Therapeutic intervention in leukemias that express
the activated fms-like tyrosine kinase 3 (FLT3):

opportunities and challenges
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Purpose of review

The fms-like tyrosine kinase 3 (FLT3) receptor tyrosine
kinase is now recognized to be a critical mediator in the
pathogenesis of myeloid and some lymphoid leukemias.
This article reviews recent efforts to disrupt FLT3 signaling
in acute myelogenous leukemia and to identify potential
therapeutic challenges posed by the acquisition of
resistance mutations in these malignancies.

Recent findings

Several broad classes of FLT3 protein tyrosine kinase
inhibitors are undergoing evaluation in clinical trials.
Although the agents are well tolerated by patients, clinical
responses in relapsed or refractory acute myelogenous
leukemia (AML) are limited and transient. Nevertheless,
these agents may hold promise when combined with
traditional chemotherapy. Use of tyrosine kinase inhibitors
for AML therapy is hindered by the acquisition of
mutations in the kinase catalytic domain, and in the case of
BCR-ABL, these mutations confer resistance to imatinib.
In anticipation of this problem, FLT3 mutations that might
confer resistance to kinase inhibitors in the clinical setting
have already been identified in the laboratory. Strategies to
overcome such resistance are currently under
development. New efforts focus on blocking the binding of
FLT3 ligand to its receptor as a means of inhibiting
autocrine stimulation in leukemogenesis.

Summary

FLT3 is widely expressed in AML and some cases of acute
lymphocytic leukemia. Activating mutations in FLT3 confer
a poor risk in patients with AML. The development of FLT3
small molecule kinase inhibitors follows from research
efforts to understand signal transduction and profiles of
gene expression in leukemia pathogenesis. Thus, FLT3 is a
promising target for therapeutic intervention. Research
priorities will include (1) identification of other groups of
patients likely to benefit from FLT3 inhibition, (2) the
optimal use of FLT3 inhibitors in combination with other
agents, and (3) development of molecules that overcome
resistance to FLT3 inhibitors that arise as a result of
further acquired mutations in the receptor.
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Abbreviations

ALL acute lymphocytic leukemia
AML acute myelogenous leukemia
APL acute promyelocytic leukemia
CML chronic myelogenous leukemia
CXCR-4  CXC chemokine receptor 4

FL fms-like tyrosine kinase 3 ligand
FLK fetal liver tyrosine kinase

FLT3 fms-like tyrosine kinase 3

ITD internal tandem duplication
MLL mixed lineage leukemia
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Introduction

The fms-like tyrosine kinase 3 (FLL'T3), also known as
fetal liver tyrosine kinase [FLK] 2 or stem cell tyrosine
kinase 1) is now known to be a critical element in the
pathogenesis of many instances of acute myelogenous
leukemia (AML) and mixed lineage leukemia (MLL).
The FL'T'3 tyrosine kinase is commonly overexpressed
both at the mRNA and protein levels in most cases of
AML and in a large proportion of acute lymphocytic leu-
kemia (ALL), and activating mutations of FLL'T'3 are a
poor prognostic indicator in AML. Animal models have
confirmed the role of activated FLL'T3 in the pathogen-
esis of myeloid leukemias. These findings have spurred
the development of strategies to inhibit the activity of
the FL'T'3 kinase, and many of the resulting molecules
are undergoing evaluation in clinical trials.

