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We retrospectively compared outcomes of 404 MDS patients undergoing 1st matched sibling donor allo-HCT receiving either PTCy-
based (n= 66) or other “conventional prophylaxis” (n= 338; mostly calcineurin inhibitor + methotrexate or MMF). Baseline
characteristics were balanced, except for higher use of myeloablative regimens in the PTCy group (52.3% vs. 38.2%, p= 0.047).
Incidences of neutrophil (Day +28: 89% vs. 97%, p= 0.011) and platelet (Day +100: 89% vs. 97%, p < 0.001) engraftment were lower
for PTCy-based. Day +100 cumulative incidences of grade II–IV and III–IV aGVHD, and 5-year CI of extensive cGVHD were 32%, 18%
and 18% for PTCy-based and 25% (p= 0.3), 13% (p= 0.4) and 31% (p= 0.09) for the conventional cohort. Five-year OS (51% vs.
52%, p= 0.6) and GRFS (33% vs. 25%, p= 0.6) were similar between groups. Patients receiving PTCy had a trend to a lower
cumulative incidence of relapse (20% vs. 33%, p= 0.06), not confirmed on multivariable analysis (p= 0.3). Although higher NRM
rates were observed in patients receiving PTCy (32% vs. 21%, p= 0.02) on univariate analysis, this was not confirmed on
multivariate analysis (HR 1.46, p= 0.18), and there was no resultant effect on OS (HR 1.20, p= 0.5). Based on these data, PTCy
prophylaxis appears to be an attractive option for patients with MDS undergoing MSD allo-HCT.
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (allo-HCT) remains
the only potentially curative treatment option for patients with
myelodysplastic syndrome (MDS) [1]. Registry data from the EBMT
confirms increasing MDS allo-HCT activity, with >2500 registered
transplants per annum in recent years [2]. However, long-term
success is challenged by the risks of relapse, graft-versus-host
disease (GVHD), and non-relapse mortality (NRM). GVHD remains a
major cause of transplant-related morbidity and can significantly

impact quality of life. The Chronic Malignancies Working Party of
the EBMT previously evaluated the impact of T cell depletion (TCD)
strategies with either single agent anti-thymocyte globulin (ATG)
or alemtuzumab in a large cohort of MDS patients who underwent
allo-HCT [3]. Both agents decreased the risk of chronic GVHD
however on multivariable analyses, the use of ATG was associated
with improved GVHD-free relapse-free survival (GRFS), whereas
alemtuzumab was associated with an increased risk of relapse and
worse overall survival (OS).
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Following the successful use of post-transplant cyclopho-
sphamide (PTCy) in the haploidentical donor (HID) setting, first
demonstrated over two decades ago, utilization of PTCy for GVHD
prevention, either alone or in combination with agents such as
ATG, is becoming increasingly prevalent across other transplant
platforms [4–6]. PTCy-based prophylaxis had been extended to
matched sibling donor (MSD) allo-HCT with notable success
[7–10]. However, despite these encouraging results with regards
to GVHD prevention, wider implementation has additionally
highlighted potential risks such as delayed engraftment, increased
infective episodes, and specific organ toxicity, such as early
cardiac complications in some cases, although this remains under
debate [11–14].
Limited studies to date have focused on the efficacy and safety

of using PTCy-based prophylaxis compared to conventional
approaches in patients with MDS undergoing MSD allo-HCT [4].
Considering that NRM after allo-HCT in patients with MDS remains
significantly relevant and that PTCY-based prophylaxis has been
associated with post-transplant complications derived from the
profound immunosuppression derived from this approach and
specific organ toxicity, the present analysis compares the
outcomes of PTCy-based versus conventional “other” GVHD
prophylaxis strategies in a contemporaneous cohort of MDS
patients undergoing MSD allo-HCT from the EBMT registry.

METHODS
This was a retrospective, multicenter, registry-based analysis approved by
the Chronic Malignancies Working Party of the EBMT. The EBMT is a non-
profit, scientific society representing more than 600 transplant centers
mainly in Europe. Data are entered, managed, and maintained in a central
database with internet access; each EBMT center is represented in this
database. The patient selection included patients undergoing first allo-HCT
for MDS between 2014 and 2020, using either reduced-intensity
conditioning (RIC) or myeloablative conditioning (MAC) as defined by
standard EBMT criteria, receiving either PTCy-based or other conventional
GvHD prophylaxis [15]. Allo-HCT conducted using other donor types,
alternative stem cell sources, or ex vivo T-cell depletion were excluded.
Performance status was assessed via the reported Karnofsky Performance
Status (KPS) and comorbidities via the hematopoietic cell transplantation-
specific comorbidity index (HCT-CI) [16].
Based on these criteria, an initial 1268 adults were identified in the EBMT

