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“It's tough to make predictions, 
especially about the future.”

― Yogi Berra



AML & MDS Relapse After-Transplant

Schmid C et al. EHA. Haematologica. 2018; 103(2):237-245



A Journey That Begins at Diagnosis

• t(8;21)(q22;q22.1); RUNX1-RUNX1T1 
• inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB
• MYH11 Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow Biallelic mutated CEBPA

• Mutated NPM1 and FLT3-ITDhigh
• Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow(without adverse-risk genetic lesions) 
• t(9;11)(p21.3;q23.3); MLLT3-KMT2A
• Cytogenetic abnormalities not classified as favorable or adverse

• t(6;9)(p23;q34.1); DEK-NUP214 
• t(v;11q23.3); KMT2A rearranged 
• t(9;22)(q34.1;q11.2); BCR-ABL1 
• inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2,MECOM(EVI1) 
• -5 or del(5q); 27; 217/abn(17p) 
• Complex karyotype, monosomal karyotype 
• Wild-type NPM1 and FLT3-ITDhigh

• Mutated RUNX1
• Mutated ASXL1 
• Mutated TP53

FAVORABLE

INTERMEDIATE

ADVERSE

Döhner H et al. 2017 ELN recommendations. Blood. 2017; 129(4):424-447
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time from transplantation to relapse was 7 months (range, 1
to 177 months) and median follow-up of survivors after
post-transplantation relapse was 39 months (range, <1 to
193 months). Seventy percent of the patients underwent
alloHCT in CR1. Median age of patients was 32 years (range,
<1 to 76); 37% of patients were children (0 to 18 years old)

and 39% were >40 years old. Fifteen percent of patients had
secondary AML and 19% had unfavorable cytogenetics. A
myeloablative conditioning regimen was used on over three
quarters of cases and 52% of patients received a bone
marrow graft. Donor types included HLA-identical RD (52%),
well-matched URD (25%), UCB (13%), and mismatched URD
(3%). Relapse within 6 months of transplantation occurred in
43% of patients, and isolated extramedullary relapse was
rare (4%). AML relapse beyond 2 years of alloHCT occurred in
only 18% of cases, and active GVHD before relapse was
present in 41% of patients. The majority (n ¼ 1231, 69% of
total) of patients received treatment for relapse, which
included chemotherapy alone (37%), second HCT with or
without chemotherapy and/or DLI (21%), or DLI with or
without chemotherapy (11%). However, only 15% of all pa-
tients achieved a subsequent CR. Although second HCTs
were rarely administered to those relapsing within 6
months, we found no association between use of intensive
therapy and the time from HCT to relapse or the condi-
tioning intensity of the first HCT.

Median time from HCT to relapse was 14 months for long-
term survivors (>1 year after relapse). Survivors living longer
often received active treatment for relapse (79%), most
frequently a second HCT (44%), and they commonly achieved
subsequent CR (40%).

Management of Post-transplantation Relapse
A total of 267 patients received DLI for AML relapse, and

DLI plus chemotherapy was used in 81% of them (Table 2).
DLI was followed by second HCT in 24% of patients treated
with DLI. Median time from relapse to DLI was 2 months
(range, <1 to 12 months), with 85% of patients receiving DLI
within 6 months of leukemia relapse. Among all patients
receiving DLI, 87 (32.6%) survived more than 1 year after
leukemia relapse. The source of DLI was an HLA-identical
sibling donor for 61% of patients. Patients who received DLI
and survived beyond 1 year often received a subsequent
second HCT (34%).

A second HCT was performed on 369 patients, of whom
182 (49.3%) survived more than 1 year after relapse. The
second HCT conditioning regimens were myeloablative for
49%, RIC/or nonmyeloablative (NMA) for 30%, and unknown
for the rest of the patients. RD second HCT was performed in
about one half, URD in one third, UCB in 5% of the patients,
and second HCT donor source was unknown for the rest of
the cases. A different donor for the second HCTwas chosen in
45% of patients but data on the donor were unavailable for
one third of patients. Median time from post-transplantation
leukemia relapse to the second HCT was 3 months (range,<1

Table 2
Characteristics of Patients Treated with DLI and/or Second HCT

Variable Total
n (%)

Survival "1 Year
after Relapse
n (%)

DLI # Second HCT 267 87
DLI þ chemotherapy
Yes 216 (81) 75 (86)
No 51 (19) 12 (14)

DLI* þ second HCT
þ Second HCT 65 (24) 30 (34)
No second HCT 202 (76) 57 (66)

Type of donor
HLA-identical sibling 162 (61) 59 (68)
Unrelated 102 (38) 26 (30)
Missing 3 (1) 2 (2)

Donor gender
Male 144 (54) 46 (53)
Female 105 (39) 38 (44)
Missing 18 (7) 3 (3)

Time from relapse to DLI
Median (range) 2 (<1-12) 2 (<1-12)
%6 mo 226 (85) 70 (80)
>6 mo 11 (4) 5 (6)
Missing 25 (9) 9 (10)

Second HCT 369 182
Conditioning
MA 181 (49) 99 (54)
RIC/NMA 110 (30) 57 (31)
Missing 78 (21) 26 (14)

Donor type of second HCT
Related 197 (53) 94 (52)
Unrelated 127 (34) 70 (38)
Cord blood 20 (5) 9 (5)
Missing 25 (7) 9 (5)

Donor gender
Male 168 (46) 78 (43)
Female 126 (34) 67 (37)
Missing 75 (20) 37 (20)

Same donor as first HCT
No 81 (22) 49 (27)
Yes 166 (45) 73 (40)
Missing 122 (33) 60 (33)

Time from relapse to second HCT
Median (range) 3 (<1-50) 3 (<1-50)
%6 mo 299 (81) 135 (74)
>6 mo 52 (14) 40 (22)
Missing 18 (5) 7 (4)

MA indicates myeloablative.
* Reflects DLI with or without chemotherapy.

Figure 1. (A) Adjusted OS by time from HCT to relapse. (B) Adjusted overall survival by age.

N. Bejanyan et al. / Biol Blood Marrow Transplant 21 (2015) 454e459456

Overall Survival in Relapsed Patients After Transplant 
by Time to Relapse and Age

Bejanyan N et al. Biol Blood Marrow Transplant. 2015. 21, 454e459 



response prediction. Hereby, we identified by univariate
analysis an interval between allo-HSCT and relapse >185
days, molecular-only relapse, primary diagnosis of MDS, BM
infiltration at relapse below median of <13% blasts, absence
of blasts in peripheral blood at relapse, noncomplex karyo-
type, and a low or intermediate genetic risk profile as pre-
dictors for OS. Again, these predictors applied to patients
with first-line Aza salvage therapy and pretreated patients.
Of these factors, molecular-only relapse (HR, .14; 95% CI, .03
to .59; P ¼ .007), diagnosis of MDS (HR, .33; 95% CI, .16 to .67;
P ¼ .002) and BM infiltration at relapse below median of
<13% blasts (HR, .54; 95% CI, .32 to .91; P ¼ .021) retained
their favorable prognostic impact on OS in multivariate
analysis (Table 4).

Accordingly, MDS patients had a 2-year OS rate of 66%
("10%), which was significantly higher than 2-year OS rate in
AML patients (26% " 5%, P ¼ .001) (Figure 2A). Still, within
the group of AML patients, 2-year OS rate was 69% ("16%) in
those with a molecular only relapse, which was comparable
to the outcome of MDS patients (P ¼ .39), but significantly
higher in comparison to AML patients with hematological
relapse (2-year OS rate 19% " 6%, P < .001). In AML patients
with hematological relapse, there was a trend towards a
better outcome in patients with low disease burden (<13%
BM blasts, 2-year OS 26% " 10% versus >13% BM blasts, 2-
year OS 16% " 5%, P ¼ .062) (Figure 2B).

DISCUSSION
In this retrospective multicenter study, we analyzed data

of 154 patients with AML or MDS who were treated with Aza
and planned DLI for relapse after allo-HSCT. This represents,
to the best of our knowledge, the largest cohort of patients
reported so far. In addition, Aza with planned DLI was the
first intervention for relapse in the great majority of these
patients (93%). Both enabled us to provide sufficient data on
response and survival and to compare them with available
data from the literature on the use of other treatment stra-
tegies for relapse after allo-HSCT. Furthermore, the number
of patients and the quality of data provided by respective
centers allowed us to identify patients whomay benefit most
from the combination of Aza and DLI.

Remission induction in patients relapsing after allo-HSCT
is essentially associated with survival [23]. However, remis-
sion rates after intensive chemotherapy range between only
17% and 32% [1,3,23]. In addition, it has to be taken into ac-
count that intensive chemotherapy requires inpatient treat-
ment and can only be applied to a selected group of
medically fit patients because of associated toxicities. The CR
rate after Aza and DLI in our analysis was 29%, with multi-
variate analysis identifying patients with molecular relapse
and those with diagnosis of MDS to have the highest likeli-
hood of response. This response rate confirms results from 2
prospective studies, as well as retrospective series reporting
on the use of varying schedules of Aza with or without DLI
[7-15]. In this context, it is also worth noting that the com-
bination of Aza and DLI was mainly given on an outpatient
basis despite a rather high median patients’ age and a rele-
vant proportion of 32 patients (21%) relapsingwithin the first
100 days.Whereas these findings reflect the good tolerability
of Aza, its direct antileukemic effect is reflected by the 11
patients who achieved CR either before first DLI or without
receiving any DLI. Of note, in line with previous case reports,
Aza was also able to induce CR in 3 of 6 patients with
extramedullary relapse including 1 patient treated by Aza
alone [6-10]. Taken together, with regard to response and

tolerability, our results seem to compare at least very well
with results observed after intensive chemotherapy.

Regardless of the type of salvage therapy, Schmid et al.
recently demonstrated that the use of donor cells is required
to achieve long-term survival in patients with CR [23]. Two
thirds of the patients in our analysis received at least 1 DLI. In
the CR group, even more patients received DLI. In addition,

Figure 2. Overall survival (OS) after treatment with Aza and DLI according to
diagnosis and disease burden. Type of relapse (eg, molecular instead of he-
matological relapse), primary diagnosis of MDS, and a lower leukemic burden
in BM at relapse were associated with a longer OS in multivariate analysis. (A)
Patients with MDS (blue curve) and AML (green curve), log-rank: P ¼ .001. (B)
AML patients according to type of relapse and BM blast count: molecular
relapse (blue curve, log-rank: P < .001), hematological relapse <13% blasts
(green curve, log-rank: P ¼ .0602), and hematological relapse >13% blasts
(grey curve).

T. Schroeder et al. / Biol Blood Marrow Transplant 21 (2015) 653e660658

Overall Survival in Relapsed Patients After Transplant 
by Disease Burden

Schroeder T et al. Biol Blood Marrow Transplant. 2015. 21, 653e660 

molecular relapse 

hematological relapse (<13% BM blasts) 

hematological relapse (>13% BM blasts) 



DIAGNOSIS

Risk Stratification

Therapeutic strategy
- Target therapies
- Conventional CTH
- Allo-HSCT in 1CR

CHEMOTHERAPY +/- TARGET THERAPY

MRD
after each cycle

Risk Stratification

ALLO-HSCT

MRD
pre-transplant

Adapted from: Rautenberg C et al. Int. J. Mol. Sci. 2019; 20, 228



Methods to Detect MRD Before and After HSCT

Multiparametric Flow 
Cytometry

Molecular Genetics
§ Mutated Genes: NPM1, FLT3, IDH1-2
§ Fusion Gene Transcripts: CBF                                      

(CBFB-MYH11;RUNX1-RUNX1T1) 
§ Gene Overexpression: WT1

Chimerism
(only post-transplant)

Methods § Leukemia-Associated 
Immunephenotype (LAIP) 

§ Different from Normal (DfN)

§ Quantitative PCR
§ Digital Droplet PCR
§ Next Generation Sequencing

§ Deletions-Insertions (DIP-PCR)
§ Short-Tandem-Repeats (STR-PCR)
§ Variant-Allele-Specific quantitative PCR 
§ X-Y-FISH 
§ CD34+ cell subset analysis 

Sensitivity 10−3 –10−4 (BM) 10−6 10−2 –10−3

10−4 –10−5 

Advantages Broad applicability 
(90% of patients)

High sensitivity and specificity Applicable in all patients after allo-SCT

Comments Need for standardization § Mostly restricted to select patients
§ Need for standardizatiom

§ Low sensitivity and specificity
§ Not directly detecting leukemic cells 

Adapted from: Rautenberg C et al. Int. J. Mol. Sci. 2019; 20, 228



Minimal Residual Disease

no evidence that these are superior; therefore, consistent use ofABL for
assay normalization would greatly facilitate comparison of MRD data
between laboratories. Importantly, theEACprogramalso recommended
that assays be run in triplicate wells, provided guidance concerning
acceptable sample quality indicated by the level of housekeeping gene
expressionandestablishedclear criteria used todefinePCRpositivity (ie,
specific amplification in the MRD assay in at least 2 of 3 replicate wells
with average cycle threshold value#40).

Although some laboratories still use conventional RT-PCR with
nested primers for MRD detection, this approach has a number of
limitations and should be abandoned in favor of RT-qPCR, which is
more reliable and readily standardized. Performance of the same
RT-qPCR platform is highly reproducible between laboratories,
turnaround time is more rapid, and risk of PCR contamination is
substantially reduced. A further key advantage of RT-qPCR is the
capacity to quantify an independent housekeeping gene in parallel,
enabling suboptimal follow-up samples that could potentially have
given rise to false-negative PCR results to be identified and that
cannot be reliably distinguished by standard nested RT-PCR
assays. Importantly, qualitative end-point assays lack the capacity to
measure the absolute level of leukemic transcripts or determine
whether they are rising or falling, which is invaluable information for
clinical decision-making. The EAC program laid the groundwork for
defining optimal MRD monitoring schedules, which need to take
into account the maximal assay sensitivity (indicated by level of
expression of leukemic transcripts relative to the control gene in the
blast population defined at diagnosis), the most appropriate sample
source (PBvsBM)and the typical kinetics of disease relapse (Figure 4).

Clinical evaluation of RT-qPCR assays

PML-RARA in APL. Use of MRD monitoring to inform clinical
management has been best established in acute promyelocytic
leukemia (APL), in which achievement of molecular remission in
BM (ie, PML-RARA transcripts undetected at a sensitivity of at least
1 in 104) is a prerequisite for cure, leading to introduction of MRD
assessment as a component of the standard response criteria in this
subtype of leukemia.41,42 Although conventional nested RT-PCR
assays have been widely used for MRD assessment in APL, as
described previously, these assays have their limitations and
have been superseded by quantitative assays. The standardized
EAC PML-RARART-qPCR assay has been shown to improveMRD
detection rates compared with conventional nested RT-PCR and has
been extensively validatedwithin the context of clinical trials.42-45 In
a large UK study involving 406 patients treated with all-trans
retinoic acid 1 anthracycline-based therapy, mostly in the MRC
AML15 trial, MRD assessment using the EAC RT-qPCR assay was

found to provide the most powerful independent predictor of disease
relapse, being far stronger than the presentingWBC, which has been
widely used to dictate treatment approach.44 This study showed that
PB affords a reduced sensitivity for MRD detection as compared
with BM (median 1.5 log lower sensitivity). Therefore, marrow is the
recommended sample source for serial MRD monitoring where the
goal is to detect recurrent disease promptly—allowing a sufficient
window of time to confirm PCR positivity in an independent sample
and to initiate preemptive therapy to prevent progression to frank
relapsewith its associated risk of fatal bleeding.42 In patients receiving
arsenic trioxide (ATO) as salvage therapy, use of MRDmonitoring to
guide early intervention has been shown to reduce the risk of induction
of hyperleukocytosis and the associated differentiation syndrome as
compared with treatment in the context of frank relapse.44

Based on the typical sensitivity of RT-qPCR assays for detection
ofPML-RARA transcripts (;1 in 104) and kinetics of relapse (median
;1-log increase in PML-RARA transcripts per month, Figure 4C),
BMassessments every 3monthswere recommended in the European
LeukemiaNet (ELN) guideline.42 MRD monitoring has also been
recommended in the National Comprehensive Cancer Network
guidelines to inform treatment approach.6 It is important to confirm
that patients have achieved molecular remission after frontline
therapy in a BM sample affording a sensitivity of at least 1 in 104.
However, with survival rates now exceeding 80% among patients
treated in clinical trials, particularly those includingATO as frontline
therapy, the value of routine sequential monitoring for PML-RARA
transcripts beyond the postconsolidation time point has been
increasingly questioned.46 Indeed, for patients with low-risk APL
(presenting WBC ,10 3 109/L) who rapidly achieve molecular
remission, based on current evidence there appears to be limited
benefit for sequential MRD monitoring beyond the end of treatment
(reviewed in Grimwade et al46). On the other hand, there remains
a case for stringent assessment of MRD in the subgroup of patients
presenting with high-risk disease (WBC .10 3 109/L), who have
a significant risk of relapse (;25%) after conventional all-trans
retinoic acid and anthracycline-based therapy and can benefit from
serial molecular monitoring to guide early salvage with ATO.44

MRD assessment also remains important to guide management of
relapsed APL irrespective of WBC at initial presentation (reviewed
in Sanz et al42).

RUNX1-RUNX1T1 and CBFB-MYH11 detection in CBF
leukemias. Established EAC RT-qPCR assays have also been
evaluated in large cohorts of clinical trial patients with core-binding
factor (CBF) leukemia, showing that they provide independent
prognostic information.47-49 Assessment at early time points during
therapy can distinguish patients at significantly differing risk of

Figure 3. Proportion of AML patients informative for MRD detection by RT-qPCR for leukemia-specific MRD targets (ie, fusion genes, NPM1 mutation) according

to age.

BLOOD, 27 NOVEMBER 2014 x VOLUME 124, NUMBER 23 DEFINING MINIMAL RESIDUAL DISEASE IN AML 3349

Grimwade D, et al. Blood. 2014; 124(23):3345-3355



NPM1+ Pre and Post-Transplant Is the Most Important 
Factor for Relapse After Transplant

Figure 1. MRD detected before and/or after transplant and risk for relapse and RFS. (A) Pre-HCT MRD, (B) post-HCT MRD, (C) peri-HCT MRD (pre-MRDMFC or
post-MRD).

1617Y. Zhou et al. / Biol Blood Marrow Transplant 24 (2018) 1615–1620

Figure 1. MRD detected before and/or after transplant and risk for relapse and RFS. (A) Pre-HCT MRD, (B) post-HCT MRD, (C) peri-HCT MRD (pre-MRDMFC or
post-MRD).

1617Y. Zhou et al. / Biol Blood Marrow Transplant 24 (2018) 1615–1620

PRE-HSCT MRD POST-HSCT MRD (d +28)

pre-transplant MRDMFC positive
HR 4.63; p < 0.001 

post-transplant MRDMFC positive
HR 4.96; p < 0.004 

post-transplant MRDNGS positive
HR 4.36; p < 0.002 

Zhou Y et al. Biol Blood Marrow Transplant. 2018.  24, 1615–1620



of transplant. Three of these cases (Pt 1, 2, 3) had AML
recurrence in the first 6 months after HSCT, with a rela-
tively low and steady increase in WT1 expression, while
the fourth patient (Pt 4) relapsed lately, but again with a
slow kinetics of WT1 increase. In contrast, two patients
(Pt 5 and Pt 6) transplanted while in CR, relapsed more
lately (14 and 16 months after HSCT, respectively) and
displayed a faster growth of WT1 expression levels. So, in
these cases, WT1 increase was concomitant with cytologi-

cal detection of AML relapse, and molecular analysis did
not allow anticipating disease recurrence. Of six relapsed
cases, only one (Pt 4) had a specific molecular abnormal-
ity (PML ⁄RARa), whose reappearance of which was con-
comitant with WT1 overexpression after HSCT. The
other five patients lacked a marker amenable to detection
by cytogenetic and ⁄or PCR.

Outcome after HSCT are listed in Table 1B. With a
median follow-up time of 14 months (range: 3–50), 30
patients are alive (79%) and eight patients are dead, five
for AML recurrence and three for transplant-related
mortality (two GVHD, one myocardial infarction) while
in CR. Five of the six patients who relapsed after HSCT,
five had died, while one achieved a second CR with sal-
vage chemotherapy and DLI. In this patient, attainment
of CR was consensual to a decrease in WT1 copy level
below 70 copies ⁄ 104 ABL. We did not find any signifi-
cant difference in WT1 expression and kinetics, between
patients transplanted with conventional or RIC condi-
tioning regimens, or according to stem cell donor type
(sibling or MUD).

Discussion

Accurate assessment and monitoring of MRD after ther-
apy are of crucial importance in leukemic patients, as it
allows determining the efficacy of treatment and estab-
lishing early diagnosis of impending relapse (17–20).
Unfortunately, less than 40% of AML cases display a
specific molecular marker for MRD evaluation. The use-
fulness of WT1 as a ‘panleukemic marker’, based on the
highly prevalence of WT1 overexpression in AML
patients at diagnosis (more than 80% of cases), has been
proposed by various papers (2, 3, 5, 7, 10, 11, 13, 19,
21). However, there is still no consensus on the real effi-
cacy of WT1 as a marker of MRD in AML after chemo-
therapy or allogeneic stem cell transplant. Discrepancies
may be due to the different methods employed to deter-
mine WT1 expression, as some studies used a quantitative
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recurrence in the first 6 months after HSCT, with a rela-
tively low and steady increase in WT1 expression, while
the fourth patient (Pt 4) relapsed lately, but again with a
slow kinetics of WT1 increase. In contrast, two patients
(Pt 5 and Pt 6) transplanted while in CR, relapsed more
lately (14 and 16 months after HSCT, respectively) and
displayed a faster growth of WT1 expression levels. So, in
these cases, WT1 increase was concomitant with cytologi-

cal detection of AML relapse, and molecular analysis did
not allow anticipating disease recurrence. Of six relapsed
cases, only one (Pt 4) had a specific molecular abnormal-
ity (PML ⁄RARa), whose reappearance of which was con-
comitant with WT1 overexpression after HSCT. The
other five patients lacked a marker amenable to detection
by cytogenetic and ⁄or PCR.

Outcome after HSCT are listed in Table 1B. With a
median follow-up time of 14 months (range: 3–50), 30
patients are alive (79%) and eight patients are dead, five
for AML recurrence and three for transplant-related
mortality (two GVHD, one myocardial infarction) while
in CR. Five of the six patients who relapsed after HSCT,
five had died, while one achieved a second CR with sal-
vage chemotherapy and DLI. In this patient, attainment
of CR was consensual to a decrease in WT1 copy level
below 70 copies ⁄ 104 ABL. We did not find any signifi-
cant difference in WT1 expression and kinetics, between
patients transplanted with conventional or RIC condi-
tioning regimens, or according to stem cell donor type
(sibling or MUD).

