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acute leukemia patients treated with menin inhibitors
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Dear Editor,

Menin inhibitors have emerged as a targeted therapeutic
strategy for patients with acute leukemias driven by KMT2A gene
rearrangements (KMT2Ar) and NPM1 mutations, where aberrant
menin-KMT2A interactions sustain HOX-MEIS1-dependent tran-
scriptional programs that are critical for leukemogenesis [1-4].
Positive early-phase studies led to regulatory approval of both
revumenib and ziftomenib for these leukemia subtypes [5, 6].
Despite these advances, acquired resistance frequently limits
durability of menin inhibitor treatment response [7].

We previously characterized somatic MENT mutations as a
recurrent genetic mechanism of on-target resistance to menin
inhibition [7]. These mutations impair drug binding while
preserving the ability of menin to scaffold leukemogenic
chromatin complexes, thereby maintaining HOX gene expres-
sion. Currently, detection of MENT resistance mutations relies on
next-generation sequencing (NGS) of genomic DNA (gDNA)
derived from bone marrow aspirates. Although informative,
marrow-based testing is invasive and logistically challenging for
serial monitoring, particularly in patients with low circulating
blast counts or in morphologic remission. Plasma-derived cell-
free DNA (cfDNA) analysis offers a complementary strategy that
enables minimally invasive, repeated sampling and may better
capture these mutations across disease compartments. This is
especially advantageous in the pediatric setting, where bone
marrow aspiration generally necessitates sedation. High-
sensitivity cfDNA assays can detect low-frequency variants,
enabling the possibility of identifying emergent resistance
mutations prior to morphologic relapse or in the absence of
circulating disease. Whether cfDNA can reliably detect MEN1
resistance mutations in patients treated with menin inhibitors
remains undefined.

In this study, we describe the feasibility and utility of an NGS
assay called MSK-ACCESS MEN1 for the detection of MENT
resistance mutations from plasma-derived cfDNA samples from
patients receiving menin inhibitors. We compare these findings
to marrow samples sequenced by MSK-IMPACT, a CLIA-certified
hybridization capture-based NGS assay developed for compre-
hensive molecular profiling of hematologic malignancies [8]. The
MSK-ACCESS Heme assay is a CLIA-compliant targeted hybrid
capture NGS assay designed to identify somatic genomic
alterations from plasma cfDNA across 115 genes [9, 10]. Capture
probes targeting all 9 coding exons of the MEN1 gene were
spiked into the existing MSK-ACCESS Heme design, hereafter
referred to as “MSK-ACCESS MEN1". This approach leveraged the
validated MSK-ACCESS Heme assay as a backbone rather than
developing a separate assay, thereby maintaining established
CLIA-compliant performance characteristics. Integration of MEN1
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probes into the MSK-ACCESS Heme backbone did not compro-
mise performance as per-gene depth and uniformity for the
original MSK-ACCESS Heme targets were preserved following
probe addition (Supplementary Figs. 1 and 2).

Established clinical thresholds were employed for MENT
mutation variant calling. Detailed methods on variant calling can
be found in the Supplemental Methods. All samples and clinical
sequencing data were collected with informed consent on an IRB-
approved research protocol (NCT01775072).

To benchmark MSK-ACCESS MEN1 against standard marrow-
based molecular profiling, we assessed concordance between
MSK-ACCESS MEN1 and MSK-IMPACT Heme by testing marrow-
derived gDNA samples with known MEN1 mutations and
comparing specific variant calls and variant allele frequencies
(VAFs). Across 4 marrow samples with 8 total MENT mutations,
VAFs determined by MSK-ACCESS MEN1 closely tracked those
determined by MSK-IMPACT Heme, with a strong linear relation-
ship (Pearson correlation coefficient 0.979) across the full range of
observed allele frequencies (Supplementary Fig. 3).

To evaluate whether plasma-derived cfDNA can support the
detection of MENT resistance mutations in the setting of
minimal or absent circulating disease, we analyzed banked
plasma samples from patients with MENT resistance mutations
identified in contemporaneous bone marrow aspirates by MSK-
IMPACT Heme at the time of overt progression. Figure 1A
illustrates this scenario in a patient with relapsed KMT2Ar T-cell
acute lymphoblastic leukemia who had previously received
revumenib monotherapy with an initial response followed by
disease progression requiring treatment with subsequent
salvage chemotherapy. At the time of disease reassessment
after salvage therapy, a marrow aspirate showed refractory
disease with 56% blasts, and MSK-IMPACT Heme performed on
bone marrow identified three MEN1 resistance mutations,
MEN1%331° MEN1933'R and MEN1™3?7', Peripheral blood testing
drawn on the same day demonstrated profound leukopenia
(WBC 0.16 k/pL) with no reported circulating blasts. Despite the
absence of detectable peripheral blasts, MSK-ACCESS MEN1
analysis of cfDNA identified all three MEN1 resistance mutations
(Fig. 1A). These findings demonstrate that MSK-ACCESS MEN1
can sensitively detect polyclonal MENT resistance mutations
from plasma cfDNA in the setting of marked leukopenia and
absent circulating blasts.

In a second illustrative case, we assessed whether cfDNA
profiling could identify emergent MENT resistance mutations
during early clonal evolution, when disease burden in peripheral
blood remained low and marrow-directed clinical sequencing
had not yet revealed overt resistance. The patient had relapsed
KMT2A-MLLT4-rearranged AML and initiated revumenib therapy
with high marrow disease burden (79% blasts). After two cycles
of therapy, marrow blasts decreased to 6%, and MEN1 resistance
mutations were not detected in paired bone marrow samples by
MSK-IMPACT Heme or in contemporaneous plasma cfDNA
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Fig. 1 Plasma-derived cfDNA detection of MEN1 resistance mutations from patients with absent or low-level circulating blasts.
A Comparison of MSK-IMPACT Heme from marrow-derived gDNA with MSK-ACCESS Heme from plasma-derived cfDNA in a revumenib-treated
patient with KMT2A-rearranged T-ALL with active marrow disease but marked leukopenia. B Serial samples from a revumenib-treated patient
with KMT2A-MLLT4 AML comparing results of marrow-derived gDNA with MSK-IMPACT Heme and plasma-derived cfDNA with MSK-ACCESS
MENT1 to identify low VAF polyclonal resistance patterns. BM Bone Marrow.

samples by MSK-ACCESS MENT1. Three weeks into cycle 3, the
patient had limited circulating disease (3% blasts). MSK-ACCESS
MEN1 performed on a banked plasma cfDNA specimen from this
time point identified two emergent MENT resistance mutations
at low VAFs: MEN1*M (VAF 1.0%) and MEN1%**'P (VAF 0.16%)
(Fig. 1B). Eight days later, at end-of-cycle evaluation, the patient
demonstrated frank disease progression with 67% marrow
blasts. MSK-IMPACT Heme performed on the bone marrow
aspirate at this time point detected MEN17**™ at a VAF of 11%
but did not identify additional MENT variants. In contrast, MSK-
ACCESS MENT performed on same-day plasma cfDNA detected
MEN1"%*M and additionally identified three other de novo MENT
resistance mutations at VAFs below 1% (Fig. 1B). The long-
itudinal pattern, with low-level detection in cfDNA preceding
and then expanding in parallel with clinical progression,
supports the premise that high-sensitivity c¢fDNA profiling can
[1] identify emerging MENT resistance mutations before they are
captured by standard marrow sequencing, and [2] more
sensitively resolve low-level polyclonal resistance at the time
of relapse, particularly for subclones present below the effective
detection threshold of conventional tumor-content-dependent
assays.

