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ABSTRACT: Acute myeloid leukemia (AML) remains a biologically heterogeneous disease with historically limited
targeted therapies and poor outcomes. The development of menin inhibitors represents a promising shift, particularly
for patients harboring KMT2A rearrangements (KMT2Ar) and NPM1 mutations (NPM1m). This manuscript reviews
the molecular rationale of menin inhibition for aberrant homeobox/myeloid ectopic insertion site 1 (HOX/MEIS1)-
driven gene expression and leukemogenesis, clinical trial outcomes, and safety data for menin inhibitors, with a focus
on recently FDA-approved revumenib and several other agents in development, ziftomenib (KO-539), bleximenib
(JNJ-75276617), and icovamenib (BMF-219). We also focused our discussion on future directions to include resistance
mechanisms, biomarker identification and monitoring strategies, and combination therapies. Menin inhibition is now
being clinically integrated into relapsed/refractory and frontline treatment settings.

KEYWORDS: Menin; menin inhibitor; acute myeloid leukemia (AML); leukemia; revumenib; ziftomenib; bleximenib;
icovamenib

1 Introduction
Acute myeloid leukemia (AML) is a clonal hematologic malignancy characterized by uncontrolled

proliferation of myeloid precursor cells in the bone marrow, leading to improper hematopoietic differenti-
ation and subsequent cytopenias [1,2]. Survival expectations remain age-dependent, with a 62% estimated
5-year survival in patients diagnosed under the age of 50 years, 37% survival for patients 50–64 years of
age, and 9.4% for patients 65 years and older at diagnosis [1]. Outcomes are especially poor for relapsed
or refractory (R/R) AML, for elderly patients unfit for intensive therapy, and for those with adverse
cytogenetic or molecular features [3]. The pathogenesis of AML is driven by a myriad of genetic and/or
epigenetic abnormalities [4,5]. Over the past decade, emerging treatments, such as FMS-like tyrosine kinase
3 (FLT3) and isocitrate dehydrogenase 1/isocitrate dehydrogenase 2 (IDH1/IDH2) inhibitors, have focused
on targeting molecularly defined AML subgroups, which have improved overall survival (OS) in patients
with select mutations. However, the OS rates of AML patients with histone-lysine N-methyltransferase 2A
rearrangements (KMT2Ar) are still poor, with a median OS of as low as 2.4 months [6]. One promising
therapeutic avenue for these patients is menin inhibition, which disrupts the interaction between KMT2A
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and the nuclear scaffold protein, menin, that is a key mediator in leukemogenic transcriptional activation.
Thus far, menin inhibitors have shown clinical efficacy with high rates of minimal residual disease (MRD)
negativity, which has led to regulatory approval for one menin inhibitor, revumenib, in the treatment of
R/R AML in adult and pediatric patients with KMT2Ar and nucleophosmin 1 mutation (NPM1m) [7].
Their specificity and ability to redirect leukemic proliferation toward differentiation distinguish menin
inhibitors from conventional cytotoxic agents, establishing them as a novel class of targeted therapies in
the treatment of AML. Menin inhibitors may also complement other targeted AML therapies, including
FLT3, IDH1/IDH2, and B-cell lymphoma/leukemia 2 (BCL2) inhibitors, particularly since many patients can
possess co-mutations and relapse after initial treatment [1,8]. In this review, we will examine the development
of menin inhibitors, summarize the latest clinical advances, identify biomarker testing, and discuss the
challenges and future directions in leveraging this novel therapeutic strategy to improve outcomes for
patients with AML.

2 Pathophysiology and Rationale of Menin Inhibitors
During normal hematopoiesis, the menin-KMT2A interaction plays a crucial role in regulating chro-

matin modification and gene expression [9,10]. Menin, encoded by menin 1 (MEN1) on chromosome 11q13,
functions as a nuclear scaffold protein that binds to the N-terminal region of KMT2A via two highly
conserved menin-binding motifs (MBM1 and MBM2) [11,12]. This association directs KMT2A to its target
gene promoters, where its histone H3 lysine 4 (H3K4) methyltransferase activity promotes a transcriptionally
active chromatin state. The menin-KMT2A complex targets many genes essential for hematopoietic stem
cell (HSC) maintenance, such as homeobox A9 (HOXA9) and MEIS1, and dysfunction in their interaction
has shown impaired adaptive stress responses and self-renewal in HSCs [13]. This dependence on menin is
maintained in KMT2Ar AML as well, rendering menin as a possible target for inhibition.

KMT2A rearrangements occur in roughly 5%–10% of adult AML cases and 20% of de novo cases in
children [8,14,15]. Over 130 different fusion partners have been described, but only a handful of them account
for the majority of KMT2Ar acute leukemia cases, including the transcriptional cofactors ALL-1 fused gene
from chromosome 4 (AF4: ~36%), ALL-1 fused gene from chromosome 9 (AF9: ~19%), and eleven-nineteen
leukemia (ENL: ~13%) [8,16,17]. These fusion proteins lose the KMT2A C-terminal Su(var)3-9/Enhancer of
Zeste/Trithorax (SET) domain responsible for H3K4 methyltransferase activity but retain the N-terminus
that binds to menin [16,18]. Thus, upon binding to menin, the KMT2Ar fusion proteins translocate to the
nucleus, where they constitutively recruit transcriptional coactivators and histone acetyltransferases at target
promoter sites. This leads to aberrant expression of genes involved in HSC proliferation, most notably
the HOX family genes and their cofactor, MEIS1 [10,16,19–21]. Constitutive activation of the HOX/MEIS1
complex prevents their epigenetic repression and subsequently drives a differentiation block in precursor
cells. Different mechanisms of how aberrant gene expression is achieved by KMT2Ar variants have been
proposed, yet there is a shared dependence on menin for nuclear localization.