Discussion

Accurate assessment and monitoring of MRD after ther-
apy are of crucial importance in leukemic patients, as it
allows determining the efficacy of treatment and estab-
lishing early diagnosis of impending relapse (17–20).
Unfortunately, less than 40% of AML cases display a
specific molecular marker for MRD evaluation. The use-
fulness of WT1 as a ‘panleukemic marker’, based on the
highly prevalence of WT1 overexpression in AML
patients at diagnosis (more than 80% of cases), has been
proposed by various papers (2, 3, 5, 7, 10, 11, 13, 19,
21). However, there is still no consensus on the real effi-
cacy of WT1 as a marker of MRD in AML after chemo-
therapy or allogeneic stem cell transplant. Discrepancies
may be due to the different methods employed to deter-
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Strategy for Relapse Prevention

IMPROVED CONDITIONING REGIMENS
§ Incorporating drugs with strong antileukemia activity

EARLY WITHDRAWAL OF IMMUNOSUPPRESSION
§ High risk of GVHD may offset reduced relapse risk

MAINTENANCE
§ Relapse risk defined by pre-transplantation parameters
§ Ideal maintenance agent:

- Documented activity against the disease
- Acceptable non-hematologic toxicity (will be tolerated early after transplant)
- Acceptable myelotoxicity (will not interfere with engraftment)
- Minimal drug interactions
- Will not inhibit GVT
- Will not worsen GVHD

PREEMPTIVE TREATMENT
§ Monitoring for MRD
§ Intervention based on detection of MRD



Prevention Approach

ü To reduce the risk of relapse in HR patients

ü Choose agents have proven efficacy in other settings

ü Prospective Phase II and III clinical trials after transplant are limited:

- competing risk (cytopenias, organ toxicity, infections, GVHD)

- side effects (more difficult to predict in the post-transplant immunological environment)

- difficult recruitment



Cellular-Based versus Drug-Based Strategies
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A B S T R A C T
To evaluate the safety and efficacy of donor lymphocyte infusion (DLI), we retrospectively analyzed 414 re-
cipients who received unrelated DLI (UDLI) for the treatment of relapsed hematological malignancy after
unrelated bone marrow transplantation (BMT). UDLI was administered for acute myelogenous leukemia (n = 184),
myelodysplastic syndrome (n = 69), acute lymphocytic leukemia (n = 57), chronic myelogenous leukemia (CML,
n = 36), lymphoid neoplasms (n = 38), adult T cell leukemia/lymphoma (n = 18), and multiple myeloma (n = 12).
Sixty-five patients (16%) were in cytogenetic/molecular relapse and 349 (84%) were in hematological relapse
after BMT. In total, 266 out of 414 (64%) patients received chemotherapy and/or molecular-targeted agents
in combination with UDLI. The median time from BMT to UDLI was 244 days. The median number of infused
CD3+ cells was 3.51 × 107/kg. Response and survival rates were evaluated at 100 days after UDLI. Complete
response was obtained in 37 (57%) of 65 patients with cytogenetic/molecular relapse and in 69 (20%) of 349
patients with hematological relapse (P < .001). Two hundred forty-seven patients (60%) were alive, whereas
110 (26%) had died because of disease progression, 26 (6%) because of infections, 12 (3%) because of graft-
versus-host disease (GVHD), and 13 (3%) because of organ failure. Multivariate analysis identified molecular/
cytogenetic relapse, GVHD after UDLI, and CML but not combination with chemotherapy as significant prognostic
factors. These results indicate that UDLI may have efficacy in relapsed patients with CML, low tumor burden,
or occurrence of GVHD after UDLI.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Donor lymphocyte infusion (DLI) is 1 of the therapeutic

options for patients with relapsed or refractory hemato-
logic malignancies after allogeneic (allo) hematopoietic stem
cell transplantation (HSCT) [1-3]. DLI can, in part, augment
the graft-versus-tumor (GVT) effect [4,5]; however, it can
sometimes induce fatal adverse events, such as severe graft-
versus-host disease (GVHD) and infectious complications
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16 with mature T cell neoplasms, and 4 with Hodgkin
lymphoma.

DLI
In most cases, immunosuppression was tapered or dis-

continued to induce a GVT effect upon relapse after UD-
BMT. In addition, before and/or after UDLI, 266 out of 414
(64%) patients received chemotherapy with or without novel
molecular-targeted agents such as rituximab (n = 3) for B cell
neoplasms, mogamulizumab (n = 1) for ATLL, gemtuzumab
ozogamicin (n = 22) and azacitidine (n = 19) for myeloid ma-
lignancy, bortezomib (n = 2) and immunomodulatory drugs
(IMiDs) (n = 2) for MM, and tyrosine kinase inhibitors (TKIs)
(n = 43) and interferon (n = 4) for Philadelphia chromosome–
positive leukemia. The remaining 148 patients (36%) received
UDLI alone (Table 2). In 65 patients with molecular/cytogenetic
relapse, UDLI alone was performed in 40 (62%) patients,
whereas UDLI combined with chemotherapy/targeted agents
was performed in 25 (38%) patients. In contrast, of 349 pa-
tients with hematological relapse, UDLI alone was performed
in 108 (31%) patients, whereas DLI combination therapy was
administered in 241 (69%) patients (Table 2).

The median times from UD-BMT to relapse and first UDLI
were 140 (range, 0 to 2347) days and 244 (range, 19 to 2567)
days, respectively (Table 1). Donor lymphocytes were ad-
ministered in 1 infusion in 219 patients (54%), in 2 infusions
in 116 patients (28%), and in 3 to 5 infusions in 79 patients
(19%) (Table 2). In 65 patients with molecular/cytogenetic
relapse, a single UDLI was performed in 37 (57%) patients,
whereas multiple UDLI were performed in 28 patients (43%)
(Table 2). In contrast, of 349 patients with hematological
relapse, a single UDLI was performed in 182 patients (52%),
whereas multiple UDLI were performed in 167 patients (48%).
No significant difference in the number of UDLI was ob-
served according to the disease status (molecular/cytogenetic
relapse versus hematological relapse: P = .937) and the

combined use of chemotherapeutic drugs and/or molecular-
targeted agents (P = .412).

Infused cell dose measurements were reported differ-
ently in each centers. The total number of CD3+ cells in donor
lymphocytes was determined in 357 cases (86%). The median
number of infused CD3+ cells was 1.0 × 107/kg (range, .03 to
17.0 × 107/kg) in the first infusion and 1.72 × 107/kg (range,
.05 to 15.6 × 107/kg) in the second infusion, indicating that
the subsequent infusions contained approximately 2-fold
higher cells than the first infusion (Table 2). In total, the
median number of the infused CD3+ cells was 3.51 × 107/kg
(range, .05 to 43.03 × 107/kg) per patient (Table 2). No sig-
nificant difference in the number of the infused CD3+ cells
was observed according to the disease status (P = .051) and
the combined use of chemotherapeutic drugs and/or
molecular-targeted agents (P = 1.00).

Response, GVHD, and Survival after UDLI
Response and survival rates were evaluated at 100 days

after the first UDLI. In total, CR was obtained in 106 (26%)
of 414 patients, whereas no response was documented in 232
(56%) patients (Table 2). Thirty-four (8%) patients achieved
partial response temporarily after UDLI, but they then re-
lapsed again. Follow-up was insufficient to assess response
in 42 patients (10%) because of early death after UDLI (Table 2).
When analyzed according to the disease status before UDLI,
CR was obtained in 37 (57%) of 65 patients with cytogenetic/
molecular relapse and 69 (20%) of 349 patients with
hematological relapse (Table 2). When subdivided accord-
ing to disease, CR was achieved in 17% of patients with AML,
30% with ALL, 30% with MDS, 58% with CML, 21% with lym-
phoma, 22% with ATLL, and 25% with MM (Table 3).

At 100 days after the initial UDLI, 247 patients (60%) were
alive and 110 (26%) had died because of disease progres-
sion. Fifty-seven patients (14%) died because of complications,
including infections (n = 26), GVHD (n = 12), organ failure

Table 2
Outcome on 100 Days after UDLI

Disease Status at UDLI Numbers of DLI* Infused CD3+ Cells, ×107/kg† Response at 100 Days after DLI

1 2 ≥3 First DLI Second DLI Total CR PR NR NE

Molecular/
cytogenetic
relapse

65 37 (57%) 6 (9%) 16 (25%)

DLI alone 40 25 7 8 1.0 (.03-15.6) 1.79 (.33-15.6) 2.54 (.05-24.8) 20 (50%) 3 (7%) 12 (30%) 5
Combination

with UDLI
25 12 5 8 1.0 (.1-4.47) 1.72 (.5-6.0) 2.97 (.10-11.0) 17 (68%) 3 (12%) 4 (16%) 1

Hematological
relapse

349 69 (20%) 28 (8%) 216 (62%)

DLI alone 108 49 39 20 1.0 (.05-11.1) 2.31 (.05-11.0) 4.0 (.05-18.18) 22 (20%) 10 (9%) 66 (61%) 10
Combination

with UDLI
241 133 65 43 1.0 (.04-17.0) 2.0 (.05-10.0) 3.74 (.1-43.03) 47 (20%) 18 (7%) 150 (62%) 26

Total 414 219 (54%) 116 (28%) 79 (19%) 1.0 (.03-17.0) 1.72 (.05-15.6) 3.51 (.05-43.03) 106 (26%) 34 (8%) 232 (56%) 42 (10%)

PR indicates partial response; NR, no response.
* No significant difference in number of UDLI among the patients with disease status (P = .937) and treated by combination therapy (P = .412).
† No significant difference in doses of infused CD3+ cells among the patients with disease status (P = .051), and treated by combination therapy (P = 1.00).

Table 3
Outcome at 100 Days after UDLI in Each Disease

Response after UDLI AML (n = 184) MDS (n = 69) ALL (n = 57) CML (n = 36) Lymphoma (n = 38) ATLL (n = 18) MM (n = 12) Total (n = 414)

CR 32 (17%) 21 (30%) 17 (30%) 21 (58%) 8 (21%) 4 (22%) 3 (25%) 106 (26%)
PR 12 (7%) 0 13 (23%) 2 (6%) 4 (10%) 2 (11%) 1 (8%) 34 (8%)
NR 105 (57%) 44 (64%) 24 (42%) 13 (36%) 26 (68%) 11 (61%) 8 (67%) 232 (56%)
NE 35 4 3 0 0 1 0 42 (10%)
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(n = 13), and other reasons (n = 6) (Table 4). When reana-
lyzed according to disease status, 61 of 65 patients (94%) with
cytogenetic/molecular relapse and 186 of 349 (53%) with he-
matological relapse were alive at 100 days after UDLI (P < .001)
(Table 4). No significant difference in the survival rate at day
100 was observed between UDLI alone or combined use of
chemotherapeutic and/or molecular-targeted agents in pa-
tients with cytogenetic/molecular relapse (P = .154) or
hematological relapse (P = .656).

Data regarding the incidence and severity of GVHD after
UDLI were available in 399 patients (Table 5). Of these, 67%

patients had no evidence of GVHD, whereas grades I, II, III,
and IV GVHD were documented in 7%, 10%, 6%, 6%, respec-
tively. The occurrence of GVHD after UDLI was closely
associated with complete response (P = .024) but not with sur-
vival at day 100 (P = .678). We further evaluated the
association between GVHD severity and response to UDLI. Uni-
variate analysis demonstrated the improved responses to UDLI
in patients with grade I or II GVHD versus no evidence of
GVHD (P = .033) and comparable responses in patients with
grade III or IV GVHD versus no evidence of GVHD (P = .134)
(Table 6). No significant difference in the CR rate was ob-
served between patients with grade I or II and grade III or
IV GVHD (P = .843).

Factors Affecting Response at 100 Days after UDLI
In a univariate analysis of factors associated with re-

sponse at day 100 after UDLI, molecular/cytogenetic (low
tumor burden) relapse, longer interval from BMT to UDLI, oc-
currence of GVHD, grade I or II GVHD after UDLI, and CML
were significantly associated with complete response (Table 6).
In contrast, patients’ age, sex match of donor and recipient,
year of BMT, GVHD after BMT, DLI-combined chemotherapy
and/or molecular-targeted therapy, number of UDLI, and

Table 4
Mortality on 100 Days after UDLI

Disease Status at UDLI* Alive Death

Progressive Disease Therapy-Related

GVHD Infection MOF Others

Molecular/cytogenetic relapse† 65 61 (94%)
DLI alone 40 36 (90%) 1 (3%) 0 3 (8%) 0 0
Combination with UDLI 25 25 (100%) 0 0 0 0 0

Hematological relapse† 349 186 (53%)
DLI alone 108 63 (58%) 28 (26%) 6 (6%) 4 (4%) 4 (4%) 3 (3%)
Combination with UDLI 241 123 (51%) 81 (34%) 6 (2%) 19 (8%) 9 (4%) 3 (1%)

Total 414 247 (60%) 110 (26%) 12 (3%) 26 (6%) 13 (3%) 6 (1%)

MOF indicates multiple organ failure.
* Significant difference in day100 survival rate among the patients with molecular/cytogenetic relapse and hematological relapse (P < .001).
† No significant difference in day100 survival rate in the patients treated by UDLI alone or combination therapy in molecular/cytogenetic relapse (P = .154)

and hematological relapse (P = .656).

Table 5
GVHD after UDLI

GVHD* n Response after UDLI

CR PR NR NE

None 276 (67%) 64 (23%) 16 (6%) 173 (63%) 23
Grade I 29 (7%) 8 (28%) 5 (17%) 13 (45%) 3
Grade II 41 (10%) 17 (41%) 4 (10%) 16 (39%) 4
Grade III 27 (6%) 8 (30%) 5 (18%) 12 (44%) 2
Grade IV 26 (6%) 9 (38%) 4 (15%) 9 (35%) 4
NE 15 9 6
Total 414 106 (26%) 34 (8%) 232 (56%) 42 (10%)

* Occurrence of GVHD was significantly associated with CR (P = .017).

Table 6
Univariate and Multivariate Analysis of Risk Factors for Complete Response

Predictors Univariate P Multivariate P

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

Patient age .999 (.986-1.01) .821
Sex mismatch 1.00 (.625-1.61) .992
Year of UD-BMT 1.26 (.798-1.98) .323

<2007 versus >2007
Disease status at relapse .168 (.0931-.304) <.001 .190 (.0934-.429) <.001
Molecular/cytogenetic versus hematological relapse
Interval, BMT to relapse .999 (.999-1.00) .067
Interval, BMT to UDLI .999 (.999-1.00) .021 .999 (.999-1.00) .062
Acute GVHD after BMT 1.52 (.963-2.39) .072
Chronic GVHD after BMT .991 (.573-1.72) .975
Occurrence of GVHD after UDLI .576 (0357-.930) .024 .543 (.319-.922) .024
Severity of GVHD after UDLI

Grade I-II versus none .534 (.300-.951) .033 .527 (.236-1.180) .118
Grade III-IV versus none .604 (.312-1.170) .134

DLI alone versus DLI + chemotherapy .792 (.498-1.26) .326
No. of the first infused CD3+ cells .948 (.869-1.03) .226
Total no. of infused CD3+ cells 1.030 (.996-1.09) .407
No. of UDLI infusions 1.020 (.757-1.370) .903
UDLI for CML versus other diseases 4.130 (2.04-8.32) <.001 4.980 (1.540-16.100) .007

Bold italic type indicates statistical significance.
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UDLI were available in 399 patients (Table 5). Of these, 67%
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tively. The occurrence of GVHD after UDLI was closely
associated with complete response (P = .024) but not with sur-
vival at day 100 (P = .678). We further evaluated the
association between GVHD severity and response to UDLI. Uni-
variate analysis demonstrated the improved responses to UDLI
in patients with grade I or II GVHD versus no evidence of
GVHD (P = .033) and comparable responses in patients with
grade III or IV GVHD versus no evidence of GVHD (P = .134)
(Table 6). No significant difference in the CR rate was ob-
served between patients with grade I or II and grade III or
IV GVHD (P = .843).

Factors Affecting Response at 100 Days after UDLI
In a univariate analysis of factors associated with re-

sponse at day 100 after UDLI, molecular/cytogenetic (low
tumor burden) relapse, longer interval from BMT to UDLI, oc-
currence of GVHD, grade I or II GVHD after UDLI, and CML
were significantly associated with complete response (Table 6).
In contrast, patients’ age, sex match of donor and recipient,
year of BMT, GVHD after BMT, DLI-combined chemotherapy
and/or molecular-targeted therapy, number of UDLI, and

Table 4
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DLI alone 40 36 (90%) 1 (3%) 0 3 (8%) 0 0
Combination with UDLI 25 25 (100%) 0 0 0 0 0

Hematological relapse† 349 186 (53%)
DLI alone 108 63 (58%) 28 (26%) 6 (6%) 4 (4%) 4 (4%) 3 (3%)
Combination with UDLI 241 123 (51%) 81 (34%) 6 (2%) 19 (8%) 9 (4%) 3 (1%)

Total 414 247 (60%) 110 (26%) 12 (3%) 26 (6%) 13 (3%) 6 (1%)
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(n = 13), and other reasons (n = 6) (Table 4). When reana-
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and IV GVHD were documented in 7%, 10%, 6%, 6%, respec-
tively. The occurrence of GVHD after UDLI was closely
associated with complete response (P = .024) but not with sur-
vival at day 100 (P = .678). We further evaluated the
association between GVHD severity and response to UDLI. Uni-
variate analysis demonstrated the improved responses to UDLI
in patients with grade I or II GVHD versus no evidence of
GVHD (P = .033) and comparable responses in patients with
grade III or IV GVHD versus no evidence of GVHD (P = .134)
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Table 4
Mortality on 100 Days after UDLI
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MOF indicates multiple organ failure.
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† No significant difference in day100 survival rate in the patients treated by UDLI alone or combination therapy in molecular/cytogenetic relapse (P = .154)

and hematological relapse (P = .656).
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Chronic GVHD after BMT .991 (.573-1.72) .975
Occurrence of GVHD after UDLI .576 (0357-.930) .024 .543 (.319-.922) .024
Severity of GVHD after UDLI

Grade I-II versus none .534 (.300-.951) .033 .527 (.236-1.180) .118
Grade III-IV versus none .604 (.312-1.170) .134

DLI alone versus DLI + chemotherapy .792 (.498-1.26) .326
No. of the first infused CD3+ cells .948 (.869-1.03) .226
Total no. of infused CD3+ cells 1.030 (.996-1.09) .407
No. of UDLI infusions 1.020 (.757-1.370) .903
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Strategies for relapse prevention after allogeneic transplantation in acute leukaemia

are warranted. A registry-based matched-pair analysis evaluated the efficacy of pro-

phylactic donor lymphocyte infusion (proDLI). Adults receiving proDLI in com-

plete remission (CR) and controls were pair-matched for age, diagnosis,

cytogenetics, stage, donor, gender, conditioning and T-cell depletion. Eighty-nine

pairs were identified (median follow-up: 6.9 years). Within the entire cohort, no

difference was observed. However, among patients with high-risk acute myeloid leu-

kaemia (AML) (unfavourable cytogenetics and/or transplanted beyond first CR),

proDLI recipients had improved overall survival (69.8% vs. 40.2% in controls,

P = 0.027). ProDLI has moderate efficacy, but can contribute to improved outcome

in high-risk AML.
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one of the largest transplant registries worldwide, the num-

bers remained small. This was due to the strict inclusion cri-

teria, requiring complete information on MRD, chimerism

and all variables used for matching. However, considering

the many different factors influencing outcome after SCT,

such a strictly defined approach seemed mandatory. Cer-

tainly, confirmation in a larger cohort or a prospective trial

is warranted.
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Fig 1. Five-year outcome of pair-matched cohorts who did or did not receive prophylactic DLI (proDLI) in complete haematological remission –
Subgroup analysis among patients with high-risk acute myeloid leukaemia. (A) Cumulative incidence of relapse (controls: 46.1% [95% CI: 23.8–
65.9], proDLI recipients: 30.5% [95% CI: 14.1–48.7] (B) Cumulative incidence of non-relapse mortality (NRM) (controls: 18.6% [95% CI:
5.5–37.8], proDLI recipients: 7.4% [95% CI: 1.2–21.4] (C) Leukaemiafree survival (controls: 35.3% [95% CI: 14.9–55.8], proDLI recipients:
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Helsinki. Genomic DNA was isolated from whole blood, and exon
10 was amplified in standard polymerase chain reaction (PCR)
conditions. The primer sequences used for PCR were the same as
those used by Krijanovski et al.1 DNA sequences were determined
on an ABI 3130 ! 1 Genetic Analyzer (Applied Biosystems,
Foster City, CA). A single cytidine nucleotide insertion was found
at nucleotide position 1217 (Figure 1B).6 There were 4 consecutive
cytidine nucleotides before the insertion of an extra cytidine. This
insertion resulted in a frameshift in codon 406, and a premature
stop signal (TGA) was generated at codon 415. We next examined
the proband’s family members and found that her parents and
brother were heterozygous for this mutation (Figure 1B). These
results indicate that a cytidine nucleotide insertion found in the
proband is responsible for the isolated HK deficiency inherited in
this family.

In conclusion, we identified a novel frameshift mutation in exon
10 of the kininogen gene in a Japanese family with isolated HK
deficiency.
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To the editor:

Donor lymphocyte infusions for the treatment of minimal residual disease in acute leukemia

Hematologic relapse after an allogeneic hemopoietic stem cell
transplantation (HSCT) in patients with acute leukemia is associ-
ated with a poor outcome, despite further cell therapy in the form of
donor lymphocyte infusions (DLIs).1 This has been taken as
evidence that acute leukemia is less sensitive to the so-called
graft-versus-leukemia (GVL) effect, especially if compared with
chronic myeloid leukemia (CML), in which DLI alone can induce
durable long-term molecular remissions.2 However, several reports
suggest a strong protection exerted by chronic graft-versus-host
disease (GVHD) in acute lymphoid leukemia (ALL) and acute
myeloid leukemia (AML),3,4 and low-dose immunosuppression in
the first days after transplantation also reduces the risk of relapse.5,6

Perhaps DLI would be effective in patients with ALL and AML if
given when the tumor burden is low. Attempts to monitor
minimal residual disease (MRD) in acute leukemia after HSCT
have been reported and seem to predict hematologic relapse.7,8

Some of these patients were given immune intervention to
prevent hematologic relapse.9

In this study we wished to assess (1) the predictive value of MRD on
hematologic relapse after transplantation in patients withAML/ALLand

(2) whether cellular therapy with DLI would protect against leukemia
relapse. We studied 80 patients with ALL (n " 44) or AML (n " 36)
undergoing an allogeneic HSCT. MRD was evaluated monthly on bone
marrow samples using a qualitative nested polymerase chain reaction
(PCR) for IgH VDJ, as previously described,10 and T-cell receptor
(TCR) gene rearrangement for T-ALL. Real-time PCR for Wilms tumor
1 (WT1) expression was used in AML.11 MRD was considered positive
in AML when WT1 copy numbers every 104 copies of Abl were more
than 180. Molecular positivity was defined as a positive PCR assay in
the presence of a marrow sample in hematologic remission (blast count
less than 5%).

