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Abstract

Mivavotinib (TAK-659) is an investigational type 1 tyrosine kinase inhibitor with dual activity against spleen tyrosine kinase
(SYK) and FMS-like tyrosine kinase 3 (FLT3). We conducted a phase Ib study to investigate the safety, tolerability, and
efficacy of mivavotinib in patients with refractory and/or relapsed (R/R) acute myeloid leukemia (AML). Both daily (QD) and
twice daily (BID) dosing regimens were evaluated. A total of 43 patients were enrolled, and there were 5 complete
responses (4 with incomplete count recovery). In the QD dosing regimen, the maximum tolerated dose (MTD) was not
reached up to 160 mg QD per protocol; 140 mg QD was identified as the recommended phase Il dose. In the BID dosing
regimen, the MTD was 60 mg BID. Thirty patients (70%) experienced a bleeding event on study; the majority were grades
1 or 2, were resolved without mivavotinib modification, and were not considered related to study treatment. Eleven
patients (26%) experienced grade 23 bleeding events, which were observed most frequently with the 80 mg BID dose. We
conducted platelet aggregation studies to investigate the potential role of mivavotinib-mediated SYK inhibition on
platelet function. The bleeding events observed may have been the result of several confounding factors, including AML
disease status, associated thrombocytopenia, and high doses of mivavotinib. Overall, these findings indicate that the
activity of mivavotinib in R/R AML is modest. Furthermore, any future clinical investigation of this agent should be
undertaken with caution, particularly in thrombocytopenic patients, due to the potential bleeding risk of SYK inhibition.
ClinicalTrials.gov: NCT02323113.

Introduction

Acute myeloid leukemia (AML) is a genetically heterogen-
ous hematologic malignancy that arises from the sequen-
tial development of key mutations within hematopoietic
stem/progenitor cells.! Most patients with AML are >60
years of age, and overall prognosis is poor. Although stan-
dard-of-care treatment remained almost unchanged for
decades, several new agents have recently been approved.
Most new therapies are molecularly targeted and are
either approved for, or most effective in, genetically-de-
fined AML subtypes.

FMS-like tyrosine kinase 3 (FLT3) is a receptor tyrosine ki-
nase which is important for hematopoiesis; it is expressed

on blasts in most cases of AML.? Internal tandem dupli-
cation (ITD) mutations of FLT3 are among the most com-
mon mutations found in AML and are associated with a
poor prognosis. Additional activating mutations are found
in the tyrosine kinase domain (TKD) and at non-canonical
sites.? Sustained in vivo inhibition of FLT3 is necessary to
achieve clinical benefit with this targeted approach.*® Two
type | tyrosine kinase inhibitors, midostaurin and gilteriti-
nib, have been approved for the treatment of newly diag-
nosed and relapsed/refractory (R/R) FLT3-mutated AML,
respectively.®’ Gilteritinib has single-agent activity in R/R
AML, although most recipients ultimately succumb to the
disease.” Resistance to FLT3 inhibitors occurs through di-
verse mechanisms, e.g., emergence of FLT3 gatekeeper
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mutations, or RAS-pathway mutations.®

Spleen tyrosine kinase (SYK) is a non-receptor tyrosine ki-
nase crucial to the adaptive immune response.® Pre-clini-
cal evidence suggests SYK overexpression contributes to
FLT3-1TD-mediated transformation and resistance to FLT3
inhibitors,”® suggesting that inhibition of SYK could po-
tentiate (and possibly broaden) the clinical activity of FLT3
inhibition. In addition, data suggest SYK plays a significant
role in regulating Hoxa9/Meis1-driven AML," encouraging
its positioning as another target in the treatment of a bio-
marker-specific subset of AML patients.

Mivavotinib (TAK-659) is an investigational type 1 tyrosine
kinase inhibitor, which binds competitively to the adeno-
sine triphosphate-binding site of an active tyrosine
kinase,” with dual activity against SYK and FLT3.® In a
first-in-human study, mivavotinib induced clinical re-
sponses with generally manageable toxicity in patients
with R/R B-cell lymphoma.* We hypothesized that we
could identify a mivavotinib dose that would result in sus-
tained in vivo FLT3 inhibition, thereby achieving dual
SYK/FLT3 inhibition in AML. This phase Ib study aimed to
determine the safety, tolerability, maximum tolerated
dose (MTD), and recommended phase Il dose (RP2D) of
mivavotinib in patients with R/R AML.

Methods

Study design

This was a phase Ib, multicenter, open-label, dose-esca-
lation study of single agent, oral mivavotinib in patients
with R/R AML. The primary objective was to determine the
MTD/RP2D of mivavotinib. Secondary objectives included
characterizing the pharmacokinetic (PK) profile of miva-
votinib. An exploratory objective was to determine the op-
timal FLT3 inhibitory dosing regimen of mivavotinib. The
planned phase Il expansion of this study was not con-
ducted.

