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Baseline cytogenetics and disease status are key factors predicting the outcomes of allogeneic hematopoietic cell
transplantation (HCT) in patients with acute myeloid leukemia (AML). The importance of cytogenetic risk in
patients with primary refractory or relapsed (R/R) AML undergoing haploidentical (Haplo) HCT is unknown. We
studied the impact of cytogenetic risk in patients with R/R de novo AML with active disease who underwent non-
T-cell�depleted Haplo-HCT with post-transplantation cyclophosphamide from 2010 to 2020. Four hundred forty
patients with active disease at transplantation from the European Society for Blood and Marrow Transplantation
database were analyzed (291 [66.1%] with intermediate-risk [AMLint] and 149 [44.1%] with adverse-risk cytoge-
netics [AMLadv]). Impact of baseline cytogenetic risk on various transplantation outcomes was evaluated. Pre-
transplantation disease status was relapse in 48.1% and 26.8% and primary refractory in 51.9% and 73.2% of the
patients with AMLint and AMLadv, respectively (P < .0001). Two-year leukemia-free survival (LFS, 35.5% versus
15.5%, P = .001) and overall survival (OS, 39.2% versus 20.1%, P = .001) were better in AMLint versus AMLadv. In
multivariate analysis, the relapse rate was significantly higher (hazard ratio [HR] = 2.17 [95% confidence interval
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{CI} 1.57-3.0]) and LFS (HR = 1.71 [95% CI, 1.31-2.22]) and OS (HR = 1.69 [95% CI, 1.29-2.22]), significantly lower for
patients with AMLadv compared to AMLint, conditioning intensity did not affect leukemia relapse rate.
Non-relapse mortality (HR = 1.1 [95% CI, 0.7-1.74]) and graft-versus-host disease�free, relapse-free survival
(HR = 1.37 [95% CI, 1.06-1.77]) did not differ significantly between the risk groups. Disease status before transplant
(primary refractory versus relapsed) or conditioning intensity did not impact main transplant outcomes. Baseline
cytogenetic risk remains a key prognostic factor for patients with R/R AML with persistent disease before non-T-
cell�depleted Haplo-HCT.

© 2022 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights
reserved.
Acute myeloid leukemia (AML) is a devastating malignancy
with a long-term survival of less than 20% [1,2]. The first goal
in the therapeutic paradigm in AML and a prerequisite to long-
term disease control is achievement of complete remission
(CR) with induction chemotherapy [1,3]. However, up to 30%
of AML patients fail to achieve CR and up to 50% will eventually
relapse [4]. Allogeneic hematopoietic stem cell transplantation
(allo-HCT) is the standard postremission therapy for eligible
patients with intermediate- and adverse-risk AML [1]. The use
of HCT from a related haploidentical donor (Haplo-HCT) for
patients with high-risk AML has been increasing in recent
years [5,6]. Disease status at transplantation is one of the most
important prognostic factors for HCT outcome, including
Haplo-HCT [7] (Figure 1). Results of Haplo-HCT are better in
first complete remission (CR1), and worsen in more advanced
disease phases, especially for patients with active disease
before transplantation [5,7]. Nonetheless, patients with R/R
AML can still benefit from HCT, with a long-term overall sur-
vival (OS) between 25% to 30% [8�11]. A second critical prog-
nostic factor for outcome in AML is underlying cytogenetics,
predictive of both initial response and relapse risk after HCT
[1,12-16]. Recently we addressed the prognostic role of the
complete gamut of cytogenetic aberrations in 8558 adult AML
patients who underwent HCT from either a matched sibling or
a matched unrelated donor. Patients with inv(3) (q21q26)/t
(3;3)(q21;q26), del(5q), monosomy 7, chromosome 17p
abnormalities, t(10;11)(p11-14;q13-23), t(6;11)(q27;q23), as
well as those patients with a monosomal or complex karyo-
type experienced significantly inferior leukemia-free survival
(LFS) compared to patients with a normal karyotype [16]. The
prognostic role of cytogenetic risk on transplantation outcome
in AML patients with active leukemia at time of transplanta-
tion is less established. The impact of cytogenetic risk, strati-
fied according to the United Kingdom Medical Research
Council (UK-MRC) classification system was recently assessed
in 2089 patients with R/R AML who underwent HCT from
either sibling or unrelated donors, mostly HLA matched [17].
Intermediate- and adverse-risk cytogenetics were associated
with higher incidence of relapse, translating into worse LFS
and OS compared to the favorable-risk group [17]. However,
the impact of cytogenetic risk on outcome of patients with R/R
AML undergoing Haplo-HCT is unknown. Here, we aimed to
investigate the impact of cytogenetic risk in patients with
active AML undergoing Haplo-HCT.
PATIENTS ANDMETHODS
Study Design and Data Collection