Other genetic abnormalities, including NPM1m and nucleoporin 98-rearranged (NUP98r) AML, rely
on menin interaction with KMT2A to maintain their leukemogenic states. NPM1m AML represents 25%–
30% of adult cases [22], while NUP98r AML is frequently reported in pediatric populations (4%–7%) [23,24],
though a recent study showed a relatively high prevalence in adult East Asian patients [25]. The exact
pathophysiology of NPM1m AML remains elusive, however past studies suggest that NPM1m plays a role
at both the nuclear and cytoplasmic levels, driving constitutive HOX/MEIS1 expression and preventing
apoptotic protease activity, respectively. NPM1m is recruited to chromatin by the transport protein, exoportin
1 (XPO1), and localizes at sites that are already enriched with menin-KMT2A, most notably HOX/MEIS
[26–28]. It is unclear how NPM1m promotes HOX/MEIS transcription, however, degradation of NPM1m
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resulted in a significant reduction of HOX/MEIS expression in in vitro studies [27,29]. In addition, inhibition
of menin-KMT2A interaction prevented not only KMT2A binding to their target loci but also NPM1m
to the same loci, including MEIS1, runt-related transcription factor 2 (RUNX2), and others [30]. Similarly,
NUP98r fusion proteins directly interact with menin-KMT2A to drive leukemogenesis via upregulation of
HOX/MEIS1. Disruption of the menin-KMT2A interaction by menin inhibitors led to the displacement
of KMT2A and NUP98 fusion proteins from chromatin at proleukemogenic genes in both in vitro and
patient-derived xenograft models [31–33].

These findings have led to the development of small-molecule menin inhibitors that aim to disrupt the
menin–KMT2A interaction, aiming to extinguish the HOX/MEIS1 transcriptional program underlying these
leukemias (Fig. 1). Preclinical studies have repeatedly shown that small-molecule menin inhibitors, including
revumenib, ziftomenib (KO-539), bleximenib (JNJ-75276617), and icovamenib (BMF-219), can effectively
disrupt the menin–KMT2A interaction. They reduce target gene expression, promote differentiation and
apoptosis, and suppress AML growth in cell lines and patient-derived xenografts across KMT2Ar, NPM1m,
and NUP98r models [34]. Revumenib and ziftomenib have been developed to bind to the menin binding
pocket with high affinity and prevent the interaction with the KMT2A fusion proteins [35,36].

Figure 1: Menin binds to KMT2A and is an essential cofactor for interactions with HOX gene promoters. KMT2Ar
leukemias are characterized by the abnormal overexpression of HOX genes and their cofactor, MEIS1. NPM1m is pri-
marily located in the cytoplasm and upregulates HOX genes. This results in a block of hematopoietic differentiation and
contributes to leukemic transformation. Menin inhibitors disrupt the chromatin complex between menin and KMT2A
and inhibit this interaction, thereby disrupting the abnormal transcriptional program leading to leukemogenesis.
Original graphic, Microsoft PowerPoint Version 16.103.1

3 Menin Inhibitors Approved and in Clinical Trials
Currently, the menin inhibitors under evaluation in clinical trials include revumenib, ziftomenib,

BN104, bleximenib, icovamenib (BMF-219), and enzomenib (Tables 1 and A1). Preliminary results are avail-
able for trials with revumenib, ziftomenib, BN104, bleximenib, icovamenib, and enzomenib in monotherapy
and combination therapy regimens (Table 2).
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Table 1: Menin inhibitor clinical trials

Drug Regimen Phase Diagnosis Mutation

Revumenib
(SNDX-5613)

Monotherapy Phase 1
(NCT06575296)

AML, ALL
(post-allogeneic

HSCT)
KMT2A, NPM1

Phase 1/2
(NCT04065399) AML, ALL KMT2A, NPM1,

NUP98

Phase 2
(NCT06229912) AML, ALL

KMT2A, NPM1,
NUP98, NUP214
(upregulation of

HOX genes)

Combination Phase 1
(NCT06222580) AML KMT2A, NPM1,

FLT3
Phase 1

(NCT06313437) AML NPM1, FLT3

Phase 1
(NCT05886049) AML KMT2A, NPM1

Phase 1
(NCT06177067) AML, ALAL KMT2A, NPM1,

NUP98, NUP214
Phase 1

(NCT07052994) AML, MPAL KMT2, NPM1,
NUP98, UBTF-ITD

Phase 1
(NCT06226571) AML KMT2, NPM1,

NUP98
Phase 1/2

(NCT05360160) AML KMT2A, NPM1,
NUP98

Phase 1/2
(NCT06284486) AML KMT2A, NPM1,

NUP98
Phase 2

(NCT05761171) ALL KMT2A

Phase 3
(NCT06652438) AML KMT2A, NPM1

Phase 3
(NCT07211958) AML NPM1

Ziftomenib

Monotherapy KO-MEN-001 Phase
1/2 (NCT04067336) AML KMT2A, NPM1

Phase 2
(NCT06930352)

AML (not eligible for
standard therapy) KMT2A, NPM1

Combination KO-MEN-007 Phase
1 (NCT05735184) AML KMT2A, NPM1

Phase 1
(NCT06448013) AML, MPAL KMT2A, NPM1,

NUP98, UBTF-ITD
Phase 1

(NCT06376162) AML KMT2A, NPM1,
NUP98

(Continued)



Oncol Res. 2026;34(3):4 5

Table 1 (continued)

Drug Regimen Phase Diagnosis Mutation
Phase 1

(NCT06397027) AML, MPAL KMT2A, NPM1,
NUP98

Phase 1
(NCT06769490) AML, MPAL KMT2A, NPM1,

NUP98
Phase 1

(NCT06001788) AML KMT2A, NPM1,
FLT3

Phase 3
(NCT07007312) AML KMT2A, NPM1,

FLT3

BN104
Monotherapy Phase 1/2

(NCT06052813) AML, ALL KMT2A, NPM1

Combination Phase 1/2
(NCT06746519) AML KMT2A, NPM1,

NUP98

Bleximenib
(JNJ-

75276617)

Monotherapy Phase 1/2
(NCT04811560) AML, ALL

Phase 1: KMT2A,
NPM1, NUP98,

NUP214; Phase 2:
KMT2A, NPM1

Combination Phase 1
(NCT05453903) AML KMT2A, NPM1,

NUP98, NUP214
Phase 3

(NCT06852222) AML KMT2A, NPM1

Icovamenib
(BMF-219) Monotherapy

COVALENT-101
Phase 1

(NCT05153330)

AML, ALL, DLBCL,
MM, CLL/SLL

KMT2A/MLL1,
NPM1

Enzomenib
(DSP-5336)

Monotherapy &
Combination

Phase 1/2
(NCT04988555)

AML, ALL, MM,
MDS MLL1, NPM1

Note: All up-to-date clinical trial information can be found on clinicaltrials.gov. Abbreviations: AML, acute myeloid
leukemia; ALL, acute lymphoblastic leukemia; HSCT, hematopoietic stem cell transplantation; ALAL, acute leukemia
of ambiguous lineage; MPAL, mixed phenotype acute leukemia; DLBCL, diffuse large B-cell lymphoma; MM, multiple
myeloma; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; MDS, myelodysplastic syndrome.

http://clinicaltrials.gov
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3.1 Revumenib
Revumenib is the first FDA-approved menin inhibitor for R/R AML with KMT2A translocations.

