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of Hematopathology, MD Anderson Cancer Center, Houston, TX, United States

Despite the promising result with FLT3 inhibitors in AML, the emergence of resistance
poses a significant challenge, leading to a shorter response duration and inferior survival.
This is frequently driven by on-target or parallel prosurvival mutations. The emergence
of BCR-ABL1 as a mechanism of possible clonal evolution in relapsed AML has rarely
been reported. Here we report our experience with three patients who had emergent
BCR-ABL1 fusion at relapse after FLT3 inhibitors—based therapies. The first patient
was refractory to multiple lines of therapies, including FLT3 inhibitors—based therapy.
Patients 2 and 3 showed some response to combined FLT3-inhibitor and BCR-ABL
targeted therapy (gilteritinib and ponatinib). The availability of effective targeted therapies
for BCR-ABL1 makes this an important aberration to proactively identify and possibly
target at relapse post-FLT3-inhibitor therapies.
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INTRODUCTION

The development of multiple small-molecule kinase inhibitors targeting FLT3 has improved the
outcome of FLT3-mutated acute myeloid leukemia (AML) (1). Despite high response rates with
FLT3 inhibitor-based therapies, the emergence of new mutations frequently drives resistance, and
resulting in short durations of response and survival (2-5). These emergent mutations may involve
the activating loop or gatekeeper residues of the FLT3 (on target resistance) (2, 3, 5) or genes
regulating parallel prosurvival signaling pathways such as PI3K/AKT and RAS/MAPK (off-target
resistance) (4, 5). Herein, we report the cases of three patients who relapsed following an FLT3
inhibitor-based therapy, with an emergent BCR-ABLI fusion, rendering a potentially targetable
mechanism of resistance.
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CLINICAL SUMMARY
Patient 1

A 33-year-old woman was diagnosed with AML with a normal
karyotype (no molecular testing done locally at baseline). She
received 7 + 3 induction without a response and was reinduced
with fludarabine and cytarabine (FLAG) with complete remission
(CR), followed by four cycles of high-dose cytarabine (HiDAC)
consolidation. She relapsed 5 months after the last consolidation
and was referred to our institution following an unsuccessful
salvage attempt with FLAG.

Our initial bone marrow biopsy revealed 60% blasts, normal
karyotype, FLT3-ITD (allelic ratio 0.33), with no BCR-ABLI
fusion or NPM1I, RAS, IDH1¢2, or KIT mutations. The patient
received azacitidine with sorafenib with marrow remission
after four cycles and underwent allogeneic stem cell transplant
(ASCT), but relapsed 60 days post-ASCT with 58% bone
marrow blasts, normal karyotype, and FLT3-ITD (allelic ratio
0.02). After achieving a short-term remission with idarubicin,
cytarabine, and sorafenib combination, subsequent relapse bone
marrow demonstrated #(9,22) in 7/20 metaphases with a positive
BCR-ABLI fusion transcript (55%) and FLT3-1TD (allelic ratio
0.12) (Figure 1A). The patient died after not responding

to phase I agent BP-1001 (L-Grb-2 antisense oligonucleotide
NCT01159028) (6).

Patient 2

A 47-year-old man was diagnosed with AML with [add (7)
(932)], and DNMT3A, RUNXI, and U2AF] mutations on a
myeloid NGS panel [no FLT3 ITD/tyrosine kinase domain
(TKD) mutation] at diagnosis at a local institution. He received
consecutive therapies with CPX-351, decitabine, and FLAG-IDA,
without a response. Repeat bone marrow analysis revealed an
emergent FLT3-1TD mutation (allelic ratio not known). After
receiving a single-agent gilteritinib salvage therapy for 2 months,
he was referred to our institution with progressive disease. The
initial bone marrow revealed 70% blasts, normal karyotype [no
£(9,22) detected], positive for BCR-ABLI rearrangement (2.8%
by FISH) and BCR-ABLI fusion (1.92%), FLT-3 ITD (allelic
ratio 0.49), RUNXI, U2AF1, and KRAS (Figure 1B) (7). The
patient did not respond to cladribine, idarubicin, cytarabine, and
sorafenib combination, with increased BCR-ABLI fusion
transcript  (7.05%) posttreatment. After failing the next
salvage therapy (decitabine, venetoclax, and ponatinib), the
patient received CPX-351 plus venetoclax, ponatinib, and
gilteritinib combination with a marrow remission (MLES)
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FIGURE 1 | Graphical representation of mutational acquisition/expansion. (A) Patient 1, (B) patient 2, and (C) patient 3. Clonal size was estimated based on variant
allelic frequency (VAF) for mutations detected by NGS, allelic ratio for FLT3, percentage of BCR-ABL to ABL transcripts, and number of aberrant metaphases in
karyotype. Clones could have coexisted or be mutually exclusive, mutations with high clonal size at the same given point of time were considered to be coexisted,
for other mutations, the two possibilities were represented. At last relapse/progression in (A,B), the two branch graphs represent the possibility of coexistence or
mutually exclusivity of FLT3 mutation and BCR/ABL.
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(BCR-ABLYI fusion transcript 0.05%). ASCT was performed with
a CR on day 30 post-ASCT (no detectable measurable residual
disease by multiparametric flow cytometry, undetectable BCR-
ABLL1 fusion). The patient died 8 months post-ASCT in CR
because of infectious complications.

