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Impact of Conditioning Intensity on Outcomes of Haploidentical 
Stem Cell Transplantation for Patients With Acute Myeloid 

Leukemia 45 Years of Age and Over
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Yener Koc, MD11; Stella Santarone, MD12; Xiao-Jun Huang, MD 13; Bipin N. Savani, MD 3,14;  

Mohamad Mohty, MD2,3; Annalisa Ruggeri, MD 15,16; and Arnon Nagler, MD3,17

BACKGROUND: T cell–replete haploidentical stem cell transplantation (haplo-SCT) is a valid therapeutic option for adult patients 

with high-risk acute myeloid leukemia (AML) lacking an HLA-matched sibling or unrelated donor. METHOD: We retrospectively  

analyzed the outcomes of 912 AML patients ≥45 years of age who had undergone haplo-SCT with either myeloablative conditioning 

(MAC; n = 373) or reduced intensity conditioning (RIC; n = 539) regimens. RESULTS: The median follow-up was 31.1 and 25.7 months 

for MAC and RIC, respectively. The incidence of relapse and nonrelapse mortality (NRM) were 25.1% versus 28.7% and 31.0% versus 

30.3% for MAC and RIC, respectively; 2-year leukemia-free survival (LFS) was 43.9% for MAC versus 41.0% for RIC. In multivariate 

analysis, the use of MAC versus RIC was not associated with a difference in the outcomes. Results were confirmed in the propensity 

score–weighted analysis. Disease status and performance status at transplantation were associated with outcomes. Notably, the use 

of posttransplantation cyclophosphamide was associated with reduced acute graft-versus-host disease (aGVHD) stage III-IV, and 

NRM and increased overall survival, LFS, and GVHD-free, relapse-free survival. The use of mobilized peripheral blood stem cells was 

associated with an increased risk of stage II-IV aGVHD. CONCLUSION: No differences were found between MAC and RIC regimens 

for haplo-SCT in adults with AML who were ≥45 years of age. The type of GVHD prophylaxis, disease status, and performance status 

were the major predictors of transplantation outcome. These results may serve as the background for randomized study comparing 

RIC versus MAC for haplo-SCT in adults with AML. Cancer 2019;125:1499-1506. © 2019 American Cancer Society. 

KEYWORDS: acute myeloid leukemia, haploidentical stem cell transplantation, myeloablative conditioning, reduced intensity 

conditioning.

INTRODUCTION
Haploidentical stem cell transplantation (haplo-SCT) is a valid and rapidly available therapeutic option for patients with 
high-risk acute myeloid leukemia (AML) who do not have an HLA-identical sibling or unrelated donor.1 In recent years, 
most haplo-SCTs are being performed without T cell depletion (T cell–replete haplo-SCT) with improving outcomes 
due to faster immune reconstitution and a lower incidence of nonrelapse mortality (NRM) related to graft-versus-host 
disease (GVHD), graft rejection, and life-threatening infections.2,3 Notably, the results of haplo-SCT also improved in 
patients with AML who were ≥60 years of age.4,5

The optimal conditioning intensity regimen for allogeneic transplantation for patients with AML is a debated 
topic. Reduced-intensity conditioning (RIC), which is based mainly on the graft-versus-leukemia effect and less on 
the cytotoxicity of the chemotherapy or radiotherapy was originally developed for older and less-fit patients, those 
with comorbidities, and those unable to undergo myeloablative conditioning (MAC).6-8 Indeed, RIC resulted in a 
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significant reduction in organ toxicity and NRM and is 
now widely used, even in patients who are eligible for 
MAC.9 Different groups have investigated the influence 
of the conditioning intensity on outcomes of allo-SCT 
from matched related or unrelated donors.10-13 Overall, 
MAC is associated with a good antileukemic effect 
and therefore fewer relapses but with increased NRM, 
whereas RIC could result in higher relapse incidence (RI) 
but reduced NRM, and both approaches have similar 
leukemia-free survival (LFS) and overall survival (OS).14 
The similar net outcome is despite the fact that RIC was 
generally applied to older patients and those with comor-
bidities.8 Recent randomized clinical trial showed that 
age-adapted strategy could be considered in the choice of 
conditioning.12,15,16

