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pital Saint-Louis, Université Paris Diderot, Paris, France; 17University of California San Francisco, San Francisco,
CA; 18Hematology, Ospedale San Salvatore, Pesaro, Italy; 19IRCCS Istituto Romagnolo per lo Studio dei Tumori “Dino Amadori,” Meldola, Italy; 20F. Hoffmann-
La Roche Ltd, Basel, Switzerland; and 21Imago BioSciences, South San Francisco, CA
g/blood/article-pdf/141/11/1265/2038279/blood_bld-2022-016362-m
KEY PO INT S

•Manageable safety and
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evaluation of BCL-2/
MDM2 inhibition in
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• IDH1/2 and RUNX1
mutations were
associated with ven-
idasa sensitivity; TP53
mutations were
unfavorable.
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This phase 1b trial (NCT02670044) evaluated venetoclax-idasanutlin in patients with relapsed/
refractory (R/R) acute myeloid leukemia (AML) ineligible for cytotoxic chemotherapy. Two-
dimensional dose escalation (DE, n = 50) was performed for venetoclax daily with idasanutlin
on days 1 to 5 in 28-day cycles, followed by dosing schedule optimization (n = 6) to evaluate
reducedvenetoclax schedules (21-/14-daydosing). Commonadverseevents (occurring in≥40%
of patients) included diarrhea (87.3% of patients), nausea (74.5%), vomiting (52.7%), hypoka-
lemia (50.9%), and febrileneutropenia (45.5%).DuringDE,acrossall doses, composite complete
remission (CRc; CR + CR with incomplete blood count recovery + CR with incomplete platelet
count recovery) rate was 26.0% and morphologic leukemia-free state (MLFS) rate was 12%.
For anticipated recommended phase 2 doses (venetoclax 600 mg + idasanutlin 150 mg; ven-
etoclax600mg+ idasanutlin 200mg), the combinedCRc ratewas34.3%and theMLFS ratewas
14.3%. Pretreatment IDH1/2 and RUNX1 mutations were associated with higher CRc rates
(50.0% and 45.0%, respectively). CRc rate in patients with TP53 mutations was 20.0%, with
responses noted among those with co-occurring IDH and RUNX1 mutations. In 12 out of 36
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evaluable patients, 25 emergent TP53 mutations were observed; 22 were present at baseline with low TP53 variant allele
frequency (median0.0095%[range,0.0006-0.4]).Venetoclax-idasanutlin showedmanageablesafetyandencouragingefficacy
in unfit patientswith R/RAML. IDH1/2 andRUNX1mutationswere associatedwith venetoclax-idasanutlin sensitivity, even in
somepatientswith co-occurringTP53mutations;most emergentTP53 cloneswerepreexisting.Ourfindingswill aidongoing/
future trials of BCL-2/MDM2 inhibitor combinations. This trial was registered at www.clinicaltrials.gov as #NCT02670044.
023
Introduction
Therapies for relapsed or refractory (R/R) acute myeloid
leukemia (AML) remain limited, with poor outcomes,
especially for patients ineligible for cytotoxic chemotherapy
or targeted therapy.1-5 Treatments targeting survival
pathways that are dysregulated or aberrant in AML may
improve outcomes, particularly if less toxic than current
regimens.
Venetoclax (ven), an oral B-cell lymphoma-2 (BCL-2) inhibitor,6

and idasanutlin (idasa), a second generation p53-murine
double minute 2 (MDM2) inhibitor,7 have shown limited
single-agent activity in R/R AML. Ven monotherapy showed a
complete remission (CR)/CR with incomplete blood count
recovery (CRi) rate of 19% in both R/R AML and newly diag-
nosed patients with AML unfit for intensive chemotherapy.8

Idasa monotherapy demonstrated a CR/CRi/morphologic
leukemia-free state (MLFS) rate of 21%.9
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Combined BCL-2 and MDM2 inhibition, however, has demon-
strated synergistic apoptotic effects in vitro and in vivo.10-13 In
mouse models of resistant AML, concomitant p53 activation
and BCL-2 inhibition overcame apoptosis resistance.10 Further,
ven-idasa demonstrated synergistic antitumor activity in p53
wild-type AML cell lines and led to superior efficacy and survival
relative to either single agent in AML models.10,14 The syner-
gistic mechanism of ven-idasa may involve upregulation of
proapoptotic proteins (BAX, BIM, and PUMA) by p53 activation,
which inactivates myeloid cell leukemia 1 (MCL-1) and BCL-
extra large (xL), and concomitant degradation of MCL-1 via
dual MCL-1 phosphorylation. MCL-1 is upregulated in AML,
particularly during relapse, and is a major contributor to AML
progression.15,16 Thus, indirect targeting of MCL-1 may syner-
gize with ven.