This was a retrospective, multicenter analysis using the dataset of the
Acute Leukemia Working Party (ALWP) of the European Society for Blood
and Marrow Transplantation (EBMT). The EBMT is a voluntary working group
of more than 600 transplantation centers that are required to report all con-
secutive stem cell transplantations and follow-ups once a year. EBMT mini-
mum essential data forms are submitted to the registry by transplantation
center personnel after written informed consent is received from patients in
accordance with center ethical research guidelines. Accuracy of data is
assured by the individual transplantation centers and by quality control
measures such as regular internal and external audits. The results of disease
assessments at HCT were also submitted and form the basis of this report. Eli-
gibility criteria for this analysis included adult patients (�18 years) with de
novo AML with active disease defined as primary refractory, first or second
relapse with >5% of residual morphologic blasts, with available intermediate
or high-risk cytogenetics as defined by the UK-MRC and listed in Supplemen-
tary Table S1. Patients who received a first non-T-cell�depleted HCT with
post-transplantation cyclophosphamide (PTCy) from a haploidentical donor
between 2010 and 2020 in the EBMT/ALWP registry were selected. A haploi-
dentical donor was defined as �2 HLA mismatches between donor and recip-
ient. The exclusion criteria were secondary AML, AML in CR at
transplantation, favorable-risk cytogenetics according to the revised 2010
UK-MRC [18], HCT from other donor types (sibling, unrelated, or umbilical
cord blood); previous history of HCT; use of ex vivo T-cell�depleted hemato-
poietic cell graft or use of alemtuzumab or anti thymocyte globulin. Data ana-
lyzed included recipient and donor characteristics such as age, gender,
cytomegalovirus (CMV) serostatus, and disease-related characteristics such
as disease status at transplantation, type of conditioning regimen, stem cell
source, and graft-versus-host disease (GVHD) prophylaxis regimen. The con-
ditioning regimen was defined as myeloablative conditioning (MAC) or
reduced-intensity conditioning (RIC) based on the reports from individual
transplantation centers as per previously established criteria [19]. The condi-
tioning regimen was defined as MAC when containing total body irradiation
with a dose >6 Gray or a total dose of busulfan >8 mg/kg or >6.4 mg/kg
when administered orally or intravenously, respectively. All other regimens
were defined as RIC [19]. Regimens for GVHD prophylaxis were per institu-
tional protocol. Grading of acute (a) GVHD was performed using established
criteria [20]. Chronic (c) GVHD was classified as limited or extensive accord-
ing to published criteria [21]. For this study, all necessary data were collected
according to the EBMT guidelines, using the EBMT minimum essential data
forms. The list of institutions contributing data to this study is provided in
the Supplementary appendix.

Ethics Approval and Consent to Participate
The scientific board of the ALWP of the EBMT approved this study. The

study protocol was approved by the institutional review board at each site
and complied with country-specific regulatory requirements. All patients
gave informed consent to use their anonymized personal information for
research purposes. The study was conducted according to the Declaration of
Helsinki, and Good Clinical Practice guidelines.

Data Sharing Statement
Please contact the EBMT for the raw data used for this study (www.ebmt.

org).

Statistical Analysis
The study endpoints were OS, LFS, relapse incidence (RI), non-relapse

