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Abstract: Acute myeloid leukemia (AML) is an aggressive hematologic malignancy which is cured in a minority of pa-
tients. A FLT3-internal tandem duplication (ITD) mutation, found in approximately a quarter of patients with de novo
AML, imparts a particularly poor prognosis. Patients with FLT3-ITD AML often present with more aggressive disease
and have a significantly higher propensity for relapse after remission. The therapeutic approach for these patients
has traditionally included intensive induction chemotherapy, followed by consolidative chemotherapy or hematopoi-
etic cell transplantation (HCT). In recent years, multiple small molecule inhibitors of the FLT3 tyrosine kinase have
been studied preclinically and in clinical trials. The earlier generation of these agents, often non-specific and impact-
ing a variety of tyrosine kinases, produced at best transient peripheral blood responses in early clinical trials. Addi-
tionally, the combination of FLT3 inhibitors with cytotoxic regimens has not, as of yet, demonstrated an improvement
in overall survival. Nevertheless, multiple current trials, including those with sorafenib, lestaurtinib, and midostaurin,
continue to study the combination of FLT3 inhibitors with standard chemotherapy. Factors such as sustained FLT3
inhibition, protein binding, pharmacokinetics, and the presence of elevated FLT3-ligand levels appear to significantly
impact the potency of these agents in vivo. In recent years, the development of more specific and potent agents has
generated hope that FLT3 inhibitors may play a more prominent role in the treatment of FLT3-ITD AML in the near
future. Nevertheless, questions remain regarding the optimal timing and schedule for incorporation of FLT3 inhibi-
tors. The suitability, type, and timing of allogeneic HCT in the therapeutic approach for these patients are also issues
which require further study and definition. Recent retrospective data appears to support the efficacy of allogeneic
HCT in first complete remission, possibly due to a graft versus leukemia effect. However, larger prospective studies
are necessary to further elucidate the role of HCT and its potential combination with FLT3 inhibitor therapy. We are
hopeful that current clinical investigation will lead to an optimization and improvement of outcomes for these pa-
tients.

Introduction are much more likely to relapse and do so more
rapidly than those with a wildtype FLT3 gene.

Acute myeloid leukemia (AML) is an aggressive

and frequently fatal hematologic malignancy.
While many patients with AML are able to
achieve a complete remission (CR) with tradi-
tional induction chemotherapy, the majority of
patients will relapse and eventually succumb to
their disease. Rates of relapse are particularly
high for patients with a FLT3 (FMS-like tyrosine
kinase 3) internal tandem duplication (ITD) mu-
tation. FLT3-ITD mutations are found in approxi-
mately one quarter of patients with AML [1-3],
with a usual initial presentation of leukocytosis
and normal karyotype on cytogenetic analysis.
While initial remission rates are not different for
patients with FLT3-ITD relative to FLT3-wildtype
(WT) patients, patients with a FLT3-ITD mutation

Given the success of tyrosine kinase inhibitors
(TKIs) in chronic myeloid leukemia (CML) and
Philadelphia chromosome positive acute lym-
phoblastic leukemia (ALL), inhibitors of the FLT3
tyrosine kinase have been under extensive
study in recent years. These include sorafenib,
lestaurtinib  (CEP-701), and midostaurin
(PKC412), all of which were initially developed
as inhibitors of other tyrosine kinases [4-9]. A
more specific and potent inhibitor of FLT3,
AC220, has recently entered early clinical inves-
tigation, and has been associated with dramatic
responses in early-phase trials [10]. The opti-
mal treatment for FLT3-ITD AML remains un-
clear with several outstanding questions: 1) Do
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Figure 1. A simplified diagram of the signaling cascades thought to mediate the downstream effects of FLT3 activa-
tion in AML. Diagram derived and adapted from one obtained courtesy of Dr. Mark Levis, Sidney Kimmel Comprehen-
sive Cancer Center, Johns Hopkins Hospital, Baltimore, MD, USA.

FLT3 inhibitors have a role in the treatment of
AML? 2) If so, what is the best agent? 3) What is
the optimal way to incorporate FLT3 inhibitors
into standard induction therapy? 4) What is the
best consolidation therapy for FLT3-AML in first
complete remission (CR1)? and 5) Is there a
role for maintenance therapy with a FLT-3 inhibi-
tor after either consolidation chemotherapy or
HCT?

