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pitaux Universitaires de Genève and Faculty of Medicine, University of Geneva, Geneva, Switzerland; 2EBMT Leiden Statistical Unit, Leiden, The Netherlands; 3RM
Gorbacheva Research Institute, Pavlov University, St. Petersburg, Russia; 4Ospedale San Raffaele s.r.l., Milan, Italy; 5EBMT Leiden Study Unit, Leiden, The Netherlands;
6Institute of Hematology and Blood Transfusion, Prague, Czech Republic; 7University Hospital Basel, Basel, Switzerland; 8Bone Marrow Transplantation Unit, Haematology
Department, Institute of Haematology and Oncology, IDIBAPS, Hospital Clinic, University of Barcelona, Barcelona, Spain; 9Demiroglu Bilim University Istanbul Florence
Nightingale Hospital, Istanbul, Turkey; 10Oslo University Hospital, Rikshospitalet Oslo, Oslo, Norway; 11University Hospital Eppendorf, Hamburg, Germany; 12King’s College
Hospital, London, United Kingdom; 13CHU de Lille, Univ Lille, INSERM U1286, INFINITE 59000, Lille, France; 14Department of Oncology and Hematology, University of Milan
and Azienda Socio Sanitaria Territoriale Papa Giovanni XXIII, Bergamo, Italy; 15Turku University Hospital, Turku, Finland; 16Fundeni Clinical Institute, Bucharest, Romania;
17Hematology and BMT Unit, ASST Fatebenefratelli-Sacco, University of Milan, Milan, Italy; 18Department of Biomedicine and Prevention, University of Rome Tor Vergata,
Rome, Italy; 19University of Cologne, Cologne, Germany; 20University Clinical Centre, Medical University of Warsaw, Warsaw, Poland; 21University College London Hospitals
NHS Foundation Trust, London, United Kingdom; and 22Ho

ˇ

pital Saint-Louis, APHP, Université de Paris Cité, Paris, France
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Key Points

• UDs transplant with
PTCY for
myelodysplastic
neoplasms may
improve OS and PFS
as compared with
ATG.

• PTCY may also
decrease the incidence
of grade 2 to 4 acute
GVHD.
.pdf by guest on 08 O
c

It has been reported in prospective randomized trials that antithymocyte globulin (ATG)–

based graft-versus-host disease (GVHD) prophylaxis has benefits in the setting of allogeneic

hematopoietic stem cell transplantation (allo-HSCT) with unrelated donors (UDs). However,

the optimal GVHD prophylaxis strategy has been challenged recently by the increasing use

of posttransplant cyclophosphamide (PTCY). We report from the European Society for Blood

and Marrow Transplantation registry the outcomes of 960 patients with myelodysplastic

neoplasms who underwent allo-HSCT from UD with PTCY or ATG as GVHD prophylaxis. The

primary outcomes were overall survival (OS) and progression-free survival (PFS). The

disease characteristics were similar in both groups. Day 28 neutrophil engraftment was

significantly better with ATG (93% vs 85%). Over a median follow-up of 4.4 years, the 5-year

OS was 58% with PTCY, and 49% in the ATG group. The 5-year PFS was higher for PTCY at

53% vs 44% for ATG. Grade 2 to 4 acute GVHD incidence was lower when PTCY was used

(23%), whereas there was no difference in the incidence of chronic GVHD at 5 years.

Multivariable analyses confirmed better OS and PFS with PTCY with a hazard ratio (HR) for

ATG of 1.32 (1-1.74) and a better PFS for PTCY with a HR for ATG of 1.33. This study suggests

that GVHD prophylaxis using PTCY instead of ATG in this setting remains a valid option.

Further prospective randomized studies would be essential to confirm these results.
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Introduction

Myelodysplastic syndromes (MDS) or neoplasms are a heteroge-
nous group of myeloid malignancies that are characterized
by abnormal marrow cellular maturation and that frequently lead to
varying degrees of cytopenia and an inherent risk for transformation
to acute myeloid leukemia (AML).1,2 A number of prognostic scores
have been developed to guide the decision-making process,
because patients with low-risk scores may need supportive care
alone. Conversely, higher-risk patients may be candidates for
hypomethylating agents (HMAs) or allogeneic hematopoietic stem
cell transplantation (allo-HSCT), which remains the only curative
option depending on individual characteristics, such as age and
performance status.3,4 In recent years, advances in allo-HSCT
conditioning regimens and intensity have led to lower rates of
transplant-related toxicity, hence, extending this potential option to
older patients or to those with comorbidities.5-7 Notably, improve-
ments in graft-versus-host disease (GVHD) prophylaxis strategies
have contributed to lower toxicity rates. Indeed, phase 3 trials have
demonstrated the advantage of antithymocyte or antilymphocyte
globulins (ATGs) over observation or placebo treatment with a lower
incidence of chronic GVHD.8-10 Although posttransplantation
cyclophosphamide (PTCY) has been successfully used in the haplo-
identical transplant setting, it has more recently been extended
successfully to the HLA-matched donor allo-HSCT setting and in the
mismatched unrelated donor (MMUD) allo-HSCT setting.11-16

