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BACKGROUND: Graft-versus-host disease (GVHD) is a major complication after allogeneic hematopoietic stem cell transplantation 

(allo-HSCT). Addition of antithymocyte globulin (ATG) or post-transplantation cyclophosphamide (PTCY) to standard immunosuppres-

sive agents reduces GVHD in different donor settings. METHODS: We compared the outcomes of adults with acute myeloid leukemia 

undergoing allo-HSCT from HLA-identical sibling donors after the use of PTCY (n = 197) or ATG (n = 1913). RESULTS: Patients in the PTCY 

group were younger than those in the ATG group (median age, 47 vs 54 years; P < .01). Peripheral blood was the most frequently used 

stem cell source, being significantly more frequent in the ATG group than in the PTCY group (95% vs 70% P < .01). The conditioning regi-

men was more frequently myeloablative in the PTCY group than in the ATG group (59% vs 48%; P < .01). Time to neutrophil engraftment 

was shorter in the ATG group than in the PTCY group (17 vs 20 days; P < .01). No differences were observed according to the other trans-

plantation outcomes, except for chronic GVHD of all grades and extensive chronic GVHD at 2 years, which were significantly lower in the 

ATG group compared with the PTCY group (P < .02). CONCLUSION: PTCY is feasible in an HLA-identical sibling setting, and despite simi-

lar outcomes, ATG may be associated with lower incidence of chronic GVHD. Cancer 2021;127:209-218. © 2020 American Cancer Society. 
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INTRODUCTION
Despite major improvements in the setting of allogeneic hematopoietic stem cell transplantation (allo-HSCT), graft- 
versus-host disease (GVHD) remains one of the major causes of transplantation-related morbidity and mortality. Its 
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incidence in HLA-identical sibling transplantation with 
the use of standard immunosuppressive agents (ie, a cal-
cineurin inhibitor in association to either methotrexate or 
mycophenolate mofetil) ranges from 35 to 50% according 
to different series.1-3 The addition of in vivo T cell deple-
tion (TCD) in this setting has allowed reduction in the 
incidence of GVHD, especially chronic GVHD, and par-
ticularly in patients receiving peripheral blood as a stem cell 
source (PBSC).4 However, the use of in vivo TCD is lim-
ited by several concerns, including delayed immune recon-
stitution with the consequent increased risk of infections 
and, according to some studies, an increased risk of disease 
relapse.5,6

In recent years, the John Hopkins group pio-
neered the use of post-transplantation cyclophospha-
mide (PTCY) in the HLA-mismatched related donors 
setting, showing that this strategy is feasible and effica-
cious with low rates of both acute and chronic GVHD.7 
Subsequently, the use of PTCY has also been proposed 
in other donor settings, such as HLA-identical sibling 
and unrelated donor transplantation, confirming its 
feasibility.8-10

The goal of the current study was to compare the 
use of either ATG or PTCY as GVHD prophylaxis strate-
gies in adult patients undergoing allo-HSCT from HLA-
identical siblings for acute myeloid leukemia (AML) in 
first complete remission.

MATERIALS AND METHODS
This was a retrospective study from the Acute Leukemia 
Working Party (ALWP) of the European Society for 
Blood and Marrow Transplantation (EBMT), a work-
ing group of more than 600 transplant centers—mostly 
located in Europe—that are required to report annu-
ally all consecutive transplantations and follow-up data. 
Data are entered, managed, and maintained in a cen-
tral database with internet access; each EBMT center 
is represented in this database. There are no restrictions 
on centers for reporting data, except for those required 
by law on patient consent, data confidentiality, and 
accuracy. Quality control measures include several in-
dependent systems: confirmation of validity of the en-
tered data by the reporting team, selective comparison 
of the survey data with MED-A data sets in the EBMT 
registry database, cross-checking with the National 
Registries, and regular in-house and external data au-
dits. Patients provide informed consent authorizing the 
use of their personal information for research purposes. 
Each patient provides consent for transplantation ac-
cording to the ethical principles of the Declaration of 

Helsinki. The study was approved by the institutional 
review board of the ALWP of the EBMT.

Eligibility Criteria
Included in the current study were adult patients (age 
≥18 years) who had been diagnosed with AML in first 
complete remission and underwent their first allo-HSCT 
from an HLA-identical sibling donor between 2008 and 
2018.

