
Clinical Hematology International
Vol. 1(1), March 2019, pp. 58–74

DOI: https://doi.org/10.2991/chi.d.190310.001; eISSN: 2590-0048
https://www.atlantis-press.com/journals/chi/

Research Article

Allogeneic Stem Cell Transplantation for FLT3-Mutated
Acute Myeloid Leukemia: In vivo T-Cell Depletion and
Posttransplant Sorafenib Maintenance Improve Survival.
A Retrospective Acute Leukemia Working Party-European
Society for Blood and Marrow Transplant Study

Ali Bazarbachi1,2,*, Myriam Labopin3, Giorgia Battipaglia4,5, Azedine Djabali3, Edouard Forcade6, William Arcese7,
Gerard Socié8, Didier Blaise9, Joerg Halter10, Sabine Gerull10, Jan J. Cornelissen11, Patrice Chevallier12, Johan Maertens13,
Nicolaas Schaap14, Jean El-Cheikh1, Jordi Esteve15, Arnon Nagler16, Mohamad Mohty4,5,*

1Bone Marrow Transplantation Program, Department of Internal Medicine, American University of Beirut Medical Center, Beirut, Lebanon
2Department of Anatomy, Cell Biology, and Physiological Sciences, American University of Beirut, Beirut, Lebanon
3Acute Leukemia Working Party of EBMT, Paris, France
4Department of hematology and cellular therapy Hopital Saint Antoine, Paris, France.
5Department of hematology and cellular therapy, Hopital Saint Antoine, Université Pierre & Marie Curie, INSERM, UMRs 938, Paris, France
6Department of Hematology, CHU Bordeaux Hôpital Haut-leveque, Pessac, France
7Department of Stem cell transplant, Tor Vergata University of Rome, Rome, Italy
8Department of Hematology-bone marrow transplant, Hopital Saint Louis, Paris, France
9Department of Hematology, programme de Transplantation & Therapie Cellulaire, Centre de Recherche en Cancérologie de Marseille, Institut Paoli Calmettes,
Marseille, France
10Department of Hematology, University Hospital Basel, Basel, Switzerland
11Department of Hematology, Erasmus MC Cancer Institute, University Medical Center Rotterdam, Rotterdam, Netherlands
12Department of Hematology, CHU Nantes, Nantes, France
13 Department of Hematology, University Hospital Gasthuisberg, Leuven, Belgium
14Department of Hematology, Nijmegen Medical Centre, Nijmegen, Netherlands
15Hematology Department, IDIBAPS, Hospital Clinic, Barcelona, Spain
16Department of Hematology, Chaim Sheba Medical Center, Tel-Hashomer, Israel

ART I C L E I N FO
Article History

Received 08 Feb 2019
Accepted 20 Feb 2019

Keywords

Allogeneic stem cell transplantation
Acute myeloid leukemia
FLT3 mutation
In vivo T-cell depletion
Sorafenib

ABSTRACT
Acute myeloid leukemia (AML) with FLT3-mutation carries a poor prognosis, and allogeneic stem cell transplantation (allo-
SCT) is recommended at first complete remission (CR1). We assessed 462 adults (median age 50 years) with FLT3-mutated
AML allografted between 2010 and 2015 from a matched related (40%), unrelated (49%), or haploidentical donor (11%). The
median follow-up of alive patients was 39 months. Day-100 acute graft versus host disease (GVHD) grades II–IV and III–IV
were encountered in 26% and 9%, whereas the 2-year incidence of chronic and extensive chronic GVHD were 34% and 16%,
respectively. The 2-year incidences of relapse and nonrelapsemortality were 34% and 15%, respectively. The 2-year leukemia-free
survival, overall survival (OS), and GVHD relapse-free survival (GRFS) were 51%, 59%, and 38%, respectively. In multivariate
analysis, NPM1-mutation, transplantation in CR1, in vivo T-cell depletion, and posttransplant sorafenib improved OS, whereas
more than one induction (late CR1) negatively affected OS. Similarly, NPM1-mutation, a haploidentical donor, T-cell depletion,
and sorafenib maintenance improved GRFS, whereas late CR1 or persistent disease negatively affected it. In conclusion, FLT3-
mutated AML remains a challenge even following allo-SCT. In vivo T-cell depletion and posttransplant sorafenib significantly
improve OS and GRFS, and may be considered as standard of care.

© 2019 International Academy for Clinical Hematology. Publishing services by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

1. INTRODUCTION

FMS-like tyrosine kinase 3 (FLT3) internal tandem duplication
(FLT3-ITD) or tyrosine kinase domain (FLT3-TKD) genemutations
are encountered in around 30% of acute myeloid leukemia (AML)
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[1–4]. The presence of FLT3 mutations, predominantly FLT3-ITD,
confers a poor prognosis [5–8]. Consequently, these patients are
usually referred to allogeneic stem cell transplantation (allo-SCT)
in first complete remission (CR1) [9,10]. The 2017 report from
the European Leukemia Net (ELN) classified AML patients with
concomitant nucleophosmin-1 (NPM1) mutation and a low allelic
ratio of FLT3-ITD in the favorable category [11]. However, a recent
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Japanese study reported that performing allo-SCT in CR1 signifi-
cantly improves the outcome in these patients, irrespective of the
FLT3-ITD allele ratio [12]. Unfortunately, patients with FLT3-ITD
mutation still carry a poor prognosis after allo-SCT because of
higher rates of early relapse and the lack of response to chemother-
apy in the salvage setting [13,14].

Important progress has been made in recent years, including
improvement of transplant techniques, the use of haplo-identical
donors in patients lacking a Human Leukocyte antigen (HLA)
matched donor, and posttransplant preventive strategies, such as
prophylactic or preemptive use of tyrosine kinase inhibitors (TKI).
Several TKIs have been recently used in FLT3-mutated AML, either
as single agents or in combinationwith chemotherapy [15]. Because
of its availability, sorafenib has been tested, alone or in combi-
nation, in various settings in FLT3-ITD AML, such as first-line
therapy [16] or treatment of relapse [15,17–19], including relapse
after allo-SCT [19–28]. However, the ideal time to incorporate
this drug into the treatment of patients with FLT3-mutated AML
remains unclear, with some recent reports suggesting promising
long-term outcomes when sorafenib is used as maintenance ther-
apy after allo-SCT [15,29–33]. More recently, midostaurin, a multi-
kinase inhibitor, was shown to improve overall survival (OS) of
FLT3-mutated AML when combined with chemotherapy in first-
line therapy, and was recently granted approval in this setting [34].

As structured data on the influence of these recent developments
in the transplant field in the FLT3-mutated AML setting are scarce,
the purpose of the present study was to assess the predictive factors
for posttransplant outcomes in FLT3-mutated AML patients, using
a large sample from the European Society for Blood and Marrow
Transplantation (EBMT) registry.

2. MATERIALS AND METHODS

2.1. Study Design and Data Collection

This is a retrospective registry-based multicenter analysis. Data
were provided and approved for this study by the acute leukemia
working party (ALWP) of the EBMT. EBMT is a voluntary work-
ing group of more than 600 transplant centers which are required
to report all consecutive SCT and follow-up once a year. Audits are
routinely performed to determine the accuracy of the data. Since
January 1, 2003, all transplant centres have been required to obtain
written informed consent prior to data registration with the EBMT,
following the Helsinki Declaration of 1975. Eligibility criteria for
this analysis included adult patients (age > 18 years) with FLT3-
mutated AML who received a first allo-SCT with bone marrow
(BM) orG-CSF-mobilized peripheral blood (PB) stem cells from an
HLA-matched related or unrelated or haploidentical donor between
2010 and 2015. Patients who received cord blood or mismatched
stem cells were excluded.

Variables collected included recipient and donor age and gender,
date of diagnosis, cytogenetic and molecular profile, lines of ther-
apy prior to allo-SCT, use of pretransplant sorafenib, disease and
minimal residual disease (MRD) status at transplant, Karnovsky
score at time of transplant, transplant-related factors including
conditioning regimen, in vivo T-cell depletion, graft versus host
disease (GVHD) prophylaxis, stem cell source (BM or PB), donor
type, patient and donor cytomegalovirus (CMV) status. Finally,

we collected data on prophylactic or preemptive use of sorafenib,
including the date of its administration after allo-SCT, the dose and
duration of therapy, and its side effects.

2.2. Definitions

Myeloablative conditioning (MAC) was defined as a regimen con-
taining either total body irradiation (TBI) with a dose greater than
6 Gy, a total dose of oral busulfan (Bu) greater than 8 mg/kg, or a
total dose of intravenous Bu greater than 6.4 mg/kg. All other reg-
imens were defined as reduced intensity conditioning (RIC) [35].
The diagnosis and grading of acute [36] and chronic graft-versus-
host disease [37] were performed by transplant centers using the
standard criteria. Cytogenetic abnormalities were classified accord-
ing to MRC criteria [38].

2.3. Statistical Analysis

Endpoints included leukemia-free survival (LFS), OS, nonrelapse
mortality (NRM), relapse incidence (RI), acute and chronic GVHD,
and GVHD and relapse-free survival (GRFS). All outcomes were
measured from the time of allo-SCT. LFS was defined as survival
without leukemia relapse or progression; patients alive without
leukemia relapse or progression were censored at the time of last
contact. OS was defined as death from any cause. NRMwas defined
as death without previous leukemia relapse. GRFS was defined as
events including grade 3–4 acute GVHD, extensive chronic GVHD,
relapse, or death in the first post-SCT year [39]. Surviving patients
were censored at the time of last contact. The probabilities ofOS and
LFSwere calculated by theKaplan–Meiermethod. Cumulative inci-
dence functions were used to estimate RI and NRM in a competing
risk setting. Death and relapse were considered as competing events
for acute and chronic GVHD. For univariate analyses, continuous
variables were categorized and the median used as a cutoff point.
Univariate comparisons were performed using the log-rank test for
LFS, OS, and GRFS and Gray’s test for cumulative incidences. A
Cox proportional hazards model was used for multivariate regres-
sion including sorafenib posttransplant as a time-dependent vari-
able. Factors known to influence the outcome and factors associated
with a P value less than 0.10 with any endpoint by univariate anal-
ysis were included in the model.

The impact of sorafenib posttransplant was also studied using
a matched pair analysis. Matching factors included conditioning
(reduced intensity [RIC]versusMAC), status at transplant (CR1 ver-
sus CR2 versus active disease), harboring of NPM1 mutations, and
age at transplant. In order to avoid immortal time bias due to the
time elapsed from transplant to sorafenib administration, each con-
trol patient had to engraft and to be alive free of acute GVHD grade
II-IV and of relapse at least as long as the time to sorafenib ini-
tiation of the respective matched sorafenib recipient. Patient, dis-
ease, and transplant-related characteristics for the two cohorts were
compared either by (paired) Wilcoxon signed rank tests or Mann–
Whitney test for continuous variables, chi-square, or McNemar
test for categorical variables. Comparison of the outcome was per-
formed using a Cox model stratified on matching group for taking
into account the association.

Results were expressed as hazard ratio (HR) with 95% confidence
interval (CI). All tests were two sided. The type-1 error rate was
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fixed at 0.05 for determination of factors associated with time to
event outcomes. All analyses were performed using SPSS 24.0 (SPSS
Inc, Chicago, IL, USA)) and R version 3.4.0 (R Core Team. R: a lan-
guage for statistical computing. 2014. R Foundation for Statistical
Computing, Vienna, Austria).