Given the promising preclinical synergy of ven + MDM2 inhi-
bition in the chemoresistant setting, we initiated this study to
assess the safety, tolerability, and preliminary efficacy of the
oral, novel-novel combination, ven-idasa, in older patients with
R/R AML, ineligible for cytotoxic chemotherapy.
ublications.org/blood/article-pdf/141/11/1265/2038279/blood_bld-2022-016362-m
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Methods
Study design
This open-label, multicenter phase 1b trial evaluated ven-idasa
and ven-cobimetinib (ClinicalTrials.gov identifier: NCT02670044).
We present results for the ven-idasa arm. The primary objec-
tives were to evaluate the safety profile and determine the
maximum tolerated dose (MTD) and recommended phase 2
dose (RP2D). Secondary objectives were preliminary efficacy
and pharmacokinetics evaluation. Exploratory objectives
included assessing biomarkers related to drug targets and dis-
ease biology.

Ven was administered daily on days 1 to 28 with idasa daily or
twice daily on days 1 to 5 of each 28-day cycle (C). Enrollment
was nonrandomized and based on slot availability and sponsor/
investigator choice, with multiple cohorts open simultaneously.
Patients were treated on only 1 combination arm. Dose esca-
lation (DE) followed a 2-dimensional, 3 + 3 + 3 design
(supplemental Figure 1, available on the Blood website). Ven
initiation included a 3 to 5-day ramp-up to 400, 600, or 800 mg
daily with idasa (150, 200, 400 daily or 300 mg twice daily) on
days 1 to 5. Patients were hospitalized during ramp-up in C1
and received tumor lysis syndrome (TLS) prophylaxis.

A dosing schedule optimization (DSO) phase evaluated whether
a reduced ven schedule could mitigate myelosuppression and
increase CR/CRi rates. Two cohorts evaluating a ven schedule of
21 days, and if indicated, 14 days, at the anticipated RP2D of
ven 600 mg + idasa 150 mg were added.

Safety monitoring criteria and stopping rules for toxicity were
protocol-defined (details in supplemental Table 1).

The study protocol was approved by the institutional review
board or ethics committees at participating institutions in
accordance with the International Conference on Harmoniza-
tion guidelines, including Good Clinical Practice and the ethical
principles originating from the Declaration of Helsinki. Informed
1266 16 MARCH 2023 | VOLUME 141, NUMBER 11
consent was obtained from all patients. The authors had access
to and reviewed the clinical trial results.

Patient population
Eligible patients had R/R AML by World Health Organization
criteria17 or newly diagnosed secondary AML (sAML) after prior
treatment for an antecedent hematological disorder. In the
initial protocol versions, during which the DE stages were
enrolled, patients were deemed ineligible for cytotoxic
chemotherapy based on age (≥60 years) and investigator
opinion. Following a protocol amendment for the DSO stage,
patients were ineligible if they were ≥18 years old with docu-
mented comorbidities by modified Ferrara criteria.18 Key
exclusion criteria included the use of strong or moderate
cytochrome P450-3A inducers or inhibitors ≤7 days before
study drug administration, and prior BCL-2 inhibitor or MDM2
antagonist.

Assessments
Adverse events (AEs) were reported by the treating physician
throughout the study and for ≥30 days after the last dose or
initiation of another anticancer therapy. MTD was the highest
dose at which less than one-third of ≥6 patients experienced a
dose-limiting toxicity.

Response was assessed by routine laboratory tests and bone
marrow (BM) examinations and evaluated per the International
Working Group 2003 AML response criteria.19 Composite CR
(CRc) was defined as CR + CRi + CR with incomplete platelet
count recovery (CRp) and antileukemic response as CRc +
MLFS/partial response. CRp and CRi were considered mutually
exclusive.

Pharmacokinetic assessments Plasma concentration-vs-
time data for ven were analyzed using noncompartmental
methods. Summary statistics of pharmacokinetic parameters,
such as maximum plasma concentration at steady state (Cmax)
and trough/minimum plasma concentration at steady state,
were computed.

Biomarker assessments Baseline and end-of-study muta-
tional analyses were performed on BM-derived mononuclear
cells using the FoundationOne Heme Panel (465 gene mutation
panel, Roche Foundation Medicine, Grenzach-Wyhlen, Germany)
as previously published.20 TP53 mutation (TP53-mut) sensitivity
was at 1% variant allele frequency (VAF). Duplex sequencing of
TP53 was performed on select baseline samples by TwinStrand
Biosciences (Seattle, WA) as previously published.21 TP53
sensitivity was dependent on sequencing depth and varied by
sample (mean 0.0212%, range, 0.0111-0.04). Single-cell DNA
sequencing (scDNA-seq) used the Tapestri platform (Mission Bio,
South San Francisco, CA), per the manufacturer’s instructions, on
BM aspirate samples. TP53-muts were evaluated for functional
impact at https://tp53.isb-cgc.org.

Minimal residual disease (MRD) and expression of MDM2 and
BCL-2 family proteins in peripheral blood were assessed by
multiparameter flow cytometry centrally by LabCorp Central
Laboratory (Burlington, NC). MRD was used to evaluate
response depth in BM aspirates of patients with CR/CRi/CRp
using markers per the European LeukemiaNet consensus for
DAVER et al
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flow cytometry–based MRD assessments in AML.22 Integrated
leukemia–associated immunophenotypes and different-than-
normal procedures were used.22,23 Assay validation estab-
lished the MRD panel analytical sensitivity as 0.0027% to
0.0037%. Intracellular MDM2, BCL-2, MCL-1, and BCL-xL
expression was evaluated on blast cells, myeloid/monocytes,
and lymphocytes using surface backbone lineage markers to
identify cell populations (CD45, CD34, CD117, and HLA-DR).

Macrophage inhibitory cytokine-1 (MIC-1) concentration in
human serum was determined by enzyme-linked immunosor-
bent assay (ELISA) using the Quantikine ELISA Human GDF-15
ELISA Immunoassay from R&D Systems (distributed by Bio-
Techne, Wiesbaden, Germany; catalog number DGD150).

Additional details are in the supplemental Methods.
Table 1. Patient demographics and baseline characteristics o

Median age, y (range)

Male sex, n (%)

ECOG PS, n (%)

0

1

2

Disease status, n (%)

Refractory

Relapse

Newly diagnosed, transformed from AHD (previously treated)

AML type, n (%)

De novo

Secondary

Median prior therapies, n (range)

Previous HSCT, n (%)

WBC at baseline, 109/L, median (range)

Aspirate BM blast %, median (range)

Cytogenetics, n (%)

TP53 mutation status

Mutation detected*

Mutation undetected

Not evaluable

t(9;11)(p22;q23);MLLT3-MLL

inv(3)(q21q26.2) or t(3;3)(q21;q26.2);RPN1-EVI1

−5 or del(5q)

−7

Cytogenetic abnormalities not classified as favorable or adverse

Complex karyotype

AHD, antecedent hematological disorder; ECOG PS, Eastern Cooperative Oncology Group pe

*Using FM Heme cutoff of 1%.

VENETOCLAX PLUS IDASANUTLIN IN AML
Statistical methods
Safety and efficacy were summarized by descriptive statistics.
The efficacy population was the intent-to-treat population; the
safety-evaluable population included all patients who received
≥1 dose of study drug. Time-to-event analyses were conducted
using the Kaplan-Meier method. Fisher exact test compared
response rates between treatment groups. TP53-muts were
compared between treatment groups using Pearson chi-
squared test with Yates’ continuity correction.
Results
A total of 56 patients were enrolled for ven-idasa (DE, n = 50;
DSO, n = 6) across 17 centers (United States, Italy, Canada, and
France) from March 2016 to July 2020 (supplemental Figure 2).
f the safety population

ven-idasa, n = 55

DE, n = 49 DSO, n = 6 All patients, n = 55

72.0 (62-93) 69.0 (41-77) 72.0 (41-93)

32 (65) 2 (33) 34 (62)

15 (31) 2 (33) 17 (31)

26 (53) 1 (17) 27 (49)

8 (16) 3 (50) 11 (20)

27 (55) 4 (67) 31 (56)

17 (35) 2 (33) 19 (35)

5 (10) 0 (0) 5 (9)

25 (51) 5 (83) 30 (55)

24 (49) 1 (17) 25 (45)

1 (1-4) 3 (1-4) 1 (1-4)

1 (2) 1 (17) 2 (4)

2.2 (0.5-27.1) 3.4 (1.4-8.4) 2.4 (0.5-27.1)

34.0 (7.0-100.0) 88.0 (22.0-97.0) 34.5 (7.0-100.0)

9 (18) 1 (17) 10 (18)

37 (76) 5 (83) 42 (76)

3 (6) 0 (0) 3 (5)

1 (2) 0 (0) 1 (2)

1 (2) 0 (0) 1 (2)

3 (6) 0 (0) 3 (5)

4 (8) 0 (0) 4 (7)

15 (31) 1 (17) 16 (29)

11 (22) 0 (0) 11 (20)

rformance status; HSCT, hematopoietic stem cell transplantation; WBC, white blood cells.
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Table 2. Most common treatment-emergent all-grade
and grade 3 to 4 AEs

AE (MedDRA preferred
term), n (%)

ven-idasa,
n = 55

All-grade
AE*

Grade 3 to 4
AE†

Diarrhea 48 (87.3) 3 (5.5)

Nausea 41 (74.5) 1 (1.8)

Vomiting 29 (52.7) 0 (0.0)

Hypokalemia 28 (50.9) 10 (18.2)

Febrile neutropenia 25 (45.5) 25 (45.5)

Decreased appetite 18 (32.7) 5 (9.1)

Hypomagnesemia 17 (30.9) 1 (1.8)

Neutropenia 17 (30.9) 17 (30.9)

Thrombocytopenia 17 (30.9) 16 (29.1)

Anemia 16 (29.1) 12 (21.8)

Asthenia 14 (25.5) 4 (7.3)

Fatigue 14 (25.5) 5 (9.1)

Constipation 13 (23.6) 0 (0.0)

Edema, peripheral 12 (21.8) 0 (0.0)

Pneumonia 12 (21.8) 10 (18.2)

AEs were reported by the treating physician, categorized according to the Medical Dic-
tionary for Regulatory Activities version 23.1, and graded per the National Cancer Institute
Common Terminology Criteria for Adverse Events version 4.0.

MedDRA, Medical Dictionary for Regulatory Activities.

*Any grade AEs occurring in ≥25% of patients.