The cumulative incidence of MRD positivity was 45%, with a
median interval from transplantation to first MRD positivity of 120
days, and from transplantation to hematologic relapse of 203 days.
Hematologic relapse was significantly higher in MRD# patients
(36%) compared with MRD$ patients (16%; P " .03). Patients
were analyzed according to whether they were always MRD$

(n " 44), MRD# receiving DLI (MRD#DLI#; n " 17) or MRD#

not receiving DLI (MRD#DLI$; n " 19). Reasons for not giving
DLI were presence or development of GVHD after cessation of

Figure 1. Actuarial survival and cumulative incidence of
leukemia relapse in patients with acute leukemia undergoing
an allogeneic stem cell transplantation. The patients are
divided into 3 groups: MRD#DLI#, n " 17 (patients with positive
minimal residual disease, receiving donor lymphocyte infusion);
MRD–, n " 44 (patients with negative MRD); and MRD#DLI–, n "
19 (patients with positive MRD who did not receive DLI). The
actuarial survival of MRD#DLI# patients is comparable to the
actuarial survival of MRD– patients, due to a low risk of relapse in
both groups. Survival of MRD#DLI– patients is significantly worse,
due to a higher risk of leukemia relapse in this group (P % .001).
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Helsinki. Genomic DNA was isolated from whole blood, and exon
10 was amplified in standard polymerase chain reaction (PCR)
conditions. The primer sequences used for PCR were the same as
those used by Krijanovski et al.1 DNA sequences were determined
on an ABI 3130 ! 1 Genetic Analyzer (Applied Biosystems,
Foster City, CA). A single cytidine nucleotide insertion was found
at nucleotide position 1217 (Figure 1B).6 There were 4 consecutive
cytidine nucleotides before the insertion of an extra cytidine. This
insertion resulted in a frameshift in codon 406, and a premature
stop signal (TGA) was generated at codon 415. We next examined
the proband’s family members and found that her parents and
brother were heterozygous for this mutation (Figure 1B). These
results indicate that a cytidine nucleotide insertion found in the
proband is responsible for the isolated HK deficiency inherited in
this family.

In conclusion, we identified a novel frameshift mutation in exon
10 of the kininogen gene in a Japanese family with isolated HK
deficiency.
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To the editor:

Donor lymphocyte infusions for the treatment of minimal residual disease in acute leukemia

Hematologic relapse after an allogeneic hemopoietic stem cell
transplantation (HSCT) in patients with acute leukemia is associ-
ated with a poor outcome, despite further cell therapy in the form of
donor lymphocyte infusions (DLIs).1 This has been taken as
evidence that acute leukemia is less sensitive to the so-called
graft-versus-leukemia (GVL) effect, especially if compared with
chronic myeloid leukemia (CML), in which DLI alone can induce
durable long-term molecular remissions.2 However, several reports
suggest a strong protection exerted by chronic graft-versus-host
disease (GVHD) in acute lymphoid leukemia (ALL) and acute
myeloid leukemia (AML),3,4 and low-dose immunosuppression in
the first days after transplantation also reduces the risk of relapse.5,6

Perhaps DLI would be effective in patients with ALL and AML if
given when the tumor burden is low. Attempts to monitor
minimal residual disease (MRD) in acute leukemia after HSCT
have been reported and seem to predict hematologic relapse.7,8

Some of these patients were given immune intervention to
prevent hematologic relapse.9

In this study we wished to assess (1) the predictive value of MRD on
hematologic relapse after transplantation in patients withAML/ALLand

(2) whether cellular therapy with DLI would protect against leukemia
relapse. We studied 80 patients with ALL (n " 44) or AML (n " 36)
undergoing an allogeneic HSCT. MRD was evaluated monthly on bone
marrow samples using a qualitative nested polymerase chain reaction
(PCR) for IgH VDJ, as previously described,10 and T-cell receptor
(TCR) gene rearrangement for T-ALL. Real-time PCR for Wilms tumor
1 (WT1) expression was used in AML.11 MRD was considered positive
in AML when WT1 copy numbers every 104 copies of Abl were more
than 180. Molecular positivity was defined as a positive PCR assay in
the presence of a marrow sample in hematologic remission (blast count
less than 5%).

The cumulative incidence of MRD positivity was 45%, with a
median interval from transplantation to first MRD positivity of 120
days, and from transplantation to hematologic relapse of 203 days.
Hematologic relapse was significantly higher in MRD# patients
(36%) compared with MRD$ patients (16%; P " .03). Patients
were analyzed according to whether they were always MRD$

(n " 44), MRD# receiving DLI (MRD#DLI#; n " 17) or MRD#

not receiving DLI (MRD#DLI$; n " 19). Reasons for not giving
DLI were presence or development of GVHD after cessation of

Figure 1. Actuarial survival and cumulative incidence of
leukemia relapse in patients with acute leukemia undergoing
an allogeneic stem cell transplantation. The patients are
divided into 3 groups: MRD#DLI#, n " 17 (patients with positive
minimal residual disease, receiving donor lymphocyte infusion);
MRD–, n " 44 (patients with negative MRD); and MRD#DLI–, n "
19 (patients with positive MRD who did not receive DLI). The
actuarial survival of MRD#DLI# patients is comparable to the
actuarial survival of MRD– patients, due to a low risk of relapse in
both groups. Survival of MRD#DLI– patients is significantly worse,
due to a higher risk of leukemia relapse in this group (P % .001).
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Helsinki. Genomic DNA was isolated from whole blood, and exon
10 was amplified in standard polymerase chain reaction (PCR)
conditions. The primer sequences used for PCR were the same as
those used by Krijanovski et al.1 DNA sequences were determined
on an ABI 3130 ! 1 Genetic Analyzer (Applied Biosystems,
Foster City, CA). A single cytidine nucleotide insertion was found
at nucleotide position 1217 (Figure 1B).6 There were 4 consecutive
cytidine nucleotides before the insertion of an extra cytidine. This
insertion resulted in a frameshift in codon 406, and a premature
stop signal (TGA) was generated at codon 415. We next examined
the proband’s family members and found that her parents and
brother were heterozygous for this mutation (Figure 1B). These
results indicate that a cytidine nucleotide insertion found in the
proband is responsible for the isolated HK deficiency inherited in
this family.

In conclusion, we identified a novel frameshift mutation in exon
10 of the kininogen gene in a Japanese family with isolated HK
deficiency.
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To the editor:

Donor lymphocyte infusions for the treatment of minimal residual disease in acute leukemia

Hematologic relapse after an allogeneic hemopoietic stem cell
transplantation (HSCT) in patients with acute leukemia is associ-
ated with a poor outcome, despite further cell therapy in the form of
donor lymphocyte infusions (DLIs).1 This has been taken as
evidence that acute leukemia is less sensitive to the so-called
graft-versus-leukemia (GVL) effect, especially if compared with
chronic myeloid leukemia (CML), in which DLI alone can induce
durable long-term molecular remissions.2 However, several reports
suggest a strong protection exerted by chronic graft-versus-host
disease (GVHD) in acute lymphoid leukemia (ALL) and acute
myeloid leukemia (AML),3,4 and low-dose immunosuppression in
the first days after transplantation also reduces the risk of relapse.5,6

Perhaps DLI would be effective in patients with ALL and AML if
given when the tumor burden is low. Attempts to monitor
minimal residual disease (MRD) in acute leukemia after HSCT
have been reported and seem to predict hematologic relapse.7,8

Some of these patients were given immune intervention to
prevent hematologic relapse.9

In this study we wished to assess (1) the predictive value of MRD on
hematologic relapse after transplantation in patients withAML/ALLand

(2) whether cellular therapy with DLI would protect against leukemia
relapse. We studied 80 patients with ALL (n " 44) or AML (n " 36)
undergoing an allogeneic HSCT. MRD was evaluated monthly on bone
marrow samples using a qualitative nested polymerase chain reaction
(PCR) for IgH VDJ, as previously described,10 and T-cell receptor
(TCR) gene rearrangement for T-ALL. Real-time PCR for Wilms tumor
1 (WT1) expression was used in AML.11 MRD was considered positive
in AML when WT1 copy numbers every 104 copies of Abl were more
than 180. Molecular positivity was defined as a positive PCR assay in
the presence of a marrow sample in hematologic remission (blast count
less than 5%).

The cumulative incidence of MRD positivity was 45%, with a
median interval from transplantation to first MRD positivity of 120
days, and from transplantation to hematologic relapse of 203 days.
Hematologic relapse was significantly higher in MRD# patients
(36%) compared with MRD$ patients (16%; P " .03). Patients
were analyzed according to whether they were always MRD$

(n " 44), MRD# receiving DLI (MRD#DLI#; n " 17) or MRD#

not receiving DLI (MRD#DLI$; n " 19). Reasons for not giving
DLI were presence or development of GVHD after cessation of

Figure 1. Actuarial survival and cumulative incidence of
leukemia relapse in patients with acute leukemia undergoing
an allogeneic stem cell transplantation. The patients are
divided into 3 groups: MRD#DLI#, n " 17 (patients with positive
minimal residual disease, receiving donor lymphocyte infusion);
MRD–, n " 44 (patients with negative MRD); and MRD#DLI–, n "
19 (patients with positive MRD who did not receive DLI). The
actuarial survival of MRD#DLI# patients is comparable to the
actuarial survival of MRD– patients, due to a low risk of relapse in
both groups. Survival of MRD#DLI– patients is significantly worse,
due to a higher risk of leukemia relapse in this group (P % .001).
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immunosuppressive therapy (n ! 7), donor unavailable (n ! 8),
early relapse (n ! 2), or other (n ! 2). Hematologic relapse was
16% in MRD" patients, 6% in MRD#DLI# patients, and 63% in
MRD#DLI" patients (P $ .001; Figure 1); the actuarial 3-year
survival in these 3 groups was 78%, 80%, and 26%, respectively
(P ! .001; Figure 1). Mortality due to acute GVHD following DLI
was 12%. In multivariate Cox analysis, the MRD group predicted
relapse (P $ .001) and survival (P ! .01), together with disease
phase and chronic GVHD. In MRD# patients, DLI protected
against relapse (P ! .003) and improved survival (P ! .01).

In conclusion, we confirm that MRD detected after transplan-
tation is a significant predictor of relapse. Treatment of MRD
with DLIs appears to protect against leukemia relapse, although
caution with DLI dosing needs to be used because of the
potential risk of GVHD.
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To the editor:

Killer cell Ig-like receptors CD158a and CD158b display a coactivatory function, involving the
c-Jun NH2-terminal protein kinase signaling pathway, when expressed on malignant CD4!

T cells from a patient with Sézary syndrome

Sézary syndrome (SS) is an aggressive leukemic and erythrodermic
variant of cutaneous T-cell lymphomas characterized by the
presence of a clonal T-lymphocyte population in the skin, lymph
nodes, and peripheral blood.1 We recently identified KIR3DL2/
CD158k as the first cell-specific marker for the evaluation of the
circulating tumoral burden and for the follow-up of patients with
SS.2-4 We next investigated the expression of additional killer cell
Ig-like receptors (KIRs) on the peripheral blood mononuclear cells
(PBMCs) of patients with SS and detected the simultaneous
expression of CD158a and CD158b on all malignant cells from a
unique patient (P1; Figure 1A, left panel).

To study the relevance of CD158a and CD158b expression by P1
malignant cells, a long-term cell line was generated. The identity of the
in vitro–derived clone with the circulating tumoral clone was assessed
by characterizing the CDR3-size V% distribution and the T-cell receptor
(TCR) V%/J% junction (Figure 1B). Cell immunolabeling indicated that
the derived T-cell line corresponded to the major TCR-V%8#CD158k#

circulating clone, and similarly expressed CD158a and CD158b (Figure
1A, right panel).

The influence of KIRs on the proliferation of a control
CD4#CD158b# T-cell line and P1 cells was evaluated. On control T
cells, CD158b engagement led to a dramatic inhibition of their
CD3-induced proliferation. In contrast, coligation of CD3 and CD158a
or CD158b on the P1 cell line or on PBMCs resulted in an increased
proliferation when compared with CD3 triggering alone (Figure 1C).

Further expression analysis demonstrated that both CD158a and
CD158b were expressed under their inhibitory (KIR-L) and
activating (KIR-S) isoforms in P1 cells, while only CD158b KIR-L
was found on normal CD4#CD158b# T cells (Figure 1D). It has
been established that inhibitory KIRs exerted their activity, when
phosphorylated, through an interaction with a protein tyrosine
phosphatase.5 We observed that CD158b became efficiently tyrosine-
phosphorylated in activated normal CD4#CD158b# T cells, and
consequently interacted with SHP-1. In contrast, no tyrosine-
phosphorylated CD158a or CD158b, nor coprecipitated SHP-1,
were detected in activated patient cells (Figure 2D). Note that equal
levels of each isoform were recovered regardless of the cell
activation status (Figure 1D, top panel). Thus, no inhibitory
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A B S T R A C T

Purpose
To evaluate the role of a second allogeneic hematopoietic stem-cell transplantation (HSCT2) given
for relapsed acute leukemia (AL) after related or unrelated first hematopoietic stem-cell transplan-
tation (HSCT1) and to analyze the role of donor change for HSCT2 in both settings.

Patients and Methods
We performed a retrospective registry study on 179 HSCT2s given for relapse after HSCT1 from
matched related donors (n ! 75) or unrelated donors (n ! 104), using identical or alternative
donors for HSCT2. Separate analyses were performed according to donor at HSCT1.

Results
Independent of donor, 74% of patients achieved complete remission after HSCT2, and half of
these patients experienced relapse again. Overall survival (OS) at 2 years was 25% " 4%
(39% " 7% after related HSCT2; 19% " 4% after unrelated HSCT2). Long-term survivors
were observed even after two unrelated HSCT2s. Multivariate analysis for OS from HSCT2
confirmed established risk factors (remission duration after HSCT1: hazard ratio [HR], 2.37;
95% CI, 1.61 to 3.46; P # .001; stage at HSCT2: HR, 0.53; 95% CI, 0.34 to 0.83; P ! .006).
Outcome of HSCT2 was better after related HSCT1 than after unrelated HSCT1 (2-year OS:
37% " 6% v 16% " 4%, respectively; HR, 0.68; 95% CI, 0.47 to 0.98; P ! .042, multivariate
Cox regression). After both related and unrelated HSCT1, selecting a new donor for HSCT2 did
not result in a relevant improvement in OS compared with HSCT2 from the original donor;
however, donor change was not detrimental either.

Conclusion
After relapse from allogeneic HSCT1, HSCT2 can induce 2-year OS in approximately 25% of
patients. Unrelated HSCT2 is feasible after related and unrelated HSCT1. Donor change
for HSCT2 is a valid option. However, a clear advantage in terms of OS could not
be demonstrated.

J Clin Oncol 31:3259-3271. © 2013 by American Society of Clinical Oncology

INTRODUCTION

The outcome of patients with acute leukemia (AL)
after experiencing relapse after allogeneic hemato-
poietic stem-cell transplantation (HSCT) is poor.
No standard treatment is available.1 In addition to
chemotherapy and donor lymphocyte infusions
(DLIs),2-8 second HSCT (HSCT2) is a frequently
used strategy.9-26 Several retrospective studies have
reported 10% to 30% 5-year overall survival (OS)

rates.10,14-16,21 However, these studies were per-
formed mainly in the matched related donor
(MRD) setting and focused on HSCT2 from the
same donor.15,16,19-22,24,27 Recently, improved HLA
typing and growth of donor registries have increased
the availability of unrelated donors (URDs). Fur-
thermore, the introduction of reduced-intensity
conditioning (RIC)28-31 has permitted HSCT in
elderly patients, who frequently lack an MRD.
Hence, unrelated transplantations are increasingly

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 31 ! NUMBER 26 ! SEPTEMBER 10 2013

© 2013 by American Society of Clinical Oncology 3259

Downloaded from ascopubs.org by 93.41.188.250 on November 8, 2022 from 093.041.188.250
Copyright © 2022 American Society of Clinical Oncology. All rights reserved. 



Independent of donor at HSCT1, OS was longer after related
versus unrelated HSCT2 (2-year OS ! SE: 39.5% ! 7.7% v 18.9% !
3.7%, respectively; HR, 1.56; 95% CI, 1.04 to 2.34; P " .03). Further
parameters associated with OS in univariate analysis were CR at
HSCT1 and HSCT2, male first donor, and remission duration after
HSCT1 (Appendix Table A1, online only). Unequally distributed vari-
ables, cytogenetics, HLA mismatch in URD, intensity of the condi-
tioning at both transplantations, TCD at HSCT2, and the European
Bone Marrow Transplantation Group risk score at HSCT2 had no
influence on OS. In general, donor change for HSCT2 slightly im-
proved OS from HSCT2 (median OS ! SEM: 214 ! 12 days v 136 !
24 days for no donor change; HR, 0.76; 95% CI, 0.544 to 1.067;
P " .114) as did the strategy to routinely look for a new donor (HR,
1.235; 95% CI, 0.962 to 1.584; P " .097, intent-to-treat analysis). In a
multivariate Cox model, remission ! 6 months after HSCT1 (HR,
2.37; 95% CI, 1.61 to 3.46; P # .001), CR at HSCT2 (HR, 0.53; 95% CI,
0.34 to 0.83; P" .006), and MRD at HSCT1 (HR, 0.68; 95% CI, 0.47 to
0.98; P" .042) led to better outcome. Median OS among patients with

both longer remission and CR at HSCT2 was 27.7 ! 6.2 months,
whereas patients with early relapse and active disease at HSCT2 had a
median OS of 2.6 ! 0.7 months (P # .001). No effect of donor change
was detected in the multivariate model (HR, 0.984; 95% CI, 0.668 to
1.449; P " .933). Data on risk factors for LAD and NRM in the entire
cohort are listed in Table 3 and Appendix Table A2 (online only).

Outcome and Risk Factors After HSCT2 in Patients
Receiving HSCT1 From an MRD

With a median follow-up time of 19.9 months (range, 1.4 to 114
months), median OS ! SEM and LFS ! SEM in this group were
207 ! 11 days (95% CI, 184 to 229 days) and 157 ! 32 days (95% CI,
95 to 219 days), respectively. Two-year OS ! SE and LFS ! SE rates
from HSCT2 were 37% ! 6% and 31% ! 6%, respectively. After
HSCT2, cumulative incidence of grade 2 to 4 acute GVHD by day 100
was 52%. Information on chronic GVHD was available in 48 of 53
patients alive at day 100. Limited and extensive chronic GVHD oc-
curred in 27% patients each.

In univariate analysis, remission after HSCT1 ! 6 months, no
DLI after HSCT1, CR at HSCT2, and a different MRD for HSCT2
were associated with superior OS from HSCT2. Donor change was not
associated with better outcome (HR, 0.80; 95% CI, 0.46 to 1.40;
P " .449), nor was the strategy to routinely use a new donor. However,
among patients receiving HSCT2 from a different MRD (n " 8),
estimated 2-year OS was 88%!12% (HR, 4.17; 95% CI, 1.01 to 17.18;
P " .048). None of these patients experienced NRM. In contrast, no
difference was found between OS after HSCT2 from the same MRD
and OS after HSCT2 from a new URD (2-year OS: 34% ! 8% v 28%
! 9%, respectively; HR, 1.02; 95% CI, 0.77 to 1.36; P " .891; Fig 3). In
the multivariate model, remission duration after HSCT1 (HR, 0.38;
95% CI, 0.19 to 0.77; P " .007) had the strongest influence on OS
(Table 3).

At last follow-up, 51 of 75 patients had died. Four-year cumula-
tive incidences of LAD and NRM were 48% (95% CI, 18% to 78%)
and 30% (95% CI, 11% to 42%), respectively. Univariate analysis of
cause-specific hazards is presented in Appendix Table A2. In multi-
variate analysis, remission less than 6 months was the most important
factor for LAD (HR, 3.54; 95% CI, 1.42 to 8.78; P " .006); CR at
HSCT2 was also relevant (HR, 0.30; 95% CI, 0.09 to 1.06; P " .062).
No outstanding risk factor for NRM was identified in this subgroup.

Outcome and Risk Factors After HSCT2 in Patients
Receiving HSCT1 From a URD

After a median follow-up time of survivors of 13.5 months
(range, 1 to 55.7 months), median OS ! SEM and LFS ! SEM in this
group were 141 ! 32 days (95% CI, 79 to 203 days) and 88 ! 13 days
(95% CI, 63 to 113 days), respectively. Two-year OS ! SE and LFS !
SE rates from HSCT2 were 16% ! 4% and 13% ! 4%, respectively.
After HSCT2, cumulative incidence of grade 2 to 4 acute GVHD by
day 100 was 54%. Information on chronic GVHD was available in 56
of 60 patients alive by day 100. Limited and extensive chronic GVHD
occurred in 20% and 30% of patients, respectively.

In univariate analysis (Append Table A1), CR at HSCT1 and
HSCT2, remission after HSCT1 more than 6 months, and change of
donor at HSCT2 were associated with superior OS. Estimated 2-year
OS was 11% ! 5% for identical URD compared with 20% ! 6% for
different URD (HR, 0.63; 95% CI, 0.41 to 0.97; P " .037; Fig 3). The
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25% ! 4% and 21% ! 3%, respectively, at 2 years from second hematopoietic
stem-cell transplantation (HSCT2).
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Fig 2. Overall survival from second hematopoietic stem-cell transplantation
(HSCT2) in patients after first hematopoietic stem-cell transplantation (HSCT1)
from matched related donor (MRD) and from unrelated donor (URD; hazard ratio,
1.53; 95% CI, 1.08 to 2.18; P " .016).
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Independent of donor at HSCT1, OS was longer after related
versus unrelated HSCT2 (2-year OS ! SE: 39.5% ! 7.7% v 18.9% !
3.7%, respectively; HR, 1.56; 95% CI, 1.04 to 2.34; P " .03). Further
parameters associated with OS in univariate analysis were CR at
HSCT1 and HSCT2, male first donor, and remission duration after
HSCT1 (Appendix Table A1, online only). Unequally distributed vari-
ables, cytogenetics, HLA mismatch in URD, intensity of the condi-
tioning at both transplantations, TCD at HSCT2, and the European
Bone Marrow Transplantation Group risk score at HSCT2 had no
influence on OS. In general, donor change for HSCT2 slightly im-
proved OS from HSCT2 (median OS ! SEM: 214 ! 12 days v 136 !
24 days for no donor change; HR, 0.76; 95% CI, 0.544 to 1.067;
P " .114) as did the strategy to routinely look for a new donor (HR,
1.235; 95% CI, 0.962 to 1.584; P " .097, intent-to-treat analysis). In a
multivariate Cox model, remission ! 6 months after HSCT1 (HR,
2.37; 95% CI, 1.61 to 3.46; P # .001), CR at HSCT2 (HR, 0.53; 95% CI,
0.34 to 0.83; P" .006), and MRD at HSCT1 (HR, 0.68; 95% CI, 0.47 to
0.98; P" .042) led to better outcome. Median OS among patients with

both longer remission and CR at HSCT2 was 27.7 ! 6.2 months,
whereas patients with early relapse and active disease at HSCT2 had a
median OS of 2.6 ! 0.7 months (P # .001). No effect of donor change
was detected in the multivariate model (HR, 0.984; 95% CI, 0.668 to
1.449; P " .933). Data on risk factors for LAD and NRM in the entire
cohort are listed in Table 3 and Appendix Table A2 (online only).

Outcome and Risk Factors After HSCT2 in Patients
Receiving HSCT1 From an MRD

With a median follow-up time of 19.9 months (range, 1.4 to 114
months), median OS ! SEM and LFS ! SEM in this group were
207 ! 11 days (95% CI, 184 to 229 days) and 157 ! 32 days (95% CI,
95 to 219 days), respectively. Two-year OS ! SE and LFS ! SE rates
from HSCT2 were 37% ! 6% and 31% ! 6%, respectively. After
HSCT2, cumulative incidence of grade 2 to 4 acute GVHD by day 100
was 52%. Information on chronic GVHD was available in 48 of 53
patients alive at day 100. Limited and extensive chronic GVHD oc-
curred in 27% patients each.