The role of FI'T'3 in normal and malignant hematopoi-
esis has been reviewed in detail [1-8]. The FL'T'3 kinase
is a membrane-spanning protein with an extracellular li-
gand-binding domain and a cytoplasmic split tyrosine
kinase domain characteristic of class III receptor tyrosine
kinases [9,10]. The addition of its cognate FLL'T'3 ligand
(FL) [11,12] triggers receptor dimerization, autophos-
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phorylation, activation of kinase catalytic activity, and
phosphorylation of substrates that transduce cell survival
and proliferation signals. In approximately 30% of pa-
tients with AML,, the FLL'T3 gene is mutated and en-
codes a receptor containing duplications within the cy-
toplasmic juxtamembrane domain (termed FL'T3-
internal tandem duplication [I'TD] mutations) [13]. In
AML cells, FL'T'3 is also activated through mutations in
the activation loop of the kinase domain [14,15].
Through either mechanism, the FL'T3 kinase is acti-
vated independent of FL. binding to the extracellular
domain. The biologic role of these mutations is evident
in cell culture models, and Ba/F3 or 32D murine hema-
topoietic cells that are normally dependent on interleu-
kin 3 are able to survive and proliferate in the absence of
this cytokine when engineered to express activated
FL'T3 [16]. Moreover, expression of activated FI.'T3 in
murine hematopoietic progenitor cells is sufficient to
generate a lethal myeloproliferative disease in recipient
mice [17].

This abundant epidemiologic and preclinical evidence
for the role of activated FLL'T3 in leukemia stimulated
considerable effort to target this kinase with small mol-
ecule inhibitors to inactivate its enzymatic activity. The
initial clinical experience of the agents has been followed
by the use of these kinase inhibitors in combination with
conventional antileukemic therapies. Guided by experi-
ence with the use of imatinib in chronic myelogenous
leukemia (CML) and in other malignancies, acquisition
of resistance to FIL'T'3 inhibitors over time is quite prob-
able. Therefore, forward-looking research efforts have
already identified such mutations in the laboratory even
before they have appeared in patients, and these mutant
proteins are now being used to identify other agents that
could inhibit FLL'T3. A complementary strategy is also
underway to block FL binding to the FLL'T'3 receptor and
thereby disrupt an autocrine or paracrine stimulatory
loop in the pathogenesis of leukemias. Principal chal-
lenges will consist of (1) the identification of patients
who are likely to benefit from therapies that disrupt
FL'T3 activity and (2) the design of strategies to salvage
patients who have leukemia in relapse or disease that is
refractory to such interventions.

Small molecule FLT3 inhibitors

Efforts to target FLL'T'3 have followed the paradigm used
by Drucker ef al. [17a] in the development of imatinib
mesylate for CML. Cells engineered to express the
FL'T3-ITD protein and hence able to grow in the ab-
sence of interleukin 3 were used to screen candidate
molecules for their ability to halt growth of these cells in
the absence but not presence of interleukin 3. The first
such compounds to be reported were the tyrphostin com-
pounds AG1295 and AG1296 [18,19]. However, the clini-

cal utility of these compounds was limited by their poor
solubility [5].

Another agent, PKC412 (N-benzoylstaurosporine), in-
hibits the proliferation of Ba/F3-FL'T3-I'TD cells with
an ICsy, less than 10 nM [20]. In addition to inhibiting
FL'T3, PKC412 also potently inhibits other class I1I re-
ceptor tyrosine kinases including PDGFRa, PDGFR,
¢-KIT, and VEGFR-2. In a murine bone marrow trans-
plant model of myeloproliferative disease induced by
FLT3-ITD, oral administration of PKC412 reduced
splenomegaly and peripheral blood leukocytosis and sig-
nificantly prolonged the survival of recipient mice [20].
In a phase I clinical trial, dose-limiting toxicities (grade 3
lethargy/fatigue or nausea/vomiting) occurred only at the
oral dose of 225 or 300 mg/d [21]. The efficacy of
PCK412 in relapsed or refractory AML or advanced
MDS was assessed in a phase II clinical trial [22ee].
Twenty patients received orally administered PKC412 at
75 mg TID. In most patients, the drug was well-
tolerated, although 13 patients experienced grade 1 or 2
nausea/vomiting. One patient experienced a grade 4 el-
evation in cardiac troponin, and three patients suc-
cumbed to progressive pulmonary failure; one of these
adverse events was in the setting of progressive leuko-
cytosis, and in the other patients the relation of these
events to the administration of PKC412 was not clear. A
greater than 50% decrease in the peripheral blast count
was achieved in 14 of the patients, and in seven of these
patients, the reduction in blast count was greater than
two logs compared with baseline values. ALL cells that
contain MLIL. gene rearrangements frequently overex-
press wild-type FL'T'3 or contain FL'T'3-activating mu-
tations, and these cells are susceptible to growth arrest by
PKC412 [23]. Collectively, these findings support the
assertion that inhibition of FI'T'3 may be effective in the
treatment of some patients with AML.

