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Nonmyeloablative (NMA) regimens allow the use of allogeneic hematopoietic stem cell transplantation (allo-
HSCT) in patients considered unfit for standard myeloablative conditioning (MAC) regimens using high-dose
alkylating agents with or without total body irradiation (TBI). Reduced-intensity conditioning (RIC) regimens,
based on fludarabine (Flu), busulfan (Bu), and rabbit antithymocyte globulin (r-ATG), represent an interme-
diate alternative between NMA and MAC regimens. This platform was subsequently optimized by the
introduction of i.v. Bu and the use of 5 mg/kg r-ATG, based on the hypothesis that these modifications would
improve the safety of RIC allo-HSCT. Here we report a study conducted at our institution on 206 patients,
median age 59 years, who underwent allo-HSCT after conditioning with Flu, 2 days of i.v. Bu, and 5 mg/kg
r-ATG (FBx-ATG) between 2005 and 2012. The prevalence of grade III-IV acute graft-versus-host disease
(GVHD) was 9%, and that of extensive chronic GVHD was 22%. Four-year nonrelapse mortality (NRM), relapse,
and overall survival (OS) rates were 22%, 36%, and 54%, respectively. NRM tended to be influenced by
comorbidities (hematopoietic cell transplantationespecific comorbidity index [HCT-CI] <3 versus HCT-CI �3:
18% versus 27%; P ¼ .075), but not by age (<60 years, 20% versus �60 years, 25%; P ¼ .142). Disease risk
significantly influenced relapse (2 years: low, 8%, intermediate, 28%, high, 34%; very high, 63%; P ¼ .017). Both
disease risk (hazard ratio [95% confidence interval]: intermediate, 2.1 [0.8 to 5.2], P ¼ .127; high, 3.4 [1.3 to
9.1], P ¼ .013; very high, 4.0 [1.1 to 14], P ¼ .029) and HCT-CI (hazard ratio [95% confidence interval]: HCT-CI
�3, 1.7 (1.1 to 2.8), P ¼ .018) influenced OS, but age and donor type did not. The FBx-ATG RIC regimen reported
here is associated with low mortality and high long-term disease-free survival without persistent GVHD in
both young and old patients. It represents a valuable platform for developing further post-transplantation
strategies aimed at reducing the incidence of relapse, particularly in the setting of high-risk disease.

� 2014 American Society for Blood and Marrow Transplantation.
INTRODUCTION in higher disease control, but also in higher NRM compared

Nonmyeloablative (NMA) regimens allow the use of allo-

geneic hematopoietic stemcell transplantation (allo-HSCT) in
patients unfit for standardmyeloablative conditioning (MAC)
regimens, such as cyclophosphamide (Cy) and full-dose total
body irradiation (TBI; 12 Gy) or Cy and busulfan (Bu). NMA
regimens are associated with reduced nonrelapse mortality
(NRM) and exert disease control relying solely on the allo-
geneic graft-versus-tumor immune reaction [1,2].

Reduced-intensity conditioning (RIC) regimens deliver a
higher degree of myeloablation than NMA regimens but a
lower level thanMAC regimens. RIC regimens usually include
an intermediate dose of alkylating agents, and thus retain a
direct antitumor effect, with the risk of higher NRM [3,4]. We
previously reported that an RIC regimen composed of an
intermediate dose of oral Bu and a low dose of r-ATG resulted
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with a 2-Gy TBI NMA conditioning regimen, with similar
overall outcomes [5,6]. We found that with such a condi-
tioning regimen, both graft-versus-host disease (GVHD) and
NRM could be satisfactorily controlled without loss of dis-
ease control by only a marginal increase in r-ATG dose and a
switch from oral to i.v. Bu [7,8].

Here we report the outcome of the first 206 consecutive
patients who were treated with this protocol before under-
going allo-HSCT from an HLA-identical related donor or an
unrelated donor. With a minimal follow-up of 7 months and
a median follow-up of 28 months, our results strongly sug-
gest that although the population is characterized by high-
risk features, this protocol allows for an encouragingly high
survival rate without disease recurrence or persistent
debilitating chronic GVHD.

PATIENTS AND METHODS
Selection Criteria

Patients with the following criteria were included in our analyses: (1)
allo-HSCT performed between 2005 and 2012; (2) RIC based on Flu, i.v. Bu
Transplantation.
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(Bx), and r-ATG (FBx-ATG); (3) allo-HSCT from a matched related donor
(MRD) or 10/10 HLA-matched unrelated donor (MUD); and (4) peripheral
blood stem cells (PBSCs) as the graft source. Our Institutional Review Board
approved this study, and all patients provided informed consent in accor-
dance with the Declaration of Helsinki.

Conditioning Regimen and GVHD Prophylaxis
The FBx-ATG conditioning regimen was started on day -6 and included

Flu (Fludara; Bayer, Puteaux, France) 30 mg/m2 daily from day -5 to day -1,
Bx (Busilvex, Pierre Fabre, Boulogne-Billancourt, France) 130 mg/m2 once
daily on days -4 and -3, and r-ATG (Thymoglobuline, Genzyme, St. Germain-
en-Lay, France) 2.5 mg/kg once daily on days �2 and �1 or on days �3
and �2, as reported previously [9]. Cyclosporine A (Sandimmun; Novartis,
Bâle, Switzerland), started on day �1, was used for postgraft immunosup-
pression. Stem cell harvesting and supportive care were performed as
described previously [5].

Stratification of Risk of Relapse and NRM
The risk of relapse in our cohort of patients with different hematologic

diseases was characterized using the disease risk index (DRI) as described by
Armand et al. [10]. Comorbidities were assessed using the hematopoietic
cell transplantationespecific comorbidity index (HCT-CI) [11].

Study Endpoints and Statistical Analysis
The cumulative incidence of GVHD was calculated as described previ-

ously [12,13]. NRM and relapse were determined using the Prentice esti-
mation and the Gray test, which allow consideration of competing events
[14,15]. Progression-free survival (PFS) and OS were calculated with the
Kaplan-Meier method and the log-rank test [16]. In patients who survived
without disease recurrence, the prevalence of immunosuppressive treat-
ments served as a surrogate marker of quality of life. Time to events was
calculated from the date of allo-SCT. Cox regression was used to analyze the
impact of pretransplantation covariates in multivariate analyses of PFS and
OS [17]. All survival analyses were performed using R version 2.13.1 (http://
www.R-project.org).

RESULTS
Patient and Transplantation Characteristics

A total of 206 consecutive patients were included in our
analyses. Baseline patient and transplantation characteristics
are described in Table 1. The median patient agewas 59 years
(range, 19 to 71 years), and 32 patients were age �65 years.
One hundred and twenty-four patients (60%) underwent
transplantation from an MRD. Only 25 patients (12%) pre-
sented with a low disease risk index, and 90 patients (46%)
had an HCT-CI �3. Seventy-six patients (37%) were not in
Table 1
Patient, Disease, and Transplantation Characteristics (n ¼ 206)

Characteristic Value

Age, yr, median (range) 59 (19-71)
Donor, n (%)
MRD 123 (60)
MUD 83 (40)

Diagnosis, n (%)
Acute myelogenous leukemia 70 (34)
Myelodysplastic syndrome 19 (9)
Acute lymphoblastic leukemia 9 (4)
Non-Hodgkin lymphoma 41 (20)
Hodgkin lymphoma 14 (7)
Chronic lymphoblastic leukemia 14 (7)
Multiple myeloma 31 (15)
Myeloproliferative neoplasm 6 (3)
Chronic myelogenous leukemia 2 (1)

Disease risk index, n (%)
Low 25 (12)
Intermediate 125 (61)
High 48 (23)
Very high 8 (4)

HCT-CI, n (%)
0-2 107 (54)
�3 90 (46)
Unknown 9
complete remission at the time of transplantation. The me-
dian duration of post-transplantation follow-up was
28 months (range, 7 to 76 months).

GVHD, NRM, and Relapse
Post-transplantation events and outcomes of the 206

patients are presented in Table 2. All but 1 patient engrafted.
The cumulative incidence of grade III-IV acute GVHD was 9%,
and that of extensive chronic GVHD was 22%. The incidence
of grade III-IV acute GVHD was higher in patients age
�60 years (14% versus 5% in those age <60 years; P ¼ .021),
that of extensive chronic GVHD was similar in the 2 age
groups (25% in those age <60 years versus 19% in those aged
�60 years; P¼ .367). Forty-three patients died of nonrelapse-
related causes at a median of 6 months (range, 0.4 to
30 months) after allo-HSCT. NRM was estimated at 5% (95%
confidence interval [CI], 2% to 8%) at day þ100, 16% (95% CI,
12% to 22%) at 1 year, and 22% (95% CI, 16% to 29%) at 4 years
(Figure 1A). NRM was only marginally influenced by
comorbidities (18% in patients with HCT-CI <3 versus 27% in
those with HCT-CI �3; P ¼ .075), and was not influenced by
age (20% in patients age <60 years versus 25% in those age
�60 years; P ¼ .142). Sixty-three patients experienced dis-
ease recurrence, at a median time of 7 months (range, 0.3 to
68 months) after allo-HSCT, for a 2-year cumulative inci-
dence of relapse of 28% (95% CI, 22% to 34%) (Figure 1A). DRI
had a significant correlation with the incidence of relapse at
2 years (low, 8%; intermediate, 28%; high, 34%; very high,
63%; P ¼ .017).

