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Rethinking bioactivity of FLT3 inhibitors
----------------------------------------------------------------------------------------------------------------

Thomas Fischer OTTO-VON-GUERICKE-UNIVERSITY

FLT3 inhibition has emerged as an attractive concept to overcome the dismal prog-
nosis of FLT3 mutated AML patients. Sato and colleagues have identified that high
plasma levels of FLT3 ligand could impede bioactivity of FLT3 inhibitors in these
patients.1 Along this line, Levis and colleagues present lessons learned regarding bioac-
tivity of the FLT3 inhibitor lestaurtinib investigated within a clinical trial.2

FLT3, a growth factor receptor tyrosine
kinase is mutated in � 30% of acute my-

eloid leukemia (AML) patients. FLT3 muta-
tions represent one of the most frequently
identified genetic alterations in AML. The
presence of an FLT3–internal tandem dupli-
cation (ITD) mutation significantly correlates
with an increased risk of relapse and dismal
overall survival.3,4 Therefore, aberrantly acti-
vated FLT3-ITD kinase is considered to rep-
resent an attractive therapeutic target in
AML. Several small molecule FLT3 inhibi-
tors have been developed and examined in

AML patients as single agents or in combina-
tion with chemotherapy.5 However, in recent
years we have learned that a genetically com-
plex malignancy such as AML present a multi-
tude of challenges when trying to achieve
therapeutic inhibition of FLT3. One of the
major questions in this field is why there are
clinically meaningful responses in some pa-
tients, no responses in others, minor and
short-lived in the rest.

In the article by Sato et al, the authors per-
formed a systematic analysis on whether
plasma FLT3 ligand (FL) levels could influ-

ence bioactivity of a panel of FLT3 inhibi-
tors.1 They found that after intensive chemo-
therapy FL rose to high levels in plasma of
these patients: the mean for baseline levels in
newly diagnosed patients was 3 pg/mL, whereas
for samples obtained on day 15 of induction che-
motherapy the mean was 488 pg/mL. Interest-
ingly, in relapsed patients the mean for samples
obtained on day 15 of induction chemotherapy
was significantly higher and reached 1148 pg/
mL. FL levels were shown to continue to rise
with successive courses of chemotherapy to a
mean of 3251 pg/mL after the fourth course.
The authors then performed in vitro studies
using a panel of FLT3 inhibitors and showed
that exogenous FL at concentrations similar to
that observed in patients inhibited FLT3 phos-
phorylation and cytotoxicity in cell lines and in
primary AML samples. Sato and colleagues
reason that the dramatic increase in FL levels
after chemotherapy documented in this study
may interfere with bioactivity of FLT3 inhibi-
tors in the clinical setting. This is an interesting
and potentially important aspect when applying
therapeutic FLT3 inhibition. However, it re-
mains to be shown whether elevations in FL
levels observed are indeed clinically meaningful.
This issue needs to be addressed in upcoming
clinical trials investigating FLT3 inhibition.

Another interesting aspect of this paper
relates to the mechanism by which FL impairs
activity of FLT3 inhibitors, which is unclear at
this time. However, it has been shown that ligand
activation of a receptor may significantly change
affinity for a kinase inhibitor.6 This may be be-
cause of an influence on the equilibrium of active
or inactive conformation of the receptor.

In the second article, Levis et al present
eagerly awaited results from a randomized trial
of salvage chemotherapy followed by lestaur-
tinib for patients with FLT3 mutant AML in
first relapse.2 This is the first full report on a
clinical trial investigating efficacy and toxicity
of FLT3 inhibition in a randomized fashion in
this cohort of patients. Two hundred twenty-
four patients received chemotherapy alone or

FL indicates FLT3 ligand; E, extracellular domain of FLT3; TM, transmembrane domain; JM, juxtamembrane
domain; TKD1, tyrosine kinase domain 1; TKD2, tyrosine kinase domain 2; TKI, tyrosine kinase inhibitor; AGP,
alpha-1 acid glycoprotein; and FLT3-ITD, FLT3 receptor with internal tandem duplication mutation.
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followed by 80 mg of the FLT3 inhibitor les-
taurtinib twice daily. By intention-to-treat
analysis, there was no statistically significant
improvement in remission rate or overall sur-
vival for patients receiving lestaurtinib. Obvi-
ously, this is a discouraging result for the field
of therapeutic FLT3 inhibition in AML. Do
results obtained challenge the concept of
therapeutic FLT3 inhibition?