Patients received oral mivavotinib, once (QD) or twice (BID)
daily, in 28-day cycles until disease progression or unac-
ceptable toxicity. The starting dose of mivavotinib was 60
mg QD, which had previously been determined to be safe
and tolerable.™ QD dose escalation followed 20 mg incre-
ments; evaluation of >20 mg increments (not exceeding
100%), alternative dosing regimens, and expansion of
existing dose levels for up to 12 evaluable patients, was
allowed. Based on ex vivo plasma inhibitory activity (PIA)
assay data suggesting non-sustained 90% FLT3 inhibition
in vivo with QD dosing, patients were also enrolled to re-
ceive mivavotinib BID at a starting dose of 80 mg, followed
by a group of patients who received 60 mg BID. Dose es-
calation was to continue in a 3+3 design until the MTD
was reached, or the RP2D if different from the MTD. Pa-
tients were followed for 28 days after the last mivavotinib
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dose, or until initiation of subsequent anticancer therapy,
whichever occurred first.

The MTD was determined based on dose-limiting toxic-
ities (DLT) defined as any of the adverse events (AE) listed
in the Online Supplementary Appendix occurring in Cycle
1 and considered by the investigator to be at least possibly
related to mivavotinib.

This study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki, Good Clinical Practice
standards, applicable regulatory requirements, and the In-
ternational Conference on Harmonization guidelines. It
was approved by the institutional review boards (IRB)
and/or independent ethics committees (IEC). All patients
provided informed consent.

Study population

Patients =218 years with histologically confirmed
primary/secondary AML who were unlikely to benefit from
standard therapies or who refused standard treatment
were enrolled. Eligibility criteria are detailed in the Online
Supplementary Appendix.

Assessments

Response was evaluated using the Revised Recommenda-
tions of the International Working Group for AML.® Modi-
fications to these response criteria are defined in the
Online Supplementary Appendix. Bone marrow biopsies
and/or aspirates for disease response monitoring were
performed at screening, at the end of Cycles 1, 2, and 4,
and as clinically indicated beyond Cycle 4. AE were graded
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 4.03. Phar-
macokinetic and pharmacodynamic methods and
statistical analyses are described in the Online Supple-
mentary Appendix.

Results

Patients' characteristics and treatment

Between April 2015 and March 2018, 43 patients were en-
rolled and received =1 dose of mivavotinib (60 mg QD, n=4;
100 mg QD, n=7; 120 mg QD, n=4; 140 mg QD, n=5; 160 mg
QD, n=9; 80 mg BID, n= 6; 60 mg BID n=8). In general, pa-
tients were heavily pre-treated, and 70% had a poor risk
status according to the European LeukemiaNet classifi-
cation (assessed locally) (Table 1)." During trial design,
next-generation sequencing was generally unavailable,
and data were not available for most patients. Median age
was 65 years; 74% of patients were White, most (84%) had
received intensive therapy, and 7 (16%) had received treat-
ment with an FLT3 inhibitor. Fifty-one percent of patients
had centrally assessed FLT3 mutation at enrollment (56%
as assessed locally); 6 (14%) patients had NPM-7 co-mu-
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tation (Table 1). At data cutoff, all patients had discon-
tinued treatment due to AE or disease progression.

Dose-limiting toxicities and maximum tolerated dose
determination

Thirty-four patients were evaluable for MTD determination
(completed 275% of planned dosing in Cycle 1 and/or ex-
perienced a DLT). In the QD cohort, the DLT at 160 mg QD
was associated with asymptomatic increase in amylase
(grade 3) and lipase (grade 4) in one patient. Among 9 pa-
tients receiving 160 mg QD, 4 could not complete the DLT
period: one died of infection/progressive disease (PD), 2
died of hemorrhagic events assessed as unrelated to mi-
vavotinib, and another experienced a DLT. Since only one
DLT was reported, the MTD was not reached per protocol.
However, based on consensus from the study investiga-
tors that 160 mg QD was not well tolerated (due to grade
2 AE, such as increased transaminase and amylase/lipase),
it was decided that doses above this should not be inves-
tigated. The RP2D was, therefore, determined to be 140
mg QD, supported by clinical efficacy (the first QD dose at
which an objective response was observed), initial evi-
dence of at least 90% FLT3 inhibition by Cycle 1 day 15,
and no DLT or grade 2 AE.

In the 80 mg BID cohort, one of 3 patients experienced
gastrointestinal (Gl) bleeding (grade 3) as a DLT, and the
cohort was expanded to 3 additional patients. Of these,
one experienced asymptomatic increase in amylase (grade
3) and lipase (grade 4) as DLT, and another experienced
both a Gl bleed (grade 3) and a grade 5 intracranial hemor-
rhage (assessed as unrelated to treatment by the investi-
gator). Therefore, this dose was considered to be above
the MTD.