FLT3 as a target

The FMS-like tyrosine kinase 3 (FLT3) gene was
cloned approximately 20 years ago [11, 12],
and resides on chromosome 13 [13-15]. FLT3
belongs to the type Ill class of receptor tyrosine
Kinases, which also includes KIT and PDGFR [3,
16, 17]. The FLT3 receptor consists of an ex-
tracellular portion of five immunoglobulin-like
domains, a trans-membrane region, a short in-
tracellular juxtamembrane unit, and an intracel-
lular tyrosine kinase domain. Upon binding
FLT3 ligand (FL), the receptor dimerizes and the
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inner leaflet of the membrane is auto-
phosphorylated, which then leads to activation
of the tyrosine kinase and subsequent down-
stream signaling, with significant mediators be-
ing PI3-kinase, AKT, MAP kinase, and STAT5
(Figure 1) [18-26]. In the normal hematopoietic
environment, FLT3 expression is predominantly
on CD34 expressing cells, and appears to be
integrally involved in early hematopoiesis and
reconstitution of multi-lineage myeloid precur-
sors [12, 27-29]. This has been demonstrated
by disruption of FLT3 signaling in murine mod-
els, which although not lethal, does bring about
significant reduction of hematopoietic precur-
sors [30].

FLT3 ligand (FL) and the FLT3 receptor appear
to be upregulated in the majority of human leu-
kemia cell lines [31, 32]. In myeloid blasts,
FLT3 expression is no longer tightly associated
with CD34 expression, as it is in normal precur-
sors. Some AML cell lines exhibit overexpres-
sion of wild-type FLT3, but others have activat-
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ing mutations which render the FLT3 tyrosine
Kinase hyperactive such as point mutations or
the ITD alteration [5, 13, 33-35]. As has been
shown in several large series of AML patients,
internal tandem duplications are found in ap-
proximately 23% of patients with de novo AML
[4, 2, 36, 37]. Point mutations within the acti-
vation loop of the kinase domain are found in
an additional 7% of patients [13, 38]. These
alterations result in increased and constitutive
FLT3 activation. This then leads to triggering of
STAT5 and downstream MAP kinase and AKT
signaling cascades, causing suppression of
apoptosis and dysregulated cell proliferation [5,
39, 40]. The ITD mutations have been uni-
formly associated with an adverse prognosis, as
demonstrated in multiple clinical studies, but,
interestingly, the prognostic impact of the tyro-
sine kinase point mutations remains controver-
sial [41-45].

The adverse clinical impact of FLT3-ITD altera-
tions in AML has led to efforts to develop effec-
tive FLT3 inhibitors as targeted therapy for
these patients. Multiple candidate compounds
have been investigated and reported as effec-
tive FLT3 kinase inhibitors in vitro. Most of
these compounds are structural mimics of the
purine component of ATP, and occupy the ATP-
binding pocket of the tyrosine kinase [46, 47].
Studies have suggested that specific FLT3 in-
hibitors induce preferential cytotoxicity in FLT3-
mutant AML cells, and that sustained and po-
tent FLT3 inhibition appear essential in bringing
about cytotoxicity against myeloblasts [4, 48].
In recent years, multiple inhibitors of FLT3,
some more potent and specific than others,
have been transitioned from the laboratory and
studied in clinical trials. Those which are most
advanced in clinical trials are summarized in
Table 1, and outlined in detail below.

Inhibitors of FLT3 currently under clinical inves-
tigation

Sorafenib

Sorafenib is approved by the FDA and widely
used in advanced renal cell carcinoma (RCC)
and hepatocellular carcinoma (HCC) [49, 50]. It
is a potent inhibitor of many receptor tyrosine
kinases, including c-KIT, NRAS, RAF kinase, and
FLT3 [51, 52]. Sorafenib effectively suppresses
FLT3 auto-phosphorylation and downstream
signaling, leading to leukemic cell death [53,
54]. It is relatively well tolerated as a single
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agent in AML, and can effect transient de-
creases in bone marrow blasts, particularly in
those patients with FLT3-ITD mutations [55,
56]. Given its commercial availability, there has
been increasing use of sorafenib on an off-label
basis for patients with advanced FLT3-mutant
AML. Case reports of dramatic responses to
single agent sorafenib have been published,
including reports of complete remission [57,
58]. In a recent abstract presentation, six of 11
patients with refractory AML were able to pro-
ceed to HSCT after responding to treatment with
sorafenib. The same group also described pro-
longed complete remissions when sorafenib
was delivered in the relapsed post-transplant
setting [59, 60].