Only patients for whom GVHD prophylaxis con-
tained either PTCY or ATG were included. In vivo TCD 
other than ATG was excluded.

Definitions
The cytogenetic risk was defined according to the MRC 
criteria.11 Performance status was graded according to 
the Karnofsky performance scale. The conditioning regi-
men was defined according to data reported by the cent-
ers as myeloablative or reduced intensity according to the 
EBMT definition.12

Because information on the brand of ATG was not 
available in the registry, a stepwise hypothetical strat-
egy was formulated to identify patients who received 
Thymoglobulin or Grafalon: ATG doses of 16 mg/kg or 
higher were considered as Grafalon, and lower doses were 
considered as Thymoglobulin based on the usual doses of 
each brand.

The primary endpoint of the study was the cumula-
tive incidence of GVHD. Acute GVHD was graded ac-
cording to the modified Glucksberg criteria and chronic 
GVHD according to the revised Seattle criteria.13,14 
Secondary endpoints included engraftment rate, leukemia- 
free survival (LFS), overall survival (OS), refined GVHD/
relapse-free survival (GRFS), cumulative incidences of 
relapse (RI), and nonrelapse mortality (NRM).

Engraftment was defined as achieving an absolute 
neutrophil count greater than or equal to 0.5 × 109/L for 
3 consecutive days. The probability of being alive without 
evidence of relapse or progression defined LFS. OS was 
defined as the time from allo-HSCT to death, regardless 
of the cause. Refined GRFS was defined as being alive 
with neither grade III/IV acute GVHD nor severe chronic 
GVHD nor disease relapse at any time point.15 Death 
without evidence of relapse or progression defined NRM.

Statistical Analysis
Median values and ranges were used for continuous vari-
ables, while frequencies and percentages were used for 
categorical variables. Patient-, disease-, and transplanta-
tion-related variables of the groups were compared using 
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the chi-square or Fisher’s exact test for categorical varia-
bles and the Kruskal-Wallis test for continuous variables. 
The probabilities of OS, GRFS, and LFS were calculated 
using the Kaplan-Meier method, and the log-rank test 
was used for univariate comparisons of survival.16,17

Neutrophil engraftment, acute and chronic GVHD, 
RI, and NRM were calculated using the cumulative in-
cidence estimator to accommodate competing risks. For 
NRM, relapse was the competing risk, and for RI the com-
peting risk was death without relapse. To study acute and 
chronic GVHD, relapse and death were the competing 
events. Comparisons between cumulative incidence curves 
were performed using the Gray test. Multivariate analyses 
adjusted for differences between the groups were performed 
using the Cox proportional hazards regression model.18 
All variables differing significantly between the 2 groups 
or variables that were clinically relevant were included in 
the Cox model; these included age, year of allo-HSCT, 
interval from diagnosis to transplantation, secondary 
AML, cytogenetic risk, performance status, condition-
ing regimen intensity, stem cell source, cytomegalovirus 
(CMV) serology in both donor and recipient. Results are 
expressed as the hazard ratio (HR) and 95% CI. P values 
are 2-sided. Two subgroup analyses were performed due to 
practical clinical considerations. The first of these analyses 
excluded patients receiving PTCY alone; the 32 patients 
belonging to this group underwent transplantation in the 
same center. Therefore, we excluded those patients to ver-
ify that the final results were not influenced by a single- 
center strategy. The second analysis only included patients 
who received PBSC, due to the most frequent use of this 
stem cell source in the HLA-identical sibling setting and 
considering that ATG is mainly recommended when 
using PBSC in this donor setting. Furthermore, a propen-
sity score matching was also performed to confirm results 
of the main analysis and adjust group imbalancies.19 Each 
patient identified as having received PTCY was matched 
with 2 patients who had received ATG using the nearest 
neighbor for age, time from diagnosis to transplantation, 
secondary AML, cytogenetics, conditioning intensity, fe-
male donor into male recipient, and patient and donor 
CMV serology status. Matching was done on the logit of 
the propensity score using calipers of width equal to 0.2 
of the standard deviation of the logit of the estimated pro-
pensity score. The patients were well matched, with stan-
dardized mean difference estimates of less than 10% for all 
matched parameters. Statistical analyses were performed 
with SPSS version 24 (SPSS Inc./IBM, Armonk, New 
York) and R version 4.0 (R Development Core Team, 
Vienna, Austria).