In the haplo setting, the broad HLA mismatch 
could theoretically increase the risk of immunological 
complications, such as acute GVHD (aGVHD) and 
chronic GVHD (cGVHD) and graft rejection leading 
to an increase in NRM.3 For this reason, the intensity 
of conditioning, especially in different age subgroups, 
could have an important influence on outcomes and 
may be even more imperative and subtle than HLA-
matched sibling and unrelated donor transplants.17 
The majority of studies addressing conditioning  
intensity in the setting of haplo-SCT have focused on 
the feasibility of RIC regimens using posttransplanta-
tion cyclophosphamide (PT-Cy) as a GVHD prophy-
laxis.18-21 In these studies, relapse remains the major 
cause of treatment failure, despite the low GVHD. In 
contrast, MAC has been studied for both PT-Cy and 
other GVHD prophylaxes, including anti-thymocyte 
globulin (ATG).22-25 To date, the choice of the condi-
tioning intensity for haplo-SCT in AML depends on 
patient and disease characteristics and transplantation 
center experience, but there are no clear indications. 
There are very few data comparing MAC and RIC 
in adult patients with AML transplanted with hap-
lo-SCT.26,27 The aim of our study was to evaluate the 
impact of conditioning regimens on the outcomes of 
adult AML patients ≥45 years of age who underwent  
T cell–replete haplo-SCT.

METHODS

Study Design and Definition
This was a retrospective registry-based analysis on  
behalf of the Acute Leukemia Working Party 
(ALWP) of the European Society for Blood and 
Marrow Transplantation (EBMT). The EBMT is a 

nonprofit scientific society representing more than 600 
transplantation centers, mainly in Europe, that are 
required to report all consecutive stem cell transplanta-
tions and follow-ups once a year. Data are entered, man-
aged, and maintained in a central online database in which 
each EBMT center is represented. For original data, the  
database is available at the ALWP-EBMT, Saint Antoine 
Hospital, Paris, France. Audits are routinely performed 
to determine the accuracy of the data. Patients or legal 
guardians provide informed consent to authorize the 
use of their personal information for research purposes. 
The study was approved by the ALWP institutional  
review board.

Eligibility criteria for the study included all  
patients ≥45 years of age with AML who underwent a 
haplo-SCT (as first transplantation) between January 
2007 and December 2016, using either PT-Cy or ATG as 
a GVHD prophylaxis. Transplantations were performed 
in 162 EBMT centers.

MAC was defined as a regimen containing either 
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. All other regimens were defined 
as RIC.28 Cytogenetics abnormalities were classified by 
cytogenetic status according to UK Medical Research 
Council criteria.29

Endpoints
The primary endpoint was LFS. Secondary endpoints  
were OS; refined GVHD-free, relapse-free survival 
(GRFS)30; neutrophil engraftment; aGVHD and 
cGVHD; RI; and NRM. LFS was defined as the interval 
from haplo-SCT to either relapse or death in remission. 
OS was defined as the time to death from all causes. 
GRFS events have been defined as stage III-IV aGVHD, 
severe cGVHD, disease relapse, or death from any cause 
after SCT.30 Engraftment was defined as the first of 
3 consecutive days with an absolute neutrophil count 
>0.5 × 109/L. aGVHD was graded according to the 
modified Glucksberg criteria31 and cGVHD according to 
the revised Seattle criteria.32