Indeed, PTCY has been reported in phase 2 and 3 trials to
improve graft-versus-host–free, disease-free survival (GRFS) in
patients with hematological malignancies when compared with
PTCY-free GVHD prophylaxis.11-16 After a myeloablative condition-
ing (MAC) regimen and in the HLA-matched donor setting, the
phase 3 BMT CTN1301 trial reported similar outcomes following
PTCY use alone when compared with tacrolimus in combination
with mycophenolate mofetil (MMF).14 The phase 3 BMT CTN1703
compared PTCY, tacrolimus, and MMF with tacrolimus and metho-
trexate in the HLA matched, reduced intensity conditioning regimen
(RIC) setting, showing lower risks for grade 3 to 4 acute GVHD
(aGVHD) and chronic GVHD (cGVHD) and a consequent
improvement in GRFS.11 In a similarly selected population (RIC and
HLA matched), the phase 3 HOVON 96 trial compared PTCY and
cyclosporin with ciclosporin and MMF, highlighting lower risks for
grade 2 to 4 aGVHD and cGVHD.13 However, in these prospective
trials, the reference arm did not contain ATG, and the analysis
included all diseases with the majority representing AML and no
specific subgroup analysis for MDS. PTCY and ATG have both been
used for patients with myeloid malignancies who underwent allo-
HSCT in the setting of matched unrelated donors (MUD) with out-
comes approaching those of transplants with matched related
donors.5,9,17-21 However, the optimal GVHD prophylaxis strategy for
patients with MDS who underwent allo-HSCT with an UD remains
controversial. Therefore, we performed a retrospective, European
Society for Blood and Marrow Transplantation (EBMT) registry–
based study to evaluate the outcomes of patients with MDS who
underwent a first allo-HSCT from a MUD or an HLA- MMUD and
who received either ATG or PTCY as GVHD prophylaxis.

Patients and methods

This was a retrospective, multicenter, registry-based study that was
approved by the Chronic Malignancies Working Party of the EBMT
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
in accordance with the Declaration of Helsinki and Good Clinical
Practice guidelines. The EBMT is a nonprofit scientific society that
represents >600 transplant centers, mainly in Europe. EBMT
centers commit to obtain informed consent according to the local
regulations applicable at the time of transplantation to report
pseudonymized data to the EBMT. The data are entered, managed,
and maintained in a central database with Internet access; each
EBMT center is represented in this database. Patient selection
included patients who underwent their first allo-HSCT for MDS
between 2012 to 2019 from a MUD (10/10) or MMUD (<10/10)
and who received either PTCY-based or ATG-based GVHD pro-
phylaxis (supplemental Figure 1). Allo-HSCTs that used other
donor types, alternative stem cell sources, or ex vivo T-cell deple-
tion were excluded. Performance status was assessed using the
reported Karnofsky Performance Status and comorbidities via the
hematopoietic cell transplantation-specific comorbidity index
(HCT-CI). Based on these criteria, a total of 960 adults were
identified in the EBMT registry database.

Neutrophil engraftment was defined as the first day of 3 consec-
utive days of a neutrophil count >0.5 × 109/L and platelet
engraftment was defined as the first day of a platelet count >20 ×
109/L for 7 consecutive days without transfusion support. Primary
graft failure was defined as failure to reach a neutrophil count
>0.5 × 109/L in the first 28 days after stem cell transplantation or
documentation of autologous reconstitution by chimerism analysis
in the absence of relapse. 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 2
lineages and loss of donor chimerism without relapse of the primary
disease. Complete remission was defined if all the following were
achieved: hemoglobin >11 g/dL, platelet >100 × 10/L9, and
neutrophils >1.5 × 109/L with <5% blasts in the bone marrow.
Relapse was defined as loss of complete remission. Conditioning
regimens were defined as MAC if they contained either total body
irradiation with a dose of >6 Gy, oral busulfan dosage >8 mg/kg, or
a dose of IV busulfan >6.4 mg/kg.22,23 aGVHD was graded
according to 2 different established criteria depending on the year
of aGVHD diagnosis.24,25 cGVHD was assessed using 2 estab-
lished National Institutes of Health criteria.26 Following the infor-
mation reported in the EBMT registry, the severity of cGVHD was
graded according to the National Institutes of Health criteria (mild,
moderate, and severe).