RESULTS
The baseline characteristics are summarized in Table 1. 
Globally, 1913 and 197 patients receiving ATG or PTCY, 
respectively, fulfilled the inclusion criteria. Patients in the 
PTCY group were younger than those in the ATG group 
(median age, 47 vs 54 years; P < .01) and had undergone 
allo-HSCT more recently (median year of allo-HSCT, 
2015 vs 2014; P < .01). Time from diagnosis to allo-
HSCT was shorter for patients receiving PTCY (4.3 vs 

TABLE 1.  Patient, Disease, and Transplantation 
Characteristics

Characteristic ATG (n = 1913) PTCY (n = 197) P

Age at allo-HCT, y, 
median (range)

54 (18-72) 47 (18-74) <.01

Sex .55
Men 1012 (53) 88 (55)
Women 893 (47) 88 (45)

Female donor into 
male recipient

456 (24) 51 (26) .55

Secondary AML 318 (17) 31 (16) .75
Cytogenetic risk .51

Good 67 (3) 8 (4)
Intermediate 869 (45) 87 (44)
Poor 347 (19) 29 (15)
NA/Failed 630 (33) 73 (37)

Karnofsky perfor-
mance status <90%

443 (24) 41 (21) .39

Patient CMV serology <.01
Positive 1330 (70) 152 (80)
Negative 564 (30) 39 (20)

Donor CMV serology .07
Positive 1205 (64) 130 (71)
Negative 674 (36) 54 (29)

Interval from diagnosis 
to allo-HSCT, mo 
(range)

4.8 (1-18) 4.3 (1-17) <.01

Year of allo-HSCT 
(range)

2014 (2008-2018) 2015 (2009-2018) <.01

Conditioning regimen <.01
Myeloablative 924 (48) 116 (59)
Reduced intensity 989 (52) 81 (41)

Source of stem cells <.01
Bone marrow 91 (5) 58 (30)
PBSC 1822 (95) 139 (70)

Associated immuno-
suppressive agents
Cyclosporine 539 (28) 44 (23)
Cyclosporine + 

mycophenolate 
mofetil

553 (29) 23 (12)

Cyclosporine + 
methotrexate

649 (34) 14 (7)

Tacrolimus + 
mycophenolate 
mofetil

47 (2) 8 (4)

PTCY alone — 32 (16)
Other 125 (7) 76 (38)

Follow-up, mo,  
median (range)

28 (12-54) 19 (5-34) <.01

Abbreviations: allo-HSTC, allogeneic hematopoietic stem cell transplanta-
tion; AML, acute myeloid leukemia; ATG, antithymocyte globulin; CMV, cyto-
megalovirus; PBSC, peripheral blood stem cells; PTCY, post-transplantation 
cyclophosphamide.
Data are presented as n (%) unless indicated otherwise.
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4.8 months; P < .01). Peripheral blood was the more fre-
quently used stem cell source, being significantly more 
frequent in the ATG group than in the PTCY group 
(95% vs 70%; P < .01). The conditioning regimen was 
more frequently myeloablative in the PTCY group than 
in the ATG group (59% vs 48%, P < .01). Busulfan with 
either fludarabine (64% and 36% for the ATG and PTCY 
groups, respectively) or cyclophosphamide (9% and 17% 
for the ATG and PTCY groups, respectively) were the 
most frequently used conditioning regimens. The most 
commonly used ATG brand was Thymoglobuline (74%). 
Two or 3 additional immunosuppressive agents were used 
in 70% and 36% of patients receiving ATG or PTCY, 
respectively (P < .01). These were mainly represented by 
cyclosporine A with either methotrexate (34% and 7%) 
or mycophenolate mofetil (29% and 12%) in the ATG 
and PTCY groups, respectively. On the other hand, one 
additional immunosuppressive agent was used along with 
ATG or PTCY in 30% and 64% of patients, respectively, 
this being mainly cyclosporine A in both groups (28% in 
the ATG and 22% in the PTCY group, respectively). Of 
note, 32 patients (16%) received PTCY alone without 
other associated immunosuppressive agents. The median 
follow-up was 19 months (range, 5-34 months) in the 
PTCY group compared with 28 months (12-54 months) 
in the ATG group (P < .01).