Statistical Analysis
Follow-up was calculated using the reverse Kaplan-
Meier method. Patient-, disease-, and transplant-related 
variables were compared between the 2 groups (MAC 
or RIC) using the chi-square statistic for categorical 
variables and the Mann-Whitney test for continuous 
variables. Cumulative incidence (CI) of relapse and 
NRM was calculated from the date of transplantation 
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to the date of relapse or death in remission, respectively, 
with the other event being the competing risk. For 
studying GVHD, both relapse and death were con-
sidered as competing events. Univariate comparisons 
of time-dependent endpoints were done using the log-
rank test for OS and LFS and GRFS and the Gray’s 
test for cumulative incidence functions. A Cox propor-
tional hazards model was used for multivariate regres-
sion. All variables differing significantly between the 
2 groups or factors known to influence outcomes were 
included in the Cox model. In order to test for a center 
effect, we introduced a random effect or frailty for each 
center into the model.33,34

We used propensity scores (PS) weighting to 
control for pretreatment imbalances on observed vari-
ables.35 The following factors were included in the 
propensity score model: patient age, disease status at 
transplantation, secondary versus de novo AML, cy-
togenetics, female donor to male recipient versus other 
combinations, Karnofsky performance status less or 
more than 90%, previous autograft, stem cell source, 
patient and donor CMV serology, and PT-Cy versus 
others. The weights equal the ratio of the propensity 
score to 1 minus the propensity score in the 2 groups. 
Results are expressed as the hazard ratio (HR) with 
the 95% confidence interval (95% CI). All tests were 
2-sided. The type 1 error rate was fixed at 0.05 for  
determination of factors associated with time to event. 
Analyses were performed using the R statistical soft-
ware version 3.4.0 (R Development Core Team, Vienna, 
Austria); propensity score analysis was performed using 
the ipw and the npsurv packages.

RESULTS

Patients, Disease, and Transplantation 
Characteristics
We analyzed 912 AML patients ≥45 years of age who 
underwent haplo-SCT. The conditioning regimens 
sued were MAC (n = 373 [40.9%)] and RIC (n = 539 
[59.1%]). Patients and transplantation characteristics are 
summarized in Supporting Table S1.

For MAC and RIC, the median follow-up was 
31.1 months (range, 0.5-119.9 months) and 25.7 (range, 
0.43-113.8 months), respectively, and the median year 
of transplantation was 2014 and 2015, respectively. RIC  
recipients were older (MAC, 55.2 years vs RIC, 61.3 years;  
P < .05). The majority of patients had a Karnofsky per-
formance status (KPS) ≥90% (MAC, 71.6% vs RIC, 
64.1%; P < .05). There were no differences in disease 

status at transplantation: for MAC and RIC, 48.5% 
versus 47.7% were in CR1, 20.1% versus 18.9% were in 
CR ≥ 2, and 31.4% versus 33.4% were in active disease, 
respectively (P = .79). Cytogenetic analysis revealed an 
intermediate risk in 40.8% of MAC patients and 49.2% 
of RIC patients, whereas 15.3% and 19.5% of the pa-
tients undergoing MAC and RIC, respectively, harbored 
poor risk (P < .05). Secondary AML was reported in 
19.1% and 24.1% of patients undergoing MAC and RIC,  
respectively (P = .07).

The kinship of haplo-SCT donors for MAC and 
RIC was a child in 68.4% and 77.4%, respectively, and a 
sibling in 30.5% and 20.8%, respectively (P = .31).

Details regarding transplantation characteristics, 
conditioning regimens, and GVHD prophylaxis are  
provided in Supporting Table S2. RIC regimens were more 
frequently associated with the use of peripheral blood as a 
stem cell source (MAC, 47.4% vs RIC, 60.3%; P < .05).

The most frequent MAC conditioning regimen was 
TBF (thiotepa, fludarabine, busulfan) that was adminis-
tered to 54.2% of MAC. Reduced-dose TBF was also the 
most frequent RIC preparative regimen (35.1%). Total 
body irradiation–based regimens were used in 6.4% and 
32.2% of patients receiving MAC and RIC, respectively.

PT-Cy–based GVHD prophylaxis was used in 78% 
of patients undergoing RIC and 77.9% of patients un-
dergoing MAC, whereas ATG was administered in 16.9% 
and 18.4% of patients undergoing MAC and RIC,  
respectively (P = .53). The combination of both PT-Cy 
and ATG regimens was used in 5.1% and 3.7% of  
patients receiving MAC and RIC, respectively.

