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Abstract: Standard therapy for acute myeloid leukemia (AML) has 
long consisted of intensive chemotherapy followed by allogeneic 
hematopoietic stem cell transplant. Older individuals (≥60 years), 
who constitute the majority of patients with AML, may not always 
benefit from such intensive approaches owing to increasing frail-
ty, comorbidities, and a higher incidence of adverse-risk disease 
features. Recent years have seen major advances in the develop-
ment of effective low-intensity therapies for AML. Low-intensity 
induction regimens based on hypomethylating agents, venetoclax, 
and nucleoside analogues are highly effective and safe. A great-
er emphasis is being placed on the importance of an accurate 
genetic classification of AML to identify patients who may benefit 
from novel targeted therapies, such as FLT3 and IDH inhibitors. 
Genomic classification also highlights a group of patients with 
high-risk disease (TP53-mutated), for whom improved treatments 
are urgently needed. Finally, given that relapse is the major cause 
of treatment failure in elderly patients with AML, innovative main-
tenance strategies incorporating targeted therapy are being inves-
tigated to delay or prevent relapse. In this article, we provide an 
updated review of the treatment of AML in older patients.

Introduction

Acute myeloid leukemia (AML) is an aggressive malignancy resulting 
from the acquisition of genetic defects within hematopoietic stem 
and progenitor cells.1 AML is characterized by the accumulation of 
poorly differentiated and abnormally proliferative myeloid blasts in 
the blood and bone marrow.2 Roughly 20,000 new cases of AML 
are diagnosed each year in the Unites States. The incidence of AML 
increases with advancing age; the median age of patients at diagnosis 
is 68 years.3 Therefore, a large proportion of patients with AML are 
older persons, variably defined as 60 to 65 years of age and older. 

In young and fit individuals, the standard treatment for AML 
consists of intensive chemotherapy (IC) combining cytarabine and 
an anthracycline, with or without consolidative allogeneic hema-
topoietic stem cell transplant (aHSCT).2 Treating older patients 
with AML in this fashion is challenging and often not feasible for 
2 reasons. First, although age alone is not a contraindication to IC, 

Changing Paradigms in the Treatment of 
Acute Myeloid Leukemia in Older Patients
Alexandre Bazinet, MDCM, and Tapan M. Kadia, MD 
Department of Leukemia, University of Texas MD Anderson Cancer Center, Houston, Texas



38  Clinical Advances in Hematology & Oncology  Volume 20, Issue 1  January 2022

B A Z I N E T  A N D  K A D I A

not achieving CR may still experience benefit in the form 
of disease stability and reduced transfusion requirements.

In recent years, an improved understanding of the 
biology and molecular heterogeneity of AML has led to 
the development of novel low-intensity and molecularly 
targeted therapies. These advances have bridged the gap 
between tolerability and efficacy and have revolutionized 
the treatment of AML in the elderly. This review provides 
a comprehensive overview of the treatment landscape 
in elderly patients with AML, with a focus on accurate 
disease classification at the genetic level.

Intensive Therapy

Although treatment strategies based on IC are generally 
less successful in elderly individuals than in younger ones, 
this approach may still be the best option for a subset of 
older patients. 

Core-Binding Factor AML
AML cases harboring the cytogenetic alteration t(8;21), 
which results in formation of the fusion gene RUNX1-
RUNX1T1, or inv(16)/t(16;16), which results in formation 
of the fusion gene CBFB-MYH11, express fusion proteins 

the incidence of frailty and/or medical comorbidities 
that increase the risk for morbidity and mortality with 
such treatments is increased in the elderly. Second, poor-
risk disease features (eg, adverse cytogenetics, complex 
karyotypes, TP53 mutations, therapy-related AML, and 
antecedent myelodysplastic syndrome [MDS]) are more 
common in the elderly. Owing to their biology, patients 
in these AML categories derive less benefit from intensive 
cytotoxic regimens, with high rates of primary refractory 
disease and relapse.4,5 Therefore, IC poses an increasingly 
unfavorable risk-to-benefit ratio with advancing age.

