secondary AML; ATG, anti-T-
cell globulin; CI, 95% con�dence interval; CIS, conventional immunosuppression (cyclosporine,
tacrolimus, mycophenolate mofetil, methotrexate, sirolimus) ; CMV, cytomegalovirus; CR, complete
remission; F, female; GvHD, Graft versus Host Disease; GRFS, GvHD-free, relapse-free survival; HCT,
allogeneic hematopoietic cell transplantation; HCT-CI, HCT-Comorbidity Index; HR, hazard ratio; IQR,
interquartile range; KPS, Karnofsky Performance Status; LFS, leukemia-free survival; M, Male; MAC,
myeloablative conditioning; NRM, non-relapse mortality; OS, overall survival; REL, relapse; PTCY, post-
transplantation cyclophosphamide; RIC, reduced intensity conditioning; UD, unrelated donor.
Cytogenetic risk according to MRC classi�cation (Blood 2010;116: 354 − 65). Signi�cant p values are
given in bold.
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Variable PTCy (N = 421) PTCy + ATG (N = 151) P

  missing 6 2  

Abbreviations (for all Tables): AML, Acute Myeloid Leukemia; sec AML, secondary AML; ATG, anti-T-
cell globulin; CI, 95% con�dence interval; CIS, conventional immunosuppression (cyclosporine,
tacrolimus, mycophenolate mofetil, methotrexate, sirolimus) ; CMV, cytomegalovirus; CR, complete
remission; F, female; GvHD, Graft versus Host Disease; GRFS, GvHD-free, relapse-free survival; HCT,
allogeneic hematopoietic cell transplantation; HCT-CI, HCT-Comorbidity Index; HR, hazard ratio; IQR,
interquartile range; KPS, Karnofsky Performance Status; LFS, leukemia-free survival; M, Male; MAC,
myeloablative conditioning; NRM, non-relapse mortality; OS, overall survival; REL, relapse; PTCY, post-
transplantation cyclophosphamide; RIC, reduced intensity conditioning; UD, unrelated donor.
Cytogenetic risk according to MRC classi�cation (Blood 2010;116: 354 − 65). Signi�cant p values are
given in bold.

Four hundred and twenty-one patients received PTCY as GvHD prophylaxis and 151 received PTCY + ATG,
the most frequently used brand being thymoglobulin (72.7%). PTCY and PCTY + ATG groups were well
balanced regarding transplant and disease characteristics with the only signi�cant difference between
the two cohorts being the median year of transplant (2017 versus 2015, p < 0.0001) and the
corresponding median follow-up period (19.6 versus 31.1 months, p < 0.0001), respectively. Very few
patients did not receive any further CIS treatment (1.7% in PTCY versus 4.6% in PTCY + ATG). Similar
proportions of PTCY and PTCY + ATG patients received either one (37.5% versus 36.4%) or two (60.8%
versus 58.9%) CIS drugs, respectively (p = ns). The combinations of these drugs varied between the PTCY
and PTCY + ATG groups, being mainly cyclosporine or tacrolimus with mycophenolate mofetil (51.5% and
42.4%, respectively). Supplementary Table 1.

Univariate analysis of transplant outcomes with PTCY
versus PTCY+ATG
The proportion of patients who experienced graft failure was low (2%) in both groups. In the univariate
comparison, no signi�cant differences in the cumulative incidence of aGvHD of all grades (II-IV, III-IV) and
of overall cGvHD was found between PTCY and PTCY + ATG treated patients (Table 2 and Fig. 1). There
was a signi�cant reduction of extensive cGvHD from 21% (95% CI, 16-26.4) to 9.9% (95% CI, 5.2–16.4) in
patients receiving ATG (p = 0.029). The cumulative incidences of REL and NRM and the probabilities of 2-
year OS, LFS and GRFS did not differ signi�cantly between study cohorts with the corresponding survival
curves being superimposable (Fig. 2). Two-year overall survival was 69.9% vs 67.1% in PTCY and PTCY + 
ATG, respectively, with the causes of death being disease recurrence (39% versus 43.5%), infection (21.9%
versus 23.9%) and GvHD (17.1% versus 17.4%), respectively. The estimated cumulative incidence of
death due to either infection or GvHD was not signi�cantly different in the ATG group as compared to the
non-ATG group. Cardiac toxicity accounted for only 2 deaths (both in the ATG-naive cohort). Other causes
of death did not differ between groups and are given in Supplementary Table 2.