The utility of FI'T3 inhibition in AML was also evalu-
ated using small molecules structurally unrelated to
PKC412. SU5416 is a indolinone compound that is a
competitive inhibitor of adenosine triphosphate binding
and that selectively inhibits FLL'T'3 as well the fms-
related kinase FLLK2 and ¢-KI'T' [24-27]; the structurally-
related compound SU5614 also inhibits FI.'T'3 kinase ac-
tivity [27]. Cell lines that express activated FL'T3
undergo cell cycle arrest and apoptosis when treated with
SuU5614 (IC5, 100-300 nM) [27,28], and those treated
with SU5416 undergo a proliferation arrest with an 1Cy,
of 100 to 1000 nM [27]. In a phase I trial of SU5416, 55
patients with AML (33 patients) or advanced MDS (22
patients) in relapse or patients older than 70 years who
declined conventional chemotherapy were treated with
4-week cycles of a twice-weekly intravenous infusion of
145 mg/m?* [29]. Four patients had an objective response
as determined by bone marrow evaluation, and three
others had a partial response. Grade 3 or 4 toxicities
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included headache, dyspnea, fatigue, thromboembolic
events, bone pain or abdominal pain, or gastrointestinal
events. Translational studies showed that 62% of the
AML samples evaluated demonstrated a reduction in
FL'T3 phosphorylation [30e]. In a second study, 43 pa-
tients with refractory AML were enrolled to receive
twice-weekly SU5416 (145 mg/m2 intravenous infusion)
[31ee]. One patient underwent remission of AML as de-
termined by bone marrow evaluation, and seven patients
had a partial response. Major adverse events were for the
most part related to the patients’ underlying AML. A
third indolinone inhibitor of FLL'T'3, SU11248, also inhib-
its the FLLK1, PDGFRp, and FGFR1 receptor tyrosine
kinases [32,33]. In a phase I trial, 29 AML patients re-
ceived orally administered SU11248 in an escalating dose
schedule [34e]. A robust decrease in FLL'T'3 phosphory-
lation in AML samples was seen in 10 of 13 evaluable
patients who received a dose of 200 mg/d dose or higher.
A minority of patients (>10%) experienced grade 1 or 2
gastrointestinal symptoms at the 250 to 350 mg/d dose
levels, and two patients experienced either transient
grade 3 hypertension or transient cardiac dysrhythmia.

A third class of compounds is defined by the FLL'T3 in-
hibitor MLLN518 (C'T'53518), a piperazinyl quinazoline
compound that also inhibits the ¢-KI'T' receptor tyrosine
kinase [35,36]. MLLN518 inhibits the proliferation and
survival of FLL'T3-I'TD-Ba/F3 cells (IC5, 10-30 nM). In a
nude mouse leukemic allograft model and in a murine
bone marrow transplant model of FLL'T'3-induced myelo-
proliferative disease, oral administration of MLN518
prolonged the survival and reduced both splenomegaly
and leukocytosis in recipient mice [35]. At concentra-
tions of MLNS518 that markedly attenuate FL'T3-
induced leukemia in mice and that impair colony forma-
tion of FLL'T3-I'T'D-positive AML blasts from patients,
there is no significant effect on colony formation of nor-
mal human hematopoietic progenitor cells [37¢e]. This
finding suggests that the therapeutic index of this drug
relative to normal hematopoiesis might be substantial in
patients with AML.