The hypomethylating agents (HMAs) azacitidine 
(AZA) and decitabine (DAC) have long been considered 
the standard of care for older patients with AML who are 
unfit for IC (Table 1). In phase 3 studies evaluating elderly 
patients with newly diagnosed disease, median overall sur-
vival (OS) was longer with AZA than with conventional 
care regimens (CCRs) in both low (20%-30%) blast count 
AML (24.5 vs 16.0 months; P=.005) and high (>30%) 
blast count AML (10.4 vs 6.5 months; P=.1009).6,7 Like-
wise, DAC has demonstrated efficacy in both low and high 
blast count AML in phase 3 studies.8,9 HMA monotherapy 
is generally well tolerated in older patients, but the rates of 
complete remission (CR) are modest (~15%-20%). Patients 

Table 1. FDA-Approved Therapies for AML Pertinent to Older Patients

Drug Mechanism of Action FDA-Approved Indication

Azacitidine HMA AML with 20%-30% blasts

Decitabine HMA AML with 20%-30% blasts

Gemtuzumab ozogamicin CD33-specific antibody-drug 
conjugate

Newly diagnosed or relapsed/refractory CD33-positive AML

CPX-351 Liposomal formulation of 
cytarabine and daunorubicin at a 
fixed 5:1 molar ratio

Newly diagnosed t-AML or AML-MRC

Venetoclax BCL-2 inhibitor Newly diagnosed AML patients older than 75 years or unfit 
for IC, in combination with HMA or LDAC

Midostaurin Multitargeted kinase inhibitor 
(including FLT3)

Newly diagnosed FLT3-mutated AML, in combination with 
IC

Gilteritinib FLT3 inhibitor Relapsed/refractory FLT3-mutated AML

Ivosidenib IDH1 inhibitor Newly diagnosed IDH1-mutated AML patients older than 
75 years or unfit for IC
Relapsed/refractory IDH1-mutated AML

Enasidenib IDH2 inhibitor Relapsed/refractory IDH2-mutated AML

Glasdegib Hedgehog inhibitor Newly diagnosed AML patients older than 75 years or unfit 
for IC, in combination with LDAC

CC-486 Oral HMA AML in first CR following IC, patients unable to complete 
intensive consolidation

AML, acute myeloid leukemia; AML-MRC, acute myeloid leukemia with myelodysplasia-related cytogenetic changes; CR, complete remission; 
FDA, US Food and Drug Administration; FLT3, FMS-like tyrosine kinase 3; HMA, hypomethylating agent; IC, intensive chemotherapy; IDH1, 
isocitrate dehydrogenase 1; IDH2, isocitrate dehydrogenase 2; LDAC, low-dose cytarabine; t-AML, therapy-related AML.
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that impair core-binding factor (CBF)–mediated transcrip-
tion and result in a differentiation block.10 These cases, 
referred to as CBF AML, demonstrate enhanced sensitivity 
to high-dose cytarabine and are associated with a favorable 
prognosis when treated with IC. Patients 60 years of age and 
younger with CBF AML have CR rates of 87% to 89% and 
a 5-year OS rate greater than 60% with cytarabine-based 
regimens.11 CBF AML is rare in patients 60 years of age 
and older, accounting for fewer than 5% of cases.12,13 In a 
retrospective study of 147 patients 60 years and older with 
CBF AML treated with induction chemotherapy followed 
by low-intensity (n=72) or intensive (n=56) consolidation, 
the CR rate was 88% and the 5-year OS rate was 31%. 
An intensive consolidation strategy was associated with sig-
nificantly longer leukemia-free survival, driven mostly by 
benefit in the t(8;21) cohort.13 Despite outcomes inferior 
to those of their younger counterparts, this finding suggests 
that fit older patients with CBF AML should be offered 
intensive cytarabine-based chemotherapy, as it represents 
an opportunity for cure. 