Page 9/18

Table 2
Cumulative Incidence (95% CI) of GvHD and 2-Year Survival Outcomes

  PTCY PTCY + ATG P

Acute GvHD, grade II-IV 28.9% (24.6–33.4) 23.1% (16.6–30.4) 0.2

Acute GvHD, grade III-IV 9.6% (7-12.7) 7.7% (4.1–12.8) 0.52

chronic GvHD, any grade 34.8% (29.3–40.4) 33.3% (25-41.7) 0.9

chronic GvHD, extensive 21% (16-26.4) 9.9% (5.2–16.4) 0.029

REL 26.7% (21.5–32.1) 31.1% (22.8–39.7) 0.2

NRM 14.8% (10.9–19.3) 13.1% (8.1–19.5) 0.95

LFS 64.7% (59-69.9) 61.2% (52-69.1) 0.17

OS 69.9% (64.3–74.9) 67.1% (58-74.6) 0.22

GRFS 49.5% (43.7–55) 53.1% (43.9–61.4) 0.94

 

Multivariate analysis of transplant outcomes with PTCY
versus PTCY+ATG
The multivariate analysis did not con�rm that adding ATG to PTCY reduced extensive cGvHD (Table 3). In
the Cox model, the risks of aGvHD and cGvHD of all grades were not in�uenced by ATG (Supplementary
Table 3). After adjustment for factors known to be associated with outcomes, the addition of ATG to
PTCY was not found to signi�cantly in�uence REL or NRM rates, nor to affect probabilities of OS, LFS
and GRFS (Table 3). As expected, poor karyotype negatively affected the risk of REL (hazard ratio [HR]
2.59, 95% CI 1.74–3.86, p < 0.0001), OS (HR 1.9, 95% CI 1.3–2.77, p = 0.0009), LFS (HR 2.03, 95% CI 1.43–
2.87, p < 0.0001) and GRFS (HR 1.75, 95% CI 1.31–2.35, p = 0.0002). An incremental age of 10 years was
associated with increased NRM risk (HR 1.61, 95% CI 1.27–2.04, p < 0.0001) and lower OS (HR 1.29,
1.11–1.48, p = 0.0006). A good Karnofsky performance status score of ≥ 90% at the time of
transplantation was associated with improved LFS (HR 0.66, 95% CI 0.46–0.94, p = 0.02), OS (HR 0.66,
95% CI 0.46–0.96, p = 0.03) and GRFS (HR 0.71, 95% CI 0.53–0.94, p = 0.019) (Supplementary Table 4).
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Table 3
Multivariate analysis

PTCY + ATG vs PTCY HR (95% CI) P

Acute GvHD, grade II-IV 0.84 (0.56–1.25) 0.38

Acute GvHD, grade III-IV 0.84 (0.43–1.66) 0.62

chronic GvHD, any grade 1.14 (0.77–1.69) 0.5

chronic GvHD, extensive 0.58 (0.29–1.18) 0.13

REL 1.27 (0.82–1.95) 0.28

NRM 1.24 (0.7–2.21) 0.46

LFS 1.27 (0.88–1.84) 0.19

OS 1.42 (0.97–2.08) 0.073

GRFS 0.99 (0.73–1.34) 0.96

Discussion
To date, the question of the best combination of GvHD-preventing drugs in the MUD-PBSCT remains
unanswered. ATG has become the standard of care in this setting, while PTCY is increasingly used
potentially replacing ATG.8–10 The conceptual difference between ATG and PTCY is that the former
depletes T-cells in a dose dependent manner, whereas the latter should eliminate only the proliferating
alloreactive donor lymphocytes while preserving the resting memory T-cells. The rationale of combining
ATG and PTCY is to further reduce GvHD. Theoretically, such a combination is not synergistic as ATG
depletes the T-cells which should allo-react and proliferate in order to become prone to cyclophosphamide
elimination.18 To our knowledge, this is the �rst large series study demonstrating the feasibility of the
PTCY + ATG combination in MUD-PBSCT and analyzing the impact of adding ATG to PTCY in this setting.