In univariate analysis, remission after HSCT1 ! 6 months, no
DLI after HSCT1, CR at HSCT2, and a different MRD for HSCT2
were associated with superior OS from HSCT2. Donor change was not
associated with better outcome (HR, 0.80; 95% CI, 0.46 to 1.40;
P " .449), nor was the strategy to routinely use a new donor. However,
among patients receiving HSCT2 from a different MRD (n " 8),
estimated 2-year OS was 88%!12% (HR, 4.17; 95% CI, 1.01 to 17.18;
P " .048). None of these patients experienced NRM. In contrast, no
difference was found between OS after HSCT2 from the same MRD
and OS after HSCT2 from a new URD (2-year OS: 34% ! 8% v 28%
! 9%, respectively; HR, 1.02; 95% CI, 0.77 to 1.36; P " .891; Fig 3). In
the multivariate model, remission duration after HSCT1 (HR, 0.38;
95% CI, 0.19 to 0.77; P " .007) had the strongest influence on OS
(Table 3).

At last follow-up, 51 of 75 patients had died. Four-year cumula-
tive incidences of LAD and NRM were 48% (95% CI, 18% to 78%)
and 30% (95% CI, 11% to 42%), respectively. Univariate analysis of
cause-specific hazards is presented in Appendix Table A2. In multi-
variate analysis, remission less than 6 months was the most important
factor for LAD (HR, 3.54; 95% CI, 1.42 to 8.78; P " .006); CR at
HSCT2 was also relevant (HR, 0.30; 95% CI, 0.09 to 1.06; P " .062).
No outstanding risk factor for NRM was identified in this subgroup.

Outcome and Risk Factors After HSCT2 in Patients
Receiving HSCT1 From a URD

After a median follow-up time of survivors of 13.5 months
(range, 1 to 55.7 months), median OS ! SEM and LFS ! SEM in this
group were 141 ! 32 days (95% CI, 79 to 203 days) and 88 ! 13 days
(95% CI, 63 to 113 days), respectively. Two-year OS ! SE and LFS !
SE rates from HSCT2 were 16% ! 4% and 13% ! 4%, respectively.
After HSCT2, cumulative incidence of grade 2 to 4 acute GVHD by
day 100 was 54%. Information on chronic GVHD was available in 56
of 60 patients alive by day 100. Limited and extensive chronic GVHD
occurred in 20% and 30% of patients, respectively.

In univariate analysis (Append Table A1), CR at HSCT1 and
HSCT2, remission after HSCT1 more than 6 months, and change of
donor at HSCT2 were associated with superior OS. Estimated 2-year
OS was 11% ! 5% for identical URD compared with 20% ! 6% for
different URD (HR, 0.63; 95% CI, 0.41 to 0.97; P " .037; Fig 3). The
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Fig 1. Probabilities of overall survival and leukemia-free survival for the entire
cohort (N " 179) were 31% ! 4% and 26% ! 4%, respectively, at 1 year and
25% ! 4% and 21% ! 3%, respectively, at 2 years from second hematopoietic
stem-cell transplantation (HSCT2).
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Fig 2. Overall survival from second hematopoietic stem-cell transplantation
(HSCT2) in patients after first hematopoietic stem-cell transplantation (HSCT1)
from matched related donor (MRD) and from unrelated donor (URD; hazard ratio,
1.53; 95% CI, 1.08 to 2.18; P " .016).
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strategy to use an alternative matched URD whenever possible (suc-
cessful in 78.1%) showed improved OS (HR, 1.396; 95% CI, 0.996 to
1.957; P ! .053). Advantage of donor change was limited to patients
without acute GVHD greater than grade 2 (HR, 0.50; 95% CI, 0.30 to
0.86; P ! .011) and chronic GVHD (HR, 0.50; 95% CI, 0.30 to 0.87;
P ! .013) after HSCT1, whereas no advantage was seen among pa-
tients with GVHD after HSCT1. Omitting TCD at HSCT2 was asso-
ciated with inferior OS (HR, 0.635; 95% CI, 0.346 to 1.012; P ! .059).
There was no difference between matched and one-antigen mis-
matched URD. Remission duration after HSCT1 (HR, 3.00; 95% CI,
1.26 to 3.48; P ! .004) and CR at HSCT2 (HR, 0.56; 95% CI, 0.31 to
1.01; P ! .054) influenced OS in multivariate analysis. Patients with
both remission more than 6 months and CR at HSCT2 achieved a
2-year OS of 36%. Change to another URD was not associated with OS
in this model (HR, 1.34; 95% CI, 0.82 to 2.18; P ! .245; Table 3).

At last follow-up, 85 of 104 patients had died. Four-year cumu-
lative incidences of LAD and NRM were 54% (95% CI, 41% to 67%)
and 35% (95% CI, 25% to 45%), respectively. LAD after HSCT2 was
influenced in both univariate and multivariate analysis by remission
duration after HSCT1 (HR, 2.41; 95% CI, 1.24 to 4.69; P ! .009) and
CR at HSCT2 (HR, 0.37; 95% CI, 0.16 to 0.86; P ! .02). Change to an
alternative URD showed no effect (HR, 1.35; 95% CI, 0.69 to 2.66;
P ! .38; Table 3, Appendix Table A2). Regarding NRM, male patient
and male first donor, chemotherapy or DLI before HSCT2, nonmy-
eloablative (NMA) conditioning or RIC at HSCT2, and change to an
alternative URD for HSCT2 were associated with reduced risk in
univariate analysis (Appendix Table A2). In multivariate analysis, HR
was decreased after NMA conditioning/RIC for HSCT2 (HR, 0.31;
95% CI, 0.12 to 0.76; P ! .01) and donor change (HR, 1.98; 95% CI,
0.94 to 4.16; P ! .072; Table 3).

DISCUSSION

The aims of this retrospective registry analysis were to provide data on
second allogeneic transplantation for AL relapse after unrelated
HSCT1 and to address the role of donor change for HSCT2, both after

related and unrelated HSCT1. Both strategies are increasingly used,
although available data are scarce.

Two-year OS from HSCT2 was 25% (39% after related HSCT2
and 19% after unrelated HSCT2). With respect to unrelated HSCT2,
the largest cohort reported so far, to our knowledge, was analyzed. In
contrast to published data,16,44 long-term survival was observed even
after two unrelated transplantations in selected patients, although
overall outcome was limited. Compared with the related setting, sur-
vival from HSCT2 was inferior among patients with a URD at HSCT1.
Although donor change was feasible both after related and unrelated
HSCT1, a clear advantage in terms of OS could not be demonstrated.

A precise definition of HSCT2, strict inclusion criteria, and an
extensive survey among centers ensured data quality. Nevertheless, the
retrospective nature of the study implies several limitations. First, as in
most registry analyses,22 the degree to which patient selection and
different strategies among centers concerning donor change imple-
ment a bias is unclear. Second, the reason for choice of the initial
management of relapse in individual patients could not be ascertained
retrospectively. Hence, we could not account for different strategies.
However, CR at HSCT2 was predictive for OS, possibly arguing for a
sufficiently intensive treatment before HSCT2.38 Third, large hetero-
geneity of conditioning for both HSCT1 and, particularly, HSCT2 was
observed, with more than 90 different regimens reported for the latter.
This clearly illustrates the dramatic lack of a standard treatment for
post-transplantation relapse. To minimize this bias, intensity of the
conditioning was classified as suggested.32 We observed a significant
decrease in NRM after NMA conditioning used for unrelated HSCT2
(HR, 0.31; 95% CI, 0.12 to 0.76), whereas OS from HSCT2 was not
influenced. In contrast, a previous report has shown increased OS
after RIC for HSCT2.24 Finally, the exact date of onset of acute and
chronic GVHD after HSCT2 was difficult to evaluate in a considerable
number of patients. Therefore, we had to restrict our analysis on the
role of acute GVHD to a landmark analysis among survivors at day
100, which showed no influence of acute GVHD on survival (Appen-
dix Tables A1 and A2). A landmark analysis among survivors at day
180 failed to show an advantage in OS for patients with chronic
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Fig 3. The role of donor at second hematopoietic stem-cell transplantation (HSCT2) was analyzed separately in cohorts with relapsed acute leukemia after related and
unrelated first allogeneic hematopoietic stem-cell transplantation (HSCT1). (A) After related HSCT1 (n ! 75), identical outcome was observed after using the same
matched related donor (MRD) or changing to an unrelated donor (URD) for HSCT2 (hazard ratio [HR], 1.02; 95% CI, 0.77 to 1.36; P ! .891). In contrast, overall survival
(OS) was superior in eight patients receiving HSCT2 from another MRD (HR, 4.17; 95% CI, 1.01 to 17.18; P ! .048). (B) After relapse from an unrelated HSCT1 (n !
104), change to another URD resulted in improved OS from HSCT2 compared with HSCT2 from the same URD (HR, 0.63; 95% CI, 0.41 to 0.97; P ! .037).
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Drug-Based Therapies

üDLI, second HSCT and chemotherapy achieve long-term outcomes in 
only 5% of cases

ü The best therapeutic potency is applied in the context of CR after 
transplant: MAINTENANCE

ü The optimal duration of maintenance therapies is unclear: 

- 12 months

- 24 months

üAre targeted maintenance therapies applied to all novel agents 
approved in AML (FLT3-inhibitors, BCL-2 inhibitor, IDH1/2 inhibitor)?
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Mutations in the gene encoding for the FMS-like tyrosine kinase 3 (FLT3) are present in about 
30% of adults with newly-diagnosed AML. Almost three quarters of these patients have so called 
internal tandem duplications (ITD), which are mostly located in the juxtra-membrane domain of the 
receptor and result in a duplication of between 3 and more than 100 amino acids. The remaining 25% 
of patients have a point mutation in the tyrosine kinase domain (TKD) of the receptor [32,87]. While 
FLT3-ITD mutations, in particular those with a high mutant-to-wildtype allelic ratio (≥0.51), confer 
an adverse prognosis, the prognostic impact of TKD mutations is uncertain [14,32,87]. Both mutations 
lead to a constitutive, ligand-independent activation of the FLT3 receptor which mediates a 
continuous proliferative stimulus on leukemic cells. Giving this pivotal role for the pathogenesis of 
AML and the relatively high frequency of FLT3 mutations small-molecule FLT3 inhibitors have been 
developed. The first-generation of these molecules such as Midostaurin, Sorafenib, and Lestaurtinib 
were rather multi-kinase inhibitors than specific FLT3 inhibitors. This property to additionally inhibit 
several other kinases may explain the limited efficacy when administered as single agent and some 
of the off-target effects of these substances, which may either be undesirable in terms of side effects 
but also of interest with regard to potential efficacy in FLT3 wildtype AML [88,89]. In a large, placebo-
controlled randomized phase-III trial Midostaurin was the first agent to show benefit with regard to 
overall survival which resulted in the approval of Midostaurin for first-line treatment (induction, 
consolidation and maintenance therapy) of patients with FLT3-mutated AML. In combination with 
conventional chemotherapy Midostaurin led to a 22% risk reduction for death and in particular those 
patients transplanted in first complete remission (CR1) seemed to benefit. Unfortunately, the role of 
Midostaurin as maintenance therapy after allo-SCT was not addressed in this trial and therefore 

Figure 2. Potential targets for prophylactic and therapeutic interventions after allogeneic stem
cell transplantation (allo-SCT) in patients with acute myeloid leukemia (AML). mFLT3-ITD
(mutant FMS-like tyrosine kinase 3-internal tandem duplication); mFLT3-TKD (mutant FMS-like
tyrosine kinase 3-tyrosine kinase domain); FL (FLT3 ligand); bcl2 (b-cell lymphoma 2); IDH1
(isocitrate dehydrogenase 1); IDH2 (isocitrate dehydrogenase 2); ↵KG (alpha ketoglutarate);
mIDH1 (mutant isocitrate dehydrogenase 1); mIDH2 (mutant isocitrate dehydrogenase 2); 2HG
(2-hydroxyglutarate)

11. FLT3 Inhibitors

Mutations in the gene encoding for the FMS-like tyrosine kinase 3 (FLT3) are present in about 30%
of adults with newly-diagnosed AML. Almost three quarters of these patients have so called internal
tandem duplications (ITD), which are mostly located in the juxtra-membrane domain of the receptor
and result in a duplication of between 3 and more than 100 amino acids. The remaining 25% of patients
have a point mutation in the tyrosine kinase domain (TKD) of the receptor [32,87]. While FLT3-ITD
mutations, in particular those with a high mutant-to-wildtype allelic ratio (�0.51), confer an adverse
prognosis, the prognostic impact of TKD mutations is uncertain [14,32,87]. Both mutations lead
to a constitutive, ligand-independent activation of the FLT3 receptor which mediates a continuous
proliferative stimulus on leukemic cells. Giving this pivotal role for the pathogenesis of AML and
the relatively high frequency of FLT3 mutations small-molecule FLT3 inhibitors have been developed.
The first-generation of these molecules such as Midostaurin, Sorafenib, and Lestaurtinib were rather
multi-kinase inhibitors than specific FLT3 inhibitors. This property to additionally inhibit several
other kinases may explain the limited efficacy when administered as single agent and some of the
off-target effects of these substances, which may either be undesirable in terms of side effects but also of
interest with regard to potential efficacy in FLT3 wildtype AML [88,89]. In a large, placebo-controlled
randomized phase-III trial Midostaurin was the first agent to show benefit with regard to overall
survival which resulted in the approval of Midostaurin for first-line treatment (induction, consolidation
and maintenance therapy) of patients with FLT3-mutated AML. In combination with conventional
chemotherapy Midostaurin led to a 22% risk reduction for death and in particular those patients
transplanted in first complete remission (CR1) seemed to benefit. Unfortunately, the role of Midostaurin
as maintenance therapy after allo-SCT was not addressed in this trial and therefore Midostaurin is only
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BACKGROUND: Recurrence is a major cause of treatment failure after allogeneic transplantation for acute myeloge-
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ule combination. METHODS: Forty-five high-risk patients were treated. Median age was 60 years; median number of
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ule combination. METHODS: Forty-five high-risk patients were treated. Median age was 60 years; median number of

comorbidities was 3; 67% were not in remission. By using a Bayesian adaptive method to determine the best dose/

schedule combination based on time to toxicity, the authors investigated combinations of 5 daily azacitidine doses,

8, 16, 24, 32, and 40 mg/m2, and 4 schedules: 1, 2, 3, or 4 cycles, each with 5 days of drug and 25 days of rest. Cycle

1 started on Day þ40. RESULTS: Reversible thrombocytopenia was the dose-limiting toxicity. The optimal combina-

tion was 32 mg/m2 given for 4 cycles. Median follow-up was 20.5 months. One-year event-free and overall survival

were 58% and 77%, justifying further studies to estimate long-term clinical benefit. No dose significantly affected

DNA global methylation. CONCLUSIONS: Azacitidine at 32 mg/m2 given for 5 days is safe and can be administered

after allogeneic transplant for at least 4 cycles to heavily pretreated AML/MDS patients. The trial also suggested that

this treatment may prolong event-free and overall survival, and that more cycles may be associated with greater

benefit. Cancer 2010;116:5420–31. VC 2010 American Cancer Society.
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Patients with acute myelogenous leukemia (AML) or advanced myelodysplastic syndrome (MDS) who fail to achieve
a complete remission (CR) or are otherwise refractory to therapy have a poor prognosis. Allogeneic hematopoietic stem
cell transplantation (HSCT) is frequently considered a salvage option for these patients, but disease recurrence and
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CR versus those with active disease (median of 27.2 vs
12 months; P¼ .05, log-rank test).

The fitted Bayesian model indicates that longer OS
was significantly associated with having fewer bone
marrow blasts, a smaller number of previous chemo-
therapies, fewer comorbidities, and more cycles of azaciti-
dine (posterior probability .95 of a beneficial effect)
(Table 3). There was no significant association between
azacitidine dose and OS. Similar results were noted in the
EFS model (Table 4).

Acute and Chronic GVHD
Grade 2-3 and grade 3 acute GVHD rates were 27% and
9%, respectively. Because most GVHD started before
azacitidine initiation, and patients who developed severe
GVHD earlier were excluded, these results should be
interpreted with caution.

Eighteen (37%) of 43 patients at risk developed
chronic GVHD. The probability of developing chronic
GVHD decreased significantly with the number of azaci-
tidine cycles, but was unaffected by dose (Table 5).

Figure 1. Kaplan-Meier estimates of overall survival (n ¼ 45) are shown for (A) all patients, (B) patients by cytogenetics risk
group, (C) patients by donor type, and (D) patients by remission status at the time of transplantation. There was no significant
difference noted among the subgroups for any of the 3 variables (log-rank P values of .55, .50, and .10, respectively). CI indicates
confidence interval; NA, not available; Cyto, cytogenetics; SIB, sibling; MUD, matched unrelated donor; CR, complete remission;
BMT, bone marrow transplantation.
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Key Points

• In this phase 3, open-
label, randomized trial,
azacitidine mainte-
nance did not improve
RFS after transplant in
high-risk AML/MDS.

•We believe that post-
transplant maintenance
strategy merits further
study to decrease the
risk of relapse in AML/
MDS patients.

This study investigated the efficacy and safety of azacitidine maintenance in the

posttransplant setting based on the encouraging phase 1/2 reports for azacitidine

maintenance in patients with acute myeloid leukemia/myelodysplastic syndrome (AML/

MDS). Between 2009 and 2017, a total of 187 patients aged 18 to 75 years were entered into

a randomized controlled study of posttransplant azacitidine if they were in complete

remission. Patients randomized to the treatment arm (n5 93) were scheduled to receive

azacitidine, given as 32mg/m2 per day subcutaneously for 5 days every 28 days for 12 cycles.

The control arm (n 5 94) had no intervention. Eighty-seven of the 93 patients started

azacitidine maintenance. The median number of cycles received was 4; a total of 29 patients

relapsed on study, and 23 patients withdrew from the study due to toxicity, patient’s

preference, or logistical reasons. Median relapse-free survival (RFS) was 2.07 years in the

azacitidine group vs 1.28 years in the control group (P 5 .43). There was also no significant

difference for overall survival, with a median of 2.52 years vs 2.56 years in the azacitidine

and control groups (P 5 .85), respectively. Multivariate Cox regression analysis revealed no

improvement in RFS or overall survival with the use of azacitidine as maintenance compared

with the control group (hazard ratios of 0.73 [95% confidence interval, 0.49-1.1; P 5 .14] and

0.84 [95% confidence interval, 0.55-1.29; P 5 .43]). This randomized trial with azacitidine

maintenance showed that a prospective trial in the posttransplant setting was feasible and

safe but challenging. Although RFS was comparable between the 2 arms, we believe the

strategy of maintenance therapy merits further study with a goal to reduce the risk of

relapse in patients with AML/MDS. This trial was registered at www.clinicaltrials.gov as

#NCT00887068.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) is a potentially curative treatment for patients
with myelodysplastic syndromes (MDS) or acute myeloid leukemia (AML). However, disease relapse
accounts for ;40% of treatment failures, with a preponderance of failures occurring in the first year
after HSCT despite the significant therapeutic advances in HSCT over the last decade.1-3

The administration of posttransplant “maintenance” therapy, with the ability to either augment a graft-
versus-leukemia effect or deliver direct antitumor activity after transplantation, represents a promising
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analyses were performed by using R version 3.4.3. All statistical
tests used a significance level of 5%. No adjustments for multiple
testing were made.

Results
From April 2009 through January 2017, total of 187 patients
were enrolled in the trial and randomized to a study arm. Reasons
for screening failures were not addressed prospectively until
February 2011. From February 2011 through April 2017, the
data of 561 screened patients were collected. The most
common reasons for nonenrollment, after failing eligibility (233 of
561 [41%]), were lack of interest of the patient, typically due to
concerns about receiving an additional year of chemotherapy
(129 of 561 [23%]), followed by concerns of the treating
physician (n 5 84/561 [15%]) (Table 1). There were 62 patients
who refused study entry but received azacitidine as maintenance
in the posttransplant setting, off the clinical trial, during the study
period.

Of 187 patients enrolled in the study, 93 were randomized to the
intervention arm with azacitidine maintenance, and 87 of these
started the first cycle of azacitidine. The remaining 94 patients
were randomized to the control arm and did not receive
maintenance treatment. Patient age, cytogenetic risk classifica-
tion, disease status at HSCT, donor type, hematopoietic stem
cell source, and conditioning intensity were well balanced
between the azacitidine and control arms. There were more
patients with a hematopoietic comorbidity index15 $4 in the
azacitidine arm compared with the control subjects (42.5% vs
21.3%) (Table 2).

The median time to enrollment in the trial was 54 days after
transplant, and median time to first cycle of azacitidine was 62 days
(range, 42-100 days). The median time to enrollment after the first

bone marrow biopsy confirming the disease status as CR after
transplant was 28 days (range, 7-69 days). A second cycle of
azacitidine was administered in 71 of 87 patients. The median time
between the first and second cycles was 28 days, as dictated by the
protocol. The median number of azacitidine treatment cycles was 4.
Twenty-four (27.6%) of the 87 patients completed the planned 12
cycles of azacitidine. A total of 63 patients were taken off the study
for the following reasons: disease relapse (n 5 29 [47%]), toxicity
(n5 11 [18%]), patient’s preference not to continue (n5 9 [15%]),
infection (n5 7 [11%]), logistical reasons (n5 5 [8%]), and GVHD
(n 5 2 [4%]).

Median RFS was not improved with azacitidine
maintenance compared with observation

Among the 80 patients who survived, the median follow-up was
4.6 years in the azacitidine arm and 4.06 years in the control
arm. Median RFS times were not significantly different be-
tween the groups: 2.07 years in the azacitidine arm and
1.28 years in the control arm (P5 .43) (Figure 2A). Comparative
analyses in different disease risk subgroups showed no benefit of
azacitidine maintenance after transplant (data not shown).
There was also no significant difference in OS, with a median of
2.52 vs 2.56 years in the azacitidine group (P = .85)
(Figure 2B) and control group (HR, 0.96; 95% CI, 0.65-1.4;
P 5 .85), respectively.

Cox regression analyses were performed both for RFS and OS.
The use of azacitidine as posttransplant maintenance improved
neither RFS nor OS compared with observation. The only significant
factor that improved RFS and OS was transplant in CR compared
with active disease (HR of 0.48 [95% CI, –0.3 to 0.75; P 5 .001]
and HR of 0.53 [95% CI, 0.33 to 0.84; P 5 .007], respectively)
(Table 3).
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Figure 2. Relapse free and overall survial. The use of subcutaneous 5-azacitidine as posttransplant maintenance strategy was not associated with improved relapse-free

survival (A) and overall survival (B) compared with observation arm.
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The study found no improvement in RFS despite the encouraging
results of phase 2 studies of hypomethylating agents (HMAs) as
a maintenance strategy after HSCT. We and others had previously
reported 57% to 58% event-free survival with subcutaneous
azacitidine maintenance in high-risk patients with AML/MDS.16

Other prospective phase 2 dose-finding studies with oral azaciti-
dine17 or subcutaneous decitabine18 also suggested improved
transplant outcomes. These observations were the basis for the
current study to be conducted with azacitidine.

