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Allogeneic transplant for FLT3-ITD mutated
AML: a focus on FLT3 inhibitors before,
during, and after transplant
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Abstract: FMS-Llike tyrosine kinase 3 (FLT3) mutations are one of the most frequently
encountered genetic alterations in acute myeloid leukemia (AML]), and are generally
associated with unfavorable outcomes. Several tools are currently available to provide an
accurate prognosis for patients with these mutations, including FLT3 mutation type (internal
tandem duplication versus tyrosine kinase domain), mutation allelic ratio (high versus low),
and concurrent nucleophosmin-1 (NPM1) mutation, to help decide on optimal treatment.
Recent advances in targeted therapies have paved the way for modern treatment strategies,
such as the development of FLT3 kinase inhibitors. These novel drugs can be incorporated
into any treatment component, including induction and consolidation, the relapse/refractory
setting, bridging for transplant, salvage post-transplant, and as prophylactic long-term post-
transplant maintenance. Many challenges remain though, such as their intolerability with
high-dose chemotherapy in frail patients; whether their optimal use involves watchful waiting
for molecular or hematologic relapse compared with prophylactic use as maintenance; and
the exact role and indication for allogeneic stem cell transplantation, which arguably remains
the only curative option for these high-risk patients.
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Introduction

Acute myeloid leukemia (AML) is a heterogenous
disease, characterized by a myriad of symptom
presentations, karyotype anomalies, and genetic
alterations. Of these alterations, around 30% are
accounted for by FMS-like tyrosine kinase 3
(FLT3) mutations, thus making this type of muta-
tion one of the most frequently encountered,
especially among young AML patients.!3

FLT3 mutations are usually categorized into one of
two groups: internal tandem duplication or FLT3-
ITD (occurring in or near the juxta-membrane
domain of the receptor), and tyrosine kinase (TK)
domain point mutations or FLT3-TKD (resulting
in single amino acid substitutions within the acti-
vation loop).* ITD mutations cause an amino acid

sequence change while preserving coding frames,
resulting in the activation of both TK and down-
stream signaling pathways and eventual cellular
proliferation dysregulation.> ITDs are usually
located in exons 14 and 15 of the FLT3 gene with
heterogeneous insertion site position, number, and
size of duplicated fragments.®

Data on FLT3-TKD prognosis remains conflict-
ing, with some studies suggesting a negative
impact of TKD mutations on disease free survival
(DFS), event free survival (EFS), and overall sur-
vival (OS),7-° while others suggest no prognostic
effect or benefit when the mutation is present.!011
FLT3-ITD mutations, on the other hand, are well
recognized to carry a worse outcome because of
high relapse rates, with a good understanding of
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their impact depending on both allelic burden
and concomitant nucleophosmin-1 (INPM1I)
mutations.%12-15

Indication for transplant

Although many would argue that all FLT3-
mutated patients should be considered ‘high-
risk’, among FLT3-mutated patients, disease risk
can be classified according to FLT3 allelic burden
with the term ‘high-risk’ mostly reserved for those
with high allelic burden (0.5), that is, patients
harboring homozygous ITD mutations. These
patients are usually faced with extremely poor
outcomes, and are advised to undergo allogeneic
hematopoietic stem cell transplantation (allo-
SCT) when first complete remission (CR) is
achieved in an effort to maximize prognosis and
improve OS.16-18 Despite recent advances, these
patients have high rates of early relapse, coupled
with lack of response to further therapy and poor
long-term survival,!%20 with the most dismal
prognosis observed in post allo-SCT relapse
patients, in whom the 1-year OS has been found
to be less than 20%.2!

Some authorities, such as the European Leukemia
Net (ELN), classify the disease as low-risk disease
with the presence of low allelic ratio (<0.5) and
concomitant NPMI mutation. These patients
usually appear to have good OS even without
transplantation, thus raising the question of its
benefit. Nonetheless, the prognostic value of
allelic ratio is not universally accepted, with some
data suggesting poor outcomes regardless of
mutation status, especially when patients do not
receive a transplant. A study conducted on 147
patients found that NPMI-positive patients with
low allelic ITD still had unfavorable outcomes,
with an OS of only 41%, but that significant
improvements were seen in both relapse-free sur-
vival (RFS) and OS when patients had undergone
allo-SCT in first complete remission (CRI1).22
This challenges the notion of withholding trans-
plant for patients with a supposedly favorable
outcome, suggesting its universal use could be the
better alternative.

Finally, patients with low allelic 17D ratio lacking
the NPM1 mutation (and lacking other adverse
risk mutations) are currently considered interme-
diate risk and fall in a grey area with no proper
consensus on optimal treatment strategy. Current

practice is conflicted between universal allo-SCT
for these patients, or restricted allo-SCT only for
those that do not achieve minimal residual dis-
ease (MRD) negativity.

It is noteworthy that much of the available data
leading to these guidelines, including the ELN
recommendations, were generated in the era
when tyrosine kinase inhibitors (TKIs) were not
routinely added to frontline therapy.

Tyrosine kinase inhibitors

Small-molecule FLT3 TKIs have become an inte-
gral part of FLT3 AML treatment, and several
TKIs have been studied extensively in the past
decade.?3:2¢ They have been shown to have single
agent activity, but work synergistically when incor-
porated into existing treatment strategies. Hence,
they can be used during induction in combination
with chemotherapy or hypomethylating agents
(Table 1), as a relapse/refractory bridge for trans-
plant, as salvage therapy for relapsed patients
(Table 2), or as prophylactic maintenance therapy
to preserve MRD negativity (Table 3).

FLT3 inhibitors during induction/
consolidation

Midostaurin

Midostaurin is a multitarget kinase inhibitor that
was originally developed to target protein kinase
C and used for the treatment of solid tumor
patients.?> Preclinical data, however, have shown
that midaustaurin has FLT3 inhibition activity,
with results suggesting synergy between midos-
taurin and chemotherapy.26 This prompted the
start of a phase Ib study involving patients with
newly diagnosed AML, which later established
the safety and efficacy of oral midostaurin at
50mg twice daily for 14 days starting on day 8
after treatment initiation of both induction and
consolidation chemotherapy in FLT3 mutated
patients.?7

Based on these findings, the phase III RATIFY
trial was conducted (NCT00651261), evaluating
the addition of midostaurin to standard chemo-
therapy (induction therapy with daunorubicin
and cytarabine and consolidation therapy with
high-dose cytarabine) compared to placebo in
adult AML patients with further stratification of
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Table 1. FLT3 inhibitors during induction/consolidation.

Study n. Treatment Outcome
EFS 0s
NCT00651261 (Randomized) 360 Midostaurin-chemotherapy 8months 75months
357 Placebo-chemotherapy 3months 26 months
(HR 0.78; p = 0.002) (HR 0.78; p=0.009)
NCT01477606 (phase 1) 284 Midostaurin-chemotherapy 2-year EFS 2-year 0S
39% (young), 53% (old] 34% (young), 46% (old)
EFS
SORAML (Randomized) 134 Sorafenib-chemotherapy 21 months
133 Placebo-chemotherapy 9months

(HR 0.64; p=0.013)

EFS 0s
NCT00373373 (elderly >60) 102 Sorafenib-chemotherapy 5months 13months
(Randomized) 95 Chemotherapy 7months 15months
(HR 1.26; 95% CI1 0.94-1.70)  (HR 1.03; 95% CI 0.73-1.44)
ORR 0s
NCT01892371 (phase I/11) 38 Quizartinib-AZA 76% 13months
23 Quizartinib-LDAC 67% 7months

EFS, event-free survival; FLT3, FMS-Llike tyrosine kinase 3; 0S, overall survival; ORR, overall response rate.