A phase I/1l trial of 61 newly-diagnosed cases of
AML investigated sorafenib combined with cyta-
rabine and idarubicin based induction therapy.
The phase | portion of this study evaluated the
safety of sorafenib in cohorts of escalating
dose, including an initial dose of 400 mg by
mouth every other day, then at 400 mg daily,
and finally at 400 mg twice daily. As the 400
mg twice daily regimen was well-tolerated, this
dose was administered during the phase Il por-
tion of the trial, and given concurrently during
the first seven days of induction therapy,
throughout each cycle of consolidation, and
continued as maintenance for a total of one
year. High rates of complete remission (CR)
were reported, with 38 patients (75%) in total,
and 14 of 15 FLT3-ITD patients (93%), achiev-
ing a CR following induction. Among the FLT3-
mutated patients, 10 patients relapsed and five
remained in CR with a median follow-up of 62
weeks. Correlative studies from the study re-
ported effective suppression of FLT3-
phosphorylation in the FLT3-ITD patients [7].

Results from a recent European randomized,
placebo-controlled phase Il trial in elderly pa-
tients, receiving sorafenib or placebo with stan-
dard induction, consolidation, and maintenance
chemotherapy, were also recently presented.
These investigators also employed the 400 mg
twice daily dosing of sorafenib, administered
after chemotherapy and in between cycles of
consolidation, and continued for a period of one
year. The combination was well-tolerated, but
no benefit in survival parameters or rate of CR
were found, including the subset of patients
with FLT3-ITD AML [61]. There are other trials
currently evaluating sorafenib combined with
cytotoxic therapies. A CALGB-led phase Il clini-

Am J Blood Res 2011;1(2):175-189



Treatment of FLT3-ITD acute myeloid leukemia

Table 1. A summary of the advanced phase trials of FLT3 inhibitors in AML

Clinical Significant Findings

Compound
Trial Stage

Phase Il [62] European, randomized, placebo-controlled, double-blind trial of induction/consolidation
chemotherapy with or without sorafenib in older patients, regardless of FLT3-status.
Sorafenib Event free survival (EFS) and overall survival (OS) not significantly different between the two
(BAY 43-9006) groups.

No differences in CR, EFS or OS were noted in 14% of patients with FLT3-ITD mutations.

Phase Il Randomized trial of 224 FLT3-mutant patients in first relapse.

[70] No difference in CR rate or overall survival between cohorts which receiving chemotherapy
Lestaurtinib alone or followed by lestaurtinib.

(CEP-701) FLT3 inhibition correlated with RR, but target inhibition achieved in only 58% of patients.

Phase Il British MRC trials are investigating the combination of lestaurtinib with induction and con-
[71] solidation chemotherapy.

Interim results suggest FLT3 target inhibition of greater than 85% in 82% of measured time-
points for evaluable patients.

Additionally, 77 of 83 evaluable patients (93%) achieved a complete remission.

Midostaurin
(PKC412) tients.

Phase IIB Ninety five patients with AML or MDS, regardless of FLT3 status, randomly assigned to re-
[75] ceive oral midostaurin at 50 or 100 mg twice daily.
The bone marrow response rate was 71% in FLT3-mutant patients and 42% in FLT3-wt pa-

or without midostaurin.

Phase Il RATIFY is a CALGB-led multi-national, placebo controlled, phase lll trial, which randomizes
[76] patients with newly diagnosed FLT3-mutant AML, to induction and consolidation therapy with

This CALGB-led trial is currently accruing patients.

[80] gress of the EHA.

Phase Il An interim analysis of this open label, mono-therapy study was presented at the 2011 Con-

AC220 Based on response data from 62 relapsed/refractory FLT3-mutant patients, the investigators

reported a CR rate of 45%, with the majority being CRi. In addition, an additional 25%
achieved a partial response (PR).

The median survival was 24.7 weeks. A significant number of patients who had previously
failed chemotherapy successfully transitioned to HSCT.

cal trial will assess the efficacy of sorafenib
combined with 7+3 induction therapy in older
FLT3-ITD patients, and administer the drug on
days 1-7 of induction, throughout consolidation,
and as maintenance therapy (clinicaltrials.gov,
NCT01253070). Other ongoing combination
trials include that of sorafenib with low-dose
cytarabine in older patients (NCT00516828),
and with clofarabine and cytarabine in the re-
lapsed/refractory setting (NCTO0O893373).