For the final cohort, 8 patients were treated at 60 mg BID.
While no DLT were identified in the first 3 patients, the
sponsor and investigators agreed to further expand the
dose level to gather additional safety and efficacy data. No
episodes of DLT were observed, and this dose level was
determined to be the BID MTD.

Treatment exposure and safety

All 43 patients were evaluable for safety (having received
>1 mivavotinib dose). The median number of mivavotinib
cycles was 2.0 for both the QD and BID regimens (QD
range, 1-11; BID range, 1-6); 23% of patients received 24
treatment cycles and the median duration of treatment
was 7.9 weeks (range, 1-44) QD versus 4.6 weeks (range,
2-22) BID.

All patients (100%) experienced =1 treatment-emergent
adverse event (TEAE); 36 patients (84%) experienced 21
TEAE that was assessed by the investigator as related to
mivavotinib. The most frequently reported TEAE were feb-
rile neutropenia (60%), increased aspartate aminotrans-
ferase (AST) (51%), diarrhea (40% [generally grade 1 or 2]),
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Table 1. Baseline demographics and disease characteristics.

Patients (N=43)

Median age, years (range) 65 (25-86)
Male, N (%) 23 (53)
ECOG PS, N (%)
0 7 (16)
1 35 (81)
Not done 1(2)
Risk status,* N (%)
Favorable 1(2)
Intermediate 7 (16)
Poor 30 (70)
Unknown 5(12)
Mutation status, N (%)
FLT3-WT 13 (30)
FLT3-ITD 12 (28)
FLT3-TKD 6 (14)
FLT3-ITD/TKD 4 (9)
Previous therapy, N (%)
Intensivet 36 (84)
Non-intensive* 6 (14)
Unknown 1(2)
N lines of previous therapy, median (range) 3(1-8)
Prior allogeneic transplant, N (%) 7 (16)
Prior FLT3 inhibitor, N (%) 7 (16)8
Co-mutations, N (%)
NPM1 6 (14)
IDH1 2 (5)
IDH2 2 (5)
DNMT3A 2 (5)
Other gene 12 (28)

*Risk status conforms to the European LeukemiaNet classification
system but confined to karyotype only because next-generation
sequencing results were not available. fIntensive previous therapy
defined as any patient who received 7+3, high-dose chemotherapy
and/or allogeneic transplant % azacitidine or dacogen. *Non-
intensive previous therapy defined as any patient who received
azacitadine only, dacogen only, or both. Seven patients had prior
exposure to other FLT3 inhibitors including sorafenib (N=5),
midostaurin (N=1), and both sorafenib and midostaurin (N=1). N:
number; ECOG PS: Eastern Cooperative Oncology Group
performance status; FLT3: FMS-like tyrosine kinase 3; ITD: internal
tandem duplication; TKD: tyrosine kinase domain; WT: wild-type.

increased amylase (37%), fatigue (35%), increased alanine
aminotransferase (ALT) (33%), and increased lipase (33%)
(Table 2). Increased enzyme levels were generally asymp-
tomatic and consistent with previous observations." Dose
interruptions for these events were infrequent.

The overall frequencies of grade 23 TEAE and drug-related
grade 23 TEAE were 98% and 49%, respectively. The most
frequent grade =3 AE were febrile neutropenia (56%), ane-
mia (28%), increased amylase (21%), increased lipase
(21%), and a drop in platelet count (21%). Overall, 41 pa-
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Table 2. Treatment-emergent adverse events occurring in >20% of all patients.

Preferred term Gra:ll e(ol ;’ r2
Patients with any TEAE*

Febrile neutropenia 2 (4)
Increased AST 14 (32)
Diarrhea 17 (40)
Increased amylase 7 (16)
Fatigue 11 (26)
Increased ALT 11 (26)
Increased lipase 5(12)
Headache 13 (30)
Anemia -
Petechiae 12 (28)
Nausea 10 (23)
Pyrexia 9 (21)
Hypophosphatemia 4 (10)
Epistaxis 11 (26)
Dizziness 11 (26)
Cough 10 (23)
Stomatitis 6 (14)
Chills 9(21)
Drop in platelet count -
Hypocalcemia 7 (16)

Grade =3 Overall total
N (%) N (%)
43 (100)
24 (56) 26 (60)
8 (19) 22 (51)
- 17 (40)
9 (21) 16 (37)
4 (9) 15 (35)
3(7) 14 (33)
9 (21) 14 (33)
- 13 (30)
12 (28) 12 (28)
- 12 (28)
1(2) 11 (26)
2 (5) 11 (26)
7 (16) 11 (26)
- 11 (26)
- 11 (26)
- 10 (23)
3 (7) 9 (21)
- 9 (21)
9 (21) 9 (21)
2 (5) 9 (21)

*A treatment-emergent adverse event (TEAE) was defined as any adverse event occurring on or after day 1 of Cycle 1 of treatment with
mivavotinib. N: number; ALT: alanine aminotransferase; AST: aspartate aminotransferase.

tients (95%) experienced a serious AE (SAE); SAE were
drug-related in 12 patients (28%). The most frequent drug-
related SAE was gastric hemorrhage, which occurred in 3
patients (7%) who received 80 mg BID.

