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A B S T R A C T
The use of myeloablative conditioning (MAC) in the setting of active relapsed/refractory (R/R) acute myeloid leukemia
(AML) has been hindered by high historical rates of nonrelapse mortality (NRM). FLAMSA (fludarabine, Ara-C, and amsa-
crine) chemotherapy (CT) followed by reduced-intensity conditioning (RIC) has been proposed as an effective and poten-
tially safer alternative in this scenario. As improvements in supportive care have contributed to decreasing NRM rates
after MAC, a comparative reassessment of these two strategies was performed. This was a registry-based analysis by the
Acute Leukemia Working Party of the European Society for Blood and Marrow Transplantation. Eligibility criteria
included age 18 to 50 years, primary refractory, first or second relapsed active AML, first allogeneic stem cell transplanta-
tion from a matched sibling donor (MSD) or an unrelated donor (UD) performed between 2005 and 2018, MAC or
FLAMSA-RIC. A total of 1018 patients were included. The median patient age was 39 years (range, 18 to 50). Two hun-
dred and fifty-eight patients received busulfan (Bu)/cyclophosphamide (Cy), 314 received Cy/total body irradiation (TBI),
318 received FLAMSA-TBI, and 128 received FLAMSA-CT. Themedian duration of follow-upwas 50months. In univariate
analysis, the 2-year relapse incidence (RI) (54%; 95% confidence interval (CI), 50%-57%), leukemia-free survival (LFS)
(30%; 95% CI, 27%-33%), and refined graft-versus-host disease-free, relapse-free survival (GRFS) (21%; 95% CI, 18%-24%)
were not significantly different between cohorts. Lower 2-year NRM was observed in the FLAMSA-CT group (7% versus
16% in Bu/Cy, 19% in Cy/TBI, and 18% in FLAMSA-TBI; P = .04), as well as increased 2-year overall survival (OS) (50% ver-
sus 33% in Bu/Cy, 34% in Cy/TBI, and 36% in FLAMSA-TBI; P = .03). These results weremaintained in themultivariate anal-
ysis (hazard ratio [HR] for NRM: .40, P = .01; HR for OS: .65, P = .01; Bu/Cy as reference). These data suggest that FLAMSA-
CT may be a preferred conditioning regimen in patients with active R/R AML due to lower NRM. Yet, the high relapse
rates observed in our analyses emphasize the need for novel therapeutic strategies in this clinical setting.

© 2020 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
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INTRODUCTION Active disease was defined as the presence of �5% bone marrow blasts,
Conventional intensive therapy results in disease eradica-
tion and long-term survival in approximately 30% to 50% of
younger patients with acute myeloid leukemia (AML)
[1-5]. Yet, for those patients who present with primary chemo-
resistance or disease relapse, the efficacy of salvage treatment
is limited, and prognosis is poor [6-10]. Although ongoing
therapeutic advances may increase the opportunities to obtain
leukemia remission after the failure of frontline therapy, thus
far new drugs alone have not translated into significant gains
in long-term clinical outcomes [11-13]. In this era of emerging
targeted therapies, undergoing an allogeneic stem cell trans-
plantation (alloSCT) remains a sine qua non condition for pro-
longed survival in the relapsed/refractory (R/R) AML setting
[14-17]. With lower probabilities of achieving remission after
salvage chemotherapy, a significant proportion of these
patients may only undergo alloSCT in the absence of disease
response. The optimal conditioning choice for this challenging
patient population, in which a delicate balance between anti-
leukemic activity and acceptable tolerability must be main-
tained, is controversial. Historically, the use of myeloablative
conditioning (MAC) regimens in the setting of active disease
has been limited by high nonrelapse mortality (NRM), reaching
>40% in some series [18-20]. In this scenario, sequential treat-
ment consisting of fludarabine, Ara-C, and amsacrine
(FLAMSA) chemotherapy followed by reduced-intensity condi-
tioning (RIC) has been proposed as an effective and potentially
better-tolerated alternative for patients at high risk of NRM
[21-24]. However, as improvements in supportive care have
contributed to decreasing NRM rates after MAC [25,26], a reas-
sessment of the comparative value of these two different strat-
egies is warranted.

In the present study, we retrospectively analyzed the out-
comes of a large sample of younger patients with R/R active
AML who underwent an alloSCT after either MAC or sequential
FLAMSA-RIC.