Patient 3

A 53-year-old woman with AML, diploid karyotype, and
FLT3-ITD mutation achieved CR with 7 + 3 plus midostaurin.
She relapsed 2 months later with #(6,11) (p24,q14), FLT3-1TD,
ASXLI, and KMT2A (ASXL1, KMT2A were not detectable
at baseline). After failing mitoxantrone, etoposide, and
cytarabine combination and then salvage with single-agent
gilteritinib, the bone marrow revealed 50% blasts with
BCR-ABLI rearrangement (91% by FISH). Upon referral
to our institution, repeat bone marrow biopsy showed
38% blasts, complex cytogenetics with #(9,22), BCR-ABLI
fusion transcript (63.9%), FLT3-ITD (allelic ratio 0.48),
RUNX1, WTI (three distinct mutations) (Figure 1C). On
day 21 of the salvage therapy (decitabine, gilteritinib,
and ponatinib), the patient had MLFS (persistent BCR-
ABLI at a level of 76.19%) and later died because of
infectious complications.

DISCUSSION

Targeting FLT3 mutations has improved outcomes in AML.
Acquisition/expansion of mutations drives secondary resistance
to FLT3-inhibitor therapy. Activation of parallel signaling
pathways, such as PI3K/AKT and RAS/MAPK, is an increasingly
recognized mechanism of FLT3-inhibitor resistance (2, 4).
Targeted NGS at baseline and relapse in 41 relapsed FLT3-
mutated patients before and after single-agent gilteritinib
demonstrated emergent RAS/MAPK pathway mutations (NRAS,
KRAS, PTPNI11, and NFI) in 15 (36.6%) and newly detectable
BCR/ABLI fusions in 2 (5%) patients (5).

The Philadelphia chromosome, #(9,22) (q34,q11.2), results
in a BCR-ABLI fusion gene, encoding a constitutively active
oncogenic tyrosine kinase. The incidence of the Ph chromosome
in de novo AML ranges from 0.5 to 3% (8). Acquisition of
BCR-ABLI as a secondary abnormality and a mechanism of
possible clonal evolution in relapsed AML has rarely been
reported postchemotherapy treatment (9) and now post-FLT3
inhibitor-based therapy (5, 10).

Although rare (3-5%), identification of BCR-ABLI fusion
at relapse has clinical significance as it is a targetable
mutation. In this report, patients 2 and 3 were refractory
to FLT3 inhibitor-based therapies, but eventually responded
to combined FLT3-inhibitor and BCR-ABL targeted therapy
(gilteritinib and ponatinib). Patient 1 remained refractory
to multiple conventional salvage chemotherapy plus FLT3-
inhibitor regimens, possibly in some part due to BCR-ABL-
mediated resistance to FLT3 inhibitor-based therapies. Ponatinib
is a potent kinase inhibitor with pan-BCR-ABLI inhibitor
activity and strong FLT3-inhibitor activity. Smith et al. (11)

demonstrated in vitro activity of ponatinib against FLT3-1TD
and F691 gatekeeper mutation. Gilteritinib is a selective FLT3
inhibitor with potent activity against FLT3-ITD, as well as TKD
mutations, although 5 (12.2%) of 42 patients acquired F69I
gatekeeper mutations at relapse post-gilteritinib therapy (5).
Combinatorial or sequential use of gilteritinib and ponatinib to
overcome each individual drug resistance could be of interest
for prospective evaluation, especially in FLT3-mutated patients
with detectable subclonal acquisition of BCR-ABLI fusion.
Combining these two potent FLT 3 inhibitors should ideally
be performed under clinical investigation/trial setting, with
close monitoring and caution for myelosuppression, ideally in
large leukemia centers with significant expertise. An increased
understanding of the mechanisms of FLT3-inhibitor resistance
may help identify and target known druggable pathways of
resistance to overcome primary and secondary resistance in
clinical practice.
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