3. RESULTS

3.1. Patients’ and Transplant
Characteristics

Patients’ and transplant characteristics are summarized in Tables
1and 2. Altogether, 462 patients (49% females; median age 50 years;
range 19–75) met the eligibility criteria for this study. The kary-
otype was favorable in 18 (4%), intermediate in 379 (82%), and
adverse in 45 patients (10%). Mutation analysis showed FLT3 ITD
in 437 patients (95%), FLT3 TKD in 11 (2%), both ITD and TKD
in 14 (3%), whereas NPM1 mutations were detected in 231 patients
(55%). Most (71.5%) patients were transplanted in CR1, 10.5% in
CR2 and 18% with active disease. A second induction was given
to 38% of patients and 75% received consolidation therapy. Pre-
transplant sorafenib was given to 9 patients during induction, to
10 during consolidation, and to 8 as salvage therapy. At the time
of transplant, 61 patients in CR were MRD-positive, 150 MRD-
negative, while the MRD status was not evaluated in 150 and was
unknown in 16 patients. The conditioning was MAC in 53% of
patients and RIC in 47%.
In vivo T-cell depleted (TCD) graft was given to 285 (62%) patients
(89 [48%] in the MSD group, 172 [76%] in the matched unrelated
sibling (MUD) group, and 24 [49%] in the Haplo group). Overall,
276 patients received ATG and 9 received campath. The median
dose of ATG was 5 mg/kg (2.5–15) for thymoglobulin (n = 189),
30 mg/kg (16–60) for fresenius ATG (n = 67), and unknown for 20
patients. Most patients (83%) received peripheral blood stem cells
from matched related (187 patients; 40%), matched unrelated (226
patients; 49%), or haploidentical donors (49 patients; 11%). Most
patients (63%) and donors (55%)wereCMVpositive. Nineteen per-
cent of patients weremales with a female donor. Themedian follow-
up of alive patients was 39 months (range 1–87).

3.2. Posttransplant Sorafenib

Twenty-eight patients received posttransplant sorafenib mainte-
nance: 18 as prophylaxis while MRD-negative; 9 as preemptive
therapy for positive MRD, and one patient received both prophy-
laxis and then preemptive sorafenib. Sorafenib treatment was ini-
tiated at a median of 55 days posttransplant (range 1–173) at a
median dose of 800 (range 200–800) mg daily. Sorafenib was tem-
porarily interrupted in 11 patients and the dose was modified in
12 patients, mainly because of side effects including skin rash (2
patients), skin GVHD (3 patients), and hematological toxicity, diar-
rhea, increase in amylase, acute myocardial infection, fatigue, deci-
sion of third party payer, and disease relapse 1 patient each. The
median modified daily dose was 400 mg (range 200–800). The
median duration of prophylactic sorafenib was 446 days (range 5–
1205) and of preemptive sorafenib 385 days (range 16–820). Out of
the 3 patients in the sorafenib group who experienced acute GVHD
grade III, acute GVHD occurred before the infusion of sorafenib

Table 1 Patients’ and disease characteristics.

Patients Characteristics N (%)
Number of patients 462 (100)
Gender
    Male 234 (51)
    Female 228 (49)
Age at transplant, median (range) 50 (19–75)
Year of transplant, median (range) 2013 (2010–2015)
FLT3 Mutation Status
    FLT3-ITD 437 (95)
    FLT3-TKD 11 (2)
    FLT3-ITD and FLT3 TKD 14 (3)
NPM1 Mutation Status
    Positive 231 (55)
    Negative 191 (45)
    Not available 40
Cytogenetics Risk
    Good 18 (4)
    Intermediate 379 (82)
    Adverse 45 (10)
    Not assessed or failed 20 (4)
Induction
Number of inductions, median (range) 1 (1–8)
    1 induction 288 (62)
    >1 induction 174 (38)
    Sorafenib at induction 9 (2)
    No sorafenib at induction 453 (98)
    CR after first induction 326 (74)
    No CR after first induction 116 (26)
    Missing status post induction 20
Consolidation
    Received consolidation 348 (75)
    No consolidation 113 (25)
    Consolidation information missing 1
    Sorafenib for consolidation 10 (2)
Salvage
    Received salvage therapy 85 (51)
    No salvage therapy 81 (49)
    Sorafenib for salvage 8 (5)
    Not applicable 296
Patient CMV Serological Status
    Positive 290 (63)
    Negative 170 (37)
    Missing 2
Donor CMV Serological Status
    Positive 252 (55)
    Negative 208 (45)
    Missing 2
Abbreviations: CR: Complete remission, CMV: Cytomegalovirus, FLT3: FMS-like tyrosine
kinase 3, ITD: Internal tandem duplication, TKD: Tyrosine kinase domain.

in 2 patients, at day 24 and day 34 (93 days and 23 days before
sorafenib, respectively). One patient experienced acute GVHD III-
IV at day 41, 4 days after the infusion of sorafenib.We also observed
6 acute GVHD grade II at a median of 13 days after initiation of
sorafenib (range 6–59). Thirteen patients in the sorafenib grouphad
chronic GVHD at a median time of 76 days after the infusion of
sorafenib (range: 9–194). The grade was limited for 7 patients and
extensive for 6 patients.

3.3. Transplant Outcomes

Day 100 acute GVHD grades II–IV and III–IV were encoun-
tered in 26% and 9% of patients, respectively, whereas the 2-year
cumulative incidence of chronic and extensive chronic GVHD
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Table 2 Transplant characteristics.

Characteristics N (%)

Status at Transplant
    CR1 330 (71.4)
    CR2 48 (10.4)
    Active disease 84 (18.2)
Donor Information
    Matched sibling donor 187 (40.5)
    Matched unrelated donor 226 (49)
        Allelic level 10/10 157 (34)
        Allelic level 9/10 35 (8)
        Allelic level 8/10 7 (2)
        Allelic level unknown 27 (6)
    Haploidentical donor 49 (10.6)
Donor Gender
    Male 275 (60)
    Female 185 (40)
    Missing information 2
Number of Female to Male Transplants 87 (18.8)
Conditioning
    Myeloablative 246 (53)
    Reduced intensity 216 (47)
    In vivo T-cell depletion 285 (61.8)
    No in vivo T-cell depletion 176 (38.2)
    Missing information for T-cell depletion 1
Stem Cell Source
    Bone marrow 78 (16.9)
    Peripheral blood 384 (83.1)
Received Sorafenib Prophylaxis Posttransplant 19 (4.1)
Minimal Residual Disease
    Negative 218 (76.5)
    Positive 67 (23.5)
    Missing information 177
Received Preemptive Sorafenib Posttransplant 10 (2)
Median Follow-Up Months (Range) 39.4 ( 0.8–86.7)
Abbreviations: CR: Complete remission, MRD: Minimal residual disease.

were 34% and 16%, respectively (Fig. 1). The 2-year RI and NRM
were 34% and 15%, respectively (Fig. 2). The 2-year LFS, OS, and
GRFS were 51%, 59%, and 38%, respectively (Fig. 2). Overall, 204
patients died primarily from the original disease (115 patients;
57%), followed by acute GVHD (39 patients; 19%) and infections
(24 patients; 12%). In univariate analysis, patient age, intensity
of conditioning, donor type, stem cell source, patient, and donor
CMV status did not affect any of the transplant outcomes (Supple-
mentary Tables S1 and S2). Conversely, some transplant outcomes
were affected by the patient or donor gender, NPM1 mutation
status, number of inductions and use of consolidation, and year
of transplant. Transplantation in CR1 was associated with a
significantly better outcome as compared to CR2 and active dis-
ease, with 2-year LFS of 58%, 46%, and 29%, respectively (p < .001),
2-year OS of 66%, 50%, and 35%, respectively (p < .001), and 2-year
GRFS of 43%, 44%, and 19%, respectively (p < .001) (Fig. 3 and
Supplementary Tables S1 and S2). Finally, in vivo T-cell depletion
was also associated with a significantly better 2-year LFS of 56%
versus 45% (p = 0.034), OS of 62% versus 54% (p = 0.1), and GRFS
of 45% versus 29% (p < .001) (Fig. 4 and Supplementary Tables S1
and S2).

3.4. Multivariate Analysis

InmultivariateCox analysis (Table 3), female patients had a reduced
NRM, and the use of MUD was associated with reduced RI. The

Figure 1A Acute graft versus host disease (GVHD) II–IV.

Figure 1B Acute graft versus host disease (GVHD) III–IV.

Figure 1C Chronic graft versus host disease (GVHD).
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Figure 2A Nonrelapse mortality.

Figure 2B Relapse incidence.

Figure 2C Leukemia-free survival.

Figure 2D Overall survival.

Figure 2E Graft versus host disease (GVHD) relapse-free survival.

need formore than one induction negatively affectedNRM,RI, LFS,
and OS. Similarly, transplantation in CR2 (compared to CR1) neg-
atively affected RI, LFS, and OS, whereas active disease at trans-
plant negatively affected RI, LFS, and GRFS. On the other hand,
NPM1mutation significantly reduced the RI and positively affected
LFS, OS, and GRFS. Similarly, in vivo T-cell depletion reduced
chronic GVHD (HR 0.53; p = 0.001) and increased LFS (HR = 0.71;
p = 0.03), OS (HR = 0.66; p = 0.01) and GRFS (HR = 0.55; p < .001).
Finally, posttransplant sorafenib maintenance as a time-dependent
variable significantly reduced the RI (HR = 0.39; p = 0.05), and
improved LFS (HR = 0.35; p = 0.01), OS (HR = 0.36; p = 0.03)
and GFRS (HR = 0.44; p = 0.02). Overall, GRFS was positively
affected byNPM1mutation (HR= 0.66; p= 0.002), the use of a hap-
loidentical donor compared to matched sibling donors (HR = 0.61;
p = 0.04), in vivo T-cell depletion (HR = 0.55; p < .001), and
sorafenib maintenance (HR = 0.44; p = 0.02), whereas the need for
more than one induction (HR = 1.5; p = 0.005) and active disease at
transplant (HR = 2.5; p < .001) were unfavourable.

Pdf_Folio:62



A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74 63

Figure 3 Leukemia-free survival (LFS), overall survival (OS) and graft versus host disease
relapse-free survival (GRFS) according to disease status at transplant.
Abbreviations: CR1: 1st complete remission, CR2/3: second or third complete remission, active
D: active disease.

Figure 4 Leukemia-free survival (LFS), overall survival (OS) and graft versus host
disease relapse-free survival (GRFS) for patients who received T-cell depletion (TCD)
versus patients who did not receive T-cell depletion.
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Table 3 Multivariate analysis.