Lestaurtinib

Lestaurtinib is a polyaromatic indolocarbazole
compound which was initially found to effec-
tively inhibit a variety of tyrosine kinases, includ-
ing RET, JAK2, and TRK, as well as FLT3 [62-
64]. Given this activity, lestaurtinib was first
clinically evaluated as therapy for solid tumors.
Although well-tolerated, the drug was not effec-
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tive in achieving objective responses [65]. Pre-
clinical studies of lestaurtinib, however, found it
to be a potent inhibitor of FLT3, and preferen-
tially cytotoxic to FLT3-ITD cell lines and primary
samples [5]. Interestingly, early in vitro studies
of lestaurtinib combined with traditional cyto-
toxic chemotherapy found synergistic cytotoxic-
ity when it was used concurrently or subsequent
to chemotherapy. In contrast, when leukemia
cells were exposed to lestaurtinib followed by
exposure to chemotherapy, antagonism was
noted. The biological basis for this observation
was postulated to be G1 cell cycle arrest in leu-
kemic cells exposed to lestaurtinib, leading to a
decreased efficacy of chemotherapeutic agents
[66].

A phase I/Il trial of lestaurtinib in FLT3-mutant

AML patients demonstrated that lestaurtinib
was well-tolerated and that it produced clinical
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responses, although mostly just reductions in
the peripheral blast count. Additionally, a sus-
tained and effective suppression of FLT3 phos-
phorylation, as measured with an ex vivo assay,
correlated strongly with these clinical responses
[48, 67]. In a phase Il trial of newly diagnosed
elderly patients, three of five patients with FLT3
mutations experienced transient hematologic
responses. Interestingly, a number of patients
with wildtype FLT3 experienced decreases in
bone marrow blasts as well, which was attrib-
uted to possible over-expression of FLT3 in
these patients [68].

A phase |l trial of relapsed FLT3-mutant AML
randomized patients to re-induction chemother-
apy alone or re-induction followed by lestaur-
tinib. The study was subsequently expanded to
a phase lll trial, the results of which were re-
cently reported by Levis et al. In contrast to the
sequence used in the combination sorafenib
studies, lestaurtinib, at a dose of 80mg twice
daily, was initiated two days after conclusion of
induction chemotherapy and continued until day
112. Unfortunately, the investigators reported
no benefit in any survival parameters or re-
sponse rate with the addition of lestaurtinib to
induction chemotherapy. However, effective
and sustained inhibition of FLT3 was achieved
in only 58% of patients by day 15 of treatment,
and therefore definitive conclusions regarding
the efficacy of FLT3 inhibition in combination
with chemotherapy could not be made and ar-
gued for a different dosing schedule of lestaur-
tinib [69].

Lestaurtinib has also been incorporated into
induction and consolidation chemotherapy regi-
mens for FLT3-mutated patients in the British
MRC AML17 trial. Similar to the above study,
lestaurtinib in this trial was not administered
concurrently with chemotherapy, but rather initi-
ated two days after conclusion of and discontin-
ued two days prior to initiation of consecutive
cycles of cytotoxic chemotherapy. Preliminary
reports have suggested effective inhibition of
FLT3 activity in the large majority of evaluated
patients. Additionally, to date, more than 90%
of the evaluated patients have achieved a CR,
which is higher than historical response rates
and final results are eagerly anticipated [70].

Midostaurin

Midostaurin, a staurosporine derivative, was
initially described as an inhibitor of protein
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kinase C. However, like other similar agents, it
was subsequently found to suppress the tyro-
sine kinases VEGFR, PDGFR, c-KIT, as well as
FLT3 with significant cytotoxicity in FLT3-ITD cell
lines [71, 72]. A phase | trial of midostaurin in
patients with relapsed/refractory AML showed
that seven of twenty patients experienced tran-
sient decreases in peripheral blasts and five
showed reductions in bone marrow blasts as
well [8]. A phase | trial of midostaurin with in-
duction chemotherapy was also conducted, with
preliminary data revealing that FLT3-mutant
patients had similar rates of overall survival at 2
years when compared to those with FLT3-
wildtype AML. In this study, midostaurin was
administered both concomitantly (days 1-7) and
sequentially (days 8-21) with chemotherapy,
and both regimens were shown to be well-
tolerated [73]. A phase llb trial of single-agent
midostaurin, at two different dosages (50mg or
100mg twice daily), in patients with AML and
myelodysplastic syndrome (MDS) was also re-
cently reported. In this study, 71% of patients
with FLT3-mutant AML experienced a > 50%
decrease in marrow or peripheral blasts, as did
42% of patients with FLT3-wildtype disease.
The results suggested that MDS/AML patients,
regardless of FLT3 status, can potentially bene-
fit from the multi-targeted profile of midostaurin
[74]. A multi-center, phase Il study of mi-
dostaurin with induction and consolidation che-
motherapy, followed by midostaurin mainte-
nance in newly diagnosed patients, is currently
ongoing (clinicaltrials.gov #NCT00651261). In
this trial, midostaurin, at a dose of 50 mg twice
daily, has been administered sequentially fol-
lowing conclusion of induction therapy, on days
8-21 of each cycle, followed by one year of mi-
dostaurin maintenance [75].