METHODS
Data Collection and Study Population

This was a retrospective registry-based analysis performed by the Acute
Leukaemia Working Party (ALWP) of the European Society for Blood and Mar-
row Transplantation (EBMT). The EBMT is a nonprofit scientific society repre-
senting more than 600 transplantation centers, mainly but not exclusively from
Europe. EBMT collaborating centers are required to report all SCTs and to pro-
vide follow-up data annually. In-house and external data audits are performed
regularly to evaluate data accuracy. All patients provided informed consent
authorizing the use of their personal information for research purposes.

Patient eligibility criteria for this study included age 18 to 50 years, pri-
mary refractory, first or second relapsed AML with active disease at the time
of transplantation, first alloSCT from a matched sibling donor (MSD) or an
unrelated donor (UD) performed between 2005 and 2018, MAC with cyclo-
phosphamide and total body irradiation (Cy/TBI) or busulfan/cyclophospha-
mide (Bu/Cy), or FLAMSA-RIC. Patients who received oral busulfan and/or ex
vivo T cell-depleted allografts were excluded.

Endpoints and Definitions
The study endpoints were overall survival (OS), relapse incidence (RI), leu-

kemia-free survival (LFS), nonrelapse mortality (NRM), acute graft-versus-host
disease (aGVHD), chronic graft-versus-host disease (cGVHD), and refined
graft-versus-host disease-free, relapse-free survival (GRFS). OS was defined as
the time to death due to any cause. RI was defined as the time to first docu-
mentation of active disease after transplantation. LFS was defined as the time
to first documentation of active disease or death. NRM was defined as time to
death from any cause in the absence of previous documentation of active dis-
ease. Refined GRFS was defined as survival free of events, including grade III-IV
aGVHD, extensive cGVHD, relapse, or death [27,28]. aGVHD was graded
according to the modified Glucksberg criteria, and cGVHD was graded accord-
ing to the revised Seattle criteria [29,30]. Neutrophil engraftment was defined
as achieving an absolute neutrophil count �.5 £ 109/L for 3 consecutive days.
All time-to-event outcomes were computed from the date of alloSCT. Patients
with no event were censored at the date of their last follow-up.
detectable blasts in peripheral blood, or extramedullary disease. Primary refrac-
tory or relapsed patients were included in the study as reported by the participat-
ing centers, but further details on leukemia burden at the time of alloSCT were
not available in the registry. Cytogenetic risk stratification was based on data at
diagnosis according to the Medical Research Council (MRC) classification. MAC
regimens comprised Bu (12.8 mg/kg) or TBI (�8 Gy) plus Cy. FLAMSA-associated
RIC consisted of either TBI (4 Gy) followed by Cy, Bu (6.4 mg/kg) with or without
Cy, or alternative nonmyeloablative chemotherapy schemes in the absence of TBI.

Statistical Analysis
The Kruskal-Wallis test for continuous variables and the chi-square or Fisher

test for categorical variables were used to compare patient, disease, and trans-
plantation-related characteristics. Probabilities of OS, LFS, and refined GRFS were
estimated using the Kaplan-Meier method. Cumulative incidences were used to
estimate the endpoints of RI, NRM, aGVHD, and cGVHD in the setting of compet-
ing risks. To study aGVHD and cGVHD, we considered relapse and death as com-
peting events. Univariate analyses were performed using the log-rank test for OS,
refined GRFS, and LFS, and Gray’s test for RI, NRM, aGVGD, and cGVHD cumulative
incidence functions. Cox proportional hazards regression models were con-
structed for all endpoints. Cause-specific models were used to account for com-
peting risks. Those variables differing significantly between the groups, those
significantly associated with an endpoint in the univariate analysis (P < .05) or
factors with known effects on outcomes were included in the final models, unless
precluded by the presence of collinearity between covariates. Results are
expressed as the hazard ratio (HR) with 95% confidence interval (CI). To take cen-
ter effects into account, a random effect or frailty for each center was introduced
into the models [31,32]. All tests were two-sided. The type 1 error rate was fixed
at .05 for the determination of variables associated with time-to-event endpoints.
Statistical analyses were conducted in R version 3.5.3 (R Core Team 2019).