Outcomes Variables HR 95% CI p Value
NRM Sorafenib maintenance (time dependent) 0.2 0.03–1.5 0.12

Age (per 10 years) 1.2 0.92–1.46 0.21
Number of induction >1 2 1.13–3.67 0.02
Consolidation therapy (yes/no) 1 0.53–1.99 0.93
CR1 (reference) 1 –
CR2 versus CR1 0.9 0.34–2.42 0.85
Active disease versus CR1 1.7 0.82–3.46 0.15
NPM1 positive 1.1 0.63–1.9 0.74
Matched related donor (reference) 1 –
Matched unrelated donor 1.39 0.76–2.54 0.29
Haplo-identical donor 1.72 0.72–4.11 0.22
Female patient 0.59 0.34–1 0.05
Female donor 1.24 0.73–2.09 0.43
Year of transplant 0.91 0.77–1.06 0.22
RIC versus MAC 0.56 0.31–1.01 0.053
In vivo T-cell depletion 0.69 0.4–1.19 0.19

RI Sorafenib maintenance (time dependent) 0.39 0.16–1 0.05
Age (per 10 years) 1.09 0.94–1.26 0.26
Number of induction >1 1.58 1.07–2.36 0.02
Consolidation therapy (yes versus no) 0.96 0.62–1.47 0.84
CR1 (reference) 1 –
CR2 versus CR1 2.29 1.34–3.9 0.002
Active disease versus CR1 3.19 2.1–4.84 <0.001
NPM1 positive 0.56 0.39–0.81 0.001
Matched related donor (reference) 1 –
Matched unrelated donor 0.67 0.467–0.97 0.03
Haplo-identical donor 0.58 0.31–1.07 0.08
Female patient 1 0.7–1.41 0.98
Female donor 0.8 0.53–1.08 0.12
Year of transplant 1 0.9–1.1 0.97
RIC versus MAC 0.82 0.56–1.22 0.33
In vivo T-cell depletion 0.7 0.49–1 0.05

LFS Sorafenib maintenance (time dependent) 0.35 0.15–0.8 0.01
Age (per 10 years) 1.1 0.97–1.25 0.13
Number of induction >1 1.67 1.2–2.3 0.002
Consolidation therapy (yes versus no) 0.97 0.68–1.39 0.87
CR1 (reference) 1 –
CR2 versus CR1 1.8 1.13–2.87 0.01
Active disease versus CR1 2.667 1.865–3.815 <0.001
NPM1-mutation positive 0.69 0.51–0.93 0.01
Matched related donor (reference) 1 –
Matched unrelated donor 0.82 0.6–1.12 0.21
Haplo-identical donor 0.78 0.48–1.29 0.34
Female patient 0.85 0.64–1.14 0.27
Female donor 0.87 0.65–1.17 0.36
Year of transplant 0.97 0.89–1.06 0.52
RIC versus MAC 0.75 0.54–1.04 0.08
In vivo T-cell depletion 0.71 0.53–0.96 0.03

OS Sorafenib maintenance (time dependent) 0.36 0.14–0.91 0.03
Age (per 10 years) 1.13 0.99–1.28 0.07
Number of induction >1 1.58 1.11–2.24 0.01
Consolidation therapy (Yes versus No) 1.24 0.84–1.84 0.28
CR1 (reference) 1 –
CR2 versus CR1 1.92 1.18–3.14 0.008
Active disease versus CR1 3.24 2.22–4.73 1.24
NPM1-mutation positive 0.7 0.51–0.97 0.03
Matched related donor (reference) 1 –
Matched unrelated donor 0.91 0.65–1.27 0.57
Haplo-identical donor 0.77 0.45–1.3 0.32
Female patient 0.93 0.68–1.26 0.63
Female donor 0.87 0.63–1.18 0.37
Year of transplant 0.95 0.87–1.04 0.28
RIC versus MAC 1.01 0.72–1.42 0.96
In vivo T-cell depletion 0.66 0.48–0.91 0.01

GRFS Sorafenib maintenance (time dependent) 0.44 0.22–0.9 0.02
Age (per 10 years) 1.02 0.91–1.14 0.75

(continued)
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Table 3 Multivariate analysis. (Continued)

Outcomes Variables HR 95% CI p Value
Number of induction >1 1.5 1.12–2.01 0.005
Consolidation therapy (yes versus no) 1.12 0.81–1.56 0.5
CR1 (reference) 1 –
CR2 versus CR1 1.36 0.87–2.12 0.18
Active disease versus CR1 2.43 1.73–3.4 <0.001
NPM1-mutation positive 0.66 0.5–0.86 0.002
Matched related donor (reference) 1 –
Matched unrelated donor 0.88 0.67–1.17 0.38
Haplo-identical donor 0.61 0.38–0.98 0.04
Female patient 0.87 0.68–1.13 0.3
Female donor 1.15 0.89–1.49 0.28
Year of transplant 0.99 0.92–1.07 0.86
RIC versus MAC 0.91 0.68–1.22 0.52
In vivo T-cell depletion 0.55 0.41–0.72 <0.001

cGVHD Sorafenib maintenance (time dependent) 1.84 0.96–3.53 0.07
Age (per 10 years) 0.95 0.81–1.11 0.49
Number of induction>1 1.22 0.82–1.82 0.32
Consolidation therapy (yes versus no) 1.21 0.76–1.92 0.43
CR1 (reference) 1 –
CR2 versus CR1 0.7 0.35–1.41 0.32
Active disease versus CR1 0.83 0.47–1.47 0.52
NPM1-mutation positive 0.92 0.63–1.32 0.64
Matched related donor (reference) 1 –
Matched unrelated donor 1.3 0.89–1. 9 0.18
Haplo-identical donor 0.99 0.55–1.75 0.96
Female patient 1.21 0.86–1.71 0.27
Female donor 1.35 0.96–1.88 0.08
Year of transplant 0.97 0.88–1.08 0.57
RIC versus MAC 1.08 0.73–1.61 0.69
In vivo T-cell depletion 0.53 0.37–0.78 0.001

Abbreviations: CR: Complete remission, RIC: Reduced intensity conditioning, MAC: Myeloablative conditioning, NRM: Non relapse mortality, RI: Relapse incidence, LFS: Leukemia-free
survival, GRFS: Graft versus host disease and relapse-free survival, OS: Overall survival, cGVHD: Chronic graft versus host disease, bold values are statistically significant p values.

Figure 5A Leukemia-free survival for sorafenib versus no sorafenib maintenance (pair-matched analysis).
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Figure 5B Overall survival for sorafenib versus no sorafenib maintenance (pair-matched analysis).

3.5. Pair-Matched Analysis

We were able to match 26 patients in the sorafenib group and 26
controls. The latter had engrafted and survived post allo-SCT with-
out relapse and without acute GVHD grade II–IV for periods at
least identical to or longer than the time from allo-SCT to sorafenib
initiation in the drug cohort. The two groups were comparable in
terms of patient, disease, and transplant characteristics (Supple-
mentary Table S3), except that patients in the sorafenib group were
more recently transplanted and more likely to have required more
than one induction course. Two-year LFS andOSwere, respectively,
79% and 83% for patients in the sorafenib group versus 54% and
62% for controls (Fig. 5 and Supplementary Table S4). Compari-
son using the Cox model confirmed that prophylactic or preemp-
tive sorafenib significantly reduced RI (HR = 0.38; p = 0.046) and
improved LFS (HR = 0.37; p = 0.02), and OS (HR = 0.32; p = 0.007)
without affecting NRM.

4. DISCUSSION

In this study, we evaluated the predictive factors for posttrans-
plant outcome in FLT3-mutated AML using a large data set of 462
patients from the EBMT. We found that LFS and OS were sig-
nificantly better in patients with concomitant NPM1 mutation, in
patients transplanted in CR1 and, importantly, in patients receiv-
ing in vivo T-cell depletion and/or posttransplant sorafenib main-
tenance. Similarly, NPM1 mutation, the use of a haplo-identical
donor, in vivo T-cell depletion, and posttransplant sorafenib main-
tenance significantly improved GRFS. These results may set the
standard for allo-SCT in FLT3-mutated AML.

Because of the poor prognosis associated with FLT3-mutated AML,
allo-SCT is most frequently performed in CR1 [9,40–47], includ-
ing in patients ≥ 60 years of age [48]. In most studies, the LFS at
2 years was around 50–60% in that setting [9,13,14,49], although a
wide variation from 20% [43,50] to 70% [10] was reported. How-
ever, little is known about the predictive factors for outcome. A pre-
vious EBMT study [14] reported that FLT3-mutated AML patients
with concomitant NPM1mutation had an improved posttransplant
outcome compared to those without NPM1 mutation. Similarly,
Gaballa et al. [51] recently reported that the presence of active dis-
ease or MRD positivity before allo-SCT was associated with a poor
posttransplant outcome.

We found that in vivo T-cell depletion decreased chronic GVHD
and significantly improved LFS, OS, and GRFS, without increasing
the risk of relapse. This indicates that, even in the setting of FLT3-
mutated AML, in vivo T-cell depletion does not hamper the graft
versus leukemia (GVL) effect. Importantly, we also found that the
use of haplo-identical donors was associated with improved GRFS.
Given the high risk of rapid relapse of FLT3-mutated AML patients
in CR1, and given the poor outcome of transplanting patients in
CR2 or beyond, our results indicate that, at least in the absence of
a matched sibling donor, performing haplo-identical transplants in
CR1 may be superior to other strategies.

Even after allo-SCT, FLT3-mutated AML is associated with a
higher risk of early relapse [13]. Furthermore, treatment of patients
with FLT3-mutated AML who relapse or progress after allo-SCT,
remains an unmet medical need. Chemotherapy or TKI alone or
combined with donor lymphocyte infusions are rarely effective
in the long term. A second allogeneic SCT can be proposed to
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only a small percentage of patients and is associated with rather
high transplant- related mortality [52]. Therefore, several studies
investigated the use of posttransplant sorafenib maintenance as a
strategy to reduce the risk of relapse after allo-SCT [15,30–33].
While their results were encouraging, all of these studies but one
had no adequate control group. Only one of these nonrandomized
studies included 55 control patients concomitant with 26 patients
treated with sorafenib maintenance, and reported improved 2-year
LFS and OS rates of 82% and 81%, respectively, for patients receiv-
ing sorafenib (vs 53% and 62%, respectively, for patients not receiv-
ing sorafenib; p < 0.05 and <0.05) [32]. Besides the larger number
of patients in our study, one important difference from these previ-
ous reports is that we included a large control group and performed
a pair-match analysis. Interestingly, posttransplant sorafenib toxi-
city was rather low in our study, in spite of drugs including TKI
being generally less tolerated after allo-SCT [53–55]. More recently,
preliminary conclusions of a prospective trial randomizing main-
tenance treatment with sorafenib versus placebo introduced during
the first 60–100 days after allo-HSCT, further supported the use of
sorafenib in this high-risk setting [56].

In addition to its direct antileukemia effect, a possible synergism
between sorafenib and alloreactive donor T cells in facilitating long-
termdisease control has been suggested [57], and also has been pro-
posed in murine models in which sorafenib apparently exacerbated
GVHD [58]. A recent elegant report demonstrated that sorafenib
promotes GVL activity inmice and humans through interleukin-15
production in FLT3-ITD leukemia cells [59].

One important limitation of our retrospective registry study is
the risk of selection bias. Ideally, this question of posttrans-
plant sorafenib maintenance should be answered by a prospective
randomized trial. A stratification is needed for whether patients
were or not exposed to sorafenib or midostaurin prior to allo-
SCT. To address these unmet clinical needs, the Blood and Marrow
Transplant Clinical Trials Network (BMT-CTN) is launching BMT-
CTN 1506, a multicenter, randomized, double-blind, placebo-
controlled trial of gilteritinib, a FLT3 inhibitor, as a posttransplant
maintenance agent for patients with FLT3-ITD AML in CR1. How-
ever, one concern is the expected and potentially unacceptable
high risk of relapse in the placebo arm, suggesting that sorafenib
may be recommended as the control arm in this type of study.
Furthermore, the recent approval of midostaurin in the frontline
treatment of FLT3-mutated AML in the USA and Europe may
impact the efficacy of posttransplant TKI maintenance includ-
ing sorafenib, so new data should be generated in that setting.
However, most FLT3-mutated AML patients are not currently
receiving midostaurin, at least outside the USA; therefore, for
the upcoming years, patients may still benefit from sorafenib
maintenance after allo-SCT.

Another limitation of our study is that stratification of patients
according to their FLT3 mutant-to wild-type allelic ratio at the
time of diagnosis was not possible, because it was not systemati-
cally performed inmost centers. Recent reports have suggested that
allele burdenmight affect prognosis in FLT3-mutatedAMLpatients
[60], and that its negative impact might be overcome when patients
undergo allo-SCT at the time of CR1 [61]. A recent study from the
MD Anderson Cancer Center showed that allo-SCT improved LFS
and OS independently from the FLT3/ITD allelic ratio and NPM1
mutation status in multivariate regression models [29].

Finally, although this study included 462 patients, only 28 of
them received posttransplant sorafenib. This low number can be
explained by the lack of approval of sorafenib in this indication
and/or by the lack of sufficient data on posttransplant sorafenib
between 2010 and 2015.

