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, and sponsored in part by the Charif Souki Cancer Research Fund,
we outline clinical trials offered for patients with myeloproliferative neoplasms. Learn
more about our

Acute myeloid leukemia therapy in
older adults: A shift towards highly

effective targeted oral therapies
1. Introduction

Acute myeloid leukemia (AML) demonstrates an increased
incidence in older patients, with a median age at diagnosis of
68 years.! It is the most common acute leukemia in adults and
responsible for considerable morbidity and mortality. Standard
therapy for AML is generally based on intensive chemotherapy
composed of cytarabine and anthracyclines. Older patients
with AML (usually defined as aged 60 years and above) have
inferior outcomes compared to younger patients due to
adverse disease biology and increased toxicity from therapy.?
Historically, therapies for older patients with AML ineligible for
standard chemotherapy consisted of hypomethylating agents
(HMAs) alone (azacitidine, decitabine), low-dose cytarabine, or
best supportive care. These were generally poorly effective
and resulted in short survival.3

The development of the oral BCL-2 inhibitor venetoclax has
dramatically altered the therapeutic landscape for older
patients with AML. AML blasts leverage BCL-2 to sequester
pro-apoptotic proteins, thus evading apoptosis, a process
referred to as “priming”. Release of these pro-apoptotic
proteins by venetoclax results in leukemic cell apoptosis.* As
monotherapy, venetoclax demonstrates limited activity in AML.°
However, the combination of venetoclax with low-intensity
chemotherapy such as HMAs or cytarabine is effective in
inducing remissions and prolonging survival in AML.% 7 1n 2020,
the randomized VIALE-A study established the superiority of
azacitidine plus venetoclax over azacitidine alone in terms of
remission rates and overall survival (OS).® This defined a new
standard of care in patients with AML ineligible for intensive
chemotherapy. Multiple retrospective studies have shown that
low-intensity therapy such as azacitidine plus venetoclax
compares favorably to intensive chemotherapy in terms of the
risk-benefit ratio in older patients with AML.8 9 In addition, a
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randomized study comparing low-intensity
versus intensive chemotherapy in patients
potentially eligible for both is ongoing

( )-

Azacitidine plus venetoclax requires parenteral
administration of the azacitidine component,
generally consisting of 7 days of infusion clinic
visits or subcutaneous injections. This makes
the regimen less portable, is inconvenient in an
older and/or frail population and poses a strain
on caregivers. Fully oral regimens are
generally preferred by patients and caregivers.

ASTX727 (decitabine/cedazuridine) is an oral
formulation of the HMA decitabine with
demonstrated area-under-curve (AUC)
equivalence.’® With the advent of oral HMAs
such as ASTX727, effective fully oral
combination regimens are now a possibility for
the treatment of AML.

2. ASTX727 (decitabine/cedazuridine) plus
venetoclax: A new backbone on which to
build

We evaluated the fully oral combination of
ASTX727 plus venetoclax in 49 patients with
newly diagnosed AML at MD Anderson Cancer
Center in a phase 2 study. The combination
was generally well tolerated and resulted in an
overall response rate of 64% and a median OS
of 11.5 months in the frontline setting. When
excluding patients with treated secondary AML
to obtain a population comparable to VIALE-A,
the median OS was 13.5 months, similar to
that obtained with parenteral azacitidine plus
venetoclax in  VIALE-A (14.7 months)."
Although our practice is to admit patients
during the induction cycle for close monitoring,
consolidation cycles can be given in the
outpatient setting with close monitoring of
blood counts, prophylactic antibiotics, and
transfusion support if needed. This oral
regimen is convenient for patients and
caregivers. This study is open for further
recruitment at MD Anderson.