Statistics

The type of GVHD prophylaxis used for allo-HSCT (PTCY based vs
ATG based) was considered the main variable of interest in this
study. The primary outcomes were overall survival (OS),
progression-free survival (PFS), and grade 3 to 4 aGVHD and
extensive cGVHD-free and relapse-free survival (GRFS). Second-
ary outcomes were relapse, nonrelapse mortality (NRM), aGVHD
and cGVHD, and neutrophil and platelet engraftment.

Statistics followed the EBMT guidelines.27 OS, PFS, and GRFS
were estimated using the Kaplan-Meier product limit estimation
method, and differences in subgroups were assessed using the
log-rank test. The median follow-up was determined using the
reverse Kaplan-Meier method. The cumulative incidences of
relapse or NRM, aGVHD grade 2 to 4 and 3 to 4, overall cGVHD,
and limited and extensive cGVHD were analyzed separately in a
competing risks framework. In all GVHD-related outcomes, relapse
PTCY VS ATG IN UD ALLO-HSCT FOR MDS 4793



Table 1. Patient characteristics

Variables

Total PTCY ATG

P valueN (%) n (%) n (%)

Patient number 960 (100) 209 (21.8) 751 (78.2)

Median age at transplant (IQR), y 59.3 (49.2-65) 57.1 (46.5-63.9) 60.1 (50.6-65.2) .006

Sex at birth

Male 603 (62.8) 122 (58.4) 481 (64.0) .16

Female 357 (37.2) 87 (41.6) 270 (36.0)

Patient CMV serology

Positive 673 (71.1) 160 (77.7) 513 (69.2) .023

Negative 274 (28.9) 46 (22.3) 228 (30.8)

Missing 13 3 10

Disease at diagnosis

RA/RARS/del5q 69 (7.4) 16 (7.7) 53 (7.3) .54

RCMD/RCMD-RS/MDS-U 292 (31.2) 58 (28.0) 234 (32.1)

MDS-EB 576 (61.5) 133 (64.3) 443 (60.7)

Missing 23 2 21

IPSS-R at diagnosis

Very low 35 (6.6) 6 (4.4) 29 (7.3) .24

Low 86 (16.1) 16 (11.8) 70 (17.6)

Intermediate 146 (27.4) 36 (26.5) 110 (27.7)

High 157 (29.5) 46 (33.8) 111 (28.0)

Very high 109 (20.5) 32 (23.5) 77 (19.4)

Missing 427 73 354

Cytogenetics

Normal 396 (45.6) 86 (46.0) 310 (45.5) .98

Abnormal 472 (54.4) 101 (54.0) 371 (54.5)

Missing 92 22 70

IPSS-R cytogenetics

Good 448 (53.6) 99 (55.0) 349 (53.2) .95

Intermediate 141 (16.9) 28 (15.6) 113 (17.2)

Poor 124 (14.8) 27 (15.0) 97 (14.8)

Very poor 123 (14.7) 26 (14.4) 97 (14.8)

Missing 124 29 95

Treatment before HSCT

Untreated 232 (24.4) 47 (22.6) 185 (24.9) .55

Treated 718 (75.6) 161 (77.4) 557 (75.1)

Missing 10 1 9

HMA before HSCT

Yes 411 (45.3) 111 (56.1) 300 (42.3) .001

No 496 (54.7) 87 (43.9) 409 (57.7)

Missing 53 11 42

Disease at HSCT

MDS without EB 232 (24.7) 50 (24.3) 182 (24.8) .56

MDS with EB 503 (53.5) 116 (56.3) 387 (52.7)

MDS-AML 206 (21.9) 40 (19.4) 166 (22.6)

Missing 19 3 16

BM, bone marrow; CMV, cytomegalovirus; MDS-AML, myelodysplastic syndrome transformed to AML; MDS-U, myelodysplastic syndrome unclassifiable; PB, peripheral blood; R, refractory
anemia; RARS, refractory anemia with ring sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS, refractory cytopenia with multilineage dysplasia and with ring
sideroblasts.
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Table 1 (continued)

Variables

Total PTCY ATG

P valueN (%) n (%) n (%)

Donor type

MUD (10/10) 672 (70) 112 (53.6) 560 (74.6) <.001

MMUD 288 (30) 97 (46.4) 191 (25.4)

9/10 241 (83.7) 79 (81.4) 162 (84.8) .72

8/10 45 (15.6) 17 (17.5) 28 (14.7)

7/10 2 (0.7) 1 (1.0) 1 (0.5)

Performance status

>80 661 (71.3) 150 (72.8) 511 (70.9) .65

≤80 266 (28.7) 56 (27.2) 210 (29.1)

Missing 33 3 30

HCT-CI

Low 422 (45.7) 89 (43.4) 333 (46.4) .31

Intermediate 234 (25.4) 48 (23.4) 186 (25.9)

High 267 (28.9) 68 (33.2) 199 (27.7)

Missing 37 4 33

Conditioning regimen

MAC 408 (42.5) 116 (55.8) 292 (38.9) <.001

RIC 551 (57.5) 92 (44.2) 459 (61.1)