Table 2. Sorafenib for relapsed AML including after allo-SCT.

Study n. Treatment Outcome
CMR Sorafenib resistance
Metzelder? (Multi-institution) 29  Sorafenib post-allo 24% 47%
36 Sorafenib post-chemo 8% 38%
Bazarbachi?’ (Registry) 34 Sorafenib salvage post-allo QS (HR = 0.44;
118  Controls (Multivariate) p=0.001)
1-year 0S 2-year 0S
30 Sorafenib 51% 38%
30  Controls (pair-matched 17% 9%

analysis)

CMR, complete molecular remission; 0S, overall survival.

journals.sagepub.com/home/tah 3


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

Table 3. FLT3 inhibitors as maintenance post-allo.

Study n. Treatment Outcome
RI

RADIUS (Randomized) 30 Midostaurin 1%

30 Standard of care 24%

NCT01398501 (phase 1) 22 Sorafenib 1-year PFS 1-year 0S
85% (95% if CR1/CR2) 95% (100% if CR1/CR2)

Antar® (Single institution) 6 Sorafenib 100% sustained
molecular remission
2-year PFS 2-year 0S

Brunner?' (Two centers) 26 Sorafenib 82% 81%

55 Historical controls 53% 62%

Battipaglia324? (Multi-institution) 27 Sorafenib 2-year PFS 2-year 0S
73% 80%

Bazarbachi’® (Registry) 462 Sorafenib (multivariate] Rl (HR = 0.39; p=0.05) 0S (HR = 0.36; p=0.03)
LFS (HR=10.35;p=0.01] GFRS (HR =0.44; p=0.02)
2-year LFS 2-year 0S

26 Sorafenib 79% 83%
26 Controls (pair-matched  54% 62%
analysis)
2-year RFS
SORMAIN (Randomized) 40 Sorafenib 85%
40 Placebo 53%

CR, complete remission; GFRS, GVHD-free relapse free survival, GVHD, graft-versus-host disease; LFS, leukemia-free survival; 0S, overall survival;
RFS, relapse-free survival.

patients achieving CR after consolidation by
midostaurin maintenance oversus placebo.?> A
total of 717 newly diagnosed AML patients were
randomized into three groups: FLT3-TKD muta-
tions, mutated to wild-type ITD allelic ratio >0.7,
and ITD allelic ratio <0.7. Overall, 360 patients
received midostaurin and 357 received placebo.
High ITD allelic ratio was observed in 214
patients, low ratio in 341 patients, and TKD in
162 patients. Overall survival and EFS were sig-
nificantly longer in the midostaurin group [hazard
ratio (HR)=0.78, »p=0.009 and HR=0.78,
p=0.002, respectively], with similar adverse
event rates between the groups. Importantly,
subgroup analysis demonstrated midostaurin

benefit in all FLT3 subtypes even after censoring
patients who underwent allo-SCT. Addition of
midostaurin to standard chemotherapy therefore
significantly prolonged OS and EFS in FLT3
mutated AML patients, with no increased toxic-
ity. These findings led to the drug’s recent FDA
approval for use in this setting.

Shortly after the FDA approval, a phase II
hypothesis-generating trial INCT01477606) was
conducted to determine whether the addition of
midostaurin to intensive chemotherapy, followed
by allo-SCT with single agent maintenance for
12months is feasible and improves outcomes
when compared with historical controls.3* Of 284
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newly diagnosed AML patients with FLT3-I1TD,
aged 18-70years, 76% of patients achieved CR,
(of which 72% underwent transplantation), and
34% received maintenance therapy (75 patients
post allo-SCT, 22 patients post consolidation) for
a median of 9.0 and 10.5months, respectively.
The 2-year EFS and OS was 39% and 53% in
younger (18—60years) patients and 34% and 46%
in older (61-70years) patients, respectively.
Comparing EFS with 415 historical controls
within five prospective trials, propensity score-
weighted analysis revealed a significant improve-
ment with the addition of midostaurin overall
(HR=0.58, p<0.001) and in older patients
(HR=0.42, 95% CI 0.29-0.61).

Midostaurin therefore plays an integral role in the
treatment of FLT3 mutated patients, appearing
safe and effective with high-intensity induction/
consolidation chemotherapy.

Sorafenib

Sorafenib is another oral kinase inhibitor origi-
nally developed to target the serine/threonine
kinase Raf and approved for use in kidney and
hepatocellular carcinomas.35-37 However,
sorafenib was also found to effectively inhibit
other kinases, including vascular endothelial
growth factor (VEGF) receptors, cKit, platelet-
derived growth factor (PDGF) receptors, and,
importantly, FLT3; all of which are expressed
on AML and bone marrow stromal cells sup-
porting tumorigenesis.3®40 Preclinical in vitro
and i vivo data suggested efficacy of sorafenib
against AML blasts, which prompted a phase I/
II study that later showed the safety and effi-
cacy of sorafenib 400 mg twice daily for 7 days
in combination with idarubicin-cytarabine-
based induction chemotherapy in AML patients
<65 years of age.41-46

The randomized, double-blind, placebo-con-
trolled multicenter SORAML phase II trial
(NCTO00893373) evaluated newly diagnosed
adult AML patients <60years of age receiving
daunorubicin-cytarabine-based induction chem-
otherapy followed by cytarabine consolidation
plus either sorafenib (400mg twice daily) or pla-
cebo. The drug was administered on days 10-19
of induction cycles 1 and 2, from day 8 of consoli-
dation, and as maintenance for 12months.%?
Overall, 267 patients were included (134 received
sorafenib and 133 received placebo) with a

36-month median follow-up. Median EFS was
9months in the placebo group wersus 21 months
in the sorafenib group (HR=0.64, p=0.013),
with a 3-year EFS of 22% wersus 40% respec-
tively. Sorafenib patients experienced increased
rates of =grade 3 adverse events, notably fever
[relative risk (RR) 1.54], diarrhea (RR 7.89),
bleeding (RR 3.75), cardiac events (RR 3.46),
rash (RR 4.06), and hand-foot-skin reaction
observed only in the treatment arm. These find-
ings suggest that sorafenib does have antileuke-
mic activity which increases efficacy when added
to standard chemotherapy, interestingly irrespec-
tive of FLT3 mutation status, but at the expense
of increased toxicity.

A phase III randomized placebo controlled trial
(NCTO00373373) was also conducted, assessing
the combination of sorafenib with intensive
chemotherapy in elderly AML patients >60 years
of age compared with chemotherapy alone.48
Overall, 197 patients were included in the study
(102 and 95 in the sorafenib and placebo groups,
respectively). Treatment in the sorafenib arm
however did not result in improved EFS or OS,
even for subgroup analyses including FLT3-ITD
patients. Patients had more adverse effects during
induction in the sorafenib group resulting in
higher treatment-related mortality (TRM) and
lower CR rates due to less consolidation therapy
being given as a result of the increased toxicity.
These results suggest that standard induction/
consolidation chemotherapy with sorafenib is an
inadequate choice for elderly AML patients due
to severe toxicity.