Engraftment and aGVHD/cGVHD
Neutrophil engraftment was achieved in 91% of  
haplo-SCTs following MAC and in 92% of transplanta-
tions following RIC (P = .49). At 100 days, the CI for 
aGVHD stage II-IV was 24.8% versus 32.4% (P < .05), 
whereas the CI for stage III-IV aGVHD was 8.3% ver-
sus 10.5% for MAC and RIC, respectively (P = .29). 
At 2 years, the CI for cGVHD was 27.4 versus 26.8% 
(P = .83) and the CI for extensive cGVHD was 11% ver-
sus 15.1% (P = .13) for MAC and RIC, respectively. The 
propensity score analysis did not show differences in acute 
and cGVHD between the 2 groups (Supporting Table S3).

In multivariate analysis (Supporting Table S4), 
the conditioning regimen did not influence the risk 
of grade 2-4 and 3-4 aGVHD (HR, 0.80; 95% CI,  
0.59-1.09, P = .14; HR, 0.81; 95% CI, 0.49-1.35, P = .41 
for MAC vs RIC, respectively) or cGVHD (HR, 0.79; 
95% CI, 0.56-1.11; P = .17). The risk of stage II-IV 
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aGVHD was higher with mobilized peripheral blood as a 
stem cell source (HR, 1.83; 95% CI, 1.35-2.47; P < .05) 
and in patients who underwent transplantation while in 
CR ≥ 2 (HR, 1.69; 95% CI, 1.18-2.42; P < .05).

Furthermore, the use of PT-Cy versus ATG (HR, 
0.56; 95% CI, 0.33-0.93; P < .05) was associated with 
a reduced risk of stage III-IV aGVHD. In addition,  
patients with a KPS ≥90 had a reduced risk of cGVHD 
(HR, 0.69; 95% CI, 0.49-0.99; P < .05).

Relapse Incidence and NRM
At 2 years, the CI of relapse after haplo-SCT differed 
little between MAC and RIC (25.1% vs 28.7%, respec-
tively; P = .20) (Fig. 1A). This was confirmed also by 
multivariate analysis (Supporting Table S4), no differ-
ence in RI according to the conditioning intensity was 
observed (HR, 0.85; 95% CI, 0.62-1.16; P = .29).

Factors independently associated with increased 
risk of relapse were disease status at transplantation (HR, 
2.81; 95% CI, 2.06-3.83; P < .05) and poor cytogenetics 
risk (HR, 1.44; 95% CI, 1.04-2.00; P < .05).

The CI of NRM at 2 years was 31% for MAC versus 
30.3% for RIC (P = .56) (Fig. 1B).

The most common causes of death were infection 
(MAC, 37.8% vs RIC, 36.1%), disease recurrence (MAC, 
31.6% vs RIC, 35.4%), and GVHD (MAC, 15.2% vs 
RIC, 15.1%) (Supporting Table S5). On multivariate 
analysis, NRM was not statistically different between 
the 2 groups (HR, 1.23; 95% CI, 0.93-1.67; P = .16). 

Increased age (at 10-year intervals) was associated with 
increased risk of NRM (HR, 1.27; 95% CI, 1.04-1.55; 
P < .05). In addition, a KPS ≥90 (HR, 0.56; 95% CI, 
0.42-0.75; P < .05) and the use of PT-Cy as GVHD 
prophylaxis (HR, 0.69; 95% CI, 0.48-0.99; P < .05) 
were independently associated with reduced mortality 
risk (Supporting Table S4).

OS, LFS, and GRFS
At 2 years, OS was 48.3% versus 44.1% (P = .49), LFS 
was 43.9% versus 41.0% (P = .63), and GRFS was 39.1% 
versus 33.7% (P = .17) for MAC and RIC, respectively 
(Fig. 2). On multivariate analysis (Supporting Table S4), 
OS, LFS, and GRFS did not differ between MAC and 
RIC. Advanced disease status at transplantation was  
allocated as the main factor associated with poor LFS 
(HR, 1.88; 95% CI, 1.51-2.35; P < .05), OS (HR, 1.81; 
95% CI, 1.45-2.28, P < .05), and GRFS (HR, 1.77; 95% 
CI, 1.44-2.18, P < .05).