Registry database but missing data in some compromised inclusion. All
related variables present in the EBMT registry were extracted in June 2022.
Thereafter, all the relevant EBMT center members were invited to
participate in the study data initiative—follow-up questionnaires (MED-C
forms) were generated for centers to improve data completeness and
returned between January 2023 and June 2023. A total of 52 institutions
agreed to participate leading to a total study cohort of 404 patients for
whom missing information considered relevant for the conduction of the
study was requested and received from participating centers between
January 2023 and June 2023.
Neutrophil engraftment was defined as the time at which the absolute

neutrophil count was >0.5 × 109/L for 3 consecutive days and platelet
engraftment as a platelet count >20 × 109/L for 7 consecutive days
without transfusion support. Primary graft failure (PGF) was defined as
failing to reach neutrophil >0.5 × 109/L in the first 28 days post stem cell
transplantation or documentation of autologous reconstitution by
chimerism analysis in the absence of relapse [17]. Secondary graft failure
was defined by the treating physician: standard criteria across Europe
would be loss of a functioning graft demonstrated by cytopenia in at least
two lineages and loss of donor chimerism. CR (complete remission) was
defined if all the following were achieved: Hb >11 g/dL, Platelet
>100 × 109/L and Neutrophils >1.5 × 109/L with less than 5% blast in the
bone marrow. Relapse was defined as loss of CR. For this study CR and
relapse were designated by the treating physician. Conditioning regimes
were defined as myeloablative conditioning (MAC) if they contained
either total body irradiation (TBI) with a dose of >6 Gy, oral Busulfan
dosage >8mg/kg or a dose of intravenous Busulfan >6.4 mg/kg [15].
Grading of acute GVHD (aGVHD) and chronic GVHD (cGVHD) was
performed using established criteria [18–20]. Following the information
reported in the EBMT registry, the severity of cGVHD was graded

according to the classic criteria (limited vs. extensive). Chronic GVHD was
considered limited if it is present only in the liver and/or a localized area
of the skin. If the cGvHD affected any other organ(s) or there was
generalized skin involvement, it was considered to be extensive. The
study was approved by the CMWP of the EBMT institutional review board
and conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines.

Statistical analysis
The type of GVHD prophylaxis used for allo-HCT (PTCY-based vs. other
prophylaxis) was considered the main variable of interest in this study.
The primary outcomes were OS, progression-free survival (PFS), grade
III–IV aGvHD and extensive cGvHD-free and relapse-free survival
(GRFS), relapse, NRM, and aGvHD and cGvHD. Secondary outcomes were
neutrophil engraftment, platelet engraftment, cardiac toxicity, and
pulmonary toxicity.
OS, PFS, and GRFS were estimated using the Kaplan–Meier product limit

estimation method, and differences in subgroups were assessed by the
Log-Rank test. Median follow-up was determined using the reverse
Kaplan–Meier method. The cumulative incidences of relapse/NRM, aGvHD
II–IV and III–IV, overall cGvHD and limited and extensive cGvHD were
analyzed separately in a competing risks framework. In all GvHD-related
outcomes, relapse and death were considered competing events. Relapse
and death were competing events for NRM and relapse incidence,
respectively. Competing risk analyses were also used to analyze the
cumulative incidences of neutrophil engraftment, platelet engraftment,
cardiac toxicity and pulmonary toxicity separately, each with competing
event death. Subgroup differences in cumulative incidences were assessed
using Gray’s test. In univariable analyses, patients alive and in follow-up by
5 years after transplant were censored at that time, with the exception of
aGvHD, platelet and neutrophil engraftment, which were censored at days
100, 100 and 28, respectively.
The impact of the main explanatory variable (type of GVHD prophylaxis),

and other risk factors, in OS, PFS, NRM and CIR were explored using
multivariable Cox regression analyses. The baseline risk factors included in
each of the multivariable models were selected based on clinical judgment
prior to the analysis. Missing values were excluded except in TP53, where
the missing indicator method was applied. All models included the main
study variable GvHD prophylaxis (PTCy-based, other + ATG vs other - ATG).
Any other included covariates are considered adjustment factors. The
models of OS and PFS additionally included the covariate constellation Age
at allo-HCT (by decade), IPSS-R at diagnosis (High, Very High vs Low/
Intermediate), TP53 mutation (Present, Missing vs Absent), Year of allo-HCT
(by year) and Conditioning (RIC vs MAC). Cause-specific hazard models
were fitted for relapse and NRM. The model of relapse included the
covariates Age at allo-HCT (by decade), HCT-CI (High vs Low/Intermediate),
Karnofsky score (<80 vs 90–100) and Conditioning (RIC vs MAC). The model
of NRM included TP53 mutation (Present, Missing vs Absent), IPSS-R at
diagnosis (High, Very High vs Low/Intermediate), Disease status (CR,
untreated vs active disease) and Conditioning (RIC vs MAC). P values are
provided by unadjusted Wald tests.
Continuous pre-transplant variables were summarized by the median

and interquartile range (IQR) and categorical pre-transplant variables are
summarized as percentages within the group of patients with available
data. Group differences between the PTCy-based and other prophylaxis
subgroups were assessed by X2-tests for categorical baseline variables and
by t-tests for continuous baseline variables. All p values were two-sided
and p < 0.05 was considered significant. Statistical analyses were
performed in R version 3.6.0 (R Development Core Team, Vienna, Austria),
using packages “survival”, “prodlim”, “cmprsk” and “risk Regression”.