RESULTS
Patient, Disease, and Transplantation-Related
Characteristics

Baseline characteristics are summarized in Table 1. A total
of 1018 patients fulfilled the inclusion criteria for the study.
The median age at the time of alloSCT was 39 years (range, 18-
50 years). Two hundred fifty-eight patients received Bu/Cy,
314 received Cy/TBI, 318 received FLAMSA followed by TBI
and Cy (FLAMSA-TBI), and 128 received FLAMSA followed by
reduced-intensity chemotherapy schemes in the absence of
TBI (FLAMSA-CT). Nonmyeloablative Bu/Cy (53%) was the most
common RIC scheme among patients receiving FLAMSA-CT,
followed by melphalan (17%) and Bu without Cy (14%).
Patients in the MAC group were more likely to have received
an alloSCT from a MSD (39% in MAC versus 30% and 24% in the
FLAMSA-TBI and FLAMSA-CT groups, respectively; P < .001) or
a bone marrow alloSCT (12% versus 3% and 5%; P < .0001), and
less likely to have received antithymocyte globulin (32% versus
87% and 84%; P < .0001). The median year of transplantation
was 2015 (range, 2006 to 2018) in the FLAMSA-CT group and
2010 (2005-2018) in the FLAMSA-TBI and MAC groups (P <

.0001). Preemptive use of donor lymphocyte infusion (DLI)
was reported in only a small minority of patients with avail-
able data (8%, 16%, and 7% in the FLAMSA-CT, FLAMSA-TBI, and
MAC groups, respectively). Cyclosporin/methotrexate was the
most frequently chosen GVHD prophylaxis regimen in the
MAC cohort (74%), whereas cyclosporin/mycophenolate was
used in the majority of patients in the FLAMSA-CT (72%) and
FLAMSA-TBI (73%) groups. There were no significant differen-
ces among the treatment groups with respect to the distribu-
tions of Karnofsky Performance Status (KPS) score, cytogenetic
risk, secondary AML, or disease status at transplantation. The
median duration of follow-up was 50 months, shorter in the
FLAMSA-CT cohort than in the FLAMSA-TBI and MAC cohorts
(25 months versus 58 and 65 months, respectively; P < .0001).

Analysis of Transplantation Outcomes
Results of the multivariate analyses are summarized in

Table 2.



Table 1
Patient, Disease, and Transplantation-Related Characteristics

Characteristic FLAMSA-CT (N = 128) FLAMSA-TBI (N = 318) MAC (N = 572) P Value

Follow-up, mo, median (IQR) 24.5 (15-41) 58.1 (16-94) 65.0 (17-107) <.0001

Year of transplantation, median (range) 2015 (2006-2018) 2010 (2005-2018) 2010 (2005-2018) <.0001

Age at transplantation, yr, median (range) 41.6 (18.6-50) 39.7 (18.1-50) 37.3 (18.1-49.9) .002

AML type, n (%) .546

De novo 113 (88.3) 279 (87.7) 515 (90)

Secondary 15 (11.7) 39 (12.3) 57 (10)

Cytogenetics, n (%) .385

Good 8 (6.3) 20 (6.3) 42 (7.3)

Intermediate 37 (28.9) 104 (32.7) 194 (33.9)

Poor 30 (23.4) 52 (16.4) 84 (14.7)

Unavailable/failed 53 (41.4) 142 (44.7) 252 (44.1)

Disease status at transplantation, n (%) .604

Primary refractory 62 (48.4) 170 (53.5) 297 (51.9)

First relapse 57 (44.5) 127 (39.9) 224 (39.2)

Second relapse 9 (7.0) 21 (6.6) 51 (8.9)

Patient sex, n (%) .085

Female 56 (43.8) 169 (53.1) 265 (46.3)

Male 72 (56.3) 149 (46.9) 307 (53.7)

Donor type, n (%) <.001

MSD 31 (24.2) 94 (29.6) 223 (39)

UD 97 (75.8) 224 (70.4) 349 (61)

UD type, n (%) .080

UD 10/10 50 (51.5) 88 (39.3) 153 (43.8)

UD 9/10 16 (16.5) 45 (20.1) 47 (13.5)

UD (unknown) 31 (32.0) 91 (40.6) 149 (42.7)

Karnofsky score, n (%) .151

<90 47 (38.2) 119 (41.8) 174 (34.8)

�90 76 (61.8) 166 (58.3) 326 (65.2)

Missing 5 33 72

Donor sex, n (%) .398

Female 40 (31.5) 108 (35.1) 209 (37.6)

Male 87 (68.5) 200 (64.9) 347 (62.4)

Missing 1 10 16

Sex matching, n (%)

Female donor into male recipient 19 (15.0) 55 (17.5) 102 (18.1) .705

Missing 1 4 8

Donor/recipient CMV serostatus, n (%) .033

Neg/neg 46 (36.8) 102 (33.4) 153 (27.9)

Pos/neg 8 (6.4) 34 (11.2) 38 (6.9)

Neg/pos 30 (24.0) 69 (22.6) 129 (23.5)

Pos/pos 41 (32.8) 100 (32.8) 229 (41.7)