Missing 1 1

Stem cell source

BM 59 (6.1) 12 (5.7) 47 (6.3) .91

PB 901 (93.9) 197 (94.3) 704 (93.7)

GVHD prophylaxis

Calcineurin inhibitors 905 (94.3) 169 (80.9) 736 (98.0) <.001

MMF 434 (45.2) 124 (59.3) 310 (41.3) <.001

Methotrexate 402 (41.9) 3 (1.4) 399 (53.1) <.001

BM, bone marrow; CMV, cytomegalovirus; MDS-AML, myelodysplastic syndrome transformed to AML; MDS-U, myelodysplastic syndrome unclassifiable; PB, peripheral blood; R, refractory
anemia; RARS, refractory anemia with ring sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCMD-RS, refractory cytopenia with multilineage dysplasia and with ring
sideroblasts.

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/8/18/4792/2243792/blooda_adv-2024-013468-m

ain.pdf by guest on 08 O
ctober 2024
and death were considered competing events. Relapse and death
were competing events for NRM and relapse incidence (RI),
respectively. Competing risks analyses were also used to analyze
the cumulative incidences of neutrophil engraftment and platelet
engraftment, each with competing event death. Subgroup differ-
ences in the cumulative incidences were assessed using Gray test.
In univariable analyses, patients who were alive and in follow-up by
5 years after the 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. All esti-
mates are given with 95% confidence intervals (CIs) in parenthe-
ses when appropriate.

The impact of the main explanatory variable (type of GVHD pro-
phylaxis) and other risk factors on OS and PFS were explored
using multivariable Cox regression analyses. The baseline risk
factors included in each of the multivariable models were selected
based on clinical judgment before the analysis. Cases with missing
data for covariates or outcomes were excluded from the respective
model. The models included the main study variable of GVHD
prophylaxis (ATG based vs PTCY based). Any other included
24 SEPTEMBER 2024 • VOLUME 8, NUMBER 18
covariates are considered adjustment factors. All models addi-
tionally included the covariate constellation Revised International
Prognostic Scoring System (IPSS-R) cytogenetics at diagnosis
(intermediate, poor, and very poor vs good), donor match (MMUD
vs MUD), age at allo-HSCT (by decade), HMA pretreatment (yes vs
no), HCT-CI (intermediate and high vs low risk), and MDS stage at
diagnosis (excess blast [EB] type 1/2 vs other). A potential center
effect was accommodated for by the inclusion of a gamma frailty
random effect for center. The corresponding P values were
calculated using likelihood ratio tests by comparing models with
identical fixed effects with and without the frailty term. P values
were calculated using unadjusted Wald tests.

Continuous pretransplant variables were summarized using the
median and interquartile range (IQR) and categorical pretransplant
variables were summarized using percentages within the group of
patients with available data. Group differences between the PTCY
based and other prophylaxis subgroups were assessed using χ2

tests for categorical baseline variables and t tests for continuous
baseline variables. All P values were 2-sided, and P <.05 was
considered significant. Statistical analyses were performed using R,
PTCY VS ATG IN UD ALLO-HSCT FOR MDS 4795



Table 2. Outcome of myelodysplastic neoplasms with unrelated donor transplants: PTCY vs ATG (univariable)

Variables Total PTCY ATG P value

Patient number 960 209 751

D28 neutrophil engraftment (95% CI) 91% (89-93) 85% (80-89) 93% (91-94) <.001

D100 platelet engraftment (95% CI) 89% (87-91) 86% (82-91) 90% (88-92) <.001

D100 primary graft failure 3% (2-5) 6% (3-9) 3% (2-4) .025

5-y OS 51% (48-54) 58% (50-65) 49% (46-53) .07

5-y PFS 46% (42-49) 53% (45-60) 44% (40-48) .043

5-y relapse/progression 25% (22-28) 22% (16-29) 25% (22-29) .3

5-y NRM 30% (27-33) 25% (19-31) 31% (27-34) .18

D100 aGVHD (95% CI)

aGVHD grade 2-4 28% (26-31) 23% (17-29) 30% (27-33) .044

aGVHD grade 3-4 12% (10-14) 11% (7-16) 13% (10-15) .6

5-y cGVHD (95% CI)

All 38% (34-41) 37% (30-44) 38% (34-41) .7

Mild 12% (10-15) 16% (10-21) 12% (9-14) .15

Moderate 10% (8-12) 12% (7-17) 10% (7-12) .4

Severe 7% (6-9) 4% (1-7) 8% (6-10) .08

5-y cGVHD-free survival 21% (18-23) 24% (17-31) 20% (17-23) .07

5-y GRFS (95% CI) 32% (29-35) 36% (28-43) 31% (27-34) .18
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Results