AC220

AC220 (Ambit Biosciences, San Diego, CA) is a
potent and specific inhibitor of FLT3, and has
only recently been under clinical investigation.
The selective profile of AC220 was demon-
strated in preclinical studies. The agent also
displays higher potency, by 1-2 orders of magni-
tude, over other FLT3 inhibitors [76, 77]. In
addition, AC220 has a long plasma half-life with
sustained FLT3 inhibition. Another remarkable
feature of AC220 is its retained potency in
plasma, where protein binding and metabolism
are often limiting factors. Pratz et al. recently
surveyed a series of FLT3 inhibitors, including
lestaurtinib, midostaurin, sorafenib, and AC220,
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and found that all agents inhibited FLT3-ITD
phosphorylation effectively in culture medium,
with an IC50 ranging from 1-10nM. However,
potency in plasma varied across orders of mag-
nitude, from 18 to 1700 nM, with AC220 being
the most potent [78]. A phase | study of single-
agent AC220 in relapsed/refractory AML con-
firmed the potency of AC220, with 11 of 45
evaluated patients experiencing transient clini-
cal responses. Intriguingly, 4 patients experi-
enced a CR, three of whom were FLT3-mutated
[10].

An open-label phase Il monotherapy trial of
AC220 in relapsed/refractory patients with FLT3
-mutant AML is currently enrolling. Promising
interim results were recently reported at the
2011 Congress of the European Hematology
Association (EHA). In 53 relapsed/refractory
FLT3-mutant patients, a CR rate of 45% was
reported, with the majority of these being com-
plete remission with incomplete hematologic
recovery (CRi). An additional 25% of patients
achieved partial responses (PR) on monother-
apy with AC220. The median duration of re-
sponses was 12.1 weeks. A significant number
of patients who had failed previous therapies
went on to HCT after receiving AC220 [79]. Ad-
ditionally, British investigators plan to conduct a
pilot trial in older patients with AML, combining
AC220 with cytotoxic chemotherapy. In this
regimen, AC220 will be administered daily start-
ing two days after the conclusion of each course
of chemotherapy during induction
(clinicaltrials.gov #NCT01236144).

Other FLT3 inhibitors

Several other FLT3 inhibitors have been studied
in clinical trials over the last decade and merit
mention. These include the agents semaxinib
[80], sunitinib [81, 82], tandutinib [83] and KW-
2449 [84]. Some of these compounds have
produced transient hematologic responses in a
fraction of studied patients, but have largely not
progressed beyond early-phase clinical trials for
a variety of reasons. These have included in-
adequate activity [80], significant non-
hematologic toxicities,[81, 85] or suboptimal
pharmacokinetic parameters [83, 86].

The Evolution of FLT3 inhibitors

The majority of FLT3 inhibitors were developed
against tyrosine kinases other than FLT3, and
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were initially studied in solid tumors. This non-
selectivity could explain some of the observed
efficacy in all patients with AML, regardless of
FLT3 mutational status as multiple up-regulated
pathways, in addition to FLT3, undoubtedly
drive the proliferation of myeloblasts [68, 74].
However, it is important to note that this non-
selectivity may also be associated with a
broader range of toxicity. Recently, newer, more
effective FLT3 inhibitors have exhibited greater
relative specificity and potency against the FLT3
target. This greater specificity may hold prom-
ise particularly in the setting of relapsed dis-
ease, where leukemic cells have been charac-
terized as having a greater FLT3-mutant allele
burden, and thus are more “addicted” to a con-
stitutively active FLT3 kinase rather than alter-
native pathways [78].