†Grade 3 to 4 AEs occurring in ≥15% of patients.
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Data cutoff date was 10 December 2020. Overall, 55 patients
received ≥1 dose of study drug (DE, n = 49; DSO, n = 6;
supplemental Figure 1).

Patient characteristics
In the DE stage, the median age was 72 years (range, 62-93)
(Table 1). Overall, 55% of patients had refractory disease, 35%
had relapsed disease, 10% had newly diagnosed AML trans-
formed from previously treated antecedent hematological dis-
order, and 49% had sAML. Patients had a median of 1 (range,
1-4) prior line of therapy (details are in supplemental Table 2). In
the DSO stage, the median age was 69 years (range, 41-77);
67% of patients had refractory disease, 33% had relapsed AML,
and 17% had sAML. Patients had a median of 3 (range, 1-4)
prior lines of therapy. Baseline cytogenetics included 11 (20%)
patients with complex karyotype. Overall, 10 (18%) patients had
TP53-mut (all loss of function; median number of mutations, 1;
median VAF, 14.50 [range, 1.24-91.95]; supplemental Table 3).
Three patients with TP53-mut had complex karyotype and 1
had therapy-related AML. Complex karyotype was considered
separate from TP53-mut, given the availability of next-
generation sequencing.
1268 16 MARCH 2023 | VOLUME 141, NUMBER 11
The median number of cycles received was 3.7 (range, 1-15) for
DE and 2.8 (range, 1-5) for DSO. Reasons for treatment
discontinuation are in supplemental Table 1. The study was
terminated early in July 2020 while the DSO stage was
enrolling, based on the sponsor’s decision to discontinue idasa
development for adults after the MIRROS trial (NCT02545283)
failed to meet its primary end point of survival.

Safety
The most common (≥40.0%) all-grade treatment-emergent AEs
were diarrhea (87.3%), nausea (74.5%), vomiting (52.7%),
hypokalemia (50.9%), and febrile neutropenia (45.5%) (Table 2).
Mandatory antidiarrheal prophylaxis was implemented for the
ven-idasa arm as a protocol amendment during DE due to the
frequent occurrence of diarrhea with ven-cobimetinib (data not
shown); following this, 1 patient out of 31 who received
mandatory prophylaxis had grade 3 to 4 diarrhea. Serious AEs
(SAEs) were reported in 81.8% of patients. The most commonly
reported (≥10.0%) SAEs were febrile neutropenia (36.4%),
sepsis (16.4%), and pneumonia (14.5%) (supplemental Table 4).
Overall, 21.8% (12/55) and 16.4% (9/55) of patients had an AE
or SAE, respectively, that resulted in treatment withdrawal. No
AEs resulted in treatment discontinuation in more than 1 patient
(supplemental Table 1).

Laboratory TLS occurred in 3 patients. Clinical TLS (grade 3;
increased creatinine) was noted in 1 patient who had baseline
renal insufficiency and IDH1 and RUNX1 mutations on day 2
after ven 100 mg; this was reversible with supportive measures.
Thirty- and 60-day mortality rates (Kaplan-Meier estimates) were
5.6% (3 patient deaths) and 16.9% (9 patient deaths), respec-
tively, causes of which are in supplemental Table 5. Dose-
limiting toxicity included neutropenia (2 patients [3.6%]), and
muscular weakness, diarrhea, blood bilirubin increase, and
acute coronary syndrome (1 patient [1.8%] each). MTD was ven
600 mg + idasa 200 mg. The DSO stage was not completed at
study termination, and the RP2D was not determined.

Efficacy
In the DE stage, across all dose levels, CRc and antileukemic
response rates were 26% (13/50) and 40% (20/50), respectively
(Table 3). The median time to best CRc response was 1.4 months
(range, 0.8-4.3) and the median duration of response (DoR) was
3.9 months (range, 0.7-12.5). Encouraging blast count reduction
was seen across doses (Figure 1). For doses under consideration for
the RP2D (ven 600 mg + idasa 150 mg and ven 600 mg + idasa
200 mg), the combined rates for antileukemic response and CRc
were 48.5% (17/35) and 34.3% (12/35), respectively. The median
(range) time tobest CRc response and thedurationofCRc response
were 1.5 (0.8-4.3) and 5.5 (2.3-8.8) months, respectively (responses
reported by dose are in supplemental Table 6). Thirteen patients
with MLFS in the DE stage ultimately achieved CR/CRi/CRp
after ven dose interruption or reduction, suggesting a reduced ven
schedule when in remission may facilitate count recovery
(supplemental Figure 3). In the DSO stage, 6 patients were treated
with a 21-day schedule of ven 600mg+ idasa 150mgbefore study
termination. CRc and antileukemic response rates were both
33.3% (2/6). Responses were consistent across doses in patients
aged ≥75 years, patients with sAML, and patients with prior hypo-
methylating agent (HMA) treatment for AML (supplemental
Figure 4).
DAVER et al



Table 3. Response outcomes for ven-idasa

n (%)

DE DSO

Total,
n = 56

ven 400
mg + idasa
200 mg,
n = 6

ven 600 mg + idasa 150
mg and ven 600 mg +

idasa 200 mg,
n = 35

ven 400
mg + idasa
400 mg,
n = 9 Total, n = 50

ven 600 mg
(D1–21) + idasa
150 mg, n = 6

Antileukemic
responders
(CRc/PR/MLFS)

1 (16.7) 17 (48.5) 2 (22.2) 20 (40.0) 2 (33.3) 22 (39.3)

CRc (CR/CRi/CRp) 1 (16.7) 12 (34.3) 0 (0.0) 13 (26.0) 2 (33.3) 15 (26.8)

CR 0 (0.0) 3 (8.6) 0 (0.0) 3 (6.0) 1 (16.7) 4 (7.1)

CRi 0 (0.0) 1 (2.9) 0 (0.0) 1 (2.0) 0 (0.0) 1 (1.8)

CRp 1 (16.7) 8 (22.9) 0 (0.0) 9 (18.0) 1 (16.7) 10 (17.9)

PR 0 (0.0) 0 (0.0) 1 (11.1) 1 (2.0) 0 (0.0) 1 (1.8)

MLFS 0 (0.0) 5 (14.3) 1 (11.1) 6 (12.0) 0 (0.0) 6 (10.7)

Time to best CRc
response,
median (range)

1.3 (1.3-1.3) 1.5 (0.8-4.3) NE 1.4 (0.8-4.3) 3.2 (1.6-4.8) 1.6 (0.8-4.8)

Median DoR (CRc),
median (range)

NE (0.7*–0.7*) 5.5 (2.3, 8.8) NE 3.9 (0.7*–12.5) NE (1.0-1.2*) 3.0 (0.7*–12.5)

Median follow-up,
median (range)

2.3 (1.6-21.9) 5.3 (0.0-23.3) 2.8 (0.4-14.4) 3.9 (0.0-23.3) 4.4 (3.0-5.8) 4.0 (0.0-23.3)

D, day; NE, not evaluable; PR, partial response.

*Censored, response is ongoing before patient dropout. Efficacy data are presented for the intent-to-treat population.
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Median duration of follow-up was 4.0 months (range, 0.0-23.3),
the median overall survival (OS) was 5.1 months (95% confi-
dence interval, 3.4-7.3) (Figure 2). No patients had a subse-
quent hematopoietic stem cell transplantation. Patients who
achieved CRc had an improved median OS over nonresponders
(13.8 vs 3.0 months, respectively; P < .0001). Achievement of
partial response/MLFS showed a trend toward improved
median OS vs nonresponders (5.7 vs 3.0 months, respectively,
P = .09). MRD negativity (<0.1%23) was achieved in 42.9% (6/14)
of evaluable patients who achieved CRc. Association between
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MRD negativity and OS was not observed (supplemental
Figure 5).
Pharmacokinetics
Pharmacokinetic parameters were available for 49 patients
across the 5 cohorts (supplemental Table 7). Mean Cmax for ven
was 1.11, 1.04, 1.45, 1.47, and 1.15 μg/mL, and mean Cmax for
idasa was 3.77, 7.11, 3.22, 3.76, and 4.13 μg/mL in cohorts B1
(n = 6), B4 (n = 8), B1.2.1 (n = 5), B1.2 (n = 11), and B2 (n = 19),
ven 400 mg + idasa 200 mg (n = 6)

ven 600 mg 1- to 21-day + idasa 150 mg (n = 6)
ven 400 mg + idasa 400 mg (n = 9)
ven 600 mg + idasa 200 mg (n = 22)
ven 600 mg + idasa 150 mg (n = 13)
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Figure 2. Kaplan-Meier curves for OS in the ven-idasa arm. Median OS was 5.1 months among all patients, 13.8 months patients with a CRc response, and 5.7 months in
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respectively. Pharmacokinetics of ven in this combination were
comparable to ven monotherapy (supplemental Figure 6).

Pharmacodynamic biomarker analysis
Ven-idasa treatment induced serum MIC-1 levels that corre-
lated with idasa dose and plasma idasa concentration (area
under the plasma concentration-vs-time curve within a 24-hour
dosing interval; supplemental Figure 7). At C1 day 5, following
idasa 150 or 200 mg, the median of the highest fold increase
was 10.19; following idasa 400 mg, the median of the highest
fold increase was 21.98. MIC-1 induction was not associated
with response. Ven-idasa reduced MCL-1 and BCL-xL
1270 16 MARCH 2023 | VOLUME 141, NUMBER 11
expression in myeloid blast cells within 15 days of treatment in
64.5% (median, 0.85-fold relative to baseline; range, 0.30-2.55;
n = 31) and 48.5% (median, 0.95-fold relative to baseline;
range, 0.01-52.9; n = 33) of patients, respectively. These
reductions trended with both idasa dose and response
(Figure 3).

Correlative biomarker analysis
Antileukemic responses were achieved in 52.6% (10/19) of
patients with high (>1.5) baseline BCL-2:BCL-xL or BCL-2:MCL-1
ratio vs 23.5% (4/17) with low (≤1.5) baseline BCL-2:BCL-xL and
BCL-2:MCL-1 ratio (supplemental Figure 8, P = .097). No specific
DAVER et al
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association with or impact on predictability of the BCL-2 family
ratios was observed in TP53-muts vs TP53-wild-type. Individual
analysis of BCL-2 family proteins revealed a trend for high
BCL-xL, but not MCL-1, in nonresponders (supplemental
Figure 9). MDM2 expression was not associated with response
(data not shown).

Baseline mutation profiling was available for 52 of 55 patients
(Figure 4A; supplemental Table 8; supplemental Figure 10).
Patients with IDH1/2, RUNX1, or IDH1/2 and/or RUNX1mutations
had antileukemic response rates of 78.6% (11/14), 60.0% (12/20),
and 64.3% (18/28), respectively; median DoR was 4.86, 5.30, and
5.17 months, respectively, for these patients. Median OS was
highest in patients with IDH1/2 mutation, compared with the
evaluable study population, (7.64 vs 3.95 months, respectively). In
patients with any RAS signaling pathway genes (FLT3, RAS, NF1,
CBL, and PTPN11) and ≥2 RAS signaling mutations, antileukemic
response rates were 26.7% (8/30) and 20.0% (2/10), respectively.
Hierarchy of responses in the IDH1/2 and RUNX1 subgroups and
how co-occurring mutations affected response and survival are
presented in supplemental Figure 11.

In patients with TP53-mut, antileukemic response rate was
30.0% (3/10: 2 CRp, 1 MLFS), median DoR was 2.3 months, and
median OS was 3.67 months. Analysis of these 3 responders
revealed co-occurring mutations in IDH1 in 1 patient and
RUNX1 in 1 patient (supplemental Table 8), with similar or
higher VAFs for these mutations (35.6 baseline TP53 VAF
co-occurred with 52.83 IDH VAF; 13.09 baseline TP53 VAF co-
occurred with 10.0 RUNX1 VAF; the third patient had a baseline
TP53 VAF of 15.9 with complex karyotype, del7, and no known
ven-sensitizing mutations, but achieved a short-lived [1.18
months] best response of MLFS). The CRc rate was 20.0% (2/10)
VENETOCLAX PLUS IDASANUTLIN IN AML
in patients with TP53 mutations and 28.6% (12/42) in patients
with TP53 wild-type. In nonresponders, TP53-muts were
mutually exclusive with IDH1/2 and RUNX1 mutations. Twelve
baseline TP53-muts (>1% VAF) were detected in 10 patients
(2 patients had 2 mutations), all of which were reported to be
loss of function.

Analysis of mutations at treatment discontinuation revealed the
emergence of TP53 and RAS signaling mutations in 33.3% (12/36)
and 27.8% (10/36) of evaluable patients, respectively. All emer-
gent TP53-muts were loss-of-function except 1, which was partially
functional and co-occurred with 3 other loss-of-function TP53-
muts (4 emergent mutations total). Emergent TP53-muts were
more common in responders (40%, 8/20) vs nonresponders
(12.5%, 4/32) presumably owing to the longer time on treatment
allowing outgrowth. In IDH1/2-, RUNX1- and IDH1/2- and/or
RUNX1-mutated subsets, the frequencies of emergent TP53
clones were 36.4%, 33.3%, and 30.4%, respectively, similar to the
overall population (33.3%). Emergent TP53-muts had variable
kinetics of outgrowth (Figure 4B; supplemental Table 9).

Twenty-five emergent mutations in 12 patients were detected
using the FoundationOne Heme mutation panel. Through duplex
sequencing and analysis of binary alignment map files, it was
determined that 22 of 25 (88.0%) emergent TP53-muts were
present at low levels pretherapy (median 0.0095% [range, 0.0006-
0.4]). Of the low level (<1% VAF) mutations at baseline (median,
33 [range, 12-93]), most did not expand to detectable levels. All
patients with >1% VAF at baseline had expansion of these VAFs
on study.

scDNA-seq was performed on longitudinal samples on 4
representative patients to explore on-treatment clonal
16 MARCH 2023 | VOLUME 141, NUMBER 11 1271
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dynamics. Emergent clones were consistent with bulk
sequencing, with demonstrable outgrowth of clones harboring
mutations in TP53 and signaling genes (RAS, NF1, and EPHA3;
supplemental Figure 12).
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Discussion
In this phase 1b trial, supported by preclinical data, ven-idasa
had a manageable safety profile at dose levels evaluated for
the RP2D, in patients with R/R AML, ineligible for cytotoxic
chemotherapy. No new safety signals were identified for either
of the drugs or the combination.

Diarrhea and gastrointestinal effects were the most common
AEs but were generally mild to moderate and manageable with
implementation of prophylaxis. The observed gastrointestinal
toxicity rates with ven-idasa were similar to those reported with
idasa monotherapy and increased compared with ven mono-
therapy. All-grade gastrointestinal toxicity rates for ven-idasa
compared with idasa or ven monotherapy, respectively, were
87.3% vs 91.3% or 56% for diarrhea; 74.0% vs 73.9% or 59% for
nausea; and 52.7% vs 39.1% or 41% for vomiting.24 Rates of
grade ≥3 diarrhea and nausea for ven-idasa were decreased vs
idasa or ven monotherapy (respectively, 5.5% vs 23.9% or 6%
for diarrhea and 1.8% vs 0 or 6% for nausea). Caveats for
crosstrial comparisons include differences in the idasa dosing
and formulation across studies (idasa 150-200 mg daily spray-
dried powder formulation in this study vs 400-800 mg twice
daily microprecipitated bulk powder formulation in the idasa
monotherapy study). Furthermore, antidiarrheal prophylaxis was
not mandatory in both monotherapy studies. The frequency of
hematological toxicities and infections was consistent with
the known myelosuppressive effects of the therapies
and within the previously reported ranges for a similar R/R
population.1,3-5,8,25,26 Mandatory gastrointestinal prophylaxis
and DSO are encouraged in future studies to render the com-
bination more tolerable. As reported in other ven AML trials,
TLS was not frequent with appropriate ramp-up and TLS pro-
phylaxis. Clinical TLS was noted in 1 patient per arm, suggest-
ing TLS prophylaxis and monitoring should continue when
using ven-based combinations in AML.

Clinical activity with ven-idasa was encouraging, particularly at
the 2 doses under consideration for the RP2D (n = 35; com-
bined rates: CRc, 34.3%; antileukemic response, 48.5%).
Response rates were better than those seen with either agent as
monotherapy (ven: CRc, 19%; idasa: antileukemic response,
21%),8,9 although crosstrial comparisons are limited by differ-
ences in the patient populations and response rate definitions.
Myelosuppression responded to dosing interruptions, thus
future evaluation of reduced ven schedules may optimize
combined ven and MDM2 inhibition. Although durability
remained short, CRc and OS rates were comparable with
those with noncytotoxic treatment options (eg, low-intensity
therapy, such as HMA alone, ven with HMA, or low-dose
Figure 4. Mutational analysis describing (A) heat map of mutations and (B) outgrow
by shaded boxes. *Mutations that emerged on treatment and were detected at last BM
unfavorable mutations (dark red, TP53; light red, RAS signaling mutations). The outgrowt
time. A total of 25 emergent TP53 mutations in 12 patients were noted on study. Most (2
either using duplex sequencing or by evaluating binary alignment map files provided by F
ND, no data; RD, refractory disease; SD, stable disease.
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cytarabine).5,8,25,27-31 Furthermore, the 42.9% MRD negativity
rate among CRc responders suggests deep responses could be
achieved in some patients. Although CRc was associated with
OS, an association between MRD negativity and OS was not
observed in the small number of patients in our study. Our
findings support CRc as a more established end point in R/R
AML until more data regarding the type, timing, and prognostic
relevance of MRD in R/R AML can be generated.31,32

There was no significant impact of the coadministration of idasa
on ven pharmacokinetics or vice versa. Overall, the pharmaco-
kinetic drug-drug interactions between ven and idasa were
minimal. Pharmacodynamic biomarker analyses demonstrated
that idasa dosing was sufficient to robustly induce MIC-1,
an MDM2 inhibition biomarker, confirming on-target activity.
In contrast to the 10- to 20-fold increases on day 5 seen in
this study, in the idasa polycythemia vera (PV) study,33 plasma
MIC-1 levels were increased by 4.8-fold on day 5 of treatment.
The differences in MIC-1 induction may be due to the doses
used, 100 mg vs 150 to 400 mg daily for 5 days in the PV vs AML
study, respectively. As MIC-1 is not tumor-specific, differences in
the cellular composition and activation of TP53 between PV and
AML may have also contributed. MCL-1/BCL-xL was down-
regulated in some, but not all patients, suggesting clinical syn-
ergy is variable. Longitudinal flow assessments were limited in
this study; similar biomarker studies in future MDM2 inhibitor
trials may help further characterize and inform the variable
downregulation observed.

Patients with low (≤1.5) BCL-2:BCL-xL and BCL-2:MCL-1 ratios
had a lower ven-idasa response rate. Individually, BCL-xL was
most aligned with nonresponse to ven-idasa, indicating that
BCL-xL may be a resistance factor. The ability of idasa to
inactivate and degrade MCL-1 was observed in some patients
and may explain why MCL-1 was not predictive of response to
this combination. TP53-mut status did not appear to affect the
predictive value of BCL-2 family ratios, nor did TP53-mut
appear to be linked to lower or higher ratios.

Patients with IDH mutations were more responsive to ven-idasa
than those without, consistent with previous reports that IDH
mutations sensitize AML cells to ven treatment.8,27,34 Response
rates were higher with ven-idasa both in IDH1/2-mutated and
wild-type subsets (CRc 50% [7/14] and 18% [7/38], respectively)
compared with those reported for ven monotherapy (CRc 33%
[4/12] and 10% [2/20], respectively). With the caveat of small
numbers and crosstrial comparison, these results suggest that
idasa contributes to the combination’s activity. RUNX1 muta-
tions were also associated with an improved response rate,
consistent with prior observations that RUNX1 mutations are
linked to improved outcomes with ven-based regimens. RUNX1
mutations may sensitize AML cells by reducing the apoptotic
threshold via dysregulation of BCL-2 expression.28,35-37 Muta-
tions in the RAS signaling pathway (N/KRAS, FLT3, CBL,
NF1, PTPN11) were associated with poor responsiveness
th of TP53 mutations on study. In the heat map, detected mutations are indicated
aspirate sampling before therapy discontinuation. Green, favorable mutations; Red,
h graph indicates the VAF of TP53 mutations that emerged on therapy plotted over
2 of 25) emergent TP53 mutations were detectable at low levels in baseline samples
oundation Medicine. Three were not detected at baseline (red). PR, partial response;
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to ven-idasa, consistent with prior studies demonstrating
lower response rates and/or short DoR to ven-based
therapies.25,28,38,39 Although interpretation is limited owing to
small numbers, a proposed hierarchy of responses in the setting
of comutations demonstrates that IDH1/2 and RUNX1 were
favorable prognostic mutations unless they co-occurred with
RAS signaling mutations. In the absence of IDH1/2 or RUNX1
mutations, TP53 was unfavorable. In the absence of IDH1/2,
RUNX1, or TP53-muts, any RAS signaling mutations indicated
poor prognosis.

Antileukemic response rate was 30% in patients with TP53-mut.
Although an association between VAF and response was not
observed, co-occurring mutations in IDH1 and RUNX1 in 2 of the
3 responders were noted, with similar or higher VAFs for these
sensitizing mutations. Though the numbers are small, this sug-
gests that some patients with TP53-mut could still benefit from
ven + MDM2 inhibitor therapy and that the presence of co-
occurring mutations is a potentially important selection factor.
Larger data sets are needed to confirm these observations and to
delineate the ideal patient population for these regimens.

An important question relating to the use of MDM2 antagonists
is whether they select for outgrowth of TP53-mut clones or even
induce de novo TP53-muts. Through deep sequencing analysis,
we determined that most (88% [22/25]) newly detected
TP53-muts were pre-existing before therapy, indicating ven-
idasa likely applies selective pressure for pre-existing TP53
clones in most cases, rather than inducing de novo TP53-muts.
TP53-muts have been shown to emerge over the course of
nontargeted therapies in AML40 and are associated with ven
resistance,41 thus they may not necessarily be MDM2 inhibitor-
specific. Furthermore, the frequency of TP53-mut expansion is
difficult to compare across crosstrial comparisons using different
sequencing panels. Most low-level TP53-muts detected at
baseline did not expand to standard detectable levels (>1%
VAF), whereas expansion was noted in patients with baseline
VAF >1%. It is possible that the low-level TP53-muts are CHiP
clones or transient in nature, as reported in idasa-treated PV.42

Further evaluation is needed to inform the role of ultradeep
sequencing for TP53-muts in directing therapy with MDM2
inhibitors. TP53-muts should be longitudinally tracked with high-
sensitivity monitoring techniques in MDM2 inhibitor trials in AML
to understand the biology of low-level mutations and the clinical
significance of TP53-mut expansion/emergence.

As this study was designed and initiated before ven approval for
first-line treatment of unfit patients with AML, a limitation of the
study was the evaluation of ven retreatment. Recent data of ven in
combination with gilteritinib in R/R FLT3-mutated AML, demon-
strated durable responses and survival benefit in patients with
prior ven treatment,43 suggesting that potential unique synergies
may exist with different ven combinations rendering retreatment
effective. Future studies should be directed toward better
understanding the outcomes of ven with MDM2 inhibitors in both
prior ven-exposed and ven-naïve patients.

Although a number of MDM2 inhibitors have been under
investigation, the largest trial to date has been of idasa in
combination with cytarabine in R/R AML in the phase 3 MIRROS
1274 16 MARCH 2023 | VOLUME 141, NUMBER 11
trial.44 MIRROS failed to demonstrate improved OS compared
with cytarabine, but the ven-idasa combination in this study was
based on a different rationale, with synergies suggested by
preclinical work. The clinical activity observed with ven-idasa,
although moderate, was encouraging, particularly considering
the unfit R/R population, most of whom had failed other
low-intensity treatments and had limited alternative treatment
options.

In summary, ven-idasa demonstrated manageable safety and
encouraging preliminary efficacy in a difficult-to-treat unfit R/R
AML population, supporting further evaluation of combined
BCL-2 and MDM2 inhibition in AML. Correlatives demonstrated
that IDH and RUNX1 mutations were associated with sensitivity to
ven-idasa, including in patients with co-occurring TP53-muts, and
that MDM2 inhibition was associated with the emergence of pre-
existing TP53 clones. Other MDM2 inhibitors (eg, siremadlin,
APG-115) are still in development. Trials of ven with other MDM2
inhibitors as doublets (siremadlin-ven; NCT03940352)45 or triplets
(siremadlin-ven-azacitidine; NCT05155709) are ongoing and are
anticipated to further expand on these findings. The dosing
optimization/myelosuppression approaches, response, molecular,
and pharmacodynamic learnings from this study may guide
optimization of future trial design and patient selection for BCL-2
and MDM2 inhibitor combinations.
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