Quizartinib

Quizartinib is another potent selective FLT3
inhibitor with proven activity in the relapse/refrac-
tory setting (discussed later in detail). This drug
has been investigated in previously untreated
high-risk myelodysplastic syndrome (MDS),
chronic myelomonocytic leukemia (CMML),
and AML elderly patients (>60years) in a phase
I/II trial in combination with 5-azacitidine (AZA)
or low dose cytarabine (LDAC) in an effort to
decrease toxicity and increase tolerability in
elderly patients, relative to high-dose chemother-
apy.%¥® An overall response rate (ORR) of up to
92% has been seen with quizartinib use in previ-
ously untreated patients, with a median OS of
19 months. The combination had a very tolerable
toxicity profile and proved effective (especially
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with AZA), showing that a hypomethylating agent
combined with a FLT3 inhibitor is an effective
option for previously untreated elderly patients
intolerant to intensive chemotherapy. Current tri-
als investigating upfront therapy with quizartinib
in combination with induction chemotherapy in
newly diagnosed AML patients are still ongoing
with promising results.>°

FLT3 inhibitors for relapsed/refractory AML

Sorafenib

The efficacy of sorafenib in treating relapsed
FLT3-ITD patients has been reported and has
long been established.51:52 A long-term follow-up
analysis of a previously reported cohort of 29
relapsed FLT3-ITD AML patients treated with
sorafenib monotherapy has been conducted,
whereby after a median follow-up of 7.5 years, six
patients (21%) were still alive.>3 Excluding one
patient who had received a second allo-SCT, the
remaining five had achieved sustained CR with
sorafenib monotherapy even after years of therapy
discontinuation. Despite the small number of
patients enrolled, sorafenib appears to be effective
and associated with long-term disease control in a
subset of patients relapsing after allo-SCT.

Quizartinib

Quizartinib is a potent selective inhibitor of FLT3
kinase and was evaluated in relapsed/refractory
AML patients irrespective of FLT3-ITD mutation
status in a phase I, first-in-human study (NCT
00462761).5¢ A total of 76 adult patients (23—
86years old) were enrolled with a median of three
prior therapies, and quizartinib was administered
orally at escalating doses from 12 to 450 mg/day.
The maximum tolerated dose was 200mg/day,
with dose-limiting toxicity being QT interval pro-
longation. Most common treatment related
adverse events were nausea (16%), QT prolonga-
tion (12%), vomiting (11%), and dysgeusia (11%),
although most were mild (grade <2). Treatment
was associated with complete inhibition of FLT3-
ITD phosphorylation with 30% of patients achiev-
ing response [13% CR, 17% partial response
(PR)]. Out of 17 FLT3-ITD positive patients, 9
(53%) responded to treatment, compared with
only 5 (14%) out of 37 of FLT3-ITD negative
patients. The remaining 22 patients were FLT3-
ITD indeterminate/not tested, and the response
rate was 41%. Median overall duration of response

was 13.3 weeks, with a median survival of 14 weeks.
Thus, quizartinib showed significant clinical activ-
ity in relapsed/refractory AML patients, particu-
larly with FLT3-ITD mutation, all while
maintaining an acceptable toxicity profile.

Based on these findings, a global randomized
phase III QuANTUM-R trial was conducted
(NCTO02039726), evaluating the safety and effi-
cacy of quizartinib versus investigators’ choice of
salvage chemotherapy in relapsed/refractory
FLT3-ITD AML.5> QOverall, 367 adult patients
aged 18-81years old were randomized 2:1 to
receive quizartinib (z=245) 60mg (with 30 mg
lead-in) or salvage chemotherapy (n=122)
selected prior to randomization. Regimens
included low dose cytarabine (LDAC) (n=29);
mitoxantrone, etoposide, intermediate-dose cyta-
rabine (MEC) (n=40); or fludarabine, cytara-
bine, or granulocyte-colony stimulating factor
with idarubicin (FLAG-IDA) (z=53). Up to two
cycles of MEC/FLAG-IDA were permitted, and
both quizartinib and LDAC were given until lack
of benefit, evidence of unacceptable toxicity, or
HSCT. Patients who had previously received
FLT3 inhibitors other than midostaurin were
excluded, and those that underwent transplant
while in the quizartinib arm continued the drug as
maintenance. After a median follow-up of
102 weeks, median OS was 27 weeks when treated
with quizartinib compared with 20weeks with
chemotherapy, with an estimated survival at
lyear of 27% wversus 20% for the two groups,
respectively. Both arms had very similar rates of
treatment-related adverse events, and only two
patients had to discontinue quizartinib due to QT
prolongation. These results demonstrate that use
of single-agent quizartinib significantly prolongs
OS in relapsed/refractory FLT3-ITD AML
patients compared to standard chemotherapy
alone, confirming its efficacy and safety.

Quizartinib, however, was not granted FDA
approval for relapsed/refractory AML due to con-
cerns over the credibility and generalizability of
the trial data, mostly involving imbalances in
early-censored (prior to week 8 after randomiza-
tion) patients for OS, the number of patients ran-
domized but not treated, among other reasons.>®

Gilteritinib
Gilteritinib (ASP2215) is a highly selective,
potent FLT3/AXL inhibitor with activity against
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both FLT3-ITD and FLT3-TKD, and has been
recently assessed for use in the relapsed/refractory
setting in a phase I/II trial (NCT02014558),
which led to its approval in this setting.575% A
total of 252 adults with relapsed/refractory AML
were enrolled into one of seven dose-escalation
(n=23) or dose-expansion (n=229) cohorts,
receiving a once-daily oral dose of gilteritinib
(20mg, 40mg, 80mg, 120mg, 200mg, 300 mg,
or 450mg). The maximum tolerated dose was
300mg/day, and most common grade 3/4 treat-
ment-related adverse events were diarrhea (37%),
anemia (34%), fatigue (33%), and elevated liver
enzymes (26% AST, 19% ALT), with 7% of
deaths judged as possibly treatment-related.
FLT3 phosphorylation inhibition occurred at all
dose levels correlating with plasma concentra-
tions of gilteritinib, with more than 90% inhibi-
tion observed by day 8 at =80 mg; 40% of patients
responded to treatment, with 8% achieving CR,
4% CR with incomplete platelet recovery, and
18% CR with incomplete hematological recovery.
An additional 10% of patients had PR, demon-
strating the favorable safety profile of gilteritinib
along with its ability to induce response in half of
relapsed/refractory AML patients due to its
potent FLT?3 inhibition.

FLT3 inhibitors in combination with
hypomethylating agents

As previously alluded to, a decrease in survival
was seen in elderly AML patients with the combi-
nation of sorafenib and conventional chemother-
apy due to high toxicity. A different approach was
needed for these frail patients; hence, the replace-
ment of intensive chemotherapy with hypometh-
ylating agents.

A phase II study (NCT01254890) evaluated
the use of AZA plus sorafenib in patients with
FLT3-ITD mutated AML.5 Patients received
75 mg/m? of intravenous AZA daily for 7 days
and oral sorafenib 400 mg twice daily at 1 month
interval cycles. A total of 43 patients (median
age 64years) were enrolled, with 37 patients
evaluated for response. The FLT3-ITD muta-
tion was detected in 93% of patients, with a
median allelic ratio of 0.32. Patients had already
received a median of 2 prior treatment regi-
mens, with nine patients having failed prior
FLT3 kinase inhibitor therapy. The response
rate was 46%, including 27% CR with

incomplete count recovery (CRi), 16% CR, and
3% PR. A total of 64% of patients achieved ade-
quate FLT?3 inhibition (defined as >85%) from
their first cycle of therapy, whereby the degree
of inhibition correlated with plasma sorafenib
concentrations. The combination of AZA and
sorafenib therefore appears effective for relapsed
FLT3-ITD AML patients, and can be an option
for those intolerant of intensive chemotherapy.