Missing 3 13 23

Stem cell source, n (%) <.0001

BM 6 (4.7) 9 (2.8) 71 (12.4)

PB 122 (95.3) 309 (97.2) 501 (87.6)

In vivo TCD, n (%) <.0001

No TCD 19 (14.8) 33 (10.4) 327 (58.3)

ATG 108 (84.4) 275 (87.0) 179 (31.9)

Alemtuzumab 1 (.8) 8 (2.5) 55 (9.8)

Missing 0 2 11

DLI, n (%) .002

No DLI before relapse 77 (91.7) 169 (84.5) 354 (93.4)

Preemptive DLI 7 (8.3) 31 (15.5) 25 (6.6)

Missing 44 118 193

Conditioning scheme, n (%)

Bu/Cy* 68 (53.1) - 258 (45.1)

Cy/TBI - - 314 (54.9)

(continued)
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Table 1 (Continued)

Characteristic FLAMSA-CT (N = 128) FLAMSA-TBI (N = 318) MAC (N = 572) P Value

Bu 18 (14.1) - -

Melphalan 22 (17.2) - -

Cy 7 (5.5) - -

Treosulfan 8 (6.3) - -

Cy/treosulfan 5 (3.9) - -

GVHD prophylaxis, n (%)

CsA/MMF 92 (71.9) 231 (73.3) 45 (8.0)

CsA/MTX 5 (3.9) 8 (2.5) 413 (73.6)

MMF/tacrolimus 15 (11.7) 14 (4.4) 6 (1.1)

CsA 7 (5.5) 17 (5.4) 54 (9.6)

MMF/sirolimus 2 (1.6) 22 (7.0) 0

Other 7 (5.5) 23 (7.3) 43 (7.7)

Missing 0 3 11

CMV indicates cytomegalovirus; BM, bone marrow; PB, peripheral blood; TCD, T cell depletion; ATG, antithymocyte globulin; CsA, cyclosporine; MMF, mycophenolate
mofetil; MTX, methotrexate.
* Bu dosing was 6.4 mg/kg and 12.8 mg/kg in the FLAMSA-CT and MAC groups, respectively.
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NRM
The 2-year unadjusted estimates of NRM were similar in

the Cy/TBI, Bu/Cy, and FLAMSA-TBI groups, but significantly
lower in patients undergoing an alloSCT after FLAMSA-CT (19%
for Cy/TBI versus 16% for Bu/Cy versus 18% for FLAMSA-TBI
versus 7% for FLAMSA-CT; P = .04) (Figure 1). In contrast,
receiving an alloSCT from a UD was associated with increased
2-year NRM in the univariate analysis (20% in UD graft recipi-
ents versus 11% in MSD graft recipients; P < .001). These
results were maintained in the multivariate analysis (HR for
FLAMSA-CT, .40 [95% CI, .19-.82, P = .012]; HR for UD, 1.94 [95%
CI, 1.31-2.86; P < .001]). In addition, older age and poorer KPS
were identified as predictors of higher NRM in the multivariate
model (Table 2).

RI
In the univariate analysis, the 2-year cumulative RI was not

significantly different among the Cy/TBI, Bu/Cy, FLAMSA-TBI,
and FLAMSA-CT cohorts (51% for Cy/TBI versus 56% for Bu/Cy
versus 55% for FLAMSA-TBI versus 53% for FLAMSA-CT; P = .86)
(Figure 1). Two-year RI was higher in patients with AML in sec-
ond relapse (66% versus 55% in first relapsed patients and 51%
in primary refractory patients; P = .03), as well as in patients
with poor-risk cytogenetics (64% versus 51% in the inter-
mediate-risk group and 34% in the favorable-risk group; P
< .001). In the multivariate analysis, second relapse (HR,
1.94; 95% CI, 1.38-2.74; P < .001) and poor-risk cytogenet-
ics (HR, 2.93; 95% CI, 1.77-4.84; P < .001) were predictors
of higher RI. Age and KPS score were also independently
associated with RI (Table 2).

