
Azacitidine as post-remission consolidation for
sorafenib-induced remission of Fms-like tyrosine
kinase-3 internal tandem duplication positive acute
myeloid leukemia

Internal tandem duplication (ITD) of the fms-like tyro-
sine kinase 3 (FLT3) gene in acute myeloid leukemia
(AML) confers an inferior prognosis.1,2 Multi-kinase
inhibitors against FLT3, including midostaurin, sorafenib
and quizartinib, have been evaluated either as single
agents or in combination with intensive chemotherapy.3,4

Monotherapy often results in significant clearance of BM
blasts but the response is uniformly transient and drug
resistance invariably develops.  Combination with inten-
sive chemotherapy might improve event-free survival
(EFS) in young5 but not elderly patients.6

The use of azacitidine as maintenance therapy in
myelodysplastic syndrome (MDS) and AML patients
who are at risk of relapse has been evaluated.7,8

Azacitidine has also been used in combination with
sorafenib, resulting in a significant overall response in
relapsed FLT3-ITD+ AML.9 Here, sorafenib monotherapy
was effective as a re-induction agent and azacitidine con-
solidation prolonged response as compared with a histor-
ical cohort of patients treated with sorafenib monothera-
py.  Sorafenib and azacitidine synergistically inhibited

leukemia cell growth in vitro, potentiated apoptosis and
suppressed leukemia engraftment in xenotransplantation
of FLT3-ITD+ cell lines.  
Patients with relapsed or refractory FLT3-ITD+ AML

after conventional chemotherapy and/or allogeneic
HSCT were treated with sorafenib at 200 – 400 mg twice
daily. BM examination was performed at three weeks
and then every four weeks until best response was docu-
mented. Complete remission (CR) was defined as BM
blasts < 5%, with absolute neutrophil count > 1×109/L
and platelet count >100×109/L. Complete remission with
insufficient hematological recovery (CRi) was defined as
BM blasts < 5% with incomplete recovery of absolute
neutrophil and/or platelet counts. Thereafter, azacitidine
consolidation (100 mg/day x 4 days subcutaneously) was
administered every four weeks until disease progression
or allogeneic HSCT. The total dose of 400 mg per cycle
was similar to that used for maintenance in AML.7,8 The
decision of a 4-day regimen was a practical one, taken in
order to avoid drug wastage and to shorten the duration
of administration.  Data were censored on 30 July 2014.
The study was approved by the institutional review
board in accordance with the Helsinki Declaration.
Determination of FLT3-ITD and FLT3-TKD and their
allelic burden have been previously described.9
Categorical variables were analyzed with the chi-square
test and the Fisher’s exact test. Continuous variables
were analyzed with the Mann-Whitney U test or the
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Figure 1. Response to sorafenib and azacitidine treatment in patients with FLT3-ITD+ AML A. Bone marrow biopsy of a representative case
with FLT3-ITD+ AML before sorafenib treatment showing predominance of blasts. B. Bone marrow biopsy of the same case three weeks
after sorafenib treatment, showing clearance of blast, and return of erythropoiesis and myeloid maturation. C. Progression-free survival
(PFS) was measured from the time of best BM response to leukemia progression or last follow-up. Treatment with sorafenib and azaciti-
dine significantly improved PFS as compared with patients treated with sorafenib alone. D. Overall survival was measured from the start
of sorafenib until death or last follow-up and was comparable for the sorafenib and azacitidine cohort and the sorafenib alone cohort.
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Student’s paired t-test. Survival analyses were performed
using the Kaplan-Meier method. Differences in survival
were determined with the log-rank test. All statistical
analyses were performed with SPSS (version 18.0)
(Chicago, IL, USA). A P-value of less than 0.05 was con-
sidered as statistically significant.
Nine patients were treated (Online Supplementary Table

S1).  Five patients (AML secondary to MDS, N=4; AML
with MDS changes, N=1) had prior exposure to
hypomethylating agents (decitabine, N=2; azacitidine,
N=3). The overall response rate (ORR) to sorafenib was
100% (CR, N = 3; CRi, N = 6) (Figures 1 A,B). The median
time to best bone marrow response (BBMR) was 26 days
(range: 21–91 days). A median of 4 courses of azacitidine
was administered (1–5 courses). To evaluate the benefits
of azacitidine as a post-remission therapy, the outcome
was compared with that of a historical cohort of 13
patients treated with sorafenib monotherapy, eight of
whom had previously been reported.10 The present
cohort had significantly higher median hemoglobin,
lower circulating leucocytes and PB/BM blasts percent-
ages prior to treatment (Online Supplementary Table S2).
The median FLT3-ITD allele burdens before sorafenib
treatment in the current and historical cohorts were
48.8% (range: 11.2-93.7%) and 44% (range:28-100%)
(P=0.99). With a median follow-up of 186 days (range:
61–630 days), the current cohort was superior to the his-
torical sorafenib monotherapy cohort in median progres-
sion free survival (PFS) (116 versus 65 days; P=0.03, log-
rank) (Figure 1C), but comparable in median overall sur-