RESULTS
Baseline patient, disease and transplant characteristics
A total of 404 MDS patients undergoing their first MSD allo-HCT
using PB-derived stem cells between 2014 and 2020 from 52
participating centers, receiving either PTCy-based (n= 66) or other
“conventional prophylaxis” (n= 338) for GVHD, were included.
Patient characteristics, disease risk, and pre-transplant disease
status were mostly balanced between the two cohorts as shown in
Table 1. The median age of those in the PTCy-based and
“conventional prophylaxis” cohort was 54 (interquartile range
(IQR), 41–64) and 58 (IQR, 51–63) years, respectively (p= 0.06). A
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majority of patients in both cohorts were male; “PTCy-based”
(n= 37 (56.1%)) and “conventional prophylaxis” (n= 238 (70.4%)).
At the time of diagnosis, all patients met established criteria for
MDS and according to the revised International Prognostic Scoring
System (IPSS-R, Table 1), the majority of patients in both cohorts
had intermediate, high- or very high-risk disease. Where screening
had been performed, a TP53 mutation was positive in 26 (21.1%)
of the 123 processed samples from the entire cohort but was not
enriched in either prophylaxis group. Thirteen (19.7%) patients in
the PTCy-based cohort and 72 (21.3%) in the other “conventional
prophylaxis” cohort had transformed to AML prior to allo-HCT.
Overall, the proportions of patients who underwent treatment
prior to allo-HCT were similar between the two study groups
(n= 45 (71.4%) in PTCy-based and n= 230 (70.3%) in conven-
tional prophylaxis, p= 0.98)). The proportion of patients in the
PTCy-based and conventional prophylaxis cohorts with a KPS <
90% was 27.3% vs. 34.4% (p= 0.3) and with an HCT-CI > 3 were
31.8% vs. 35.3%, (p= 0.8), respectively.
Patients were most frequently transplanted within the first year

from diagnosis, with a median time to the transplant of 6.4 (IQR,
3.3–15.3) months for “PTCy-based” versus 7 (IQR, 4.2–13.8) months
for the “conventional prophylaxis” group, respectively. The
majority of transplant characteristics were balanced between the
two study groups, except for the proportion of patients who
received MAC, which was higher in the PTCy group (52.3% vs.
38.2%, p= 0.047).
For the PTCy-based cohort, PTCy was combined with at least

two additional immunosuppressant agents in 66.7% of the cases,
with one additional immunosuppressive drug (generally calci-
neurin inhibitors (CNI)) in 31.8% of the cohort and administered as
a single agent in only one (1.5%) case. ATG was administered in
6.1% (n= 4) of cases. The other “conventional prophylaxis” cohort
mainly combined CNI with either mycophenolate mofetil (MMF;
n= 155) or methotrexate (MTX; n= 183), and in 162 (47.9%) cases,
ATG was also administered. Median follow-up (IQR) after
transplantation was 3.8 (IQR, 3.3–4.5) and 4.7 (IQR,4.2–5.1) years
for the “PTCy-based” and “conventional prophylaxis” groups,
respectively.

Engraftment and GVHD
Neutrophil engraftment by day +28 was documented for 59 (89%)
and 325 (97%) of the PTCy-based and conventional prophylaxis
cohorts, respectively (p= 0.011). However, the median of days to
neutrophil engraftment; estimated in patients who did engraft in
the first 28 days, was similar between the two study groups (18
(IQR 14–21) vs. 16 (IQR 13–19) days, p= 0.064). The day +100
incidence of platelet engraftment was lower in the PTCY-based
cohort (89% vs. 97%, p < 0.001), and occurring in a median of
21 days (IQR 16–27.8), compared with 14 (12–17) days (p < 0.001)
in the non-PTCy group.
As shown in Fig. 1, the day +100 cumulative incidences of

grade II–IV and III–IV aGVHD, and 5-year CI of cGVHD (any grade)
and extensive cGVHD were 32% (95% CI 21–43), 18% (95% CI
9–27), 44% (95% CI 32–57) and 18% (95% CI 9–28) for patients
who received PTCy-based prophylaxis and 25% (95% CI 20–30)
(p= 0.3), 13% (95% CI 10–17) (p= 0.4), 48% (95% CI 42–53)
(p= 0.7) and 31% (95% CI 26–36) (p= 0.09) for those who did not.