Approval was granted on 15 November 2024, for ages 1 year and older, and indication for NPM1m AML
was approved on 24 October 2025 [52]. AUGMENT-101 is a phase I/II clinical trial that studied the safety
and efficacy of revumenib in patients with R/R KMT2Ar AML and R/R NPM1m AML [39]. This study
reported an updated complete remission (CR) and CR with partial hematologic recovery (CRh) rate of
23% and overall response rate (ORR) of 64% in the efficacy population of patients with KMT2Ar AML.
Additionally, MRD negative status was achieved in 58% of the evaluable patients in the CR + CRh cohort
and 34% of responders continued forward to receive an allogeneic hematopoietic stem cell transplantation
(HSCT). Adverse events of grade 3 or higher (91%) included febrile neutropenia (39%), anemia (20%),
thrombocytopenia (16%), differentiation syndrome (15%), neutropenia (15%), leukopenia (15%), sepsis
(14%), and corrected QT interval (QTc) prolongation (13%) [37]. Dose adjustment for QTc prolongation
and treatment with corticosteroids and hydroxyurea for differentiation syndrome was effective and resulted
in no discontinuation of treatment with revumenib [53]. In the study arm for R/R NPM1m AML, the CR
+ CRh rate was 23.4% and ORR was 46.9% with 16.7% of responders proceeding to allogeneic HSCT.
Similar to the KMT2Ar cohort, 91.7% of patients experienced grade 3 or higher adverse events such as
febrile neutropenia (33.3%), anemia (25.0%), QTc prolongation (22.6%), sepsis (15.5%), and differentiation
syndrome (13.1%). Of note, there is a higher incidence of QTc prolongation in the R/R NPM1m AML study
arm of AUGMENT-101. Differentiation syndrome and QTc prolongation resulted in discontinuation in 2
patients [39]. In short, revumenib offers clinical benefit for patients with R/R KMT2Ar and NPM1m AML,
enabling those in remission to pursue allogeneic HSCT, while displaying a manageable and predictable safety
profile (Tables 3 and 4).

In addition to patients with KMT2Ar and NPM1m AML, the AUGMENT-101 trial enrolled 34 patients
without either mutation [40]. Among these patients, 5 had R/R NUP98r AML. Upon revumenib treatment,
60% achieved morphological remission. MRD-negative status was attained in 40% of patients and 20% con-
tinued to undergo hematopoietic stem cell transplant. Safety data for the cohort of 34 patients demonstrated
24% of patients experiencing grade 3 or higher adverse events, including anemia (9%), neutropenia (9%),
differentiation syndrome (2.9%), and QTc prolongation (2.9%). Overall, the safety profile and efficacy of
treatment with revumenib in NUP98r AML patients is promising. Future studies are currently underway to
evaluate the efficacy of revumenib in treating AML associated with HOX upregulation, pointing towards a
promising expansion of the therapeutic application of menin inhibitors [40].

Table 3: Summary of Revumenib Phase 2 outcomes in KMT2Ar and NPM1m AML

Patient subset ORR (%) CRc (%) Median OS
(Months)

MRD-Negative Rate
(%)

KMT2Ar (n = 57) 63% 39% 8.0 82% (CRc subgroup)
NPM1m (n = 64) ~50% 36% 23.3 (CR + CRh) Not reported

Note: ORR, overall response rate; CR, complete remission; CRc, composite complete remission; CRh, com-
plete remission with partial hematologic recovery; OS, overall survival; MRD, measurable residual disease.
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Table 4: Summary of Revumenib safety profile (Phase 2)

Adverse event Incidence (Any grade) Grade ≥3 Incidence
Differentiation syndrome 19% 10.7% (Grade 3), 2.4% (Grade 4)

QTc Prolongation 42.9% 20.2% (Grade 3), 2.4% (Grade 4)
Cytopenias (Combined) ≥25% ≥10%

Note: QTc, corrected QT interval.

Revumenib is also proven efficacious in combination therapy settings. The SAVE clinical trial is
currently exploring the utilization of revumenib in combination with venetoclax and hypomethylating agent
ASTX727 (decitabine/cedazuridine) in R/R KMT2Ar, NPM1m, and NUP98r AML. The study reported a
CR + CRh rate of 48% (KMT2Ar: 44%, NPM1m: 50%, NUP98r: 60%) and ORR of 82% (KMT2Ar: 88%,
NPM1m: 67%, NUP98r: 100%). QTc prolongation was reported in 64% of patients (Grade 3: 6%, Grade
4: 3%) and differentiation syndrome occurred in 9% (Grade 3: 3%), with no notable differences in safety.
It is important to mention that MRD negativity was 88% with 39% of patients proceeding with allogeneic
HSCT [38]. The high response rates and high rate of MRD negativity reinforce the potential of revumenib
to be highly effective in combination therapy for R/R AML.