The addition of the CD33-directed antibody-drug 
conjugate (ADC) gemtuzumab ozogamicin (GO; 
Mylotarg, Pfizer) to IC has been shown to improve OS in 
CBF AML. In an individual patient data meta-analysis of 
5 randomized studies evaluating GO plus IC vs IC alone 
in newly diagnosed AML, the addition of GO was asso-
ciated with an unchanged CR rate but a reduced risk for 
relapse. This translated to an absolute OS benefit of 20.7% 
at 6 years in patients with favorable cytogenetics—namely, 
t(8;21) and inv(16). Notably, the benefit of GO was not 
affected by age in this meta-analysis.14 GO has been com-
bined with daunorubicin/cytarabine (DA), daunorubicin/
clofarabine, and fludarabine/cytarabine/granulocyte col-
ony–stimulating factor (FLAG) regimens in older patients 
with AML, with an acceptable toxicity profile.15,16 Age 
was not associated with worse relapse-free survival (RFS) 
or OS in these studies. Low-dose GO (3 mg/m2 on day 
1) or fractionated dosing (3 mg/m2 on days 1, 4, and 7) 
regimens are preferable because they are associated with 
a lower rate of early mortality and equivalent efficacy in 
comparison with higher doses (6 mg/m2).14 

Non-CBF AML
For most older patients who do not have favorable cyto-
genetics, the benefits of intensive vs less-intensive therapy 
remain poorly defined owing to a lack of randomized 
data. In the AZA-AML-001 trial, patients were randomly 
assigned to AZA or a CCR, which in 1 arm consisted of 
standard IC. No survival differences were noted between 
the patients who received IC (n=44) and those preselected 
for IC as a CCR but then randomly assigned to AZA 
(n=43), with a median OS of 12.2 vs 13.3 months. How-
ever, the numbers of patients in this comparison were too 

few to draw significant conclusions.7 A retrospective obser-
vational study of 671 older (≥65 years) patients with AML 
treated with either IC or HMA-based therapy revealed a 
significantly increased overall response rate (ORR; 47% 
vs 29%) and a trend toward increased 8-week mortality 
(18% vs 11%) with IC. Importantly, the improved ORR 
seen with IC did not translate to improved OS when IC 
was compared with HMA treatment (median OS, 6.7 
months with IC vs 6.5 months with HMA; P=.413).17 
Similar retrospective studies evaluating older patients 
with high-risk therapy-related AML (t-AML), AML with 
an antecedent myeloid malignancy (secondary AML, or 
sAML), or AML with myelodysplasia-related cytogenetic 
changes (AML-MRC) did not observe a survival advan-
tage of IC over HMA.18,19 Median OS was uniformly 
poor in these studies irrespective of treatment intensity 
(5- to 8-month range), indicating the need for improved 
therapies beyond IC and HMA monotherapy in elderly 
patients with AML.

CPX-351 (Vyxeos, Jazz) is now approved for use in 
older patients with t-AML, sAML, or AML-MRC and is 
an important option for those who are fit for intensive 
chemotherapy. CPX-351 is a liposomal formulation of 
cytarabine and daunorubicin at a fixed 5:1 molar ratio 
to optimize synergy. This drug was shown to be superior 
to standard cytarabine/daunorubicin (“7 + 3”) in a phase 
3 randomized controlled trial (RCT), in terms of both 
CR rate (57% vs 40%; P=.04) and OS (median OS, 9.56 
vs 5.95 months; P=.003). Median OS with CPX-351 
was 9.63 months in the age 60 to 69 subgroup and 8.87 
months in the age 70 to 75 subgroup.20 It is unknown 
how CPX-351 would compare with lower-intensity 
therapies in this high-risk population. Attempts to reduce 
the dose of CPX-351 in less-fit patients with the goal of 
minimizing treatment-related mortality while preserving 
efficacy have been unsuccessful.21

Allogeneic Hematopoietic Stem Cell Transplant
A major hurdle in the treatment of older patients with 
AML is the lack of tolerable consolidation strategies. 
Consolidative aHSCT is one of the most effective treat-
ments for preventing relapse in younger patients. With 
the development of reduced-intensity conditioning reg-
imens, the availability of aHSCT has expanded to older 
patients. In older patients with AML who are medically 
fit and have a suitable donor, long-term disease control 
may be achieved with aHSCT. In a prospective phase 
2 study, Devine and colleagues reported a disease-free 
survival rate of 42% and an OS rate of 48% at 2 years 
following reduced-intensity conditioning transplant in a 
select cohort of 114 older patients with AML in first CR 
(median age, 65 years; range, 60-74 years).22 Other retro-
spective studies and meta-analyses also support the notion 
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that aHSCT can yield long-term disease control in fit 
older patients with AML.23-25 In practice, however, fewer 
than 1 in 10 patients with AML aged 60 or older undergo 
aHSCT.26 This highlights the need for alternative consol-
idation strategies in older individuals, including effective 
maintenance therapies and immune-based approaches.