5. CONCLUSION

FLT3-mutated AML remains a challenge even following allo-SCT.
Transplantation in CR1 is associated with better outcomes. In vivo
T-cell depletion and post transplant maintenance with sorafenib
appear to significantly improve survival and may be considered as
standard of care in that setting.

CONFLICT OF INTEREST

The authors do not have any conflicts of interest. No financial sup-
port was provided for this work.

ACKNOWLEDGMENT

A.B. and M.M. designed the study, interpreted the data, and wrote the
manuscript. A.N. and J.ES. participated in study design, interpreted the
data, and edited the manuscript. M.L. helped with the design and was
responsible for statistical analysis. A.D. was the study coordinator. All other
authors reported updated patient data and read and commented on the
manuscript. All authors proofread the manuscript and agreed on the data
presented.

Participating centers (center, city) by decreasing number of patients
enrolled in the study: University Hospital, Hematology, Basel; Hopital
St. Louis, Dept. of Hematology – BMT, Paris; CHU Bordeaux, Hôpital
Haut-leveque, Pessac; Programme de Transplantation & Therapie Cellu-
laire, Centre de Recherche en Cancérologie de Marseille, Institut Paoli Cal-
mettes, Marseille; CHU Nantes, Dept. D‘Hematologie, Nantes; CHRU, Ser-
vice des Maladies du Sang, Angers; Hopital Saint Antoine, Department of
Hematology, Paris; Erasmus MC Cancer Institute, University Medical Cen-
ter Rotterdam, Department of Hematology, Rotterdam; ¨Tor Vergata¨ Uni-
versity of Rome, Stem Cell Transplant Unit, Policlinico Universitario Tor
Vergata, Rome; CHU CAEN, Institut d’hématologie de Basse-Normandie,
Caen; Turku University Hospital, TD7 (Stem Cell Transplant Unit), Turku;
Cliniques Universitaires St. Luc, Dept. of Haematology, Brussels; Klinikum
Grosshadern, Med. Klinik III, Munich; Techniciens d‘Etude Clinique suivi
de patients greffes, Nouvel Hopital Civil, Strasbourg; University Hospital
Gasthuisberg, Dept. of Hematology, Leuven; University Hospital, Dept.
of Bone Marrow Transplantation, Essen; Sheffield Teaching Hospitals
NHS Trust, South Yorkshire Region (Adult) BMT Programme, Royal Hal-
lamshire Hospital, Sheffield; Hospital Clinic, Institute of Hematology &
Oncology, Dept. of Hematology, Barcelona; Gazi University Faculty of
Medicine, Hematology, Ankara; S.S.C.V.D Trapianto di Cellule Staminali,
A.O.U Citta della Salute e della Scienza di Torino, Torino; Nijmegen Medi-
cal Centre, Department of Hematology, Nijmegen; Ospedale Civile, Dipar-
timento di Ematologia, Medicina Trasfusionale e Biotecnologie, Pescara;
Hopital Bretonneau, Service d‘Oncologie Médicale, Tours; Istituto Clinico
Humanitas, Transplantation Unit, Department of Oncology and Haema-
tology, Milano; Department of Internal Medicine, American University
of Beirut Medical Center, Beirut; George Papanicolaou General Hospital,

Pdf_Folio:67



68 A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74

Haematology Department / BMT Unit, Thessaloniki; Charles University
Hospital, Dept. of Hematology/Oncology, Pilsen; Florence Nightingale Sisli
Hospital, Hematopoietic SCT Unit, Abide - i Hurriyet Cad. 164 Sisli, Istan-
bul; Tel Aviv SouraskyMedical Center, Blood and BoneMarrow Transplan-
tation, Tel Aviv; Leiden University Hospital, BMT Centre Leiden, Leiden;
Western General Hospital, Dept. of Haematology, Edinburgh; Hannover
Medical School, Department of Haematology, Hemostasis, Oncology, and
Stem Cell Transplantation, Hannover; Universitaetsklinikum Goettingen,
Abteilung Hämatologie und Onkologie, Goettingen; Institute of Hema-
tology and Transfusion Medicine, Warsaw; University of Liege, Dept. of
Hematology, CHU Sart-Tilman, Liege.

REFERENCES

[1] Papaemmanuil, E, Gerstung, M, Bullinger, L, Gaidzik, VI,
Paschka, P, Roberts, ND, et al. Genomic classification
and prognosis in acute myeloid leukemia. N Engl J Med
2016;374(23);2209–21.

[2] Gilliland, DG, Griffin, JD. The roles of FLT3 in hematopoiesis and
leukemia. Blood 2002;100(5);1532–42.

[3] Levis, M, Small, D. FLT3: ITDoes matter in leukemia. leukemia
2003;17(9);1738–52.

[4] Stirewalt, DL, Radich, JP. The role of FLT3 in haematopoietic
malignancies. Nat Rev Cancer 2003;3(9);650–65.

[5] Kottaridis, PD, Gale, RE, Frew, ME, Harrison, G,
Langabeer, SE, Belton, AA, et al. The presence of a FLT3 inter-
nal tandem duplication in patients with acute myeloid leukemia
(AML) adds important prognostic information to cytogenetic
risk group and response to the first cycle of chemotherapy: anal-
ysis of 854 patients from the United Kingdom Medical Research
Council AML 10 and 12 trials. Blood 2001;98(6);1752–9.

[6] Frohling, S, Schlenk, RF, Breitruck, J, Benner, A, Kreitmeier, S,
Tobis, K, et al. Prognostic significance of activating FLT3 muta-
tions in younger adults (16 to 60 years) with acute myeloid
leukemia and normal cytogenetics: a study of the AML Study
Group Ulm. Blood 2002;100(13);4372–80.

[7] Thiede, C, Steudel, C, Mohr, B, Schaich, M, Schakel, U,
Platzbecker, U, et al. Analysis of FLT3-activating mutations in
979 patients with acute myelogenous leukemia: association with
FAB subtypes and identification of subgroups with poor progno-
sis. Blood 2002;99(12);4326–35.

[8] Rombouts, WJ, Blokland, I, Lowenberg, B, Ploemacher, RE.
Biological characteristics and prognosis of adult acute myeloid
leukemia with internal tandem duplications in the Flt3 gene.
Leukemia 2000;14(4);675–83.

[9] Bornhauser, M, Illmer, T, Schaich, M, Soucek, S, Ehninger, G,
Thiede, C, et al. Improved outcome after stem-cell transplantation
in FLT3/ITD-positive AML. Blood 2007;109(5);2264–5.

[10] DeZern, AE, Sung, A, Kim, S, Smith, BD, Karp, JE, Gore, SD,
et al. Role of allogeneic transplantation for FLT3/ITD acute
myeloid leukemia: outcomes from 133 consecutive newly diag-
nosed patients from a single institution. Biol Blood Marrow
Transplant 2011;17(9);1404–9.

[11] Dohner, H, Estey, E, Grimwade, D, Amadori, S, Appelbaum, FR,
Buchner, T, et al. Diagnosis and management of AML in adults:
2017 ELN recommendations from an international expert panel.
Blood 2017;129(4);424–47.

[12] Sakaguchi, M, Yamaguchi, H, Najima, Y, Usuki, K, Ueki, T, Oh, I,
et al. Prognostic impact of low allelic ratio FLT3-ITD and NPM1

mutation in acute myeloid leukemia. Blood Adv 2018;2(20);
2744–54.

[13] Brunet, S, Labopin, M, Esteve, J, Cornelissen, J, Socie, G, Iori, AP,
et al. Impact of FLT3 internal tandem duplication on the outcome
of related and unrelated hematopoietic transplantation for adult
acutemyeloid leukemia in first remission: a retrospective analysis.
J Clin Oncol 2012;30(7);735–41.

[14] Schmid, C, Labopin, M, Socie, G, Daguindau, E, Volin, L,
Huynh, A, et al. Outcome of patients with distinct molecular
genotypes and cytogenetically normalAMLafter allogeneic trans-
plantation. Blood 2015;126(17);2062–9.

[15] Antar, A, Otrock, ZK, El-Cheikh, J, Kharfan-Dabaja, MA,
Battipaglia, G, Mahfouz, R, et al. Inhibition of FLT3 in AML: a
focus on sorafenib. Bone Marrow Transplant 2017;52(3);344–51.

[16] Rollig, C, Serve, H, Huttmann, A, Noppeney, R,
Muller-Tidow, C, Krug, U, et al. Addition of sorafenib versus
placebo to standard therapy in patients aged 60 years or younger
with newly diagnosed acute myeloid leukaemia (SORAML): a
multicentre, phase 2, randomised controlled trial. Lancet Oncol
2015;16(16);1691–9.

[17] Macdonald, DA, Assouline, SE, Brandwein, J, Kamel-Reid, S,
Eisenhauer, EA, Couban, S, et al. A phase I/II study of sorafenib
in combination with low dose cytarabine in elderly patients
with acute myeloid leukemia or high-risk myelodysplastic syn-
drome from the National Cancer Institute of Canada Clini-
cal Trials Group: trial IND.186. Leuk Lymphoma 2013;54(4);
760–6.

[18] Serve, H, Krug, U, Wagner, R, Sauerland, MC, Heinecke, A,
Brunnberg, U, et al. Sorafenib in combination with intensive
chemotherapy in elderly patients with acute myeloid leukemia:
results from a randomized, placebo-controlled trial. J Clin Oncol
2013;31(25);3110–8.

[19] Borthakur, G, Kantarjian, H, Ravandi, F, Zhang, W,
Konopleva, M, Wright, JJ, et al. Phase I study of sorafenib in
patients with refractory or relapsed acute leukemias. Haemato-
logica 2011;96(1);62–8.

[20] Metzelder, SK, Schroeder, T, Lubbert, M, Ditschkowski, M,
Gotze, K, Scholl, S, et al. Long-term survival of sorafenib-treated
FLT3-ITD-positive acute myeloid leukaemia patients relapsing
after allogeneic stem cell transplantation. Eur J Cancer 2017;86;
233–9.

[21] Cortes, JE, Kantarjian, H, Foran, JM, Ghirdaladze, D,
Zodelava, M, Borthakur, G, et al. Phase I study of quizar-
tinib administered daily to patients with relapsed or refractory
acute myeloid leukemia irrespective of FMS-like tyrosine
kinase 3-internal tandem duplication status. J Clin Oncol
2013;31(29);3681–7.

[22] Levis, MJ, Perl, AE, Altman, JK, Cortes, JE, Ritchie, EK,
Larson, RA, et al. Results of a first-in-human, phase I/II trial of
ASP2215, a selective, potent inhibitor of FLT3/Axl in patients with
Relapsed or Refractory (R/R) Acute Myeloid Leukemia (AML).
J Clin Oncol 2015;33(15 Suppl);7003.

[23] Leung, AY, Man, CH, Kwong, YL. FLT3 inhibition: a mov-
ing and evolving target in acute myeloid leukaemia. Leukemia
2013;27(2);260–8.

[24] Thol, F, Schlenk, RF, Heuser, M, Ganser, A. How I treat
refractory and early relapsed acute myeloid leukemia. Blood
2015;126(3);319–27.

[25] Winkler, J, Rech, D, Kallert, S, Rech, J, Meidenbauer, N,
Roesler,W, et al. Sorafenib induces sustainedmolecular remissionPdf_Folio:68

https://doi.org/10.1056/NEJMoa1516192
https://doi.org/10.1056/NEJMoa1516192
https://doi.org/10.1056/NEJMoa1516192
https://doi.org/10.1056/NEJMoa1516192
https://doi.org/10.1182/blood-2002-02-0492
https://doi.org/10.1182/blood-2002-02-0492
https://doi.org/10.1038/sj.leu.2403099
https://doi.org/10.1038/sj.leu.2403099
https://doi.org/10.1038/nrc1169
https://doi.org/10.1038/nrc1169
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood.V98.6.1752
https://doi.org/10.1182/blood-2002-05-1440
https://doi.org/10.1182/blood-2002-05-1440
https://doi.org/10.1182/blood-2002-05-1440
https://doi.org/10.1182/blood-2002-05-1440
https://doi.org/10.1182/blood-2002-05-1440
https://doi.org/10.1182/blood.V99.12.4326
https://doi.org/10.1182/blood.V99.12.4326
https://doi.org/10.1182/blood.V99.12.4326
https://doi.org/10.1182/blood.V99.12.4326
https://doi.org/10.1182/blood.V99.12.4326
https://doi.org/10.1038/sj.leu.2401731
https://doi.org/10.1038/sj.leu.2401731
https://doi.org/10.1038/sj.leu.2401731
https://doi.org/10.1038/sj.leu.2401731
https://doi.org/10.1182/blood-2006-09-047225
https://doi.org/10.1182/blood-2006-09-047225
https://doi.org/10.1182/blood-2006-09-047225
https://doi.org/10.1016/j.bbmt.2011.02.003
https://doi.org/10.1016/j.bbmt.2011.02.003
https://doi.org/10.1016/j.bbmt.2011.02.003
https://doi.org/10.1016/j.bbmt.2011.02.003
https://doi.org/10.1016/j.bbmt.2011.02.003
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.1182/bloodadvances.2018020305
https://doi.org/10.1182/bloodadvances.2018020305
https://doi.org/10.1182/bloodadvances.2018020305
https://doi.org/10.1182/bloodadvances.2018020305
https://doi.org/10.1200/JCO.2011.36.9868
https://doi.org/10.1200/JCO.2011.36.9868
https://doi.org/10.1200/JCO.2011.36.9868
https://doi.org/10.1200/JCO.2011.36.9868
https://doi.org/10.1200/JCO.2011.36.9868
https://doi.org/10.1182/blood-2015-06-651562
https://doi.org/10.1182/blood-2015-06-651562
https://doi.org/10.1182/blood-2015-06-651562
https://doi.org/10.1182/blood-2015-06-651562
https://doi.org/10.1038/bmt.2016.251
https://doi.org/10.1038/bmt.2016.251
https://doi.org/10.1038/bmt.2016.251
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.1016/S1470-2045(15)00362-9
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.3109/10428194.2012.737917
https://doi.org/10.1200/JCO.2012.46.4990
https://doi.org/10.1200/JCO.2012.46.4990
https://doi.org/10.1200/JCO.2012.46.4990
https://doi.org/10.1200/JCO.2012.46.4990
https://doi.org/10.1200/JCO.2012.46.4990
https://doi.org/10.3324/haematol.2010.030452
https://doi.org/10.3324/haematol.2010.030452
https://doi.org/10.3324/haematol.2010.030452
https://doi.org/10.3324/haematol.2010.030452
https://doi.org/10.1016/j.ejca.2017.09.016
https://doi.org/10.1016/j.ejca.2017.09.016
https://doi.org/10.1016/j.ejca.2017.09.016
https://doi.org/10.1016/j.ejca.2017.09.016
https://doi.org/10.1016/j.ejca.2017.09.016
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1200/JCO.2013.48.8783
https://doi.org/10.1038/leu.2012.195
https://doi.org/10.1038/leu.2012.195
https://doi.org/10.1038/leu.2012.195
https://doi.org/10.1182/blood-2014-10-551911
https://doi.org/10.1182/blood-2014-10-551911
https://doi.org/10.1182/blood-2014-10-551911
https://doi.org/10.1016/j.leukres.2010.04.011
https://doi.org/10.1016/j.leukres.2010.04.011


A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74 69

in FLT3-ITD positive AML with relapse after second allogeneic
stem cell transplantation without exacerbation of acute GVHD: a
case report. Leuk Res 2010;34(10);e270–e2.

[26] Sharma, M, Ravandi, F, Bayraktar, UD, Chiattone, A, Bashir, Q,
Giralt, S, et al. Treatment of FLT3-ITD-positive acute myeloid
leukemia relapsing after allogeneic stem cell transplantation
with sorafenib. Biol Blood Marrow Transplant 2011;17(12);
1874–7.

[27] Metzelder, SK, Schroeder, T, Finck, A, Scholl, S, Fey, M,
Gotze, K, et al. High activity of sorafenib in FLT3-ITD-positive
acute myeloid leukemia synergizes with allo-immune effects to
induce sustained responses. Leukemia 2012;26(11);2353–9.

[28] Rautenberg, C, Nachtkamp, K, Dienst, A, Schmidt, PV, Heyn, C,
Kondakci,M, et al. Sorafenib and azacitidine as salvage therapy for
relapse of FLT3-ITDmutatedAML after allo-SCT. Eur JHaematol
2017;98(4);348–54.

[29] Oran, B, Cortes, J, Beitinjaneh, A, Chen, HC, de Lima, M,
Patel, K, et al. Allogeneic transplantation in first remission
improves outcomes irrespective of FLT3-ITD allelic ratio in FLT3-
ITD-positive acute myelogenous leukemia. Biol Blood Marrow
Transplant 2016;22(7);1218–26.

[30] Battipaglia, G, Ruggeri, A, Massoud, R, El Cheikh, J, Jestin, M,
Antar, A, et al. Efficacy and feasibility of sorafenib as a main-
tenance agent after allogeneic hematopoietic stem cell trans-
plantation for Fms-like tyrosine kinase 3-mutated acute myeloid
leukemia. Cancer 2017;123(15);2867–74.

[31] Chen, YB, Li, S, Lane, AA, Connolly, C, Del Rio, C, Valles, B, et al.
Phase I trial of maintenance sorafenib after allogeneic hematopoi-
etic stem cell transplantation for fms-like tyrosine kinase 3 inter-
nal tandem duplication acute myeloid leukemia. Biol Blood
Marrow Transplant 2014;20(12);2042–8.

[32] Brunner, AM, Li, S, Fathi, AT, Wadleigh, M, Ho, VT,
Collier, K, et al. Haematopoietic cell transplantation with and
without sorafenib maintenance for patients with FLT3-ITD acute
myeloid leukaemia in first complete remission. Br J Haematol
2016;175(3);496–504.

[33] Antar, A, Kharfan-Dabaja, MA, Mahfouz, R, Bazarbachi, A.
Sorafenib maintenance appears safe and improves clinical out-
comes in FLT3-ITD acute myeloid leukemia after allogeneic
hematopoietic cell transplantation. Clin Lymphoma Myeloma
Leuk 2015;15(5);298–302.

[34] Stone, RM, Mandrekar, SJ, Sanford, BL, Laumann, K,
Geyer, S, Bloomfield, CD, et al. Midostaurin plus chemotherapy
for acute myeloid leukemia with a FLT3 mutation. N Engl J Med
2017;377(5);454–64.

[35] Bacigalupo, A, Ballen, K, Rizzo, D, Giralt, S, Lazarus, H, Ho, V,
et al. Defining the intensity of conditioning regimens: working
definitions. Biol Blood Marrow Transplant 2009;15(12);
1628–33.

[36] Przepiorka, D, Weisdorf, D, Martin, P, Klingemann, HG,
Beatty, P, Hows, J, et al. 1994 consensus conference on acute
GVHD grading. Bone Marrow Transplant 1995;15(6);825–8.
https://www.ncbi.nlm.nih.gov/pubmed/7581076

[37] Flowers, ME, Kansu, E, Sullivan, KM. Pathophysiology and treat-
ment of graft-versus-host disease. Hematol Oncol Clin North Am
1999;13(5);1091–112, viii–ix.

[38] Grimwade, D, Hills, RK, Moorman, AV, Walker, H,
Chatters, S, Goldstone, AH, et al. Refinement of cytogenetic clas-
sification in acute myeloid leukemia: determination of prognostic
significance of rare recurring chromosomal abnormalities among

5876 younger adult patients treated in the United Kingdom
Medical Research Council trials. Blood 2010;116(3);354–65.

[39] Ruggeri, A, Labopin,M, Ciceri, F,Mohty,M, Nagler, A. Definition
of GvHD-free, relapse-free survival for registry-based studies: an
ALWP-EBMT analysis on patients with AML in remission. Bone
Marrow Transplant 2016;51(4);610–1.

[40] Gale, RE, Hills, R, Kottaridis, PD, Srirangan, S, Wheatley, K,
Burnett, AK, et al.No evidence that FLT3 status should be consid-
ered as an indicator for transplantation in acutemyeloid leukemia
(AML): an analysis of 1135 patients, excluding acute promyelo-
cytic leukemia, from the UK MRC AML10 and 12 trials. Blood
2005;106(10);3658–65.

[41] Meshinchi, S, Arceci, RJ, Sanders, JE, Smith, FO, Woods, WB,
Radich, JP, et al. Role of allogeneic stem cell transplantation in
FLT3/ITD-positive AML. Blood 2006;108(1);400.

[42] DeZern, AE, Sung, A, Kim, S, Tsai, H-L, Kowalski, J, Smith, BD,
et al. Patients with FLT3/ITD AML may benefit from allogeneic
transplant in first remission: outcomes from a consecutive series
of patients at a single institution. Blood 2010;116(21);2172.

[43] Sengsayadeth, SM, Jagasia, M, Engelhardt, BG, Kassim, A,
Strickland, SA, Goodman, S, et al. Allogeneic stem cell trans-
plantation for FLT3/ITD positive acute myeloid leukemia in CR1:
implication for personalized therapy to prevent early relapses. Biol
Blood Marrow Trans 2012;18(2);S332–S3.

[44] Kayser, S, Döhner, K, Krauter, J, Casper, J, Horst, HA,
Held, G, et al. Impact of allogeneic transplantation from matched
related and unrelated donors on clinical outcome in younger
adult AML patients with FLT3 internal tandem duplications.
Blood 2012;116(21);909. Accessed March 22, 2019. Retrieved
from http://www.bloodjournal.org/content/116/21/909.

[45] Hemmati, P, Theis, T, Vuong, LG, le Coutre, PD, Dorken, B,
Arnold, R. Allogeneic stem cell transplantation for cytogeneti-
cally normal acute myeloid leukemia: impact Of FLT3 and NPM1
mutational status. Blood 2013;122;21.

[46] Liegel, J, Courville, E, Sachs, Z, Ustun, C. Use of sorafenib for
post-transplant relapse in FLT3/ITD-positive acute myelogenous
leukemia: maturation induction and cytotoxic effect. Haemato-
logica 2014;99(11);e222–e4.

[47] Deol, A, Sengsayadeth, S, Ahn, KW, Wang, HL, Aljurf, M,
Antin, JH, et al. Does FLT3 mutation impact survival after
hematopoietic stem cell transplantation for acute myeloid
leukemia? A Center for International Blood and Marrow Trans-
plant Research (CIBMTR) analysis. Cancer 2016;122(19);3005–
14.

[48] Poire, X, Labopin, M, Maertens, J, Yakoub-Agha, I, Blaise, D,
Ifrah, N, et al. Allogeneic stem cell transplantation in adult
patients with acute myeloid leukaemia and 17p abnormalities
in first complete remission: a study from the Acute Leukemia
Working Party (ALWP) of the European Society for Blood
and Marrow Transplantation (EBMT). J Hematol Oncol 2017;
10(1);20.

[49] Labouré, G, Dulucq, S, Vigouroux, S, Lippert, É, Pigneux, A,
Tabrizi, R, et al. Potent graft-versus-leukemia effect after Reduced
Intensity (RIC) Allogeneic Stem-Cell Transplantation (ASCT)
as post-remission therapy for intermediate-risk de-novo Acute
Myeloid Leukemia (AML) with FLT3-ITD genotype or Wild-
Type (WT) NPM1 and CEBPA without FLT3-ITD. Blood
2011;118(21);4129.

[50] Gale, RE, Green, C, Allen, C, Mead, AJ, Burnett, AK, Hills, RK,
et al. The impact of FLT3 internal tandem duplication mutantPdf_Folio:69

https://doi.org/10.1016/j.bbmt.2011.07.011
https://doi.org/10.1016/j.bbmt.2011.07.011
https://doi.org/10.1016/j.bbmt.2011.07.011
https://doi.org/10.1016/j.bbmt.2011.07.011
https://doi.org/10.1016/j.bbmt.2011.07.011
https://doi.org/10.1038/leu.2012.105
https://doi.org/10.1038/leu.2012.105
https://doi.org/10.1038/leu.2012.105
https://doi.org/10.1038/leu.2012.105
https://doi.org/10.1111/ejh.12832
https://doi.org/10.1111/ejh.12832
https://doi.org/10.1111/ejh.12832
https://doi.org/10.1111/ejh.12832
https://doi.org/10.1016/j.bbmt.2016.03.027
https://doi.org/10.1016/j.bbmt.2016.03.027
https://doi.org/10.1016/j.bbmt.2016.03.027
https://doi.org/10.1016/j.bbmt.2016.03.027
https://doi.org/10.1016/j.bbmt.2016.03.027
https://doi.org/10.1002/cncr.30680
https://doi.org/10.1002/cncr.30680
https://doi.org/10.1002/cncr.30680
https://doi.org/10.1002/cncr.30680
https://doi.org/10.1002/cncr.30680
https://doi.org/10.1016/j.bbmt.2014.09.007
https://doi.org/10.1016/j.bbmt.2014.09.007
https://doi.org/10.1016/j.bbmt.2014.09.007
https://doi.org/10.1016/j.bbmt.2014.09.007
https://doi.org/10.1016/j.bbmt.2014.09.007
https://doi.org/10.1111/bjh.14260
https://doi.org/10.1111/bjh.14260
https://doi.org/10.1111/bjh.14260
https://doi.org/10.1111/bjh.14260
https://doi.org/10.1111/bjh.14260
https://doi.org/10.1016/j.clml.2014.12.005
https://doi.org/10.1016/j.clml.2014.12.005
https://doi.org/10.1016/j.clml.2014.12.005
https://doi.org/10.1016/j.clml.2014.12.005
https://doi.org/10.1016/j.clml.2014.12.005
https://doi.org/10.1056/NEJMoa1614359
https://doi.org/10.1056/NEJMoa1614359
https://doi.org/10.1056/NEJMoa1614359
https://doi.org/10.1056/NEJMoa1614359
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1016/S0889-8588(05)70111-8
https://doi.org/10.1016/S0889-8588(05)70111-8
https://doi.org/10.1016/S0889-8588(05)70111-8
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1182/blood-2009-11-254441
https://doi.org/10.1038/bmt.2015.305
https://doi.org/10.1038/bmt.2015.305
https://doi.org/10.1038/bmt.2015.305
https://doi.org/10.1038/bmt.2015.305
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-03-1323
https://doi.org/10.1182/blood-2005-12-4938
https://doi.org/10.1182/blood-2005-12-4938
https://doi.org/10.1182/blood-2005-12-4938
https://doi.org/10.1016/j.bbmt.2011.12.337
https://doi.org/10.1016/j.bbmt.2011.12.337
https://doi.org/10.1016/j.bbmt.2011.12.337
https://doi.org/10.1016/j.bbmt.2011.12.337
https://doi.org/10.1016/j.bbmt.2011.12.337
https://doi.org/10.3324/haematol.2014.109975
https://doi.org/10.3324/haematol.2014.109975
https://doi.org/10.3324/haematol.2014.109975
https://doi.org/10.3324/haematol.2014.109975
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1002/cncr.30140
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1186/s13045-017-0393-3
https://doi.org/10.1182/blood-2007-08-109090
https://doi.org/10.1182/blood-2007-08-109090


70 A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74

level, number, size, and interaction with NPM1 mutations in a
large cohort of young adult patients with acute myeloid leukemia.
Blood 2008;111(5);2776–84.

[51] Gaballa, S, Saliba, R, Oran, B, Brammer, JE, Chen, J,
Rondon, G, et al. Relapse risk and survival in patients with FLT3
mutated acute myeloid leukemia undergoing stem cell transplan-
tation. Am J Hematol 2017;92(4);331–7.

[52] Kharfan-Dabaja, MA, Labopin, M, Polge, E, et al. Association of
second allogeneic hematopoietic cell transplant vs donor lympho-
cyte infusion with overall survival in patients with acute myeloid
leukemia relapse. JAMA Oncology 2018;4;1245–53.

[53] Shimoni, A, Volchek, Y, Koren-Michowitz, M, Varda-Bloom, N,
Somech, R, Shem-Tov, N, et al. Phase 1/2 study of nilo-
tinib prophylaxis after allogeneic stem cell transplantation in
patients with advanced chronic myeloid leukemia or Philadel-
phia chromosome-positive acute lymphoblastic leukemia. Cancer
2015;121(6);863–71.

[54] Ottmann, OG, Pfeifer, H. Management of Philadelphia
chromosome-positive acute lymphoblastic leukemia (Ph+ ALL).
Hematol Am Soc Hematol Educ Program 2009;2009;371–81.

[55] Schlenk, RF, Fiedler, W, Salih, HR, Wulf, G, Thol, F, Kündgen, A,
et al. Impact of age and midostaurin-dose on response and out-
come in acutemyeloid leukemiawith FLT3-ITD: interim-analyses
of the AMLSG 16–10 trial. Blood 2016;128(22);449.

[56] Burchert, A. Sorafenib as maintenance therapy post allogeneic
stem cell transplantation for FLT3-ITD positive AML: results
from the randomized, double-blind, placebo-controlled multi-
centre sormain trial. In ASH Annual Meeting, San Diego, 2018.

[57] Tschan-Plessl, A, Halter, JP, Heim, D, Medinger, M, Passweg, JR,
Gerull, S. Synergistic effect of sorafenib and cGvHD in patients
with high-risk FLT3-ITD+AML allows long-term disease con-
trol after allogeneic transplantation. Ann Hematol 2015;94(11);
1899–05.

[58] Yokoyama, H, Lundqvist, A, Su, S, Childs, R. Toxic effects of
sorafenib when given early after allogeneic hematopoietic stem
cell transplantation. Blood 2010;116(15);2858–9.

[59] Mathew, NR, Baumgartner, F, Braun, L, O’Sullivan, D, Thomas, S,
Waterhouse, M, et al. Sorafenib promotes graft-versus-leukemia
activity in mice and humans through IL-15 production in FLT3-
ITD-mutant leukemia cells. Nat Med 2018;24(3);282–91.

[60] Versluis, J, In ’t Hout, FE, Devillier, R, van Putten,WL,Manz,MG,
Vekemans, MC, et al. Comparative value of post-remission treat-
ment in cytogenetically normal AML subclassified by NPM1 and
FLT3-ITD allelic ratio. Leukemia 2017;31(1);26–33.

[61] Schlenk, RF, Kayser, S, Bullinger, L, Kobbe, G, Casper, J,
Ringhoffer, M, et al. Differential impact of allelic ratio and inser-
tion site in FLT3-ITD-positive AML with respect to allogeneic
transplantation. Blood 2014;124(23);3441–9.

Pdf_Folio:70

https://doi.org/10.1002/ajh.24632
https://doi.org/10.1002/ajh.24632
https://doi.org/10.1002/ajh.24632
https://doi.org/10.1002/ajh.24632
https://doi.org/10.1001/jamaoncol.2018.2091
https://doi.org/10.1001/jamaoncol.2018.2091
https://doi.org/10.1001/jamaoncol.2018.2091
https://doi.org/10.1001/jamaoncol.2018.2091
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1002/cncr.29141
https://doi.org/10.1182/asheducation-2009.1.371
https://doi.org/10.1182/asheducation-2009.1.371
https://doi.org/10.1182/asheducation-2009.1.371
https://doi.org/10.1007/s00277-015-2461-5
https://doi.org/10.1007/s00277-015-2461-5
https://doi.org/10.1007/s00277-015-2461-5
https://doi.org/10.1007/s00277-015-2461-5
https://doi.org/10.1007/s00277-015-2461-5
https://doi.org/10.1182/blood-2010-06-291104
https://doi.org/10.1182/blood-2010-06-291104
https://doi.org/10.1182/blood-2010-06-291104
https://doi.org/10.1038/nm.4484
https://doi.org/10.1038/nm.4484
https://doi.org/10.1038/nm.4484
https://doi.org/10.1038/nm.4484
https://doi.org/10.1038/leu.2016.183
https://doi.org/10.1038/leu.2016.183
https://doi.org/10.1038/leu.2016.183
https://doi.org/10.1038/leu.2016.183
https://doi.org/10.1182/blood-2014-05-578070
https://doi.org/10.1182/blood-2014-05-578070
https://doi.org/10.1182/blood-2014-05-578070
https://doi.org/10.1182/blood-2014-05-578070


A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74 71

T a
bl
eS

1
U
ni

va
ria

te
an

al
ys

is.

2
Ye
ar
s

R e
la
ps
eI

nc
id
en
ce

N
on

re
la
ps
eM

or
ta
lit
y

Le
uk

em
ia
-F
re
eS

ur
vi
va
l

O
ve
ra
ll
Su

rv
iv
al

G
V
H
D
Re

la
ps
e-
Fr
ee

Su
rv
iv
al

P a
tie

nt
ag

e
≤5

0
34

%
[2

7.
9–

40
.3
]

16
.6
%

[1
2–

21
.8
]

49
.4
%

[4
2.
8–

56
]

59
.3
%

[5
2.
8–

65
.8
]

36
.1
%

[2
9.
8–

42
.5
]

>5
0

33
.8
%

[2
7.
7–

40
]

12
.8
%

[8
.8
–1

7.
5]

53
.4
%

[4
6.
9–

59
.9
]

58
.8
%

[5
2.
3–

65
.3
]

40
.7
%

[3
4.
2–

47
.1
]

p
va

lu
e

0.
85

47
5

0.
44

16
8

0.
46

40
3

0.
82

13
6

0.
22

07
4

Cy
to

ge
ne

tic
sr

isk
G
oo

d
28

.5
%

[9
.7
–5

0.
9]

27
.8
%

[9
.6
–4

9.
7]

43
.8
%

[2
0.
5–

67
]

55
.6
%

[3
2.
6–

78
.5
]

43
.8
%

[2
0.
5–

67
]

In
te
rm

ed
ia
te

31
.8
%

[2
7.
2–

36
.6
]

13
.6
%

[1
0.
3–

17
.3
]

54
.6
%

[4
9.
5–

59
.7
]

61
%

[5
6–

66
]

41
%

[3
6–

46
.1
]

Ad
ve

rs
e

59
.4
%

[4
2.
7–

72
.8
]

11
.4
%

[4
–2

2.
9]

29
.2
%

[1
5.
3–

43
]

46
.9
%

[3
1.
9–

62
]

15
.6
%

[4
–2

7.
2]

N
A
/F

ai
le
d

21
.2
%

[6
.2
–4

2.
2]

30
.9
%

[1
2–

52
.2
]

47
.8
%

[2
5.
4–

70
.3
]

52
.6
%

[2
9.
9–

75
.3
]

32
.5
%

[1
1.
3–

53
.7
]

p
va

lu
e

0.
00

53
11
5

0.
07

03
39

0.
05

59
77

0.
13

83
4

0.
00
76
61
3

N
um

be
ro

fi
nd

uc
tio

ns
1
in

du
ct
io

n
29

.3
%

[2
4.
1–

34
.7
]

13
.9
%

[1
0.
1–

18
.3
]

56
.8
%

[5
1–

62
.6
]