Patient characteristics

The patient characteristics are described in Table 1. A total of 209
patients received PTCY, and 751 received ATG as GVHD
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Figure 1. Incidence of GVHD. (A) Cumulative incidence at day 100 of aGVHD grade 2

incidence of cGVHD at 5 years among patients with MDS who received PTCY or ATG as

patients at risk.
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prophylaxis. We had data on 569 of 751 (76%) patients who
received ATG with 305 (53.5%) receiving ATG in the form of
Thymoglobulin at a median dose of 5 mg/kg (range, 1-10) and 264
(46.4%) receiving Grafalon at a median dose of 30 mg/kg (range,
20-60). Of note, 14 patients received Thymoglobulin at a dose of
≥10 mg/kg and 63 received Grafalon at a dose of ≥60 mg/kg.
Patients within the ATG cohort were older (60.1 years [IQR, 50.6-
65.2] vs 57.1 years [IQR, 46.5-63.9]; P = .006). Disease charac-
teristics were similar across the PTCY and ATG groups. There was
HD III-IV
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a total of 576 patients in the entire group with MDS with EB; at
diagnosis, there were 503 patients with MDS-EB and 206 patients
transformed into AML at the time of allo-HSCT. Among patients with
available data to calculate the IPSS-R (n = 533) at diagnosis, risk
categorization was as follows: 35 (6.6%) were very low, 86 (16.1%)
were low, 146 (27.4%) were intermediate, 157 (29.5%) were high,
and 109 (20.5%) were very high. Patients within the PTCY cohort
were more likely to receive HMA before the transplant (56.1% vs
42.3%; P = .001) and underwent transplantation more frequently
using an HLA-mismatched 9/10 donor (46.4% vs 25.4%; P < .001).
Conditioning regimen intensity was more frequently classified as
MAC in the PTCY cohort (55.8% vs 38.9%; P < .001). There was
less use of methotrexate (1.4% vs 53.1%) and calcineurin inhibitors
(80.9% vs 98%) and more use of MMF (59.3% vs 41.3%) in the
PTCY group than in the ATG group (P < .001; Table 1).
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Outcomes

The cumulative incidence of neutrophil engraftment at 28 days was
significantly better with ATG (93% vs 85% in the PTCY group; P <
.001; Table 2). The median time to neutrophil engraftment was
16 days (95% CI, 16-17) vs 20 days (95% CI, 19-21), and platelet
engraftment occurred at a median of 15 days (95% CI, 14-16) vs
21 days (95% CI, 19-23) with cumulative platelet recovery at day
100, which was also significantly better with ATG (90% vs 86% for
the PTCY group; P < .001; Table 2). Primary graft failure was
significantly higher with use of PTCY than with ATG (6% vs 3%;
P = .025). Grade 2 to 4 aGVHD incidence was lower using PTCY
(23%; 95% CI, 17-29 vs 30%; 95% CI, 27-33; P = .044;
Figure 1A). Grade 3 to 4 aGVHD incidence did not differ signifi-
cantly between the PTCY and ATG cohorts (11%; 95% CI, 7-16
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Table 3. Outcome of myelodysplastic neoplasms with unrelated

donor transplants by donor type (univariable)

Variables MUD MMUD P value

Patient number 672 288

5-y OS (95% CI) 54% (50-58) 44% (38-51) .005

5-y PFS (95% CI) 48% (44-52) 40% (34-46) .016

5-y relapse/progression (95% CI) 25% (21-28) 24% (19-29) .7

5-y NRM (95% CI) 27% (24-31) 36% (30-41) .005

D100 aGVHD (95% CI)

aGVHD grade 2-4 27% (24-31) 31% (26-36) .3

aGVHD grade 3-4 11% (9-13) 15% (11-19) .09

5-y cGVHD (95% CI)