Remission Rates, OS, and LFS
Complete remission (CR) after alloSCT was obtained in 69%

of patients after MAC, compared with 74% after FLAMSA-TBI
and 76% after FLAMSA-CT (P = .36). FLAMSA-CT was associated
with an increased 2-year OS in the unadjusted analysis (34%
for Cy/TBI versus 33% for Bu/Cy versus 36% for FLAMSA-TBI
versus 50% for FLAMSA-CT; P = .03) (Figure 1). This association
was subsequently confirmed in the multivariate model (HR,
.65; 95% CI, .46-.91; P = .01) (Table 2). Although there were no
statistically significant differences between conditioning
groups in terms of LFS in the univariate analysis (30% for Cy/
TBI versus 28% for Bu/Cy versus 27% for FLAMSA-TBI versus
40% for FLAMSA-CT; P = .16), an association between FLAMSA-
CT and improved 2-year LFS was also present after multivari-
ate adjustment (HR for FLAMSA-CT, .73; 95% CI, .54-1.00;
P = .046) (Table 2). Two-year LFS was lower among patients in
second relapse at transplantation (16% versus 29% in first
relapse versus 32% in primary refractory disease; P = .003) and
in those with poor-risk cytogenetics (25% versus 33% and 42%
in the intermediate and favorable-risk cytogenetics groups,
respectively; P = .001). Similarly, an inferior 2-year OS was
observed among patients in second relapse (21% versus 34%
for patients in first relapse and 40% for those with primary
refractory disease; P < .001) and in those with adverse cytoge-
netics (33% versus 37% and 49% in the intermediate and favor-
able-risk cytogenetics groups, respectively; P = .007), as well
as in those receiving a transplant from a UD (34% versus 40% in
MSD recipients; P = .03). In the multivariate analysis, second
relapse status (HR for LFS, 1.78 [95% CI, 1.32-2.40; P < .001];
HR for OS, 1.88 [95% CI, 1.37-2.57; P < .001]) and adverse cyto-
genetics (HR for LFS, 2.07 [95% CI, 1.37-3.11; P < .001]; HR for
OS, 2.13 [95% CI, 1.37-3.30; P < .001]) remained associated
with inferior LFS and OS, whereas an association between UD
alloSCT and decreased OS (HR, 1.23; 95% CI, 1.02-1.48;
P = .028), but not LFS, was also present. A KPS score �90 was
associated with improved LFS and OS (Table 2).

Disease progression was the major cause of death after
FLAMSA-CT (67%), FLAMSA-TBI (59%), and MAC (63%), fol-
lowed by infections (15%, 20% and 12%, respectively)
(Table 3).

Engraftment, Refined GRFS, aGVHD, and cGVHD
Neutrophil engraftment was achieved in 97% of patients in

the MAC, FLAMSA-TBI, and FLAMSA-CT groups (P = .93). In the
univariate and multivariate analyses, conditioning regimen
had no impact on refined GRFS, grades II-IV or grades III-IV
aGVHD. FLAMSA-CT was associated with decreased cGVHD
with respect to Bu/Cy (HR, .61; 95% CI, .37-.99; P = .043), but
no differences in the risk of extensive cGVHD were found.
Among the other covariates included in the multivariate analy-
sis, secondary AML was associated with increased risk of
grades III-IV aGVHD (HR, 1.88; 95% CI, 1.17-3.03; P = .009).
Likewise, poor-risk cytogenetics, second relapse disease status
at transplantation, and KPS score <90 were significantly asso-
ciated with a poorer refined GRFS (Table 2).

No significant interactions between conditioning and other
covariates included in the multivariate models were found.



Table 2
Multivariate Analysis for Outcomes

Parameter HR 95% CI P Value

RI

Conditioning

Bu/Cy 1

Cy/TBI .85 .64-1.13 .26

FLAMSA-CT .86 .61-1.22 .40

FLAMSA-TBI 1.17 .87-1.56 .30

Age (10-yr increase) .85 .76-.94 .002

Secondary AML .94 .69-1.27 .67

Cytogenetics (MRC)

Favorable 1

Intermediate 1.80 1.11-2.93 .017

Adverse 2.93 1.77-4.84 <.0001

NA/failed 2.55 1.58-4.09 .0001

Disease status

Refractory 1

First relapse 1.10 .89-1.35 .38

Second relapse 1.94 1.38-2.74 .0002

KPS �90 .67 .55-.81 <.0001

UD vs MSD .90 .74-1.09 .28

Center (frailty) .027

NRM

Conditioning

Bu/Cy 1

Cy/TBI 1.07 .68-1.68 .78

FLAMSA-CT .40 .19-.82 .012

FLAMSA-TBI 1.11 .70-1.75 .65

Age (10-yr increase) 1.28 1.05-1.57 .015

Secondary AML 1.38 .87-2.19 .18

Cytogenetics (MRC)