Another study also evaluated the combination of
sorafenib and AZA in eight relapsed FLT3-ITD
AML patients following allo-SCT.%° Patients
received a median of 5 AZA cycles and sorafenib
at a median daily dose of 750 mg for a median of
129 days. Furthermore, six of eight patients each
received a median of two concomitant donor lym-
phocyte infusions (DLI). Half of these patients
achieved CR and three of them achieved com-
plete molecular remission. Median CR duration
was >6months, with two patients remaining in
remission for up to 406days. Median OS was
11 months. These results further support the effi-
cacy of sorafenib and AZA combinations, and
suggests that concomitant DLI use is an option
with potentially promising efficacy requiring fur-
ther evaluation in larger patient groups.

In addition to AZA, sorafenib was evaluated off-
protocol in combination with decitabine in six
FLT3-ITD patients, five of whom had relapsed/
refractory disease.®!:62 Patients received at least
one to two cycles of decitabine (20mg/m2) for
10days and sorafenib (200-400mg) twice daily
for 28days. The combination proved effective,
with five of six patients (83%) responding to
treatment, and four of the five (80%) relapsed/
refractory patients achieving CR with incomplete
count recovery. Median OS was 155days, with
very good tolerability, making the decitabine-
sorafenib combination a valid option for patients
intolerant of high-dose chemotherapy.

As previously discussed, quizartinib is a potent
and selective FLT3 inhibitor that demonstrated
activity in the relapsed/refractory setting, with
suggested in vitro synergy when added to AZA or
LDAC. A phase /Il study INCT01892371) was
therefore conducted to determine dose limiting
toxicity/maximal tolerated dose (in phase I) and
thus determine the combination’s clinical activity
(in phase II).#° During phase I, patients with
relapsed/refractory high-risk MDS, CMML, and
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AML were included irrespective of FLT3 muta-
tion and salvage status. Phase II, on the other
hand, enrolled patients >60years of age with
untreated MDS/CMMIL/AML as well as patients
with FLT3-ITD AML receiving salvage treatment
irrespective of age. Patients received 28days
treatment cycles comprising AZA 75mg/m? for
7 days per cycle, or cytarabine 20 mg twice daily
for 10days per cycle along with quizartinib at
either 60 mg (dose level 1) or 90 mg (dose level 2)
daily. A total of 61 patients (12 in phase I, 49 in
phase II) were enrolled, 38 in the AZA arm and
23 in the LDAC arm. Median age was 68 years,
median number of prior therapies was one, and
eight patients had received prior FLT?3 inhibitors.
For both combinations, quizartinib at 60 mg daily
was identified as the recommended phase II dose.
A total of 67% of patients in the LDAC and 76%
patients in the AZA group responded to treat-
ment, with an ORR of 73% (92% for previously
untreated, 68% for previously treated).
Furthermore, 23% of the 43 patients that
responded (z= 10) reached CR, and 12% (n=15)
achieved MRD-negativity. Median OS in
untreated patients was 19 months compared with
11 months in the previously treated group. The
ORR of FLT3-ITD patients reached 76% with
9% MRD negativity, and 80% of patients previ-
ously exposed to FLT3 inhibitors responded to
treatment. Although not statistically significant,
patients treated with AZA had better outcomes,
with an OS of 13.4months compared with 6.7
with LDAC, with similar results for RFS (7 versus
3 months). Most common reported grade 3/4 tox-
icities were electrolyte imbalance, liver enzyme
elevation, and cardiorespiratory toxicity. These
findings point to the efficacy and tolerability of
combining quizartinib with AZA/LDAC, and,
perhaps especially, with AZA in AML patients
particularly when FLT3-ITD mutations are pre-
sent. The ORR was higher than expected than
either agent alone confirming the preclinical
observed synergy.

Sorafenib for relapse after allo-SCT

While FLT?3 inhibitors have shown activity in
both upfront AML therapy combined with high-
dose chemotherapy/hypomethylating agents, and
in the relapsed/refractory setting, outcomes are
still very poor, and many patients usually suc-
cumb to their disease eventually. Allogeneic-SCT
has been proposed to be the only curative

approach for these patients, with a synergistic
effect when combined with FLT3 inhibitors.
Sorafenib use was evaluated before or after allo-
SCT, not only facilitating allo-SCT by inducing
remission but also allowing sustained CR post
allo-SCT.%3

A total of 65 patients with FLT3-ITD AML were
also evaluated with sorafenib monotherapy, all
except 2 of which had relapsed or were chemo-
therapy-refractory after a median of three prior
treatment cycles, with 45% having already under-
gone allo-SCT.28 Responses were reported as
37% hematological remission, 8% bone marrow
remission, 23% CR (with and without peripheral
count normalization), and 15% molecular remis-
sion with wundetectable FLT3-ITD mRNA.
Patients who underwent allo-SCT, however, saw
significantly higher rates of complete molecular
response, up to 24% compared with 8% in the
conventional group. Furthermore, 47% of
patients without prior allo-SCT developed
sorafenib resistance after a median treatment
duration of 136days, while only 38% of prior
transplanted patients developed resistance with a
significantly later onset (197 days). Sustained
remissions were seen exclusively in the allo-SCT
group, highlighting the synergistic effect of
sorafenib monotherapy with allo-SCT in induc-
ing a durable response.

The latest published data evaluating sorafenib
therapy for FLT3-mutated AML was reported by
the Acute Leukemia Working Party of the
European Society for Blood and Marrow
Transplantation (EBMT).2° Overall 152 adult
patients who relapsed post allo-SCT were
included, with a median follow-up after relapse of
22months. Of these, 34 patients had received
sorafenib salvage either alone or in combination
whereas 118 had not. It is worth noting that 35%
of the patients on sorafenib had dose reductions
due to reported toxicities. Sorafenib induced CR
in 39% of patients, with multivariate analysis
showing significant improvements in OS
(HR=10.44; p=0.001). Matched-pair analysis of
60 patients further illustrated a 1-year OS of 51%
with sorafenib versus 17% for controls and a
2-year OS of 38% wversus 9%, respectively.
Sorafenib was therefore not only safe, but also
very effective as salvage therapy for FLT3-AML
post allo-SCT resulting in significant improve-
ments in long-term survival.
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One proposed mechanism for this observed syn-
ergy is through sorafenib’s promotion of graft-
versus-leukemia effect mediated by IL-15
production in FLT3-ITD AML cells.®* The
observed increase in IL-15 production by FLT3-
ITD leukemia cells is thought to synergize with
the allogeneic CD8+ T cell response, allowing
for long-term survival in mouse models. This
increase was also observed in human FLT3-ITD
AML cells obtained from sorafenib responders
with findings indicating the synergism between T
cells and sorafenib being mediated via reduced
ATF4 expression causing activation of the
IRF7-IL-15 axis. It therefore appears that, in
addition to its effect inhibiting FLT3, sorafenib
could also have another immune-mediated mech-
anism accounting for its observed efficacy.