Thirty of 43 patients (70%) experienced a bleeding event
while on study (Figure 1; Online Supplementary Table S1);
only epistaxis occurred with a frequency to be included
within the TEAE threshold of >20% of patients (low-grade
events, common in patients with AML) (Table 2). The ma-
jority were grades 1 or 2, resolved without mivavotinib
dose modification and were not considered at the time as
being related to mivavotinib. Eleven patients (26%) experi-
enced grade 23 bleeding events that were most frequently
observed at 80 mg BID (Table 3), which is consistent with
this dose surpassing the MTD. Thirteen patients experi-
enced bleeding involving the Gl tract: 7 patients had
events that were considered grade =3 (100 mg QD, n=1; 120
mg QD, n=1; 140 mg QD, n=1; 160 mg QD, n=1; 80 mg BID,
n=3), and some patients experienced recurrent events.
Seven patients experienced intracranial bleeding, 4 of
which were considered grade 23. Median platelet count of
patients with any bleeding event on the study day preced-
ing the event was 25x10°%/L (range, 5-375.3x10%/L) com-
pared with a median platelet count 32x10°/L (range,

3-375x10°%/L) of all patients at any given time. The median
day of occurrence of all bleeding events was day 22 (range,
-1 to 262).

Twenty-nine patients (67%) discontinued mivavotinib due
to a TEAE. Hemorrhagic events were the most common,
with 9 patients having a Gl-related or central nervous sys-
tem-related bleeding event leading to study discontinu-
ation (60 mg QD, n=1; 140 mg QD, n=2; 160 mg QD, n=2; 80
mg BID, n=4). Of these, 5 were considered related to treat-
ment with mivavotinib: grade 4 Gl hemorrhage (140 mg QD,
n=1); grade 3 Gl hemorrhage (160 mg QD, n=1); grade 3 gas-
tric hemorrhage, grade 3 subdural hematoma, and grade
3 gastric hemorrhage (80 mg BID, n=3).

There were 26 on-study deaths (any death occurring after
informed consent and <28 days after the last dose of mi-
vavotinib), one of which was considered related to miva-
votinib (multi-organ failure). Other causes of death
included progression of AML (n=11), cardiac arrest/failure
(n=5), infection (n=3), neutropenia (n=1), pulmonary edema
(n=1), respiratory failure (n=1), gastric hemorrhage (n=1),
intracranial hemorrhage (n=1), and not specified (n=1).

Pharmacokinetics and pharmacodynamics
Following 60-160 mg QD or 60-80 mg BID, mivavotinib was
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rapidly absorbed with a median t__ of 1-3 hours and a
geometric mean C__ of 74-322 ng/mL. Plasma exposure
of mivavotinib was generally dose proportional in the dose
ranges studied (Figure 2A, B). Following BID dosing, the
pre-dose concentrations of mivavotinib on Cycle 1 day 15
were slightly higher than the pre-dose concentration fol-
lowing QD dosing across the dose groups, suggesting a
slightly higher accumulation in Crougn with BID dosing.

Mivavotinib was specifically developed as an inhibitor of
SYK, with a half maximal inhibitory concentration (IC, ) of
2-3.2 nM (0.7-1.1 ng/mL) in kinase assays.” The evaluation
of additional kinases revealed that mivavotinib had activity
against FLT3 isoforms ranging from 4.6-22 nM (1.6-7.6
ng/mL). In the previously published study of mivavotinib
in lymphoma patients (where the target was SYK), the
dose identified for expansion was 100 mg QD.* A large
body of data on FLT3 inhibition has established that re-
sponses in AML patients with FLT3 activating mutations
correlate with sustained inhibition of pFLT3 to 15% of

Epistaxis

Gastrointestinal hemorrhage
Rectal hemorrhage

Gingival bleeding

Gastric hemorrhage
Subdural hematoma

Retinal hemorrhage

Mouth hemorrhage

Melena

Hemoptysis

Hematuria

Hematochezia
Subarachnoid hemorrhage
Pharyngeal hemorrhage
Hematemesis

Upper gastrointestinal hemorrhage
Oral mucosa hematoma
Esophageal hemorrhage
Lower gastrointestinal hemorrhage
Intracranial hemorrhage
Hemarthrosis

Hemorrhagic gastritis
Hemorrhagic diarrhea
Conjunctival hemorrhage
Cerebral hemorrhage
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baseline (and preferably even lower).®"*"® Using Molm14
cells (@ human AML cell line which expresses an FLT3-ITD
mutation?®) incubated in human plasma spiked with in-
creasing concentrations of mivavotinib, we determined the
IC,, of mivavotinib in plasma against FLT3-ITD to be ap-
proximately 80 nM (27.6 ng/mL) (Figure 2C). From this
dose-response curve, we estimated that the target mean
trough concentration in patient plasma for optimal effi-
cacy against FLT3-mutant AML with >85% suppression of
FLT3-ITD signaling would be approximately 400-500 nM
(137.8-172.2 ng/mL). Steady state trough samples taken
from trial participants on day 15 of Cycle 1 prior to miva-
votinib administration were analyzed for mivavotinib con-
centrations (Figure 2D). A dose of 80 mg BID came closest
to achieving this mean target concentration.

We used a plasma inhibitory activity (PIA) assay for FLT3
to estimate the degree of in vivo FLT3 inhibition in patients
dosed with mivavotinib. This is a well-established assay
that has been used in the development of other FLT3 in-

[
0

. Hemorrhagic AE (%) grade 1-2 all bleeds

| |
10 20

Hemorrhagic AE (%) grade =3 all bleeds

Figure 1. Number of hemorrhagic events on study (grade 1 or 2 and grade 23). AE: adverse event.
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Table 3. Grade =3 hemorrhagic events on study according to mivavotinib dose.

Hemorrhagic event,
N (%)

Patients with grade =3
bleeding

Gastric hemorrhage - - -
Subdural hematoma 1 (25)

Gastrointestinal - - -
hemorrhage

Hematochezia - -

N=4
1 (25)

N=7
2 (29)

N=4
1 (25)

Hemoptysis - - -
Rectal hemorrhage - - -
Hemorrhagic diarrhea -
Hemarthrosis - 1
Hematemesis - - -
Intracranial hemorrhage - - -

Lower gastrointestinal -
hemorrhage

Upper gastrointestinal - - R
hemorrhage

N: number; BID: twice daily; QD: once daily.

hibitors.* Plasma samples are collected at trough time
points from patients taking the inhibitor long enough to
achieve steady state exposure. An FLT3-ITD-expressing
cell line is incubated in the plasma, and the degree of FLT3
inhibition observed relative to control or baseline plasma
is quantified.?” For other FLT3 inhibitors, the assay cor-
relates well with the degree of inhibition achieved in leu-
kemic blasts circulating in the patient, and this appears
to be the case for mivavotinib. The degree of FLT3 in-
hibition observed in the PIA assay for trial participants
generally matched PK data (Figure 3A).

During the study, it was evident from selected PIA analysis
at trough time points that sustained in vivo FLT3 inhibition
was achieved after BID dosing when compared to QD dos-
ing with the same amount of total daily dose. The results
are consistent with an expected higher steady state
trough concentration after BID dosing, while the total daily
drug exposure remained unchanged compared with QD
dosing (Figure 3B). In accordance with the PK data, 80 mg
BID resulted in the most effective FLT3 inhibition.

Efficacy

Thirty-three patients (76.7%) were evaluable for response.
Five patients had complete responses (4 with incomplete
count recovery, one complete response; overall rate, 15%),
19 had stable disease, 5 had PD, and 4 had clinical benefit
despite PD. Response was first observed at the 140 mg QD
dose, with 2 subsequent responses at the 160 mg QD
dose, and one in each of the 60 mg and 80 mg BID co-
horts. One responding patient had prior exposure to an

60 mg QD 100 mg QD 120 mg QD 140 mg QD 160 mg QD 60 mg BID 80 mg BID Total

N=5
1 (20)

N=9 N=8
2 (22) 0

N=6
4 (67)

N=43
11 (26)

—
=
-

N W W
GISHS

NN NN

N

[ G N O Y I U e U e G . e Y
N

~ |~~~ |~~~ —~
N N
S~ N N N~ | N~ |~ | ~—

—
—
N
~

FLT3 inhibitor (sorafenib/midostaurin). Responses were
primarily observed in patients with an FLT3-ITD mutation
based on central testing. Results for two responding pa-
tients had unquantifiable FLT3-ITD, so the true mutation
status of these patients is unknown. (Local results re-
ported the FLT3 status as wild-type [WT] in one patient
and unknown in the other). No responding patients had
FLT3-WT or FLT3-TKD mutations according to central test-
ing. One responding patient had an NPM1 mutation (NPM1
mutation status was unavailable for most patients, includ-
ing the remaining 4 responders). Of 19 patients with FLT3
mutations who were treated at 120, 140, or 160 mg QD or
BID, 3 had objective responses with incomplete count re-
covery (CRi) and 13 experienced a reduction in marrow
blast percentage (range, 22.5-98.6%).

Additional antileukemic activity was observed in 21 of 33
patients with a 250% reduction in peripheral blast count
from baseline across all dose levels, including 12 of 21 with
QD dosing and 9 of 12 with BID dosing. These peripheral
blast reductions included both FLT3-WT and FLT3-mu-
tated patients. These findings are similar to those in mid-
ostaurin monotherapy, which has been shown to
frequently reduce peripheral blood blast counts in FLT3-
WT and FLT3-mutated patients, but which has a more li-
mited influence on bone marrow blast reductions and
clinical response.??

The duration of therapy, with responses and reasons for
discontinuing mivavotinib are shown in Figure 4A. Further
details of patients who responded to treatment are pro-
vided in the Online Supplementary Appendix.
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Of the 33 patients evaluable for response, 19 harbored
an FLT3 mutation (either ITD, TKD or both), 8 were FLT3-
WT, and the status of FLT3-ITD was not determined/un-
known for the remaining patients. The best change in
the marrow blast percentage for these 33 patients is
shown in Figure 4B. The results are consistent with
what might be expected of an FLT3 inhibitor, but there
were also modest reductions in select patients who

K.W. Pratz et al.

Effect of mivavotinib on platelet aggregation

In response to the frequency of bleeding events reported,
and emerging data regarding the role of SYK in platelet
function, we investigated the effect of mivavotinib on
human platelet aggregation. An in vitro assay was used
based on the principle that human platelets in samples of
platelet rich plasma will aggregate in the presence of ade-
nosine diphosphate (10 uM) or collagen (2 ug/mL). The

were FLT3-WT, or whose FLT3-ITD status was not de-
termined/unknown.

mean C__ of 574 ng/mL mivavotinib, observed in the 140
mg QD cohort and corresponding to 1.07 uM, was used to

A B
E 600 1 —e— 60 mg QD (n=4) E 8001 —e— 60 mg QD (n=3)
S 3 500 —v— 100 mg QD (n=7) S —— 100 mg QD (n=5)
= 1 —v— 120 mg QD (n=4) & E 600 —v— 120 mg QD (n=2)
25 400 —=— 140 mg QD (n=5) 2 By 1 —=— 140 mg QD (n=4)
E 1= 1 —— 160 mg QD (n=9) E £ —O— 160 mg QD (n=5)
c —0— 60 mg BID (n=8) c —0— 60 mg BID (n=5)
£ .S 300+ 80 mg BID (n=6) £ S 400+ 80 mg BID (n=4)
S © & ©
Q£ 200- Q=
a3 o
® 5 100- =
c O c O
@® 0 ® 0
q) L] L) qJ L] L] L] L] L] L] 1
= 0 4 8 12 16 20 24 = 0 4 8 12 16 20 24
Nominal time (hours) Nominal time (hours)
100 p—
80 MivavotinibnM: 0 20 50 100 200 500
400 -
=
9 £
< 60 - po ‘
= 2
o >
O - 2
- IC,, =80 nM 2 |
200 7 e I
20 - 1 l_::l ’
100 A 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 60mg 100mg 120mg 140mg 160mg 60mg 80 mg
QD Qb QD QD Qb BID BID
Mivavotinib (nM) Cohort

Figure 2. Pharmacokinetics of mivavotinib. (A) Plasma concentration-time profiles of mivavotinib in patients with acute myeloid
leukemia (AML) following a single dose on Cycle 1 day 1. (B) Plasma concentration-time profiles of mivavotinib in patients with
AML following a single dose on Cycle 1 day 15. (C) Dose-response experiment for inhibition of tyrosine kinase 3 (FLT3)
phosphorylation by mivavotinib. Mivavotinib was spiked at the indicated concentrations into normal donor plasma. Molm-14 cells
were incubated for one hour and analyzed for FLT3 phosphorylation by immunoblotting (inset) as described in the Methods.
Densitometric analysis of the immunoblot is plotted on the graph, and regression analysis after linear conversion yielded an
estimate of the half maximal inhibitory concentration (IC, ) at 80 nM (27.6 ng/mL). The experiment was performed 3 times, and
a representative blot is shown. (D) Plasma samples from trial participants were collected prior to study drug administration on
day 15 of Cycle 1. Mivavotinib concentration was determined by mass spectrometry (see Online Supplementary Methods) and the
concentrations for each patient are plotted according to dose level. The solid black line represents the mean concentration for
that group. SD: standard deviation; QD: once daily; BID: twice daily.

Haematologica | 108 March 2023
711



ARTICLE - Mivavotinib (TAK-659) in AML

select the mivavotinib concentration. Concentrations
tested were 10-fold higher and lower, resulting in concen-
trations of 0.107, 1.07, and 10.7 uM mivavotinib. The 1.07 pM
mivavotinib plasma concentration prevented aggregation
caused by collagen; 10.7 uM mivavotinib prevented aggre-
gation caused by either adenosine diphosphate (Figure 5A)
or collagen (Figure 5B). Mivavotinib plasma concentrations
of 1.07 uM or above may have the potential to inhibit pla-
telet aggregation, thus making severely thrombocytopenic
patients more susceptible to a hemorrhagic event. Though
inhibition of platelet aggregation was not observed at the
lower concentration (0.107 uM) in the in vitro assay, it does
not rule out the possibility of lower doses of mivavotinib
having a similar effect in this patient population.

Discussion

The primary objective of this study was to determine the
MTD/RP2D of mivavotinib in patients with R/R AML who
either were unlikely to achieve a durable remission from
standard therapies or who declined to undergo standard
treatment. The patients enrolled in the study were mainly
elderly, heavily pre-treated, and with a poor risk status. Dos-
ing was switched from QD to BID based on preliminary
population PK data that suggested that trough concentration
was higher with BID dosing. A higher trough concentration
was anticipated to offer more consistent >90% pFLT3 in-
hibition, thought to be necessary for FLT3-driven efficacy.
However, neither selected RP2D, 140 mg QD or 60 mg BID,

A

90 -

(o2}
o
1

Control (%)

30 -

T T T
0 200 400 600

Mivavotinib (nM)

Figure 3. Pharmacodynamics of mivavotinib. (A) Plasma inhibitory activity (PIA)
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achieved a consistent or sustained 90% FLT3 inhibition.

We conclude that mivavotinib has clinical activity as a dual
SYK/FLT3 inhibitor. When daily doses of mivavotinib were
increased to a point of FLT3 inhibition, marrow blast re-
duction was observed in patients with FLT3-ITD muta-
tions, establishing its efficacy as an FLT3 inhibitor. In
addition, signs of antileukemic activity were observed in
patients without FLT3 mutations and without sustained
90% FLT3 inhibition, suggesting SYK inhibition. While
better initial disease control was achieved in select pa-
tients at the higher mivavotinib QD and BID doses, re-
sponse durations were short, and high-grade AE occurred,
resulting in either dose modification or discontinuation of
mivavotinib. Overall, patients received mivavotinib for a
median of 6.7 weeks, with 67% discontinuing due to an AE
or death. Previously developed FLT3 inhibitors have been
observed to induce a reduction in marrow blasts, typically
within 1-2 months of therapy. R/R AML patients treated
with gilteritinib required a median of 48 days to achieve
their best response.”® Therefore, mivavotinib may have in-
duced a higher response rate if it were not for the toxicity
induced at the highest dose levels, particularly the 80 mg
BID regimen, which was considered above the MTD.

The overall safety profile observed in AML patients was
generally consistent with the known safety profile of mi-
vavotinib; events were typically associated with underlying
AML. Major hemorrhagic events occurred at a rate beyond
what might be reasonably expected in this population,
particularly at the highest doses of mivavotinib. This was
evident based on DLT identification and following the find-

B Pre-dose
Cycle1 Cycle1 Cycle 2
day1 day15 day1
120 mg QD
160 mg QD
60 mg BID
80 mg BID

results plotted against mivavotinib

concentrations. Plasma samples from Cycle 1 day 15 were available from 35 patients. The plasma was used for PIA analysis and
pharmacokinetic (PK) analysis. PIA results, expressed as percentage of FLT3 phosphorylation relative to baseline, are plotted for
each patient on the y-axis, and the concentration of mivavotinib for that same sample is plotted on the x-axis. The dose-
response curve from Figure 1A is overlaid for reference. (B) Representative immunoblots of phosphorylated FLT3 (pFLT3) from
patients receiving once daily (QD) or twice daily (BID) mivavotinib, demonstrating more sustained FLT3 inhibition with twice daily
dosing. Plasma samples were collected prior to study drug administration on the indicated day.
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Percent change is not included for 3 patients who either did not have screening or follow-up bone marrow blasts available
but for whom a response of SD or PD was indicated in the clinical database.

Mivavotinib dose level

WM 60mgQD M 100mgQD M 120mgQD M 140mgQD M 160 mg QD
B 60 mg BID

80 mg BID

Central laboratory testing FLT-3 status

M FLT-3WT
FLT-3 QNS

M FLT-3 unknown
FLT-3ITD

FLT-3 TKD
FLT-3 ITD/TKD

Figure 4. Clinical activity of mivavotinib. (A) Swimmer plot for all study participants. The number of days of each patient’s
treatment is shown in individual columns. An “X” at the end of a column indicates that the study treatment ended with the death
of the patient. @ Reason for discontinuation of treatment: either disease progression; a treatment-emergent adverse event
(TEAE; hemorrhagic or other), in some cases followed by the death of the patient if it occurred within 30 days of stopping
treatment; or ‘other’ (one patient discontinued treatment because the study drug had been withheld for a prolonged period of
time due to serious adverse event [SAE]). (B) Waterfall plot for best change in marrow blast percentage for all response
evaluable patients. CR: complete response; Cri: incomplete count recovery; AE: adverse event; QD: once daily; BID: twice daily;
SD: stable disease; PD: progressive disease.
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Figure 5. The effect of mivavotinib on human platelet aggregation driven by adenosine diphosphate or collagen. The effect of
mivavotinib on human platelet aggregation driven by (A) adenosine diphosphate (ADP) (10 uM) or (B) collagen (2 ug/mL).
Mivavotinib concentrations tested were 10-fold higher and lower than the Cmax of 574 ng/mL, observed in the 140 mg daily (QD)
cohort (corresponding to 1.07 uM), resulting in concentrations of 0.107, 1.07 and 10.7 uM mivavotinib. Error bars are representative

of the Standard Error of the Mean.

ing that the 80 mg BID dose was, in large part, not toler-
ated due to these events. Eleven patients had grade =3
bleeding events, 2 of which were fatal. Given the nature
of R/R AML, it is not uncommon to encounter major and/or
fatal bleeding events.?® Due to time constraints and the
number of study sites, bleeding events were not evident
until the data were later reviewed. After bleeding events
had been reviewed, in vitro studies were undertaken to
mechanistically characterize their potential relationship
with mivavotinib.

This study of mivavotinib had been initiated before the ef-
fects of SYK and Bruton’s tyrosine kinase (BTK) inhibition
on platelet function were known. Activated B-cell receptor
signaling is carried forward by associating with transmem-
brane proteins containing immunoreceptor tyrosine-based
activation motifs, which recruit and activate SYK. SYK then
activates phospholipase Cy2.° This central role in signaling
makes SYK an attractive target for B-cell malignancies, an
approach that has been validated in clinical studies of SYK
inhibitors in lymphoma and chronic Llymphocytic
leukemia.?*?® However, platelet collagen receptor glyco-
protein VI signaling is also carried out via an immunore-
ceptor tyrosine-based activation motif-containing protein
and SYK.?” There is now a substantial body of literature
supporting the role of SYK in mediating platelet aggre-
gation and activation, and SYK inhibitors are postulated to
have the potential to induce platelet dysfunction (and,
therefore, bleeding).?® BTK also regulates phospholipase
Cy2 in both B-cell and platelet signaling, and BTK in-
hibitors have been associated with increased bleeding
risk.?®3° Our data demonstrating the effect of mivavotinib
on platelet aggregation may offer an explanation for the
hemorrhagic DLT and increase in bleeding events at the
80 mg BID dose level.

Mivavotinib had been previously characterized as having
single-agent efficacy with an acceptable toxicity profile in
B-cell lymphomal* An important difference between lym-
phoma and AML patients, however, is that AML patients often
have thrombocytopenia. Patients who suffered hemorrhagic
events in the present study had a median platelet count of
25x10°/L, typical for a population of relapsed AML patients.
Entospletinib is another SYK inhibitor with activity against
FLT3 that is under investigation for AML,* although, as far as
we are aware, there have been no reports of excessive
bleeding.®> We hypothesize that increasing the dose of mi-
vavotinib in an attempt to augment FLT3 inhibition might
have gone over the threshold of affecting platelet function.
While it may be possible that mivavotinib inhibits platelet
aggregation at high-dose levels, resulting in hemorrhagic
events, several confounding factors remain. First, in addi-
tion to being severely myelosuppressed, several patients
experiencing both major and non-major Gl or central nerv-
ous system hemorrhagic events had either a prior history
of such events, or predisposing conditions, which supports
the fact that several events were not considered to be re-
lated to treatment. In addition, concomitant administra-
tion of hydroxyurea was allowed through Cycle 1, if
needed, to control circulating blasts; hydroxyurea is
known to affect the Gl mucosa, adding another layer of
complexity to the interpretation of Gl bleeding events.

In pre-clinical toxicology studies of mivavotinib, healthy
animals were administered mivavotinib daily by oral gav-
age for 14 days to 3 months. One of the consistent toxic-
ities in rats and dogs was Gl mucosal hemorrhage, which,
while present at doses of 230 mg/kg in rats and =23 mg/kg
in dogs, was dose limiting in dogs only at 210 mg/kg (3-
fold clinical C__ exposure associated with bleeding AE).
Although the impact of mivavotinib on platelet function in
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rats and dogs is not known, the presence of dose-limiting
toxicity related to hemorrhage at exposures several fold
higher than those at which bleeding AE were noted clini-
cally supports a role for high doses of mivavotinib in
hemorrhagic events.

Our central hypothesis for this trial, based on pre-clinical
AML studies, was that SYK inhibition would potentiate the
responses induced by FLT3 inhibition and possibly de-
crease the development of resistance. While early signs of
clinical activity suggested this was possible, most patients
were not on study long enough to confirm this hypothesis.
Despite several confounding factors, our findings nonethe-
less raise important potential concerns about the general
feasibility of high-dose SYK inhibition in any patient popu-
lation with severe thrombocytopenia. This caution may
also apply to the use of BTK inhibitors in such patients.
For these reasons, any future studies of mivavotinib in
AML, if they take place at all, should re-evaluate dose se-
lection and schedule to optimize the benefit versus risk
profile.
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