Favorable 1

Intermediate .76 .40-1.48 .42

Adverse .75 .35-1.59 .45

NA/failed 1.08 .57-2.04 .82

Disease status

Refractory 1

First relapse 1.04 .73-1.48 .81

Second relapse 1.43 .78-2.62 .24

KPS �90 .57 .41-.80 .001

UD vs MSD 1.94 1.31-2.86 .0009

Center (frailty) .25

LFS

Conditioning

Bu/Cy 1

Cy/TBI .89 .70-1.14 .36

FLAMSA-CT .73 .54-1.00 .046

FLAMSA-TBI 1.15 .90-1.47 .28

Age (10-yr increase) .93 .85-1.02 .12

Secondary AML 1.05 .81-1.35 .72

Cytogenetics (MRC)

Favorable 1

Intermediate 1.41 .96-2.09 .082

Adverse 2.07 1.37-3.11 .0005

NA/failed 1.99 1.36-2.91 .0004

Disease status

Refractory 1

First relapse 1.08 .91-1.29 .33

Second relapse 1.78 1.32-2.40 <.0002

(continued)

Table 2 (Continued)

Parameter HR 95% CI P Value

RI

KPS �90 .64 .54-.76 <.0001

UD vs MSD 1.06 .89-1.26 .49

Center (frailty) .020

OS

Conditioning

Bu/Cy 1

Cy/TBI .94 .73-1.21 .63

FLAMSA-CT .65 .46-.91 .011

FLAMSA-TBI 1.11 .86-1.44 .43

Age (10-yr increase) .96 .87-1.06 .47

Secondary AML .96 .73-1.26 .77

Cytogenetics (MRC)

Favorable 1

Intermediate 1.51 .99-2.30 .055

Adverse 2.13 1.37-3.30 .0007

NA/failed 2.02 1.34-3.05 .0008

Disease status

Refractory 1

First relapse 1.13 .94-1.36 .21

Second relapse 1.88 1.37-2.57 <.0001

KPS �90 .54 .45-.65 <.0001

UD vs MSD 1.23 1.02-1.48 .028

Center (frailty) .022

GRFS

Conditioning

Bu/Cy 1

Cy/TBI .95 .76-1.18 .64

FLAMSA-CT .90 .68-1.18 .43

FLAMSA-TBI 1.08 .86-1.34 .51

Age (10-yr increase) .97 .89-1.06 .52

Secondary AML 1.04 .82-1.32 .75

Cytogenetics (MRC)

Favorable 1

Intermediate 1.40 .98-2.00 .062

Adverse 1.95 1.34-2.84 .0005

NA/failed 1.81 1.28-2.56 .0007

Disease status

Refractory 1

First relapse 1.08 .91-1.27 .37

Second relapse 1.47 1.10-1.95 .009

KPS �90 .65 .56-.77 <.0001

UD vs MSD .98 .83-1.15 .76

Center (frailty) .13

Acute GVHD II-IV

Conditioning

Bu/Cy 1

Cy/TBI .98 .68-1.40 .89

FLAMSA-CT .86 .55-1.33 .50

FLAMSA-TBI .76 .53-1.11 .15

Age (10-yr increase) 1.11 .97-1.27 .12

Secondary AML 1.05 .72-1.53 .82

Cytogenetics (MRC)

Favorable 1

Intermediate 1.14 .68-1.91 .63

Adverse 1.27 .73-2.21 .40

NA/failed .98 .58-1.63 .93

Disease status

(continued)
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Table 2 (Continued)

Parameter HR 95% CI P Value

RI

Refractory 1

First relapse 1.03 .79-1.33 .85

Second relapse .88 .53-1.44 .60

KPS �90 .80 .63-1.03 .081

UD vs MSD 1.53 1.17-1.99 .002

Center (frailty) .009

Acute GVHD III-IV

Conditioning

Bu/Cy 1

Cy/TBI 1.16 .71-1.88 .56

FLAMSA-CT 1.44 .84-2.47 .19

FLAMSA-TBI .89 .55-1.46 .65

Age (10-yr increase) 1.15 .93-1.42 .20

Secondary AML 1.88 1.17-3.03 .009

Cytogenetics (MRC)

Favorable 1

Intermediate 1.56 .65-3.74 .32

Adverse 1.76 .70-4.45 .23

NA/failed 1.49 .63-3.53 .37

Disease status

Refractory 1

First relapse 1.48 1.01-2.16 .045

Second relapse 1.03 .48-2.21 .93

KPS �90 .72 .50-1.02 .066

UD vs MSD 1.09 .74-1.60 .66

Center (frailty) .40

Chronic GVHD

Conditioning

Bu/Cy 1

Cy/TBI .80 .54-1.19 .27

FLAMSA-CT .61 .37-.99 .043

FLAMSA-TBI .68 .45-1.03 .072

Age (10-yr increase) 1.03 .87-1.22 .75

Secondary AML .76 .47-1.22 .26

Cytogenetics (MRC)