mortality (NRM), engraftment, aGVHD, cGVHD, and GVHD-free, relapse-free
survival (GRFS). All endpoints were measured from the time of transplanta-
tion. Median follow-up was calculated using the reverse Kaplan-Meier
method. Engraftment was defined as achieving an absolute neutrophil count
(ANC) greater than or equal to 0.5 £ 109/L for 3 consecutive days. OS was
defined as time to death from any cause. LFS was defined as survival with no
evidence of relapse or progression. NRM was defined as death from any cause
without previous relapse or progression. We used modified GRFS criteria.
GRFS events were defined as the first event among grade III�IV acute GVHD,
extensive cGVHD, relapse, or death from any other cause [22]. Median values
and ranges were used for continuous variables and percentages for categori-
cal variables. Patient-, disease-, and transplant-related characteristics were
compared between the 2 groups (intermediate, and high-risk cytogenetics)
using the Mann-Whitney U test for numerical variables, and the chi-squared
or Fisher exact test for categorical variables. The probabilities of OS, LFS, and
GRFS were calculated using the Kaplan-Meier estimates. The RI and NRM
were calculated using cumulative incidence (CI) curves in a competing risk
setting, death in remission being treated as a competing event for relapse.
Early death was considered as a competing event for engraftment. To
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Figure 1. Transplant outcomes.
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estimate the CI of acute or chronic GVHD, relapse and death were considered
as competing events. Univariate analyses were performed using the log-rank
test for LFS, OS, and GRFS whereas Gray’s test was used for CI. Multivariate
analyses were performed using the Cox proportional-hazards regression
model. All variables differing significantly between the two groups, and
potential risk factors were included in the model. Results were expressed as
the hazard ratio (HR) with a 95% confidence interval (95% CI). All P values
were 2-sided with a type 1 error rate fixed at.05. Statistical analyses were
performed with SPSS 25.0 (SPSS Inc., Chicago, IL) and R 4.3.0 [23,24].
RESULTS
Patient, Disease, and Transplantation Characteristics

Table 1 shows the baseline characteristics. A total of 440
patients met the inclusion criteria: 291 (66.1%) with interme-
diate-risk (AMLint) and 149 (44.1%) with adverse-risk cytoge-
netics (AMLadv). In the AMLadv group, deletion 7 was present
in 10.7% of cases, deletion 5 in 2.7%, a complex karyotype was
observed in 40.9% of patients, and a monosomal karyotype
was present in 13.4% (16.1% fulfilled criteria for both complex
and monosomal karyotype). The median duration of follow-up
from HCT was 33 (95% CI, 27-44) and 43 (95% CI, 36-60)
months, respectively (P = .27). The median year of HCT was
2017 in both subgroups. The median patient age was not sta-
tistically different between the two study cohorts being
57.1 years (range 18.1-77.8) in AMLint and 55.6 (range 19.4-
72.7) years in AMLadv patients (P = 1.0). There were significant
differences between the 2 groups with respect to presence of
FLT3-ITD which was more frequent among AMLint compared
with AMLadv (40.4% and 18.8%, respectively; P = .0006; data
available for 62% of cases overall); presence of NPM1 mutation
(AMLint, 42.4% versus AMLadv, 6.9%; P < .0001) and the pro-
portion of patients with primary refractory disease (AMLint,
51.9% versus AMLadv, 73.2%; P < .0001).

Patient and donor CMV seropositivity was not statistically
different between the 2 groups: both AMLint and AMLadv had



Table 1
Baseline Demography According to Cytogenetic Risk Group

Intermediate (n = 291) Adverse (n = 149) Overall (n = 440) P Value

Median follow-up (months, reverse KM),
median (95% CI)

33.06 [27.15-43.81] 42.56 [35.69-59.62] 36.12 [32.64-46.28] .27

Year transplant, median (min-max) 2017 (2010-2020) 2017 (2011-2020) 2017 (2010-2020) .62

Patient age (y), median (min-max) [IQR] 57.1 (18.1-77.8) [43.6-63.7] 55.6 (19.4-72.7) [45.5-63.4] 56.2 (18.1-77.8) [43.8-63.6] 1

Disease status at transplant

Primary refractory 151 (51.9%) 109 (73.2%) 260 (59.1%) <.0001

Rel1 110 (37.8%) 33 (22.1%) 143 (32.5%)

Rel2+ 30 (10.3%) 7 (4.7%) 37 (8.4%)

Relapse/Refractory <.0001

Relapse 140 (48.1%) 40 (26.8%) 180 (40.9%)

Refractory 151 (51.9%) 109 (73.2%) 260 (59.1%)

Karyotype details

t(6;9) 2 (1.3%)

t9;22 3 (2%)

MLL 8 (5.4%)

del7/mono7 16 (10.7%)

del5/mono5 4 (2.7%)

3q26 8 (5.4%)

17p 3 (2%)

CK 61 (40.9%)

MK 20 (13.4%)

CK+MK 24 (16.1%)

Normal karyotype 220 (75.6%)

Other abnormal 71 (24.4%)