We designed the study to improve median RFS. The goal was
to improve median RFS from 6 months to 9 months with the
pharmacologic intervention. However, the median RFS was sub-
stantially longer in this study than predicted at design. The control
arm had a median RFS of 1.28 years, and the median RFS with
azacitidine was 2.07 years. These observations are noteworthy that
the observed absolute improvement with azacitidine compared with
control subjects (2.07 years vs 1.28 years) was higher than the 3
months’ improvement we predicted at design. However, the
power to detect a statistically significant difference was lost due
to less-than-expected events observed in the control arm. We
need to compare our results in the control arm vs those of other
large trials on high-risk AML or MDS posttransplant patients to
be able to comprehend the observations. Retrospective studies
of AML patients with a complex karyotype or other adverse risk
cytogenetics showed a cumulative incidence of relapse as high
as 48% to 55% with a median RFS of ,1 year.19-21 High-risk
patients with MDS reportedly have poor transplant outcomes,
with 1-year RFS ,30%.22,23 A possible explanation for the
unexpectedly better outcomes observed in our control arm is the
eligibility criteria used for enrollment. We used classification
schemas available at the onset of the study in 2008, which
lacked many of the recently documented prognostic factors such
as pretransplant minimal residual disease assessment and
mutations detected by using next-generation sequencing.

This study has several limitations, the most important being
the slow accrual and failure of many azacitidine patients to

complete 12 cycles of planned treatment: 7.5 years were
needed to enroll 187 high-risk AML/MDS patients, and the study
was closed due to slow accrual. Approximately one-half of the
screened patients did not enroll due to concerns regarding the
commitment for 1 year of additional chemotherapy posttransplant.
With greater interest by the field in maintenance treatment
strategies, patients may be more willing to participate in future
studies. Failing eligibility criteria was another major reason of screen
failure (41%), highlighting the difficulty of enrollment into clinical
trials after HSCT due to multiple posttransplant complications. After
enrollment and initiation of azacitidine, only 24 (27.6%) of 87
patients received the 12 cycles of maintenance treatment as
planned, and the median number of treatment cycles was 4. The
major reason for early discontinuation was relapse in nearly one-half
of the patients, and 40% of patients withdrew from the study due
to toxicity, infections, patient’s preference, emotional fatigue,
or logistical reasons, highlighting the challenges in conducting
prolonged studies of posttransplant therapies in patients with multiple
coexisting medical and psychosocial issues. Most of the grade 3 or
higher AEs were related to reversible bone marrow suppression
without graft failure. As the initial randomized study of maintenance
therapy, patients and physicians may have been overly cautious
regarding continuing treatment.

The dose and schedule of azacitidine must be considered when
interpreting these results and the potential role of posttransplant
maintenance therapies for AML/MDS. Monotherapy with HMAs has
been reported to induce CR plus CR with incomplete count
recovery (CRi) of;15% to 30%, with a median OS of,12 months
in the older AML population.24,25 Similarly, in high-risk MDS,
azacitidine was associated with a CR rate of 7% to 17%. The
dose of azacitidine used in this study (32 mg/m2 subcutaneously
daily for 5 days) is substantially lower than the standard dose
used outside the transplant setting, owing to the limited
hematologic reserve of patients after hematopoietic transplan-
tation. It is possible that a higher dose or different schedule might
provide improved results.
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Figure 3. Relapse and transplant-related mortality incidences. In the randomized, prospective trial, subcutaneous 5-azacitidine did not lead to decreased risk of relapse
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may also prove superior to single agents for maintenance after
HST. The combination of azacitidine or decitabine with venetoclax
showed significantly better activity in the up-front treatment setting
of AML, compared with an HMA alone, with a CR/CRi rate of 71% to
74%.28,29 Indeed, we are investigating the safety and efficacy of
venetoclax with low-dose subcutaneous azacitidine in an
ongoing maintenance trial at our institution (ClinicalTrials.gov
identifier #NCT04128501).

In conclusion, this study provides the first prospective evidence
for the feasibility and safety of azacitidine maintenance after HSCT
in patients with AML and MDS. Although we failed to confirm the
efficacy of azacitidine with the applied dose and schedule, HMAs
have the potential to be an important part of the armamentarium
for myeloid malignancies to decrease risk of relapse after HSCT.
More importantly, despite encouraging previous phase 2 studies,
our study showed that monthly courses of single-agent azacitidine,
32 mg/m2 daily for 5 days, might not be enough to improve
transplant outcomes. This finding indicates the importance of
effectively conducting randomized trials of posttransplant mainte-
nance strategies to establish therapeutic benefit. These studies
need to incorporate consideration of all factors influencing the risk
of relapse, including recent cytogenetic, genomic, and measur-
able residual disease information. Only then can we improve our

capability to deliver practice‐changing, outcome-improving post-
transplant therapies.
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Table 4. Summary of grade 3, 4, and 5 AEs

AE

Azacitidine arm* Observation arm

Any grade (no. of events), n 5 302 Grade 3-5 (no. of events)† Any grade (no. of events, n 5 215 Grade 3-5 (no. of events)

Hematologic 143 58 5 5

Thrombocytopenia 119 29 1 1

Poor graft function 33 29 2 2

Nonhematologic 159 33 210 56

Infection 42 13 52 19

Gastrointestinal 41 0 44 12

Hepatic 17 9 19 5
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A B S T R A C T
Relapse is the main cause of treatment failure after allogeneic stem cell transplant (alloSCT) in acute myeloid leu-
kemia (AML) and myelodysplastic syndromes (MDS). Injectable azacitidine can improve post-transplant outcomes
but presents challenges with exposure and compliance. Oral CC-486 allows extended dosing to prolong azaciti-
dine activity. We investigated use of CC-486 maintenance therapy after alloSCT.
Adults with MDS or AML in morphologic complete remission at CC-486 initiation (42 to 84 days after alloSCT) were
included. Patients received 1 of 4 CC-486 dosing schedules per 28-day cycle for up to 12 cycles. Endpoints included
safety, pharmacokinetics, graft-versus-host disease (GVHD) incidence, relapse/progression rate, and survival.
Of 30 patients, 7 received CC-486 once daily for 7 days D28X Xper cycle (200 mg, n = 3; 300 mg, n = 4) and 23 for 14 days
D29X Xper cycle (150 mg, n = 4; 200 mg, n = 19 [expansion cohort]). Grades 3 to 4 adverse events were infrequent and
occurred with similar frequency across regimens. Standard concomitant medications did not alter CC-486 phar-
macokinetic parameters. Three patients (10%) experienced grade III acute GVHD and 9 experienced chronic
GVHD. Of 28 D30X Xevaluable patients, 6 (21%) relapsed or had progressive disease: 3 of 7 patients (43%) who had
received 7-day dosing and 3 of 23 (13%) who had received 14-day dosing. Transplant-related mortality was 3%. At
19 months of follow-up, median overall survival was not reached. Estimated 1-year survival D31X Xrates were 86% and
81% in the 7-day and 14-day dosing cohorts, respectively.
CC-486 maintenance was generally well tolerated, with low rates of relapse, disease progression, and GVHD.
CC-486 maintenance may permit epigenetic manipulation of the alloreactive response postallograft. Findings
require confirmation in randomized trials. (ClinicalTrials.gov NCT01835587.)

© 2018 American Society for Blood and Marrow Transplantation. This is an open access article under the CC BY-
NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION
Allogeneic stem cell transplantation (alloSCT) is a poten-

tially curative therapeutic option for patients with myelodys-
plastic syndromes (MDS) or acute myeloid leukemia (AML).
Disease relapse occurs in 35% to 45% of patients after alloSCT
and is the most frequent cause of treatment failure and mortal-
ity [1-4]. Moreover, relapse after alloSCT is associated with

poor prognosis despite salvage chemotherapy, donor lympho-
cyte infusions, and/or second transplants [4].

Duration of remission is a key determinant of patient out-
comes after alloSCT [5]. A longer interval from transplant to
relapse is associated with reduced risk of death [5]. Therefore,
maximizing the duration of remission is an important treat-
ment goal [6], and novel therapeutic strategies are needed to
provide long-term disease control and extend remission in the
post-transplant setting.

Acute and chronic graft-versus-host disease (GVHD) are
major causes of non-relapse mortality after alloSCT [7]. Post-
transplant maintenance therapy should be well tolerated, with
acceptable myelotoxicity and limited drug!drug interactions,

Financial Disclosure: See Acknowledgments on page 2023.
* Correspondence and reprint requests: Marcos de Lima, MD, University

Hospitals Seidman Cancer Center, 11100 Euclid Avenue, Cleveland, OH 44106.
E-mail address:Marcos.deLima@UHhospitals.org (M. de Lima).

https://doi.org/10.1016/j.bbmt.2018.06.016
1083-8791/© 2018 American Society for Blood and Marrow Transplantation. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Biol Blood Marrow Transplant 24 (2018) 2017!2024

Biology of Blood and
Marrow Transplantation
journal homepage: www.bbmt.org

Phase I/II Dose-Finding - Prospectic Study



generally mild presentation and low incidence of GVHD in this
study support the hypothesis that CC-486 maintenance may
permit epigenetic manipulation of the alloreactive response
after transplantation. Two mechanisms have been proposed by
which azacitidine is believed to induce tolerance and reduce
the risk of GVHD: conversion of alloreactive donor T cells
into suppressive regulatory T cells via hypomethylation of the
FOXP3 promoter and suppression of alloreactive T cell prolifer-
ation [12,15,16,32].

Once-daily CC-486 was generally well tolerated; the
MTD was not reached in this study, and there was no
meaningful difference in the frequency or severity of AEs
among dosing regimens. The most common TEAEs were
gastrointestinal and hematologic, consistent with previous
reports of low-dose s.c. azacitidine post-transplant and of

front-line CC-486 in MDS and AML [17,21]. Rate of discon-
tinuation due to TEAEs was low, with most discontinua-
tions due to MDS or AML relapse (20% of all patients).
Patients undergoing alloSCT are particularly vulnerable to
myelosuppression and other toxicities [33,34]. Rates of
hematologic TEAEs with CC-486 in this and other studies
are lower than those seen with injectable hypomethylating
agents [21,35-37]. Despite the pharmacokinetic testing pro-
tocol, investigators and patients may have been reluctant
to forego the patients’ prescribed concomitant medications
in the post-transplant setting. Nevertheless, these data,
albeit in a small patient sample, suggest a lack of significant
drug!drug interactions with CC-486 and standard concomi-
tant medications such as antibiotics or drugs to manage
gastrointestinal events.

Figure 2. OS from time of alloSCT.

Table 2
Most Common (!5% of All Patients) Grades 3-4 TEAEs

AE CC-486 200 mg QD
for 7 Days
(n = 3)

CC-486 300 mg QD
for 7 Days
(n = 4)

CC-486 150 mg QD
for 14 Days
(n = 4)

CC-486 200 mg QD
for 14 Days
(n = 19)

Total
(N = 30)

Patients with !1 gradeD3X X3-4 TEAE 2 (67) 3 (75) 3 (75) 14 (74) 22 (73)
Hematologic

Lymphopenia 0 0 3 (75) 3 (16) 6 (20)
Neutropenia 0 0 1 (25) 4 (21) 5 (17)
Anemia 0 0 1 (25) 3 (16) 4 (13)
Thrombocytopenia 1 (33) 0 0 2 (11) 3 (10)

gastrointestinal
Diarrhea 1 (33) 0 2 (50) 3 (16) 6 (20)
Vomiting 1 (33) 1 (25) 1 (25) 2 (11) 5 (17)
Nausea 1 (33) 0 0 3 (16) 4 (13)
GI GVHD* 0 0 0 3 (16) 3 (10)
Abdominal pain 0 0 0 2 (11) 2 (7)

Other
Device-related infection 0 1 (25) 1 (25) 0 2 (7)
Dehydration 0 0 1 (25) 1 (5) 2 (7)
Pneumonia 0 0 1 (25) 1 (5) 2 (7)

Values are n (%). GI indicates gastrointestinal.
* Acute or chronic.
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a b s t r a c t
To expand the current knowledge about azacitidine (Aza) and donor lymphocyte infusions (DLI) as salvage
therapy for relapse after allogeneic hematopoietic stem cell transplantation (allo-HSCT) and to identify
predictors for response and survival, we retrospectively analyzed data of 154 patients with acute myeloid
leukemia (AML, n ¼ 124), myelodysplastic (MDS, n ¼ 28), or myeloproliferative syndrome (n ¼ 2). All patients
received a median number of 4 courses of Aza (range, 4 to 14) and DLI were administered to 105 patients
(68%; median number of DLI, 2; range, 1 to 7). Complete and partial remission rates were 27% and 6%,
respectively, resulting in an overall response rate of 33%. Multivariate analysis identified molecular-only
relapse (hazard ratio [HR], 9.4; 95% confidence interval [CI], 2.0 to 43.5; P ¼ .004) and diagnosis of MDS
(HR, 4.1; 95% CI, 1.4 to 12.2; P ¼ .011) as predictors for complete remission. Overall survival (OS) at 2 years was
29% " 4%. Molecular-only relapse (HR, .14; 95% CI, .03 to .59; P ¼ .007), diagnosis of MDS (HR, .33; 95% CI, .16
to .67; P ¼ .002), and bone marrow blasts <13% (HR, .54; 95% CI, .32 to .91; P ¼ .021) were associated with
better OS. Accordingly, 2-year OS rate was higher in MDS patients (66% " 10%, P ¼ .001) and correlated with
disease burden in patients with AML. In summary, Aza and DLI is an effective and well-tolerated treatment
option for patients with relapse after allo-HSCT, in particular those with MDS or AML and low disease burden.
The latter finding emphasizes the importance of stringent disease monitoring and early intervention.

! 2015 American Society for Blood and Marrow Transplantation.

INTRODUCTION
In patients with acute myeloid leukemia (AML) or myelo-

dysplastic syndromes (MDS) undergoing allogeneic hemato-
poietic stem cell transplantation (allo-HSCT), relapse
represents themost common reason for treatment failure [1].
In this situation, no standard therapy is defined, but treatment
options generallyaim to reduce disease burdenand toenforce
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After a median follow-up of 13 months (range, 1 to 82
months) the 2-year OS rate was 29% ! 4% (Figure 1) and did
not differ between patients receiving first-line salvage ther-
apy with Aza and pretreated patients (Table S2, Figure S1). At
last follow-up, 53 patients were alive, whereas 101 patients
had died from underlying disease (n¼ 66), cytopenia-related
infections (n ¼ 24) or bleeding (n ¼ 4), mostly in the context
of active disease, GVHD (n ¼ 2), or other causes (n ¼ 5). A
total of 19 patients (12%) received a second allo-HSCT, which
was performed in all but 1, because of a failure of Aza and DLI.
The remaining patient initially achieved CR by Aza treat-
ment, which lasted for 76 months, and received a second
allo-HSCT at next relapse. Of those 19 patients receiving a
second allo-HSCT, 15 patients (79%) have died, whereas 4
patients are alive and free of disease 8 to 69 months later.

GVHD
During the interval from allo-HSCT until relapse, 59

patients (34%) suffered from acute GVHD (aGVHD) and 31
patients (20%) suffered from chronic GVHD (cGVHD). As a
consequence, 50 patients (32%) still received systemic
immunosuppression at relapse, which could be successfully
tapered in 46 patients. In 4 patients, a flare of the underlying

Figure 1. Overall survival (OS) after treatment with Aza and DLI in 154 pa-
tients. OS was 29% (!4%) at 2 years.

Table 3
Predictive Factors for CR in Patients Treated with Aza and DLI

Variable First-Line Aza (n ¼ 143) All Patients (n ¼ 154)

CR Rate P CR Rate P

% Univariate % Univariate Multivariate

Time from first transplantation to relapse
<185 d (median) 22 .2604 22 .2739 ND
>185 d 31 31

Type of relapse
Hematological 21 <.0001 21 <.0001 .004
Molecular 72 68

Diagnosis
MDS 42 .0664 41 .0702 .011
AML or MPS 23 23

Karyotype
Normal 26 .8498 25 .7169 ND
Abnormal 29 28

Karyotype
Noncomplex 24 .6728 24 .8371 ND
Complex 29 28

Karyotype
Nonmonosomal 27 .2615 26 .4599 ND
Monosomal* 44 40

Molecular/genetic risky

Low/intermediate 30 .5569 29 .5700 ND
High 24 24

BM blasts at relapse
<13% (median) 44 .0004 45 .0002 .099
>13% 15 15

PB blasts at relapse
Present 17 .0074 16 .0049 .380
Absent 42 41

WBC at relapse
<1 # 109/L 29 .7279 31 1.000 ND
>1 # 109/L 18 28

WBC at relapse
<3.5 # 109/L (median) 25 .4429 26 .7090 ND
>3.5 # 109/L 32 30

ND indicates not done.
Complex karyotype was defined as $3 abnormalities. Monosomal karyotype was defined as $2 autosomal monosomies or 1 single autosomal monosomy in
combination with at least 1 structural abnormality. Results from univariate analyses are shown for all patients (n¼ 154) as well as for those patients treated with
Aza as first-line therapy (n¼ 143.) Factors influencing response in univariate analysis with a P value<.10 were included into multivariate analysis. For variables
associated with achievement of CR, a multinominal logistic regression analysis was performed. Based on the availability of requested parameters, 111 patients
(72%) could be included into the calculation.

* Defined by [22].
y Defined by [18,20].
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response prediction. Hereby, we identified by univariate
analysis an interval between allo-HSCT and relapse >185
days, molecular-only relapse, primary diagnosis of MDS, BM
infiltration at relapse below median of <13% blasts, absence
of blasts in peripheral blood at relapse, noncomplex karyo-
type, and a low or intermediate genetic risk profile as pre-
dictors for OS. Again, these predictors applied to patients
with first-line Aza salvage therapy and pretreated patients.
Of these factors, molecular-only relapse (HR, .14; 95% CI, .03
to .59; P ¼ .007), diagnosis of MDS (HR, .33; 95% CI, .16 to .67;
P ¼ .002) and BM infiltration at relapse below median of
<13% blasts (HR, .54; 95% CI, .32 to .91; P ¼ .021) retained
their favorable prognostic impact on OS in multivariate
analysis (Table 4).

Accordingly, MDS patients had a 2-year OS rate of 66%
("10%), which was significantly higher than 2-year OS rate in
AML patients (26% " 5%, P ¼ .001) (Figure 2A). Still, within
the group of AML patients, 2-year OS rate was 69% ("16%) in
those with a molecular only relapse, which was comparable
to the outcome of MDS patients (P ¼ .39), but significantly
higher in comparison to AML patients with hematological
relapse (2-year OS rate 19% " 6%, P < .001). In AML patients
with hematological relapse, there was a trend towards a
better outcome in patients with low disease burden (<13%
BM blasts, 2-year OS 26% " 10% versus >13% BM blasts, 2-
year OS 16% " 5%, P ¼ .062) (Figure 2B).

DISCUSSION
In this retrospective multicenter study, we analyzed data

of 154 patients with AML or MDS who were treated with Aza
and planned DLI for relapse after allo-HSCT. This represents,
to the best of our knowledge, the largest cohort of patients
reported so far. In addition, Aza with planned DLI was the
first intervention for relapse in the great majority of these
patients (93%). Both enabled us to provide sufficient data on
response and survival and to compare them with available
data from the literature on the use of other treatment stra-
tegies for relapse after allo-HSCT. Furthermore, the number
of patients and the quality of data provided by respective
centers allowed us to identify patients whomay benefit most
from the combination of Aza and DLI.

Remission induction in patients relapsing after allo-HSCT
is essentially associated with survival [23]. However, remis-
sion rates after intensive chemotherapy range between only
17% and 32% [1,3,23]. In addition, it has to be taken into ac-
count that intensive chemotherapy requires inpatient treat-
ment and can only be applied to a selected group of
medically fit patients because of associated toxicities. The CR
rate after Aza and DLI in our analysis was 29%, with multi-
variate analysis identifying patients with molecular relapse
and those with diagnosis of MDS to have the highest likeli-
hood of response. This response rate confirms results from 2
prospective studies, as well as retrospective series reporting
on the use of varying schedules of Aza with or without DLI
[7-15]. In this context, it is also worth noting that the com-
bination of Aza and DLI was mainly given on an outpatient
basis despite a rather high median patients’ age and a rele-
vant proportion of 32 patients (21%) relapsingwithin the first
100 days.Whereas these findings reflect the good tolerability
of Aza, its direct antileukemic effect is reflected by the 11
patients who achieved CR either before first DLI or without
receiving any DLI. Of note, in line with previous case reports,
Aza was also able to induce CR in 3 of 6 patients with
extramedullary relapse including 1 patient treated by Aza
alone [6-10]. Taken together, with regard to response and

tolerability, our results seem to compare at least very well
with results observed after intensive chemotherapy.

Regardless of the type of salvage therapy, Schmid et al.
recently demonstrated that the use of donor cells is required
to achieve long-term survival in patients with CR [23]. Two
thirds of the patients in our analysis received at least 1 DLI. In
the CR group, even more patients received DLI. In addition,

Figure 2. Overall survival (OS) after treatment with Aza and DLI according to
diagnosis and disease burden. Type of relapse (eg, molecular instead of he-
matological relapse), primary diagnosis of MDS, and a lower leukemic burden
in BM at relapse were associated with a longer OS in multivariate analysis. (A)
Patients with MDS (blue curve) and AML (green curve), log-rank: P ¼ .001. (B)
AML patients according to type of relapse and BM blast count: molecular
relapse (blue curve, log-rank: P < .001), hematological relapse <13% blasts
(green curve, log-rank: P ¼ .0602), and hematological relapse >13% blasts
(grey curve).
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from the combination of Aza and DLI.

Remission induction in patients relapsing after allo-HSCT
is essentially associated with survival [23]. However, remis-
sion rates after intensive chemotherapy range between only
17% and 32% [1,3,23]. In addition, it has to be taken into ac-
count that intensive chemotherapy requires inpatient treat-
ment and can only be applied to a selected group of
medically fit patients because of associated toxicities. The CR
rate after Aza and DLI in our analysis was 29%, with multi-
variate analysis identifying patients with molecular relapse
and those with diagnosis of MDS to have the highest likeli-
hood of response. This response rate confirms results from 2
prospective studies, as well as retrospective series reporting
on the use of varying schedules of Aza with or without DLI
[7-15]. In this context, it is also worth noting that the com-
bination of Aza and DLI was mainly given on an outpatient
basis despite a rather high median patients’ age and a rele-
vant proportion of 32 patients (21%) relapsingwithin the first
100 days.Whereas these findings reflect the good tolerability
of Aza, its direct antileukemic effect is reflected by the 11
patients who achieved CR either before first DLI or without
receiving any DLI. Of note, in line with previous case reports,
Aza was also able to induce CR in 3 of 6 patients with
extramedullary relapse including 1 patient treated by Aza
alone [6-10]. Taken together, with regard to response and

tolerability, our results seem to compare at least very well
with results observed after intensive chemotherapy.