Favorable 1

Intermediate 1.46 .85-2.49 .17

Adverse 1.51 .83-2.76 .18

NA/failed 1.24 .72-2.14 .44

Disease status

Refractory 1

First relapse 1.11 .82-1.51 .50

Second relapse 1.42 .77-2.60 .26

KPS �90 .99 .72-1.35 .93

UD vs MSD .80 .60-1.08 .14

Center (frailty) .21

Significant P values are in bold type.
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Additional analyses were carried out after censoring at 2 years
post-alloSCT (Supplementary Table S1), and after exclusion of
the smaller subset of patients undergoing alloSCT in second
relapse (Supplementary Table S2). Although limited by a low
number of events for NRM, exploratory subanalyses were also
performed in patients who underwent transplantation
between 2012 and 2018 to account for the more recent use of
the FLAMSA-CT regimen. The aforementioned trends with
respect to the impact of conditioning regimens were preserved
in these sensitivity analyses.
DISCUSSION
Currently, alloSCT is the sole therapeutic option offering a

prospect for long-term survival for patients with AML with
active disease after the failure of frontline therapy. For younger
patients facing this scenario, high historical NRM rates have
hindered the use of MAC [18-20], and the optimal balance
between antileukemic activity and toxicity remains ill-defined.
Owing to reports showing promising antileukemic activity and
acceptable tolerability [21,22], FLAMSA-RIC has been consoli-
dated as an increasingly employed alternative regimen in this
patient population. However, comparative data on both strate-
gies are scarce. To our knowledge, this is the largest study
assessing clinical outcomes after MAC or FLAMSA-RIC in
patients with active AML reported to date. This analysis
included patients who underwent transplantation since the
original publication of results with FLAMSA-RIC in 2005. To
facilitate the comparability of treatment groups, inclusion was
restricted to individuals up to age 50 who would have been
potential candidates for MAC.

Contrasting with older series, our finding of a 2-year NRM
<20% after MAC is consistent with reported advances in sup-
portive care and HLA matching [25,26]. As shown in previous
analyses from the EBMT, the use of Bu/Cy versus Cy/TBI did not
have an influence on NRM [33]. These data indicate that con-
cerns about unacceptably high NRM after MAC in the setting of
active disease are largely unfounded in contemporary times.
Although associated with improved outcomes in historical com-
parisons, FLAMSA-TBI led to a NRM that was not dissimilar to
that seen after MAC. Likewise, there were no significant differ-
ences in terms of antileukemic activity. A large majority of
patients achieved a CR after transplantation, and approximately
one-third achieved long-term survival. Preemptive DLI use was
underreported in our dataset, being used in only a small minor-
ity of patients with available data. This suggests that its feasibil-
ity may be poor in a scenario conditioned by rapid relapse
kinetics. Overall, these results are in line with a Soci�et�e Franco-
phone de Greffe de Moelle et de Th�erapie Cellulaire (SFGM-TC)
study comparing MAC and sequential alloSCT (either FLAMSA-
RIC or clofarabine/cytarabine-RIC) in a smaller series of patients
[34].

Intriguingly, the subgroup of patients who received a modi-
fied regimen consisting of FLAMSA followed by TBI-free RIC
(FLAMSA-CT) showed a 2-year NRM as low as 7% in the absence
of differences in GVHD incidence. Moreover, this was not associ-
ated with a higher RI, resulting in an OS benefit that was pre-
served in multivariate and sensitivity analyses. These
observations contrast with previously reported data from
patients undergoing alloSCT in first or second CR, in whom a sim-
ilar risk of NRM was seen after either FLAMSA-TBI or Bu-based
FLAMSA-RIC [35,36]. The FLAMSA-CT subgroup was nonetheless
heterogeneous in terms of RIC choice and comprised a variety of
schemes as substitutes for TBI, with nonmyeloablative Bu/Cy
used in slightly more than one-half of the patients. Therefore, it
was not possible to conclusively associate these improved out-
comes with any particular regimen.

As opposed to indications that MAC may result in
decreased relapse risk and superior survival compared with
RIC in patients in CR with evidence of residual disease [37],
there were no significant differences in RI after FLAMSA-RIC or
MAC in our series. This finding raises questions regarding the
relative contributions of conditioning intensity and graft-ver-
sus-leukemia effects in the setting of active AML. Alternatively,
these data could argue in favor of FLAMSA-RIC being more
myeloablative than previously believed. A recent analysis from
the EBMT assigned an intermediate conditioning intensity



Figure 1. NRM (A), RI (B), LFS (C), and OS (D) after Bu/Cy, Cy/TBI, FLAMSA-CT, or FLAMSA-TBI conditioning.