Post-transplant complications: infections and organ toxicity
CMV and EBV reactivation occurred in 37/65 (56%) and 1/50 (2%)
of patients who received PTCy-based 106/338 (31%) and 57/338
(17%) for those who received conventional prophylaxis. The day
100 cumulative incidence of fungal infections in the PTCy-based
and conventional prophylaxis cohorts was 10% (95% CI 2–17%)
and 7% (95% CI 4–10%) respectively (p= 0.4). The cumulative
incidence of post-transplant lymphoproliferative disorders was
similar between the two groups (1% (95% CI 0–2) by five in
conventional prophylaxis and not observed in PTCy).

Specific organ toxicity was additionally investigated. As
reported in Table 2, The day +100 cumulative incidence of
cardiac toxicity was higher in the PTCY-based cohort (13% (95% CI
1–25) vs. 8% (95% CI 4–12), p= 0.6), with no statistically significant
differences in between. However, the cumulative incidence of
cardiac toxicity diagnosed during the first 5 years after allo-HCT
was comparable between the two study groups (5 years: 23%
(95% CI 6–40) vs. 19% (95% CI 12–25), p= 0.6). Of note, pulmonary
toxicities (5 years: 23% (95% CI 8–38) vs. 27% (95% CI 21–34),
p= 0.6) did not differ between the PTCy-based and conventional
prophylaxis cohorts.

Overall survival, relapse-free survival and GVHD-free relapse-
free survival
On univariate analysis, there were no significant differences
between the two groups with respect to OS, PFS, and GRFS (Fig. 2
and Table 2). The estimated 5-year OS, PFS, and GRFS of the
patients who received PTCy-based prophylaxis were 51% (95% CI
39–64), 48% (95% CI 36–61), and 33% (95% CI 21–45), and for the
patients who received conventional GVHD prophylaxis were 52
(95% CI 46–58), 46% (95% CI 40–52), and 25 (95% CI 20–30),
respectively. Results observed in the univariate analysis were
confirmed in the multivariable regression analyses (MVA) adjusted
by variables considered clinically relevant. As reported in Table 3,
using PTCy-based prophylaxis resulted in comparable OS (HR 1.20
(95% CI 0.73–1.99), p= 0.5) PFS (HR 1.15 (95% CI 0.71–1.85),
p= 0.6) and GRFS (HR 0.82 (95% CI 0.55–1.24), p= 0.3) to
conventional prophylaxis without ATG. Furthermore, regardless
of the GVHD prophylaxis approach, the diagnosis of high or very
high-risk MDS (according to IPSS-R), and the presence of TP53
mutation at diagnosis (where that information was available) were
independent predictors of worse post-transplant outcomes.

Relapse incidence and non-relapse mortality
During the first 5 years post allo-HCT, disease relapse was
documented in 119 (29%) of the entire cohort, at a median of
6.2 (2.9–12) months after allo-HCT. As shown in Table 2 and Fig. 2,
patients who received PTCy-based prophylaxis had a lower CIR
(20% (95% CI 10–29) vs. 33% (95% CI 28–38), p= 0.06), but higher
NRM rates (32% (95% CI 20–43) vs. 21% (95% CI 16–25), p= 0.09).
Results provided from the MVA confirmed that the use of PTCy-
based prophylaxis resulted in analogous incidences of disease
relapse compared to the use of conventional prophylaxis (HR 0.83
(95% CI 0.42–1.66), p= 0.6) (Table 4). Furthermore, regardless of
the immunosuppressive agents used for GVHD prevention,
patients classified into the very-high-risk group (HR 2.06 (95% CI
1.20–3.55), p= 0.009) according to the IPSS-R and the presence of
a TP53mutation (HR 1.88 (95% CI 0.93–3.81), p= 0.08) at diagnosis
were found to be predictive of disease relapse after allo-HCT.
Based on the results provided by the univariate analysis, the

effect of the GVHD prophylaxis in NRM was explored in detail. The
MVA reported in Table 4 demonstrated that, compared with allo-
HCT performed from other prophylaxis without ATG, using PTCy-
based prophylaxis associated comparable NRM (HR 1.46 (95% CI
0.85–2.50), p= 0.18), and a non-significant trend to lower NRM
was observed in allo-HCT performed from ATG-based prophylaxis
(HR 0.61 (95% CI 0.36–1.02), p= 0.06). In addition, patients with a
higher number of comorbidities (HCT-CI > 2) had an increased risk
for NRM than the rest (HR 1.80 (95% CI 1.16–2.8), p= 0.009). Older
age, worse KPS, and the administration of MAC regimens were not
associated with higher transplant-related mortality on MVA.

Causes of death
During the 5 years post allo-HCT, 185 (45%) of the patients in the
entire cohort died, and amongst them, 31 (17%) had received
PTCy. Primary causes of death differed according to the GVHD
prophylaxis strategy (p < 0.006). For instance, disease recurrence
accounted for death in 10% of patients receiving PTCy and 31.0%
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Table 1. Baseline information of transplant stratified by GVHD prophylaxis.