Outcomes for the Whole Population
The cumulative incidences (± SD) of grade II-IV and III/
IV acute GVHD at 100 days after transplantation were 
17% ± 2% and 6% ± 1%, respectively, while chronic 
GVHD of all grades and extensive chronic GVHD at  
2 years accounted for 31% ± 2% and 12% ± 2%, respec-
tively. With a median (± SD) follow-up of 22 months 
(range, 1-126 months), probabilities of LFS and OS at  
2 years were 58% ± 2% and 65% ± 3%, respectively. At  
2 years, the cumulative incidence of disease relapse was 
32% (95% CI, 30%-34%), while the cumulative inci-
dence of transplantation-related mortality was 10% ± 2%.

Comparative Analysis of Transplant Outcomes 
With ATG or PTCY
Results of univariate and multivariate analyses are summa-
rized in Tables 2 and 3 and in the Supporting Information.

The main transplantation outcomes were similar 
with the use of ATG or PTCY, except for chronic GVHD, 
which was significantly lower with the use of ATG.

Engraftment and Acute and Chronic GVHD
Neutrophil engraftment occurred in 99.5% of patients in 
both groups, with 1 and 10 patients experiencing graft 

failure in the PTCY and ATG groups, respectively. The 
median time to neutrophil engraftment was longer for pa-
tients receiving PTCY then for patients in the ATG group 
(20 vs 17 days; P < .01).

Comparable cumulative incidences of grade II-IV 
(17% vs 19%; P = .81) and grade III/IV (6% for both 
groups; P = .91) acute GVHD were observed when using 
ATG or PTCY. On the other hand, the use of ATG was 
associated with lower cumulative incidences of chronic 
GVHD of all grades (30% vs 37%; P = .02; Fig. 1) and 
of extensive chronic GVHD compared with PTCY (12% 
vs 16%, P < .01).

The multivariate analysis confirmed the lower risk 
of both chronic GVHD of all grades (HR, 0.71; 95% CI, 
0.52-0.97; P < .04) and extensive chronic GVHD (HR, 
0.60; 95% CI, 0.38-0.93; P < .03) with the use of ATG, 
and the absence of differences for acute GVHD.

Of note, regardless of the use of ATG or PTCY, a 
positive CMV serology in the recipient was independently 

TABLE 2.  Cumulative Incidence (95% CI) of GVHD 
and 2-Year Survival Outcomes

ATG PTCY P

GVHD
100-d grade II-IV aGVHD 17 (16-19) 19 (13-25) .81
100-d grade III-IV 

aGVHD
6 (5-7) 6 (3-10) .96

2-y cGVHD, any grade 30 (28-32) 37 (29-46) .02
2-y cGVHD, extensive 12 (10-14) 16 (11-23) <.01

2-year survival outcomes
LFS 58 (56-61) 55 (47-64) .75
OS 65 (63-68) 64 (55-72) .61
GRFS 49 (46-51) 44 (36-53) .20
RI 32 (29-34) 36 (28-44) .56
NRM 10 (9-11) 8 (5-14) .79

Abbreviations: aGVHD, acute graft-versus-host disease; ATG, antithymo-
cyte globulin; cGVHD, chronic graft-versus-host disease; GRFS, graft-ver-
sus-host disease/relapse-free survival; LFS, leukemia-free survival; NRM, 
non-relapse mortality; OS, overall survival; PTCY, Post-transplantation 
Cyclophosphamide; RI, relapse incidence.

TABLE 3.  Multivariate Analysis

ATG vs PTCY HR (95% CI) P

LFS 1.00 (0.77-1.31) .99
OS 0.97 (0.72-1.32) .86
GRFS 0.85 (0.67-1.03) .16
RI 0.97 (0.72-1.31) .85
NRM 1.15 (0.63-2.11) .65
Grade II-IV acute GVHD 0.96 (0.66-1.41) .84
Grade III/IV acute GVHD 0.82 (0.43-1.58) .56
Chronic GVHD, all grades 0.71 (0.52-0.97) <.04
Extensive chronic GVHD 0.60 (0.38-0.93) <.03

Abbreviations: ATG, antithymocyte globulin; GRFS, graft-versus-host dis-
ease/relapse-free survival; GVHD, graft-versus-host disease; HR, hazard 
ratio; LFS, leukemia-free survival; NRM, nonrelapse mortality; OS, overall sur-
vival; PTCY, posttransplant cyclophosphamide; RI, relapse incidence.
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associated with a higher risk of grade II-IV acute GVHD, 
while the setting of a female donor for a male recipient 
was independently associated with a higher risk of chronic 
GVHD of all grades and of extensive chronic GVHD.