All 39% (36-43) 33% (27-39) .07

Mild 14% (11-16) 10% (6-14) .14

Moderate 12% (9-14) 7% (4-10) .0034

Severe 8% (6-10) 6% (15-25) .4

5-y cGVHD-free survival (95% CI) 21% (18-24) 20% (15-25) .6

5-y GRFS (95% CI) 33% (29-37) 29% (23-35) .1
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vs 13%; 95% CI, 10-15, respectively; P value = .6; Figure 1B). In
parallel, there was also no difference in cGVHD incidence (37%;
95% CI, 33-44 with PTCY and 38%; 95% CI, 34-41 at 5-years;
P = .7; Table 2; Figure 1C). There was a tendency toward a lower
incidence of severe cGVHD with PTCY (4%; 95% CI, 1-7 vs 8%;
95% CI, 6-10; P = .08) and a tendency toward better cGVHD-free
survival, which was 24% (95% CI, 17-31) vs 20% (95% CI, 17-23;
P = .07) for PTCY and ATG, respectively (Table 2). After a median
follow-up of 4.4 years (95% CI, 4.2-4.8), a total of 445 patients
died. Causes of death did not differ between the 2 cohorts; 37.8%
and 38.3% died from relapse or progression of the primary disease
in the PTCY and ATG cohorts, respectively. The 5-year OS was
58% (95% CI, 50-65) with PTCY and 49% (95% CI, 46-53) in the
ATG group (P = .07; Table 2; Figure 2A). The 5-year PFS was
better with PTCY at 53% (95% CI, 45-60) vs 44% (95% CI, 40-
48) with ATG (P = .043; Table 2; Figure 2B). The 5-year GRFS
was 36% (95% CI, 28-43) with PTCY vs 31% (95% CI, 27-34)
with ATG (P = .18; Table 2; Figure 2C). The 5-year cumulative
incidence of relapse was similar in the 2 cohorts (22%; 95% CI,
16-29 in PTCY vs 25%; 95% CI, 22-29 in ATG; P = .3; Table 2;
Figure 2D). The 5-year NRM was 25% (95% CI, 19-31) vs 31%
(95% CI, 27-34) in PTCY and ATG, respectively (P = .18; Table 2;
Figure 2E).

When comparing MUD with MMUD transplants, the 5-year OS was
better for the MUD cohort than for the MMUD cohort (54%;
95% CI, 50-58 vs 44%; 95% CI, 38-51; P = .005; Table 3). It was
remarkable to observe that in the MUD setting, PTCY achieved the
best OS and MUD-ATG and MMUD-PTCY had similar outcomes,
whereas MMUD-ATG had the worse outcome (Figure 3A). Similar
findings were observed in terms of the 5-year PFS, which was 48%
(95% CI, 44-52) for MUD and 40% (95% CI, 34-46) for MMUD
(P = .016; Table 3; Figure 3B). There was a nonsignificant ten-
dency for better GRFS with MUD of 33% (95% CI, 29-37) vs 29%
(95% CI, 23-35) for MMUD (P = .1; Table 3; Figure 3C). The
worse OS and PFS for MMUD was related to an increase in NRM
in the MMUD group, which was 36% (95% CI, 30-41) vs 27%
4798 CHALANDON et al
(95% CI, 24-31) with MUD transplants (P = .005; Table 3;
Figure 3E). The RI was similar in both cohorts (25%; 95% CI, 21-
28 with MUD vs 24%; 95% CI, 19-29 with MMUD; P = .7; Table 3;
Figure 3D).

We also looked at the outcome in terms of different ATG treat-
ments given, specifically either Thymoglobulin or Grafalon, with no
differences in term of OS, PFS, GRFS, aGVHD, or cGVHD except
for more aGVHD grade 3 to 4 in the Thymoglobulin group with an
incidence of 15% (95% CI, 11-19) vs 9% (95% CI, 5-12) in the
Grafalon group (P = .027; supplemental Figures 2 and 3).

There were also some differences in outcome based on the year of
transplant with better OS (P = .04), PFS (P = .003), and lower
aGVHD grade 2 to 4 (P = .03) after 2016 but no differences in
terms of RI (P = .13), NRM (P = .07), GRFS (P = .08), aGVHD
grade 3 to 4 (P = .7), or cGVHD (P = .3; supplemental Figures 4
and 5).

A relationship between transplant volume and outcome was
observed. Patients who received a transplant in centers with larger
numbers of patients in this cohort were less likely to have an
adverse event. There was an improved OS (hazard ratio [HR] per
10 patient increase, 0.85; 95% CI, 0.77-0.95; P = .005) and PFS
(HR, 0.87; 95% CI, 0.78-0.96; P = .008) related to a lower NRM
(HR, 0.81; 95% CI, 0.7-0.94; P = .005; supplemental Table 1).

In the univariable analysis, patients who underwent a transplant
with a MAC regimen had an improved OS and PFS when
compared with those who had a RIC regimen (P = .036 and
P = .015, respectively; supplemental Figure 6).