Revumenib is also under investigation in the BEAT AML trial in combination with azacitidine and
venetoclax (ven/aza) for newly diagnosed (ND) KMT2Ar or NPM1m AML patients over 60 years of
age. Interim analysis demonstrated the ORR was 88.4% (NPM1m: 85.3%, KMT2Ar: 100%), CR + CRh +
complete remission with incomplete count recovery (CRi) rate was 81.4% (NPM1m: 79.4%, KMT2Ar: 88.9%),
and CR rate was 67.4% (NPM1m: 64.7%, KMT2Ar: 77.8%) for the 43 patients treated in this study. It is
important to note that no patients had refractory disease and all 37 patients with MRD assessments had
MRD negativity after treatment. Adverse events were comparable to other studies with revumenib, including
nausea (60%), QTc prolongation (44%), hypokalemia (44%), and differentiation syndrome (19%). Neither
QTc prolongation nor differentiation syndrome resulted in discontinuation of revumenib in this study [41].
Overall, the BEAT AML study demonstrates that the combination therapy of revumenib, azacitidine, and
venetoclax is a safe and suitable option for older individuals with newly diagnosed KMT2Ar or NPM1m AML,
as it yields high response rates, including MRD negativity. The efficacy demonstrated in this study warrants
further investigation of the safety and efficacy of revumenib with 7+3 intensive chemotherapy in patients
with newly diagnosed KMT2Ar, NPM1m, or NUP98r AML patients (NCT06226571) and comparison of
revumenib combined with azacitidine and venetoclax against a control group receiving placebo with aza/ven
(NCT06652438) (EHA Library, Abstract PB2576).

Revumenib has demonstrated efficacy across multiple settings in both newly diagnosed and
relapsed/refractory AML, both as monotherapy and in combination. While its efficacy is clear, an increased
incidence of QTc prolongation requires careful monitoring by clinicians. The role of revumenib in the
therapeutic landscape will depend on how the risk-benefit profile compares with the other emerging menin
inhibitors and the current standard of care treatments.

3.2 Ziftomenib
Ziftomenib is being studied as both monotherapy in AML and in various combination therapy

approaches. The KOMET-001 study, a phase 1 trial of ziftomenib as a monotherapy for R/R KMT2Ar and
NPM1m AML, reported an overall CR + CRh rate of 25%. Patients with NPM1 mutations had a CR rate of
35%, ORR of 45%, and an MRD negativity rate of 67% in the six patients assessed. Adverse events of grade 3
or higher in this study included anemia (24%), febrile neutropenia (22%), pneumonia (19%), differentiation
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syndrome (15%), thrombocytopenia (13%), and sepsis (12%). A notable observation from the KOMET-001
study was that KMT2Ar AML patients had higher occurrences and severity of differentiation syndrome com-
pared to NPM1m AML patients, leading to the discontinuation of KMT2Ar AML patient enrollment [42].
Phase 2 of KOMET-001 focused on patients with R/R NPM1m AML who received ziftomenib 600 mg
daily. Patients achieved a CR + CRh rate of 22%, ORR of 33%, and MRD negativity rate of 61%. The safety
profile was similar to Phase 1 with grade 3 adverse events including febrile neutropenia (26%), anemia
(20%), thrombocytopenia (20%), differentiation syndrome (15%) with 2 patients discontinuing treatment,
pneumonia (14%), sepsis (14%), hypokalemia (13%), and QTc prolongation (2%) [43]. The KOMET-007 study
focuses on the use of ziftomenib in combination with standard chemotherapy. Two arms of this ongoing
study include ziftomenib with venetoclax and azacitidine (ven/aza) in R/R KMT2Ar and NPM1m AML and
ziftomenib with cytarabine and daunorubicin (7+3) in newly diagnosed KMT2Ar and NPM1m AML. The
interim data for ziftomenib combined with venetoclax+ azacitidine at a dose of 200 mg reported a composite
complete remission (CRc) rate of 80% in NPM1m AML and 29% in KMT2Ar, while a dose of 400 mg resulted
in a CRc rate of 50% in NPM1m AML and 17% in KMT2Ar AML. Differentiation syndrome was present
in 12% of the treated patients, with most cases occurring in patients with KMT2Ar AML. Differentiation
syndrome was manageable, and enrollment of KMT2Ar AML patients is ongoing [44]. The ziftomenib with
7+3 arm reports a CRc rate of 100% at 200 mg and 86% at 400 mg in NPM1m AML patients and a CRc rate
of 90% at 200 mg and 63% at 400 mg in KMT2Ar AML patients [45]. The updated results of ziftomenib
at 600 mg with 7+3 reports a CRc rate of 94% in NPM1m patients and 83% in KMT2Ar patients [45].
Ziftomenib with 7+3 is generally well tolerated with no reported cases of differentiation syndrome and QTc
prolongation. Ziftomenib in combination with venetoclax+ azacitidine or 7+3 presented with similar adverse
events as when ziftomenib was used as a monotherapy in KOMET-001 [44,54]. Interestingly, compared to
revumenib, there were minimal cases of QTc prolongation observed with ziftomenib. With the observed
cases in patients taking medications with known side effects of QTc prolongation. The KOMET-017 study
is currently underway to study the use of ziftomenib with ven/aza or 7+3 in newly diagnosed NPM1m and
KMT2Ar AML [43]. The current data on ziftomenib demonstrates promising outcomes in NPM1m and
KMT2Ar AML with a familiar and controllable safety profile. The FDA recently approved ziftomenib as
monotherapy for relapsed/refractory AML with NPM1 mutation on 13 November 2024 [55]. For the KMT2A
indication, it is mostly in combination.

3.3 BN104
BN104 is currently being evaluated as a menin inhibitor in newly diagnosed (ND) and R/R AML [46].

The interim data from the Phase 1 study of BN104 as a monotherapy in R/R KMT2Ar and NPM1m AML
reports CR+CRh rates of 33.3% and ORR of 88.9% with 22.2% of patients progressing to transplant. Adverse
events, including febrile neutropenia (15%), pneumonia (10%), grade 1 QTc prolongation (10%), and grade 2
differentiation syndrome (10%) were comparable to other menin inhibitors [46]. BN104 shows promise, but
its clinical efficacy is yet to be determined until larger-scale studies are conducted, as only 20 patients have
been treated so far.

3.4 Bleximenib
Bleximenib is under investigation in the setting as monotherapy for R/R disease, in combination with

standard 7+3 intensive chemotherapy for ND disease, and in combination with ven/aza for R/R or ND
AML. When bleximenib is used as a monotherapy for R/R KMT2Ar or NPM1m AML, the CR + CRh
rates and ORR, respectively, were 35% and 50% at 90/100 mg BID, 30% and 50% at 150 mg BID, and 23%
and 39% at 45 mg BID. Notable safety data include only 1 patient (0.8%) with QTC prolongation and
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14% of patients experiencing differentiation syndrome, with 7% at grade 3 or higher and 2 fatal events.
The treatment-related adverse effects were consistent with those of other menin inhibitors, though the 150
mg BID dose was associated with a higher grade of thrombocytopenia and neutropenia [49]. Treatment
with bleximenib with 7+3 chemotherapy in ND AML appears promising as ORR was 93% (KMT2Ar: 83%,
NPM1m: 100%) and CR + CRh rate was 86% (KMT2Ar: 83%, NPM1m: 88%). Grade 3 or higher adverse
events occurred in 95% of patients with febrile neutropenia (64%), thrombocytopenia (68%), anemia (41%),
neutropenia (41%), and leukopenia (41%), remaining common. Interestingly, there were no reported cases of
differentiation syndrome and only two episodes of grade 1 QTc prolongation observed, which were not due
to bleximenib [48]. For patients with R/R or ND AML who are unfit for intensive chemotherapy, bleximenib
was used with venetoclax and azacitidine. The ORR was 76% at 50 mg and 79% at 100 mg in the R/R subset
and 77% at 50 mg and 92% at 100 mg bleximenib in the ND subset. The composite complete response rate
(cCR) reported in the R/R group was 32% at 50 mg and 54% at 100 mg and the ND group was 62% at 50 mg
and 85% at 100 mg. Differentiation syndrome occurred in 4% of patients, with the majority grade 2–3 and
no events of QTc prolongation were observed [49]. Bleximenib represents a compelling therapeutic strategy
for R/R AML or as an adjunct to standard chemotherapy in ND AML, especially in patients at risk for QTc
prolongation due to existing medications or inherent cardiac risk factors.

3.5 Icovamenib (BMF-219)
Icovamenib is unique as the only covalent menin inhibitor that is being studied as monotherapy for R/R

AML and also as a treatment for solid tumors and diabetes. Cohort 1 of the COVALENT-101 study is focused
on the use of icovamenib in R/R AML and ALL. Five patients in the study were efficacy evaluable, with 1
patient achieving CR and 1 patient achieving CRi. The only grade 3 or higher adverse event was differentiation
syndrome (13%), with no QTc prolongation in the 23 patients of the safety population [50]. Ongoing patient
enrollment is necessary in reporting safety and efficacy data, as icovamenib is in the preliminary stages of
clinical investigation.

3.6 Enzomenib
Enzomenib is presently being assessed as a singular therapeutic agent in the treatment of R/R AML. The

recent analysis of the phase 1/2 study demonstrated CR + CRh rate of 37.5% and ORR of 62.5% in patients
with R/R KMT2Ar and NPM1m AML. Safety profile on enzomenib did not significantly differ from the
other menin inhibitors, with reported cases of differentiation syndrome at 10.7% and QTc prolongation at 5%
within the study population [51]. Enzomenib has demonstrated encouraging clinical activity in R/R AML,
however it would be interesting to explore its application in ND KMT2Ar or NPM1m AML.

4 Challenges and Potential Targeted Therapies

4.1 Acquired Resistance to Menin Inhibitors
Though past clinical trials demonstrate the promising activity of menin inhibitors in KMT2Ar and

NPM1m AML, the development of acquired resistance poses a significant challenge in their use as a
single agent.

4.1.1 MEN1 Mutations Confer Resistance to Menin Inhibitors
Molecular analyses from the AUGMENT-101 phase 1 study have shown that somatic mutations in

MEN1 can disrupt menin-inhibitor binding. Of note, patients developed resistance to revumenib as early
as 2 cycles of treatment [56]. Common MEN1 mutations that conferred resistance in both patients and



Oncol Res. 2026;34(3):4 13

xenografted models involved residues M327, G331, T349, and S160 [56,57]. Due to their proximity to the
menin-inhibitor binding site, alterations to these residues introduced steric hindrance that diminished the
binding affinity of menin inhibitors [56]. Somatic mutations in MEN1 comprised approximately 40% of
menin inhibitor-resistant AML cases in the study, thus other non-genetic pathways that contribute to menin
inhibitor resistance have been explored.

4.1.2 Epigenetic Modifications at Noncanonical Menin Targets Contribute to Menin Inhibitor Escape
In a recent study by Zhou et al., an epigenetic regulator within the Polycomb group protein family,

Polycomb repressive complex 1.1 (PRC 1.1), was found to be involved in modulating resistance to menin
inhibitors in KMT2Ar leukemogenic cells [58]. Normally, PRC1.1 represses target genes by monoubiquinating
histone H2A at lysine 119 (H2AK119ub) [59,60]. The repressive H2AK119ub signals were proposed to work
with activating menin signals to regulate expression of various genes, such as MYC and RUNX3. Loss of
PRC1.1 in KMT2Ar AML models was found to epigenetically sustain or restore chromatin accessibility at
menin’s noncanonical target loci, including MYC, thus enabling their continued transcription even under
menin inhibition. The resulting overexpression of MYC is associated with reduced myeloid or monocytic
differentiation, conferring resistance to menin inhibitors through a menin-independent mechanism [58].
Combining MYC inhibition with menin inhibitors could offer a novel and potentially synergistic approach
that also helps reduce resistance to menin-targeted therapy.

4.1.3 Co-Mutations May Reduce the Overall Efficacy of Menin Inhibitors
Mutations at other gene loci often co-occur with KMT2A rearrangements in AML. Genes involved in

cellular signaling, particularly NRAS, KRAS, and FLT3-TKD were most frequently detected in patients with
KMT2Ar AML, followed by the protooncogene TP53 and chromatin-modifying genes, tet methylcytosine
dioxygenase 2 (TET2) and DNA methyltransferase 3 alpha (DNMT3A) [8,61,62]. These co-mutations have
been linked to worse prognosis with lower median OS and response rates to conventional therapies in adult
AML patients with KMT2Ar. Pediatric populations share some of the co-mutations that occur in adults,
particularly the RAS pathway genes, but also present with a rather high incidence of SET domain containing
2, histone lysine methyltransferase (SETD2) mutations [63,64]. Both were correlated with worse 5-year OS.
Though many of these mutations have not yet been shown to be direct drivers of menin inhibitor resistance,
they may increase the risk of therapeutic failure and reduce the overall efficacy of menin inhibitors. Thus,
combination therapies and early intervention with menin inhibitors may be warranted to prevent adverse
outcomes from co-mutations.

4.2 Therapies to Overcome Acquired Resistance to Menin Inhibitors
Combination therapies incorporating BCL2, FLT3, IDH1/IDH2, or enhancer of zeste homolog 2

(EZH2) inhibitors may enhance the activity of menin inhibitors and provide complementary mechanisms
to overcome resistance. The BCL2 inhibitor, venetoclax, and FLT3 inhibitor, gilteritinib, are currently being
tested in clinical trials, showing improved ORR and CR rates than a single agent alone (Table 2).
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4.2.1 BCL2 Inhibitors
Aberrant expression of HOX/MEIS1 genes in AML leads to upregulation of their downstream targets,

such as the anti-apoptotic gene, BCL2. Preclinical studies have shown that menin inhibition can sensitize
KMT2Ar AML cells to venetoclax by downregulating expression of HOX/MEIS1-driven transcriptional
programs [65]. Simultaneously, inhibition of the residual BCL2 by venetoclax lowers the cells’ apoptotic
threshold and exerts a cytotoxic effect. This synergistic activity has the potential to overcome menin inhibitor
resistance driven by epigenetic escape, as seen in PRC1.1 loss. Zhou et al. demonstrated that PRC1.1-
depleted AML cells exhibit diminished monocytic differentiation gene signatures and adopt a primitive
state, which was associated with increased venetoclax sensitivity [58]. Mechanistically, this is consistent with
the normal upregulation of BCL2 in early myeloid progenitors and its downregulation during monocytic
differentiation, indicating that the primitive state of PRC1.1-deficient cells may underlie their sensitivity to
BCL2 inhibition [65,66]. Thus, the combination of BCL2 and menin inhibitors may not only enhance each
other’s antileukemic activities but also overcome the possibility of menin inhibitor resistance.

4.2.2 FLT3 Inhibitors
In addition to BCL2, the receptor tyrosine kinase (RTK) gene, FLT3, is an upregulated downstream

target of the HOX/MEIS1 transcriptional program. Menin inhibitors can downregulate FLT3 expression,
but in FLT3-mutated AML, the RTK is constitutively activated, leading to activation of pro-leukemogenic
signaling pathways, Janus kinase/signal transducer and activator of transcription (JAK/STAT), Ras-mitogen-
activated protein kinase (RAS/MAPK), and phosphatidylinositol 3-kinase/protein kinase B/mammalian
target of rapamycin (PI3K/AKT/mTOR) [67–69]. Gilteritinib is a type I FLT3-inhibitor that operates by
blocking the receptor’s ATP binding site and preventing its autophosphorylation [68,70]. While menin
inhibitors reduce FLT3 expression at the transcriptional level, FLT3 inhibitors further drive down residual
kinase activity. This synergistic combination is especially useful in KMT2Ar or NPM1m AML patients with
FLT3 co-mutations. Currently, gliteritinib and revumenib are in phase 1 of clinical trials for patients with
R/R FLT3-mutated AML with KMT2Ar or NPM1m (Table 1).

4.2.3 IDH1/IDH2 Inhibitors
IDH1/IDH2 mutations occur less commonly with KMT2Ar AML but are associated with about 25% of

NPM1m AML cases [71]. Though IDH1/IDH2 inhibitors are not yet in clinical trials with menin inhibitors,
preclinical studies suggest enhanced therapeutic use when combined. Mutated IDH1/IDH2 enzymes con-
vert alpha-ketoglutarate to D-2-hydroxyglutarate, which inhibits activity of DNA and histone methylases
important for epigenetic regulation of cellular differentiation [72]. Combined use of IDH1/IDH2 and menin
inhibitors further promotes differentiation of leukemic cells at the epigenetic and genetic levels, respectively
and has shown a more significant reduction of HOX/MEIS1 expression than seen with single agents [71].
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4.2.4 EZH2 Inhibitors
Recent findings have demonstrated that EZH2 inhibition synergizes with menin inhibition [73]. When

menin is inhibited, KMT2A/B is redistributed to bivalent promoters, increasing H3K4me3 and displacing
PRC2, thereby initiating transcriptional de-repression. Concurrent inhibition of EZH2, which is the catalytic
subunit of PRC2, prevents re-methylation of H3K27, amplifying the de-repression and promoting activation
of silenced gene programs, including MHC-1 antigen presentation pathways. Preclinical models have shown
that this combination leads to enhanced immune recognition and cytotoxic T-cell-mediated tumor clearance.
The rationale for combination epigenetic therapy using menin and EZH2 inhibitors to overcome resistance
and restore differentiation and immune responsiveness in AML remains an area of study.

4.2.5 Other Menin Inhibitors
Newer menin inhibitors are currently under development that aim to reduce adverse outcomes and

combat acquired resistance that were seen in revumenib clinical trials. In the KOMET-001 phase 1 study of
ziftomenib, 1 of 29 patients (~3.4%) developed a resistance mutation compared to 12 of 31 patients (~39%)
in the AUGMENT-101 trial of revumenib, though this may be due to different sensitivities of their assays.
However, further in vitro studies have shown that ziftomenib was able to maintain its activity against G331
and T349 mutated menin [42]. In addition, a second-generation menin inhibitor, BTC-86, was described
to overcome the steric clash introduced by all MEN1 acquired mutations by adopting a unique binding
configuration, though studies are still underway [74].

5 Biomarkers for Monitoring Response and Resistance in Menin Inhibitor Therapy

5.1 Biomarkers to Track Clones and Response to Disease
Identifying and monitoring molecular biomarkers are essential to optimize the therapeutic use of menin

inhibitors in AML, particularly in genetically defined subgroups such as KMT2Ar and NPM1m AML. One of
the most promising biomarkers of treatment response is the expression of HOX (A and/or B) genes and their
transcriptional cofactor MEIS1, both aberrantly upregulated in these disease subsets. These genes are directly
regulated by menin and are consistently downregulated in response to effective menin inhibition, providing
a dynamic measure of therapeutic efficacy. Their expression levels can be tracked using RNA sequencing
(RNA-Seq), which allows real-time assessment of transcriptional responses during therapy [35,75].

A critical biomarker of response and resistance is the emergence of MEN1 gene mutations. These
mutations can be acquired under therapeutic pressure and have been shown to mediate resistance to menin
inhibitors by altering the drug-binding site or associated chromatin remodeling functions. MEN1 mutations
often precede morphologic or clinical relapse, making early detection through next-generation sequencing
(NGS) essential to adjust treatment strategies accordingly [76,77]. In addition to MEN1 alterations, the
evolution of other AML-associated mutations may contribute to therapeutic resistance, highlighting the
importance of comprehensive genomic surveillance over time [75].

5.2 Key Laboratory Methods for Biomarker Assessment (RNA-Seq, FISH, ddPCR, DNA Sequencing)
A multipronged diagnostic approach is necessary for effective monitoring of menin inhibitor therapy

(Table 5).
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Table 5: Molecular and functional biomarkers in menin inhibitor therapy

Biomarker Method Clinical/Translational application Validation status

HOXA Cluster (HOXA9,
HOXA10) RNA-seq, qPCR

Dynamic marker of response,
downregulation correlates with

differentiation and clinical
response

Validated—pharmacodynamic
response marker in

AUGMENT-101

HOXB Cluster RNA-seq
Reflects menin-KMT2A

transcriptional dependency and
decreases with effective inhibition

Investigational

MEIS1 RNA-seq
Surrogate indicator of HOX

pathway suppression and early
molecular response

Validated

MEN1 (M327, G331, T349,
S160) PCR, NGS, ddPCR

Predicts and monitors on-therapy
resistance; emerges prior to

morphologic relapse
Validated

PRC1.1 complex (BMI1,
PCGF1, RING1A/B)

ChIP-seq,
ATAC-seq
(research)

Loss indicates menin-independent
chromatin accessibility and
MYC-mediated resistance

Preclinical

MYC RNA-seq

Overexpression after menin
inhibition signals epigenetic
escape; rationale for MYC

co-targeting

Investigational

KMT2A rearrangement
(KMT2Ar)

FISH, RT-PCR,
NGS

Diagnostic; identifies canonical
menin-dependent AML; monitors

persistence post-therapy
Validated

NPM1 mutation PCR, NGS, ddPCR Diagnostic; tracks MRD; predicts
response to menin inhibition Validated

NUP98 rearrangement FISH, RNA-seq Expanding indication; predicts
potential menin-sensitive subset Emerging evidence

TP53 mutation NGS
Associated with attenuated

venetoclax synergy and possibly
reduced menin inhibitor efficacy

Exploratory

RAS pathway mutations
(NRAS, KRAS, FLT3-TKD) NGS

May drive primary resistance or
relapse through alternative

signaling
Investigational

XPO1-mediated NPM1
localization

Immunofluorescence,
subcellular

fractionation

Correlates with sustained
HOX/MEIS activation and menin

dependence
Preclinical

MRD transcript detection
(KMT2A-fusion, NPM1,

HOXA9)

ddPCR, qPCR,
flow cytometry

Tracks residual disease and early
relapse; integrates with treatment

decision algorithms
Validated (ELN-aligned)

Circulating tumor DNA
(ctDNA) for

MEN1/KMT2A

NGS-based ctDNA
panels

Non-invasive monitoring of clonal
evolution and emerging resistance Investigational

Note: RNA-seq, RNA sequencing; qPCR, quantitative polymerase chain reaction; NGS, next generation sequencing;
ddPCR, droplet digital polymerase chain reaction; ChIp-seq, chromatin immunoprecipitation sequencing; ATAC-
seq, assay for transposase-accessible chromatin with sequencing; FISH, fluorescence in situ hybridization; RT-PCR,
reverse transcription-polymerase chain reaction; PCR, polymerase chain reaction; ctDNA, circulating tumor DNA;
AML, acute myeloid leukemia; MRD, minimal residual disease.
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RNA-Seq is indispensable for quantifying HOX and MEIS1 gene expression and identifying transcrip-
tional changes associated with response or resistance. DNA sequencing, particularly through NGS panels,
enables the detection of KMT2Ar, NPM1m, MEN1 mutations, and clonal evolution. Fluorescence in situ
hybridization (FISH) is a complementary tool for confirming KMT2A rearrangements at the chromosomal
level [78]. MRD assessment via sensitive methods such as flow cytometry, droplet digital PCR (ddPCR), or
quantitative PCR also provides valuable insight into treatment depth and relapse risk [35,78]. For MRD detec-
tion and early relapse prediction, ddPCR offers high sensitivity to capture low-frequency resistant clones
or residual leukemic burden, particularly in settings where other tests may lack sufficient resolution [79].
As menin inhibitors are adopted into clinical practice, it is imperative to continue clinical and translational
research to refine and optimize the use of menin inhibitors further. Biomarkers need their prognostic and
predictive values validated, which can then be applied to further develop interventions and circumvent
emerging resistance.

6 Future Directions
Menin inhibitors have demonstrated promising therapeutic activity in patients with R/R KMT2Ar AML

and have since expanded their use to include those with NPM1 mutations and NUP98 rearrangements.
Clinical trials have enrolled a substantial proportion of older adults, many of whom were unfit for intensive
chemotherapy, and have reported meaningful ORR with manageable toxicity profiles. The efficacy and safety
profiles of menin inhibitors in pediatric patients appear comparable to those observed in adults. However,
pediatric cohorts have constituted only a small subset of the study populations. Thus, the efficacy and long-
term effects of menin inhibitors in children remain to be fully elucidated. Given the mechanism of action
and adverse events observed in clinical studies, potential long-term risks may include cardiotoxicity and
sustained cytopenias. Therefore, ongoing surveillance and long-term follow-up of menin inhibitor-treated
pediatric patients are warranted.

Thus far, acute adverse events from menin inhibitor use seem to have been manageable. One of the
growing concerns of menin inhibitors, though, is acquired resistance to menin inhibitors. Recent data
from Bourgeois et al. have provided key insights into the impact of MEN1 mutations on the efficacy of
menin inhibitors [80]. Specific MEN1 mutations have been shown to mediate resistance, with important
implications for patient selection and therapeutic sequencing. The Met327 mutation in MEN1 leads to class-
wide resistance across all menin inhibitors studied, significantly impairing drug binding. Other mutations,
including Cys334, Glu368, and Val372, show selective resistance to individual compounds, suggesting drug-
specific vulnerabilities. Proliferation assays in MEN1-mutated MOLM13 cells revealed 10x shifts in GI50 for
JNJ and Sumitomo agents, and 30×–75× shifts for KO-539, DSP-5336, and SNDX-5613 [80]. These findings
suggest that MEN1 mutational profiling may be warranted in patients receiving menin inhibitors, especially in
relapsed/refractory settings. Ongoing drug development should aim to address class resistance and develop
next-generation agents with efficacy in MEN1-mutant contexts.

Combination therapies with BCL2, FLT3, and IDH1/IDH2 inhibitors have been proposed to combat
acquired resistance to menin inhibitors. However, their combined use may introduce additional compli-
cations inherent to each agent, particularly in increased QTc prolongation and differentiation syndrome.
Given the heterogeneous nature of leukemic cell populations, drugs like venetolax can impose a selection
pressure and allow cells that can bypass the drug’s main mechanism of action to survive and proliferate [66].
Previous studies have shown that AML patients with TP53 mutations have poor response to venetoclax,
which can even reduce its synergistic effects with revumenib [81,82]. Rather, a myeloid cell leukemia sequence
1 (MCL1) inhibitor was proposed to work more effectively with revumenib in TP53 mutant KMT2Ar cells [81].
Currently, there are no clinical trials reporting the efficacy of menin inhibitors in KMT2Ar AML patients
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with concurrent TP53 mutations. Though some trials have included patients with TP53 mutations, efficacy
results for this subgroup have not been separately reported. TP53 mutations are known to confer resistance
to many targeted therapies, thus menin inhibitor efficacy and the combination therapies to use with this
co-mutation should be explored further.

In addition, the combined use of menin inhibitors with FLT3 or IDH1/IDH2 inhibitors have the
potential to exacerbate the acute toxicities seen with menin inhibitor monotherapy in clinical trials, particu-
larly QTc prolongation and differentiation syndrome. Since even the mildest presentation of differentiation
syndrome can progress quickly, it is up to providers to monitor patients carefully and adjust dosages as
needed, especially when using combined therapies. To further assess the efficacy of combination therapy
vs. monotherapy, a comparison of median OS would be useful. While monotherapy with menin inhibitors
shows a median OS of ~6–8 months (Table 6), the combination therapy mOS is still unknown, given the
early stages of their clinical trials. As menin inhibitor use is studied in triple therapy combinations with
HMA/Ven, there is also interest to explore quadruple therapy in FLT3-mutated or IDH1/2-mutated patients.
Though there may be a significant improvement in efficacy, toxicities will need to be closely monitored.

Table 6: Comparative analysis of menin inhibitors in clinical trials

Agent Phase ORR
(%)

CR/CRh
(%)

mDoR
(Months)

mOS
(Months)

Patients to
alloHCT

Ziftomenib [42,43] Phase 1 17% 11% 3.1 5.4 0
Bleximenib [47–49] Phase 1 46% 21% 6.5 6.0 7 (1 responder)

Enzomenib [51] Phase 1 59% 23% NR NR NR
Revumenib [37–39,53] Phase 2 64% 23% 6.4 8.0 39 (responders)

Note: Summary of efficacy outcomes from early-phase clinical trials of key menin inhibitors: ziftomenib, blexi-
menib, enzomenib, and revumenib targeting relapsed/refractory AML with KMT2A rearrangement and/or NPM1
mutation. NR, Not Reported; mDoR, Median Duration of Response; mOS, Median Overall Survival.

The use of menin inhibition in the maintenance setting is also being explored, both for post-induction
maintenance and post-transplant maintenance. Given the oral route of administration and relatively well-
tolerated safety profile, continued single-agent maintenance may prove to be an effective method to reduce
relapse rates, however there is currently no long-term safety or efficacy data. AML with KMT2Ar or
NPM1m has substantial relapse risk even after transplant. Early evidence supports maintenance therapy
post-transplant. In an MSKCC study, 9 patients received revumenib after allogeneic SCT (for 23 to 588
days) as maintenance [83]. CRc was maintained in 6 of 9 patients after HSCT and maintenance revumenib.
One patient with reported MRD after HSCT converted to MRD-negative status following initiation of
revumenib maintenance therapy. Overall, MRD-negative remissions were maintained in 5 patients as of
the data cutoff.Besides the next generation of menin inhibitors, menin degraders are also being researched.
Efforts are exploring proteolysis-targeting chimeras that lead to menin degradation rather than inhibition.
A menin degrader could eliminate menin protein entirely, potentially overcoming high menin levels or
mutations that affect only the binding site. Preclinical degraders against menin have shown potent cell
killing in MLL-r models, but none are in clinical trials yet. Degraders also introduce novel risks, such as
off-target ubiquitination.
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7 Conclusion
The development of menin inhibitors has introduced a new therapeutic opportunity for patients with

KMT2Ar and NPM1m AML. These subtypes were once considered biologically adverse but are now targetable
through inhibition of the menin–KMT2A interaction. Multiple agents, notably revumenib and ziftomenib,
have demonstrated significant activity in relapsed or refractory AML and are advancing toward frontline
use in combination regimens. Early results consistently show high response rates and the potential to bridge
patients to curative therapies such as allogeneic transplantation.

However, resistance mechanisms, especially acquired MEN1 mutations and epigenetic reprogramming,
have already been discovered and are under further study. Emerging data suggest that combinations
with agents such as venetoclax, hypomethylating agents, IDH1/IDH2 or FLT3 inhibitors, and even EZH2
inhibitors may mitigate resistance and extend therapeutic benefit. Biomarker-informed strategies, including
serial monitoring of HOX/MEIS1 expression and clonal evolution through NGS and ddPCR, are essential
for optimizing treatment and anticipating relapse. As the field continues to mature, menin inhibition is
poised to become a strategy in the molecularly targeted management of AML and its use in combination or
maintenance has the potential to provide significant clinical benefit.
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