All patients N= 404 PTCy-based N= 66 (16.3%) Other N= 338 (83.7%) P value

Patient and disease-related characteristics prior to allo-HCT

Median age, years (IQR) 57 (49–63) 54 (41–64) 58 (51–63) 0.063

Sex

Male 275 (68.1) 37(56.1) 238 (70.4) 0.032

Female 129 (31.9) 29 (43.9) 100 (29.6)

Karnofsky score

<80% 132 (33.2) 18 (27.3) 114 (34.4) 0.3

Missing 7 7

HCT-CI

>2 136 (34.7) 21 (31.8) 115 (35.3) 0.8

Missing 12 12

IPSS-R at diagnosis

Very low 16 (4.9) 2 (3.6) 14 (5.2) 0.6

Low 46 (14.1) 7 (12.5) 39 (14.4)

Intermediate 91 (27.8) 20 (35.7) 71 (26.2)

High 114 (34.9) 19 (33.9) 95 (35.1)

Very high 60 (18.3) 8 (14.3) 52 (19.2)

Missing 77 10 67

Molecular markers

Tested 227 (69.8) 30 (61.2) 197 (71.4) 0.7

Missing 79 17 62

TP53 mutation at diagnosis

Samples processed 123 (54.2) 15 (50) 108 (54.8)

Present 26 (21.1) 2 (13.3) 24 (22.2)

Missing 104 15 89

MDS etiology

De novo 335 (86.8) 59 (89-4) 276 (86.2) 0.6

Secondary 51 (13.2) 7 (10.6) 44 (13.8)

Missing 18 (4.5) 0 18 (5.3)

MDS transformed to AML prior to allo-HCT

Yes 85 (21) 13 (19.7) 72 (21.3) 0.9

Treatment before allo-HCT

Yes 275 (68.1) 45 (71.4) 230 (70.3) 0.98

Disease status prior to allo-HCT

Untreated 115 (29.5) 18 (28.6) 97 (29.7) 0.097

Complete remission (CR) 125 (32.1) 27 (42.9) 98 (30.0)

No CR 150 (38.5) 18 (28.5) 132 (40.3)

Missing 14 3 11

Median time from diagnosis to allo-HCT

Months (IQR) 6.9 (4.1–14.1) 6.4 (3.3–15.3) 7.0 (4.2–13.8) 0.3

Allo-HCT performed between 2018 and 2020 165 (40.8) 43 (65.2) 122 (36.1) <0.001

Main allo-HCT information

Intensity of the conditioning regimen

MAC 163 (40.4) 34 (52.3) 129 (38.2) 0.047

RIC 240 (59.6) 31 (47.7) 209 (61.8)

Missing 1 1

GVHD prophylaxis (detailed information)

PTCy + 2 or more IS agents – 44 (66.7) – –

PTCy + 1 IS agent 21 (31.8) –

PTCY single agent 1 (1.5) –

CNI – MTX/MMF – 176 (52.1)
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of those who did not. Of particular note, GVHD and infectious
complications accounted for death in 26.7% and 46.7% of patients
included in the PTCy-based cohort and 38.1% and 22.8% for those
included in the conventional prophylaxis cohort.

DISCUSSION
Many questions remain concerning the best GVHD prophylactic
strategy across donor types and transplant platforms for MDS allo-
HCT. In the present study, we highlight that the use of PTCy-based
prophylaxis in adults undergoing MSD first allo-HCT for MDS using
PB-derived stem cells results in comparable OS, RFS, and GRFS
rates to conventional GVHD prophylaxis strategies. Patients
receiving PTCy had a non-significant trend to lower incidence of
relapse, but a higher NRM than the rest observed only in the
univariate analysis. Furthermore, allo-HCT performed with PTCy,
was associated with a lower incidence of neutrophil and platelet
engraftment at day +28 and +100, respectively, and comparable
incidences of clinically relevant aGVHD. Of note, utilization of PTCy
was associated with a non-significant trend to a lower incidence of
extensive cGVHD in univariate analysis; this is of note as 48% of
patients in the “conventional prophylaxis” cohort received ATG.
Nevertheless, the results obtained in NRM question whether PTCY
should be extensively used in patients with MDS undergoing allo-

HCT from PB MSD grafts, especially in patients who present
additional risk factors for NRM, such as an HCT-CI > 2.
Since the advent of PTCy-based GVHD prophylaxis in HID allo-