Assessment of Fitness for Intensive Chemotherapy
The assessment of an elderly patient’s fitness for IC is 
often subjective and left to the judgment of the treating 
physician. The hematopoietic stem cell transplant–specific 
comorbidity index (HCT-CI) has been validated to pre-
dict survival following IC in older patients with AML.27,28 
Sorror and colleagues recently published an AML com-
posite model (AML-CM) to predict 1-year mortality after 
initial therapy for AML by augmenting the HCT-CI with 
hypoalbuminemia, thrombocytopenia, elevated lactate 
dehydrogenase, age, and cytogenetic/molecular risk.29 
This model incorporates both patient- and disease-specific 
characteristics and provides a more objective method for 
assigning patients to the appropriate treatment intensity. 
Geriatric assessment evaluates measures of functional 
status (including a battery of physical tests), comorbidi-
ties, cognitive function, socioeconomic status, and other 
factors to identify vulnerable older adults.30 Geriatric 
assessment is a predictor of OS in intensively treated 
older patients with AML.28 Prediction tools such as the 
AML-CM and geriatric assessment have yet to be widely 
adopted in clinical practice.

Low-Intensity Therapy

The poor tolerability of IC in the elderly, as well as its 
limited efficacy in non-CBF AML, have stimulated the 
development of low-intensity treatment regimens. Despite 
major advances in recent years, the treatment of elderly/
unfit patients with AML continues to represent an unmet 
clinical need owing to their adverse disease biology and 
inferior survival in comparison with younger patients.

Venetoclax-Based Combinations
Venetoclax (Venclexta, AbbVie) is an oral small-molecule 
inhibitor of the anti-apoptotic protein BCL-2. Many hema-
tologic malignancies, including AML, leverage BCL-2 to 
sequester pro-apoptotic proteins such as BIM and BAX. 
Venetoclax is capable of displacing these pro-apoptotic sig-
nals from BCL-2 in “primed” cells, thus promoting apop-
tosis.31 As a single agent, venetoclax demonstrated modest 
activity in a cohort of 32 patients with relapsed/refractory 
(n=30) or untreated (n=2) AML, with a combined CR/CR 
with incomplete blood count recovery (CRi) rate of 19% 
and a median OS of 4.7 months.32 

The efficacy of venetoclax is greatly enhanced within 

combination regimens. Notably, HMAs synergize with 
BCL-2 inhibitors by reducing the expression of MCL-
1, a known promoter of resistance to venetoclax.33,34 
Following promising data from a phase 1b/2 study,35 the 
phase 3 RCT VIALE-A randomly assigned patients with 
untreated AML ineligible for IC (owing to age ≥75 years 
or comorbidities) to receive either AZA plus venetoclax 
or AZA alone.36 CR/CRi rates (66.4% vs 28.3%; P<.001) 
and median OS (14.7 vs 9.6 months; P<.001) were sig-
nificantly better in the patients in the combination arm. 
Responses (CR/CRi) with AZA/venetoclax occurred 
rapidly (usually after cycle 1) and were durable (median, 
17.5 months). The addition of venetoclax was associated 
with increased hematologic toxicity, especially thrombo-
cytopenia, neutropenia, and febrile neutropenia. More 
than half of the patients in the combination arm required 
treatment delays and/or a reduction in the duration of 
venetoclax administration (ie, 21 of 28 days per cycle 
instead of 28 of 28 days) to allow count recovery. Despite 
the increased toxicity of venetoclax, VIALE-A established 
AZA plus venetoclax as the new standard of care for older/
unfit patients with AML.

In parallel with VIALE-A, the phase 3 RCT VIALE-C 
randomly assigned patients with newly diagnosed AML 
who were unfit for IC to receive venetoclax plus low-dose 
cytarabine (LDAC) or LDAC alone.37 The study did not 
meet its primary endpoint because the OS benefit in the 
combination arm did not reach statistical significance at 
the time of preplanned analysis at median follow-up of 
12 months (median OS, 7.2 vs 4.1 months; P=.11). An 
additional unplanned analysis performed after an addi-
tional 6 months of follow-up demonstrated a significant 
advantage in median OS with venetoclax plus LDAC (8.4 
vs 4.1 months; P=.04). CR/CRi rates were 48% and 13% 
for venetoclax plus LDAC and LDAC alone, respectively. 
It should be noted that 20% of the patients in VIALE-C 
had previously been exposed to HMAs for MDS before 
transformation to AML, a key patient population that was 
excluded from VIALE-A. These patients had a CR/CRi 
rate of 25% with venetoclax plus LDAC and a median OS 
of 5.5 months. This trial provided valuable outcome data 
for a venetoclax-based regimen in this clinically relevant 
and challenging population of elderly patients with AML.

Venetoclax is currently approved in combination 
with AZA, DAC, or LDAC for the treatment of newly 
diagnosed AML in patients who are 75 years of age and 
older or who are ineligible for IC. These venetoclax-based 
combinations appear particularly effective in patients 
with IDH1, IDH2, and NPM1 mutations, who exhibit 
improved rates of response and prolonged remissions.35-39 
On the other hand, activating kinase mutations such as 
FLT3-ITD and NRAS/KRAS are associated with faster 
relapse and primary refractoriness.39 This finding is par-



Clinical Advances in Hematology & Oncology  Volume 20, Issue 1  January 2022  41

A C U T E  M Y E L O I D  L E U K E M I A  I N  O L D E R  PA T I E N T S

ticularly relevant given the availability of targeted FLT3 
inhibitors (discussed later). Patients with TP53 mutations 
and complex karyotypes do poorly when treated with 
venetoclax/AZA and venetoclax/LDAC, with lower 
response rates and short OS.36,37,39 In addition, clinical 
and in vitro evidence suggests that AML with monocytic 
differentiation is more resistant to venetoclax-based ther-
apy, possibly owing to a shift in reliance from BCL-2 to 
MCL-1.40

Double Nucleoside Analogue Regimens
Cladribine and clofarabine are purine nucleoside ana-
logues that inhibit ribonucleotide reductase, leading to 
deoxynucleotide depletion and inhibition of DNA syn-
thesis. Importantly, these drugs enhance the conversion of 
cytarabine to its active metabolite (ara-CTP), which then 
accumulates within leukemic blasts.41,42 To exploit this 
synergy, cladribine or clofarabine has been combined with 
LDAC in double nucleoside analogue therapy (DNT) 
regimens.42 These combinations represent alternative 
low-intensity chemotherapy backbones with high efficacy 
and low toxicity in the elderly.

In 2 single-arm phase 2 studies, cladribine or clofar-
abine was combined with LDAC in patients 60 years and 
older with newly diagnosed AML.43,44 The DNT cycles 
were alternated with cycles of DAC for a total of up to 
18 cycles. In an updated analysis of these 2 studies after 
a median follow-up of 60 months, cladribine/LDAC 
(n=129) and clofarabine/LDAC (n=119), both alternat-
ing with DAC, led to combined CR/CRi rates of 66% 
and 67%, respectively.42 Responses were rapid, occurring 
after a median of 1 cycle. Toxicities were generally man-
ageable, and the DNT regimens had low 4- and 8-week 
mortality rates (2% and 11%, respectively). Median OS 
was 13.8 months for cladribine/LDAC and 10.4 months 
for clofarabine/LDAC, values comparing favorably with 
OS in historical controls treated with HMA monother-
apy. Higher composite CR (CRc) rates and longer median 
OS were observed in patients with NPM1 (97%, 28.7 
months), FLT3-ITD (95%, 15.2 months), IDH2 (92%, 
16.9 months), or FLT3-D835 (83%, 17 months) muta-
tions. Interestingly, patients harboring RUNX1 muta-
tions, a factor generally associated with a poor prognosis 
in intensively treated patients,45 had a 63% CR/CRi rate 
and a median OS of 17.6 months.42 Unfortunately, sim-
ilarly to what was observed in VIALE-A and VIALE-C, 
patients with TP53 mutations and adverse karyotypes did 
poorly with the DNT regimen (CR/CRi rates of 44% and 
56%, median OS 5.4 and 8.2 months, respectively).

An ongoing phase 2 study (NCT03586609) is explor-
ing the addition of venetoclax to cladribine/LDAC  alter-
nating with AZA in older (age ≥60 years) or unfit patients 
with newly diagnosed AML (Table 2). Preliminary results 

of this study (48 patients; median follow-up, 11 months) 
demonstrate an impressive CR/CRi rate of 94% and a 
12-month OS rate of 70%.46  

FLT3-Mutated AML

Mutations in the FMS-like tyrosine kinase 3 gene (FLT3) 
are common leukemic drivers in AML, occurring in 
approximately one-third of patients.47,48 They are generally 
less common in the elderly.49 These mutations, which can 
be internal tandem duplications (FLT3-ITD) or involve 
the tyrosine kinase domain (FLT3-TKD), result in consti-
tutive activation and promote uncontrolled cellular pro-
liferation/survival.50 Therefore, small-molecule oral FLT3 
inhibitors have been developed for the treatment of AML.

Two FLT3 inhibitors, midostaurin (Rydapt, Novartis) 
and gilteritinib (Xospata, Astellas), are currently approved 
by the FDA for the treatment of FLT3-mutated AML. 
RATIFY, a phase 3 RCT, demonstrated that the addition of 
midostaurin, a multitargeted kinase inhibitor, to standard 
IC improved OS in younger patients (aged 18-59 years) 
with newly diagnosed FLT3-mutated AML.51 Although 
older patients were excluded from RATIFY, the FDA label 
for midostaurin has no upper age limit, and a phase 2 study 
has shown that patients aged 61 to 70 years benefit from 
improved event-free survival (EFS) with the addition of 
midostaurin to IC.52 In the relapsed/refractory setting, the 
ADMIRAL study showed that gilteritinib, a more potent 
and specific FLT3 inhibitor, was superior to IC in terms of 
response rates and OS.53 Ongoing research is exploring the 
addition of FLT3 inhibitors to low-intensity backbones for 
older patients with FLT3-mutated AML.

The multikinase inhibitor sorafenib (Nexavar, Bayer) 
was evaluated in combination with AZA in both relapsed/
refractory and untreated FLT3-mutated AML in a series 
of phase 2 studies.54,55 This combination led to CR/CRi 
rates of 43% and 70% in the relapsed and frontline set-
tings, respectively. The median duration of remission was 
short in the patients with relapsed/refractory disease (2.3 
months) but much longer in the untreated patients (14.5 
months). Notably, the toxicity observed when sorafenib 
was combined with the low-intensity AZA backbone was 
considerably less than the toxicity previously observed 
when sorafenib was combined with IC.56

The phase 3 LACEWING trial compared the com-
bination of gilteritinib and AZA vs AZA alone in the 
treatment of patients (aged ≥65 years and/or unfit) with 
newly diagnosed FLT3-mutated AML. Although the 
combination was associated with relatively high response 
rates (CRc of 67%), it failed to demonstrate improved 
OS at a planned interim analysis, and enrollment was 
terminated early.57,58

Other combinations currently being explored 
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include venetoclax plus gilteritinib for relapsed/refrac-
tory FLT3-mutated AML (NCT03625505), which has 
demonstrated high rates (86%) of modified composite 
CR (mCRc, consisting of CR + CRi + CR with incom-
plete platelet recovery + morphologic leukemia-free 
state).59 In addition, triplet regimens such as AZA plus 
venetoclax plus gilteritinib (NCT04140487) and DAC 
plus venetoclax plus investigator’s choice of FLT3 inhib-
itor (NCT03404193) are in the early phases of clinical 
evaluation. Early results from the DAC-based triplet 
study show high rates of CRc in the untreated (96%; 
n=12) and relapsed/refractory (62%; n=13) cohorts. Of 
note, this study allowed various FLT3 inhibitors (gilter-
itinib, sorafenib, and midostaurin), which complicates 
interpretation of the data.60 Because prolonged myelo-
suppression has been observed with these combinations, 
further investigation is required to identify the optimal 
drug doses and administration schedules.

Overall, the optimal frontline treatment for elderly 
patients with FLT3-mutated AML remains unclear at the 
present time as FLT3 inhibitors combined with low-inten-
sity backbones continue to be evaluated in clinical trials.

IDH1/2-Mutated AML

Recurrent isocitrate dehydrogenase 1 and 2 (IDH1, 
IDH2) gene mutations are identified in roughly 15% to 
20% of cases of AML.47,61,62 These mutated IDH enzymes 
generate the oncometabolite 2-hydroxyglutarate (2HG), 
which promotes DNA hypermethylation and impairs 
myeloid differentiation via inhibition of TET2. Criti-
cally, 2HG-induced leukemic transformation is revers-
ible upon elimination of the abnormal metabolite.63 
These findings led to the development of the targeted 
agents ivosidenib (Tibsovo, Agios; an IDH1 inhibitor) 
and enasidenib (Idhifa, Celgene; an IDH2 inhibitor) for 
the treatment of AML with IDH1 or IDH2 mutations, 
respectively.

Ivosidenib first demonstrated encouraging activity 
in relapsed/refractory IDH1-mutated AML (CR plus CR 
with partial hematologic recovery [CRh] rate of 30.4%, 
lasting a median of 8.2 months).64 Likewise, in patients 
with newly diagnosed disease who were ineligible for 
IC, ivosidenib monotherapy was associated with a CR/
CRh rate of 42.4% (median duration of remission not 
reached).65 These studies led to the FDA approval of 
ivosidenib for IDH1-mutated AML in both the relapsed/
refractory and frontline (patients unfit or aged ≥75 years) 
settings. Ivosidenib was then combined with an AZA 
backbone in 23 patients with newly diagnosed IDH1-mu-
tated disease to exploit synergy between these 2 agents 
in inducing differentiation. With the combination, the 
CR/CRh rate was 69.6%, and median OS had not been 

reached after a median follow-up of 16 months.66 This 
prompted the phase 3 RCT AGILE (NCT03173248), 
which compared ivosidenib plus AZA vs AZA alone in 
patients with newly diagnosed IDH1-mutated AML who 
were ineligible for IC. AGILE was recently announced to 
have met its primary endpoint of improved EFS as well 
as its secondary endpoints, including CR and OS.67 A 
detailed analysis of these data is pending.

Likewise, the IDH2 inhibitor enasidenib has been 
shown to be effective as monotherapy for relapsed/refrac-
tory IDH2-mutated AML in a phase 1/2 study (CR/
CRi, 26.1%; median OS, 9.3 months).68 As a result, the 
FDA approved enasidenib in 2017 for this indication. In 
addition, enasidenib has demonstrated efficacy as mono-
therapy in the frontline setting (CR/CRi, 21%; median 
OS, 11.3 months) and in combination with AZA (CR, 
53%; ORR, 71%; median OS, 22 months).69,70

IDH inhibitors are generally well-tolerated drugs in 
the elderly. By reducing 2HG levels, they promote the 
differentiation of myeloid blasts, and treatment results in 
progressive hematologic improvement without inducing 
aplasia.64 A differentiation syndrome characterized by neu-
trophilic leukocytosis, fever, hypotension, edema, renal 
failure, and effusions occurred at rates ranging from 9.6% 
to 18% across the major IDH inhibitor trials.64-66,68-70 Dif-
ferentiation syndrome is managed with temporary IDH 
inhibitor discontinuation, glucocorticoids, diuresis, and 
cytoreduction with hydroxyurea.64

In summary, IDH inhibitors induce modest CR rates 
as single agents, but a larger proportion of patients may 
experience benefit in the form of stable disease. These 
drugs appear to be more effective when combined with 
an AZA backbone. Following VIALE-A and the estab-
lishment of AZA/venetoclax as the new standard of care 
in elderly and/or unfit patients with AML, ongoing and 
future research should focus on evaluating the benefits of 
adding an IDH inhibitor to an AZA/venetoclax backbone 
(triplet regimen) or sequentially adding one as long-term 
therapy after an initial response to AZA/venetoclax in 
patients with  IDH-mutated AML. Early data for the 
AZA/venetoclax/ivosidenib triplet revealed very high 
response rates (ORR, 100%; CR/CRi, 85%; n=13).71