Risk factors

The multivariable analyses were adjusted for all variables prog-
nostic for at least 1 outcome (OS, PFS, GRFS, NRM, RI, aGVHD,
and cGVHD). Those variable were MDS classification, IPSS-R
cytogenetics, donor/recipient HLA mismatch, recipient age, HMA
given before allo-HSCT, HCT-CI risk, and center effect, and it
revealed significantly better OS for PTCY with an HR for ATG of
1.32 (95% CI, 1.0-1.74, P = .05) and a superior PFS for PTCY with
an HR for ATG of 1.33 (95% CI, 1.03-1.73; P = .03; Table 4). The
full Cox model is available in supplemental Table 2. There was no
apparent interaction between GVHD prophylaxis (PTCY or ATG)
and IPSS-R or HLA matching, suggesting that the effects of ATG
and PTCY were not dependent on these risk factors. Namely, the
benefit of PTCY for OS and PFS is true in both the MUD and
MMUD settings. There was also a tendency of improved GRFS,
NRM, and relapse, which was not statistically significant, for
patients who received PTCY as GVHD prophylaxis (Table 4). The
risk for acute grade 2 to 4 GVHD was significantly increased
among patients who received ATG when compared with those
who received PTCY (HR, 1.61; 95% CI, 1.12-2.33; P = .01),
whereas there was no difference in the incidence of cGVHD. The
risk for acute grade 3 to 4 GVHD was similar in the 2 groups (data
not shown). The other factors that impacted OS were the degree
of HLA matching with an HR of 1.48 (95% CI, 1.19-1.82) for
MMUD (P < .001), the IPSS-R cytogenetic risk profile with the very
poor risk group having an HR of 2.37 (95% CI, 1.73-2.96;
P<.001), the age at transplant with an HR of 1.15 (95% CI, 1.05-
1.27) for older age (P = .003), and the HCT-CI with an HR for high
risk (≥3) of 1.26 (95% CI, 1-1.59; P = .05; supplemental Table 2).
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Figure 3. Outcomes of patients with MDS transplanted with PTCY vs ATG. (A) OS was 60% (95% CI, 52-72) for patients who underwent a MUD transplant and received

PTCY, 53% (95% CI, 42-63) for patients who underwent a MMUD transplant and received PTCY, 52% (95% CI, 48-57) for patients who underwent a MUD transplant and received

ATG, and 41% (95% CI, 34-49) for patients who underwent a MMUD transplant and received ATG (P = .004). (B) PFS was 56% (95% CI, 45-67) for patients who underwent a

MUD transplant and received PTCY, 49% (95% CI, 38-60) for patients who underwent a MMUD transplant and received PTCY, 46% (95% CI, 42-51) for patients who underwent a

MUD transplant and received ATG, and 37% (95% CI, 30-44) for patients who underwent a MMUD transplant and received ATG (P = .007). (C) GRFS was 35% (95% CI, 25-45)

for patients who underwent a MUD transplant and received PTCY, 36% (95% CI, 25-46) for patients who underwent a MMUD transplant and received PTCY, 32% (95% CI, 28-37)

for patients who underwent a MRD transplant and received ATG, and 26% (95% CI, 19-33) for patients who underwent a MMUD transplant and received ATG (P = .09). (D) RI was

22% (95% CI, 12-31) for patients who underwent a MUD transplant and received PTCY, 23% (95% CI, 14-32) for patients who underwent a MMUD transplant and received PTCY,

26% (95% CI, 22-29) for patients who underwent a MUD transplant and received ATG, and 24% (95% CI, 18-31) for patients who underwent a MMUD transplant and received ATG

(P = .7). (E) NRM was 22% (95% CI, 14-30) for patients who underwent a MUD transplant and received PTCY, 28% (95% CI, 19-37) for patients who underwent a MMUD

transplant and received PTCY, 28% (95% CI, 24-32) for patients who underwent a MUD transplant and received ATG, and 39% (95% CI, 32-46) for patients who underwent a

MMUD transplant and received ATG (P = .009) when stratified by donor type (MUD vs MMUD). Numbers below the graph show the number of patients at risk.
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In contrast, neither pretransplant HMA use nor the presence of
EBs at diagnosis negatively impacted OS (supplemental Table 2).
Regarding PFS, a similar signal as for OS was found (supplemental
Table 2). The variables that significantly impacted GRFS were an
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IPSS-R cytogenetics risk of intermediate with an HR of 1.32
(95% CI, 1.03-1.68; P = .03), a risk of very poor with an HR of 1.85
(95% CI, 1.45-2.36; P < .001), an HCT-CI high-risk score with an
HR of 1.32 (95% CI 1.09-1.61; P = .006), and a MMUD with an
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Table 4. PTCY vs ATG in adjusted Cox models for PFS, GRFS, NRM,

relapse, and grade 2 to 4 GVHD

Outcome No. Events HR (95% CI) P value

OS

PTCY 166 65

ATG 597 301 1.32 (1-1.74) .05

PFS

PTCY 165 75

ATG 595 328 1.33 (1.03-1.73) .03

GRFS

PTCY 162 102

ATG 580 392 1.24 (0.99-1.56) .06

NRM

PTCY 165 40

ATG 595 184 1.39 (0.97-2.01) .07

Relapse/progression

PTCY 165 35

ATG 595 144 1.29 (0.88-1.88) .2

aGVHD grade 2-4

PTCY 164 41

ATG 575 197 1.61 (1.12-2.33) .01

cGVHD

PTCY 155 56

ATG 578 224 1.06 (0.77-1.47) .7

Effect estimates are given with 95% CI and corresponding P values were calculated using
the Wald test.
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HR of 1.27 (95% CI, 1.05-1.53; P = .01; supplemental Table 2).
Grade 2 to 4 acute GVHD was only influenced by the use of PTCY
when compared with ATG with an HR of 1.58 (95% CI, 1.12-2.24;
P = .01). Of note, the better outcome found in univariable analysis
for OS and PFS in favor of MAC was not confirmed in the multi-
variable analysis (P = .3 and P = .2, respectively).