In vivo T cell depletion

With sorafenib’s suggested immunomodulatory
effect, it is expected to increase the rates of graft-
versus-host disease (GVHD), thus potentially
increasing morbidity. The use of anti-thymocyte
globulin (ATG) prophylaxis was shown to be
effective in reducing acute and chronic GVHD
post allo-SCT, but could theoretically increase
relapse rates when given in high doses (>6 mg/kg
ATG Thymoglobulin or >15mg/kg ATG
Fresenius) to patients with high-risk AML. A ret-
rospective analysis from the EBMT was therefore
conducted, assessing adult AML patients with
intermediate/poor-risk cytogenetics or secondary
AML who underwent reduced intensity condi-
tioning (RIC) allo-SCT from matched sibling
donors while in CR1, with or without ATG use.%
In total, 1750 patients were included, 205 of
which received high-dose ATG. Median follow
up was 45months. There was no difference in
3-year OS (55% wversus 54%) and leukemia free
survival (46% wversus 50%) between the two
groups (high-dose ATG versus control), with sim-
ilarly nonsignificant differences in relapse inci-
dence (RI) (41% wersus 34%), nonrelapse
mortality NRM) (12% versus 16%), and GVHD-
free relapse free survival (GFRS) (43 months
versus 50months at 1-year, 31months versus
36 months at 3-years), respectively. AML patients
in CR1 with intermediate/poor-cytogenetics
undergoing allo-SCT, even with RIC condition-
ing, can therefore be safely given ATG, with no
negative influence on outcome.

Maintenance post allo-SCT

Midostaurin

As previously discussed in the RATIFY study,
midostaurin maintenance after induction/consoli-
dation chemotherapy resulted in significant benefit
in EFS and OS in newly diagnosed FLT3-mutated
adult AML patients. Despite the high rates of sus-
tained remission provided by allo-SCT, relapse
rates remained high (30-59%), necessitating fur-
ther improvement that could be offered by post-
transplant maintenance therapy.%®

The RADIUS trial is a randomized, open-label
phase II trial (NCT01883362) investigating post
allo-SCT maintenance with 50mg twice daily
midostaurin compared to standard of care treat-
ment.%” A total of 60 adult patients aged 18-
70years were randomized (30 patients per arm)
with treatment starting 28—60 days post allo-SCT
over a minimum of 24 months follow up. Median
exposure to midostaurin was 10.5 months, with a
median dose intensity of 93mg/day. Estimated
relapse rates at 18-months were 24% in the stand-
ard of care group and 11% in the midostaurin
group, equivalent to a 46% relative reduction
with the addition of midostaurin. Severe adverse
events were reported in 57% and 30% of patients,
respectively, the most common being diarrhea
(7% wversus 13%), nausea (10% versus 3%), vomit-
ing (10% wersus 3%), and pyrexia (7% versus 7%).
GVHD rates were generally similar between the
two groups. Midostaurin maintenance post allo-
SCT significantly reduces relapse rates with no
major safety concerns.

Sorafenib

Sorafenib has been extensively studied as mainte-
nance post allo-SCT, demonstrating benefit in
survival and improvement of outcome. A phase I
trial INCT01398501) was conducted whereby 22
FLT3-ITD AML patients received sorafenib 45—
120 days post allo-SCT for 12 cycles of 28 days. 8
Of these 22 patients, 16 were in CR1, 3 in CR2,
and 3 had refractory disease. Maximum tolerated
dose was established at 400 mg twice daily, and
median follow up for surviving patients was
17months post allo-SCT. Progression-free sur-
vival (PFS) was 85% at 1year (95% for patients
in CR1/CR2), with an impressive OS of 95%
(100% for patients in CR1/CR?2).

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

Six patients with FLT3-ITD AML were retro-
spectively assessed after receiving sorafenib (=15
maintenance, nz = 1 salvage) post allo-SCT, with
similarly encouraging results over a median fol-
low-up period of 12 months after sorafenib initia-
tion.3° Five of these patients developed skin
corticosteroid sensitive GVHD within a few days
of sorafenib initiation, suggesting a possible
immunomodulatory effect, and, remarkably, all
patients had sustained molecular remission.

A retrospective analysis was conducted compar-
ing 26 patients who received sorafenib mainte-
nance post allo-SCT to 55 historical controls who
did not, all of which had FLT3-ITD AML and
were transplanted in CR1.3! Median time to
sorafenib initiation was 68days post allo-SCT,
with a median follow-up of 27months for the
sorafenib group and 38months for controls.
Patients on maintenance had significantly
improved 2-year OS (81% wversus 62% in con-
trols), with similarly improved PFS (82% wversus
53%) and lower RI (8% wversus 38%). No differ-
ence in 2-year NRM or 1-year chronic GVHD
rates were observed, supporting the evidence for
sorafenib’s benefit in this setting.

In a multicentric study, 27 FLT3 AML patients
(aged 1557 years) received sorafenib maintenance
post-allo-SCT.32 It was introduced at a median
time of 70days after transplant, with a median
treatment duration of 8.4months. Most reported
toxicities were mild (grade 1/2), observed in 11/27
patients, and chronic GVHD was reported in 13
patients (9 limited, 4 extensive). At a median fol-
low-up of 18 months, 25 patients were in complete
molecular remission, with 1-year PFS and OS
rates reaching 92%. Newly reported updates after
a median follow-up of 40 months further demon-
strate favorable long-term outcomes with sorafenib
maintenance, with 2-year PFS and OS reaching
73% and 80%, respectively.®®

In addition, a large multicenter retrospective anal-
ysis conducted by the EBMT assessed outcomes
in 462 allografted FLT3 AML patients over a
median follow-up of 39 months,”® with 40% hav-
ing matched related donors, 49% unrelated, and
11% haploidentical donors. Day-100 grades II-IV
and III-IV acute GVHD rates were 26% and 9%,
respectively, whereas the 2-year incidences of
chronic and extensive chronic GVHD were 34%
and 16%, respectively. The 2-year RI and NRM
values were 34% and 15%, and leukemia-free

survival (LFS), OS, and GRFS were 51%, 59%
and 38%, respectively. On multivariate analysis,
the need for more than one induction negatively
affected outcome with transplant in CR1, improv-
ing RI, LFS, and OS. NPMI mutation also
improved outcomes, including RI, LFS, OS, and
GRFS. In vivo T-cell depletion reduced chronic
GVHD and increased LFS, OS, and GRFS.
Lastly, post-transplant maintenance with sorafenib
significantly reduced the RI (HR =0.39; p=0.05),
and improved LFS (HR=0.35; p=0.01), OS
(HR=0.36; p=0.03), and GFRS (HR=0.44;
p»=0.02). Matched-pair analysis was also per-
formed on data from 52 patients (26 in the
sorafenib group and 26 controls) who engrafted
and survived post allo-SCT with no relapse or
grade II-IV acute GVHD until sorafenib initiation.
The 2-year LFS was 79% in the sorafenib group
versus only 54% in controls, similarly for OS, rates
were 83% wersus 62%, respectively. Sorafenib
maintenance post allo-SCT appears to reduce RI,
improve LFS, and OS, and does not affect NRM.