Also in clinical trials is the CEP-701 small molecule in-
hibitor of FI'T'3 [38]. This compound is an indolecarba-
zole derivative that also inhibits the TRKA tyrosine ki-
nase with an ICs, of 3 nM [39]. CEP-701 inhibits the
growth of FLL'T3-I'TD-Ba/F3 with an ICg, of 5 nM, and
subcutaneous injection of this agent prolongs the sur-
vival of mice inoculated with these cells [38]. Moreover,
culture of the 32D murine myeloid cell line with CEP-
701 can overcome an arrest in differentiation caused by
expression of a FL'T3-I'TD transgene [40]. In a phase
I/IT clinical trial in adults with relapsed, poor risk, or
primary refractory AML, 17 patients received oral CEP-
701 at a dose of 40 to 80 mg BID. Five patients obtained
a clinical response with a duration of 2 weeks to 3
months, one patient achieved a decrease in bone marrow

blasts to less than 5%, and 4 patients showed a reduction
in peripheral blast counts [41ee]. Grade 3 or 4 toxicities
possibly related to the drug were infrequent and in-
cluded weakness/fatigue, arthralgia/myalgia, melana, ep-
istaxis, dyspnea, or congestive heart failure. LLeukemia
cells may become dependent, or addicted, to the expres-
sion of an activated oncogene [42], and these cells might
be particularly sensitive to the inhibition of FLL'T'3. In
support of this hypothesis, primary AML cells from pe-
diatric patients with the highest level of FL'T3-I'TD ex-
pression are also the most susceptible to treatment with
CEP-701 [43e].

FL'T3 expression is common in B-precursor ALLL, child-
hood ALL with MLL gene rearrangements, and child-
hood ALL with high hyperdiploidy [44,45]. Further-
more, activating FL'T'3 mutations are a recurrent finding
in childhood ALL with hyperdiploidy, ALL with high
hyperdiploidy, infant and childhood ALL with MLL
gene rearrangements, and adult T-cell ALL [46ee—
48ee]. As noted, these findings have indicated the po-
tential utility of the PKC412 inhibitor in the setting of
childhood and infant ALL. Similarly, childhood ALL
cells with elevated contents of FL'T'3 phosphotyrosine
(an indicator of FLL'T3 activation) are differentially sus-
ceptible to cytotoxicity by the CEP-701 inhibitor [49ee].

Together, these findings indicate that FLL'T'3 inhibition
by small molecule kinase inhibitors can produce both
biochemical and clinical responses in patients with
AML. However, the responses with single-agent therapy
were of limited frequency and duration. As in the case of
other anticancer agents, their initial use in the highest
risk population may underestimate their utility in other
clinical settings or in combination with other agents.
These findings nonetheless provide evidence that FLL'T'3
inhibition might be an effective component of chemo-
therapy for some leukemias.

Combination therapy using small molecule
inhibitors of FLT3

Several efforts are underway to determine the utility of
FL'T3 inhibition in the setting of multiagent chemo-
therapy. One such strategy would be to combine differ-
ent classes of FLL'T'3 small molecule inhibitors. Although
there is not yet information regarding the clinical efficacy
of this approach, one preliminary study showed that
treatment of FLL'T3-I'T'D-Ba/F3 cells with the combina-
tion of SU5614 and PKC412 yielded an additive but not
a synergistic effect [50e]. Nevertheless, such combined
therapy might hinder the development of kinase resis-
tance mutations.