Table 3
Causes of Death

Cause of death, n (%) FLAMSA-CT
(N = 61)

FLAMSA-TBI
(N = 209)

MAC
(N = 368)

Original disease 40 (66.7) 118 (59.3) 223 (63.2)

Infection 9 (15.0) 40 (20.1) 42 (11.9)

GVHD 8 (13.3) 21 (10.6) 43 (12.2)

MOF 1 (1.7) 7 (3.5) 13 (3.7)

VOD 1 (1.7) 3 (1.5) 8 (2.3)

IP 0 3 (1.5) 9 (2.5)

Cardiac toxicity 0 0 3 (.8)

Hemorrhage 0 2 (1.0) 2 (.6)

Failure/rejection 1 (1.7) 0 1 (.3)

Lymphoproliferative
disorder

0 0 2 (.6)

Other second malignancy 0 2 (1.0) 2 (.6)

Other 0 3 (1.5) 5 (1.4)

Missing 1 10 15

MOF indicates multiple organ failure; VOD, veno-occlusive disease; IP, intersti-
tial pneumonia.
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score to FLAMSA-based regimens, differentiating them from
conventional RIC schemes [38]. In fact, with similar RI and
lower NRM than classical MAC in our analysis, FLAMSA-CT
would qualify in the category of reduced-toxicity myeloabla-
tive conditioning. Beyond conditioning intensity, the adminis-
tration of time-sequential chemotherapy has been associated
with enhanced cycle-dependent cytotoxicity, and may also
play a role in the antileukemic activity of FLAMSA-RIC [39,40].

Although its importance has been well established in patients
undergoing alloSCT in first CR [41,42], there is a paucity of data
on the prognostic value of disease cytogenetics in the setting of
R/R active AML. In our multivariate analysis, poor-risk cytogenet-
ics at diagnosis retained an impact on RI and OS. Although rela-
tively few patients fell into this category and findings should be
interpreted with caution, second relapse status was also associ-
ated with inferior results. However, outcomes in primary refrac-
tory and first relapsed patients were similar, indicating that both
patient populations can obtain a significant benefit from trans-
plantation. Importantly, the observed 2-year OS of 40% in pri-
mary refractory patients does not compare unfavorably with that
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reported in adverse-risk patients transplanted in CR [43-46].
Given the non-minor risk of treatment-related mortality and the
reduced probability of obtaining a CR after salvage chemotherapy
[47], it could be argued whether early transplantation with active
disease may be optimal. In fact, a greater number of chemother-
apy cycles before alloSCT have been associated with decreased
OS after FLAMSA-RIC at the expense of a greater risk of death
from leukemia, suggesting that the selective bottlenecks imposed
by additional treatment may contribute to the selection of
increasingly resistant disease subclones [22].

This study has inherent limitations owing to its registry-
based nature. Most notably, allocation to MAC or FLAMSA-RIC
was dependent on center preferences, allowing for the poten-
tial introduction of selection bias. Similarly, the underlying
reasons for the selection of FLAMSA-CT over FLAMSA-TBI
remain unknown. Although multivariate analyses were per-
formed to control for confounding effects, relevant variables
such as disease mutational profile, HCT-CI score, leukemia bur-
den, previous lines of treatment, or post-alloSCT interventions
other than limited data on DLI were missing. Thus, the pres-
ence of residual confounding cannot be ruled out entirely. In
addition, an expected strong association between conditioning
and choice of GVHD prophylaxis precluded our ability to iso-
late the effects of the conditioning regimens by themselves.

Despite these limitations, our study provides novel insights
into the differential role of conditioning regimens in patients
with R/R active AML. In the absence of randomized controlled
trial evidence, our data indicate that MAC and FLAMSA-TBI rep-
resent comparable approaches. Notwithstanding that approxi-
mately one-third of patients may attain long-term survival with
either strategy, disease control was limited, and toxicity
remained far from negligible. Interestingly, our finding that
FLAMSA-CT led to lower NRM resulting in increased survival
suggests that TBI-free FLAMSA-based conditioning schemes
may improve tolerability without jeopardizing antileukemic
activity, warranting further evaluation. Nevertheless, the high
post-alloSCT relapse rates observed in our analyses emphasize
the need for novel salvage treatment, conditioning and mainte-
nance approaches in this challenging clinical scenario.
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