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The N676D and G697R mutations in the kinase
domain of FLT3 confer resistance to the inhibitor
AC220

The FLT3 receptor tyrosine kinase is constitutively acti-
vated by internal tandem duplication (ITD) in its jux-
tamembrane domain or tyrosine kinase domain in 30% of
acute myeloid leukemia (AML) cases.1-3 Alternatively, FLT3
can also be activated by mutations in the kinase domain
(such as the D835Y mutation, which are observed in 7%

of AML cases.1,2 Both in vitro and in vivo data have demon-
strated that FLT3-ITD and FLT3-D835Y encode constitu-
tively activated kinases that drive the proliferation and sur-
vival of hematopoietic cells. Furthermore, FLT3-ITD muta-
tions confer a bad prognosis in AML,1,4,5 and FLT3
inhibitors are expected to improve the outcome of AML
patients in this subgroup. These data provide the rationale
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Figure 1. Sensitivity of FLT3-ITD mutants to the AC220 inhibitor.
Ba/F3 cells expressing FLT3-ITD (W51 mutation as described by
Kelly et al.11), FLT3-D835Y and different FLT3-ITD mutants were
treated with increasing concentrations of AC220 and their prolif-
eration was measured over a period of 24 h (A). (B) The same
cells were also harvested for Western blot analysis after treat-
ment for 90 min with different concentrations of AC220. The
phosphorylation of the different FLT3 proteins was determined
using a phospho-FLT3 antibody (Tyr591/3466, Cell Signaling
Technology). 
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for the use of FLT3 kinase inhibitors for the treatment of
AML.2

While pre-clinical experiments with cell-based assays
and mouse models documented a potent effect of various
FLT3 kinase inhibitors, first clinical trials showed only
moderate efficacy.2 One complicating factor for the treat-
ment of AML is the heterogeneity of the disease, with
FLT3 mutations being only one of the many mutations
present in human AML samples. Molecular data also sug-
gest that FLT3 mutations tend to occur late in the multi-
step development of AML, limiting the effect of FLT3
inhibitors to the subset of AML cells within the leukemia
that harbor FLT3 mutations.
In an ongoing multinational phase II trial of the FLT3

inhibitor AC220 as monotherapy, a complete remission
rate of 45% was reported at an interim report at the EHA
meeting in 2011.6,7 Despite these promising results,
patients treated with AC220 develop resistance to this
inhibitor and Smith et al. have demonstrated that this is
due to the acquisition of FLT3 kinase mutations.8 In that
study, mutations at 3 different positions in the kinase
domain of FLT3 were identified that confer resistance to
AC220: F691, D835 and Y842.8 These mutations were
identified by an in vitro resistance screen, and in AML sam-
ples obtained from patients who developed resistance to
AC220 treatment. Although these mutations conferred
resistance to AC220, defined by a clear shift in the IC50
values compared to FLT3-ITD and by their identification
as acquired mutations in relapsed patients during AC220
treatment, they could still be inhibited by higher concen-
trations of the drug.
Eight years ago, we predicted resistance mutations in the

FLT3 kinase domain using an in vitro mutagenesis technol-
ogy in FLT3-ITD transformed Ba/F3 cells.9 In this way, we
identified 3 positions in FLT3 (N676, F691 and G697) that
upon mutation conferred high level resistance to PKC412.
One of these mutations (N676D) was later also identified
as a resistance mutation in an AML patient treated with
PKC412, indicating the validity of the in vitro predictions.10

The F691L mutation in FLT3 was recently identified as a
resistance mutation in AML patients treated with AC220.8

Here we show that also the G697R and N676D muta-
tions confer resistance to AC220. Ba/F3 cells dependent on
the expression of FLT3-ITD or FLT3-ITD with additional
N676D, F691I, F691L or G697R mutation were treated
with increasing concentrations of AC220. We measured
the proliferation of these cells over a period of 24 h and we
determined the level of autophosphorylation of FLT3 as a
measurement of its activity after 90 min of inhibitor treat-
ment. All mutations conferred resistance to AC220, with
G697R and F691L/I mutations being the most resistant,
and N676D conferring a lower level of resistance (Figure
1). In addition, we also used the Ba/F3 cells expressing
FLT3-D835Y, and we observed that also these cells were
highly resistant to AC220 (Figure 1).
Our data show that there are additional mutations that

confer resistance to AC220; in particular, the G697R muta-
tion that confers resistance similar to the recently
described F691L mutation. All these mutations can be eas-
ily acquired by a single nucleotide change in the FLT3 gene
sequence. Notably, the F691L, G697R and N676D muta-
tions that confer resistance to AC220 remain sensitive to
ponatinib or sorafenib, other known FLT3 inhibitors cur-
rently being tested in clinical trials. These results point out
that combinations of AC220 and ponatinib or sorafenib
may be useful to overcome resistance to single agents.12,13
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