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Primary refractory or relapsed acute myeloid leukemia is associated
with a dismal prognosis. Allogeneic stem cell transplantation is the
only therapeutic option that offers prolonged survival and cure in this

setting. In the absence of a matched sibling donor, transplantation from
unrelated 10/10 HLA allele-matched or 9/10 HLA allele-mismatched donors
and haploidentical donors are potential alternatives. The current study
aimed to compare the outcomes of acute myeloid leukemia patients with
active disease who received allogeneic stem cell transplantation from a hap-
loidentical donor with post-transplant cyclophosphamide (n=199) versus an
unrelated 10/10-matched donor (n=1111) and versus an unrelated 9/10-mis-
matched donor (n=383) between 2007 and 2014 and who were reported to
the European Society for Blood and Marrow Transplantation registry.
Propensity score weighted analysis was conducted in order to control for
disease risk imbalances between the groups. The leukemia-free survival
rates at 2 years of recipients of grafts from a haploidentical donor, an unre-
lated 10/10-matched donor and an unrelated 9/10-mismatched donor were
22.8%, 28% and 22.2%, respectively (P=NS). In multivariate analysis, there
were no significant differences in leukemia-free survival, overall survival,
relapse incidence, non-relapse mortality, or graft-versus-host-disease-free
relapse-free survival between the three groups. Two predictive factors were
associated with a higher relapse incidence: transplantation during first or
second relapse compared to primary refractory acute myeloid leukemia and
poor cytogenetics. Allogeneic stem cell transplantation may rescue about
25% of acute myeloid leukemia patients with active disease. Importantly,
the outcomes of transplants from haploidentical donors were comparable
to those from 10/10-matched and 9/10-mismatched unrelated donors.
Therefore, a haploidentical donor is a valid option for acute myeloid
leukemia patients with active disease.
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ABSTRACT



Introduction

After initiation of intensive chemotherapy for acute
myelogenous leukemia (AML), failure to respond is a
major unfavorable prognostic factor.1,2 Obtaining a mor-
phological complete remission (CR) after induction has
been defined as a prognostic factor and even, until
recently, considered as a prerequisite for allogeneic stem
cell transplantation (HSCT). However, up to 30% of
adults with newly diagnosed AML fail to achieve CR
after two courses of intensive chemotherapy.1
Moreover, once a first or second CR has been obtained,
approximately half of younger patients and 80% of
older patients relapse.1,3,4 In both clinical situations,
refractory and/or relapsed AML, active disease remains
a major therapeutic challenge. Consequently, the accu-
mulating evidence that HSCT can deliver long-term dis-
ease-free survival in a proportion of patients with AML
with active disease represents an importance advance in
the treatment in this very high-risk patient population.5-
9 Defining the impact of donor selection is still a major
issue. It has been demonstrated that HSCT from
matched sibling donors is a valid option, leading to a
disease-free survival rate in the range of 20-30% for this
very high-risk patient population.7,10-13 More recently,
HSCT from unrelated donors (UD) was used for patients
with primary refractory AML, with an overall survival
(OS)  rate of about 22%.13-15 Since 2010, the use of hap-
loidentical HSCT has surged by about 300% among
European Society of Blood and Marrow Transplantation
(EBMT) centers.16,17 Indeed, over recent years, haploiden-
tical donors have been increasingly adopted as a valid
source of donor cells for HSCT in AML in the absence of
HLA-compatible matched sibling donors or matched
UD. Based on several non-randomized comparative
studies evaluating HSCT from haploidentical donors
(Haplo HSCT),18-21 the combined data suggest similar
outcomes for Haplo and UD HSCT.22,23 However, only
small series are available for patients with resistant
and/or relapsed AML undergoing HSCT from alterna-
tive donors. Craddock et al. reported that the OS rate of
36 patients who received an UD transplant with a
reduced-intensity conditioning regimen (RIC) was 36%
at 5 years, which was similar to that of 18 patients given
myeloablative conditioning (MAC).14 For patients with
active leukemia, HSCT from alternative or mismatched
donors may, theoretically, be of advantage, as HLA dis-
parities may augment donor/recipient alloreactivity. 
However, relatively few data are available for the very

high-risk population of patients with refractory or
relapsing AML transplanted from alternative donors
while in active disease. In view of the fact that the
development of Haplo HSCT is significantly influenced
by the use of post-transplantation cyclophosphamide
(PTCy), and because advances in supportive care influ-
ence outcomes, a safety and efficacy update comparison
between Haplo and UD HSCT in a large cohort of
patients with active disease is highly warranted to fur-
ther support decision-making. With this aim, the present
study, based on the EBMT - Acute Leukemia Working
Party (ALWP) database, was conducted in order to com-
pare outcomes of AML patients with active disease after
Haplo HSCT versus 10/10 or 9/10 HLA-matched UD
HSCT.

Methods

Study design and data retrieval
This is a retrospective, multicenter, registry-based analysis.