FLT3-ITD status .0006

Negative 115 (59.6%) 65 (81.2%) 180 (65.9%)

Positive 78 (40.4%) 15 (18.8%) 93 (34.1%)

Missing 62 52 114

Graft source .76

BM 94 (32.3%) 46 (30.9%) 140 (31.8%)

PBSC 197 (67.7%) 103 (69.1%) 300 (68.2%)

KPS score .77

<90 126 (45%) 60 (43.5%) 186 (44.5%)

Missing 11 11 22

Patient gender: Male 158 (54.3%) 88 (59.1%) 246 (55.9%) .34

Female donor to male recipient 60 (20.6%) 34 (22.8%) 94 (21.4%) .59

Patient CMV status .50

Seropositive 220 (76.4%) 108 (73.5%) 328 (75.4%)

Missing 3 2 5

Donor CMV status .38

Seropositive 170 (60.3%) 81 (55.9%) 251 (58.8%)

Missing 9 4 13

Conditioning intensity .52

MAC 134 (46.2%) 64 (43%) 198 (45.1%)

RIC 156 (53.8%) 85 (57%) 241 (54.9%)

Missing 1 0 1

GVHD prophylaxis in addition to PTCy .25

CSA 5 (1.7%) 0 (0%) 5 (1.1%)

MTX 1 (0.3%) 0 (0%) 1 (0.2%)

Tacro 4 (1.4%) 1 (0.7%) 5 (1.1%)

MMF 9 (3.1%) 4 (2.7%) 13 (3%)

CSA + MTX 4 (1.4%) 2 (1.3%) 6 (1.4%)

CSA + MMF 143 (49.1%) 85 (57%) 228 (51.8%)

CSA + Tacro 0 (0%) 1 (0.7%) 1 (0.2%)

CSA + MTX + MMF 0 (0%) 1 (0.7%) 1 (0.2%)

MMF + Tacro 100 (34.4%) 41 (27.5%) 141 (32%)

MMF + Siro 18 (6.2%) 10 (6.7%) 28 (6.4%)

(continued)
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Table 1 (Continued)

Intermediate (n = 291) Adverse (n = 149) Overall (n = 440) P Value

CSA + MMF + Tacro 4 (1.4%) 0 (0%) 4 (0.9%)

Tacro + Siro 0 (0%) 1 (0.7%) 1 (0.2%)

Other 3 (1%) 3 (2%) 6 (1.4%)

KM indicates Kaplan-Meier; KPS, Karnofsky performance status; IQR, interquartile rage; BM, bone marrow; Rel1, first relapse; Rel2+, second or later relapse; CSA,
cyclosporine; MMF, mycophenolate mofetil; MTX, methotrexate; siro, sirolimus.
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a high proportion (76.4% and 73.5 %, respectively) of CMV posi-
tivity, as well as a high rate of donor CMV positivity (60.3% and
55.9%, respectively). A MAC regimen was used in 46.2% and
43% of patients in AMLint and AMLadv groups, respectively
(P = .52). The HCT graft source was peripheral blood stem cells
(PBSC) in most patients (AMLint, 67.7% and AMLadv, 69.1%;
P = .76). All patient received PTCy. The majority of patients
received either tacrolimus with mycophenolate mofetil (32%)
or cyclosporine with mycophenolate mofetil (51.8%) as addi-
tional immunosuppression for GVHD prevention. The most
common conditioning regimen for both groups was thiotepa/
busulfan/fludarabine, used in 42.6% and 43% of AMLint and
AMLadv, respectively. A full list of conditioning regimens is
provided in Supplementary Table S2.

Transplantation Outcomes
The 2-year relapse, NRM, LFS, OS and GRFS for the entire