Recently, sorafenib maintenance was assessed in
the randomized, double-blind, placebo-controlled
SORMAIN trial across 14 centers in FLT3-ITD
adult AML patients who had undergone allo-SCT
(matched sibling donor, 10/10 or 9/10 matched
unrelated).”! A total of 80 patients were rand-
omized 1:1 to receive either sorafenib (up to
400 mg twice daily) or placebo for up to 24 months.
After a median follow up of 42months, median
RFS was 31 months in the placebo group com-
pared to ‘not reached’ in the sorafenib group [cor-
responding to a 2-year RFS of 53% versus 85%
(HR=0.39, p=0.0135)]. Overall, sorafenib was
well tolerated, with the most common grade 3/4
adverse events in both groups being acute GVHD
(18% in placebo wversus 21% in sorafenib group).
These findings build on the previously reported
data and strongly confirm that sorafenib mainte-
nance therapy post allo-SCT in FLT3-ITD AML
patients is both feasible and efficient in signifi-
cantly reducing RI while improving survival.

Gilteritinib

Gilteritinib is also currently being prospectively
assessed for maintenance use in FLT3-1TD AML
patients post allo-SCT in a phase III, randomized,
double-blind, placebo-controlled multicenter
trial (NCT02997202).72 It is being conducted in
149 sites, and aims to enroll 532 adult patients in
CRI1 randomized 1:1 to receive either 120mg of
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gilteritinib or placebo, for 2years. The primary
endpoint is RFS and secondary endpoints are
rates of NRM, EFS, OS and GVHD.

Conclusion

FLT3-mutated AML is frequently encountered
and leads to unfavorable outcomes. Several prog-
nostic factors should be accounted for when
deciding on an optimal treatment strategy, includ-
ing FLT3 mutation type (ITD versus TKD), muta-
tion allelic ratio (high wversus low), and concurrent
NPMI mutation. Many strategies have been
implemented to overcome this disease, mainly
with the development of FLT3 kinase inhibitors
such as midostaurin, sorafenib, quizartinib, and
gilteritinib to name a few, which can be added to
induction therapies, used in the relapse/refractory/
salvage setting, or as maintenance post allo-SCT.

Currently available data suggest positive activity
of FL T3 inhibitors in all settings; however, the dis-
ease remains incurable for the most part even with
their incorporation. The most effective curative
option allowing sustained deep remissions for
these high-risk patients remains allo-SCT, where
transplant appears to synergize with FLT3 inhibi-
tors such as sorafenib through an immunomodu-
latoryeffect,inducingacrucialgraft-versus-leukemia
effect mediating long-term survival. We therefore
recommend FLT3 inhibitor combinations with
high-dose chemotherapy when feasible as induc-
tion therapy, followed by allo-SCT with long-term
maintenance of at least 2years with sorafenib
post-transplant. Sorafenib may also be combined
with hypomethylating agents in unfit patients not
able to receive intensive therapy.

Funding
The author(s) received no financial support for the
research, authorship, and publication of this article.

Conflict of interest statement

MM received lectures honoraria from Novartis
and Daiichi Sankyo whose products are discussed
in this manuscript.

AB received lectures honoraria and research sup-
port from Novartis whose products are discussed
in this manuscript.

ORCID iD
Ali Bazarbachi
7171-4997

https://orcid.org/0000-0002-

References

1.

10.

11.

12.

Papaemmanuil E, Gerstung M, Bullinger L, ez al.
Genomic classification and prognosis in acute
myeloid leukemia. N Engl ¥ Med 2016; 374
2209-2221.

Gilliland DG and Griffin JD. The roles of FLLT3
in hematopoiesis and leukemia. Blood 2002; 100:
1532-1542.

. Levis M and Small D. FLT?3: ITDoes matter in

leukemia. Leukemia 2003; 17: 1738-1752.

Stirewalt DL and Radich JP. The role of FLT3
in haematopoietic malignancies. Nat Rev Cancer
2003; 3: 650-665.

Kayser S, Levis M]J and Schlenk RF. Midostaurin
treatment in FLT3-mutated acute myeloid
leukemia and systemic mastocytosis. Expert Rev
Chin Pharmacol 20175 10: 1177-1189.

Kayser S, Schlenk RF, Londono MC, et al.
Insertion of FLL'T3 internal tandem duplication in
the tyrosine kinase domain-1 is associated with
resistance to chemotherapy and inferior outcome.
Blood 2009; 114: 2386-2392.

. Yanada M, Matsuo K, Suzuki T, er al. Prognostic

significance of FLL'T3 internal tandem duplication
and tyrosine kinase domain mutations for acute
myeloid leukemia: a meta-analysis. Leukemia
2005; 19: 1345-1349.

Whitman SP, Ruppert AS, Radmacher MD,

et al. FLLT3 D835/I1836 mutations are associated
with poor disease-free survival and a distinct
gene-expression signature among younger adults
with de novo cytogenetically normal acute
myeloid leukemia lacking FLL'T3 internal tandem
duplications. Blood 2008; 111: 1552-1559.

Thiede C, Steudel C, Mohr B, ez al. Analysis of
FLT3-activating mutations in 979 patients with
acute myelogenous leukemia: association with
FAB subtypes and identification of subgroups
with poor prognosis. Blood 2002; 99: 4326-4335.

Bacher U, Haferlach C, Kern W, ez al. Prognostic
relevance of FLT3-TKD mutations in AML.:

the combination matters—an analysis of 3082
patients. Blood 2008; 111: 2527-2537.

Mead AJ, Linch DC, Hills RK, ez al. FLT3
tyrosine kinase domain mutations are biologically
distinct from and have a significantly more
favorable prognosis than FLLT3 internal tandem
duplications in patients with acute myeloid
leukemia. Blood 2007; 110: 1262—-1270.

Kottaridis PD, Gale RE, Frew ME, ez al. The
presence of a FLL'T3 internal tandem duplication
in patients with acute myeloid leukemia (AML)
adds important prognostic information to

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://orcid.org/0000-0002-7171-4997
https://orcid.org/0000-0002-7171-4997

Therapeutic Advances in Hematology 10

13.

14.

15.

16.

17.

18.

19.

20.

21.

cytogenetic risk group and response to the first
cycle of chemotherapy: analysis of 854 patients
from the United Kingdom Medical Research
Council AML 10 and 12 trials. Blood 2001; 98:
1752-1759.

Frohling S, Schlenk RF, Breitruck J, ez al.
Prognostic significance of activating FLLT3
mutations in younger adults (16 to 60years) with
acute myeloid leukemia and normal cytogenetics:
a study of the AML Study Group Ulm. Blood
2002; 100: 4372-4380.

Rombouts W], Blokland I, Lowenberg B, er al.
Biological characteristics and prognosis of adult
acute myeloid leukemia with internal tandem
duplications in the FLT?3 gene. Leukemia 2000;
14: 675-683.

Dohner H, Estey E, Grimwade D, er al. Diagnosis
and management of AML in adults: 2017 ELN
recommendations from an international expert
panel. Blood 2017; 129: 424-447.

Bornhauser M, Illmer T, Schaich M, et al.
Improved outcome after stem-cell transplantation
in FLT3/ITD-positive AML. Blood 2007; 109:
2264-2265; author reply 2265.

DeZern AE, Sung A, Kim S, ez al. Role of
allogeneic transplantation for FLT3/ITD

acute myeloid leukemia: outcomes from 133
consecutive newly diagnosed patients from a
single institution. Biol Blood Marrow Transplant
2011; 17: 1404-1409.