Levis ez al. [51e¢] recently reported the 7z vitro use of the
CEP-701 FLL'T3 inhibitor with cytotoxic agents that are
in common use for the treatment of AML. CEP-701 syn-
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ergizes with the simultaneous use of cytarabine, dauno-
rubicin, etoposide, or mitoxantrone in impairing the
growth of FLL'T3-I'TD-Ba/F3 cells or human AML cell
lines with FL'T3-activating mutations. Similar results
were obtained when chemotherapy was followed by
treatment with CEP-701. Importantly, previous treat-
ment of leukemia cells with CEP-701 diminishes the
toxicity of subsequent incubation with the S-phase spe-
cific antimetabolite cytarabine as a result of the cell cycle
arrest triggered by CEP-701. These findings indicate
that the combined use of FI.'T3 inhibitors with conven-
tional agents will critically depend on the timing of their
administration. In a similar study, the small molecule
FL'T3 inhibitor SU11248 in combination with daunoru-
bicin or cytarabine synergistically killed human cells
lines harboring activated FLL'T'3 [52e]. This result con-
firms, with a structurally distinct kinase inhibitor, that
FL'T3 inhibition might augment the efficacy of conven-
tional therapeutic agents in patients with AML.

FL'T3-activating mutations in AML frequently coexist
with other cytogenetic events. The high frequency of
FL'T3-I'TD mutations in patients with acute promyelo-
cytic leukemia (APL; as much as 36%) stimulated de-
tailed studies of the interaction of FLL'T'3 signaling with
the fusion proteins of APL [53]. In a murine bone mar-
row transplant model, the PML-RARa fusion of APL
cooperates with FL'T3-I'TD in the generation of an
APL-like disease [54]. FL'T3-I'TD expression dimin-
ishes the association of PLZFEF (which is fused to the
RARa retinoid receptor in some patients with retinoid-
resistant APL) with the SMRT nuclear corepressor of
transcription [55¢e]. Together, these studies indicate
that targeted FL'T'3 inhibition might be effective in
some patients with APL. Sohal ez a/. [56] provided com-
pelling preclinical evidence to support this conjecture
further. In a murine bone marrow transplant model using
transgenic mice that express PML-RARa, the SU11657
FL'T3 inhibitor cooperated with all-#7ans retinoic acid to
induce remission of leukemias. The efficacy of APL
therapy with a FL'T'3 small molecule inhibitor combined
with all-zrans retinoic acid, particularly in the setting of
relapsed or chemotherapy-resistant disease, remains to
be determined [2].

FLT3 mutations that confer resistance to
small molecule inhibitors

Imatinib has served as the vanguard for the therapeutic
use of small molecule protein tyrosine kinase inhibitors.
Although this agent yields dramatic clinical and cytoge-
netic responses in CML and in other malignancies, en-
thusiasm has been tempered by the occurrence of resis-
tance mutations within the BCR-ABL kinase catalytic
domain [57,58]. Different activating mutations of FI.'T'3
confer varying sensitivities to FL'T'3 inhibitors [59¢,60e].
Cools er al. [61e] reported the results of an iz vitro

screen for FLL'T3-I'T’D mutants that are resistant to inhi-
bition by PKC412. In the FL'T3-I'TD variants resistant
to PCK412, one of four amino acids was substituted. It is
not yet known whether similar substitutions will be
found in clinically resistant AML patients, but the ex-
perience with imatinib resistance in CML suggests that
some of these mutations will be found in AML samples
resistant to PKC412. Using structural modeling of the
FL'T3 kinase in a complex with PKC412, each of the
point mutations in the FLL'T3-I'TD coding sequence was
predicted to disrupt contacts between the protein and
the kinase inhibitor. One of the mutations (G697R) con-
ferred a high degree of resistance not only to PKC412
but also to the structurally unrelated FLL'T3 inhibitors
SU5614, K-252a (similar to CEP-701), and six other small
molecule inhibitors of FL'T'3. The potential therapeutic
consequences of this finding are considerable, because
clinicians have hoped to limit the emergence of clinical
resistance through the use of a cocktail of small molecule
inhibitors. The finding that a single point mutation can
confer resistance to a broad spectrum of structurally un-
related inhibitors poses a substantial challenge to such a
strategy.