study population was 48.1%, 23.1%, 28.8%, 32.7%, and 21.7%,
respectively (Supplementary Table S3). The proportion of
patients who achieved CR after transplant did not differ
between the study groups (AMLint, 80.4% versus AMLadv,
72.7% P = .24), with a not statistically different median time to
engraftment (19 [range 1-22] versus 19 [range 1-42]) days,
respectively (P = .73). Graft failure was reported in 8.6%
(AMLint) versus 10.6% (AMLadv) of patients, respectively
(P = .51). Supplementary Table S4 describes the univariate out-
comes according to patient and donor characteristics. The inci-
dence of grade II-IV (29.1%; 95% CI, 20.6-31.7 and 26.9%; 95%
CI, 19.9-34.5) and grade III-IV (12.9%; 95% CI, 9.3-17.1 and
8.5%; 95% CI, 4.6-13.8) aGVHD at day 180 was not statistically
different between the study groups. A higher overall cGVHD
incidence was observed in AMLint patients (24.4%; 95% CI,
19.2-29.9 and 15.6%; 95% CI, 10-22.3) but not statistically dif-
ferent extensive cGVHD at 2 years in AMLint patients (13.3%;
95% CI, 9.4-17.9 and 8.2%; 95% CI, 3.2-11.6). On the contrary, 2-
year RI was lower among AMLint patients (39.9%; 95% CI, 33.8-
45.9 versus 64.3%; 95% CI, 55.6-71.7), translating into a supe-
rior 2-year LFS (35.5%; 95% CI, 29.5-41.5 versus 15.5%; 95% CI,
9.9-22.1), GRFS (26%; 95% CI, 20.6-31.7 versus 13.2 %; 95% CI,
8.1-19.6) and OS (39.2%; 95% CI, 32.9-45.4 versus 20.1%;95% CI,
13.7-27.4). Two-year NRM (24.6%; 95% CI, 19.6-29.9 versus
20.3%; 95% CI, 14.1-27.3) did not statistically differ between
cytogenetic groups. Presence of FLT3-ITD was not associated
with a higher RI in this study population, with a 2-year RI of
42.5%; 95% CI, 31.8-52.8 versus 50.4%; 95% CI, 42.5-58.2 among
patients with and without FLT3-ITD, respectively (Supplemen-
tary Table S4). Analyzing GVHD as a time dependent variable,
we did not find any association with relapse and development
of acute or chronic GVHD (Supplementary Table S5). Multivari-
ate analysis (Table 2) confirmed the significantly lower relapse
risk in AMLint patients, with an HR = 2.1 (95% CI, 1.57-3.0) for
AMLadv patients. Moreover, AMLadv had an independent neg-
ative impact on LFS and OS, with HR = 1.71 (95% CI, 1.31-2.22)
and HR = 1.69 (95% CI, 1.29-2.22), respectively.

Other factors were identified as having an independent
prognostic impact on outcomes in the multivariate analysis.
Increasing age was independently associated with a higher
risk of NRM, as was a Karnofsky score <90, which predicted a
higher NRM and lower LFS, OS, and GRFS. Donor CMV positiv-
ity was associated with a higher relapse risk, as well as an infe-
rior LFS, OS, and GRFS. Disease status before transplant
(primary refractory versus relapsed) or conditioning intensity
(RIC versus MAC) did not influence any transplant outcomes in
our regression model. Finally, the use of PBSC was associated
with a marked higher incidence of grade II-IV aGVHD (Table 2).
In subgroup analysis, transplant outcomes were comparable
between patients with primary refractory and relapsed AML
(data now shown). Moreover, there was no significant interac-
tion between cytogenetics and status at transplant in multivar-
iate analysis.

Cause of Death
Table 3 details the cause of death. A total of 288 (65.5%)

patients died during the study period, comprising 170 (58.4%)
and 118 (79.2%) of the AMLint and AMLadv cohorts, respec-
tively. Disease relapse, infection, and GVHD were the most
common causes of death in both cohorts, accounting for 54.9%,
21.6%, and 14.2% of deaths among AMLint patients, and 60.4%,
17.5%, and 10% of the AMLadv cohort, respectively.

DISCUSSION
In the current study we addressed the impact of cyto-

genetic risk on transplantation outcome of AML patients with
active disease undergoing haplo-HCT. Our results indicate that
cytogenetic risk, despite not influencing initial post-transplan-
tation response, had an important independent prognostic
impact on relapse risk, which translated into an inferior LFS
and OS in those with adverse risk cytogenetics. These results
are comparable to the well-known effect of cytogenetics in
patients with AML undergoing allogeneic transplantation in
remission, as well as after allo-HCT performed in active disease
from a matched sibling or unrelated donor [13,15-17,25].
Among AMLadv patients, the RI surpassed 60% and the OS was
20% at 2 years after haplo-HCT, highlighting the need for novel
strategies to improve the outcomes of these patients [26].