KPS ≥90 (HR, 0.66; 95% CI, 0.53-0.81, P < .05; 
HR, 0.63; 95% CI, 0.51-0.79, P < .05; HR, 0.69; 
95% CI, 0.57-0.84, P < .05) and the use of PT-Cy for 
GVHD prophylaxis (HR, 0.74; 95% CI, 0.56-0.97, 
P < .05; HR, 0.75; 95% CI, 0.57-0.99, P < .05; HR, 
0.77; 95% CI, 0.60-0.99, P < .05) were the prognos-
tic factors independently associated with higher LFS, 
OS, and GRFS, respectively. Overall, these results were 
confirmed in the propensity score analysis (Supporting 
Table S3).

Figure 1.  Probability of relapse incidence (A) and nonrelapse mortality (NRM) (B) after myeloablative conditioning (MAC)  
or reduced-intensity conditioning (RIC) haploidentical stem cell transplantation in acute myeloid leukemia patients ≥45 years 
of age.
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Analysis of Outcomes According to Age 
Stratification
With the aim to analyze the effect of conditioning 
intensity according to patients’ age, we performed a 
subgroup analysis for outcomes. Age was categorized 
in 3 subgroups: 45-55 years, 55-60 years, >60 years. 
Of note, the intensity of the conditioning being MAC 
or RIC had no effect on transplantation outcome 
(Supporting Table S6).

DISCUSSION
Our study focused on adult patients with AML who 
underwent haplo-SCT between 2007 and 2016 with 

the aim of identifying how conditioning intensity may  
influence outcomes. We analyzed a homogenous popula-
tion in terms of disease, patient characteristics, and trans-
plantation characteristics. Our results showed no impact 
of the regimen intensity, with no significant differences 
in the incidence of aGVHD, cGVHD, RI, NRM, or 
in LFS, OS, and GRFS following MAC or RIC in the 
haplo-SCT setting. These findings were also confirmed 
in matched paired analysis.

In a previous survey on behalf of the ALWP of 
EBMT, Rubio et al26 studied the impact of condition-
ing intensity in a small cohort of patients with both ALL 
and AML who had been treated with heterogeneous 

Figure 2.  Probability of overall survival (A), leukemia-free survival (B), and graft-versus-host disease–free, relapse-free 
survival (GRFS) (C), after myeloablative conditioning (MAC) or reduced-intensity conditioning (RIC) haploidentical stem cell 
transplantation in acute myeloid leukemia patients ≥45 years of age.
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pretransplantation preparative regimens between 2001 
and 2012 and observed no differences between MAC 
and RIC. The main limitation of our previous study 
is that the RIC group included young patients (range, 
18-76 years) even though RIC is more applicable for 
patients ≥45 years of age. Our current study focused on 
a larger group of patients ≥45 years of age with AML 
who underwent transplantation in more recent years. 
Moreover, we also stratified the patient population by 
3 different age subgroups (45-55 years, 55-60 years, 
>60 years) to analyze whether patients at different 
ages would benefit from different conditioning inten-
sity regimens, hypothesizing that younger patients may 
benefit from MAC, whereas older patients may have 
better outcomes with RIC. Our current results showed 
no differences in the outcomes of haplo-SCT follow-
ing MAC versus RIC according to age stratification. 
These results are in agreement with previous studies 
analyzing the impact of age and conditioning intensity 
in matched related or unrelated SCT.16,36

Huselton et al27 recently published a propensity 
score analysis of conditioning intensity in peripheral 
blood haplo-SCT with PT-Cy. The study included 61 
patients receiving MAC and 87 receiving RIC, with a 
median follow-up of 20.3 and 8.2 months, respectively. 
Patients were transplanted for different hematological 
malignancies (95 patients were transplanted for AML:  
45 in the MAC and 50 in the RIC groups). In line with 
our findings, survival outcomes (OS, LFS) and aGVHD 
and cGVHD were not significantly different between the  
2 groups. Furthermore, they showed a significant reduc-
tion of RI and increased NRM with MAC.