Bagrintseva er al. [50®] characterized mutations within
the FL'T3-I'T'D gene that confer resistance of the kinase
to the inhibitor SU5614. They showed that sensitivity to
SU5614 varied depending on the specific amino acid
substitution at residue D835. In a Ba/F3 assay for inter-
leukin 3 independence, the FIL.'T3-D835Y variant re-
mained sensitive to SU5614 with an I1C5, = 0.1 pM; in
contrast, the FLL'T'3-D835H mutant was resistant to this
inhibitor with an ICj, greater than 10 pM. Moreover, this
group characterized Ba/F3-FL'T3-I'TD cells that devel-
oped resistance to SU5614. They described two types of
FL'T3-I'TD mutations that conferred resistance to this
inhibitor: D835N and Y842H, both within the kinase
catalytic domain. Interestingly, although both FL'T3-
I'TD resistance variants conferred resistance to SU5614,
both mutants were sensitive to the unrelated FLL'T3 in-
hibitor PKC412 in the Ba/F3 assay of interleukin 3 in-
dependence.

In addition to point mutations that confer intrinsic resis-
tance of activated FLL'T'3 variants to inhibition by kinase
inhibitors, cells can develop inhibitor resistance through
amplification of the target gene and overexpression of
the respective kinase. Chronic exposure of p210BCR-
ABL-expressing cells to imatinib selects for amplifica-
tion of the BCR-ABL oncogene, resulting in overexpres-
sion of the activated kinase [62], and such amplification
is observed also in patients with CML resistant to ima-
tinib [63]. Similarly, Weisberg er @/. [20] demonstrated
that FL'T3-I'TD-Ba/F3 cells cultured in the presence of
the PKC412 kinase inhibitor can develop resistance as-
sociated with overexpression of the FLL'T3-I'TD protein.
Thus, either overexpression or mutation of the FLL'T3
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kinase can produce cell clones that are resistant to small
molecule kinase inhibitors, and it is likely that these
mechanisms will underlie clinical relapse in some AML
patients. Other resistance mechanisms such as drug ex-
port, although not yet demonstrated for these inhibitors,
may also be responsible for relapse or primary resistance
in AML.

The ability of cells to become resistant to FL'T'3 inhibi-
tors argues for the development of novel salvage strate-
gies. One approach is to combine FLL'T'3 inhibitors with
agents that target signaling molecules downstream of this
activated tyrosine kinase. Rapamycin, which is an inhibi-
tor of the kinase mTOR, has an extensive history of use
as an immunosuppressant. When combined with the
FL'T3 inhibitor PKC412, rapamycin markedly decreases
the proliferation of FL'T3-I'TD-Ba/F3 cells [64ee]. Sig-
nificantly, rapamycin can also inhibit the growth of
Ba/F3 cells that express the F6911 mutant of the FLL'T3-
I'TD kinase that is resistant to PKC412 inhibition, and
rapamycin and PKC412 synergistically attenuate the out-
growth of cells that express this resistance mutant. These
findings suggest that inhibition of other pathways down-
stream of FLL'T3, such as the Ras-MAP Kkinase pathway
and the JAK/STA'T pathway, should be explored as well.