Combining FLT3 inhibition with cytotoxic
chemotherapy

As detailed above, multiple attempts have been
made to combine FLT3 inhibitors with tradi-
tional cytotoxic induction and consolidation che-
motherapy [7, 61, 70, 73, 87]. There are ongo-
ing randomized studies of FLT3 inhibitors com-
bined with chemotherapy and these include the
British MRC trials, which have incorporated les-
taurtinib, and the CALGB-led RATIFY trial, which
is studying midostaurin. Thus far, however,
randomized trials of FLT3 inhibitors in combina-
tion with chemotherapy have not demonstrated
any improvement in disease-free or overall sur-
vival outcomes for patients with FLT3-mutant
AML [61, 87]. Recently, it has been suggested
that FLT3 ligand (FL) levels rise significantly
after each successive administration of inten-
sive chemotherapy [88]. The main source of FL
may be bone marrow stromal cells with FL pro-
duction induced by marrow aplasia [89]. These
investigators further demonstrated that the
presence of FLT3-ligand (FL) in vitro blunts the
inhibition of FLT3 phosphorylation by a variety
of tyrosine kinase inhibitors, including lestaur-
tinib, midostaurin, sorafenib, and AC220. They
thus hypothesized that a dramatic rise in FL
following chemotherapy may be responsible for
suppressing sustained FLT3 inhibition, possibly
explaining the unimpressive outcomes, to date,
in clinical trials of FLT3 inhibitors combined with
chemotherapy [88]. Potentially, the traditional
schedule of FLT3-inhibitors given concurrently
with chemotherapy may be adding toxicity with-
out any benefit of inhibiting FLT3 due to over-
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whelming levels of FL. A more effective ap-
proach in future trials may be the use of FLT3
inhibitors at times when the FL levels are not so
high - i.e. during the first week of induction
therapy and/or as maintenance following con-
solidative chemotherapy or HCT once cyto-
penias have resolved and FL levels are lower.

The role of stem cell transplantation

Standard approaches to treatment of FLT3-ITD
AML are poor with long-term disease-free sur-
vival probabilities of 20-30%. While this progno-
sis is comparable to patients with poor risk cyto-
genetics, it is unclear if consolidation in first
remission with HCT should be the standard of
care as there has been no prospective clinical
trial which shows that HCT improves overall out-
comes patients with FLT3-ITD AML. Ideally, a
multi-center prospective clinical trial randomiz-
ing patients between standard consolidation
chemotherapy and HCT would be able to pro-
vide answers to this question, however, logistics
with expense, donor availability, physician pref-
erence, and competing research avenues make
such a trial unlikely. Indeed, many patients en-
rolled on up-front studies of chemotherapy in
combination with FLT3 inhibitors come off pro-
tocol to undergo HCT in 1st remission at the di-
rection of their treating physicians.

Autologous transplantation

High-dose chemotherapy with autologous stem
cell transplantation (ASCT) has never shown an
overall survival benefit when compared to stan-
dard high-dose cytarabine based consolidation
for patients with AML and has not been favored
by many practitioners due to the lack of the
graft-vs-leukemia effect and fears over malig-
nant cell contamination in the autologous stem
cell graft. Nevertheless, ASCT offers the deliv-
ery of a more intense dose of chemotherapy
compared with standard consolidation, and
thus, some investigators have retrospectively
studied if ASCT has a possible benefit in FLT3-
ITD AML. Investigators from Harvard retrospec-
tively analyzed 56 younger patients with either a
FLT3-ITD or TKD mutation and compared them
based on choice of consolidation therapy.
Analysis showed that ASCT appeared to have a
benefit in both DFS and OS when compared to
high-dose cytarabine based consolidation for
patients with the FLT3-ITD mutation [90]. A
larger German analysis was performed on 175
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FLT3-ITD AML patients who were treated on a
protocol where patients with a matched sibling
donor underwent allogeneic HCT for consolida-
tion and those who did not have a sibling donor
were treated with ASCT if autologous stem cells
could be mobilized, and standard cytarabine
consolidation was given to patients if stem cells
could not be successfully mobilized. Results
suggested a similar prognosis between those
who underwent allogeneic HSCT and ASCT, both
being superior to cytarabine-based consolida-
tion [91]. However, ASCT has gradually fallen
out of favor as the consolidation therapy of
choice for FLT3-AML as allogeneic HCT has in-
creasingly gained support.