Cytogenetics exerts a strong impact on outcome of patients
with AML, predicting response to initial chemotherapy and
risk of relapse. Accordingly, cytogenetic risk profile constitutes
one of the main criteria guiding risk-adapted indication for
HCT [27,28]. Nonetheless, adverse cytogenetics maintains its
deleterious prognostic impact in patients undergoing allo-
HCT. The CIBMTR studied 821 patients with AML in first or sec-
ond CR who underwent HCT demonstrating the predictive
value of cytogenetic risk, with a 5-year OS of only 18% in the
adverse-risk cytogenetic category, in comparison to a 5-year
OS of 50% in those classified as intermediate-risk [15]. More-
over, the ALWP have analyzed the prognostic impact of several
cytogenetic abnormalities on transplant outcome and has
shown the poor prognosis of patients with cytogenetic sub-
types such as AML with del(5q)/�5, or with �7, or with 17p
abnormalities, especially when part of a complex karyotype
[25,29-31]. Most patients classified as adverse risk in the



Table 2
Multivariate Analysis of Transplant Outcomes

Variables* Relapse NRM LFS OS GRFS Acute GVHD,
Grade II-IV

Chronic GVHD

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Intermediate risk
cytogenetics

1 1 1 1 1 1 1

Adverse risk
cytogenetics

2.17 (1.57-3) <.0001 1.1 (0.7-1.74) .67 1.71 (1.31-2.22) <.0001 1.69 (1.29-2.22) .0001 1.37 (1.06-1.77) .016 0.89 (0.58-1.38) .62 0.97 (0.56-1.69) .92

Patient age (per
10 years
increment)

0.91 (0.8-1.02) .12 1.43 (1.16-1.76) .0007 1.04 (0.94-1.15) .45 1.1 (0.99-1.22) .088 1.03 (0.94-1.14) .51 1.05 (0.89-1.23) .58 0.92 (0.77-1.1) .36

Year of
transplantation

0.94 (0.87-1) .065 1.02 (0.92-1.12) .76 0.96 (0.91-1.02) .18 0.99 (0.93-1.05) .63 0.98 (0.93-1.04) .51 1.01 (0.92-1.11) .84 1.03 (0.93-1.14) .60

Relapsed 1 1 1 1 1 1 1

Primary
refractory

1.03 (0.74-1.42) .87 0.96 (0.62-1.48) .86 1.02 (0.78-1.32) .89 1.01 (0.77-1.33) .95 1.02 (0.79-1.31) .90 1.13 (0.74-1.72) .58 0.76 (0.47-1.22) .25

MAC 1 1 1 1 1 1 1

RIC 1.1 (0.78-1.56) .59 0.99 (0.61-1.61) .96 1.11 (0.83-1.48) .49 1.13 (0.84-1.53) .41 0.94 (0.71-1.24) .66 1.06 (0.68-1.68) .79 0.96 (0.57-1.59) .87

KPS <90 1 1 1 1 1 1 1

KPS �90 0.66 (0.48-0.9) .01 0.52 (0.34-0.79) .002 0.6 (0.47-0.77) <.0001 0.6 (0.46-0.78) .0001 0.62 (0.49-0.79) .0001 1.2 (0.8-1.82) .38 0.71 (0.44-1.14) .16

Female donor to
male recipient

1.14 (0.8-1.63) 1.27 (0.79-2.05) 1.17 (0.88-1.56) 1.3 (0.97-1.74) 1.23 (0.93-1.63) 0.93 (0.58-1.5) 1.21 (0.71-2.06)

Donor CMV
seronegative

1 1 1 1 1 1 1

Donor CMV
seropositive

1.27 (0.9-1.79) .17 0.71 (0.45-1.12) .14 1.04 (0.79-1.37) .79 1.05 (0.79-1.4) .71 1.02 (0.79-1.33) .86 1.51 (0.95-2.41) .081 1.4 (0.81-2.42) .22

Patient CMV
seronegative

1 1 1 1 1 1 1

Patient CMV
seropositive

1.03 (0.69-1.54) .87 1.28 (0.75-2.19) .37 1.08 (0.78-1.49) .63 1.15 (0.82-1.61) .42 0.94 (0.69-1.27) .67 0.69 (0.42-1.15) .16 0.6 (0.33-1.07) .083

BM graft 1 1 1 1 1 1 1

PBSC graft 1.04 (0.73-1.48) .84 0.99 (0.62-1.57) .96 1 (0.75-1.33) .97 0.98 (0.73-1.31) .88 1.06 (0.8-1.4) .69 1.95 (1.15-3.32) .013 1.3 (0.76-2.23) .33