63
.3
%

[5
7.
6–

69
.1
]

43
.4
%

[3
7.
5–

49
.2
]

>1
in

du
ct
io

n
41

.6
%

[3
4.
1–

48
.9
]

16
%

[1
0.
9–

21
.9
]

42
.4
%

[3
5–

49
.9
]

51
.9
%

[4
4.
4–

59
.5
]

30
.1
%

[2
3.
1–

37
.2
]

p
va

lu
e

0.
00

15
12
6

0.
47

40
8

0.
00
02
70
97

0.
00
24
84
9

0.
00
15
78
6

C
on

so
lid

at
io

n
N
o
co

ns
ol
id

at
io

n
43

.4
%

[3
4–

52
.5
]

15
.7
%

[9
.5
–2

3.
3]

40
.8
%

[3
1.
6–

50
.1
]

50
.9
%

[4
1.
5–

60
.3
]

29
.4
%

[2
0.
8–

38
.1
]

C
on

so
lid

at
io

n
30

.7
%

[2
5.
8–

35
.6
]

14
.4
%

[1
0.
9–

18
.3
]

55
%

[4
9.
7–

60
.3
]

61
.9
%

[5
6.
7–

67
.1
]

41
.3
%

[3
6–

46
.6
]

p
va

lu
e

0.
01

12
58

0.
84

95
8

0.
01
06
18

0.
07

62
55

0.
01
53
52

Ye
ar

of
tr
an

sp
la
nt

≤2
01

3
36

%
[3

0.
6–

41
.4
]

15
.2
%

[1
1.
4–

19
.5
]

48
.8
%

[4
3.
1–

54
.4
]

55
.7
%

[5
0.
1–

61
.3
]

35
.4
%

[2
9.
9–

40
.8
]

>2
01

3
29

.8
%

[2
2.
6–

37
.4
]

13
.4
%

[8
.5
–1

9.
6]

56
.7
%

[4
8.
6–

64
.9
]

65
.8
%

[5
7.
9–

73
.8
]

43
.9
%

[3
5.
5–

52
.2
]

p
va

lu
e

0.
13

69
6

0.
78

00
3

0.
09

29
15

0.
08

23
33

0.
04
21
29

St
at
us

at
tr
an

sp
la
nt

CR
1

27
.3
%

[2
2.
5–

32
.3
]

15
%

[1
1.
3–

19
.2
]

57
.7
%

[5
2.
2–

63
.1
]

66
.3
%

[6
1–

71
.5
]

42
.5
%

[3
7–

48
]

CR
2

39
.6
%

[2
5.
7–

53
.2
]

14
.6
%

[6
.3
–2

6.
1]

45
.8
%

[3
1.
7–

59
.9
]

49
.9
%

[3
5.
7–

64
.1
]

43
.7
%

[2
9.
6–

57
.7
]

Ac
tiv

ed
ise

as
e

57
.7
%

[4
6.
1–

67
.7
]

13
.5
%

[7
.1
–2

2]
28

.7
%

[1
8.
8–

38
.7
]

35
.3
%

[2
4.
8–

45
.8
]

18
.8
%

[1
0.
1–

27
.4
]

p
va

lu
e

4.
61

43
e-
08

0.
99

33
3

1.
30
44
e-
09

6.
61
58
e-
11

4.
41
81
e-
08

D
on

or
M

SD
39

.5
%

[3
2.
4–

46
.6
]

12
.1
%

[7
.8
–1

7.
3]

48
.4
%

[4
1.
1–

55
.7
]

58
.6
%

[5
1.
4–

65
.7
]

33
.7
%

[2
6.
8–

40
.6
]

M
U
D

30
.4
%

[2
4.
4–

36
.6
]

15
.5
%

[1
1.
1–

20
.7
]

54
%

[4
7.
4–

60
.7
]

60
.5
%

[5
3.
9–

67
]

40
.3
%

[3
3.
7–

47
]

H
ap

lo
28

.7
%

[1
6.
7–

41
.9
]

20
.6
%

[1
0.
5–

33
]

50
.7
%

[3
6.
6–

64
.8
]

54
.7
%

[4
0.
7–

68
.8
]

46
.8
%

[3
2.
7–

60
.8
]

p
va

lu
e

0.
05

22
72

0.
26

44
4

0.
40

61
2

0.
76

83
0.
10

19
3

N
PM

1
N
eg

at
iv
e

43
.1
%

[3
5.
9–

50
.1
]

14
.8
%

[1
0.
1–

20
.4
]

42
.1
%

[3
4.
9–

49
.2
]

51
.1
%

[4
3.
8–

58
.5
]

30
%

[2
3.
4–

36
.7
]

Po
sit

iv
e

26
.2
%

[2
0.
6–

32
.1
]

14
.1
%

[9
.9
–1

8.
9]

59
.8
%

[5
3.
3–

66
.2
]

66
.4
%

[6
0.
2–

72
.6
]

44
.5
%

[3
7.
9–

51
.2
]

p
va

lu
e

9.
81

34
e-
06

0.
72

84
2

5.
20
85
e-
05

0.
00
18
83

0.
00
01
74
55

C
on

di
tio

ni
ng

M
AC

32
.2
%

[2
6.
4–

38
.1
]

16
.2
%

[1
1.
9–

21
.2
]

51
.6
%

[4
5.
3–

57
.9
]

62
.2
%

[5
6–

68
.3
]

40
.2
%

[3
4–

46
.4
]

RI
C

35
.9
%

[2
9.
4–

42
.4
]

12
.8
%

[8
.7
–1

7.
8]

51
.2
%

[4
4.
4–

58
]

55
.4
%

[4
8.
6–

62
.3
]

36
.1
%

[2
9.
4–

42
.8
]

p
va

lu
e

0.
52

71
4

0.
47

61
4

0.
99

81
2

0.
08

78
51

0.
73

43
9

In
vi
vo

TC
D

N
o
in

vi
vo

TC
D

39
.8
%

[3
2.
4–

47
]

15
.7
%

[1
0.
7–

21
.6
]

44
.5
%

[3
7.
1–

52
]

53
.9
%

[4
6.
5–

61
.4
]

28
.5
%

[2
1.
7–

35
.3
]

In
vi
vo

TC
D

30
.4
%

[2
5–

35
.8
]

14
%

[1
0.
2–

18
.3
]

55
.7
%

[4
9.
8–

61
.5
]

62
.2
%

[5
6.
5–

68
]

44
.7
%

[3
8.
8–

50
.7
]

p
va

lu
e

0.
07

27
6

0.
51

29
7

0.
03
36
66

0.
10

13
8

0.
00
01
30
18

Pa
tie

nt
se

x
M

al
e

35
.2
%

[2
9–

41
.4
]

18
.4
%

[1
3.
6–

23
.7
]

46
.4
%

[3
9.
9–

52
.9
]

55
.2
%

[4
8.
7–

61
.7
]

34
.3
%

[2
8.
1–

40
.5
]

Fe
m

al
e

32
.6
%

[2
6.
5–

38
.8
]

10
.8
%

[7
.1
–1

5.
3]

56
.6
%

[5
0.
1–

63
.1
]

63
%

[5
6.
6–

69
.4
]

42
.5
%

[3
5.
9–

49
.1
]

p
va

lu
e

0.
56

7
0.
03
03
53

0.
04
20
68

0.
07

30
62

0.
03
91
5

D
on

or
se

x
M

al
e

36
.4
%

[3
0.
6–

42
.1
]

13
.6
%

[9
.9
–1

8]
50

%
[4

4–
56

]
58

.9
%

[5
3–

64
.9
]

40
.3
%

[3
4.
3–

46
.2
]

Fe
m

al
e

29
.5
%

[2
3–

36
.2
]

16
.3
%

[1
1.
3–

22
.2
]

54
.2
%

[4
6.
9–

61
.5
]

59
.5
%

[5
2.
3–

66
.8
]

36
.1
%

[2
9–

43
.3
]

p
va

lu
e

0.
43

58
8

0.
55

86
3

0.
60

82
8

0.
52

02
5

0.
30

22
7

Se
x
m

at
ch

in
g

N
o
F-

>M
34

.8
%

[3
0–

39
.7
]

13
.1
%

[9
.9
–1

6.
8]

52
.1
%

[4
7–

57
.2
]

60
.2
%

[5
5.
2–

65
.3
]

38
.8
%

[3
3.
8–

43
.9
]

F-
>M

30
.1
%

[2
0.
7–

40
]

21
.2
%

[1
3.
2–

30
.5
]

48
.7
%

[3
8–

59
.3
]

54
.3
%

[4
3.
7–

65
]

36
.5
%

[2
6.
1–

46
.8
]

p
va

lu
e

0.
71

42
6

0.
07

49
5

0.
40

89
3

0.
36

28
4

0.
54

36
4

St
em

ce
ll
so

ur
ce

BM
35

%
[2

4.
5–

45
.7
]

16
.9
%

[9
.5
–2

6.
2]

48
.1
%

[3
6.
9–

59
.3
]

62
.3
%

[5
1.
4–

73
.1
]

39
.7
%

[2
8.
6–

50
.7
]

PB
33

.7
%

[2
8.
9–

38
.5
]

14
.2
%

[1
0.
8–

17
.9
]

52
.2
%

[4
7.
1–

57
.2
]

58
.4
%

[5
3.
4–

63
.5
]

38
.1
%

[3
3.
1–

43
.1
]

p
va

lu
e

0.
98

12
4

0.
70

14
6

0.
83

68
3

0.
59

88
7

0.
64

93
5

Pa
tie

nt
CM

V
N
eg

at
iv
e

33
.2
%

[2
6.
2–

40
.4
]

11
.9
%

[7
.5
–1

7.
3]

54
.9
%

[4
7.
4–

62
.4
]

64
.9
%

[5
7.
6–

72
.1
]

40
.1
%

[3
2.
6–

47
.6
]

Po
sit

iv
e

34
.6
%

[2
9.
1–

40
.2
]

16
.1
%

[1
2–

20
.6
]

49
.3
%

[4
3.
4–

55
.2
]

55
.7
%

[4
9.
8–

61
.6
]

37
.2
%

[3
1.
5–

43
]

p
va

lu
e

0.
80

83
7

0.
30

83
8

0.
40

00
5

0.
09

87
6

0.
70

88
7

D
on

or
CM

V
N
eg

at
iv
e

31
.2
%

[2
5–

37
.6
]

14
.6
%

[1
0.
2–

19
.8
]

54
.2
%

[4
7.
3–

61
.1
]

62
.4
%

[5
5.
7–

69
.2
]

42
.5
%

[3
5.
6–

49
.3
]

Po
sit

iv
e

36
%

[3
0–

42
]

14
.9
%

[1
0.
7–

19
.7
]

49
.2
%

[4
2.
9–

55
.5
]

55
.9
%

[4
9.
6–

62
.2
]

35
.3
%

[2
9.
2–

41
.4
]

p
va

lu
e

0.
18

10
8

0.
98

52
3

0.
17

40
5

0.
16

59
2

0.
17

02
3

A b
br
ev
ia
tio

ns
:C

R:
C
om

pl
et
e
re

m
iss

io
n,

M
SD

:M
at
ch

ed
sib

lin
g

do
no

r,
M

U
D
:M

at
ch

ed
un

re
la
te
d

sib
lin

g,
ha

pl
o:

H
ap

lo
-id

en
tic

al
do

no
r,

M
AC

:M
ye

lo
ab

la
tiv

e
co

nd
iti

on
in

g,
RI

C:
Re

du
ce

d
in

te
ns

ity
co

nd
iti

on
in

g,
TC

D
:T

-c
el
ld

ep
le
tio

n,
F:

Fe
m

al
e,

M
:M

al
e,

BM
:B

on
em

ar
ro

w,
PB

:P
er

ip
he

ra
lb

lo
od

,C
M

V:
Cy

to
m

eg
al
ov

iru
s,

bo
ld

va
lu

es
in

di
ca

te
sta

tis
tic

al
ly

sig
ni

fic
an

tp
va

lu
es

.