vival (OS) (182 versus 186 days; P=0.65, log-rank) (Figure
1D). Despite an initial response, all nine patients ulti-
mately progressed (emergence of PB and/or BM blasts of
>20%).
To ascertain if azacitidine might increase the depth of

response, FLT3-ITD allelic burden was examined serially
in five patients. At CR/CRi after sorafenib monotherapy,
the FLT3-ITD allelic burden was only modestly reduced,
recapitulating our previous observations in patients treat-
ed with sorafenib monotherapy.10 However, azacitidine
in conjunction with continued sorafenib treatment signif-
icantly reduced the allelic burden (Figure 2A,B), support-
ing our proposition that combined azacitidine and
sorafenib treatment resulted in reduction of FLT3-ITD
clone size. At disease progression, two patients showed
loss of the FLT3-ITD clone present before sorafenib treat-
ment (AML17 and AML18, Figure 2C). Emergence of
FLT3-TKD D835Y mutant clone occurred in two patients
(AML17 and AML19, Figure 2D,E). Other FLT3 TKD
mutations including F691, N841 and Y842 were not
observed. 
The anti-leukemia effects of combined sorafenib and

azacitidine on FLT3-ITD+ cell lines in vitro was evaluated.
Sorafenib and azacitidine were synergistic in inhibiting
cellular proliferation and inducing apoptosis (Figure 3A-
C). Interestingly, myeloid differentiation, as reflected by
increased CD11b expression, was not enhanced with
combined treatment (Figure 3D). Furthermore, MV4-11
cells were treated for three days with sorafenib (1nM),
azacitidine (0.1 mmol) or their combination before being
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Figure 2. Molecular analysis of FLT3 gene
during sorafenib and azacytidine treat-
ment in five cases of FLT3-ITD+ AML. 
A. FLT3-ITD allele burden was only mod-
estly decreased at CR/CRi, which was fur-
ther reduced after consolidation with
sorafenib and azacitidine.
B. Representative gene scans of a case of
FLT3-ITD+ AML on presentation, at
sorafenib-induced CR and during consoli-
dation with sorafenib and azacitidine;
showing progressive decrease of FLT3-ITD
allele burden. C. PCR amplification of FLT3
at presentation (P), on achieving sorafenib-
induced CR/CRi (C), and at disease relapse
(R). In the case AML17 and AML18, the
FLT3-ITD clone was lost at C (AML 18) and
R (AML 17 and 18). D. Emergence of 
FLT3-TKD D835Y mutant clone at relapse
in AML15 and AML19, as shown by the
loss of restriction site upon EcoRV diges-
tion. E. Representative gene scans of a
case, showing evolution of the allelic bur-
den of wildtype FLT3 (FLT3-WT) and FLT3-
TKD mutation. *P<0.05.
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transplanted into NSG mice to assess leukemia engraft-
ment, as represented by the presence of myeloblasts
expressing human CD45+ and CD33+ at 6 weeks post-
transplantation. Both sorafenib and azacitidine treatment
significantly reduced leukemia engraftment, which was
further enhanced on combined treatment. (Figure 3E).  
In this study, sorafenib induced a remarkable response

resulting in CR/CRi in all nine patients. It is noteworthy
that these patients were either elderly or refractory to
conventional treatment, signifying that alternative thera-
peutic options were very limited.   Azacitidine added to
sorafenib treatment after sorafenib-induced CR/CRi fur-
ther increased the depth of response, as shown by a sig-
nificant reduction in FLT3-ITD allelic burden. This was
translated into a significant increase in PFS, as compared
with a historical cohort treated with sorafenib monother-
apy.  
We have further provided insights that might improve

the treatment outcome of these patients. Firstly, the abil-
ity of sorafenib to induce CR/CRi in all four cases of AML
secondary to antecedent MDS was unexpected.
Importantly, FLT3 was wild-type during the MDS phase
(unpublished data), but FLT3-ITD developed at leukemic
transformation.  An increased incidence of acquisition of
FLT3-ITD in AML transforming from MDS has been
reported, but the relevant therapeutic implication has not

been explored.11 To our knowledge, our results provide
the first demonstration that FLT3-ITD is a valid therapeu-
tic target when it is acquired during leukemic transforma-
tion of MDS. Hence, FLT3-ITD should be sought in AML
arising from underlying MDS, even if initially absent.
This is particularly pertinent in MDS cases transforming
to AML while on hypomethylating agents (as in our
cases), because otherwise the prognosis for patients is
extremely poor. 
Secondly, PFS was significantly prolonged with com-