Relapse Incidence and Nonrelapse Mortality
No differences in the cumulative incidences of RI (32% 
vs 36%; P = .56) or NRM (10% vs 8%; P = .79) at 
2 years were observed according to the use of ATG or 

Figure 1.  Cumulative incidence of chronic graft-versus-host disease at 2 years according to the use of Post-transplantation 
Cyclophosphamide or antithymocyte globulin. ATG, antithymocyte globulin; cGVHD, chronic graft-versus-host disease; PTCY, Post-
transplantation Cyclophosphamide.
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Figure 2.  Cumulative incidences of (a) relapse incidence and (b) nonrelapse mortality at 2 years according to the use of Post-
transplantation Cyclophosphamide or antithymocyte globulin. ATG, antithymocyte globulin; NRM, nonrelapse mortality; PTCY, Post-
transplantation Cyclophosphamide.
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PTCY (Fig. 2). This was also confirmed in the multivari-
ate analysis where, regardless of the immunosuppressive 
agent used, secondary AML and a poor karyotype at 
diagnosis were independently associated with a higher 
risk of relapse, whereas transplantations with PBSC and 
from a female donor into a male recipient were associ-
ated with a lower risk of relapse. On the other hand, an 
incremental age of 10 years and a positive CMV serol-
ogy in the recipient were associated with a higher NRM, 
while a RIC regimen and a Karnofsky performance 

status ≥90% led to a lower NRM. Similarly, patients 
who underwent transplantation in more recent years 
experienced a lower risk of NRM.

Overall, 33% and 29% of patients in the ATG 
and PTCY groups, respectively, died. The primary 
cause of death was disease recurrence in 56% for pa-
tients receiving ATG and 58% for those receiving 
PTCY. Cumulative incidences of death related to either 
infections or GVHD was 4% and 6% in both groups  
(P = .50 in both cases).

Figure 3.  Probabilities of (a) leukemia-free survival (b) overall survival and (c) graft-versus-host disease/relapse-free survival at 
2 years according to the use of Post-transplantation Cyclophosphamide or antithymocyte globulin. ATG, antithymocyte globulin; 
GRFS, graft-versus-host disease/relapse-free survival; LFS, leukemia-free survival; OS, overall survival; PTCY, Post-transplantation 
Cyclophosphamide.
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OS, LFS, and GRFS
The probability of LFS was comparable, being 58% after 
the use of ATG and 55% after the use of PTCY (P = .75) 
at 2 years (Fig. 3a). Similarly, no differences were observed 
in either OS, with a 65% probability of OS at 2 years with 
ATG versus 64% with PTCY (P = .07), or GRFS (49% 
in the ATG group and 44% in the PTCY group; P = .20)  
(Fig. 3b,c). These results were also confirmed on multivari-
ate analysis. Regardless of the use of PTCY or ATG, an incre-
mental age of 10 years, a diagnosis of secondary AML, and 
poor karyotype at diagnosis were associated with lower LFS, 
OS, and GRFS. On the other hand, the use of PBSC was 
associated with higher LFS, OS, and GRFS. Furthermore, a 
good Karnofsky performance status of ≥90% at the time of 
transplantation was associated with higher LFS.

Subgroup and Pair-Matched Analysis
Of note, the same results in univariate and multivariate 
analyses with lower rates of chronic GVHD in the ATG 
group were observed in 2 subgroup analyses: 1) after the 
exclusion of the 32 patients receiving PTCY as the sole 
immunosuppressive agent (data not shown) and 2) when 
analyzing only patients receiving PBSC (Supporting 
Tables S2 and S3).