In our study, the most representative condition-
ing regimen was TBF, followed by BF (busulphan and 
fludarabine) both in MAC and RIC (Supporting Table 
S2). We recently published a study reporting the out-
comes of TBF versus BF in AML patients undergoing to 
matched related or unrelated transplantation both in the 
MAC and RIC setting37; our results showed similar sur-
vival outcomes despite an increased NRM and reduced 
RI with TBF, but these results need to be confirmed in 
prospective clinical trials.

In our analysis, the main factors associated with 
outcomes were performance status and disease status at 
transplantation. In particular, a KPS ≥90% was asso-
ciated with better LFS, OS, and GRFS and a reduced 
risk of cGVHD and NRM. Disease status (active disease 
versus CR1) had a significant impacted on RI, LFS, OS, 
and GRFS. The risk of RI correlates with the cytogenetic 
category. Finally, higher age correlated with increased 

risk of NRM. These results highlight the importance 
of the early referral of patients with AML with indica-
tion for transplantation to haplo-SCT and the need for 
transplantation as soon as possible once first complete 
remission is achieved.

Another factor associated with reduced mortality 
and better LFS, OS, and GRFS was the use of PT-Cy as 
the main GVHD prophylaxis. In vivo TCD is a known 
risk factor associated with high incidence of infection 
and NRM, as reported also in the unrelated donor 
setting.38 Moreover, a very favorable toxicity profile of 
PT-Cy Haplo-SCT has been observed, also in older  
patients.39 Our group40 recently compared the outcomes 
of PT-Cy–based versus ATG-based GVHD prophylaxis 
in the haplo-SCT setting, showing improved LFS and 
GRFS with PT-Cy; however, prospective randomized 
studies focusing on the best platform of GVHD prophy-
laxis for unmanipulated haplo-SCT are lacking.

Another important finding of our current study is 
the comparable survival with the use of peripheral blood 
as a stem cell source compared with bone marrow, despite 
an increase risk of grade 2-4 aGVHD. These data are 
in agreement with recent reports by Ruggeri et al41 and 
Bashey et al42 that focused on the role of stem cell source 
in the haplo setting using PT-Cy. Importantly, our study 
revealed a strong center effect influencing NRM, OS, 
and LFS. In previous reports from our group, the center 
effect was demonstrated in the T cell–depleted setting 
as well,43 and more recently in unmanipulated haplo.44 
It is conceivable that the observed center effect is due 
to differences in management of posttransplantation  
complications, life-threating infections, and relapse 
between the various centers.

In conclusion, while in the matched related or 
unrelated transplant setting, data from prospective  
trials showed higher NRM after MAC counterbal-
anced by higher RI after RIC with similar survival  
outcomes,12,13,16 our results in the haplo setting showed 
no differences in outcomes. These results are important 
for transplant physicians to keep in mind when choos-
ing the appropriate regimen for the patients according 
to disease risk features, comorbidities, and transplan-
tation characteristics. Although our study has some 
limitations due to its retrospective nature—namely, the 
theoretic possibility of patient selection, the unavail-
ability of the Sorror score in the EBMT registry, and 
some missing data (mainly of molecular markers)—we 
were able to demonstrate that both MAC and RIC 
are suitable preparative regimens for AML patients  
≥45 years of age who undergo haplo-SCT. The use of 
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RIC may offer the possibility of lowering early toxicity 
and enhance posttransplantation maintenance therapy 
to prevent relapse in this high-risk setting. Finally, the 
optimal regimen and GVHD prophylaxis should be 
chosen according to patient and disease characteris-
tics. Our study may serve as the background for a well- 
designed prospective clinical trial to investigate the 
best conditioning intensity platform in AML patients 
≥45 years of age who undergo haplo-SCT.
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