HCT, demonstrating low rates of aGVHD/cGVHD, increasing
studies have highlighted utility across a vast range of disease
types/ risk, donor types, and transplant platforms [5, 21]. Brissot
et al. on behalf of the acute leukemia working party (ALWP) of the
EBMT evaluated PTCy versus ATG in AML patients in CR1
undergoing 10/10 MUD allo-HCT in a retrospective, EBMT
registry-based study [22]. Here, PTCy and ATG had comparable
incidences of aGVHD grade II–IV, cGVHD and extensive cGVHD. No
differences were evident in OS, RFS, GRFS or NRM, also confirmed
in a matched-pair analysis. Battipaglia, also on behalf of the ALWP,
alternatively reported on PTCy versus ATG in the MSD setting for
AML in CR1. Here, although patients were younger in the PTCy
group with concomitant higher use of MAC regimens, there was
no difference in OS, leukemia-free survival, or GRFS [9]. Matched-
pair analysis confirmed a lower cumulative incidence of cGVHD
with ATG, which was also upheld when only PBSC allo-HCT was
considered. Mehta et al. from MD Anderson reported on a
retrospective evaluation of 964 patients who received Tacrolimus
(TAC)/MTX ± ATG (n= 578) versus PTCy-based (n= 386) GVHD
prophylaxis [23]. For the MSD cohort, 140 patients received PTCy-
based prophylaxis and 272 patients received TAC/MTX. For MUD,
246 received PTCy and 306 TAC/MTX/ATG. The majority
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according to GVHD prophylaxis.

Table 1. continued

All patients N= 404 PTCy-based N= 66 (16.3%) Other N= 338 (83.7%) P value

CNI – MTX/MMF+ ATG – 162 (47.9)

Donor/recipient CMV status 0.4

High risk 81 (20.2) 11 (16.7) 70 (20.9)

Intermediate risk 256 (63.3) 47 (71.2) 209 (61.8)

Low risk 64 (16.0) 8 (12.1) 56 (16.7)

Missing 3 0 3

Female donor grafts to male recipient 145 (35.9%) 18 (27.3%) 127 (37.6%) 0.15

Median follow-up, years (IQR) 4.5 (4–4.9) 3.8 (3.3–4.5) 4.7 (4.2–5.1)

P values were obtained using the χ2 test for categorical variables and t-test for continuous data.
IQR interquartile range, HCT hematopoietic cell transplantation, HCT-CI hematopoietic cell transplantation-comorbidity index, PTCy post-transplant
cyclophosphamide, AML acute myeloid leukemia, MDS myelodysplastic syndrome, RIC reduced-intensity conditioning, MAC myeloablative conditioning, GvHD
graft-versus-host disease.
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Table 2. Main post-transplant information and outcomes.

All patients N= 404 PTCy-based N= 66 Other N= 338 P value

Main post-transplant information

Median of days to engraftment (IQR)

Neutrophil engraftmenta 16 (13–19) 18 (14–21) 16 (13–19) 0.064

Platelet engraftmenta 14 (12–18) 21 (16–27.8) 14 (12–17) <0.001

Cumulative Incidence of engraftment; % (95% CI)

Day +28 neutrophil engraftment 96 (94–98) 89 (82–97) 97 (95–99) 0.011

Day +100 platelet engraftment 96 (94–98) 89 (82–97) 97 (95–99) <0.001

Graft failure; % (95% CI)

5-year overall 4 (2–6) 9% (2–16%) 3% (1–5%) 0.01

Day +28 primary 1 (0–2) 3% (0–7%) 1% (0–1%) 0.07

Moderate/severe veno-occlusive disease

Day +100 cumulative Incidence; % (95% CI) 3 (1–5) 6% (0–15%) 2% (0–5%) 0.2

Median of days to diagnosisa 22.5 (13.5–52.5) 36.5 (24.2–48.8) 22.5 (15–36.2) 0.8

PTLD

5-year cumulative Incidence; % (95% CI) 0 (0–1) 0 1 (0–2) 0.5

Median of months to diagnosisa (IQR) 23.2 (13.1–26.2) 23.2 (13.1–26.2)

Fungal infection

Day +100 cumulative Incidence; % (95% CI) 8 (5–10) 10 (2–17) 7 (4–10) 0.4

Median of months to diagnosisa (IQR) 3 (0.4–6.9) 3.1 (0.9–7.9) 2.3 (0.4–6.5) 0.8

Cardiac toxicity

Day +100 cumulative incidence; % (95% CI) 8 (5–12) 13(1–25) 8 (4–12) 0.6

5-year cumulative incidence; % (95% CI) 19 (13–25) 23 (6–40) 19 (12–25) 0.6

Median of months to diagnosis (IQR) 5 (0.4–14.7) 1.3 (0.1–7.6) 5.1 (0.7–14.6) 0.8

Pulmonary toxicity

5-year cumulative incidence; % (95% CI) 27 (21–33) 23 (8–38) 27 (21–34) 0.6

Median of months to diagnosis (IQR) 4.8 (0.5–10.4) 10.6 (2.8–11.5) 4.3 (0.4–10) 0.6

Cumulative incidences of GVHD and outcomes

Cumulative incidence of GVHD; % (95% CI)

Day +100 Grade II–IV aGVHD 26 (22–31) 32 (21–43) 25 (20–30) 0.3

Day +100 Grade III–IV aGVHD 14 (11–18) 18 (9–27) 13 (10–17) 0.4

5-year cGVHD (any grade) 47 (42–52) 44 (32–57) 48 (42–53) 0.7

5-year extensive cGVHD 29 (25–34) 18 (9–28) 31 (26–36) 0.09

Death rates at 5 years; n (%) 182 (45.0) 31 (17.0) 151 (44.6) –

Main causes of death; n (%)