We found that PTCY + ATG can be safely given in MUD-PBSCT without compromising engraftment and
without modifying the risk of NRM when compared to PTCY-treated patients. Our �ndings concur with
single center studies of HLA-matched PBSCT reporting reliable donor cell engraftment and low NRM rates
with PTCY + ATG similar to standard CIS-treated historical controls.19–23 We cannot exclude the
possibility that addition of ATG to PTCY induced more viral reactivations and speci�c morbidity as such
information could not be captured in our retrospective analysis. Nevertheless, both the incidence of NRM
(any cause) and NRM due to infections did not differ between PTCY and PTCY + ATG treated patients. As
PTCY is associated with an increased risk of cytomegalovirus (CMV) infection, it remains to be seen
whether the low NRM rates of the PTCY + ATG combination reported here will be replicated in centers
where access to PCR-guided pre-emptive or prophylactic antiviral therapy is not ideal.24
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Though the univariate analysis showed an improvement of extensive cGvHD when ATG was added to
PTCY, this effect was not apparent on multivariate analysis. Indeed, the Cox proportional-hazards model
did not detect any difference between PTCY + ATG versus PTCY patients with respect to both aGvHD and
cGvHD (of all grades). In contrast, ATG has been shown in randomized studies to reduce GvHD, especially
cGvHD, when added to standard CIS in MUD-PBSCT.4–6 One can assume that PTCY or ATG alone could
control GvHD e�ciently, making a combined PTCY + ATG in vivo T-cell depletion redundant. In support of
this, our PTCY-treated patients who did not receive ATG (n = 421) had a remarkably low cumulative
incidence of grade III-IV aGvHD (9.6%) and extensive cGvHD (21%). Similar low severe aGvHD grade III-IV
(2–6%) and extensive cGvHD (19–22%) rates have been recently reported in prospective HLA-matched
(MRD/MUD) PTCY-based RIC-PBSCT studies.25,26 It is of note that in our series only 2.4% of patients did
not receive any CIS; PTCY without any CIS has resulted in a high incidence of aGvHD in HLA-matched
RIC-PBSCT.27,28

The addition of ATG could potentially be detrimental to the GVL effect. However, no differences were
observed in REL rates between groups, with adverse cytogenetics remaining the most important factor
affecting REL in the multivariate analysis. This result should be taken with caution, as we focused only
on AML patients transplanted in CR with less risk of REL. In agreement with our results, previous studies
focusing on such populations (AML, CR) found that ATG given at the EBMT-recommended dose29 (as
expected to have been used in our transplanted cohort) does not impact REL.30,31 Another explanation for
the comparable REL rates in the PTCY and PTCY + ATG groups could be related to their differential
reconstitution of natural killer (NK) cells. Makanga et al. suggested that PTCY + ATG versus PTCY-treated
haploidentical recipients have a faster reappearance of NK cells which mature more rapidly and thus that
the addition of ATG may have restored the possible delayed NK-mediated GVL effect seen with PTCY
alone.15 Future studies should aim to de�ne more precisely the diverse and multifaceted effects of the
PTCY + ATG combination on immune reconstitution.

Considering the absence of any impact of the addition of ATG to PTCY on GvHD, NRM, and REL, it is not
surprising that there was no signi�cant difference in survival (OS, LFS, GRFS) between PTCY and PTCY + 
ATG treated patients. Clinically, these results call into question the rationale of intensifying GvHD
prophylaxis with ATG in MUD-PBSCT when PTCY is used, a �nding which should be validated in
prospective trials. Of note, our study does not evaluate whether ATG or PTCY is better in MUD-PBSCT.
While a prospective study answering this question is ongoing,9 retrospective EBMT studies have
suggested a superiority of PTCY over ATG in terms of less aGvHD and better GRFS in 1 HLA-mismatched
(9/10) unrelated HCT and comparable outcomes in well-matched (10/10) MUD-HCT.8,10

This study has all the inherent limitations of a retrospective registry-based analysis. Although we focused
on a relatively uniform patient population (AML, CR, PBSCT, MUD) and tried to overcome further
heterogeneity through multivariate modelling, there are still unmeasured factors (e.g. time of CIS
withdrawal) that could not be captured and adjusted for. Notwithstanding, this is the largest patient series
showing that ATG can be safely combined with PTCY in the MUD-PBSCT setting enabling reliable donor
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cell engraftment, resulting in low rates of NRM and without detrimental effect on disease control in AML
patients transplanted in CR. However, the addition of ATG to PTCY in this setting does not seem to
provide any bene�t in terms of GvHD reduction, meaningful improvement of quality of life (measured as
better GRFS) or better survival. As the combination of ATG and PTCY is a feasible strategy for GvHD
prevention in MUD-PBSCT, futured prospective studies might prove that such a dual PTCY + ATG in vivo T-
cell depletion in the early post-transplant period could allow the sparing of long-term immunosuppression
with CIS agents.
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Figure 1

Cumulative incidence of acute GvHD grade II-IV and chronic GvHD in patients receiving PTCY versus
PTCY+ATG
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Figure 2

Non-relapse mortality (NRM), relapse incidence (RI), leukemia free survival (LFS), overall survival (OS)
and GvHD-free, relapse-free survival (GRFS) according to the use of PTCY or PTCY+ATG. 
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