FLT3 ligand and mechanisms of

autocrine stimulation

Although mutation of /.73 in AML can result in ligand-
independent activation of this receptor tyrosine kinase,
recent evidence indicates that FL. may itself be the cul-
prit in activating FL'T'3 in acute leukemia. Surprisingly,
FL is commonly expressed in primary AML cells that
express either wild-type nonmutated FLL'T3 or in cells
that carry FLL'T'3 activating mutations. Zheng ez al. [65°]
reported that FLL was detected by reverse-transcription
polymerase chain reaction in 90 primary AML speci-
mens; 55 of these samples contained wild-type FL'T'3, 10
samples carried a D835 mutation in the activation loop of
FL'T3, and 25 samples carried FL'T3-I'TD mutations.
These samples were further evaluated by immunofluo-
rescence to detect FL protein, and cells from 25 patients
demonstrated positive (albeit variable) expression of this
protein. The ubiquitous coexpression of FLL'T'3 and FL
in this series suggests that these molecules might par-
ticipate in an autocrine or paracrine signaling pathway.
T'o support this conjecture, the authors further demon-
strated that conditioned media from the EOL-1 cell line
stimulates autophosphorylation of FLL'T'3, and the auto-
crine activation of this kinase could be attenuated either
with an anti-FL'T'3 antibody that blocks FL. binding or
by depleting the ligand from the medium with an anti-
FL antibody. The potential functional role of FLL/FL'T3-
dependent signaling in these cells is of particular inter-
est, because the EOL-1 cell line also carries the recently
discovered FIP1L1-PDGFRa fusion tyrosine kinase
[66,67].

Such findings have stimulated interest in the develop-
ment of a neutralizing antibody that will block ligand
stimulation of FLL'T3. IMC-EB10 is a fully human mono-
clonal antibody that inhibits phosphorylation of wild-
type FLL'T3 stimulated by FL. [68ee]. Importantly, IMC-
EB10 attenuates the proliferation of leukemia cells that
express wild-type FLL'T'3 or hematopoietic cells that ex-
press a FL'T3-I'T'D mutant, and infusion of this antibody
in a murine xenograft model of leukemia significantly
prolongs the survival of these mice.

In addition to the role of FL in triggering cell survival
and proliferative signaling through FL'T3, the CXC che-
mokine receptor 4 (CXCR-4) cell surface protein was
recently implicated in the pathogenesis of AML with
unfavorable prognosis [69ee]. CXCR-4 is the receptor for
stromal cell-derived factor 1a. Rombouts ez al. [69ee]
evaluated a series of 90 patients with AML and assessed
both the overall expression of CXCR-4 and the propor-
tion of CD34" cells that expressed CXCR-4. Although
the overall expression of CXCR-4 in these cells was of
marginal prognostic value, the proportion of CD34" cells
that also expressed this chemokine receptor correlated
significantly with poor overall survival and relapse-free
survival in these patients. Interestingly, the presence of
a FLT3-I'TD mutation had no additional prognostic
value beyond that provided by the expression of CXCR-
4. The percentage of CD34" cells that expressed
CXCR-4 was significantly increased in patients with a
FL'T3-I'TD mutation; there were too few samples to as-
sess the correlation of CXCR-4 expression with the
FL'T3/D835 activation loop mutation. Based on these
findings, the authors speculate that the elevated expres-
sion of CXCR-4 might underlie the poor prognosis of
AML patients with activating FL'T3 mutations. The
study suggests implicitly that interruption of a SDF-
1/CXCR-4 autocrine stimulatory loop might be of value
in the therapy of AML.

Conclusion

Activation of the FLL'T'3 receptor tyrosine kinase, either
through ligand binding or through characteristic muta-
tions at the juxtamembrane or kinase domains, is wide-
spread in AML and in some cases of ALL. The critical
role of FLL'T'3 in many of these malignancies has elicited
the development of a battery of small molecule kinase
inhibitors and one antibody that blocks FL. binding to
the receptor. Initial trials in high-risk AML populations
provide some conceptual evidence that FLL'T'3 inhibition
may be a valuable component of emerging therapeutic
strategies. Ongoing efforts will lead to the identification
of those patients who are most likely to benefit from
FL'T3 inhibition, and we can expect the design of com-
binatorial strategies that incorporate the inhibition of
FL'T3. The emergence of FLL'T'3 mutations that confer
resistance to inhibitors will likely limit the efficacy of
these agents in some patients. The development of a
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second generation of FIL'T3 inhibitors or the blockade of
signaling molecules downstream of FLL'T'3 might provide
opportunities to salvage remissions in such patients.
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