Canaani J, Labopin M, Huang XJ, ez al. T-cell
replete haploidentical stem cell transplantation
attenuates the prognostic impact of FLT3-ITD in
acute myeloid leukemia: a report from the Acute
Leukemia Working Party of the European Society
for Blood and Marrow Transplantation. Am ¥
Hematol 2018; 93: 736-744.

Brunet S, Labopin M, Esteve ], ez al. Impact

of FLL'T'3 internal tandem duplication on the
outcome of related and unrelated hematopoietic
transplantation for adult acute myeloid leukemia
in first remission: a retrospective analysis. ¥ Clin
Oncol 2012; 30: 735-741.

Schmid C, Labopin M, Socie G, er al. Outcome
of patients with distinct molecular genotypes
and cytogenetically normal AML after
allogeneic transplantation. Blood 2015; 126:
2062-2069.

Thanarajasingam G, Kim HT, Cutler C, ez al.
Outcome and prognostic factors for patients who
relapse after allogeneic hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant
20135 19: 1713-1718.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sakaguchi M, Yamaguchi H, Najima Y, er al.
Prognostic impact of low allelic ratio FLT3-ITD
and NPM1 mutation in acute myeloid leukemia.
Blood Adv 2018; 2: 2744-2754.

Antar A, Otrock ZK, El-Cheikh ], ez al. Inhibition
of FLL'T3 in AML.: a focus on sorafenib. Bone
Marrow Transplant 2017; 52: 344-351.

Assi R and Ravandi F. FL'T3 inhibitors in acute
myeloid leukemia: choosing the best when the
optimal does not exist. Am J Hemarol 2018; 93:
553-563.

Stone RM, Fischer T, Paquette R, er al. Phase IB
study of the FLL'T3 kinase inhibitor midostaurin
with chemotherapy in younger newly diagnosed
adult patients with acute myeloid leukemia.
Leukemia 20125 26: 2061-2068.

Weisberg E, Boulton C, Kelly LM, et al.
Inhibition of mutant FLT3 receptors in
leukemia cells by the small molecule tyrosine
kinase inhibitor PKC412. Cancer Cell 2002; 1:
433-443.

Fischer T, Stone RM, Deangelo D], ez al. Phase
IIB trial of oral Midostaurin (PKC412), the FMS-
like tyrosine kinase 3 receptor (FL'T3) and multi-
targeted kinase inhibitor, in patients with acute
myeloid leukemia and high-risk myelodysplastic
syndrome with either wild-type or mutated FLLT3.
J Clin Oncol 2010; 28: 4339-4345.

Metzelder SK, Schroeder T, Finck A, et al. High
activity of sorafenib in FLT3-ITD-positive acute
myeloid leukemia synergizes with allo-immune
effects to induce sustained responses. Leukemia
2012; 26: 2353-2359.

Bazarbachi A, Labopin M, Battipaglia G, ez al.
Sorafenib improves survival of FLL.T3-mutated
acute myeloid leukemia in relapse after allogeneic
stem cell transplantation: a report of EBMT
acute leukemia Working Party. Haematologica
2019; 104: e398—e401.

Antar A, Kharfan-Dabaja MA, Mahfouz R, ez al.
Sorafenib maintenance appears safe and improves
clinical outcomes in FLLT3-ITD acute myeloid
leukemia after allogeneic hematopoietic cell
transplantation. Clin Lymphoma Myeloma Leuk
2015; 15: 298-302.

Brunner AM, Li S, Fathi AT, et al. Haematopoietic
cell transplantation with and without sorafenib
maintenance for patients with FL'T3-ITD acute
myeloid leukaemia in first complete remission. Br ¥
Haematol 20165 175: 496-504.

Battipaglia G, Ruggeri A, Massoud R,
et al. Efficacy and feasibility of sorafenib
as a maintenance agent after allogeneic

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

AH Bazarbachi, R Al Hamed et al.

hematopoietic stem cell transplantation for Fms-
like tyrosine kinase 3-mutated acute myeloid
leukemia. Cancer 2017; 123: 2867-2874.

33. Stone RM, Mandrekar SJ, Sanford BL, er al.
Midostaurin plus chemotherapy for acute myeloid
leukemia with a FL'T3 mutation. N Engl ¥ Med
2017; 377: 454-464.

34. Schlenk RF, Weber D, Fiedler W, ez al.
Midostaurin added to chemotherapy and
continued single-agent maintenance therapy in
acute myeloid leukemia with FLT3-ITD. Blood
2019; 133: 840-851.

35. Iyer R, Fetterly G, Lugade A, et al. Sorafenib: a
clinical and pharmacologic review. Expert Opin
Pharmacother 2010; 11: 1943-1955.

36. Escudier B. Sorafenib for the management
of advanced renal cell carcinoma. Expert Rev
Anticancer Ther 2011; 11: 825-836.

37. Zhang T, Ding X, Wei D, ez al. Sorafenib improves
the survival of patients with advanced hepatocellular
carcinoma: a meta-analysis of randomized trials.
Anticancer Drugs 2010; 21: 326-332.

38. Fiedler W, Graeven U, Ergun S, er al. Vascular
endothelial growth factor, a possible paracrine
growth factor in human acute myeloid leukemia.
Blood 1997; 89: 1870-1875.

39. Pietsch T, Kyas U, Steffens U, ez al. Effects
of human stem cell factor (c-kit ligand)
on proliferation of myeloid leukemia cells:
heterogeneity in response and synergy with other
hematopoietic growth factors. Blood 1992; 80:
1199-1206.

40. Foss B, Ulvestad E and Bruserud O. Platelet-
derived growth factor (PDGF) in human
acute myelogenous leukemia: PDGF receptor
expression, endogenous PDGF release and
responsiveness to exogenous PDGF isoforms by
in vitro cultured acute myelogenous leukemia
blasts. Eur ¥ Haematol 2001; 67: 267-278.

41. Rahmani M, Davis EM, Bauer C, et al. Apoptosis
induced by the kinase inhibitor BAY 43-9006 in
human leukemia cells involves down-regulation
of Mcl-1 through inhibition of translation. ¥ Biol
Chem 2005; 280: 35217-352217.

42. Auclair D, Miller D, Yatsula V, ez al. Antitumor
activity of sorafenib in FLT'3-driven leukemic
cells. Leukemia 2007; 21: 439-445.

43. Zhang W, Konopleva M, Shi YX, ez al. Mutant
FLT3: a direct target of sorafenib in acute
myelogenous leukemia. ¥ Natl Cancer Inst 2008;
100: 184-198.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mori S, Cortes J, Kantarjian H, ez al. Potential
role of sorafenib in the treatment of acute
myeloid leukemia. Leuk Lymphoma 2008; 49:
2246-2255.

Tong FK, Chow S and Hedley D.
Pharmacodynamic monitoring of BAY 43-9006
(Sorafenib) in phase I clinical trials involving
solid tumor and AML/MDS patients, using flow
cytometry to monitor activation of the ERK
pathway in peripheral blood cells. Cytometry B
Clin Cyrom 20065 70: 107-114.

Ravandi F, Cortes JE, Jones D, ez al. Phase I/

II study of combination therapy with sorafenib,
idarubicin, and cytarabine in younger patients
with acute myeloid leukemia. ¥ Clin Oncol 2010;
28: 1856-1862.

Rollig C, Serve H, Huttmann A, et a/. Addition
of sorafenib versus placebo to standard therapy
in patients aged 60 years or younger with newly
diagnosed acute myeloid leukaemia (SORAML):
a multicentre, phase 2, randomised controlled
trial. Lancet Oncol 2015; 16: 1691-1699.