Data for this study were provided and approved by the ALWP of
the EBMT group registry. The EBMT registry is a voluntary work-
ing group of more than 600 transplant centers, mostly located in
Europe, which are required to report all consecutive stem-cell
transplantations and follow-up data once a year. Data are entered,
managed, and maintained in a central 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 patients’ consent, data confidentiality and
accuracy. Quality control measures include several independent
systems: confirmation of the validity of the entered data by the
reporting team, selective comparison of the survey data with
MED-A data sets in the EBMT registry database, cross-checking
with national registries, and regular in-house and external data
audits. All patients provided informed consent to the use of their
data in retrospective studies. The Review Board of the ALWP as
well as the ethics committee of the EBMT approved this study.
Eligibility criteria for this analysis included adult patients (aged

>18 years) with active AML including primary refractory AML,
AML in first relapse and second relapse who had received a first
HSCT from a 10/10 HLA allele-matched UD (UD 10/10), or a 9/10
HLA allele-mismatched UD (UD 9/10) or a haploidentical donor
(≥2 antigen mismatches or more out of 8) with post-transplant
cyclophosphamide (Haplo PTCy) as graft-versus-host disease
(GvHD) prophylaxis. Active AML was defined by the failure to
achieve CR (bone marrow blasts >5%) despite induction
chemotherapy. Cytogenetic groups were defined according to
Grimwade et al.24 The source of stem cells could be either bone
marrow or granulocyte colony-stimulating factor-mobilized
peripheral blood stem cells. All UD were HLA-matched (10/10) or
mismatched at one loci (9/10) (-A, -B, -C, -DRB1, -DQB1). We
excluded patients who had undergone umbilical cord blood
HSCT, so that the analysis was restricted to a more homogeneous
study population. MAC was defined, according to the EBMT, as a
regimen containing total body irradiation with a dose >6 Gy, a
total dose of oral busulfan >8 mg/kg or a total dose of intravenous
busulfan >6.4 mg/kg.25 The FLAMSA sequential conditioning regi-
men consisted of a combination of a short course of intensive
chemotherapy using fludarabine 30 mg/m2/day, intermediate-dose
cytosine arabinoside 2 g/m2/day, and amsacrine 100 mg/m2/day
from day –12 to –9, followed, after a 3-day rest, by RIC using 4 Gy
total body irradiation on day –5, cyclophosphamide 40 to 60
mg/kg/day on days –4 and –3, and antithymocyte globulin from
days –4 to –2; the 4 Gy total body irradiation could have been
replaced by a total dose of intravenous busulfan of 6.4 mg/kg (or
an equivalent oral dose).26-28

Endpoints
OS was calculated from the date of transplantation until death

or last observation alive. Leukemia-free survival (LFS) was calcu-
lated from the date of transplantation until relapse or last disease-
free follow-up. Relapse and death from any cause were considered
events. Non-relapse  mortality (NRM) was defined as death with-
out prior relapse. Neutrophil recovery was defined as achieving
absolute neutrophil counts greater than or equal to 0.5×109/L for
three consecutive days. The diagnosis and grading of acute29 and
chronic GvHD30 were performed by transplant centers using the
standard criteria. Cytogenetic abnormalities were classified
according to Medical Research Centre criteria, and graft-versus-
host-free, relapse-free survival (GRFS) as previously published.31
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Statistical analysis 
Patient-, disease-, and transplant-related variables were com-

pared between the three groups (Haplo PTCy, UD 10/10, UD
9/10) using the chi-square test for categorical variables and the
Mann-Whitney test for continuous variables. The median follow-
up was estimated using the reverse Kaplan-Meier method.
Variables considered were patient’s age at transplantation,
donor/recipient gender, interval from diagnosis to transplantation,
cytogenetic group, type of conditioning (RIC/MAC/FLAMSA),
source of stem cells (peripheral blood stem cells versus bone mar-
row), patient/donor cytomegalovirus serology, Karnofsky
Performance Status (KPS) at the time of transplantation, in vivo T-
cell depletion, and year of transplantation. Factors that significant-
ly differed between the three groups with P-values of <0.05, and
all known as potential prognostic factors were included in the final
models. Cumulative incidence functions were used to estimate
relapse incidence (RI) and NRM in a competing risk setting,
because death and relapse compete with each other. To study
chronic GvHD, we considered relapse and death to be competing
events. Probabilities of LFS and OS were calculated using Kaplan-
Meier estimates. Univariate analyses were performed using the
Gray test for cumulative incidence functions and the log-rank test
for LFS and OS. Associations of patient and graft characteristics
with outcomes were evaluated in multivariate analysis, using a
Cox proportional hazards model. All tests were two-sided. 
We used propensity score weighing to control for pre-treatment

imbalances in observed variables. The following factors were
included in the propensity score model: patient’s age, time from
diagnosis to transplantation, year of transplant, status at trans-
plant, cytogenetic group, donor/patient cytomegalovirus serology,
conditioning (RIC versus MAC), and gender matching (female
donor to male recipient versus other). Propensity scores were esti-
mated using generalized boosted models.
As the study question was whether Haplo PTCy could replace

UD 10/10 or UD 9/10, we weighted the groups receiving either
UD 10/10 or UD 9/10 HSCT to match the characteristics of
patients receiving Haplo HSCT, by estimating the average treat-
ment effect among the treated group (Haplo HSCT being the
treated group). We then used pairwise average treatments to fit
the weighted Kaplan-Meier and Cox models separately for Haplo
PTCy versus UD 10/10 HSCT and Haplo PTCy versus UD 9/10
HSCT.
The type I error rate was fixed at 0.05 for determination of fac-

tors associated with time to events. Analyses were performed
using the R statistical software version 3.2.3 (R Development Core
Team, Vienna, Austria). Propensity score analysis was performed
using the mnps function of the Twang package and weighted
analyses using the survey package.

Results

Patients, disease and transplant characteristics
Data were obtained from 218 reporting centers (Online

Supplementary Data). The patients’ and disease characteris-
tics are summarized in Table 1. Of the total 1693 HSCT,
1111 were UD 10/10, 383 were UD 9/10 and 199 were
Haplo PTCy. The three cohorts of patients differed for
several variables (Table 1).  The median follow-up was
longer for the UD 10/10 and the UD 9/10 groups than for
the Haplo-PTCy group. The follow-up completeness
index at 2 years, which is the ratio of total observed per-
son-time and the potential person-time of follow-up at 2
years32 was 73% for Haplo PTCy, 76% for UD 10/10 and
80% for UD 9/10. Significantly more patients received

MAC regimens in the Haplo PTCy group in comparison to
both the UD 10/10 and the UD 9/10 groups. There were
more cytomegalovirus-positive recipient-donor pairs in
the Haplo-PTCy group. Peripheral blood stem cells were,
as expected, the main source of stem cells in the UD 10/10
and UD 9/10 groups, while peripheral blood stem cells
represented 52.8% of the stem cell source in the Haplo-
PTCy group. 

Engraftment and graft-versus-host disease  
The cumulative incidence of engraftment at day 30 was

85.5% [95% confidence interval (95% CI): 79-90.2],
92.3% (95% CI: 90.5-93.7) and 92.2% (95% CI: 88.9-94.6)
in the Haplo PTCy, UD 10/10 and 9/10 groups, respective-
ly (P<10-3 for both comparisons). 
Lower incidences of all acute GvHD grades were

observed after Haplo PTCy than after UD 9/10. The
cumulative incidences of grade II–IV acute GvHD were
28.2% and 36.3%, respectively (P=0.03) and those of
severe grade III–IV acute GvHD were 8.9% and 16.1%,
respectively (P=0.02) (Table 3). No difference was
observed in the incidence of grade II-IV acute GvHD
between the Haplo PTCy and UD 10/10 groups (P=NS). 
At 2 years, the cumulative incidence of chronic GvHD

was lower in the Haplo PTCy group than in the UD 9/10
group (19.3% and 27.4%, respectively, P=0.04), while no
difference was found in the incidence of chronic GvHD
between the Haplo PTCy and  UD 10/10 groups (P=NS)
(Table 3). The cumulative incidence of extensive chronic
GvHD was similar in the three groups of patients (Haplo
PTCy - 11%, UD 10/10 -11.6% and UD 9/10 -11.6%). 
The percentages of patients who achieved CR within

100 days were 79.7%, 77% and 78.3% in the Haplo
PTCy, UD 10/10 and UD 9/10 groups, respectively
(P=NS). Performing a landmark analysis at day 100 for
comparing outcomes between patients who achieved CR
before day 100 to those who did not indicated that CR
seems to be a surrogate marker for subsequent outcome.
The probability of being alive and free of disease 1 year
after HSCT was only 13.7% for patients who did not
achieve CR before day 100 (data not shown).
We also analyzed chronic GvHD as a time-dependent

variable demonstrating that the association of chronic
GvHD with a lower RI [hazard ratio (HR)=0.77, 95% CI:
0.60-0.99, P=0.04) was counterbalanced by a higher NRM
(HR=1.98, 95% CI: 1.38-2.84, P<10-3), and thus did not
translate into better LFS (P=NS).

Leukemia-free survival, overall survival, relapse 
incidence and non-relapse mortality
In univariate analysis, the LFS rate at 2 years was 22.8%

in the Haplo PTCy group versus 28% in the UD 10/10
group and 22.2% in the UD 9/10 group (P=NS) (Figure 1A,
Online Supplementary Table S1). Multivariate analysis
showed lower LFS rates in patients with poor cytogenetics
(HR=1.35, 95% CI: 1.11-1.62, P=0.002), those transplant-
ed in second relapse in comparison to those transplanted
in primary refractory AML (HR=1.31, 95% CI, 1.03-1.65,
P=0.03), and in patients transplanted from
cytomegalovirus seropositive donors (HR=1.22, 95% CI:
1.05-1.41, P=0.01). In contrast, better LFS was associated
with KPS ≥90 at transplantation (HR=0.66, 95% CI: 0.58-
0.76, P<10-3), with a shorter time from diagnosis to trans-
plantation (HR=0.99, 95% CI: 0.98-0.99, P=0.02), and
with RIC in comparison to MAC (HR=0.84, 95% CI: 0.71-
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0.99, P=0.03). Of note, no effect was observed for donor
type (Table 4).  
The OS rate at 2 years did not differ between the three

groups of patients (29.3% in the Haplo PTCy group versus
34.7% in the UD 10/10 group and 27.6% in the UD 9/10
group, P=NS) (Figure 1B). These results were confirmed
by multivariate analysis. In the latter, three predictive fac-

tors were associated with lower OS: disease status (sec-
ond relapse versus primary refractory AML), poor cytoge-
netics and the patient being positive for cytomegalovirus,
whereas KPS ≥90 at transplant, RIC versusMAC and short-
er time from diagnosis to transplantation were associated
with a better OS (Table 4). 
We did not find any differences in terms of RI between
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Table 1. Baseline characteristics of patients.
                                                                         Haplo PTCy                   UD 10/10                    UD 9/10              Haplo versus          Haplo versus
                                                                                                                                                                                   UD 10/10                 UD 9/10
Number                                                                   199                             1111                             383                       P value                    P value 

Follow-up in months, median (range)                 16 (2.1 - 63.5)                   18.1 (0.6- 113)               22.9 (1.8 - 104.9)                    0.05                                 0.02
Age at transplant in years, median (range)       51.9 (18.2-77.8)                52.4 (18.1-77.3)                   51.7 (18-76)                         NS                                   NS
Year of transplant in years, median (range)   2014 (2009-2015)             2011 (2007-2015)             2011(2007-2015)                   <10-3                               <10-3

Time from diagnosis in transplant in years          7.6 (2-122.1)                     6.8 (2-474.8)                   8.1 (2.1-121.4)                       NS                                   NS
in months (range) 
Status of AML, n (%)                                                                                                                                                                                                                              
Primary refractory                                                        82 (41.2)                           501 (45.1)                         141 (36.8)                           NS                                   NS
1st relapse                                                                       87 (43.7)                           491 (44.2)                         190 (49.6)                                                                    
2nd relapse                                                                      30 (15.1)                           119 (10.7)                          52 (13.6)                                                                     
Cytogenetics, n (%)                                                                                                                                                                                                                                
Favorable                                                                          7 (5.6)                              40 (10.2)                            15 (9.3)                             NS                                   NS
Intermediate                                                                 83 (65.9)                           235 (59.8)                          98 (60.9)                                                                     
Adverse                                                                           36 (28.6)                            118 (30)                            48 (29.8)                                                                     
Unknown/failed                                                                   73                                       718                                      222                                                                          
KPS at transplant, n (%)                                                                                                                                                                                                                        
<90%                                                                               91 (49.7)                            412 (49)                           143 (39.7)                          0.01                                 0.03
≥90%                                                                               92 (50.3)                            619 (61)                           217 (60.3)                                                                    
Patients’ gender, n (%)                                                                                                                                                                                                                          
Male                                                                                108 (54.3)                          587 (52.9)                         209 (54.6)                           NS                                   NS
Female                                                                            91 (45.7)                           523 (47.1)                         174 (45.4)                                                                    
Donors’ gender, n (%)                                                                                                                                                                                                                           
Male                                                                                119 (59.8)                          769 (72.8)                           247 (66)                           <10-3                                 NS
Female                                                                            80 (40.2)                           287 (27.2)                          127 (34 )                                                                     
Female D to male R, n (%)                                                                                                                                                                                                                   
No                                                                                   155 (77.9)                          925 (87.7)                         313 (83.7)                         <10-3                                 NS
Yes                                                                                   44 (22.1)                           130 (12.3)                          61 (16.3)                                                                     
CMV status, n (%)                                                                                                                                                                                                                                   
D-/R-                                                                                30 (15.7)                           308 (29.1)                          89 (24.2)                          <10-3                               <10-3

D+/R-                                                                               9 (4.71)                              81 (7.6)                            38 (10.3)                                                                     
D-/R+                                                                              39 (20.4)                           305 (28.8)                         128 (34.9)                                                                    
D+/R+                                                                           113 (59.2)                          366 (34.5)                         112 (30.5)                                                                    
Conditioning regimen, n (%)                                                                                                                                                                                                                
Myeloablative                                                               106 (53.5)                          465 (41.9)                         144 (37.7)                         <10-3                               <10-3

Reduced intensity                                                        81 (40.9)                           380 (34.3)                         128 (33.5)                                                                    
Sequential strategy                                                       11 (5.6)                            263 (23.7)                         110 (28.8)                                                                    
Source of stem cells, n (%)                                                                                                                                                                                                                  
Bone marrow                                                                94 (47.2)                             72 (6.5)                             30 (7.8)                           <10-3                               <10-3

Peripheral blood                                                         105 (52.7)                         1039 (93.5)                        353 (92.2)                                                                    
GvHD prophylaxis, n (%)                                                                                                                                                                                                                       
CSA+MTX                                                                              0                                    325 (30)                           113 (29.7)                         <10-3                               <10-3

CSA+MMF                                                                             0                                  484 (44.6)                         161 (42.4)                                                                    
Tacrolimus+MMF                                                                0                                      54 (5)                               27 (7.1)                                                                      
CSA+MMF+MTX                                                                 0                                      20 (2)                               11 (2.9)                                                                      
PTCy                                                                                199 (100)                            25 (2.3)                                7 (2)                                                                        
In vivo T-cell depletion, n (%)                                                                                                                                                                                                             
No                                                                                   188 (94.5)                          265 (24.2)                          54 (14.2)                          <10-3                               <10-3

Yes                                                                                    11 (5.5)                            830 (75.8)                         327 (85.8)                                                                    

AML: acute myeloid leukemia; BM: bone marrow; CsA: cyclosporine; D: donor; GvHD: graft-versus-host disease; Haplo: haplo-identical; KPS: Karnofsky Performance Status; MMF:
mycophenolate mofetil; MTX: methotrexate; NS: not significant; PTCy: post-transplant cyclophosphamide; R: recipient; UD: unrelated donor.



the three groups (Table 2, Figure 1C). This result was also
confirmed in multivariate analysis showing that poor cyto-
genetics and disease status (first and second relapse versus
primary refractory AML) were the only risk factors associ-
ated with increased RI, whereas KPS, age at transplantation
and time from diagnosis to transplantation were protective

factors (HR=0.76, 95% CI: 0.64-0.90, P=0.001; HR=0.92,
95% CI: 0.87-0.98, P=0.007; and HR=0.98, 95% CI: 0.97-
0.99, P<10-3, respectively) (Table 4). 
No differences in NRM were noted between the three

groups of patients in univariate analysis (Table 2, Figure
1D). Multivariate analysis demonstrated that patients’ age
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Figure 1. Leukemia-free survival, overall survival, relapse incidence and non-relapse mortality in patients with acute myeloid leukemia allografted during active
disease. (A) The 2-year probability of leukemia-free survival (LFS) was 22.8% (95% CI: 16.3-29.2) in the group transplanted from a haploindentical donor with post-
transplant cyclophosphamide (Haplo) versus 28% (95% CI: 25-30.9) in the 10/10 HLA-matched unrelated donor group (UD 10/10), and 22.2% (95% CI: 17.6-26.7)
in the 9/10 HLA-mismatched unrelated donor group (UD 9/10) (P=NS). (B) The 2-year probability of overall survival (OS) was 29.3% (95% CI: 22.1-36.6) in the Haplo
group versus 34.7% (95% CI: 31.5-37.8) in the UD 10/10 and 27.6% (95% CI: 22.7-32.5) in the UD 9/10 groups (P=NS). (C) The 2-year cumulative incidence of
relapse (RI) was 52% (95% CI: 44.3-59.1) in the Haplo group versus 46.3% (95% CI: 43.1-49.4) in the UD 10/10 and 51.1% (95% CI: 45.7-56.3) in the UD 9/10
groups (P=NS). (D) The 2-year cumulative incidence of non-relapse mortality (NRM) was 25.3% (95% CI: 19.2-31.8) in the Haplo group versus 25.7% (95% CI: 23.1-
28.5) in the UD 10/10 and 26.7% (95% CI: 22.2-31.4) in the UD 9/10 groups (P=NS).

A B

C D

Table 2. Transplantation outcomes.
                                            Haplo PTCy                          UD 10/10                       UD 9/10                  P value              P value                  P value 

                                                                                                                                                                                     Haplo versus        Haplo versus
                                                                                                                                                                                        UD 10/10               UD 9/10

Leukemia-free survival       22.8% (16.3-29.2)                        28% (25-30.9)                  22.2% (17.6-26.7)                   NS                         NS                                NS
Overall survival                     29.3% (22.1-36.6)                     34.7% (31.5-37.8)               27.6% (22.7-32.5)                   NS                         NS                                NS
Relapse incidence                 52% (44.3-59.1)                       46.3% (43.1-49.4)               51.1% (45.7-56.3)                   NS                         NS                                NS
Non-relapse mortality         25.3% (19.2-31.8)                     25.7% (23.1-28.5)               26.7% (22.2-31.4)                   NS                         NS                                NS
GRFS                                        16.3% (10.6-21.9)                       16.4% (14-18.8)                  16% (12.1-19.9)                    NS                         NS                                NS

Data are presented as percentage with 95% confidence intervals in brackets. GRFS: graft-versus-host disease-free, relapse-free survival; haplo: haploidentical; PTCy: post-transplant
cyclophosphamide; NS: not significant; UD: unrelated donors.



(per 10 years) and cytomegalovirus positivity were associ-
ated with higher NRM (HR=1.18, 95% CI: 1.08-1.28,
P<10-3; and HR=1.37, 95% CI: 1.07-1.77, P=0.01, respec-
tively), while RIC compared to MAC and KPS ≥90 were
associated with lower NRM (HR=0.64, 95% CI: 0.49-0.84,
P=0.001; and HR=0.52, 95% CI: 0.41-0.64, P<10-3; respec-
tively) (Table 4). Notably, no effect was observed for the
type of donor.
In addition, no significant differences were found in

GRFS according to donor type in the multivariate analysis.
Three factors were associated with a better GRFS: longer
time from diagnosis to transplantation, RIC versus MAC,
and a KPS ≥90. Patients with poor cytogenetics had a
lower GRFS (Table 4).
As shown in Online Supplementary Table S2, most events

happened within the first year after HSCT. 
Finally, in order to reduce the effects of confounding fac-

tors, we performed a weighted analysis on propensity
scores (weighted average treatment). The results of the
weighted Kaplan-Meier and Cox analyses confirmed the
study results as described in Table 5. In the weighted
analysis on propensity scores, the Haplo PTCy group had
a significantly lower incidence of grade III-IV acute GvHD
compared to that of patients in the UD 10/10 group (8.9%
versus 14.5%, respectively, P=0.04), as confirmed by Cox
analysis (P=0.049). 

Causes of death
Leukemia was the most common cause of death

(accounting for 50% of the deaths in the Haplo PTCy
group, 54% in the UD 10/10 group, and 54.5% in the UD
9/10 group). GvHD was the second most common, being
the cause of death in 11.5% of the patients in the Haplo
PTCy group, 12.1% in the UD 10/10 group, and 15.2% in
the UD 9/10 group. Infection was the cause of death in
27%, 20.8%, and 20.6% of the patients in the Haplo
PTCy, UD10/10 and UD 9/10 groups, respectively.

Discussion

In the present study, we compared the transplantation
outcomes after Haplo HSCT with PTCy versus transplan-
tation from matched (10/10) or mismatched (9/10) UD in
AML patients with active disease. The LFS rate was about
25% and the OS rate about 30% after HSCT for this high-
risk population with advanced disease with no difference
between Haplo PTCy and UD 10/10 or 9/10. Rates of
acute GvHD grades II-IV and of chronic GVHD were sim-
ilar between Haplo PTCy and UD 10/10, and the same

held true for the 2-year NRM. It is important to note that
higher rates of grades II-IV acute GvHD and chronic
GvHD were observed in the UD 9/10 group without there
being an impact on RI. Although we could hypothesize a
stronger graft-versus-leukemia effect after Haplo PTCy
than after UD HSCT, we did not observe differences in
terms of RI or LFS. This finding is in accordance with
those of our previous study, in which we compared
relapse rates between patients with primary refractory
AML undergoing allogeneic transplantation from unrelat-
ed versus sibling donors and found no difference.13 One
hypothesis is that, besides the very strong tolerance induc-
tion mediated by the PTCy in the Haplo setting in the case
of active leukemia, the very aggressive biology of the dis-
ease and its refractoriness to several lines of chemothera-
py lead to fast disease progression and relapse early after
transplantaion.  Thus, the graft-versus-leukemia effect,
even across broad HLA disparities, is too weak or too slow
to control the leukemia. 
Of note, about 37% of patients received a RIC regimen

in our study. As expected, the NRM rate was significantly
lower in the RIC group than in the MAC group, with no
difference in RI between the two groups. In all, LFS, OS,
and GRFS were significantly better after RIC than after
MAC. We could hypothesize that this is  because even a
high intensity conditioning regimen does not have a
strong impact on this chemo-refractory leukemia. In our
current study, 384 of the patients received a sequential
approach with aplasia-inducing chemotherapy followed
by the conditioning regimen. However, the question of
which treatment should be used in a given patient cannot
yet be answered. In a recent meta-analysis of leukemic
patients with induction failure, Wattad et al. concluded
that HSCT without prior salvage chemotherapy and
HSCT in CR after salvage therapy resulted in comparable
survival outcomes, and both strategies were significantly
superior to HSCT performed after failure of salvage thera-
py.33 In the present study, no differences in outcome were
found between patients who received MAC or sequential
regimens. One hypothesis to explain this is that the refrac-
toriness of the malignant leukemic clone to chemotherapy
makes the conditioning regimen unable to induce remis-
sion, or even a transient response allowing sufficient time
for the alloreactive cells to mediate the graft-versus-
leukemia effect.34
Importantly, an interval from diagnosis to transplant

longer than the median was a negative prognostic factor
for LFS, OS, RI and GRFS in multivariate analysis. These
data, which are consistent with those of a study by
Craddock et al.14 and our previous results,13 highlight the
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Table 3. Univariate analysis for acute graft-versus-host disease and chronic graft-versus-host disease.
                                             Haplo PTCy                         UD 10/10                     UD 9/10               P value             P value                       P value

                                                                                                                                                                                 Haplo PTCy                Haplo PTCy
                                                                                                                                                                            versus UD 10/10      versus UD 9/10

Acute GvHD II-IV                    28.2% (21.8-34.9)                    30.6% (27.8-33.4)             36.3% (31.3-41.2)              0.04                        NS                                     0.03
Acute GvHD III-IV                     8.9% (5.3-13.7)                        14% (11.9-16.2)              16.1% (12.5-20.1)               NS                        NS                                     0.02
Chronic GvHD                         19.3% (13.6-25.7)                    25.6% (22.7-28.6)             27.4% (22.6-32.4)               NS                        NS                                     0.04
Extensive chronic GvHD         11% (6.7-16.4)                        11.6% (9.6-13.9)               11.6% (8.3-15.4)                NS                        NS                                      NS
PMN day 30                                85.5% (79-90.2)                      92.3% (90.5-93.7)             92.2% (88.9-94.6)             <10-3               <10-3                         <10-3

Data are presented as percentages with 95% confidence intervals in brackets.  ext: extensive; GvHD: graft-versus-host disease; haplo: haploidentical; PTCy: post-transplant; PMN:
polymorphonuclear neutrophil; PTCy: post-transplant cyclophosphamide; UD: unrelated donors.
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Table 4. Multivariate analysis for leukemia-free survival, overall sur-
vival, relapse incidence, non-relapse mortality and graft-versus-host
disease-free, relapse-free survival.

                                                         HR                  CI              P value

Leukemia-free survival                                                                          
UD 10/10 versus Haplo                              0.97              0.75 - 1.24               NS
UD 9/10 versus Haplo                                1.05              0.80 - 1.37               NS
Disease status: PRF-AML                           1                                                  
1st relapse versus PRF-AML                   1.10              0.95 - 1.28               NS
2nd relapse versus PRF-AML                  1.31              1.03 - 1.65             0.03
Time from diagnosis to transplant       0.99              0.98 - 0.99             0.02
Age at transplant (per 10 years)           1.00              0.95 - 1.05               NS
Year of transplant                                     1.00              0.97 - 1.03               NS
Conditioning regimen (ref=MAC)          1                                                  
RIC versusMAC                                       0.84              0.71 - 0.99             0.03
Sequential strategy  versusMAC         0.97               0.8 - 1.17                NS
Poor cytogenetics                                     1.35              1.11- 1.62            0.002
Karnofsky Performance Score ≥90       0.66              0.58 - 0.76            <10-3

Stem cell source: PBS versus BM          0.97              0.78 - 1.21               NS
Previous autologous transplant             0.95              0.68 - 1.33               NS
Female to male ratio                                0.89              0.74 - 1.06               NS
Patient CMV positive                                1.22              1.05 - 1.41              0.01
Donor CMV positive                                  0.99              0.87 - 1.14               NS
Center (frailty)                                                                                             <10-3

                                                                                                                            
Overall survival                                                                                          
UD 10/10 versus Haplo                              0.98              0.75 - 1.27               NS
UD 9/10 versus Haplo                                1.05              0.79 - 1.39               NS
Disease status: PRF-AML                           1                                                  
1st relapse versus PRF-AML                   1.14              0.97 - 1.33               NS
2nd relapse versus PRF-AML                  1.35              1.05 - 1.72         0.018
Time from diagnosis to transplant       0.99              0.99 - 1.00             0.02
Age at transplant (per 10 years)           1.04              0.99 - 1.10               NS
Year of transplant                                     1.00              0.97 - 1.03               NS
Conditioning regimen (ref=MAC)          1                                                  
RIC versusMAC                                       0.74              0.62 - 0.88            <10-3

Sequential strategy  versusMAC         0.91              0.75 - 1.12               NS
Poor cytogenetics                                     1.28              1.06 - 1.56             0.01
Karnofsky Performance Score ≥90       0.62              0.54 - 0.71            <10-3

Stem cell source: PBS versus BM          0.97              0.77 - 1.22               NS
Previous autologous transplant             0.94              0.66 - 1.35               NS
Female to male ratio                                0.90              0.75 - 1.09               NS
Patient CMV positive                                1.27              1.09 - 1.49            0.002
Donor CMV positive                                  0.96              0.83 - 1.11               NS
Center (frailty)                                                                                             <10-3

                                                                                                                            
Relapse incidence                                                                                      
UD 10/10 versus Haplo                              0.92              0.67 - 1.25               NS
UD 9/10 versus Haplo                                1.03              0.74 - 1.47               NS
Disease status: PRF-AML                           1                                                  
1st relapse versus PRF-AML                   1.32              1.09 - 1.60            0.005
2nd relapse versus PRF-AML                  1.64              1.21 - 2.21            0.001
Time from diagnosis to transplant       0.98              0.97 - 0.99            <10-3

Age at transplant (per 10 years)           0.92              0.87 - 0.98            0.007
Year of transplant                                     0.98              0.94 - 1.01               NS
Conditioning regimen (ref=MAC)          1                                                  
RIC versusMAC                                       0.97              0.79 - 1.19               NS

Sequential strategy versusMAC          1.07              0.85 - 1.36               NS
Poor cytogenetics                                     1.48              1.18 - 1.85            <10-3

Karnofsky Performance Score ≥90       0.76              0.64 - 0.90            0.001
Stem cell source: PBS versus BM          0.90              0.69 - 1.18               NS
Previous autologous transplant             0.99              0.65 - 1.54               NS
Female to male ratio                                0.89              0.71 - 1.12               NS
Patient CMV positive                                1.15              0.96 - 1.38               NS
Donor CMV positive                                  0.97              0.82 - 1.15               NS
Center (frailty)                                                                                            <10-3

                                                                                                                            
Non-relapse mortality                                                                            
UD 10/10 versus Haplo                              1.01              0.67 - 1.52               NS
UD 9/10 versus Haplo                                1.03              0.66 - 1.61               NS
Disease status: PRF-AML                           1                                                  
1st relapse versus PRF-AML                   0.88              0.70 - 1.12               NS
2nd relapse versus PRF-AML                  1.03              0.71 - 1.50               NS
Time from diagnosis to transplant       1.00              0.99 - 1.01               NS
Age at transplant (per 10 years)           1.18              1.08 - 1.28            <10-3

Year of transplant                                     1.04              0.99 - 1.09               NS
Conditioning regimen (ref=MAC)          1                                                  
RIC versusMAC                                       0.64              0.49 - 0.84            0.001
Sequential strategy  versusMAC         0.80              0.59 - 1.09               NS
Poor cytogenetics                                     1.10              0.79 - 1.55               NS
Karnofsky Performance Score ≥90       0.52              0.41 - 0.64            <10-3

Stem cell source: PBS versus BM          1.19              0.81 - 1.75               NS
Previous autologous transplant             0.99              0.57 - 1.72               NS
Female to male                                          0.87              0.63 - 1.18               NS
Patient CMV positive                                1.37              1.07 - 1.77             0.01
Donor CMV positive                                  1.03              0.83 - 1.29               NS
Center (frailty)                                                                                                NS
                                                                                                                            

GRFS                                                                                                                  
UD 10/10 versus Haplo                              1.09              0.87 - 1.39               NS
UD 9/10 versus Haplo                                1.11              0.86 - 1.43               NS
Disease status: PRF-AML                           1                                                  
1st relapse versus PRF-AML                   1.05              0.91 - 1.21               NS
2nd relapse versus PRF-AML                  1.22              0.98 - 1.52               NS
Time from diagnosis to transplant       0.99              0.98 - 0.99             0.02
Age at transplant (per 10 years)           0.98              0.93 - 1.02               NS
Year of transplant                                     1.02              0.99- 1.05                NS
Conditioning regimen (ref=MAC)          1                                                  
RIC versusMAC                                       0.86              0.74 - 0.99            0.047
Sequential strategy  versusMAC         0.93              0.78 - 1.11               NS
Poor cytogenetics                                     1.20              1.00 - 1.44            0.046
Karnofsky Performance Score ≥90       0.68              0.60 - 0.77            <10-3

Stem cell source: PB versus BM            1.15              0.94 - 1.42               NS
Previous autologous transplant             0.95              0.69 - 1.31               NS
Female to male ratio                                0.85              0.71 - 1.01               NS
Patient CMV positive                                1.14              0.99 - 1.31               NS
Donor CMV positive                                  0.98              0.86 - 1.12               NS
Center (frailty)                                                                                              0.01

AML: acute myeloid leukemia; BM: bone marrow; CI: confidence interval; CMV:
cytomegalovirus; haplo: haploidentical; HR: hazard ratio; MAC: myeloablative condition-
ing;  NS: not significant; PB: peripheral blood PRF-AML; PRF: primary refractory acute
myeloid leukemia; Rel: relapse; RIC: reduced intensity conditioning; UD: unrelated donor.

                                                         HR                  CI              P value
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urgent need to search for a donor for AML patients with
active disease who lack a matched sibling donor.
Haploidentical donors are available for the majority of
patients, providing access to further stem cell donations or
donor lymphocyte infusions as needed.35 Furthermore, it is
a factor on which the physicians can have an influence,
unlike many other factors. In accordance, Wattad et al.
showed that patients transplanted during refractory dis-
ease after salvage therapy had a significantly poorer out-
come compared to that of patients who proceeded direct-
ly to transplantation, and those transplanted in CR after
salvage therapy.12 Thus, we could recommend not to try
additional lines of chemotherapy to achieve CR in
patients with active disease, but to take advantage of the
first available donor in order to proceed to transplantation.  
The cytogenetic characterization of the leukemia repre-

sents a major prognostic factor for LFS, RI, OS, and
GRFS.36,37 We previously reported that poor-risk cytogenet-
ics was an adverse pre-HSCT variable in patients with pri-
mary refractory AML who underwent HSCT with a graft
from a matched sibling or matched UD.13 Accordingly, in
the present study, primary refractory AML with poor
cytogenetic characteristics was associated, at 2 years, with
a significant decrease in LFS and OS, and increase in RI.
These data pave the road for investigating additional
approaches relying on sequential conditioning regimens
and/or post-transplant treatments.38-42
Being retrospective and registry-based, this study has

some limitations: several of the patients’ characteristics
differed between the groups. We addressed this limita-
tion, at least in part, by using the propensity score tech-
nique. In addition, there was a relative inherent selection
process for HSCT in our study and a relative lack of infor-

mation on the reasons for an EBMT center allocating
patients to HSCT from a haploidentical donor versus UD,
so that distinguishing the choice of the donor from the
role of a potential center effect is difficult. Finally, the
counts of circulating and bone marrow blasts at the time
of HSCT were missing for a substantial number of
patients. However, the aim of this analysis was to com-
pare the two types of donors using EBMT registry data.
The design of the study and inclusion criteria were intend-
ed to answer this clinical question and were not, therefore,
adapted for developing a prognostic score. There are
ongoing trials aiming to compare outcomes after Haplo
PTCy versus UD in hematologic malignancies, but they do
not focus specifically on the setting of active AML disease
(NCT02623309). Therefore, in the absence of any
prospect of such comparative studies, our data suggest
that haploidentical donors are equally effective as 10/10
matched and 9/10 mismatched UD for allogeneic trans-
plantation in patients with active AML. 
In conclusion, our results indicate that, when an HLA-

identical sibling donor is not available for an AML patient
with active disease who is, otherwise, a candidate for
HSCT, a haploidentical donor may be used with the
expectation of similar rates of NRM, LFS, OS, and GRFS at
2 years, compared with those achieved with 10/10
matched and 9/10 mismatched UD. 

Acknowledgments
We thank all the European Society for Blood and Marrow

Transplantation (EBMT) participating centers and national reg-
istries for providing patients’ data for the study, and data man-
agers for their valuable contribution (Online Supplementary
Data). Further information is available at the EBMT web site.

Haploidentical versus unrelated donor HSCT for active AML

haematologica | 2019; 104(3) 531

Table 5. Weighted Cox model for leukemia-free survival, overall survival, relapse incidence, non-relapse mortality, graft-versus-host disease-free,
relapse-free survival and graft-versus-host disease.

                                                    Haplo PTCy                      UD 10/10                     UD 9/10                          P value                          P value
                                                                                                                                                                         Haplo PTCy                  Haplo PTCy 
                                                                                                                                                                    versus UD 10/10         versus UD 9/10

Leukemia-free survival                   22.8% (17.1-30.2)                 25.6% (19.4-33.7)               21.6% (15-30.9)                               NS                                        NS
Overall survival                                 29.3% (22.9-37.5)                 32.2% (25.4-40.8)             25.4% (18.3-35.4)                             NS                                        NS
Relapse incidence                             52% (43.9-58.8)                  48.2% (43.6-52.5)             53.2% (45.6-59.7)                             NS                                        NS
Non-relapse mortality                    25.3% (18.7-31.3)                 26.2% (22.3-29.9)             25.2% (19.3-30.6)                             NS                                        NS
GRFS                                                   16.2% (11.5-22.9)                 17.1% (11.9-24.4)             16.1% (10.5-24.7)                             NS                                        NS
Acute GvHD II-IV                              28.2% (21.3-34.5)                  31.3% (27-35.3)               40.4% (32.8-47.2)                             NS                                       0.01
Acute GvHD III-IV                                8.9% (4.6-13)                    14.5% (11.4-17.4)             20.1% (13.5-26.2)                            0.04                                     0.005
Chronic GvHD                                    19.3% (13-25.1)                  22.9% (19.1-26.6)             25.5% (19.1-31.4)                             NS                                       0.04
Extensive chronic GvHD                 11.3% (6.2-16.1)                   11.2% (8.5-13.8)                11.1% (6.6-15.3)                              NS                                        NS
Data are presented as percentages with 95% confidence intervals in brackets; GvHD: graft-versus-host disease; GRFS: graft-versus-host disease-free, relapse-free survival; Haplo:
haploidentical; not significant; PTCy: post-transplant cyclophosphamide; UD: unrelated donors.
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