Furthermore, the impact of the number of the im-
munosuppressive drugs associated with either ATG or 
PTCY was also explored. While the lower risk of chronic 
GVHD with ATG was confirmed in patients receiving 
1 associated immunosuppressive agent, the same was not 
true when considering patients receiving 2 or 3 drugs in 
association with either ATG or PTCY, with similar rates 
of chronic GVHD (Supporting Table 4).

Subsequently, pair matching allowed the matching 
of 152 patients receiving PTCY with 284 patients re-
ceiving ATG, with the 2 groups just differing by the me-
dian year of transplantation, which was more recent for 
the PTCY group. The results of the pair-matched anal-
ysis confirmed those observed in the whole population, 
highlighting the absence of differences in the main out-
comes, except for the lower chronic GVHD of all grades 
and extensive chronic GVHD with the use of ATG. 
Importantly, when adjusting the pair-matched analysis 
on the year of transplantation, the final results did not 
change (data not shown). Results of the pair-matched 
analysis are summarized in Supporting Table S6.

DISCUSSION
In patients undergoing allo-HSCT, GVHD still rep-
resents one of the main causes of impaired quality of 
life and worse long-term survival. Finding the best 

immunosuppressive agents to warrant low rates of GVHD 
and long-term disease control without major toxicities is 
of utmost importance. The addition of in vivo TCD to 
standard immunosuppressive agents has allowed for a sig-
nificant reduction of GVHD, particularly in its chronic 
form. Furthermore, the advantages of this strategy have 
been mainly shown when using PBSC, which is the most 
commonly used stem cell source worldwide.4,20 However, 
some concerns have been historically associated with in 
vivo TCD, including high rates of infections, delayed im-
mune reconstitution, and, in several studies, higher inci-
dence of disease relapse.5,6

The recent introduction of PTCY in the haploiden-
tical setting has shown promising results for the preven-
tion of both acute and chronic GVHD, and it has been 
subsequently extended to other donor types, including 
HLA-identical sibling and matched or mismatched un-
related donors.8-10

In this study, we compared the use of PTCY to that 
of ATG as backbone strategies for GVHD prophylaxis. 
We observed favorable rates of both acute and chronic 
GVHD in the overall population, better than those ob-
served with the use of standard immunosuppressive 
agents.21,22

Our results confirm previously reports that PTCY is 
a feasible strategy also in the HLA-identical setting, with 
both the myeloablative and reduced intensity condition-
ing regimens and with both bone marrow or PBSC as 
stem cell sources.7

Indeed, transplantation outcomes after PTCY were 
similar to those observed with ATG, except for the cumu-
lative incidence of chronic GVHD of all grades and of 
extensive chronic GVHD, which were lower when using 
ATG. Of note, this result was also confirmed when per-
forming a pair-matched analysis including factors known 
to impact GVHD, and also when considering only those 
patients receiving PBSC, who are known to be more ex-
posed to the risk of chronic GVHD.23

The use of ATG has been largely reported to be as-
sociated with a low incidence of chronic GVHD due to 
its action on both T and B cells, that have a pivotal role 
in the development and the pathogenesis of this compli-
cation.24,25 The long-term inhibitory action of ATG on 
these cells may help in preventing chronic GVHD better 
than PTCY, but this hypothesis needs to be confirmed.

Interestingly, our study revealed no difference in re-
lapse incidence between ATG and PTCY but also yielded 
rates similar to those reported in historical series with the 
use of standard immunosuppressive agents, thus showing 
that implementation of GVHD prophylaxis may lower 
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GVHD incidence, without significantly compromis-
ing disease control.21,22 However, these results should 
be taken with caution, particularly as they come from 
a retrospective registry analysis where there may be im-
portant factors that we did not take into account, such 
as the lack of data on post-transplantation strategies to 
prevent or treat disease relapse in our series. Furthermore, 
another important limitation of our study is the lack of 
information about what guided the physician to choose 
one GVHD prophylaxis strategy over the other and the 
existence of a center effect in the observed transplantation 
outcomes.