* Variables differing between the study cohorts and factors associated with at least 1 outcome in the univariate analysis.
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Table 3
Cause of Death

Etiology Intermediate (n = 170) Adverse (n = 118) Overall (n = 288)

Original disease 89 (54.9%) 169 (60.4%) 80 (67.8%)

Infection 35 (21.6%) 49 (17.5%) 14 (11.9%)

GVHD 23 (14.2%) 28 (10%) 5 (4.2%)

Hemorrhage 1 (0.6%) 3 (1.1%) 2 (1.7%)

Failure/Rejection 0 (0%) 2 (0.7%) 2 (1.7%)

Veno-occlusive disease 1 (0.6%) 2 (0.7%) 1 (0.8%)

Interstitial pneumonitis 3 (1.9%) 5 (1.8%) 2 (1.7%)

Other second malignancy 0 (0%) 2 (0.7%) 2 (1.7%)

Multiorgan failure 3 (1.9%) 7 (2.5%) 4 (3.4%)

Other transplant related 4 (2.5%) 4 (1.4%) 0 (0%)

Non-transplant related 3 (1.9%) 9 (3.2%) 6 (5.1%)

Missing 8 8 0
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present series carried one of these very high-risk cytogenetic
aberrations (Table 1).

However, the role of cytogenetic risk on transplantation
outcome in patients who undergo transplantation with active
disease (R/R AML) is not so clearly established. Long-term sur-
vival of refractory patients undergoing allo-HCT is approxi-
mately 25% to 30% [9,25,30,32], although well-established
predictors of sustained response after allo-HCT in this setting
are mostly unknown [3,29-31,33]. We recently addressed, in
the EBMT registry, the impact of cytogenetic risk in patients
with R/R AML undergoing transplantation from HLA-matched
donors and demonstrated that karyotype remains an impor-
tant prognostic factor in this context [17]. Haplo-HCT may pro-
vide important advantages in the setting of active disease,
including the relatively shorter time to graft procurement
compared to a registry-donor [34], a hypothetical stronger
GVL effect because of the broader HLA disparity [35], and the
shorter period of post-transplantation immunosuppression
when using PTCy as GVHD prophylaxis [36]. Nonetheless,
we demonstrated that adverse cytogenetics is associated
with a higher relapse rate, approaching 64% at 2 years in
the current study, indicating that haplo-HCT may not over-
come the deleterious effect of adverse-risk cytogenetics as
seen with other allogeneic transplantation modalities. Fur-
thermore, the higher relapse rate in patients with adverse
cytogenetics translated to lower LFS and OS, altogether
highlighting the need for additional antileukemic proce-
dures after Haplo-HCT, either pharmacological or cell-ther-
apy based strategies, aimed at preventing relapse. On the
contrary, cytogenetic risk did not influence NRM, incidence
of GVHD and other transplant outcome parameters in
agreement with previous studies [12�17]. The outcomes of
primary refractory or relapsed AML remain poor with
median survival less than 6 months in most patients with-
out consolidative transplant [37]. In various retrospective
studies, CR rates with intensive salvage chemotherapy in
relapsed/refractory AML are in the range of 20% to 40%
[38]. Our results support the use of haplo-HCT in eligible
patients with active AML because it can achieve high CR
rates and durable remissions in a subset of patients.

Consistent with other studies, we confirmed the prognostic
impact of other variables with transplant outcome, such as
correlation of increasing age and of KPS with NRM, donor CMV
sero-positivity and transplant outcome, use of PBSC and GVHD
incidence, and the protective role of PTCy on cGVHD incidence,
without influencing disease relapse and favoring a higher GRFS
[5,8-11,39-43].
Being registry based, our study suffers from several limita-
tions including the lack of complete genomic information at
diagnosis, details on upfront chemotherapy protocols and the
precise percentage of blasts at time of transplantation. We also
did not have information post-transplant maintenance thera-
pies in the database. Nevertheless, we were able to demon-
strate that cytogenetic risk remains an important prognostic
factor in R/R AML with active disease before non-T-cell�de-
pleted HCT mainly because of a very high relapse risk, war-
ranting the implementation of innovative additional
antileukemic pharmacologic or cellular therapies after trans-
plantation.
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