Regardless of the type of salvage therapy, Schmid et al.
recently demonstrated that the use of donor cells is required
to achieve long-term survival in patients with CR [23]. Two
thirds of the patients in our analysis received at least 1 DLI. In
the CR group, even more patients received DLI. In addition,

Figure 2. Overall survival (OS) after treatment with Aza and DLI according to
diagnosis and disease burden. Type of relapse (eg, molecular instead of he-
matological relapse), primary diagnosis of MDS, and a lower leukemic burden
in BM at relapse were associated with a longer OS in multivariate analysis. (A)
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Drug No. Schedule Strategy Endpoint Main results References

SORAFENIB 22 28-day cycles 400mgx2
for 12 cycles 

from d45-d120

maintenance Tollerability and feasibility 1-year PFS 85%
2-year DFS 58%
1-year OS 95% 

Chen YB, Phase I, 2014

26 28-day cycles 
400mgx2 or 200mgx2 

for 12 cycles
from d45-d120

maintenance Primary End Point RFS
Secondary End Point OS

2-year PFS 82% vs 53%
2-year OS 81% vs 61%

Battipaglia G, retrospective, randomized 
2017

44 28-day cycles 
200mgx2→400mgx2 

(24 months)
from d30-d120

maintenance Primary End Point 
individualize sorafenib 

dose

2-year OS 76%, 2-year EFS 74%  
3-year OS 76%, 3-year EFS 64%  
4-year OS 57%, 4-year EFS 64% 

Pratz KW, Prospectic 2020

202 28-day cycles 400mgx2 
until +180

from d30-d60

maintenance Primary End Point RFS
Secondary End Point OS

1-year RFS 7 vs 24.5%
2-year RFS 13 vs 31%

OS better

Xuan L, Phase III, prospective, 
randomised, double-blind, 2020

83 28-day cycles 400mgx2 
for 24 months
from d60-d100

maintenance Primary End Point RFS
Secondary End Point OS

Reduction relapse and death risk Burchert A, SORMAIN trial, Phase II, 
prospective, randomised, open-label
2020

MIDOSTAURIN 75 28-day cycles 50mgx2
for 9-10 months 
from d31-d100

maintenance Primary End Point EFS
Secondary End Point OS

2-year EFS 37.7%
2-year OS 51%

Shlenk RF, Phase II, prospectic, 
multicentric 2019

60 28-day cycles 50mgx2
for 12 months 
from d28-d60

maintenance Primary End Point RFS
Secondary End Point OS

No benefit Maziarz RT, RADIUS trial, Phase II, 
prospective, randomised, open-label
2021
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in the sorafenib group and four in the control group), 
thrombotic microangiopathy (n=1; control group), and 
acute left heart failure (n=1; sorafenib group; 
appendix p 2). 2-year non-relapse mortality was 9·2% 
(95% CI 4·5–16·0) for patients assigned to sorafenib and 
11·8% (6·4–18·9) for those assigned to control (HR 0·69, 
95% CI 0·29–1·64; p=0·49). 2-year overall survival was 
82·1% (95% CI 72·6–88·5) among patients assigned 
sorafenib and 68·0% (57·8–76·2) among those allocated 
control (HR 0·48, 95% CI 0·27–0·86; p=0·012; figure 2B); 
median overall survival was not reached in either group. 
2-year leukaemia-free survival was 78·9% (95% CI 
69·0–85·9) and 56·6% (46·1–65·8), respectively 
(HR 0·37, 95% CI 0·22–0·63; p<0·0001; figure 2C); 
median leukaemia-free survival was not reached in either 
group. Overall survival and leukaemia-free survival by 
subgroup are shown in the appendix (p 1).

Post-hoc multivariable analysis of risk factors for 
overall survival and leukaemia-free survival showed that 
sorafenib main tenance post-transplantation was the only 
protective factor for overall survival and leukaemia-free 
survival (table 2). Having minimal residual disease at the 
time of enrolment post-transplantation was the only risk 
factor for leukaemia-free survival; no risk factors were 
identified for overall survival.

The median time to sorafenib initiation was 30 days 
(IQR 30–42) post-transplantation. 59 patients needed 
dose modifications because of adverse events, which were 
made a median of 18 days (IQR 10–27) after sorafenib 
initiation. These modifications comprised 42 dose reduc-
tions, 12 dose interruptions, and five discontin u ations. 
The most frequent adverse events associated with 
sorafenib dose modifications were acute GVHD (in 
24 [41%] of 59 patients), haematological adverse events 
(15 [25%]), and skin-related adverse events (seven [12%]). 
Reasons for sorafenib discontinuation included death 
(n=4) and a skin-related adverse event (n=1). The skin-
related adverse event was treatment-related. A further 
three patients discontinued sorafenib because of relapse. 
38 patients completed sorafenib maintenance at a dose of 
400 mg twice a day without modifications. Overall, the 
median exposure to sorafenib post-transplantation was 
134 days (IQR 116–150), and the median relative dose 
intensity was 400 mg/day (400–800).

Adverse events from enrolment to 210 days post-
transplantation are shown in table 3. At least one 
type of grade 3 or 4 adverse event was reported for 
50 (50%) of 100 patients assigned sorafenib and 47 (46%) 
of 102 patients allocated control. The most common 
grade 3 and 4 adverse events for patients assigned 
sorafenib and control were infections (25 [25%] and 
24 [24%]), acute GVHD (23 [23%] and 21 [21%]), chronic 
GVHD (18 [18%] of 99 and 17 [17%] of 99), and haema to-
logical toxicity (15 [15%] and seven [7%]). Four patients 
assigned sorafenib died from adverse events, two from 
infections, one from acute GVHD, and one from cardio-
toxicity; five patients allocated control died from adverse 
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in the sorafenib group and four in the control group), 
thrombotic microangiopathy (n=1; control group), and 
acute left heart failure (n=1; sorafenib group; 
appendix p 2). 2-year non-relapse mortality was 9·2% 
(95% CI 4·5–16·0) for patients assigned to sorafenib and 
11·8% (6·4–18·9) for those assigned to control (HR 0·69, 
95% CI 0·29–1·64; p=0·49). 2-year overall survival was 
82·1% (95% CI 72·6–88·5) among patients assigned 
sorafenib and 68·0% (57·8–76·2) among those allocated 
control (HR 0·48, 95% CI 0·27–0·86; p=0·012; figure 2B); 
median overall survival was not reached in either group. 
2-year leukaemia-free survival was 78·9% (95% CI 
69·0–85·9) and 56·6% (46·1–65·8), respectively 
(HR 0·37, 95% CI 0·22–0·63; p<0·0001; figure 2C); 
median leukaemia-free survival was not reached in either 
group. Overall survival and leukaemia-free survival by 
subgroup are shown in the appendix (p 1).

Post-hoc multivariable analysis of risk factors for 
overall survival and leukaemia-free survival showed that 
sorafenib main tenance post-transplantation was the only 
protective factor for overall survival and leukaemia-free 
survival (table 2). Having minimal residual disease at the 
time of enrolment post-transplantation was the only risk 
factor for leukaemia-free survival; no risk factors were 
identified for overall survival.

The median time to sorafenib initiation was 30 days 
(IQR 30–42) post-transplantation. 59 patients needed 
dose modifications because of adverse events, which were 
made a median of 18 days (IQR 10–27) after sorafenib 
initiation. These modifications comprised 42 dose reduc-
tions, 12 dose interruptions, and five discontin u ations. 
The most frequent adverse events associated with 
sorafenib dose modifications were acute GVHD (in 
24 [41%] of 59 patients), haematological adverse events 
(15 [25%]), and skin-related adverse events (seven [12%]). 
Reasons for sorafenib discontinuation included death 
(n=4) and a skin-related adverse event (n=1). The skin-
related adverse event was treatment-related. A further 
three patients discontinued sorafenib because of relapse. 
38 patients completed sorafenib maintenance at a dose of 
400 mg twice a day without modifications. Overall, the 
median exposure to sorafenib post-transplantation was 
134 days (IQR 116–150), and the median relative dose 
intensity was 400 mg/day (400–800).

Adverse events from enrolment to 210 days post-
transplantation are shown in table 3. At least one 
type of grade 3 or 4 adverse event was reported for 
50 (50%) of 100 patients assigned sorafenib and 47 (46%) 
of 102 patients allocated control. The most common 
grade 3 and 4 adverse events for patients assigned 
sorafenib and control were infections (25 [25%] and 
24 [24%]), acute GVHD (23 [23%] and 21 [21%]), chronic 
GVHD (18 [18%] of 99 and 17 [17%] of 99), and haema to-
logical toxicity (15 [15%] and seven [7%]). Four patients 
assigned sorafenib died from adverse events, two from 
infections, one from acute GVHD, and one from cardio-
toxicity; five patients allocated control died from adverse 
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in the sorafenib group and four in the control group), 
thrombotic microangiopathy (n=1; control group), and 
acute left heart failure (n=1; sorafenib group; 
appendix p 2). 2-year non-relapse mortality was 9·2% 
(95% CI 4·5–16·0) for patients assigned to sorafenib and 
11·8% (6·4–18·9) for those assigned to control (HR 0·69, 
95% CI 0·29–1·64; p=0·49). 2-year overall survival was 
82·1% (95% CI 72·6–88·5) among patients assigned 
sorafenib and 68·0% (57·8–76·2) among those allocated 
control (HR 0·48, 95% CI 0·27–0·86; p=0·012; figure 2B); 
median overall survival was not reached in either group. 
2-year leukaemia-free survival was 78·9% (95% CI 
69·0–85·9) and 56·6% (46·1–65·8), respectively 
(HR 0·37, 95% CI 0·22–0·63; p<0·0001; figure 2C); 
median leukaemia-free survival was not reached in either 
group. Overall survival and leukaemia-free survival by 
subgroup are shown in the appendix (p 1).

Post-hoc multivariable analysis of risk factors for 
overall survival and leukaemia-free survival showed that 
sorafenib main tenance post-transplantation was the only 
protective factor for overall survival and leukaemia-free 
survival (table 2). Having minimal residual disease at the 
time of enrolment post-transplantation was the only risk 
factor for leukaemia-free survival; no risk factors were 
identified for overall survival.

The median time to sorafenib initiation was 30 days 
(IQR 30–42) post-transplantation. 59 patients needed 
dose modifications because of adverse events, which were 
made a median of 18 days (IQR 10–27) after sorafenib 
initiation. These modifications comprised 42 dose reduc-
tions, 12 dose interruptions, and five discontin u ations. 
The most frequent adverse events associated with 
sorafenib dose modifications were acute GVHD (in 
24 [41%] of 59 patients), haematological adverse events 
(15 [25%]), and skin-related adverse events (seven [12%]). 
Reasons for sorafenib discontinuation included death 
(n=4) and a skin-related adverse event (n=1). The skin-
related adverse event was treatment-related. A further 
three patients discontinued sorafenib because of relapse. 
38 patients completed sorafenib maintenance at a dose of 
400 mg twice a day without modifications. Overall, the 
median exposure to sorafenib post-transplantation was 
134 days (IQR 116–150), and the median relative dose 
intensity was 400 mg/day (400–800).

Adverse events from enrolment to 210 days post-
transplantation are shown in table 3. At least one 
type of grade 3 or 4 adverse event was reported for 
50 (50%) of 100 patients assigned sorafenib and 47 (46%) 
of 102 patients allocated control. The most common 
grade 3 and 4 adverse events for patients assigned 
sorafenib and control were infections (25 [25%] and 
24 [24%]), acute GVHD (23 [23%] and 21 [21%]), chronic 
GVHD (18 [18%] of 99 and 17 [17%] of 99), and haema to-
logical toxicity (15 [15%] and seven [7%]). Four patients 
assigned sorafenib died from adverse events, two from 
infections, one from acute GVHD, and one from cardio-
toxicity; five patients allocated control died from adverse 
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related serious adverse events in the sorafenib group 
were acute GVHD (two [2%]). Cumulative incidences of 
acute and chronic GVHD are shown in the appendix (p 4). 
210-day mortality post-transplantation was 5·0% (95% CI 
0·6–9·2) among patients assigned sorafenib and 7·8% 
(2·5–12·9) among those allocated control (HR 0·63, 
95% CI 0·20–1·91; p=0·41).

Discussion
The results of our open-label, randomised phase 3 trial 
show that sorafenib maintenance post-transplantation can 
reduce relapse compared with non-maintenance for 
individuals with FLT3-ITD acute myeloid leukaemia 
undergoing allo geneic haemato poietic stem-cell trans-
plantation. 1-year relapse was 7·0% in patients assigned 
sorafenib and 24·5% in those allocated control. A post-hoc 
analysis indicated that the incidence of relapse was 
improved in almost all subgroups of patients with 
sorafenib main tenance post-transplantation compared 
with those with non-maintenance post-transplantation. 
Non-relapse mor t ality was similar between patients 
assigned sorafenib and control; thereby overall survival 
and leukaemia-free survival were also improved with 
sorafenib maintenance compared with control. Tolerability 
benchmarks, such as the overall incidence of grade 3 and 
4 adverse events within 210 days post-transplantation, 
were similar between the two study groups.

Our results accord with previous work,6–12,23 showing 
that sorafenib maintenance post-transplantation might 
reduce relapse and improve survival for individuals 

with FLT3-ITD acute myeloid leukaemia undergoing 
allogeneic haematopoietic stem-cell transplantation. In a 
large retrospective study of 462 patients with FLT3-ITD 
acute myeloid leukaemia undergoing allogeneic haem-
atopoietic stem-cell transplantation, sorafenib post-
transplantation improved survival.11 At the 60th annual 
meeting of the American Society of Hematology, Burchert 
and colleagues12 reported interim findings in 83 patients 
with FLT3-ITD acute myeloid leukaemia and composite 
complete remission who were randomly allocated (1:1) to 
receive either sorafenib or placebo post-transplantation 
for up to 24 months. The interim results of this phase 2 
randomised trial suggested that sorafenib maintenance 
post-transplantation might reduce the risk of relapse and 
death, with 2-year leukaemia-free survival of 53·3% with 
placebo and 85·0% with sorafenib;12 however, this study 
was terminated early because of slow accrual.

Studies are ongoing of other FLT3 inhibitors 
(eg, midostaurin and gilteritinib) as post-transplantation 
maintenance for patients with FLT3-ITD acute myeloid 
leukaemia undergoing allogeneic haematopoietic stem-
cell transplantation. In a phase 2 randomised trial of 
midostaurin maintenance post-transplantation, estimated 
18-month leukaemia-free survival was 76% in patients 
assigned to the non-maintenance group and 89% in those 
allocated to midostaurin.24 Gilteritinib is also under 
investigation for maintenance post-transplantation in 
patients with FLT3-ITD acute myeloid leukaemia in a 
phase 3 randomised trial (NCT02997202). Further 
research is needed to ascertain which FLT3 inhibitors are 
most effective for post-transplantation maintenance for 
FLT3-ITD acute myeloid leukaemia.

As well as blocking multiple pathways entailed in the 
development of acute myeloid leukaemia, sorafenib might 
also exert antileukaemic effects through immune path-
ways.8,25–27 Findings of retrospective studies show that 
sorafenib post-transplantation might increase the inci-
dence of GVHD.8,28 Generally, the occurrence of GVHD is 
considered to be associated with the graft-versus-leukaemia 
reaction. Mathew and colleagues26 found that sorafenib 
exerted graft-versus-leukaemia effects by inducing 
interleukin-15 production in FLT3-ITD leukaemia cells, 
resulting in CD8+ CD107a+ interferon-γ+ T-cell prolifer-
ation in both mice and patients undergoing allogeneic 
haematopoietic stem-cell transplantation. In our study, we 
noted that the incidence of acute and chronic GVHD 
did not differ between patients with and without sora-
fenib post-transplantation. These results suggested that 
sorafenib inducing graft-versus-leukaemia effects might 
be independent of GVHD. The underlying mechanism 
might be explained by the findings of Mathew and 
colleagues.26 Whether there are other mechanisms 
involved requires further investigation.

Apart from efficacy, tolerability is another issue of 
concern. Findings of retrospective and small-sample 
prospective studies have shown that the most com-
mon adverse events in patients receiving sorafenib 

Sorafenib group (n=100) Control group (n=102)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Haematological* ·· 12 (12%) 3 (3%) ·· 5 (5%) 2 (2%)

Platelets decreased ·· 10 (10%) 3 (3%) ·· 4 (4%) 2 (2%)

Neutrophils decreased ·· 7 (7%) 2 (2%) ·· 3 (3%) 1 (1%)

Skin† 20 (20%) 6 (6%) 1 (1%) 9 (9%) 1 (1%) 0

Gastrointestinal† 25 (25%) 11 (11%) 0 20 (20%) 8 (8%) 0

Hepatobiliary or 
pancreatic†

16 (16%) 5 (5%) 0 17 (17%) 6 (6%) 0

Cardiac 14 (14%) 0 0 12 (12%) 1 (1%) 0

Renal or genitourinary 23 (23%) 4 (4%) 0 25 (25%) 5 (5%) 0

Vascular 6 (6%) 1 (1%) 0 5 (5%) 1 (1%) 0

Infections‡ 8 (8%) 21 (21%) 4 (4%) 9 (9%) 19 (19%) 5 (5%)

Acute GVHD 8 (8%) 18 (18%) 5 (5%) 6 (6%) 15 (15%) 6 (6%)

Chronic GVHD§ 5 (5%) 15 (15%) 3 (3%) 5 (5%) 13 (13%) 4 (4%)

Secondary malignant 
disease¶

·· 0 2 (2%) ·· 0 2 (2%)

Table shows grade 1–2 adverse events in more than 10% of patients and all grade 3 and 4 adverse events, which were 
recorded from enrolment to 210 days post-transplantation. In the sorafenib group, four patients died due to adverse 
events, one from cardiotoxicity, two from infections, and one from acute GVHD. In the control group, five patients 
died due to adverse events, one from thrombotic microangiopathy, three from infections, and one from acute GVHD. 
GVHD=graft-versus-host disease. *Included patients with decreases in platelet counts and neutrophil counts. 
†Excluded patients with GVHD. ‡Excluded patients with cytomegalovirus viraemia and Epstein-Barr virus viraemia. 
§Excluded patients who died before day 100 post-transplantation (sorafenib n=99; control n=99). ¶Secondary 
malignant diseases were post-transplant lymphoproliferative diseases.

Table 3: Adverse events irrespective of causality
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related serious adverse events in the sorafenib group 
were acute GVHD (two [2%]). Cumulative incidences of 
acute and chronic GVHD are shown in the appendix (p 4). 
210-day mortality post-transplantation was 5·0% (95% CI 
0·6–9·2) among patients assigned sorafenib and 7·8% 
(2·5–12·9) among those allocated control (HR 0·63, 
95% CI 0·20–1·91; p=0·41).

Discussion
The results of our open-label, randomised phase 3 trial 
show that sorafenib maintenance post-transplantation can 
reduce relapse compared with non-maintenance for 
individuals with FLT3-ITD acute myeloid leukaemia 
undergoing allo geneic haemato poietic stem-cell trans-
plantation. 1-year relapse was 7·0% in patients assigned 
sorafenib and 24·5% in those allocated control. A post-hoc 
analysis indicated that the incidence of relapse was 
improved in almost all subgroups of patients with 
sorafenib main tenance post-transplantation compared 
with those with non-maintenance post-transplantation. 
Non-relapse mor t ality was similar between patients 
assigned sorafenib and control; thereby overall survival 
and leukaemia-free survival were also improved with 
sorafenib maintenance compared with control. Tolerability 
benchmarks, such as the overall incidence of grade 3 and 
4 adverse events within 210 days post-transplantation, 
were similar between the two study groups.

Our results accord with previous work,6–12,23 showing 
that sorafenib maintenance post-transplantation might 
reduce relapse and improve survival for individuals 
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(eg, midostaurin and gilteritinib) as post-transplantation 
maintenance for patients with FLT3-ITD acute myeloid 
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assigned to the non-maintenance group and 89% in those 
allocated to midostaurin.24 Gilteritinib is also under 
investigation for maintenance post-transplantation in 
patients with FLT3-ITD acute myeloid leukaemia in a 
phase 3 randomised trial (NCT02997202). Further 
research is needed to ascertain which FLT3 inhibitors are 
most effective for post-transplantation maintenance for 
FLT3-ITD acute myeloid leukaemia.

As well as blocking multiple pathways entailed in the 
development of acute myeloid leukaemia, sorafenib might 
also exert antileukaemic effects through immune path-
ways.8,25–27 Findings of retrospective studies show that 
sorafenib post-transplantation might increase the inci-
dence of GVHD.8,28 Generally, the occurrence of GVHD is 
considered to be associated with the graft-versus-leukaemia 
reaction. Mathew and colleagues26 found that sorafenib 
exerted graft-versus-leukaemia effects by inducing 
interleukin-15 production in FLT3-ITD leukaemia cells, 
resulting in CD8+ CD107a+ interferon-γ+ T-cell prolifer-
ation in both mice and patients undergoing allogeneic 
haematopoietic stem-cell transplantation. In our study, we 
noted that the incidence of acute and chronic GVHD 
did not differ between patients with and without sora-
fenib post-transplantation. These results suggested that 
sorafenib inducing graft-versus-leukaemia effects might 
be independent of GVHD. The underlying mechanism 
might be explained by the findings of Mathew and 
colleagues.26 Whether there are other mechanisms 
involved requires further investigation.