PFS and OS
One-year PFS was 63% (95% CI, 56% to 70%), and 1-year OS

was 73% (95% CI, 67% to 79%) (Figure 1B). The causes of death
are listed in Table 3. Multivariate analyses showed that age
(<60 versus�60 years) or the donor type (MRD versus MUD)
did not influence PFS and OS (Table 4). For PFS, DRI was the
most significant predictive factor, and the predictive value of
HCT-CI was close to significance (Table 4). HCT-CI (2-year OS,
73% for <3 versus 54% for �3; P ¼ .020; Figure 2A) and DRI
(2-year OS, 84% for low versus 68% for intermediate versus
47% for high versus 25% for very high; P ¼ .008; Figure 2B)
had a significant influence on OS (Table 4).

Immunosuppressive Treatment and GVHD in 1-Year
Progression-Free Survivors

At 1 year after allo-HSCT, 122 patients were alive and
progression-free. Among these survivors, 96 (79%) were
surviving without GVHD without immunosuppressive
treatment (IST) (n¼ 89; 73%) or with tapering IST (n¼ 7; 6%).
Seven patients (6%) were surviving with IST for persistent
extensive chronic GVHD.
Table 2
Outcomes after Allo-SCT (n ¼ 206)

Outcome Value

Acute GVHD, n (%)
Grade II-IV 23 (17-29)
Grade III-IV 9 (5-13)

Chronic GVHD, n (%)
Overall 37 (30-44)
Extensive 22 (17-28)

NRM at 4 yr, n (%) 22 (16-29)
Relapse at 4 yr, n (%) 36 (28-44)
PFS at 4 yr, n (%) 41 (34-50)
OS at 4 yr, n (%) 54 (46-64)
Follow-up, mo, median (range) 28 (7-76)
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Figure 1. Outcomes after allo-HSCT. Cumulative incidence of NRM and
Relapse (A). Kaplan Meier estimation of OS and PFS (B).

Table 4
Multivariate Analyses of PFS and OS

Variable HR 95% CI P Value

PFS
Age
<60 yr 1
�60 yr 1.1 0.8-1.7 .576

Donor type
MRD 1
MUD 0.9 0.6-1.4 .778

Disease risk index
Low 1
Intermediate 2.3 1.1-5.1 .036
High 3.0 1.3-7.0 .011
Very high 4.0 1.3-13 .019

HCT-CI
0-2 1
�3 1.5 1.0-2.2 .066

OS
Age
<60 yr 1
�60 yr 1.2 0.8-2.0 .346

Donor type
MRD 1
MUD 1.2 0.7-1.9 .513

Disease risk index
Low 1
Intermediate 2.1 0.8-5.2 .127
High 3.4 1.3-9.1 .013
Very high 4.0 1.1-14 .029

HCT-CI
0-2 1
�3 1.7 1.1-2.8 .018
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DISCUSSION
This large single-center cohort analysis suggests that our

FBx-ATG RIC regimen results in low NRM. We estimated an
early NRM at day þ100 of only 5%, even though our patient
population had a high median age (59 years), a high rate of
comorbidities (46%with HCT-CI�3), and a high prevalence of
measurable disease (37%), supporting the low early toxicity
Table 3
Causes of Death (n ¼ 80)

Cause n

Nonrelapse death 43
Infection and acute GVHD 16
Infection and chronic GVHD 12
Infection without GVHD 6
Cardiac dysfunction 3
Sinusoidal obstruction syndrome 2
Secondary cancer 2
Graft failure 1
Cerebral hemorrhage 1

Relapse-related death 37
of this conditioning platform. The low incidence of grade
III-IV acute GVHD (9%), likely related to the use of r-ATG,
contributed to this result. Overall, the NRM in our study
cohort compares satisfactorily with that reported by Storb
et al. [18] after an NMA regimen (day þ100 and 1-year NRM
of 4% and 15%, respectively) in patients with a median age of
56 years (range, 17 to 74 years). It is important to observe
that HCT-CI, but not age, was the determinant of OS, sug-
gesting that age alone is not a sufficient parameter for allo-
cating patients to less-intensive approaches, as reported
previously [19].

The incidence of extensive chronic GVHD in our cohort
was low at 22%, and 79% of patients free of disease at 1 year
after allo-HSCT were also living without GVHD. This could be
considered a surrogate marker for preserved quality of life in
the absence of a prospective assessment. We found that this
conditioning platform allows a low prevalence of persistent
extensive chronic GVHD, contributing to the overall safety
profile. This finding supports the important contribution of
r-ATG in this setting.

The use of r-ATG remains controversial, especially in the
setting of MRD allo-HSCT. Soiffer et al. [20] reported that
in vivo T cell depletion with r-ATG at a median dose of 7 mg/
kg resulted in a higher incidence of relapse compared with T
cellereplete allo-HSCT. Conversely, we and other groups
have demonstrated that an r-ATG dose of approximately
5 mg/kg produces effective GVHD prophylaxis without
increasing the incidence of relapse [7,8,21,22]. These discor-
dant results underscore the impact of r-ATG dose modula-
tion. Although the optimal dose has not been established, we
propose the hypothesis that 5 mg/kg could approach an
acceptable compromise, with lower doses associated with
insufficient GVHD prophylaxis [5,6] and higher doses asso-
ciated with increased risk of relapse [20].



Figure 2. Impacts of HCT-CI (A) and DRI (B) on OS.
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Another issue with the use of r-ATG is the risk of infec-
tious complications. Although we did not evaluate such
complications in the present study, we recently reported a
large cohort of patients who presentedwith cytomegalovirus
(CMV) reactivation after allo-HSCT and showed that in vivo
T cell depletion was not associated with an increased CMV
reactivation or CMV-related disease [23].

Regarding the efficacy of our proposed approach, the
incidence of relapse was 36% at 4 years, confirming that the
antitumor effect of the FBx-ATG regimen compares favorably
with that of true NMA regimens. Several previous studies
reported a cumulative incidence of relapse approaching 50%
after allo-HSCT with a Flu plus 2-Gy TBI conditioning
regimen [6,18,24]. In our series of patients undergoing allo-
HSCT from an MRD or a 10/10-matched MUD, this anti-
tumor effect, in combination with a low NRM, resulted in
promising OS (73% at 1 year and 54% at 4 years), particularly
when considering the poor prognostic features of the cohort
(ie, few patients with a lowDRI, amedian age of 59 years, and
significant comorbidities in approximately 50%). The prom-
ising low-toxicity profile found in the present study was also
recently reported by our group in the setting of trans-
plantation from HLA-mismatched unrelated donors [9].

In summary, all of the changes that have occurred over
the years, including r-ATG dose modulation and Bu admin-
istration [25-27], have led to the development of our FBx-
ATG platform with low toxicity but an active antitumor
effect. These results were achieved and maintained with a
minimum follow-up of 7 months and a median follow-up of
28 months, with some patients undergoing allo-HSCT more
than 6 years earlier. This finding supports the evidence of a
persistent antitumor effect long after allo-HSCT. Multivariate
analysis identified the DRI as the strongest marker for poor
survival, demonstrating that post-transplantation relapse in
patients with high-risk features after RIC allo-HSCT remains
a major concern. With its high predictive value in our series,
the DRI is an interesting tool for stratifying patients based on
the risk of relapse rather than on disease type, helping
address the issue of series with various diagnoses. Thus, we
suppose that the DRI could be useful for personalizing the
choice of either conditioning regimen or posteallo-HSCT
treatments in a risk-adapted strategy. Indeed, our FBx-ATG
regimen could be reserved for patients at low and interme-
diate risk, with more-intensive approaches provided for
high-risk and very-high-risk patients, who achieved a 2-year
OS of <50% with the FBx-ATG regimen. From this perspec-
tive, the increased intensity afforded by higher Bu doses
could represent an interesting improvement in the FBx-ATG
platform to address the issue of high-risk diseases. Some
groups have previously showed that myeloablative doses of
i.v. Bu in the FBx-ATG regimen provide both the low NRM
observed with RIC regimens and the high disease control
observed with standard MAC regimens, even in patients of
advanced age and/or with comorbidities [28-30]. This evo-
lution, from the RIC versus MAC paradigm to a myeloablative
regimen with reduced toxicity (MA/RTC), highlights the
critical role of conditioning intensity and opens up the pos-
sibility of myeloablative approaches in a population histori-
cally excluded from standard MAC regimens [31].

We conclude that the FBx-ATG RIC platform reported here
approaches an acceptable balance between toxicity and effi-
cacy, resulting in low mortality and long-term disease-free
survival with preserved quality of life. However, high-risk dis-
ease remains a concern, dictating the need for disease con-
trol strategies through MA/RTC and/or post-transplantation
treatments.
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