Disease relapse 49 (26.9) 3 (10.0) 45 (31.0) 0.006

Infection 47 (27.4) 14 (46.7) 33 (22.8)

GVHD 49 (28.0) 8 (26.7) 41 (38.1)

Organ failure 13 (7.4) 0 13 (9.0)

Secondary malignancy 7 (4.0) 3 (10.0) 4 (2.8)

Other 11 (6.2) 2 (6.6) 9 (6.2)

Missing 7 1 6

Overall survival; % (95% CI)

1 year 72 (68–77) 70 (59–81) 73 (68–78) 0.5

5 years 51 (46–57) 51 (39–64) 52 (46–58)

Progression-free survival; % (95% CI)

1 year 63 (58–67) 61 (49–72) 63 (58–68) 0.9

5 years 46 (41–51) 48 (36–61) 46 (40–52)

NRM; % (95% CI)

1 year 15 (11–18) 24 (14–35) 13 (9–17) 0.029

5 years 23 (18–27) 32 (20–43) 21 (16–25)

CIR; % (95% CI)

1 year 22 (18–26) 15 (7–24) 24 (19–28) 0.06

5 years 31 (26–36) 20 (10–29) 33 (28–38)

GRFS; % (95% CI)

1 year 43 (38–47) 45 (33–47) 33 (21–45) 0.6

5 years 26 (21–31) 33 (21–45) 25 (20–30)

Univariable outcomes of engraftment, graft failure, veno-occlusive disease, CMV, EBV reactivation, PTLD, fungal infection, overall survival, progression-free
survival, non-relapse mortality (NRM), relapse (CIR) and acute grade III–IV and extensive chronic graft-versus-host disease, relapse and graft failure-free survival
(GRFS), overall and stratified by GvHD prophylaxis. Kaplan–Meier estimates are given for OS, PFS and GRFS, with group differences tested by log-rank tests, and
cumulative incidences are given for all other outcomes, with group differences tested by the Gray test. All estimates are reported with 95% confidence
intervals in parentheses.
aConditional on having had the event during follow-up.
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underwent MAC and had PB as a stem cell source. Both in the
MSD and MUD setting, PTCy was associated with higher
incidences of delayed neutrophil engraftment, bacterial infection
and hemorrhagic cystitis. MVA revealed similar rates of aGVHD
grade III–IV for both cohorts and a significantly lower risk of
cGVHD in the MSD setting and improved GRFS for both MUD and
MSD following PTCy-based prophylaxis. More recently, Bolaños-
Meade et al. compared, in a prospective randomized study, the
efficacy of PTCY/TAC/MMF (n= 214) with TAC/MTX (n= 217) in
RIC allo-HCT performed from MSD, MUD, and 9/10 MMUD [24].
PTCY-based prophylaxis was associated with higher GRFS
secondary to less severe acute and chronic GVHD. PTCY/TAC/
MMF was associated with a higher incidence of
immunosuppression-free survival at 1 year, and with comparable
overall and disease-free survival, relapse and NRM. In our study,
regarding engraftment, PTCy-based prophylaxis was associated
with a lower incidence of day +28 neutrophil engraftment,
delayed platelet recovery, and a 3% incidence of primary GF.
Dosing strategies of standard PTCy dose (50 mg/kg/day) and
timing (days +3 and +4) may be associated with both delayed
engraftment and early post-allo-HCT toxicity. Delayed haemato-
poietic recovery has been previously explored and may reflect
direct stem cell toxicity which relates to dosing and timing of the
Cy, the use of bone marrow with PTCy and the use of agents in
addition to PTCy as GVHD prophylaxis. The early study by Kanakry
et al. with a small number of PTCy-only prophylaxed BM grafts
resulted in equivalent engraftment when compared to MSD

allografts with alternative GVHD prophylaxis [5]. In attempting to
understand this, Marco-Ayala et al. reviewed transfusion require-
ments following PTCy-based (n= 100) versus other “CNI-based”
prophylaxis (n= 100) in a retrospective study for MSD allo-HCT,
showing delayed neutrophil engraftment paralleled with higher
red blood cell and platelet transfusion requirements during the
first-month post-allo-HCT for the PTCy group [11]. Increasing
consideration is hence being given to the dosing and timing of
PTCy. McAdams et al. have reported on a single center phase I/II
trial of de-escalating PTCy dosing in fludarabine and busulfan-
conditioned haploidentical allo-HCT (BM stem cell source),
demonstrating that de-escalating to 25 mg/kg/day PTCy (day+3
and +4) was feasible and associated with more rapid engraftment
compared to standard dosing [25]. Such studies and the need for
additional immunosuppressants are required in the MSD and MUD
setting to assess if improvements in engraftment kinetics without
an abrogation of the benefits of PTCy-based prophylaxis can be
achieved.
Regarding GVHD, similar incidences of aGVHD II–IV were seen in