Apart from efficacy, tolerability is another issue of 
concern. Findings of retrospective and small-sample 
prospective studies have shown that the most com-
mon adverse events in patients receiving sorafenib 

Sorafenib group (n=100) Control group (n=102)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Haematological* ·· 12 (12%) 3 (3%) ·· 5 (5%) 2 (2%)

Platelets decreased ·· 10 (10%) 3 (3%) ·· 4 (4%) 2 (2%)

Neutrophils decreased ·· 7 (7%) 2 (2%) ·· 3 (3%) 1 (1%)

Skin† 20 (20%) 6 (6%) 1 (1%) 9 (9%) 1 (1%) 0

Gastrointestinal† 25 (25%) 11 (11%) 0 20 (20%) 8 (8%) 0

Hepatobiliary or 
pancreatic†

16 (16%) 5 (5%) 0 17 (17%) 6 (6%) 0

Cardiac 14 (14%) 0 0 12 (12%) 1 (1%) 0

Renal or genitourinary 23 (23%) 4 (4%) 0 25 (25%) 5 (5%) 0

Vascular 6 (6%) 1 (1%) 0 5 (5%) 1 (1%) 0

Infections‡ 8 (8%) 21 (21%) 4 (4%) 9 (9%) 19 (19%) 5 (5%)

Acute GVHD 8 (8%) 18 (18%) 5 (5%) 6 (6%) 15 (15%) 6 (6%)

Chronic GVHD§ 5 (5%) 15 (15%) 3 (3%) 5 (5%) 13 (13%) 4 (4%)

Secondary malignant 
disease¶

·· 0 2 (2%) ·· 0 2 (2%)

Table shows grade 1–2 adverse events in more than 10% of patients and all grade 3 and 4 adverse events, which were 
recorded from enrolment to 210 days post-transplantation. In the sorafenib group, four patients died due to adverse 
events, one from cardiotoxicity, two from infections, and one from acute GVHD. In the control group, five patients 
died due to adverse events, one from thrombotic microangiopathy, three from infections, and one from acute GVHD. 
GVHD=graft-versus-host disease. *Included patients with decreases in platelet counts and neutrophil counts. 
†Excluded patients with GVHD. ‡Excluded patients with cytomegalovirus viraemia and Epstein-Barr virus viraemia. 
§Excluded patients who died before day 100 post-transplantation (sorafenib n=99; control n=99). ¶Secondary 
malignant diseases were post-transplant lymphoproliferative diseases.
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events, three from infections, one from acute GVHD, 
and one from thrombotic microangiopathy. These deaths 
were not related to treatment. The most common grade 3 
and 4 treatment-related adverse events in the sorafenib 
group were skin-related (seven [7%]) and haematological 

(five [5%]); no patients died from treatment-related 
adverse events. The most frequent serious adverse events 
among patients in the sorafenib and control groups were 
acute GVHD (22 [22%] and 19 [19%]) and infections 
(15 [15%] and 16 [16%]; appendix p 3). The treatment-

Hazard ratio
(95% CI)

Gender
Male
Female
Patient age, years*
≥35
<35
White blood cell count at diagnosis*
≥64 × 10⁹ per L
<64 × 10⁹ per L
Cytogenetic risk
Low
Intermediate
High
Unknown
NPM1 mutation
Without
Concomitant
Sorafenib pretransplantation
No use
Use
Disease status at transplantation
CR1
≥CR2
CRc status at transplantation
CRp or CRi
CR
MRD at transplantation
Negative
Positive
Transplant modality
MSD
MUD
HID
MRD at the time of enrolment post–transplantation
Negative
Positive
Acute GVHD 
No 
Yes
Chronic GVHD† 
No
Yes
All patients

Cumulative incidence 
of relapse in control
group at 2 years
(95% CI)

Cumulative incidence 
of relapse in sorafenib 
group at 2 years 
(95% CI)

 30·1% (17·8–43·4)
 33·2% (20·2–46·7)

 38·7% (24·4–52·7)
 25·1% (14·2–37·7)

 30·0% (18·2–42·7)
 33·9% (20·1–48·2)

 0·0% (0·0–0·0)
 31·5% (21·7–41·8)
 26·7% (0·2–75·1)
 50·0% (12·5–79·4)

 28·6% (18·7–39·4)
 41·3% (20·4–61·2)

 43·9% (28·4–58·2)
 21·7% (11·8–33·5)

 24·0% (15·1–34·0)
 66·7% (38·5–84·2)

 47·8% (26·2–66·6)
 26·7% (17·1–37·3)

 21·6% (12·4–32·5)
 51·5% (32·7–67·4)

 31·0% (17·2–45·9)
 16·7% (0·5–54·9)
 33·6% (21·1–46·6)

 26·3% (17·5–36·0)
 77·3% (24·3–95·4)

 37·7% (25·1–50·1)
 23·0% (11·1–37·4)

 35·1% (21·9–48·5)
 27·3% (15·0–41·1)
 31·6% (22·6–41·1)

 15·0% (6·4–27·0)
 8·8% (2·7–19·6)

 8·0% (2·5–17·7)
 16·1% (6·8–28·9)

 11·2% (4·0–22·5)
 13·1% (5·1–25·0)

 0·0% (0·0–0·0)
 11·1% (5·0–19·7)
 14·3% (0·5–49·6)
 28·6% (2·9–64·1)

 10·6% (4·6–19·6)
 15·1% (4·5–31·7)

 15·3% (6·1–28·4)
 9·5% (3·3–19·6)

 11·5% (5·2–20·4)
 14·3% (3·4–32·7)

 15·2% (4·6–31·5)
 10·8% (4·6–20·0)

 6·9% (2·1–15·5)
 23·1% (9·9–39·5)

 5·6% (0·9–17·1)
 12·5% (0·5–44·8)
 17·5% (8·0–30·0)

 9·8% (4·5–17·6)
 33·3% (6·5–64·2)

 7·3% (2·3–16·2)
 17·7% (7·5–31·5)

 16·9% (7·6–29·3)
 6·8% (1·7–17·0)
 11·9% (6·2–19·6)

Sorafenib group
(events, n/
patients, N)

 
 7/50
 4/50
 
 4/50
 7/50

 5/46
 6/54

 0/6
 8/80
 1/7
 2/7

 7/71
 4/29

 6/41
 5/59

 8/79
 3/21

 4/27
 7/73

 4/69
 7/31

 2/44
 1/8
 8/48

 8/91
 3/9

 4/56
 7/44

 8/52
 3/47
 11/100

Control group
(events, n/
patients, N)

 
 16/52
 16/50

 18/49
 14/53

 16/55
 16/47

 0/4
 27/85
 1/5
 4/8

 22/76
 10/26

 19/45
 13/57

 20/84
 12/18

 11/23
 21/79

 15/68
 17/34

 13/39
 1/6
 18/57

 24/91
 8/11

 23/60
 9/42

 20/54
 12/45
 32/102

 
 0·35 (0·15–0·86)
 0·21 (0·07–0·62)
 
 0·17 (0·06–0·50)
 0·45 (0·18–1·11)
 
 0·31 (0·11–0·85)
 0·26 (0·10–0·66)
 
 NA
 0·26 (0·12–0·57)
 0·71 (0·04–11·32)
 0·54 (0·10–2·96)
 
 0·28 (0·12–0·66)
 0·26 (0·08–0·84)
 
 0·23 (0·09–0·59)
 0·34 (0·12–0·96)
 
 0·35 (0·15–0·80)
 0·13 (0·04–0·48)
 
 0·23 (0·07–0·74)
 0·29 (0·12–0·69)
 
 0·21 (0·07–0·64)
 0·33 (0·14–0·79)
 
 0·11 (0·03–0·50)
 0·66 (0·04–10·53)
 0·42 (0·18–0·96)
 
 0·28 (0·13–0·62)
 0·25 (0·06–0·94)

 0·14 (0·05–0·41)
 0·65 (0·24–1·76)

 0·35 (0·15–0·77)
 0·21 (0·06–0·74)
 0·29 (0·15–0·58)

1·000·01 20·00

Favours controlFavours sorafenib

Figure 3: Subgroup analysis of cumulative incidence of relapse at 2 years in patients receiving sorafenib maintenance or control (non-maintenance) post-transplantation
CR=complete remission. CR1=first complete remission. CR2=second complete remission. CRc=composite complete remission. CRi=complete remission with incomplete haematological recovery. 
CRp=complete remission with incomplete platelet recovery. GVHD=graft-versus-host disease. HID=HLA-haploidentical donor. MRD=minimal residual disease. MSD=HLA-matched sibling donor. 
MUD=HLA-matched unrelated donor. NA=not available. *Cutoffs were the median value. †Excluded patients who died before day 100 post-transplantation.



Drug No. Schedule Strategy Endpoint Main results References

SORAFENIB 22 28-day cycles 400mgx2
for 12 cycles 

from d45-d120

maintenance Tollerability and feasibility 1-year PFS 85%
2-year DFS 58%
1-year OS 95% 

Chen YB, Phase I, 2014

26 28-day cycles 
400mgx2 or 200mgx2 

for 12 cycles
from d45-d120

maintenance Primary End Point RFS
Secondary End Point OS

2-year PFS 82% vs 53%
2-year OS 81% vs 61%

Battipaglia G, retrospective, randomized 
2017

44 28-day cycles 
200mgx2→400mgx2 

(24 months)
from d30-d120

maintenance Primary End Point 
individualize sorafenib 

dose

2-year OS 76%, 2-year EFS 74%  
3-year OS 76%, 3-year EFS 64%  
4-year OS 57%, 4-year EFS 64% 

Pratz KW, Prospectic 2020

202 28-day cycles 400mgx2 
until +180

from d30-d60

maintenance Primary End Point RFS
Secondary End Point OS

1-year RFS 7 vs 24.5%
2-year RFS 13 vs 31%

OS better

Xuan L, Phase III, prospective, 
randomised, double-blind, 2020

83 28-day cycles 400mgx2 
for 24 months
from d60-d100

maintenance Primary End Point RFS
Secondary End Point OS

Reduction relapse and death risk Burchert A, SORMAIN trial, Phase II, 
prospective, randomised, open-label
2020

MIDOSTAURIN 75 28-day cycles 50mgx2
for 9-10 months 
from d31-d100

maintenance Primary End Point EFS
Secondary End Point OS

2-year EFS 37.7%
2-year OS 51%

Shlenk RF, Phase II, prospectic, 
multicentric 2019

60 28-day cycles 50mgx2
for 12 months 
from d28-d60

maintenance Primary End Point RFS
Secondary End Point OS

No benefit Maziarz RT, RADIUS trial, Phase II, 
prospective, randomised, open-label
2021
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log-rank P 5 .013; Fig 2A). The estimated probability of
24-month RFS was 85.0% (95% CI, 0.70 to 0.93) in the
sorafenib group and 53.3% (95% CI, 0.36 to 0.68) in the
placebo group, corresponding to an HR for relapse or
death of 0.256 (95% CI, 0.10 to 0.65; log-rank P 5 .002).
Although the presence of mutated NPM1 at initial diagnosis
positively affected RFS in the sorafenib group (Data Sup-
plement), the FLT3 -ITD ratio did not influence the treatment
effect (Data Supplement). There were overall 14 and 4
deaths after relapse in the placebo and the sorafenib arm,
respectively, resulting in a relapse mortality that was sig-
nificantly higher for patients randomly assigned to the placebo
group (P 5 .01; Data Supplement). In contrast, nonrelapse
mortality was not different between the 2 treatment arms (Data
Supplement).

After a median follow-up duration of 55.1 months, me-
dian OS time was not reached in both treatment groups
(Fig 2B). The HR for death in the sorafenib group versus
the placebo group was 0.52 (95% CI, 0.24 to 1.11; log-
rank P 5 .086). The estimated probability of survival at
24 months was 90.5% (95% CI, 0.77 to 0.96) for sorafenib
and66.2% (95%CI, 0.49 to 0.79) for placebo, corresponding to
an HR for death of 0.241 (95% CI, 0.08 to 0.74; log-rank
P 5 .007; Fig 2B).

Of the 25 relapsing patients, 18 (72%) were treated with
sorafenib, 17 patients were treated with chemotherapy
(68%), and 6 patients (24%) underwent second HCT with
no statistically significant differences between the 2 arms,
albeit with small numbers (Data Supplement). There was
no significant difference in the frequency and types of
administration of relapse therapies between the treatment
arms (Data Supplement; Table 2).

Pre- and Post-HCT Minimal Residual Disease Level
Governs Sorafenib Response

Active disease at the time of transplantation or the detection
of minimal residual disease (MRD) pre- and post-HCT
is associated with a high risk of post-HCT relapse and
mortality.37-41 SORMAIN outcome was therefore analyzed
according to the molecular and hematologic remission
status pretransplantation (Figs 3A and 3B) and the
NPM1 mut- or FLT3 -ITD–defined MRD level post-HCT
(Figs 3C and 3D). MRD-negative patients before HCT
derived the strongest benefit from sorafenib maintenance:
whereas 5 of 12 MRD-negative patients relapsed under
placebo maintenance, none of 9 MRD-negative patients
relapsed or died when treated with sorafenib (Fig 3B;
P5 .028). In contrast, after HCT, the benefit from sorafenib
wasmost impressive in theMRD-positive cohort, which had
a statistically significantly better RFS with sorafenib than
with placebo (Fig 3C; P 5 .015). In contrast, although also
patients who were MRD negative after HCT did better with
sorafenib than with placebo, with small patient numbers
this difference was not statistically significant (Fig 3D).

Safety

Sorafenib was generally well tolerated. Dose reductions
were performed in 16 of 40 patients in the placebo group
(40.0%) versus in 21 of 43 patients (48.8%) in the sora-
fenib group (Data Supplement). Study drug discontinuations
due to toxicity occurred in 9 patients taking sorafenib
(22.0%) compared with 2 placebo-treated patients (5.0%).
The most common $ 3 adverse events (AEs) in both
treatment groups were acute and/or chronic GvHD, which
occurred in 32 of 42 patients (76.8%) in the sorafenib

24-month RFS
Sorafenib: 85.0% (95% CI, 70% to 93%)
Placebo: 53.3% (95% CI, 36% to 68%)
Log-rank P = .002
HR, 0.256 (95% CI, 0.10 to 0.65)
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FIG 2. Relapse-free survival (RFS) and overall survival (OS) in patients positive for FMS-like tyrosine kinase 3–internal tandem duplication acute
myeloid leukemia in complete remission after hematopoietic stem cell transplantation treated with sorafenib versus placebo (intention-to-treat
population). (A) Kaplan-Meier curves for RFS in the sorafenib group and the placebo group. In total, 29 RFS events were recorded: 10 in the
sorafenib group (8 relapses, 2 deaths) and 19 in the placebo group (17 relapses, 2 deaths). (B) Kaplan-Meier curves for OS in the sorafenib group
and the placebo group. Tick marks indicate censoring of data. In total, 27 deaths were recorded, 11 in the sorafenib group and 16 in the placebo
group. HR, hazard ratio.
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after HCT is strongly predictive of poor survival,37-41 a re-
lapse rate of only 15% after 2 years in the sorafenib arm
(Fig 2A) appears to be a clinically meaningful improve-
ment. Interestingly, MRD-negative patients before HCT
but also MRD-positive patients after HCT apparently de-
rived the strongest benefit from sorafenib maintenance
(Fig 3). One possible implication from these MRD data
could be that novel treatment strategies that induce MRD
negativity beforeHCTmight synergize with post-HCT sorafenib
maintenance.

Sorafenib maintenance treatment after HCT was not associ-
ated with significantly more toxicity than placebo. Especially
the frequency of skin and GI toxicity were similar in both
treatment arms. Adverse effects were managed with dose
reductions, which occurred in approximately half of the patients

in both treatment arms. However, considering the beneficial
overall outcome in the sorafenib group, reportedmoderate dose
reductions did not seem to abolish sorafenib efficacy.

Nine SORMAIN patients were treated upfront with mid-
ostaurin. Hence, it is unclear to which extent results from
SORMAIN apply also to patients undergoing midostaurin
plus chemotherapy induction therapy. However, given the
strong benefit of sorafenib for patients who were MRD
negative before HCT (Fig 3A), an intriguing possibility could
be that a chemotherapy/midostaurin induction treatment—
if it yields higher rates of MRD negativity before HCT—
could potently synergize with sorafenib maintenance.

A limitation of SORMAIN was its premature termina-
tion because of inadequate enrollment. A major reason
for this was that many patients received sorafenib
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after HCT is strongly predictive of poor survival,37-41 a re-
lapse rate of only 15% after 2 years in the sorafenib arm
(Fig 2A) appears to be a clinically meaningful improve-
ment. Interestingly, MRD-negative patients before HCT
but also MRD-positive patients after HCT apparently de-
rived the strongest benefit from sorafenib maintenance
(Fig 3). One possible implication from these MRD data
could be that novel treatment strategies that induce MRD
negativity beforeHCTmight synergize with post-HCT sorafenib
maintenance.

Sorafenib maintenance treatment after HCT was not associ-
ated with significantly more toxicity than placebo. Especially
the frequency of skin and GI toxicity were similar in both
treatment arms. Adverse effects were managed with dose
reductions, which occurred in approximately half of the patients

in both treatment arms. However, considering the beneficial
overall outcome in the sorafenib group, reportedmoderate dose
reductions did not seem to abolish sorafenib efficacy.

Nine SORMAIN patients were treated upfront with mid-
ostaurin. Hence, it is unclear to which extent results from
SORMAIN apply also to patients undergoing midostaurin
plus chemotherapy induction therapy. However, given the
strong benefit of sorafenib for patients who were MRD
negative before HCT (Fig 3A), an intriguing possibility could
be that a chemotherapy/midostaurin induction treatment—
if it yields higher rates of MRD negativity before HCT—
could potently synergize with sorafenib maintenance.

A limitation of SORMAIN was its premature termina-
tion because of inadequate enrollment. A major reason
for this was that many patients received sorafenib
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83 patients
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40 placebo



maintenance therapy off label outside of a clinical trial
based on results from uncontrolled studies and expert
recommendations.30,42-46

In conclusion, SORMAIN establishes targeted mainte-
nance therapy as a novel efficacious treatment paradigm
with the potential to meaningfully improve outcome after

HCT. Ongoing post-HCT maintenance therapy studies
use more FLT3-specific TKIs, such as quizartinib or
gilteritinib.47,48 They could help to better understand to
which extent FLT3 selectivity versus immune-stimulatory
off-target activities27-29,49 govern the overall efficacy of
sorafenib.
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TABLE 3. Incidence of AE (safety population)

Grade 3 and 4 AE Type

Sorafenib (n 5 42 a) Placebo (n 5 39 a)

All Drug Related All Drug Related

Neutropenia 1 (2.4) 1 (2.4) 1 (2.6) 1 (2.6)

Thrombocytopenia 2 (4.8) 0 1 (2.6) 0

Liver toxicity: ALT, AST increased 2 (4.8) 0 2 (5.1) 2 (5.1)

GI toxicity (vomiting, nausea, diarrhea) 6 (14.3) 2 (4.8) 6 (15.4) 3 (7.7)

Skin toxicity 5 (11.9) 2 (4.8) 1 (2.6) 1 (2.6)

Infections 11 (26.2) 1 (2.4) 9 (23.1) 2 (5.1)

Overall GvHD rate 32 (76.8) — 23 (59.8) —

aGvHD (grade $ 2) 10 (24) 7 (18.2)

cGvHD (mild/moderate) 18 (42.9) — 14 (35.9) —

cGvHD (severe) 8 (19.2) — 4 (10.4) —

Cardiotoxicity and renal insufficiency 4 (9.5) 1 (2.4) 1 (2.6) 0

Electrolyte alterations 6 (14.3) 3 (7.1) 1 (2.6) 0

Other 33 (78.6) 8 (19.1) 22 (56.4) 4 (10.3)

NOTE. All data are No. (%) unless otherwise indicated.
Abbreviations: AE, adverse event; aGvHD, acute graft versus host disease; cGvHD, chronic graft versus host disease.
aSafety population (patients who received at least 1 time study medication).
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Drug No. Schedule Strategy Endpoint Main results References

SORAFENIB 22 28-day cycles 400mgx2
for 12 cycles 

from d45-d120

maintenance Tollerability and feasibility 1-year PFS 85%
2-year DFS 58%
1-year OS 95% 

Chen YB, Phase I, 2014

26 28-day cycles 
400mgx2 or 200mgx2 

for 12 cycles
from d45-d120

maintenance Primary End Point RFS
Secondary End Point OS

2-year PFS 82% vs 53%
2-year OS 81% vs 61%

Battipaglia G, retrospective, randomized 
2017

44 28-day cycles 
200mgx2→400mgx2 

(24 months)
from d30-d120

maintenance Primary End Point 
individualize sorafenib 

dose

2-year OS 76%, 2-year EFS 74%  
3-year OS 76%, 3-year EFS 64%  
4-year OS 57%, 4-year EFS 64% 

Pratz KW, Prospectic 2020

202 28-day cycles 400mgx2 
until +180

from d30-d60

maintenance Primary End Point RFS
Secondary End Point OS

1-year RFS 7 vs 24.5%
2-year RFS 13 vs 31%

OS better

Xuan L, Phase III, prospective, 
randomised, double-blind, 2020

83 28-day cycles 400mgx2 
for 24 months
from d60-d100

maintenance Primary End Point RFS
Secondary End Point OS

Reduction relapse and death risk Burchert A, SORMAIN trial, Phase II, 
prospective, randomised, open-label
2020

MIDOSTAURIN 75 28-day cycles 50mgx2
for 9 months 

from d31-d100

maintenance Primary End Point EFS
Secondary End Point OS

2-year EFS 37.7%
2-year OS 51%

Shlenk RF, Phase II, prospectic, 
multicentric 2019

60 28-day cycles 50mgx2
for 12 months 
from d28-d60

maintenance Primary End Point RFS
Secondary End Point OS

No benefit Maziarz RT, RADIUS trial, Phase II, 
prospective, randomised, open-label
2021

Chen, YB et al. Biol. Blood Marrow Transplant. 2014 20, 2042–2048 
Battipaglia G. et al. Cancer 2017; 123, 2867–2874
Pratz KW et al. Biol. Blood Marrow Transplant. 2020 26, 300–306 
Xuan L, et al Lancet Oncol. 2020;21(9):1201- 1212

Burchert A, et al.  J Clin Oncol. 2020;38(26):2993-3002
Schlenk, R.F et al. Blood 2019; 133, 840–851

Maziarz, RT et al. Bone Marrow Transplant. 2021, 1180–1189 
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a sensitivity analysis, we performed a Cox regression analysis for
EFS by censoring patients proceeding to alloHCT in first CR/CRi at
the date of transplant. Still, there was a benefit for midostaurin
overall (HR, 0.59; 95% CI, 0.47-0.74; P , .001), as well as in the
age subgroups of younger (HR, 0.63; 95%CI, 0.47-0.85; P5 .002)
and older (HR, 0.41; 95% CI, 0.27-0.62; P 5 .00002) patients
(Figure 3).

Discussion
After the approval by the US Food and Drug Administration and
the European Medicines Agency of midostaurin for patients with
FLT3-mutated AML, our hypothesis-generating trial is the first to
show efficacy and safety data of midostaurin in older patients
(age 61-70 years) with FLT3-ITD, given in combination with in-
tensive chemotherapy and as single-agent maintenance after
alloHCT. In addition, the treatment schedule of midostaurin
was adapted in our trial, in that patients were kept receiving
midostaurin beyond day 21 until 2 days before start of the
subsequent treatment cycle to achieve sustained FLT3 signaling

inhibition. Furthermore, antifungals were allowed as comedication,
but triggered dose adaptation after the first amendment. Of note,
efficacy of midostaurin was comparable in older and younger
patients. The CR/CRi-rate in older patients was 77.9%, which
compares favorably to data fromprevious studies.13,30 The toxicity
rates in our study were comparable to those observed in the
RATIFY study.11 However, in older patients, cardiac toxicities
(22%) were significantly more frequent compared with previously
reported cardiac event rates,14 including arrhythmias with an
observed rate of 10%, highlighting the necessity of close electro-
cardiogram and electrolyte monitoring in this patient population.
Furthermore, we observed a trend toward a higher frequency
(14%) of pulmonary adverse events, mainly pneumonia, in older
comparedwith younger patients. This higher vulnerability of older
patients was also reflected in the higher induction death rate
of 10.5%, which, however, is still low compared with previous
reports.14,31 The induction death rate in older patients was lower in
the second cohort (2.4%) compared with the first cohort (15.7%).
This may be an observation by chance, or possibly attributable to
the implemented dose reduction of midostaurin in case of

Table 4. Toxicities grade 3 or above, according to MedRA category coding occurring at least once during
maintenance therapy

All patients (n 5 97),
n (%)

After alloHCT (n 5 75),
n (%)

After HiDAC (n 5 22),
n (%) P

Gastrointestinal 68 (70) 60 (80) 8 (36) .0001

Infection 49 (51) 42 (56) 7 (32) .06
Febrile neutropenia 14 (14) 10 (13) 4 (18) .73

Blood/marrow 46 (47) 39 (52) 1 (5) ,.0001

Pain 37 (38) 34 (45) 3 (14) ,.0001

Constitutional 35 (36) 29 (39) 6 (27) .45

Allergy/immunology 33 (34) 32 (43) 1 (5) .006

Metabolic/laboratory 37 (38) 35 (47) 2 (9) .15

Dermatological 29 (30) 27 (36) 2 (9) .02

Neurologic 24 (25) 20 (27) 4 (18) .58

Renal/genitourinary 23 (24) 23 (31) .001

Pulmonary/upper respiratory 16 (16) 15 (20) 1 (5) .11

Musculoskeletal/soft tissue 13 (13) 11 (15) 2 (9) .73

Ocular/visual 13 (13) 12 (16) 1 (5) .29

Cardiac general 13 (13) 11 (15) 2 (9) .72

Hemorrhage/bleeding 7 (7) 7 (9) .34

Auditory/ear 7 (7) 7 (9) .34

Cardiac arrhythmia 5 (5) 2 (3) 3 (14) .07

Hepatobiliary/pancreas 4 (4) 4 (5) .57

Secondary malignancy 2 (2) 2 (3) .99

Other 18 (19) 16 (21) 2 (9) .35
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Drug No. Schedule Strategy Endpoint Main results References

SORAFENIB 22 28-day cycles 400mgx2
for 12 cycles 

from d45-d120

maintenance Tollerability and feasibility 1-year PFS 85%
2-year DFS 58%
1-year OS 95% 

Chen YB, Phase I, 2014

26 28-day cycles 
400mgx2 or 200mgx2 

for 12 cycles
from d45-d120

maintenance Primary End Point RFS
Secondary End Point OS

2-year PFS 82% vs 53%
2-year OS 81% vs 61%

Battipaglia G, retrospective, randomized 
2017

44 28-day cycles 
200mgx2→400mgx2 

(24 months)
from d30-d120

maintenance Primary End Point 
individualize sorafenib 

dose

2-year OS 76%, 2-year EFS 74%  
3-year OS 76%, 3-year EFS 64%  
4-year OS 57%, 4-year EFS 64% 

Pratz KW, Prospectic 2020

202 28-day cycles 400mgx2 
until +180

from d30-d60

maintenance Primary End Point RFS
Secondary End Point OS

1-year RFS 7 vs 24.5%
2-year RFS 13 vs 31%

OS better

Xuan L, Phase III, prospective, 
randomised, double-blind, 2020

83 28-day cycles 400mgx2 
for 24 months
from d60-d100

maintenance Primary End Point RFS
Secondary End Point OS

Reduction relapse and death risk Burchert A, SORMAIN trial, Phase II, 
prospective, randomised, open-label
2020

MIDOSTAURIN 75 28-day cycles 50mgx2
for 9-10 months 
from d31-d100

maintenance Primary End Point EFS
Secondary End Point OS

2-year EFS 37.7%
2-year OS 51%

Shlenk RF, Phase II, prospectic, 
multicentric 2019

60 28-day cycles 50mgx2
for 12 months 
from d28-d60

maintenance Primary End Point RFS
Secondary End Point OS

No benefit Maziarz RT, RADIUS trial, Phase II, 
prospective, randomised, open-label
2021
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midostaurin and its primary metabolites with the degree of
FLT3 inhibition (i.e., lower levels of P-FLT3), early inhi-
bition of FLT3 correlated inversely with drug levels
(Fig. 3B). Peak FLT3 inhibition occurred at cycle 3 day 1;
this time point was chosen for the correlative analysis.