Serve H, Krug U, Wagner R, et al. Sorafenib
in combination with intensive chemotherapy in
elderly patients with acute myeloid leukemia:
results from a randomized, placebo-controlled
trial. ¥ Clin Oncol 2013; 31: 3110-3118.

Swaminathan M, Kantarjian HM, Daver N, ez al.
The combination of quizartinib with azacitidine
or low dose cytarabine is highly active in

patients (Pts) with FLT3-ITD mutated myeloid
leukemias: interim report of a phase I/II trial.
Blood 2017; 130: 723.

Altman JK, Foran JM, Pratz KW, et al. Phase
1 study of quizartinib in combination with
induction and consolidation chemotherapy in
patients with newly diagnosed acute myeloid
leukemia. Am J Hemarol 2018; 93: 213-221.

Sharma M, Ravandi F, Bayraktar UD, er al.
Treatment of FLT3-ITD-positive acute myeloid
leukemia relapsing after allogeneic stem cell
transplantation with sorafenib. Biol Blood Marrow
Transplant 2011; 17: 1874-1877.

Borthakur G, Kantarjian H, Ravandi F,

et al. Phase I study of sorafenib in patients
with refractory or relapsed acute leukemias.
Haematologica 2011; 96: 62—68.

Metzelder SK, Schroeder T, Lubbert M, er al.
Long-term survival of sorafenib-treated FLT3-
I'TD-positive acute myeloid leukaemia patients
relapsing after allogeneic stem cell transplantation.
Eur ¥ Cancer 2017; 86: 233-2309.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

Visit SAGE journals online
journals.sagepub.com/
home/tah

®SAGE journals

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Cortes JE, Kantarjian H, Foran JM, et al. Phase

I study of quizartinib administered daily to
patients with relapsed or refractory acute myeloid
leukemia irrespective of FMS-like tyrosine kinase
3-internal tandem duplication status. § Clin Oncol
2013; 31: 3681-3687.

Cortes J, Khaled S, Martinelli G, et al.
Quizartinib significantly prolongs overall
survival in patients with FLT3-internal tandem
duplication—mutated (MUT) relapsed/refractory
AML in the phase 3, randomized, controlled
quantum-r trial. EHA 2018; 14: 17.

FDA briefing document oncologic drugs advisory
committee (ODAC) meeting May 14, 2019
NDA 212166 Quizartinib Applicant: Daiichi-
Sankyo, Inc., https://www.fda.gov/media/124896/
download. (2019, accessed May 14, 2019).

Levis M], Perl AE, Altman JK, ez al. Results of
a first-in-human, phase I/II trial of ASP2215,

a selective, potent inhibitor of FLT3/AXL in
patients with relapsed or refractory (R/R) acute
myeloid leukemia (AML). ¥ Clin Oncol 2015; 33:
7003-7003.

Perl AE, Altman JK, Cortes ], et al. Selective
inhibition of FLLT?3 by gilteritinib in relapsed
or refractory acute myeloid leukaemia: a
multicentre, first-in-human, open-label, phase
1-2 study. Lancet Oncol 2017; 18: 1061-1075.

Ravandi F, Alattar ML, Grunwald MR, ez al.
Phase 2 study of azacytidine plus sorafenib in
patients with acute myeloid leukemia and FLT-3
internal tandem duplication mutation. Blood
2013; 121: 4655-4662.

Rautenberg C, Nachtkamp K, Dienst A, ez al.
Sorafenib and azacitidine as salvage therapy for
relapse of FLT3-ITD mutated AML after allo-
SCT. Eur ¥ Haematol 2017; 98: 348-354.

Muppidi MR, Portwood S, Griffiths EA, ez al.
Decitabine and sorafenib therapy in FLT-3 ITD-
mutant acute myeloid leukemia. Clin Lymphoma
Myeloma Leuk 2015; 15(Suppl): S73-S79.

Muppidi MR, Griffiths EA, Thompson JE, et al.
Decitabine and sorafenib therapy in patients
with FLT3-ITD mutant acute myeloid leukemia
is associated with high response rates—a single
institute experience. Blood 2014; 124: 5284.

Metzelder S, Wang Y, Wollmer E, ez al.
Compassionate use of sorafenib in FLT3-ITD-
positive acute myeloid leukemia: sustained
regression before and after allogeneic stem cell
transplantation. Blood 2009; 113: 6567-6571.

Mathew NR, Baumgartner F, Braun L, ez al.
Erratum: sorafenib promotes graft-versus-

65.

66.

67.

68.

69.

70.

71.

72.

leukemia activity in mice and humans through
IL-15 production in FLT3-ITD-mutant leukemia
cells. Nat Med 2018; 24: 526.

Ofran Y, Beohou E, Labopin M, et al. Anti-
thymocyte globulin for graft-versus-host disease
prophylaxis in patients with acute myeloid leukemia
undergoing reduced intensity conditioning
allogeneic stem cell transplantation in first complete
remission: a survey on behalf of the EBMT acute
leukemia working party. Blood 2016; 128: 4563.

Schiller GJ, Tuttle P and Desai P. Allogeneic
hematopoietic stem cell transplantation in FLT3-
ITD-positive acute myelogenous leukemia: the
role for FLL'T'3 tyrosine kinase inhibitors post-
transplantation. Biol Blood Marrow Transplant
2016; 22: 982-990.

Maziarz RTT, Patnaik MM, Scott BL, et al.
Radius: a phase 2 randomized trial investigating
standard of care * midostaurin after allogeneic
stem cell transplant in FLT3-ITD-mutated
AML. Blood 2018; 132: 662.

Chen YB, Li S, Lane AA, et al. Phase I trial

of maintenance sorafenib after allogeneic
hematopoietic stem cell transplantation for fms-
like tyrosine kinase 3 internal tandem duplication
acute myeloid leukemia. Biol Blood Marrow
Transplant 2014; 20: 2042-2048.

Battipaglia G, Massoud R, Ahmed SO,

et al. Efficacy and feasibility of sorafenib as a
maintenance agent after allogeneic hematopoietic
stem cell transplantation for fms-like tyrosine
kinase 3 mutated acute myeloid leukemia: an
update. Clin Lymphoma Myeloma Leuk. Epub
ahead of print 28 May 2019. DOI: 10.1016/j.
clml.2019.04.004.

Bazarbachi A, Labopin M, Battipaglia G,

et al. Allogeneic stem cell transplantation for
FLT3-mutated acute myeloid leukemia: in vivo
T-Cell depletion and posttransplant sorafenib
maintenance improve survival. a retrospective
acute leukemia working party-european society
for blood and marrow transplant study. Clin
Hematol Int 2019; 1: 58-74.

Burchert A, Bug G, Finke ], et al. Sorafenib as
maintenance therapy post allogeneic stem cell
transplantation for FLT3-ITD positive AML.:
results from the randomized, double-blind,
placebo-controlled multicentre sormain trial.
Blood 2018; 132: 661.

Levis MJ, Hamadani M, Logan B, ez al. A
phase 3, trial of gilteritinib, as maintenance
therapy after allogeneic hematopoietic stem

cell transplantation in patients with FLLT3-
ITD+ AML. ¥ Clin Oncol 2018; 36: TPS7075—
TPS7075.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://www.fda.gov/media/124896/download
https://www.fda.gov/media/124896/download
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah



