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Acute myeloid leukemia (AML) patients with FMS-like tyrosine kinase 3 internal
tandem duplication (FLT3-1TD) experience shorter disease-free survival and high
relapse rates even with FLT3 inhibitor therapy. One of the main mechanisms for
loss of response is the acquisition of molecular mutations that confer drug
resistance to FLT3 inhibitors. TP-0903 is an oral multi-kinase inhibitor with
activity against FLT3 and several other kinases known to mediate drug
resistance. Three heavily treated relapsed/refractory AML patients with FLT3-
ITD were treated with TP-0903 50 mg daily, on a phase 1b/2 clinical trial, for as
long as disease response or clinical benefit was observed. The dose for one
patient was reduced to 37 mg daily mid-cycle after developing grade 3 nausea
that improved to grade 2 within 24 h of holding doses of TP-0903. All patients
achieved stable disease; however, a significant reduction in bone marrow blast
percentage after one to two cycles of treatment was observed in two patients,
which correlated with a decrease in FLT3-ITD allelic ratio and variant allele
frequency of co-occurring mutations (e.g., NPM1 and DNMT3A). TP-0903 was
feasible with no unusual toxicity signals. Additional preclinical and clinical studies
are needed in order to determine the role of TP-0903 in AML.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT04518345.
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Introduction

Acute myeloid leukemia (AML) is the most common acute
leukemia in adults and is characterized by the acquisition of
sequential genetic and molecular aberrations that culminate in the
expansion of myeloid blasts in the blood and marrow leading to
severely impaired hematopoiesis. Over the past two decades, the
discovery of recurrent, and potentially actionable, mutational
targets has led to the development of several agents that are
specific for the treatment of certain subtypes of AML (1-4).
Among the most common of these mutations are those in the
FMS-like tyrosine kinase 3 (FLT3) gene, observed in approximately
30%-35% of AML patients and primarily included internal tandem
duplications (ITDs) in 25% and tyrosine kinase domain (TKD)
point mutations in 5% resulting in constitutive activation of FLT3
signaling (5-7). AML with FLT3-ITD has been well described as a
particularly poor biological subtype as patients often present with
proliferative disease and display a short disease-free interval
following standard AML-directed chemotherapy (8-10). As such,
molecularly targeted therapies directed at inhibiting FLT3 signaling
have been an attractive treatment option.

Currently, there are three FLT3 inhibitors that are approved by
the United States Food and Drug Administration. In 2017, the
results from the landmark randomized phase 3 RATIFY study led to
the approval of the first FLT3 inhibitor, midostaurin, in
combination with cytarabine and daunorubicin (“7 + 3”) for
newly diagnosed AML patients with FLT3 mutations, given the
survival benefit that was observed in patients who received
midostaurin compared to those who did not (2). However, the
rate of CR/Cri was low in both cohorts in the upfront setting, and
almost half of the patients achieving CR relapsed (11). In addition,
as midostaurin is a multi-kinase inhibitor, toxicities due to oft-target
effects were an important limitation in terms of tolerability,
prompting the development of more selective FLT3 inhibitors
such as gilteritinib, quizartinib, and crenolanib (12-16). In 2018,
gilteritinib became the second FLT3 inhibitor to receive approval
for FLT3-mutated AML and the first to be approved as a single
agent in the relapsed/refractory setting, based on the results of the
phase 3 ADMIRAL study (12). Although gilteritinib displays an
improved toxicity profile compared to midostaurin, it is not
curative and is associated with a relatively short median overall
survival of 9.3 months. Furthermore, the 2-year cumulative
incidence of relapse after composite complete remission is
reported to be 75.7% (17). Quizartinib, a more selective type II
FLT3 inhibitor that has activity only against FLT3-ITD and not
TKD mutations, was approved as frontline therapy in combination
with 7 + 3 in 2023 based on the results of the QuUANTUM-First
study, which demonstrated a pronounced improvement in median
overall survival of 31.9 months compared to 15.1 months in patients
who received 7 + 3 alone (13). However, relapses remained
common for quizartinib-treated patients, occurring in one-third
of patients within 3 years (13).

One explanation for the lack of durable responses to FLT3
inhibitors is the development of resistance due to acquisition of new
mutations at relapse. Molecular profiling of patients treated with
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midostaurin on the RATIFY trial showed that 46% of patients
acquired new mutations in genes in the MAPK signaling pathway
(e.g, MAP3K1, FAM53A, TMPRSS4, and RAS pathways) at relapse
(11). In another study, molecular profiling of patients enrolled in
the ADMIRAL trial demonstrated the acquisition of new RAS
pathway mutations in 45% of patients and new FLT3 TKD F691L
mutations in 13% of patients at relapse (18). TP-0903, a small
molecule multi-kinase inhibitor, has features with the potential to
overcome clinical resistance to FLT3 inhibitors. TP-0903 was
initially studied in patients with advanced solid tumor
malignancies (NCT: 02729298), where it was noted to be well
tolerated and preliminary data demonstrated that it produced
stable disease responses (19). Although developed as an AXL
inhibitor, TP-0903 has activity against FLT3-ITD and TKD
mutations and a variety of intracellular kinases related to MAPK,
STAT, and AKT signaling (20). Recently, we demonstrated that TP-
0903 had activity in preclinical models of drug-resistant AML,
including those with RAS pathway and FLT3 F691L mutations (20).
Here, we sought to evaluate the safety, tolerability, and preliminary
clinical activity of this drug in a pilot phase 1 study of patients with
relapsed or refractory AML and FLT3-ITD mutations.

Materials and methods
Patient population

Adults >18 years of age with relapsed/refractory histologically
confirmed de-novo, therapy-related or secondary AML (excluding
acute promyelocytic leukemia) and the presence of FLT3-ITD
mutation were eligible. In addition, eligible patients were required
to have an Eastern Cooperative Oncology Group performance
status of <2 as well as a projected life expectancy of at least 6
months. Moreover, patients were required to have adequate organ
function, defined as total bilirubin <2.0 mg/dL, liver transaminases
less than 2.5 times the upper limit of normal, creatinine clearance of
>50 mL/min, New York Heart Association congestive heart failure
class II or better, and left ventricular ejection fraction of >40%.

The exclusion criteria included receipt of chemotherapy or
radiation therapy within 2 weeks of protocol enrollment, although
hydroxyurea was permitted during cycle 1 only to maintain a WBC
count of <40,000 K/uL. Patients with active central nervous system
involvement, uncontrolled infection, and advanced solid malignant
tumors were also excluded. Pregnant patients, those with significant
gastrointestinal disease, and patients who were unable to swallow
pills were also not permitted to enroll. The complete eligibility
criteria are provided in the Supplementary Material.

Study design

The protocol was approved by the Institutional Review Board of
The Ohio State University (OSU) and was in accordance with the
Declaration of Helsinki, the International Conference on
Harmonization-Good Clinical Practice, and local laws. Informed
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consent was obtained from all patients. The primary objectives of
the study were to determine the safety and tolerability of TP-0903.
The secondary objectives were to characterize the toxicity profile of
TP-0903 and to determine disease-free survival (DFS) and overall
survival (OS) as well as the proportion of patients who were able to
proceed with transplant. This protocol was registered at
ClinicalTrials.gov (Identifier: NCT04518345).

Patients received TP-0903 monotherapy at a starting dose of 50
mg, by mouth, daily on days 1-21 of a 28-day cycle. A dose de-
escalation trial design was utilized in which the dose of TP-0903
could be reduced to 37 mg depending on the toxicities experienced
on the 50-mg dose. Patients were permitted to receive hydroxyurea
during the first cycle of treatment only; however, patients whose
WBC counts remained uncontrolled by the first day of cycle 2 were
removed from the study. Participants could receive 28-day
continuous cycles of treatment for as long as clinical benefit was
observed. Patients achieving a clinical or hematologic response,
defined as obtaining complete remission (CR), CR with hematologic
recovery (CRh), or morphologic leukemia-free state (MLFS), were
referred for allogeneic stem cell transplant if eligible. Patients who
did not achieve clinical or hematologic benefit after four cycles of
treatment were removed from the study. Transplant-ineligible
responding patients were permitted to receive maintenance
therapy with TP-0903 until loss of response or clinical benefit.
Although the study was designed to accrue between 40 and 46
participants between the phase 1b and phase 2 components, the trial
closed early due to the withdrawal of industry-sponsored funding.

Safety assessments

The National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0 was used to define
hematologic and non-hematologic toxicities. Dose-limiting
toxicity (DLT) was assessed during cycle 1 only and included any
> grade 4 non-hematologic toxicity, any non-Hy’s law > grade 3
liver abnormality that did not resolve within 72 h, any > grade 3
infection lasting more than 7 days in the absence of active AML, and
any > grade 3 bleeding with thrombocytopenia in the absence of
AML. Any > grade 3 non-hematologic toxicity not resulting directly
from active leukemia constituted a DLT with the exception of
alopecia, thrombosis in association with a central line, fatigue,
anorexia, constipation, grade 3 or 4 electrolyte disturbances that
resolved within 24 h with electrolyte correction and were not
clinically significant, or grade 3 nausea or vomiting that did not
require hospitalization or support with total parenteral nutrition
and resolved to < grade 2 within 72 h. Hematologic DLTs were
defined as any > grade 4 neutropenia lasting more than 14 days past
the end of the cycle (by day 42) in the absence of active AML.

Response assessment

Disease responses were determined based on the criteria defined
by the 2017 European LeukemiaNet (21).
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Mutation analysis

FLT3-ITD allelic ratio was determined by PCR
amplification with the FAM-labeled forward primer 5'-
GCAATTTAGGTATGAAAGCCAGC-3" and the unlabeled
reverse primer 5'-CTTTCAGCATTTTGACGGCAACC-3’
followed by capillary electrophoresis (2). Mutations co-occurring
with FLT3-ITD before and during TP-0903 treatment were
determined by targeted NGS. Libraries were generated using
xGen' " DNA Lib Prep MC UNI kit and target capture was done
using xGen AML Cancer Hybridization Panel in conjunction with a
three-gene spike-in pool for ZRSR2, AXL, and ASXL2 (Integrated
DNA Technologies, Coralville, TA, United States). DNA library
preparations were performed according to the manufacturer’s
instructions and sequenced on an Illumina NovaSeq (OSUCCC
Genomics Shared Resource, Columbus, OH, United States).
Sequenced reads were aligned to the GRCh38 genome build using
the Burrows-Wheeler Aligner (BWA). Picard Tools was used to
perform UMI-consensus calling on the aligned reads. The Genome
Analysis Toolkit (GATK) was used to realign insertions and
deletions in the aligned reads and to perform base quality score
recalibration for those realigned regions. GATK’s MuTect2 was
used to perform variant calling. After variant calling, variants were
annotated using SnpEff and vcfanno along with the dbsnp,
COSMIC, and gnomad variant databases. The Mucor3 algorithm
was used as the baseline for integrative mutation assessment. Visual
inspection of all variants was carried out using Integrative
Genomics Viewer v.2.8 (Broad Institute, Cambridge, MA, United
States). A variant allele fraction (VAF) cutoff of 0.01 was set for
reporting mutations.

Pharmacodynamic studies

Ficoll-enriched bone marrow samples were processed, stained,
and analyzed for AML immunophenotype markers (CD45 dim),
FLT3, and pSTATS5 by flow cytometry as previously described (22).
Sample analysis was performed in the OSUCCC Flow Cytometry
Shared Resource and Immune Monitoring & Discovery Platform
using the Cytek Aurora, and data were analyzed using FCS Express
v.7 (De Novo Software, Pasadena, CA, United States).

Statistical analysis

As only three patients were enrolled in the trial, the statistical
analysis was limited to descriptive statistics.

Results
Patient characteristics

Between 5 November 2020 and 4 May 2022, this trial enrolled a
total of three patients. Patient characteristics for each of the three
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patients are shown in Table 1. All participants were women between
the ages of 61 and 63 years with ELN 2017 intermediate or adverse
risk disease. Two patients had previously received an allogeneic
hematopoietic stem cell transplant and two had received five or
more prior lines of therapy at the time of enrollment. One patient
had previously been treated with intrathecal chemotherapy for
central nervous system involvement by AML. Only one patient
(patient 4) was able to receive more than one cycle of treatment and
eventually opted to be excluded from the study after receiving three
cycles of TP-0903 in order to pursue a different therapy. Of the two
patients who received only one cycle of therapy, one patient (patient

TABLE 1 Patient characteristics and disease responses to TP-0903.

10.3389/frhem.2025.1554764

1) could not continue due to uncontrolled disease after cycle 1,
necessitating ongoing use of hydroxyurea, and the second patient
(patient 2) could not proceed due to a decline in her clinical
condition and eventual death from AML.

Safety

We did not observe any DLTs in the three treated patients. Grade
1-2 non-hematologic toxicities observed in at least two of the three
enrolled patients included nausea and vomiting, hypocalcemia,

Patient number

2

Characteristics

Age (years) 63 62 61
Sex Female Female Female
Disease status Refractory Relapsed Relapsed
Adverse
Adverse Intermediate
ELN tic risk DNMT3A, NPM1, FLT3-ITD
cytogenetic ris (11q23, FLT3-ITD, RUNXI mutated) (NPM1 w/ELT3-ITD) ( (high) )
1g
Peripheral WBC, %107 cells/L 26.99 36.18 16.09
Platelet count, K/uL 62 13 15
Hemoglobin, g/dL 8.7 6.6 85
Peripheral blast, % 76 82 75.6
Survival status Deceased Deceased Deceased
Prior therapy
First line 7+3 7+3 7 + 3+midostaurin
. . -Allo-HSCT
-5 + 2 w/midostaurin . .
R i -Sorafenib + bortezomib +
-HIDAC w/midostaurin e a
Gilteritinib + atezolizumab® decitabine
Relapsed/refractory disease (before Gilteritinib -DLI -IDAC w/midostaurin
TP-0903) i -Sorafenib -Allo-HSCT
-IT methotrexate, cytarabine, . .
hydrocortison -7 + 3 w/midostaurin
Y. OC.O. .SO ¢ s -AZD5991°*
-Gilteritinib + azacitidine .
-Oral azacitidine
Number of TP-0903 cycles 1 1 3
Response
Peripheral blood blast percent by flow cytometry
Pretreatment 76% NA 91%
End of cycle 1 92% NA 21%
End of cycle 2 - - 13%
End of cycle 3 - - 23%
Bone marrow response by surgical pathology
Pretreatment 83% 87% 89%
End of cycle 1 83% 10% 45%

Allo-HSCT, allogeneic hematopoietic stem cell transplant; DLI, donor lymphocyte infusion; HIDAC, high-dose cytarabine; IDAC, intermediate-dose cytarabine; NA, not applicable; IT, intrathecal.

“Treatment received on clinical trial.
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Patient

Time Point
Sample Type
Pre-Ficoll Blast %

FLT3-ITD allelic ratio
NPM1

DNMT3A - R882H
DNMT3A non-R882
KMT2C
RUNX1
GATA2
PHF6
ETV6
KRAS
MED12
SMARCA2

1
screen C1D28
Blood Blood
76 92
0.02 0.04

Screen
BM
87

0.38

0.09

a4
C1D29 screen C1D28 C2D28 C3D28
BM Blood Blood Blood Blood
10 91 21 13 23
ND 0.24 0.11 0.23
0.07 0.33 0.16 0.34
. 046 0.5 0.09 0.22
0.26 0.12 0.26
0.11
0.17
0.10
0.03
0.06
0.36

FIGURE 1

OncoPrint of mutations in TP-0903-treated patients pre- and post-treatment. Row 1 indicates the patient number. Rows 2 and 3 show the time of
sample and sample type, respectively. Row 4 indicates the sample pre-Ficoll blast percentage. Row 5 designates the FLT3-ITD allelic ratio. Each
remaining row represents genes mutated with a variant allele frequency (VAF) cutoff of 0.01. Shades of red indicate varying ranges of VAF (darker red
color represents higher VAF). White color denotes wild-type genes. ND, not detected.

hypokalemia, renal insufficiency, and increased serum alkaline

phosphatase. The most common > grade 3 non-hematologic

toxicities in at least one patient included tumor lysis syndrome,

appendicitis, hyperbilirubinemia, sinus tachycardia, hypotension,

pulmonary edema, fever, hypertension, and hypoxia. All three

patients experienced > grade 3 hematologic toxicities which consisted

of anemia, thrombocytopenia, neutropenia, and lymphopenia. Patient
1 developed grade 3 nausea on cycle 1, day 13 despite being on

maximal antiemetic therapy. The decision was made to hold TP-0903,

and her nausea decreased to grade 2 within 24 h after treatment was
withheld. TP-0903 was resumed at the 37-mg dose 11 days later, on
cycle 1, day 24, because the patient was struggling with neutropenia-
related infections, which were awaiting resolution before restarting

treatment. On the 37-mg dose, which she continued for the remainder
of the cycle, nausea remained grade 1-2. The toxicities of TP-0903
experienced by each patient are shown in Supplementary Table S1.

A B
Pre c1D5 c1D28 Pre c1Ds c1D28
=41943 =41943 ~41943 =41843 ~41943 41843
5 8 ) g ) 8 CD45 dim 8 CD45 dim g CD45 dim
Saus7| CD45 dim S aus7| CD45 dim Sauss| CD4S dim 231551 g5 089 2314551 g3 799 2314551 19 559,
o
%0072 80.24% X 9097 95.11% X 0058 97.26% % 90087 X o00s .
3 ¥ s /\l 3 10478 3 ik
) wr O 10485 & 10481 ﬁ S o]
g 105 ko @ il @ A 2 3 -
“ 0100 10° 10° 10° i 10% 10° 10° 10° 10° ’ 7uu‘0* 102 10° 10° 10° 10° 10% 10°_10° 10° 10° ! 10" 10° 10° 10° 10° o 107 10°_10° 10° 10°
-10°010°_10° 10° 10 - ) 3 .
cD4s cD45 cD45 cDas cD4s cD45
83 4000 49
84|94 3 6000
= a1 3000 o -
S 31456 g £ 2000 s . £ 4000
Z 50088 3 % = 8
< o 12 2000-
O 10481 i 3 16 1000
] - ol ol
T o 1 102 10° 10 10° 10° *pre 05 028 T30 10 10* 0 10 102 10> 10° 10° 10° Pre D5 D28
410 10° 10* 10° 10 - E -
FLT3/CD135 FLT3/CD135 FLT3/CD135 FLT3/CD135 8000+
41943 59 40000 73
=) 60001
8 31458 ] 30000 . . B
e 2 _ z, |
X 70968 3 £ 20000 3 = 4000
o S |
3 104814 - ol 15 10000 18 2000
N . 0 0 e 0 O pre 05 D28
10210° 10° 10° 10° 410 10° 10° 10° 10° Pre D5 D28 102 10° 10° 10° 10° 410 10° 10 10° 10° Ld
pSTATS PSTATS PSTATS pPSTATS
M Pre-treatment M C1D5 M C1D28 M Pre-treatment Bl C1D5 Ml C1D28
FIGURE 2

FLT3 and pSTAT5 expression in response to TP-0903 treatment. Using spectral flow cytometry, bone marrow samples from (A) patient 1 and (B) patient 4
were analyzed first by gating for AML blasts (CD45 dim; green) and then accessed for FLT3/CD135 and pSTATS expression. Pretreatment samples are
indicated in black, C1D5 samples in red, and C1D28 samples in blue. MFI, mean fluorescent intensity.
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Response

Based on the ELN 2017 response criteria, all patients achieved
stable disease. Two patients had a marked reduction in blood and
marrow blasts following one cycle of therapy; both also displayed a
significant decrease in the FLT3-ITD allelic ratio (Table 1).

Mutation analysis

In addition to harboring FLT3-ITD, other co-occurring mutations
noted at the time of initial diagnosis are shown in Figure 1. In the two
patients with a decline in blood or marrow blast counts, VAF in genes
such as NPM1 and DNMT3A declined over one to two cycles of
treatment. Mutation VAF remained unchanged in patient 1 who did
not experience a decline in blast counts; a KRAS mutation with low
VAF was observed in this patient who had received six prior regimens
for relapsed disease, including three regimens that contained gilteritinib.

Pharmacodynamics

Pre- and post-treatment bone marrow samples during cycle 1
were available from patients 1 and 4 for pharmacodynamic analysis.
Samples from days 1 (pretreatment), 5, and 28 were analyzed for
inhibition of FLT3 and pSTAT5 expression via spectral flow
cytometry. In patient 4 with a reduction in blast count, there was
a decrease in the MFI for both FLT3 and pSTATS5, with a maximum
decrease on day 28 (Figure 2B). For patient 2 who did not
experience a reduction in blast count, there was an increase in
MEFI for both FLT3 and pSTATS5 by day 28 (Figure 2A).

Discussion

AML patients with FLT3-ITD mutations display aggressive disease
biology, high relapse rates, and overall poor survival (23, 24). The
development of FLT3 inhibitors and their integration into clinical
practice has greatly impacted the care of such patients and has led to
improved survival rates, though important limitations remain. Drug
resistance and disease evolution characterized by the acquisition of
resistance mutations are important mechanisms by which AML
patients with FLT3-ITD commonly relapse on FLT3-directed therapy
(17, 18, 20). As such, there is an opportunity to improve response rates
and duration through the implementation of an FLT3 inhibitor that is
able to abrogate potential resistance mutations. TP-0903, in preclinical
models, has shown such activity rendering it an attractive agent to offer
AML patients with FLT3-ITD. Herein, we report our findings on three
heavily pretreated patients with AML and FLT3-ITD, which, to our
knowledge, represents the first report of TP-0903 in AML.

Though we were only able to treat three patients with the single-
agent TP-0903, we did not identify any toxicities that were unusual
relative to other agents used in the relapsed/refractory AML space.
Only one patient was able to receive more than one cycle of therapy.
While no patients achieved CR or CRh, we observed a marked
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reduction in bone marrow blasts following one to two cycles of
treatment in two patients (patients 2 and 4), concurrent with a
decline in FLT3-ITD allelic ratio and co-occurring mutations such
as NPM1 and DNMT3A. An on-target effect on inhibition of FLT3
and downstream pSTATS5 in bone marrow blasts was also observed.

Conclusions

TP-0903 was shown to be a feasible treatment option for AML
patients with relapsed FLT3-ITD mutated AML. Since we were able
to provide safety and disease-response data on only three patients,
larger studies of TP-0903, both as a single agent and in combination
with other therapies, are needed to better understand the utility of this
agent. Although we did not observe any major clinical responses in
three heavily pretreated patients, TP-0903 did show a marked effect
in terms of reduction of FLT3-ITD allelic ratio and bone marrow
blast percentage, which may point toward a potential efficacy signal,
though future studies evaluating this finding are necessary.
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