both the PTCy and conventional cohorts, which is reassuring
although conclusions are limited by the heterogeneous use of
ATG across cohorts and the fact that we do not have robust
detailing on ATG dosing/ schedule which may clearly significantly
influence clinical outcomes. Despite almost half of the patients in
the conventional cohort getting ATG, a non-significant trend to
lower extensive cGVHD by 5 years was noted in the PTCy cohort
on univariable analysis suggesting, alongside the aGVHD data,
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that PTCy-based prophylaxis in this setting moderates GVHD rates
at least as appropriately as conventional prophylaxis. Reassuringly,
the acceptable GVHD risks associated with PTCy were not
associated with higher rates of relapse, as patients receiving PTCy
had comparable relapse rates than those who did not. As per
previous studies, we show that both higher IPSS-R classification
(very high risk versus “other”) and the presence of a TP53mutation
are associated with a higher risk of relapse, including in the PTCy
prophylaxis cohort [26, 27].
Of interest when considering the cause of death in both

cohorts, despite no differences in OS, infection accounted for
more deaths in the PTCy cohort than relapse and GVHD
combined, whereas in the conventional prophylaxis cohort, the
leading causes were GVHD and relapse. We showed a differential
viral reactivation with a lower incidence of EBV reactivation (2% vs
17%) in the PTCY cohort, whereas CMV reactivation was higher in
the PTCY group (56% vs 31%) but there was no difference in the
incidence of reported fungal infections. As this is a registry-based
study, we do not have data on bacterial infections. Previous
studies have reported on delayed T cell subpopulation kinetics
following the use of PTCy. Khimani et al. reported across a range
of HID and MUD allo-HCT that absolute CD4+ recovery was
delayed in the PTCy-based cohorts compared to conventional
prophylaxis and there was a significantly higher incidence of
infectious complications within the first year, including higher
rates of CMV and BK virus reactivation but with a similar 2-year OS
and NRM [28].
A significantly higher NRM rate in the PTCy arm was observed

only in univariate analysis, with infection as opposed to GVHD
being a dominant cause of NRM. This result may relate to delayed
neutrophil engraftment and increased rates of primary and
secondary graft failure. In addition, the higher proportion of
patients transplanted using MAC regimens in the PTCy group may
have indirectly contributed to the higher NRM rates observed in
the univariate analysis reported in Fig. 2. Since the intensity of the
conditioning regimen is generally tailored according to chron-
ological age and patient fitness, the differences observed in
conditioning intensity would be related to the differences on
median age (chronological age), KPS, and HCT-CI trends observed
in patients included in each cohort. However, since the present
study is retrospective and multicenter, the policy of deciding
whether patients received MAC or RIC conditionings may vary
between centers. Lastly, the higher trend of cardiac toxicity
diagnosed during the first 100 days after the stem cell infusion
may have also contributed to the increased NRM observed in the
PTCy arm [14, 29].
Lastly, it is important to remark that when the effect of PTCy-

based prophylaxis in NRM was explored in detail, the results were
not confirmed in the multivariable model, suggesting that PTCY-
based prophylaxis results in comparable rates of NRM when
compared with allo-HCT performed from other prophylaxis
without ATG, and that the use of ATG-based prophylaxis might
be beneficial in a certain group of patients transplanted from MSD
for MDS. Additional studies should be conducted to investigate
the role of ATG-based prophylaxis in MSD allo-HCT for MDS, as the
present one has been designed to better address the utility of
PTCy-based prophylaxis in this setting. Hence, and despite the
negative association observed between using PTCY and increased
NRM in the univariate model, using PTCy resulted in comparable
post-transplant outcomes to other prophylaxis among these
patients.
Limitations of our study are those inherent to large registry-

based studies such as the retrospective, registry-based nature,
reasoning for physician choice for allocation to differing GVHD
prophylaxis strategies, heterogeneous use of ATG and potential
center effects on dosing and the fact that data on immunosup-
pressant tapering were not provided. Furthermore, the fact that
ATG was more often used in RIC allo-HCT limited the distributionTa
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of patients included in the non-PTCY group in two independent
groups of patients to additionally compare the results of ATG-
containing prophylaxis with those obtained from using PTCy.
Lastly, and despite the entire EBMT center members were

invited to participate, the relatively low number of patients who
were finally included in the study is considered a limitation of the
power of the statistical analysis. Nonetheless, to date, this remains
the largest study evaluating PTCy-based approaches in MSD PBSC
allo-HCT for MDS compared to conventional prophylaxis. Data
highlights acceptable GVHD rates, with a trend to less extensive
cGVHD at 5 years, and similar OS and RFS rates. NRM rates and
infectious complications remain to be addressed considering the
“added value” of PTCy prophylaxis in this setting. Prospective
controlled studies with uniform PTCy/ATG dosing and condition-
ing for MDS allo-HCT would be warranted to directly answer the
questions raised by this analysis.
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