CASE IN POINT

Sequential Targeted Treatment for a Geriatric
Patient with Acute Myeloid Leukemia with
Concurrent FLT3-TKD and IDH1 Mutations

Targeting and monitoring several acute myeloid leukemia mutations sequentially provides

insights into optimal treatment plans.
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tations in IDH2.6

The optimal treatment for patients with
AML with > 2 clinically actionable muta-
tions has not been established. In this ar-
ticle we describe a geriatric patient who
initially was diagnosed with AML with
concurrent FLT3-TKD and IDH1 muta-
tions and received targeted, sequential
management. We detail changes in dis-
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with acute myeloid leukemia (AML)
in the US annually.! Despite the use
(vishal.vashistha@va.gov) of aggressive chemotherapeutic agents, the

prognosis remains poor, with a mean 5-year
doi:10.12788/fp.0073 survival of 283062 Fortunately, with the
refinement of next-generation sequenc-
ing (NGS) hematology panels and devel-
opment of systemic targeted therapies, the
treatment landscape for eligible patients has
improved, both in frontline and relapsed or
refractory (R/R) patients.

Specifically, investigations into altera-
tions within the FMS-like tyrosine kinase
(FLT3) and isocitrate dehydrogenase (IDH)
genes have led to the discovery of a num-
ber of targeted treatments. Midostaurin is
US Food and Drug Administration (FDA)-
approved for use in combination with in-
duction chemotherapy for patients with
internal tandem duplication of the FLT3
(FLT3-I1TD) gene or mutations within the
tyrosine kinase domain (FLT3-TKD).? Ivo-
sidenib is indicated for frontline treatment
for those who are poor candidates for in-
duction chemotherapy, and R/R patients
who have an R132H mutation in IDHI1.*>
Enasidenib is FDA-approved for R/R pa-
tients with R140Q, R172S, and R172K mu-

ease phenotype and mutational status by
repeating an NGS hematology panel and
cytogenetic studies after each stage of ther-
apy. Lastly, we discuss the clonal evolution
apparent within leukemic cells with use of
> 1 or more targeted agents.

CASE PRESENTATION

A 68-year-old man presented to the Emer-
gency Department at The Durham Veterans
Affairs Medical Center in North Carolina
with fatigue and light-headedness. Because
of his symptoms and pancytopenia, a bone
marrow aspiration and trephine biopsy
were performed, which showed 57% my-
eloblasts, 12% promyelocytes/myelocytes,
and 2% metamyelocytes in 20 to 30% cel-
lular bone marrow. Flow cytometry con-
firmed a blast population consistent with
AML. A LeukoVantage (Quest Diagnostics)
hematologic NGS panel revealed the pres-
ence of FLT3-TKD, IDH1, RUNX1, BCOR-
E1477, and SF3B1 mutations (Table).
Initial fluorescence in situ hybridization
(FISH) results showed a normal pattern
of hybridization with no translocations.
His disease was deemed to be intermediate-
high risk because of the presence of FLT3-
TKD and RUNX1 mutations, despite the
normal cytogenetic profile and absence of
additional clinical features.

Induction chemotherapy was started with
idarubicin, 12 mg/m?, on days 1 to 3 and cy-
tarabine, 200 mg/m?, on days 1 to 7. Because
of the presence of a FLT3-TKD mutation, mi-
dostaurin was planned for days 8 to 21. After
induction chemotherapy, a bone marrow bi-
opsy on day 14 revealed an acellular marrow
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with no observed myeloblasts. A bone mar-
row biopsy conducted before initiating con-
solidation therapy, revealed 30% cellularity
with morphologic remission. However, flow
cytometry found 5% myeloblasts expressing
CD34, CD117, CD13, CD38, and HLA-DR,
consistent with measurable residual disease. >
He received 2 cycles of consolidation therapy {B\ﬁ
with high-dose cytarabine combined with
midostaurin. After the patient's second cycle
of consolidation, he continued to experience
transfusion-dependent cytopenias. Another
bone marrow evaluation demonstrated 10%
cellularity with nearly all cells appearing to
be myeloblasts. A repeat LeukoVantage NGS
panel demonstrated undetectable FLT3-TKD
mutation and persistent IDH1-R123C muta-
tion. FISH studies revealed a complex karyo-
type with monosomy of chromosomes 5 and
7 and trisomy of chromosome 8.

We discussed with the patient and his
family the options available, which in-
cluded initiating targeted therapy for his
IDH1 mutation, administering hypometh-
ylation therapy with or without venetoclax,

FIGURE Mechanism of Action for Therapies Used in
Treatment of Patients With AML With FLT3, IDH1, and
IDH2 Mutations
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Abbreviations: 2HG, 2-hydroxyglutarate; a-KG, a-ketoglutaric acid; AML, acute myeloid
leukemia; FLT3, FMS-like tyrosine kinase; IDH, isocitrate dehydrogenase; mTOR,
mechanistic target of rapamycin kinase; PI3K, phosphoinositide 3-kinases; Ras/MEK,
reticular activating system/Mitogen-activated protein kinase; STAT5A, Signal transducer and
activator of transcription 5A; TCA, tricarboxylic acid; TKD, tyrosine kinase domain.

or pursuing palliative measures. We col-
lectively decided to pursue therapy with
single-agent oral ivosidenib, 500 mg daily.
After 1 month of treatment, our patient de-
veloped worsening fatigue. His white blood
cell count had increased to > 43 k/cm?, rais-
ing concern for differentiation syndrome.