Discussion

This retrospective registry study describes the outcome of patients
with MDS who underwent allo-HSCT with MUD or MMUD
between 2012 and 2019 and who received either PTCY or ATG as
GVHD prophylaxis. This study is, to our knowledge, the first to
focus on MDS allo-HSCT in the UD setting and to compare out-
comes following GVHD prophylaxis with either ATG or PTCY.
Leveraging the large EBMT network, we were able to show that the
risks for acute grade 2 to 4 GVHD, PFS, and OS were decreased
by PTCY when compared with ATG. However, because the
structure of the registry was not aimed to prospectively collect
details on ATG administration and the heterogeneity in ATG
delivery and dosing, there is clearly a need for randomized pro-
spective trials to confirm our results in this setting. Indeed, the
brand and ATG dosing may also influence the results as already
reported.28 However, we failed to find any difference between
Thymoglobulin and Grafalon in terms of OS, disease-free survival
(DFS), NRM, or GRFS. Currently, results from prospective trials
that compared PTCY with ATG remain scarce. Brissot et al have
4800 CHALANDON et al
reported the results of a prospective phase 2 trial that compared
PTCY with ATG and showed similar outcomes for all end points.29

In addition, several registry studies are available and summarized in
supplemental Table 3.17,18,21,30-36 Most large available studies
included patients with acute leukemia in the setting of an unrelated
donor. Regarding aGVHD, PTCY is regularly reported to decrease
the risk for grade 2 to 4 or grade 3 to 4 (supplemental Table 3).
Studies that included only allo-HSCT that used an MMUD have
reported a systematical decreased risk for aGVHD,30,31,35 sug-
gesting a strong protective effect of PTCY against aGVHD in the
setting of a MMUD. However, it has also been reported that PCTY
decreased the aGVHD risk in the setting of MUD, even if results are
more conflicting (supplemental Table 3).34 Regarding cGVHD,
PTCY has been reported to decrease the risk or have a minor
impact, as is the case in our present study (supplemental Table 3).

Engraftment and neutrophil and platelet recovery were worse when
using PTCY in our study. Of note, this delay occurred despite the
vast majority of allo-HSCTs being performed with peripheral blood
stem cell (PBSC) as the stem cell source (93.9%). This is in
concordance with most of the studies in this setting for which there
was information on engraftment that showed either a lower or
delayed neutrophil and platelet engraftment with the exception of
1 report with a small number of patients in which there was
no difference in the time to neutrophil and platelet
engraftment.21,31,33,34,37 Altogether, it seems that PTCY negatively
impacts the time to engraftment and graft failure, although this
does not seem to convert to a higher risk for mortality, possibly
compensated by a lower incidence of GVHD.

In this study, PTCY was predictive for better OS and PFS, whereas
the NRM and relapse risks were not significantly impacted by
GVHD prophylaxis type. The survival advantage of PTCY has also
been reported by other groups (supplemental Table 3). One
hypothesis is that the mortality related to GVHD and infections is
reduced and that was confirmed in an MDACC registry study.34

Unfortunately, we lack this information in the registry and could
not check if the overall infection rate was decreased with the use of
PTCY when compared with ATG. Nonetheless, in this study, cau-
ses of mortality were superimposable in the PTCY or ATG cohorts.
The advantage of survival was seen in the MUD and in the MMUD
setting, confirming the effect of PTCY in both groups of patients.

Limitations of this study are those inherent to a registry-based
design, which may confer some bias. This study cannot replace a
randomized trial, especially because there was big heterogeneity in
terms of GVHD prophylaxis, conditioning regimen, and the reason
why PCTY or ATG was chosen, which was unknown.

In contrast, a strength was that this study included a substantial
number of patients with a high number of centers (92), and the
heterogeneity of the procedures reflect real life and may emphasize
the findings.

In summary, the results of this study suggest that for patients with
MDS who proceed with UD allo-HSCT, PTCY is a valid GVHD
prophylaxis option that may improve PFS and OS and decrease the
rates of grade 2 to 4 aGVHD at the expense of delayed engraft-
ment and an increased graft failure rate. These results applied to
both MUD and to MMUD, but MUD donors are still associated with
a better outcome than MMUD donors. Moreover, this strategy is
cost-effective and may reduce the costs of UD allo-HSCT,
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particularly in countries in which ATG is more difficult to obtain.
Further cooperative and prospective randomized studies would be
essential to confirm these results.
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