The ability of PTCY to protect from disease relapse 
may be partly explained by a direct, immune-specific, an-
tileukemic effect that is distinct from GVHD and is likely 
mediated by the release of cytokines or other molecules 
to which leukemic cells may be more sensitive than nor-
mal cells. Regardless of the mechanism of action, which 
remains unknown, cells mediating an antileukemic effect 
seem relatively resistant to PTCY, thus providing a pos-
sible explanation for the long-term disease control in the 
absence of GVHD.26

Less is known about the mechanisms by which ATG 
protects from disease relapse in the absence of GVHD, 
with studies initially warning about the higher risk of 
relapse with this strategy.6 However, subsequent reports 
have shown that this high risk may be mainly dose- 
dependent, with doses >6 mg/kg in the RIC setting being 
associated with a higher risk of relapse.27 Unfortunately, 
in our series, the ATG dose was available for a limited 
number of patients, thus limiting the possibility to ex-
plore its influence on the main transplantation outcomes.

While the use of ATG may be considered as the 
standard of care in most centers in transplantations 
from unrelated donors, there is no consensus on its use 
in HLA-identical sibling transplantation.28,29 Herein, 
we show that a large number of European Centers use 
ATG in this setting, with favorable outcomes, particularly 
without significant increase in RI, providing further evi-
dence that the use of ATG in this setting is feasible and 
allows favorable disease control, as previously reported.30

Another important point of our study is that the 
2 groups significantly differed for the type and number 
of associated immunosuppressive agents, with the com-
parative analysis confirming the persistence of a lower 
incidence of chronic GVHD in the ATG group when 
using only one additional immunosuppressive agent. On 
the other hand, we found no differences in any of the re-
ported transplantation outcomes when associating either 
2 or 3 drugs with ATG or PTCY. However, this result 

needs to be taken with caution considering the low num-
ber of patients in the PTCY group and the consequent 
low statistical power.

It has been reported previously by our group that 
the addition of 1 or 2 drugs to PTCY leads to lower rates 
of chronic GVHD compared with PTCY alone when 
analyzing this platform in patients receiving an HLA-
identical sibling or unrelated graft.9 Furthermore, results 
from prospective studies showed that, mainly with PBSC, 
the addition of further immunosuppressive agents is of 
the utmost importance to decrease the risk of GVHD, 
with initial trials with PTCY as a single agent being closed 
early, due to high rates of GVHD and NRM.31

On the other hand, PTCY alone provided low 
rates of both extensive chronic GVHD and grade III/
IV acute GVHD in most studies using bone marrow as 
a stem cell source. However, incidence of grade II-IV 
acute GVHD was as high as 45%-50%.32 The main ra-
tionale in those studies for using PTCY alone was that 
the addition of other immunosuppressive agents such as 
calcineurin inhibitors may inhibit T cell reconstitution 
and favor disease relapse in the HLA-identical sibling 
setting. Although it is impossible to compare these re-
sults with ours, it is worth noting that in our study, we 
observed very favorable rates of both limited and severe 
forms of GVHD, with 19% grade II-IV acute GVHD, 
which did not seem to compromise the main transplan-
tation outcomes, with an RI of 36% and an OS of 64% 
at 2 years.

In addition to the impact of GVHD prophylaxis 
strategies on main transplantation outcomes, our study 
confirmed the negative impact of poor risk cytogenet-
ics, recipient age, secondary AML, and Karnofsky per-
formance status on survival after transplantation.33 
Furthermore, the impact of CMV serology in the recipi-
ent and the use of a female donor for a male recipient in 
increasing the risk of GVHD were also confirmed.34,35 
Information about disease biology—namely gene se-
quencing and molecular analysis—are unfortunately 
lacking, thus preventing us from exploring their role in 
transplantation outcomes.

In conclusion, despite the absence of differences 
for the main transplantation outcomes when com-
paring PTCY with ATG, the use of the latter may be 
associated with even lower rates of chronic GVHD. 
The impact of the number, type, and schedule of the 
associated immunosuppressive agents requires further 
investigation. Importantly, due to the retrospective na-
ture and the limitations of our analysis, these results 
need to be confirmed by prospective controlled studies. 
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However, our results provide further proof that both 
ATG and PTCY represent valid GVHD prophylactic 
strategies in transplantations from HLA-identical sib-
lings, with more favorable results than those obtained 
with standard immunosuppressive agents in terms of 
GVHD and similar survival outcomes, thus deserving 
consideration as GVHD prophylaxis strategies in rou-
tine clinical practice.
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