A review of the peripheral smear showed
a wide-spectrum of maturing granulocytes,
with a large percentage of blasts. Peripheral
flow cytometry confirmed a blast population
of 15%. After a short period of symptom im-
provement with steroids, the patient devel-
oped worsening confusion. Brain imaging
identified 2 subdural hemorrhages. Because
of a significant peripheral blast population
and the development of these hemorrhages,
palliative measures were pursued, and the pa-
tient was discharged to an inpatient hospice
facility. A final NGS panel performed from
peripheral blood detected mutations in IDHI,
RUNXI, PTPN11, NRAS, BCOR-E1443, and
SF3B1 genes.

DISCUSSION

To our knowledge, this is the first reported
case of a patient who sequentially received
targeted treatments directed against both
FLT3 and IDH1 mutations. Initial man-
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agement with midostaurin and cytara-
bine resulted in sustained remission of his
FLT3-TKD mutation. However, despite re-
ceiving prompt standard of care with com-
bination induction chemotherapy and
targeted therapy, the patient experienced
unfavorable clonal evolution based upon
his molecular and cytogenetic testing. Ad-
dition of ivosidenib as a second target-
ing agent for his IDH1 mutation did not
achieve a second remission.

Clonal evolution is a well-described phe-
nomenon in hematology. Indolent con-
ditions, such as clonal hematopoiesis of
intermediate potential, or malignancies, such
as myelodysplastic syndromes and myelo-
proliferative neoplasms, could transform into
acute leukemia through the accumulation of
driver mutations and/or cytogenetic abnor-
malities. Clonal evolution often is viewed as
the culprit in patients with AML whose dis-
ease relapses after remission with initial che-
motherapy.”'° With the increasing availability
of commercial NGS panels designed to assess
mutations among patients experiencing he-
matologic malignancies, patterns of relapse,
and, models of clonal evolution could be ob-
served closely in patients with AML.
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Acute Myeloid Leukemia

TABLE Patient’s Detected Clonal Evolution of Genetic Mutations with Allele Fractions

Mutations

(Test mo/y) (01/2019), % (04/2019), %

Bone Marrow Peripheral Blood Bone Marrow Peripheral Blood Peripheral Blood

(08/2019), % (09/2019), % (12/2019), %

FLT3-D835Y 17.0 - - - =
IDH1-R132C 20.0 = = 27.0 44.6
BCOR-E1477 86.0 - - - -
RUNX1-S318fs*282 40.0 = = 37.0 445
SF3B1-K700E 42.0 - - 39.0 43.9
BCOR-E1443 . 3.1 = 75.0 88.7
CEBPA-Y181 - - = 8.1 =
NRAS-G13D . . = 3.4 i
NRAS-G13R - - - - 6.5
NRAS-Q61H - - - - 16.5
PTPN11-D61A - - - 105 55
WT1-R370fs*15 - - - 6.9 =

We were able to monitor molecular
changes within our patient’s predominant
clonal populations by repeating peripheral
comprehensive NGS panels after lines of tar-
geted therapies. The repeated sequencing re-
vealed that clones with FLT3-TKD mutations
responded to midostaurin with first-line che-
motherapy whereas it was unclear whether
clones with IDH1 mutation responded to
ivosidenib. Development of complex cyto-
genetic findings along with the clonal expan-
sion of BCOR mutation-harboring cells likely
contributed to our patients acutely worsen-
ing condition. Several studies have found
that the presence of a BCOR mutation in
adults with AML leads to lower overall sur-
vival and relapse-free survival.'!? As of now,
there are no treatments specifically targeting
BCOR mutations.

Although there are novel targeting
agents with proven efficacy for both FLT3
and IDH1 mutations (Figure), it is difficult
to determine which pathogenic mutation
drives disease onset. No evidence suggests
that these drugs could be administered in
tandem. At the present time, interest is di-
rected towards targeting all AML sub-
clones simultaneously, which could reduce
the likelihood of evolution among founder
clones.”!®13 In their comparison between
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molecular profiles and outcomes of patients
with AML, Papaemmanuil and colleagues
observed that > 80% of patients with AML
harbor > 2 driver mutations concurrently.'
Moreover, FLT3-ITD and IDH1 mutations
tend to co-occur in approximately 9 to 27%
of AML cases.''® Available targeted agents
for AML are relatively new and hematolo-
gists’ familiarity with these drugs is con-
tinuing to grow. As the number of novel
agents increases, investigations directed to-
ward assessing the safety profile and effi-
cacy of combining targeted agents will be
beneficial for patients with AML with > 1
driver mutation.

CONCLUSIONS

For our patient with AML, sequential tar-
geted management of FLT3-TKD and IDH1
mutations was not beneficial. Higher-risk
disease features, such as the development
of a complex karyotype, likely contributed
to our patient’s poor response to second-
line ivosidenib. The sequential NGS ma-
lignant hematology panels allowed us to
closely monitor changes to the molecular
structure of our patient's AML after each
line of targeted therapy. Future investiga-
tions of combining targeted agents for pa-
tients with AML with concurrent actionable
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mutations would provide insight into out-
comes of treating multiple clonal popula-
tions simultaneously.
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