Allogeneic transplantation

Many centers currently support the use of al-
logeneic stem cell transplantation as the most
effective consolidation therapy for patients with
FLT3-ITD AML in CR1, although this remains
controversial [92-94]. If elevated levels of FL do
lead to disease relapse and graft-vs-leukemia
(GVL) is effective for FLT3-ITD AML, then logic
dictates allogeneic HCT should be pursued ex-
peditiously as soon as CR1 is achieved [93].
Nevertheless, there are no prospective clinical
trials for the FLT3-ITD population exclusively,
either randomized or genetically randomized by
donor availability, to guide treatment recom-
mendations. However, several retrospective
analyses have been performed to attempt to
answer this question.

Gale et al. first analyzed patients treated on the
UK MRC AML 10 and 12 trials where a FLT3-ITD
mutation was found in 283 of 1135 patients
and choice of consolidation therapy had not
been prospectively guided by FLT3 mutational
status as it was unknown at the time of the trial.
Of the 1135 patients in this cohort, 186 were
prospectively randomized to ASCT vs chemo-
therapy consolidation. Of the patients random-
ized to ASCT, 35 were FLT3-ITD+ and 26 pa-
tients in the group undergoing chemotherapy
consolidation were FLT3-ITD+. Analysis showed
a benefit for decreased relapse for those under-
going ASCT, but this did not translate into a
benefit for overall survival. 683 patients in this
cohort were treated on a donor vs. no donor
basis, where patients with an available matched
sibling donor underwent allogeneic HCT, while
those without a donor underwent chemotherapy
consolidation. 68 of the 273 patients who had
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a sibling donor had the FLT3-ITD while 114 of
the 410 patients without a donor had the FLT3-
ITD. A benefit in the risk of relapse for HCT was
demonstrated, but this again did not translate
into a significant difference in overall survival.
Based on these data, the authors concluded
that the presence of the FLT3-ITD should not
factor into the decision to offer a patient alloge-
neic HCT in CR1 [95].

Schlenk et al. reported an analysis on 872 adult
patients with normal karyotype AML treated
consecutively on 4 clinical trials as part of the
German-Austrian AML Study Group. In each
study, patients who had a matched related stem
cell donor were assigned to undergo allogeneic
HCT as consolidation therapy. 31% of the 872
patients had a FLT3-ITD mutation and a total of
150 of the 663 patients eligible for post-
remission therapy proceeded to HCT. Patients
who underwent ASCT appeared to have a simi-
lar prognosis to those who were treated with
chemotherapy alone and were combined into
the no-donor group. Analysis by molecular mu-
tational status showed that patients with the
FLT3-ITD mutation and those without NPM1 or
CEBPa mutation had a benefit in terms of re-
lapse-free survival (RFS) from allogeneic HCT in
CR1, although comparisons of overall survival
were not presented. When compared to the
analysis by Gale et al., there was more compli-
ance with HCT in the donor group (82% vs 63%)
and less transplant-related mortality (21% vs
30%) [44].

More recently, two studies have been presented
which have illustrated the outcomes of patients
with FLT3-ITD AML who were treated with an
aggressive strategy involving early allogeneic
HCT after achieving CR1. The German-Austrian
group described 437 adult patients with FLT3-
ITD, including some who were included in the
above study. From 1993-2006, patients under-
went allogeneic HCT only if a matched sibling
was available, but in 2006, patients with a
matched unrelated donor were treated with al-
logeneic HCT as well. No significant differences
between the two transplant cohorts were ob-
served. Landmark analyses for relapse-free
survival at 5 months revealed a beneficial im-
pact of allogeneic HSCT from both MRD and
MUD, with longer follow-up and complete results
eagerly awaited. Interestingly, it was noted that
patients who received a transplant sooner
rather than later had better outcomes, which is
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the opposite of what is usually observed in AML
HCT studies, and suggests, that repeated
courses of consolidation could potentially be
harmful, which would be consistent with the
recently described FLT ligand data [96].

Investigators at Johns Hopkins University re-
cently described the outcomes of 133 consecu-
tive newly diagnosed patients with AML under
the age of 60, of whom 31 (23%) had a FLT3-
ITD. Patients with FLT3-ITD were given stan-
dard induction chemotherapy and then taken to
allogeneic HCT upon remission with any avail-
able donor. In comparing the FLT3-ITD with
FLT3-WT patients in this single institution co-
hort, median OS was similar (19.3 months vs.
15.5 months, respectively, p= 0.56). Of the 20
FLT3-ITD patients achieving CR41, 11 underwent
allogeneic HCT in CR1 (4 myeloablative MRD, 5
myeloablative MUD, 2 RIC haploidentical) and 9
did not undergo HCT due to comorbidities or
lack of a suitable donor. The median RFS of the
FLT3-ITD patients who did not receive HCT was
8.6 months, which was significantly shorter than
the median of 54.1 months (p=.03) for those
that were able to undergo allogeneic HCT [97].

Conclusion

It is clear that FLT3-ITD AML represents a sub-
set of patients with a particularly poor progno-
sis, marked by an aggressive presentation, and
significantly higher rates of relapse. Defining
the optimal therapy is not easy, although there
is clearly room for improvement. FLT3 remains
an attractive target, at initial presentation, in
remission, and especially at relapse, when the
disease appears to be more dependent upon
the FLT3 pathway.

In the last decade, multiple inhibitors of FLT3
have been investigated in clinical trials though
none has yet been approved for routine clinical
use. Many of these agents were potent inhibi-
tors of a variety of tyrosine kinases, in addition
to FLT3, and this could have been responsible
for the observed toxicities. Unfortunately, no
agent has yet demonstrated a significant clini-
cal benefit in advanced clinical trials. These
results may be related to pharmacokinetic pa-
rameters, protein binding, metabolism and fluc-
tuating drug levels, or the co-presence of high
levels of FLT3 ligand induced by marrow apla-
sia. Currently, the agents midostaurin, lestaur-
tinib, and sorafenib are in advanced phases of
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clinical investigation and may play a role as ad-
junctive treatment in FLT3-ITD AML in the fu-
ture. Recently, a more potent and selective
agent, AC220, has entered into early clinical
trials, and may hold greater promise.

Given the historically poor prognosis with ap-
proaches using cytotoxic chemotherapy in FLT3-
ITD AML, and the lack of proven benefit with an
additional effective targeted agent, our current
approach to the management of FLT3-ITD AML
is induction chemotherapy, followed, in appro-
priate patients, by allogeneic HCT in first remis-
sion with related, unrelated, or alternative do-
nors. It is still unproven if courses of consolida-
tion chemotherapy should be given if there are
delays in donor availability, especially when
choosing between a matched unrelated donor
(where we would favor a myeloablative ap-
proach) vs. an alternative donor such as umbili-
cal cord blood or haploidentical source (where
we would favor a reduced intensity conditioning
approach).

Additional data regarding FLT3 ligand are re-
quired to optimize treatment, particularly re-
garding when to incorporate FLT3 inhibitors
during induction and consolidation. The post-
HCT setting would seem to be ideal to deliver
specifically targeted therapy against FLT3, once
cytopenias have resolved and FLT3 ligand levels
are presumably low. This would be similar to
the current widespread use of tyrosine kinase
inhibitors such as imatinib, nilotinib, and
dasatinib to patients with CML or Ph+ ALL who
have undergone HSCT. Along these lines, there
is currently a phase | clinical trial at our institu-
tion administering maintenance sorafenib in the
post-HCT setting for patients with FLT3-ITD AML
in CR.

In the setting of relapsed or refractory disease,
FLT3-ITD AML should be managed similar to
other patients with AML and the patient should
be expeditiously treated with allogeneic HCT. It
is likely that some re-induction therapy will be
required given the proliferative nature of FLT3-
ITD AML, and all efforts should be made to en-
roll such patients on clinical trials which include
FLT3 targeted agents. It is notable that there
are increasing anecdotes of patients being re-
ceiving allogeneic HCT, after having their re-
lapsed / refractory disease treated with single-
agent sorafenib or AC220.
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In summary, the appropriate approach to the
treatment of FLT3-ITD AML remains undefined.
Multiple clinical trials are currently investigating
the incorporation of FLT3 inhibitors into tradi-
tional cytotoxic regimens and transplant ap-
proaches, and these may very well become use-
ful and effective adjuncts in the near future.
Nevertheless, given the consistently poor prog-
nosis of these patients, we believe that appro-
priate approaches include either aggressive
multi-agent induction therapy followed by con-
solidative allogeneic HCT, or enrollment in ap-
propriate clinical trials which expand our experi-
ence with FLT3 inhibitor therapy.
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