A major strength of the study by Levis and
colleagues is that bioactivity of lestaurtinib was
carefully monitored using a plasma inhibitory
activity (PIA) assay. In addition, lestaurtinib
plasma concentrations, FLT3 ligand levels,
and AGP levels were also determined. From
previous in vitro and in vivo studies the au-
thors had estimated that FLT3 needed to be
suppressed to less than 15% of its baseline
activity to induce a cytotoxic effect. However,
at aplasia assessment, only 46 of 79 patients
(58%) analyzed actually achieved this goal and
only 21 of these achieved this degree of inhibi-
tion later on at the day of outcome assessment.
Why did lestaurtinib fail to induce meaningful
bioactivity? The authors provide some impor-
tant suggestions: (1) Decreasing plasma levels
of lestaurtinib over the course of treatment
were observed and could have contributed.
(2) Elevated FL levels after chemotherapy as
described by Sato et al were observed and thus
may have also impeded bioactivity of lestaur-
tinib. (3) In addition to FL, �-1 acid glycopro-
tein (AGP) rose from baseline by day 15 of in-
duction chemotherapy, and remained elevated
by day 42. In human plasma, lestaurtinib binds
with high affinity to AGP. Thus, higher levels of
AGP in plasma result in lower levels of free les-
taurtinib. (4) In some patients, very high levels of
lestaurtinib had been noted that appeared to
predict toxicity and yet did not predict in vivo
FLT3 inhibition. Thus, the complexities of the
pharmacokinetics resulting in toxic off-target
effects may have also contributed to limited effi-
cacy of lestaurtinib in this trial.

Another reason that lestaurtinib failed to
provide benefit to patients may relate to the
population of AML patients being studied. It
is conceivable that a number of resistance mecha-
nisms are already operating in leukemic cells of
relapsed patients. This may include activation of
alternate pathways, resistance mutations, and
FLT3 up-regulation. The latter mechanisms
would not have been detected by the PIA assay
used. The accompanying figure summarizes
molecular mechanisms potentially impeding
bioactivity of FLT3 tyrosine kinase inhibitors

(FLT3-TKI) as suggested by Sato et al and by
the results of the trial presented by Levis et al.

One encouraging aspect of the study by Levis
et al, however, was that in vivo FLT3 inhibition
correlated very highly with remission rate. This
suggests that FLT3 inhibition as a therapeutic
modality is still very promising once we are able
to apply inhibitors with improved pharmacoki-
netic and pharmacodynamic properties and once
we are able to overcome bioactivity issues identi-
fied in the 2 papers.
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What’s up with 2 cord transplantation?
----------------------------------------------------------------------------------------------------------------

Joanne Kurtzberg DUKE UNIVERSITY MEDICAL CENTER

Transplantation of 2 cord blood units to a single patient has been enthusiastically
adopted as a strategy to increase access to unrelated donor cord blood transplanta-
tion (UCBT) for larger pediatric and adult patients. With this strategy, 1 cord
blood unit ultimately dominates and confers durable engraftment, but prospective
identification of the engrafting unit has not been possible.

The article by Avery and colleagues in this
issue of the Blood sheds light on this bio-

logic mystery in double umbilical CBT by
demonstrating, in a series of 84 patients, that
indicators of cord blood unit potency, for ex-
ample, total nucleated cell count (TNC),
colony-forming unit (CFU), CD3, and viable
CD34 cell content, predict the dominating
unit.1 Surprising to some, human leukocyte
antigen (HLA) matching does not appear to
play a role in unit dominance.

Since the demonstration that unrelated
donor, banked umbilical cord blood provides
a source of cells for hematopoietic reconstitu-
tion after myeloablative therapy, more than
500 000 publicly donated units have been
banked and more than 25 000 UCBTs have
been performed worldwide. The fact that cord
blood could be transplanted without full HLA
matching also emerged as a major advantage
providing access to transplantation to patients
unable to find a fully matched adult donor.
Early on, the importance of transplanting an
adequate cell dose was established with gener-

ally accepted thresholds of 25-30 million
nucleated cells per kg required for engraft-
ment.2-3 Given the limited volumes of blood
available from typical term placentas, less than
10% of collected units will contain sufficient
cell doses for patients weighing � 70 kg. In
2005, a group at the University of Minnesota
reported enhancement of engraftment in
adults with hematologic malignancies receiv-
ing 2, sequentially transplanted, partially
HLA-matched unrelated donor cord blood
units.4 Interestingly, even though engraft-
ment rates were higher than those seen after
transplantation of a single cord blood unit,
only 1 of the 2 units conferred durable en-
graftment. Furthermore, the dominating
unit was generally declared within the first
month after transplantation. However, despite
rapid adoption of this strategy by adult trans-
plant physicians, the mechanisms underlying
the success of this approach are unknown.
Furthermore, the ability to predict the en-
grafting unit was not previously possible. In
early series, obvious candidates such as total
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