To determine whether cfDNA profiling could identify emer-
ging MENT resistance mutations prior to overt clinical disease
progression, we examined longitudinally banked plasma sam-
ples from two patients who ultimately developed confirmed
MENT1-mediated resistance and for whom serial specimens were
available for multiple cycles preceding relapse. Figure 2A
illustrates the case of a patient with relapsed/refractory NPM1-
mutant AML treated with revumenib who exhibited stable
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disease through the first three cycles of therapy, with marrow
blast percentages remaining in the 7-15% range. Consistent with
the absence of overt genetic escape mutants early in treatment,
MSK-ACCESS MEN1 analysis of cfDNA obtained prior to cycles
1-3 did not capture any MENT variants. At the start of cycle 4, a
routine bone marrow assessment continued to demonstrate
stable disease with 11% blasts. MSK-IMPACT Heme performed
on the marrow aspirate was negative for MENT mutations,
indicating no detectable resistance variants by standard
marrow-based clinical sequencing. In contrast, MSK-ACCESS
MEN1 performed on a contemporaneous cfDNA specimen
collected the same day identified an emerging MENTM327V
mutation at a low VAF (1.6%; 9/562 reads) (Fig. 2A, left). Notably,
peripheral blood parameters at that time were not suggestive of
circulating disease, underscoring that detection reflected cfDNA
shedding rather than readily detectable peripheral leukemia
burden. The patient received an additional cycle of revumenib
and experienced rapid clinical progression by end of cycle 4.
Repeat marrow evaluation at that time demonstrated marked
leukemic expansion with 89% blasts. MSK-IMPACT Heme
performed on this bone marrow specimen identified MENT
resistance mutations, including the expanded MEN1"*?”V muta-
tion at a higher VAF, and a second MEN1™3?”' mutation,
consistent with polyclonal resistance emerging alongside overt
relapse.

The second longitudinal case with banked plasma specimens
preceding clinical progression was from a patient with relapsed
KMT2A-MLLT4-rearranged AML who achieved a deep response
to revumenib, with an MRD-negative bone marrow documented
at the start of cycle 8 (Fig. 2B). Despite ongoing clinical stability,
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Fig. 2 Early identification of MENT resistance mutations enabled by MSK-ACCESS MEN1. Comparison of longitudinal detection of MENT
mutations between MSK-IMPACT Heme from marrow-derived gDNA with MSK-ACCESS MEN1 from plasma-derived cfDNA in a revumenib-

treated patient with A NPM1 mutant AML and B KMT2A-MLLT4 AML.

MSK-ACCESS MEN1 detected an emerging MENT"32"" resistance
mutation in ¢fDNA obtained at the beginning of cycle 11, at a
very low allele fraction (VAF 0.18%, 3/1632 reads) (Fig. 2B).
Importantly, this molecular signal was observed in the setting of
continued transfusion independence and no clinical evidence of
relapse, with a normal complete blood count at the time of
collection and no reported circulating blasts. The patient
continued revumenib monotherapy for multiple additional
cycles. However, toward the end of cycle 13, peripheral blood
counts became abnormal with the emergence of circulating
blasts. Bone marrow aspiration confirmed frank progression with
a markedly increased blast burden (68% blasts). MSK-IMPACT
Heme performed on the progression marrow identified the
MENTM327" mutation (Fig. 2B), corresponding to the same
resistance clone that had been detectable in plasma cfDNA
approximately three cycles earlier.

In this study, we demonstrate that plasma cfDNA molecular
profiling enables accurate detection of MENT resistance muta-
tions in patients treated with menin inhibitors. Using established
CLIA-compliant assays for cross-validation in longitudinally
banked biospecimens, cfDNA profiling showed complete con-
cordance with marrow-based testing, detected resistance
mutations in the absence of circulating leukemic blasts, resolved
low-level subclones at relapse, and provided a measurable lead
time before marrow-confirmed progression. These findings align
with a growing body of literature supporting cfDNA-based
monitoring of resistance mutations in hematologic malignancies
[11-15]. Moreover, panel cfDNA testing with assays such as MSK-
ACCESS Heme readily allows for the addition of newly
discovered genetic resistance mechanisms to menin inhibition.
A key limitation to this study is the modest sample size of
longitudinally banked plasma samples from a single institution.
Prospective evaluation of serial cfDNA collections in ongoing
and future clinical trials of menin inhibitors are required to
properly incorporate high-sensitivity molecular surveillance and
develop adaptive treatment strategies across menin inhibitors.
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