In patients receiving midostaurin (n= 28), the median P-
FLT3 level at cycle 3 day 1 was 70% of baseline P-FLT3
levels. Thus, 14 of these patients had more effective inhi-
bition of FLT3 activity (i.e., P-FLT3 levels <70% of
baseline) on cycle 3 day 1 with P-FLT3 levels ranging from
20% to 69%. Of these 14 patients, 10 completed all 12
cycles of midostaurin therapy (Fig. S3). Among the
remaining 14 patients who had less effective inhibition of
FLT3 activity (i.e., P-FLT3 levels >70% of baseline), P-
FLT3 was not measured at cycle 3 day 1 in 8 patients (6
were not receiving midostaurin on cycle 3 day 1). Six of 14

patients completed 12 cycles of midostaurin therapy and
had P-FLT3 levels ranging from 74% to 100%. These
higher P-FLT3 levels indicate less effective FLT3 inhibi-
tion, possibly resulting from the biological response of the
patient to midostaurin or likely related to patient adherence
to midostaurin, indicating the importance of proactive AE
management to support patients throughout treatment.

Stratifying patients who received midostaurin by levels
of FLT3 inhibition above or below the median revealed an
association with clinical outcomes. Higher levels of FLT3
inhibition correlated with prolonged RFS, a reduced risk of
relapse (P= 0.06), and significantly improved survival (P
= 0.048) (Fig. 3C, D). Patients with less FLT3 inhibition
had a similar risk of relapse and survival rate to those
observed in patients receiving SOC alone (P= 0.9 and P=
0.92, respectively).
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AEs were more common in the midostaurin arm than in the
SOC arm. The most common grade 3/4 laboratory
abnormalities, increased alanine aminotransferase,
increased aspartate aminotransferase, and decreased neu-
trophils, occurred in both arms. Serious AEs (Table 3)
occurred in 57% of patients with midostaurin and 30% of

patients with SOC alone. The most common serious AEs
(midostaurin arm vs SOC arm) were diarrhea (13% vs 7%),
nausea and vomiting (both, 3% vs 10%), and pyrexia (7%
vs 7%).

Median midostaurin exposure was 10.5 months (range,
0.2–11.5 months; defined by time of last midostaurin dose);
16 patients completed all 12 cycles of treatment. The
median dose intensity was 93 mg/day (range, 25–100 mg/
day). Dose adjustments were required per protocol in 19
patients (63%), most commonly due to AEs (84%). AEs
leading to dose adjustment in ≥10% of patients included
vomiting (27%), nausea (20%), and aspartate amino-
transferase levels increased (10%). One patient was reported
to have received a modified dose of midostaurin due to
concomitant posaconazole, a cytochrome P450 3A4 inhi-
bitor, per protocol.

AEs resulted in discontinuation from the study in 9
patients: 8 (27%) in the midostaurin arm and 1 (3%) in the
SOC arm. The 8 patients in the midostaurin arm who dis-
continued treatment had 9 events: nausea (n= 3), vomiting
(n= 2), liver function test levels increased (n= 2), pul-
monary mycosis (n= 1), and pneumonitis (n= 1). The
patient in the SOC arm discontinued from the study due to
hypoxia. Twelve patients died on study during the follow-
up phase (midostaurin+ SOC, n= 4; SOC, n= 8). Death
due to AML disease progression occurred in 2 patients
receiving midostaurin and 4 receiving SOC alone. The
addition of midostaurin to SOC did not result in an increase
in the severity or rate of acute or chronic GVHD (Table 4).
Rates of GVHD, as determined by local assessment, were
similar between the midostaurin and SOC arms (overall,
70% vs 73%; acute, 53% vs 50%; and chronic, 37% vs
33%, respectively). Ninety-seven percent of patients
received concomitant medication for the management of
GVHD, including 28 (93%) in the midostaurin arm and 30
(100%) in the SOC arm. The most common concomitant
medications typical of GVHD management were

Fig. 3 Correlation between exploratory biomarker analyses and
clinical outcomes. A Median FLT3 ligand levels and B median P-
FLT3 levels relative to baseline and concurrent combined levels of
midostaurin and its metabolites in patients who received midostaurin
+ SOC. Median P-FLT3 levels were 70% of baseline at C3D1. C RFS
and D OS at 24 months after alloHSCT in patients who received
midostaurin+ SOC stratified by P-FLT3 level (<70% vs >70%). C
cycle; D day; FLT3, fms-like tyrosine kinase 3; M midostaurin, P-
FLT3 phosphorylated FLT3, OS overall survival, RFS relapse-free
survival, SOC standard of care. aFor this analysis, RFS was defined as
time from transplant to relapse or death from any cause. bLog-rank P
value vs SOC (n= 28). cPatients who reached C3D1 and received
midostaurin+ SOC (n= 28) were stratified according to FLT3 inhi-
bition levels above or below the median (median P-FLT3, 70%). FLT3
inhibition was higher in patients with P-FLT3 levels <70% of baseline.
dP-FLT3 > 70% includes patients with missing P-FLT3 at C3D1.

Table 2 Most common AEs (occurring in ≥15% of patients).

AE, n (%) Midostaurin+ SOC
(n= 30)

SOC
(n= 30)

Any grade Grade ≥ 3 Any grade Grade ≥ 3

Vomiting 7 (23) 1 (3) 22 (73) 2 (7)

Nausea 8 (27) 3 (10) 20 (67) 1 (3)

Diarrhea 7 (23) 1 (3) 12 (40) 3 (10)

Fatigue 9 (30) 0 8 (27) 1 (3)

Peripheral edema 9 (30) 0 8 (27) 0

Headache 7 (23) 0 8 (27) 0

Cough 6 (20) 0 8 (27) 0

ALT increased 7 (23) 4 (13) 6 (20) 3 (10)

Anemia 6 (20) 2 (7) 7 (23) 3 (10)

AST increased 8 (27) 4 (13) 5 (17) 2 (7)

Pruritus 6 (20) 0 7 (23) 3 (10)

Dry eye 6 (20) 0 5 (17) 0

Pyrexia 5 (17) 1 (3) 4 (20) 0

Rash 6 (20) 0 6 (17) 0

Tremor 4 (13) 0 7 (23) 0

Dyspnea 7 (23) 1 (3) 3 (10) 0

Insomnia 6 (20) 0 4 (13) 0

Neutrophil count
decreased

3 (10) 2 (7) 7 (23) 4 (13)

Arthralgia 6 (20) 1 (3) 3 (10) 0

Dizziness 6 (20) 0 3 (10) 0

Hypertension 6 (20) 4 (13) 3 (10) 0

Upper respiratory
tract infection

6 (20) 0 3 (10) 0

AE adverse event, ALT alanine aminotransferase, AST aspartate
aminotransferase, SOC standard of care.

Table 3 Serious AEs occurring in ≥1 of patients overall.

AE, n (%) Midostaurin+ SOC
(n= 30)

SOC
(n= 30)

Diarrhea 4 (13) 2 (7)

Nausea 1 (3) 3 (10)

Vomiting 1 (3) 3 (10)

Pyrexia 2 (7) 2 (7)

Deep vein thrombosis 1 (3) 2 (7)

Febrile neutropenia 1 (3) 2 (7)

Anemia 2 (7) 1 (3)

Acute kidney injury 0 2 (7)

Abdominal pain 1 (3) 1 (3)

Parainfluenza virus infection 1 (3) 1 (3)

AE adverse event, SOC standard of care.
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calcineurin inhibitors (85%), glucocorticoids (57%), mod-
erately potent corticosteroids (18%), and selective immu-
nosuppressants (17%) (Table S3).

The most common organ toxicity due to GVHD was
localized to the skin and affected 50% of patients in the
midostaurin arm and 47% of patients in the SOC arm
(Fig. S4). All patients with skin involvement in the mid-
ostaurin arm had stage 1 or 2 disease, whereas 2 patients in
the SOC arm experienced stage 3 disease. Neither arm
reported stage 4 organ involvement. Upper gastrointestinal
toxicity was similar in both groups and did not exceed stage
1. Lower gastrointestinal toxicity was reported only in
patients in the SOC arm and was primarily stage 1.

Discussion

This is the first randomized study of midostaurin as main-
tenance therapy after alloHSCT. We show that for patients
with FLT3-ITD-positive AML in CR1, a defined course of
up to 12 months of maintenance therapy with midostaurin
was safely added to SOC after recovery from alloHSCT and
improved RFS at 18 months after alloHSCT by 13% (over
SOC alone). Although the study was not powered to detect
a treatment difference, there was a trend toward benefit with
midostaurin for all efficacy endpoints evaluated.

The survival outcomes in all participants in this study were
better than anticipated for this high-risk leukemia population.
Historically, the expected 2-year OS with SOC was closer to
60% compared with 76% observed in this study [15]. The
stringent enrollment criteria, including recovery of counts
(i.e., absolute neutrophil count >1000/μL and platelet count
≥20,000/μL without platelet transfusion) by day 42, ability to
start treatment by day 60 post- alloHSCT, and no active,
advanced, acute GVHD, may have contributed to the survival
outcomes observed for all participants in this study. More-
over, the median time from the date of alloHSCT to initiation

of study drug for both arms was 54 days; patients who had
morphological relapse before that date were ineligible. Con-
sistently, factors related to these inclusion/exclusion criteria,
such as unacceptable test procedure results (8%) and unac-
ceptable medical history/concomitant diagnosis (4%), were
common reasons for screen failure, though the overall rate of
screen failures (14 of 74 patients screened [19%]) was rela-
tively low. Censoring of patients at the date of death due to
non-relapse mortality may also have contributed to survival
rates, particularly given the small patient population in this
study. Similarly, patients were not stratified by European
LeukemiaNet or National Comprehensive Cancer Network
molecular risk classification due to the size of the study; thus,
enrollment of patients with favorable molecular risk factors
may also have affected the survival rates observed.

Correlative analysis suggests that patients who tolerated
midostaurin and remained on therapy, as demonstrated by
relatively higher levels of P-FLT3 inhibition, may have sus-
tained benefit and long-term outcomes. The PIA assay allows
for an indirect measurement of the phosphorylation of FLT3.
P-FLT3 inhibition to <70% of baseline was achieved by 50%
of patients receiving midostaurin and was associated with
improved RFS and OS, indicating that inhibiting FLT3, even
modestly, can have clinical benefit. Treatment adherence was
not uniform in all patients receiving midostaurin, possibly due
to tolerability (e.g., gastrointestinal toxicity). Prophylactic
support, including antiemetics, in the management of gas-
trointestinal toxicities was crucial in keeping patients on
therapy to provide the clinical benefit suggested by these data.
Thus, increases in gastrointestinal toxicities were primarily
low grade and manageable, consistent with other reports with
single-agent midostaurin [29, 30]. Addition of midostaurin to
SOC did not increase rates or severity of GVHD. Although
the PIA assay is not used in clinical practice, FLT3 inhibition
measured by this assay has tightly correlated with clinical
activity across a broad array of FLT3 inhibitors [27, 31–34].
The results from the exploratory analysis in this study suggest
that midostaurin therapy after alloHSCT may provide high
levels of FLT3 inhibition in the long term in patients who
remain on treatment, though further validation is required.

These data are consistent with the safety profile of
midostaurin in patients with FLT3-ITD AML. In line with
the AMLSG 16-10 study [17], the median time of mid-
ostaurin exposure during maintenance was similar
(9 months in AMLSG 16-10 and 10 months in RADIUS);
discontinuation due to toxicity was more common in
AMLSG 16-10 (55%) than in RADIUS (27%), which may
be explained by the stringent inclusion criteria of RADIUS.
However, both studies demonstrated the safety and feasi-
bility of midostaurin maintenance therapy.

Post-alloHSCT maintenance therapy with FLT3 TKIs,
including midostaurin, is a viable treatment for reducing the
risk of relapse in patients with FLT3-ITD AML. We

Table 4 Incidence of GVHD.

GVHD, n (%)a Midostaurin+ SOC
(n= 30)

SOC
(n= 30)

Acute 15 (50) 16 (53)

Grade I 7 (23) 4 (13)

Grade II 8 (27) 10 (33)

Grade III 0 2 (7)

Grade IV 0 0

Chronic 9 (30) 10 (33)

Mild 2 (7) 5 (17)

Moderate 5 (17) 4 (13)

Severe 2 (7) 1 (3)

GVHD graft-vs-host disease, SOC standard of care.
aPatients could be counted in multiple categories.
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Drug No. Schedule Strategy Endpoint Main results References

GILTERITINIB 346 120 mg/day
for 12 months
from d60-d90

maintenance Primary End Point RFS
Secondary End Point OS

Result expected in 2025 MORPHO Trial, Phase III, randomized, 
double-blind

768 for 24 months maintenance Primary End Point RFS
Secondary End Point OS and CR rate

Result expected in 2023 HOVON/AML-SG Trial, Phase III, 
randomized (gliteritinib vs. midostaurin)

QUIZARTINIB 539 120 mg/day
for 36 months

Primary End Point EFS
Secondary End Point OS

Result expected in 2022 QUANTUM FIRST Trial, Phase III, 
randomized, double-blind

CRENOLANIB 48 100 mg TID
from d30-d90
for 24 months

maintenance Primary End Point PFS
Secondary End Point OS and DFS

Result expected in 2022 Phase II, open-label, uncontrolled

510 100 mg TID
for 12 months

maintenance Primary End Point EFS
Secondary End Point OS

Result expected in 2025 Phase III, randomized (crenolanib vs. 
midostaurin)

Second Generation FLT3 Inihbitors



only a few studies have looked at vaccines as a form of
maintenance therapy. The theoretical benefit of peptide-based
vaccines is feasibility, tumor selectivity, and minimizing the
potential risk of GVHD. However, as there is no specific or
universal antigen for AML, prior strategies have targeted
proteins overexpressed in AML, such as Wilms’ tumor 1
(WT1) and PR1 (52). A phase 1 study of a WT1 vaccine in 9
high-risk patients (5 with AML) after allo-HCT was conducted
that generally demonstrated safety with no significant adverse
events noted for most patients (53). Interpretation of efficacy
was obviously challenging given the small sample size with
biological heterogeneity of the underlying AML although all 4
AML patients in complete remission at time of allo-HCT
remained in complete remission at over 2 years after vaccination.

Alternative vaccine approaches that use whole tumor cells as
a source of antigens have also been explored. This includes gene-
transduced tumor cell vaccine (GVAX), where leukemic cells are
manipulated to express GM-CSF, and dendritic cell/AML fusion
vaccines, where donor-derived dendritic cells are fused with
patient-derived AML cells. A phase 1 study examining GVAX
for 15 patients with AML/MDS demonstrated safety of the
approach with comparable rates of GVHD compared to a
historical control with a 2-year Kaplan-Meier estimate of OS
of 57%. Results from a phase 2 trial were recently published by
the same group, which randomized 57 patients with AML/MDS
to GVAX versus placebo after allo-HCT. GVAX was well

tolerated with only injection site reactions noted as adverse
events; however, no difference in overall survival or progression
free survival were observed in GVAX recipients compared to
placebo (54). Results from a phase 1 trial of a donor derived
dendritic cell/AML fusion vaccine were also recently published
(55). This study enrolled 17 patients with AML after transplant,
of which 11 participants were able to have vaccine successfully
generated and administered. Promisingly, of patients who
received the vaccine, 10 remained in complete remission at a
median time of 21 months after allo-HCT.

Discussion

Over the last decade, there has been considerable interest in
the use of maintenance therapy for patients with AML after allo-
HCT to potentially reduce the significant risk of disease relapse.
Table 1 lists the major ongoing clinical trials in this space. The
agents chosen are often repurposing therapies with proven
efficacy in other settings due to familiarity as well as
commercial access. There have been only a handful of
prospective phase 2 or 3 studies powered to examine the
efficacy of specific maintenance therapies that have completed
or are currently still accruing patients (Table 2).

The challenges in conducting clinical trials in the allo-HCT
maintenance setting are numerous. First, patients have

TABLE 1 Select Active Clinical Trials for Maintenance Therapy after Allo-HCT for patients with AML.

Drug Class/
Intervention

Description Duration of main-
tenance therapy

Status Clinical Trial
Identifier

Gilteritinib Phase 3 double-blind, placebo RCT in FLT3-ITD
AML

Up to 2 years maintenance Completed accrual, 356 participants NCT02997202
(BMT-CTN 1506)

Quizartinib Phase 3, double-blind, placebo RCT (upfront and
as maintenance) in FLT3-ITD AML

36 months of treatment Completed accrual, 539 participants NCT02668653
(QUANTUM-First)

Crenolanib Phase 2, open label/single arm in FLT3+ AML Up to 2 years maintenance Completed accrual, 48 participants NCT02400255

Enasidenib Phase 1, open label in AML/MDS/CMML Up to 12 months Completed accrual w/initial results, 16
participants

NCT03515512

Ivosidenib Phase 1 open label in AML/MDS/CMML Up to 12 months Completed accrual, 18 participants, initial
results expected in late 2022

NCT03564821

Oral azacitidine Phase 3, double-blind, placebo RCT in AML/MDS Up to 12 months Recruiting, estimated enrollment 324
participants

NCT04173533

Oral decitabine/
cedazuridine

Phase 1, open label in MDS/CMML Up to 2 years Recruiting, estimated enrollment 22
participants

NCT04980404

Azacitidine +
Venetoclax

Phase 1, open label in high risk AML/MDS/MPN
overlap

Up to 12 months Recruiting, estimated enrollment 68
participants

NCT03613532

Azacitidine +
Venetoclax

Phase 2, open label trial in AML and other
hematologic malignancies

Up to 12 months Recruiting, estimated enrollment 125
participants

NCT04128501

Azacitidine +
Venetoclax

Phase 3, open label RCT in AML Up to 24 months Recruiting, estimated enrollment 424
participants

NCT04161885
(VIALE-T)

Azacitidine +
eprenetapopt

Phase 2, open label trial in TP3 mutated AML/
MDS

Up to 12 months Completed recruitment, 33 participants NCT03931291

Panobinostat Phase 3, open label RCT in AML/MDS Unclear but at least 1 year Completed recruitment, 52 participants NCT04326764

DC/AML fusion
cell vaccine

Phase 1 – 2 vaccines, 3 weeks apart, +/- decitabine 2 vaccines Recruiting, estimated enrollment 45
participants

NCT03679650

Nayak and Chen 10.3389/fonc.2022.895771

Frontiers in Oncology frontiersin.org07

Nayak, R. K. & Chen, Y.-B. Front. Oncol. 2022, 12, 895771



Interventional Flow Chart

Pre-transplant 
risk assessment

2017 ENL 
LOW RISK

- Myeloablative conditioning
- Less intense GVHD prophylaxis
- Early withdrawal GVHD prophylaxis

- MRD monitoring
- Chimerism monitoring

PROPHYLACTIC APPROACH
Pharmacologic treatment

- Evidence of MRD+
- Mixed chimerism

PREEMPTIVE APPROACH
Pharmacologic ± Cellular treatment

HMA - target therapies - combo
DLI every 4-6 weeks

2017 ENL 
HIGH RISK

- Unfavorable karyotype/molecular
- Chemorefractory disease
- MRD+ at transplant

2017 ENL 
INTERMEDIATE RISK



Conclusions

üRelapse remains the leading cause of transplant failure

üHigh interest on maintenance/preemptive approach after transplant

üMost promising data support the use of FLT3 inhibitors

üOther promising agents needs clinical trials

ü In the next years will be avaiable results on Gilteritinib, IDH Inhibitors, oral 

Azacitidin, Venetoclax, Panobinostat and Cellular Therapies

üOngoing clinical trial are evaluating double and triple-combo 

(HMA+Venetoclax+IDH inhibitors or HMA+Venetoclax+FLT3 inhibitors)



“90% of what we hold true in 
cancer research and clinical care, 
will be obsolete in 10 years”

Emil Freireich, MD
A “founding father” of modern chemotherapy for leukemia

University of Texas M.D. Anderson Cancer Center
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Venetoclax in Combination with Gilteritinib in Patients with
Relapsed/Refractory Acute Myeloid Leukemia: A Phase 1b Study
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BACKGROUND: The FLT3 tyrosine kinase inhibitor (TKI) gilteritinib improves the survival of patients with

relapsed/refractory (R/R) FLT3 mutated (FLT3mut+) acute myeloid leukemia (AML) compared to standard

salvage chemotherapy; however, single agent TKI therapy is not curative and long-term survival remains

low. Combination therapy with agents that induce apoptosis may enhance cytotoxicity against FLT3mut

+ and WT clones and potentially delay or prevent drug resistance. Preclinical data demonstrate that the

combination of venetoclax with a FLT3 tyrosine kinase inhibitor is highly synergistic, and BCL-2 inhibition

by venetoclax directly triggers apoptosis, which may help overcome resistance to FLT3-targeted therapy.

Therefore, we sought to define the safety and activity of venetoclax plus gilteritinib in R/R AML.

METHODS: This is a multicenter, open-label, phase 1b clinical trial (NCT03625505) evaluating the safety

and efficacy of venetoclax in combination with gilteritinib for patients with relapsed or refractory (R/R)
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Gilteritinib
80/120 mg

Venetoclax
100 mg
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Venetoclax
400 mg
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Response No. (%)

CR 5 (50%)

PR 4 (40%)

RD 1 (10%)

Mortality <30 days 0