The benefit of ASTX727 plus venetoclax is not
uniform across AML subgroups. In patients with

AML, risk stratification has traditionally been
performed using the ELN classification, which
is validated in patients treated with intensive
chemotherapy. However, the ELN risk
stratification performs poorly in patients treated
with HMA plus venetoclax doublets. Recently, a
novel system has been proposed to predict the
expected benefit with HMA plus venetoclax
based on the mutational status of 4 genes
(FLT3-ITD, NRAS, KRAS, and TP53). Patients
without any such mutations are expected to
derive the most benefit. Patients with FLT3-ITD
and/or N/KRAS mutations derive an
intermediate benefit while patients with TP53
have a low benefit.'? In our study of ASTX727
plus  venetoclax, patients with  high,
intermediate, and low predicted benefit using
the above system had a median OS of 16.2,
9.1, and 2.0 months, respectively.!

3. Building on the ASTX727 plus venetoclax
backbone with targeted agents: Fully oral
triplet combinations
AML is a genetically heterogeneous disease.
Numerous chromosomal and genetic
alterations have been described, many of
which are amenable to direct targeting using
oral small molecule inhibitors. We established
previously that 44% of patients with AML aged
60 years and over had a targetable genetic
abnormality, namely FLT3-ITD or TKD, IDH1,
IDH2, NPM1, or KMT2A rearrangements.'3 In
patients harboring these genetic changes, the
addition of a third targeted agent to ASTX727
plus venetoclax (within oral triplet regimens) is
an attractive strategy to potentially enhance
efficacy.

3.1 FLT3-mutated AML
FLT3 mutations, consisting of either internal
tandem duplication (ITD) or tyrosine kinase
domain (TKD) mutations are one of the most
common genetic lesions in AML. They are
identified in approximately 20% of older
patients with AML.'3 FLT3-ITD confers an
adverse prognosis, with shortened remissions
and OS. FLT3-ITD mutations are also an
adaptive resistance mechanism to venetoclax-
based therapy.'®
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Gilteritinib is a small molecule FLT3 inhibitor
active in both FLT3-ITD and FLT3-TKD. In the
phase 3 LACEWING study, the addition of
gilteritinib to azacitidine did not improve OS
compared to azacitidine alone, although this
study was not blinded and many patients in the
azacitidine arm went off study early and
subsequently received gilteritinib.'® Given the
synergy between FLT3 inhibitors and
venetoclax,'” triplet regimens consisting of
HMA plus venetoclax plus a FLT3 inhibitor are
currently being investigated. In a phase 1/2
study, the combination of azacitidine,
venetoclax, and gilteritinib was evaluated in 52
patients with FLT3 -mutated AML (30 frontline,
22 relapsed/refractory). The triplet combination
demonstrated very high response rates (90%
complete remission [CR], 6% CR with
incomplete blood count recovery [CRIi]). The
18-month OS and relapse-free survival (RFS)
were 72% and 71%, respectively. Additive
toxicity is a concern with the administration of
an increasing number of drugs. Therefore,
venetoclax duration was limited to 14 days in
induction (assuming bone marrow blast
clearance on day 14) and to 7 days in
consolidation.'8

An oral adaptation of this regimen consisting of
ASTX727, venetoclax, and gilteritinib is
currently available as a clinical trial at MDACC.
Early results of this study in relapsed/refractory
AML (n=15) showed an overall response rate
of 53%." This study is currently open for
enrollment in patients with newly diagnosed
FLT3-mutated AML who are age = 75 years or
ineligible for intensive chemotherapy.

3.2 IDH1 and IDH2-mutated AML

Mutations in IDH1 and IDH2 are respectively
identified in 8% and 13% of older patients with
AML." Mutated IDH enzymes generate the
oncometabolite  2-hydroxyglutarate (2-HG),
which leads to DNA hypermethylation and
alterations in gene  expression and
differentiation.2® Importantly, these cellular
effects are reversible with elimination of 2-

HG.2' The IDH1 inhibitor ivosidenib and IDH2
inhibitor enasidenib are both active as single
agents in IDH-mutated AML.22 23 |n addition,
the combination of the IDH1 inhibitor ivosidenib
with azacitidine has been shown to result in
superior rates of CR/CRi and longer OS
compared to azacitidine alone in a phase 3
randomized trial.2* The addition of enasidenib
to azacitidine was shown to improve overall
response rates compared to azacitidine alone
in a phase 1b/2 trial.25 Furthermore, AML with
IDH1 or IDH2 mutations display heightened
sensitivity to venetoclax.'® 26 Therefore, triplet
regimens incorporating an HMA, venetoclax,
and the appropriate IDH inhibitor are emerging
strategies in IDH1 and IDH2-mutated AML
ineligible for intensive chemotherapy.

Early data evaluating the combination of
azacitidine, venetoclax, and ivosidenib in IDH1-
mutated myeloid neoplasms (n=19)
demonstrated an overall response rate of
100% and 12-month OS of 85%.2” The
azacitidine, venetoclax, and enasidenib triplet
was evaluated in 7 patients with
relapsed/refractory IDH2 -mutated AML and
showed a CR/CRIi rate of 86% and 6-month OS
of 70%.28

By replacing azacitidine with oral ASTX727 as
the HMA backbone, an oral triplet combination
comprising ASTX727 plus venetoclax plus
either ivosidenib or enasidenib has been
developed and is currently being evaluated at
MDACC in a phase 1b/2 trial. In the 50 frontline
patients currently enrolled and evaluable for
response, the CR/CRh/CRi rate is 96% and the
median OS is not yet reached.??

3.3 NPM1-mutated and KMT2A-rearranged
AML

NPM1 mutations are identified in 20% of older
patients with AML. KMT2A (formerly MLL),
located on chromosome 11923, is rearranged
(KMT2Ar) more commonly in younger patients
(12%) compared to older patients (3%)."3 Acute
leukemias with NPM1 or KMTZ2Ar depend on
an aberrant HOX-MEIS1 gene expression



program. The protein menin is a key co-factor
for this gene expression program and is
susceptible to inhibition by oral small molecule
inhibitors.3®  Of note, many other AML
genotypes are predicted to rely on this HOX-
MEIS1 gene expression program and may also
exhibit sensitivity to menin inhibition. This is an
active field of research.30

Although many menin inhibitors are currently in
clinical development, SNDX-5613 (revumenib)
is currently the most studied. As a single agent
in relapsed/refractory AML with NPM1 or
KMTAr, treatment with revumenib resulted in
an impressive overall response rate of 53%.3"

The phase 1/2 study SAVE is currently
evaluating the triplet oral combination of
ASTX727, venetoclax, and revumenib in
relapsed/refractory AML. Early results of this
study have shown an overall response rate of
100% in the first 7 patients treated.3? This
study protocol was recently amended to allow
the enrollment of patients with newly diagnosed
AML and is currently recruiting at MD
Anderson.

4. Maintenance therapy

Consolidative allogeneic stem cell
transplantation (SCT) is recommended in most
patients with non-favorable risk AML if they are
appropriate candidates. Older patients may not
be eligible for allogeneic SCT due to frailty,
comorbidities, or extremes of age. In addition,
some patients may be unable to complete the
originally planned therapy due to emergent
toxicities or complications. In these cases,
prolonged administration of low-dose oral
chemotherapy is of interest as a strategy to
prevent or delay relapse.

Oral azacitidine (CC-486) is currently approved
by the FDA as maintenance therapy in patients
with AML in first remission who are ineligible for
SCT. We recently published our experience in
combining low-dose parenteral azacitidine plus
venetoclax as maintenance therapy in AML. In

this phase 2 study, maintenance therapy led to
a RFS of 56% at 2 years. In patients with
genetically sensitive disease (NPM1, IDH1, or
IDH2 mutated), RFS was 79% at 2 years.33

Given a fully oral regimen is preferable in the
maintenance setting for prolonged outpatient
administration, we have developed a multi-arm
phase 1b study evaluating a maintenance
regimen consisting of an ASTX727 backbone
combined with physician’s choice of a targeted
agent (venetoclax, gilteritinib, ivosidenib, or
enasidenib) selected based on the individual
patient’s genetic profile. At the most recent
update including 23 patients, the median RFS
and OS were not reached in any of the
treatment arms.34

5. Conclusions

Convenient fully oral regimens are an emerging
therapeutic strategy in older or chemotherapy-
ineligible patients with  AML. Increasing
knowledge of the genetic landscape of AML
allows these regimens to be personalized to
the individual patient via addition of targeted
agents. Currently available studies at MD
Anderson discussed in this article are
summarized in Table 1.
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Table 1: Clinical trials available at MD

Anderson evaluating fully oral regimens in

patients with newly diagnosed AML who are

ineligible for intensive chemotherapy due to

age or comorbidities.

Study ID Target population Fully oral regimen
NCTO4746235 Any AML ASTHT27 + venetoclax
MCTO5010122 FLT3-ITD or FLT3-TKD mutated ASTXT27 + venetoclax + gilteritinib
MNCT04774353 IDHI-mutated ASTHT27 + venetoclax + ivosidenib
MCTO4774353 IDH2-mutated ASTX727 + venetoclax + enasidenib
MNCT05360160 NPMI-mutated ASTHT2T + venetoclax + revurmenib
KMT2A-rearranged
Other emerging genotypes
(NUPSE, others)
MCTO5010772 Any in remission (maintenance) | ASTX727 + physician’s choice (venetoclax,
gilteritinib, ivosidenib, or enasidenib)

References Novak J, Laribi K, et al. Venetoclax plus LDAC for

1. Howlader N, Noone A, Krapcho M, Miller D, Brest newly diagnosed AML ineligible for intensive
A, Yu M, et al. SEER Cancer Statistics Review, chemotherapy: a phase 3 randomized placebo-
1975-2018 Bethesda, MD: National Cancer controlled trial. Blood. 2020;135(24):2137-45.
Institute; 2021 [Available from: 8. Maiti A, DiNardo CD, Qiao W, Kadia TM, Jabbour

. EJ, Rausch CR, et al. Ten-day decitabine with

2. Bazinet A, Kadia TM. Changing paradigms in the venetoclax versus intensive chemotherapy in
treatment of acute myeloid leukemia in older relapsed or refractory acute myeloid leukemia: A
patients. Clin Adv Hematol Oncol. 2022;20(1):37- propensity score-matched analysis. Cancer.
46. 2021;127(22):4213-20.

3. Bazinet A, Kantarjan HM. Moving toward 9. Cherry EM, Abbott D, Amaya M, McMahon C,
individualized target-based therapies in acute Schwartz M, Rosser J, et al. Venetoclax and
myeloid leukemia. Ann Oncol. 2023;34(2):141-51. azacitidine compared with induction chemotherapy

4. Konopleva M, Letai A. BCL-2 inhibition in AML: an for newly diagnosed patients with acute myeloid
unexpected bonus? Blood. 2018;132(10):1007-12. leukemia. Blood Adv. 2021;5(24):5565-73.

5. Konopleva M, Pollyea DA, Potluri J, Chyla B, 10. Garcia-Manero G, Giriffiths EA, Steensma DP,
Hogdal L, Busman T, et al. Efficacy and Biological Roboz GJ, Wells R, McCloskey J, et al. Oral
Correlates of Response in a Phase Il Study of cedazuridine/decitabine for MDS and CMML: a
Venetoclax Monotherapy in Patients with Acute phase 2 pharmacokinetic/pharmacodynamic
Myelogenous Leukemia. Cancer Discov. randomized crossover study. Blood.
2016;6(10):1106-17. 2020;136(6):674-83.

6. DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, 11. Bazinet A, Garcia-Manero G, Short N, Alvarado Y,
Garcia JS, Wei AH, et al. Azacitidine and Bataller A, Abuasab T, et al. Oral decitabine and
Venetoclax in Previously Untreated Acute Myeloid cedazuridine plus venetoclax for older or unfit
Leukemia. N Engl J Med. 2020;383(7):617-29. patients with acute myeloid leukaemia: a phase 2

7. Wei AH, Montesinos P, Ivanov V, DiNardo CD, study. Lancet Haematol. 2024;11(4):e276-e86.


https://urldefense.com/v3/__https:/seer.cancer.gov/csr/1975_2018/__;!!PfbeBCCAmug!gupHvZtBkjJAiXUHAOaofpYJ6Oh_DXFiQBna4_msD4uxyUAWuNE3yoT-9mom9mGM8faqA752Zx_TrFLV7-2C_jGF6_PgeOECePA$

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Doéhner H, Pratz KW, DiNardo CD, Jonas BA,
Pullarkat VA, Thirman MJ, et al. ELN Risk
Stratification Is Not Predictive of Outcomes for
Treatment-Naive Patients with Acute Myeloid
Leukemia Treated with Venetoclax and Azacitidine.
Blood. 2022;140(Supplement 1):1441-4.

Bataller A, DiNardo CD, Bazinet A, Daver NG, Maiti
A, Borthakur G, et al. Targetable genetic
abnormalities in patients with acute myeloblastic
leukemia across age groups. Am J Hematol.
2024;99(4):792-6.

Frohling S, Schlenk RF, Breitruck J, Benner A,
Kreitmeier S, Tobis K, et al. Prognostic significance
of activating FLT3 mutations in younger adults (16 to
60 years) with acute myeloid leukemia and normal
cytogenetics: a study of the AML Study Group Ulm.
Blood. 2002;100(13):4372-80.

DiNardo CD, Tiong IS, Quaglieri A, MacRaild S,
Loghavi S, Brown FC, et al. Molecular patterns of
response and treatment failure after frontline
venetoclax combinations in older patients with AML.
Blood. 2020;135(11):791-803.

Wang ES, Montesinos P, Minden MD, Lee JH,
Heuser M, Naoe T, et al. Phase 3 trial of gilteritinib
plus azacitidine vs azacitidine for newly diagnosed
FLT3mut+ AML ineligible for intensive
chemotherapy. Blood. 2022;140(17):1845-57.

Singh Mali R, Zhang Q, DeFilippis RA, Cavazos A,
Kuruvilla VM, Raman J, et al. Venetoclax combines
synergistically with FLT3 inhibition to effectively
target leukemic cells in FLT3-ITD+ acute myeloid
leukemia models. Haematologica.
2021;106(4):1034-46.

Short NJ, Daver N, Dinardo CD, Kadia T, Nasr LF,
Macaron W, et al. Azacitidine, Venetoclax, and
Gilteritinib in Newly Diagnosed and Relapsed or
Refractory FLT3-Mutated AML. J Clin Oncol.
2024;42(13):1499-508.

Briski R, Short NJ, Daver N, Kadia TM, DiNardo CD,
Yilmaz M, et al. A Phase I/l Study of Combination of
ASTX727, Gilteritinib and Venetoclax in Patients with
Relapsed/Refractory FLT3 Mutated Acute Myeloid
Leukemia (AML). Blood. 2023;142(Supplement
1):2910-.

Figueroa ME, Abdel-Wahab O, Lu C, Ward PS, Patel
J, Shih A, et al. Leukemic IDH1 and IDH2 mutations
result in a hypermethylation phenotype, disrupt TET2
function, and impair hematopoietic differentiation.
Cancer Cell. 2010;18(6):553-67.

Losman JA, Looper RE, Koivunen P, Lee S,
Schneider RK, McMahon C, et al. (R)-2-
hydroxyglutarate is  sufficient to  promote

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

leukemogenesis and its effects are reversible.
Science. 2013;339(6127):1621-5.

DiNardo CD, Stein EM, de Botton S, Roboz GJ,
Altman JK, Mims AS, et al. Durable Remissions with
Ivosidenib in IDH1-Mutated Relapsed or Refractory
AML. N Engl J Med. 2018;378(25):2386-98.

Stein EM, DiNardo CD, Pollyea DA, Fathi AT, Roboz
GJ, Altman JK, et al. Enasidenib in mutant IDH2
relapsed or refractory acute myeloid leukemia.
Blood. 2017;130(6):722-31.

Montesinos P, Recher C, Vives S, Zarzycka E,
Wang J, Bertani G, et al. Ivosidenib and Azacitidine
in IDH1-Mutated Acute Myeloid Leukemia. N Engl J
Med. 2022;386(16):1519-31.

DiNardo CD, Schuh AC, Stein EM, Montesinos P,
Wei AH, de Botton S, et al. Enasidenib plus
azacitidine versus azacitidine alone in patients with
newly diagnosed, mutant-IDH2 acute myeloid
leukaemia (AG221-AML-005): a single-arm, phase
1b and randomised, phase 2 trial. Lancet Oncol.
2021;22(11):1597-608.

Chan SM, Thomas D, Corces-Zimmerman MR, Xavy
S, Rastogi S, Hong WJ, et al Isocitrate
dehydrogenase 1 and 2 mutations induce BCL-2
dependence in acute myeloid leukemia. Nat Med.
2015;21(2):178-84.

Lachowiez CA, Loghavi S, Zeng Z, Tanaka T, Kim
YJ, Uryu H, et al. A Phase Ib/ll Study of Ivosidenib
with Venetoclax +/- Azacitidine in IDH1-Mutated
Myeloid Malignancies. Blood Cancer Discov.
2023;4(4):276-93.

Venugopal S, Takahashi K, Daver N, Maiti A,
Borthakur G, Loghavi S, et al. Efficacy and safety of
enasidenib and azacitidine combination in patients
with IDH2 mutated acute myeloid leukemia and not
eligible for intensive chemotherapy. Blood Cancer J.
2022;12(1):10.

Atluri H, Mullin J, Takahashi K, Loghavi S, Maiti A,
Sasaki K, et al. Phase Ib/2 Study of Oral
Decitabine/Cedazuridine (ASTX727) and Venetoclax
in Combination with the Targeted Mutant IDH1
Inhibitor Ivosidenib or the Targeted Mutant IDH2
Inhibitor ~ Enasidenib: 2023 Update. Blood.
2023;142:968.

Issa GC, Ravandi F, DiNardo CD, Jabbour E,
Kantarjian HM, Andreeff M. Therapeutic implications
of menin inhibition in acute leukemias. Leukemia.
2021;35(9):2482-95.

Issa GC, Aldoss I, DiPersio J, Cuglievan B, Stone R,
Arellano M, et al. The menin inhibitor revumenib in
KMT2A-rearranged or NPM1-mutant leukaemia.
Nature. 2023;615(7954):920-4.



|

32. Issa GC, Cuglievan B, DiNardo CD, Short NJ,
McCall D, Gibson A, et al. Early Results of the
Phase I/l Study Investigating the All-Oral
Combination of the Menin Inhibitor Revumenib
(SNDX-5613) with Decitabine/Cedazuridine
(ASTX727) and Venetoclax in Acute Myeloid
Leukemia (SAVE). Blood. 2023;142(Supplement
1):58-.

33. Bazinet A, Kantarjian H, Bataller A, Pemmaraju N,
Borthakur G, Chien K, et al. Reduced dose
azacitidine plus venetoclax as maintenance therapy
in acute myeloid leukaemia following intensive or
low-intensity induction: a single-centre, single-arm,
phase 2 trial. Lancet Haematol. 2024;11(4):e287-
€98.

34. Bazinet A, Kantarjian HM, Ravandi F, Short NJ,
Daver N, Ohanian M, et al. Decitabine/Cedazuridine
(ASTX727) Combined with a Molecularly-Targeted
Agent (Venetoclax, Gilteritinib, Ivosidenib, or
Enasidenib) As Personalized Maintenance Therapy
in Acute Myeloid Leukemia: First Results from a
Phase 1b Study. Blood. 2023;142(Supplement
1):2909-.



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7