bined sorafenib and azacitidine treatment, as compared
with a historical cohort of sorafenib monotherapy.
Previous reports of combination treatment of a tyrosine
kinase inhibitor (TKI) with induction chemotherapy in
newly-diagnosed AML had largely been negative12-14,
excepting one recent study that showed prolongation of
LFS.5 However, in relapsed or refractory FLT3-ITD+ AML
treated with sorafenib, a high response rate with accept-
able toxicity was observed, suggesting that addiction to
FLT3 signaling might be more pronounced in relapsed or
refractory states.  
Thirdly, we showed that sorafenib and azacitidine both

induced apoptosis and partial differentiation of FLT3-
ITD+ AML cells in vitro and their combined treatment
potentiated leukemia cell apoptosis but not differentia-
tion. Combined sorafenib and azacitidine treatment also
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Figure 3. Targeting of FLT3-ITD+ AML by
sorafenib and azacitidine in vitro and in vivo. A
and B. Sorafenib and azacitidine targeted AML
synergistically in vitro. Azacitidine and
sorafenib inhibited cell growth in MOLM-13
(Ai) and MV4-11 (Bi). Viable cell number was
enumerated by AccuCheck Counting Beads
(Life Technologies, Grand Island, NY, USA)
after PI exclusion. The number in each box
represented the mean percentage inhibition
in triplicates. Difference in percentage growth
inhibition between combination treatment
and the multiplication product of growth inhi-
bition by each treatment alone (excess over
Bliss additivism) in MOLM-13 (Aii) and MV4-
11(Bii). Positive values indicated synergism
between sorafenib and azacitidine. 
C. Combination of sorafenib and azacitidine
potentiated apoptosis in MOLM-13(i) and
MV4-11(ii) as detected using phycoerythrin
(PE) Annexin V Apoptosis Detection Kit I (BD
Bioscience) based on flow cytometry. 
D. Sorafenib and azacitidine significantly
induced differentiation of MOLM-13 cells as
enumerated by the increase in CD11b+ expres-
sion but their combination had not resulted in
synergism. E. Representative diagram show-
ing human engraftment in NSG mice as
shown by the human CD45+ and mouse
CD45.1– population. After treatment in vitro,
MOLM-13 and MV4-11 cells were injected
intravenously (i.v.) into sublethally irradiated
(250 cGy) 6 to 8 week-old NOD/SCID/IL2-Rγ–/–
(NSG) mice. At 6 weeks, mouse BM was eval-
uated after staining with antibodies against
human CD45, and mouse CD45.1 (BD
Bioscience). The inset showed a representa-
tive flow cytometric analysis of double human
CD45+ and human CD33+ cells in mice trans-
planted with MV4-11 cells. Xenogeneic trans-
plantation was approved by the Committee on
the Use of Live Animals for Teaching and
Research (CULATR 837-03, 1587-07) of the
University of Hong Kong. F. Sorafenib and
azacitidine significantly reduced AML engraft-
ment in NSG mice (Paired t-test: *:P<0.05,
**:P<0.01).
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suppressed leukemia cell engraftment in immunodefi-
cient mice upon xenotransplantation, providing a labora-
tory correlation to the improved leukemia free survival of
patients receiving azacitidine consolidation. However, its
clinical relevance remains to be determined, and in vivo
treatment of animals may provide a closer resemblance
to the clinical scenarios. 
There were a number of limitations in this study.  It

included a relatively small number of patients, who were
over-represented by AML transforming from underlying
MDS.  Moreover, the pre-clinical studies were based pri-
marily on leukemia cell lines.  The benefits to AML
patients with wild-type FLT3 are also unknown.
However, the outcome of transformed MDS in elderly
patients is uniformly fatal, and any novel strategies that
might induce remission, which occurred at a high fre-
quency in our cohort, should be further investigated. The
mechanistic link between sorafenib and azacitidine is
unclear but could be related to their concerted effects on
signal transduction and promoter demethylation of
tumor suppressors.  Previous reports on this combination
predicated response on azacitidine not inducing an
increase in the Flt3 ligand, which might hamper the
effects of sorafenib.9 In this study, we observed that
sorafenib as monotherapy achieved a remarkable
response as a single agent in relapsed FLT3-ITD+ AML,
and that low-dose azacitidine in combination with
sorafenib achieved a durable remission. Furthermore, the
enhanced anti-leukemia effects between sorafenib and
azacitidine in vitro implied potential synergisms at a cellu-
lar level. However, despite a significant increase in PFS,
there was no improvement in OS as all patients eventu-
ally relapsed. Hence, a more effective consolidation strat-
egy has to be identified. 
In conclusion, the results in this study provide proof-

of-principle evidence that consolidation treatment after
TKI-induced remission in AML is potentially beneficial.
This concept should further be tested in future clinical tri-
als of TKI in the treatment of acute leukemia. 
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