Pdf_Folio:71



72 A. Bazarbachi et al. / Clinical Hematology International 1(1) 58–74

Table S2 Univariate analysis.

100 Days 2 Years

Acute GVHD II–IV Acute GVHD III–IV Chronic GVHD Ext. cGVHD
Age ≤50.415 29.8% [23.9–35.9] 9.9% [6.4–14.2] 33.4% [27.2–39.8] 18.6% [13.7–24]

>50.415 22.7% [17.5–28.4] 8% [4.9–12] 35% [28.7–41.3] 14% [9.8–19]
p value 0.059328 0.58369 0.7318 0.15442

Cytogenetics Good 27.8% [9.7–49.6] 5.6% [0.3–23.1] 23% [6.5–45.5] 5.6% [0.3–23.3]
Intermediate 25.8% [21.5–30.4] 7.9% [5.5–11] 35.5% [30.6–40.5] 16.2% [12.6–20.2]
Adverse 31.8% [18.6–45.8] 13.6% [5.5–25.5] 34.9% [20.9–49.3] 26.4% [13.8–40.8]
NA/Failed 20% [6–39.9] 20% [6–39.9] 16.8% [3.8–37.9] 5.6% [0.3–23.6]
p value 0.72127 0.23598 0.64567 0.080007

Number of inductions 1 induction 25.8% [20.8–31] 8.8% [5.9–12.5] 35.7% [30.1–41.4] 16.6% [12.5–21.2]
>1 induction 27.1% [20.5–34] 9.1% [5.3–14.2] 31.6% [24.6–38.9] 15.6% [10.5–21.7]
p value 0.68868 0.712 0.38116 0.84164

Consolidation No consolidation 26.1% [18.2–34.8] 5.8% [2.4–11.4] 34.3% [25.4–43.4] 17.7% [11.1–25.5]
Consolidation 26.3% [21.7–31] 9.9% [7–13.4] 34.3% [29.2–39.4] 15.9% [12.1–20.1]
p value 0.73857 0.42716 0.89732 0.32194

Year of transplant ≤2013 24.6% [19.9–29.7] 7.8% [5.1–11.3] 34.3% [28.9–39.7] 17% [12.9–21.5]
>2013 29.4% [22.4–36.8] 11.1% [6.7–16.7] 33.6% [26–41.3] 15.3% [9.7–22.1]
p value 0.19762 0.23159 0.98043 0.40909

Status at transplant CR1 23.8% [19.3–28.6] 7.1% [4.6–10.2] 39.4% [33.9–44.8] 18.6% [14.5–23.2]
CR2 25.6% [14.1–38.7] 8.8% [2.8–19.2] 18.9% [9.2–31.2] 4.3% [0.7–13.1]
Active disease 37.2% [26.5–47.9] 17% [9.5–26.2] 23.6% [14.9–33.5] 14.1% [7.4–23]
p value 0.043947 0.044357 0.0060685 0.038592

Donor MSD 23.5% [17.6–30] 11.2% [7.1–16.3] 32.8% [26–39.7] 16% [11.1–21.8]
UD 28.4% [22.6–34.4] 7.3% [4.3–11.2] 36.3% [29.8–42.9] 18.4% [13.4–24.1]
Haplo 27.1% [15.4–40.2] 8.5% [2.7–18.6] 30.6% [18.2–43.9] 8.2% [2.6–18.1]
p value 0.57674 0.17291 0.90663 0.3364

NPM1 NPM1 neg 34.3% [27.5–41.2] 10.5% [6.5–15.5] 29.5% [23.1–36.3] 15.4% [10.6–21]
NPM1 pos 19.4% [14.6–24.8] 5.7% [3.2–9.3] 38.5% [32–44.9] 17.6% [12.8–23]
p value 0.00062503 0.054096 0.11708 0.37259

Conditioning MAC 24.2% [18.9–29.7] 9.6% [6.3–13.8] 34% [27.9–40.1] 14% [9.9–18.8]
RIC 28.7% [22.7–34.9] 8.1% [4.9–12.4] 34.4% [27.9–40.9] 19% [13.9–24.8]
p value 0.39448 0.49267 0.94876 0.32384

In vivo TCD No in vivo TCD 28.9% [22.3–35.9] 9.4% [5.6–14.4] 40.9% [33.4–48.2] 23.1% [17–29.7]
In vivo TCD 24.4% [19.5–29.6] 8.3% [5.4–11.9] 30.1% [24.7–35.7] 12% [8.4–16.3]
p value 0.38394 0.68959 0.040176 0.0001831

Patient sex Male 31.3% [25.3–37.4] 11.6% [7.8–16.1] 30.3% [24.4–36.4] 16.2% [11.7–21.3]
Female 21.2% [16–26.8] 6.3% [3.6–10] 38.3% [31.8–44.8] 16.4% [11.8–21.8]
p value 0.026813 0.095282 0.083827 0.83214

Donor sex Male 23.2% [18.4–28.4] 7.8% [5–11.4] 30.7% [25.1–36.4] 12.4% [8.7–16.7]
Female 30.1% [23.5–37] 10.9% [6.8–16] 39.6% [32.4–46.6] 22% [16.2–28.4]
p value 0.15564 0.31953 0.054087 0.0039009

Sex matching No F->M 24.3% [20–28.8] 8.2% [5.7–11.3] 35.2% [30.3–40.2] 16% [12.4–20]
F->M 35% [24.9–45.4] 12.1% [6.2–20.3] 30.1% [20.7–40] 17.5% [10.3–26.4]
p value 0.086996 0.41361 0.37751 0.61605

Source of SC BM 27.9% [18.2–38.4] 9.4% [4.1–17.3] 27.1% [17.7–37.4] 9.1% [4–16.8]
PB 25.9% [21.6–30.5] 8.9% [6.2–12] 35.7% [30.8–40.7] 17.8% [14–22]
p value 0.85755 0.90911 0.39107 0.063564

Patient CMV Negative 25.7% [19.4–32.6] 8.4% [4.8–13.3] 33.3% [26.1–40.6] 17.4% [12–23.7]
Positive 26.4% [21.4–31.7] 8.9% [6–12.7] 34.8% [29.2–40.5] 15.7% [11.6–20.2]
p value 0.86818 0.92168 0.49734 0.70109

Donor CMV Negative 24% [18.4–30.1] 6.4% [3.6–10.3] 35.2% [28.6–41.9] 15.6% [10.9–21]
Positive 27.6% [22.1–33.3] 11.2% [7.6–15.5] 33.3% [27.4–39.3] 16.7% [12.2–21.8]
p value 0.64117 0.14884 0.97509 0.92974

Abbreviations: CR: Complete remission, MSD: Matched sibling donor, MUD: Matched unrelated sibling, haplo: Haplo-identical donor, MAC: Myeloablative conditioning, RIC: Reduced
intensity conditioning, TCD: T-cell depletion, F: Female, M: Male, BM: Bone marrow, PB: Peripheral blood, CMV: Cytomegalovirus, GVHD: Graft versus host disease .
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Table S3 Pair match analysis (patients and transplant characteristics).

No Sorafinib N (%) Sorafinib N (%) p Value
Number of patients 26 (100) 26 (100)
Gender
    Male 10 (38.5) 14 (53.9) 0.42
    Female 16 (61.5) 12 (46.2)
Follow-up months for alive patients median

(range)
56.5 (12.8–86.7) 30.3 (12.5–60.7)

Age at transplant median (range) 50.4 (22.2–69.8) 49.2 (23.6–68.8)
Year of transplant median (range) 2012 (2010–2015) 2014 (2011–2015) 0.004
FLT3 status
    FLT3-ITD 26 (100) 25 (96.2) 0.32
    FLT3-TKD 0 (0) 1 (3.9)
NPM1 status
    Negative 10 (38.5) 10 (38.5)
    Positive 16 (61.5) 16 (61.5)
Cytogenetics risk
    Good 23 (88.5) 24 (92.3) 0.48
    Intermediate 2 (7.7) 2 (7.7)
    Adverse 1 (3.9) 0 (0)
Induction
Number of inductions median (range) 1 (1–2) 2 (1–3) 0.008
    1 induction 22 (84.6) 12 (46.2) 0.01
    >1 induction 4 (15.4) 14 (53.9)
    No Sorafenib at induction 25 (96.2) 24 (92.3) 1
    Sorafinib at induction 1 (3.86) 2 (7.7)
    No CR after first induction 4 (16) 10 (41.7) 0.11
    CR after first induction 21 (84) 14 (58.3)
    Missing status post induction 1 2
Consolidation
    No consolidation 4 (15.4) 10 (38.5 ) 0.11
    Consolidation 22 (84.6) 16 (61.5)
    Sorafinib for consolidation 1 (3.8) 5 (19)
Salvage
    No salvage 3 (33.3) 10 (71.4) 0.50
    Salvage 6 (66.7) 4 (28.6 )
    Not applicable 17 12
Status at transplant
    CR1 18 (69.2) 18 (69.2)
    CR2 4 (15.4) 4 (15.4)
    Active disease 4 (15.4) 4 (15.4)
Donor
    Matched sibling donor 12 (46.2) 15 (57.7) 0.58 (MSD versus other)
    Matched unrelated donor 13 (50) 7 (26.9)
    Haplo-identical donor 1 (3.86) 4 (15.4)
Conditioning
    Myeloablative conditioning 20 (76.9) 20 (76.9)
    Reduced intensity conditioning 6 (23.1) 6 (23.1)
    No in vivo T-cell depletion 12 (46.2) 6 (23.1) 0.15
    In vivo T-cell cell depletion 14 (53.9) 20 (76.9)
Donor gender
    Male 21 (80.8) 16 (61.5) 0.27
    Female 5 (19.2) 10 (38.5)
No female donor in male recipient 24 (92.3) 22 (84.6) 0.69
Female donor in male recipient 2 (7.7) 4 (15.4 )
Patient CMV status
    Negative 12 (46.16) 5 (19.2) 0.09
    Positive 14 (53.9) 21 (80.8)
Donor CMV status
    Negative 12 (46.2) 10 (38.5)
    Positive 14 (53.9 ) 16 (61.5) 0.79
Stem cell source
    Bone marrow 4 (15.4) 2 (7.7) 0.69
    Peripheral blood 22 (84.63) 24 (92.3)
Minimal residual disease
    MRD negative 13 (86.7) 15 (57.7) 0.45
    MRD positive 2 (13.3) 11 (42.3)
    Missing 11 0
Abbreviations: FLT3: FMS-like tyrosine kinase 3, ITD: Internal tandem duplication, TKD: tyrosine kinase domain, NPM1: nucleophosmin-1, CR: Complete remission, F: Female, M: Male,
MRD: Minimal residual disease, CMV: Cytomegalovirus.
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Table S4 Pair match analysis (outcomes).

Two-Year Outcomes Relapse Incidence Nonrelapse Mortality Leukemia-Free Survival Overall Survival
No sorafinib maintenance 34.6% [17–53] 11.5% [2.8–27.1] 53.8% [34.7–73] 61.5% [42.8–80.2]
Sorafinib maintenance 16% [4.8–33] 4.9% [0.3–21] 79.1% [62.6–95.6] 82.8% [67.3–98.3]
HR (95% CI) 0.38 (0.15–0.98) 0.33 (0.09–1.27) 0.37 (0.15–0.88) 0.32 (0.14–0.73)
P* (Cox, cluster = match pair) 0.046 0.107 0.02 0.007
Abbreviations: HR, Hazard ratio, CI, confidence interval.
* Adjusted on number of induction (1 versus >1), donor (matched related donor versus other), in vivo T-cell depletion.
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