TP53-Mutated AML

Outcomes in patients who have AML with TP53 muta-
tions, which are often associated with adverse/complex 
karyotypes,72 are consistently poor with current treatment 
modalities. In older patients with TP53-mutated AML, 
response rates are better with the addition of venetoclax to 
an HMA than with an HMA alone but remain lower than 
those in patients without TP53 mutations. In addition, 
the responses are short-lived (3.4-5.6 months), and OS 
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is poor (5.2-7.2 months).35,36,73,74 A higher TP53-mutant 
variant allele frequency also may have an adverse effect 
on prognosis. In patients treated with cytarabine-based 
regimens, a TP53-mutant variant allele frequency greater 
than 40% was associated with a significant reduction in 
OS (4.7 vs 7.3 months).75 Given these findings, clinical 
trial enrollment, if possible, is often the best option for 
older patients with TP53-mutated AML. Several drugs 
focusing on TP53-mutated AML are currently undergo-
ing development. 

Eprenetapopt (APR-246), a small molecule reported 
to restore p53 function,76 initially showed encouraging 
activity in TP53-mutated MDS and AML in phase 1/2 
trials when combined with AZA, with reported ORRs 
of 52% to 71% (CRs ranged from 37% to 44%).77,78 
Unfortunately, the follow-up phase 3 RCT comparing the 
combination of eprenetapopt and AZA vs AZA alone in 
TP53-mutated MDS failed to meet its primary endpoint 
of CR rate.79 APR-548, an orally bioavailable second-gen-
eration p53 reactivator, is undergoing phase 1 trials in 

MDS in combination with AZA (NCT04638309).
CD47 is a macrophage immune checkpoint that 

inhibits phagocytosis and is overexpressed on AML 
cells.80 The anti-CD47 antibody magrolimab promotes 
the elimination of leukemic cells via phagocytosis. It also 
displays synergy with AZA, which promotes expression 
of pro-phagocytic signals on leukemic blasts.81 The 
combination of magrolimab and AZA was evaluated in 
a phase 1b trial for the treatment of patients with newly 
diagnosed AML who were unfit for IC. The cohort 
(n=52) was enriched for poor-risk cytogenetics (64%) 
and TP53 mutations (65%). The patients with TP53-mu-
tated disease had a CR/CRi rate of 67%. The responses 
lasted a median of 9.9 months, and the median OS was 
12.9 months. These results compared favorably with 
historical expectations for AZA/venetoclax in TP53-mu-
tated AML.82 Building on these results, investigators 
are currently evaluating a triplet regimen consisting of 
AZA, venetoclax, and magrolimab in a phase 1b/2 study 
(NCT04435691).

Table 2. Selected Clinical Trials Exploring Novel Therapeutic Strategies Relevant in Elderly Patients With AML

NCT Identifier Phase Regimen Population

NCT03586609 2 Cladribine + LDAC + venetoclax 
alternating with AZA + venetoclax

Newly diagnosed AML, older/unfit patients

NCT02752035 3 AZA + gilteritinib Newly diagnosed FLT3-mutated AML, 
patients unfit for IC

NCT03625505 1b Venetoclax + gilteritinib Relapsed/refractory FLT3-mutated AML

NCT04140487 1/2 AZA + venetoclax + gilteritinib Relapsed/refractory FLT3-mutated AML

NCT03404193 2 DAC + venetoclax + FLT3 inhibitor Relapsed/refractory FLT3-mutated AML

NCT03173248 3 AZA + ivosidenib Newly diagnosed IDH1-mutated AML, 
patients unfit for IC

NCT03471260 1b/2 AZA + venetoclax + ivosidenib IDH1-mutated AML, patients unfit for IC

NCT03248479 1b AZA + magrolimab Newly diagnosed and relapsed/refractory 
AML

NCT04435691 1b/2 AZA + venetoclax + magrolimab Newly diagnosed and relapsed/refractory 
AML

NCT03797261 1b Venetoclax + AMG 176 (dual BH3 
mimetic combination)

Relapsed/refractory AML

NCT03218683 1/1b/2a Venetoclax + AZD5991 (dual BH3 
mimetic combination)

Relapsed/refractory AML

NCT03672695 1b Venetoclax + S64315 (dual BH3 
mimetic combination)

Newly diagnosed unfit or relapsed/refractory 
AML

NCT04062266 2 AZA + venetoclax maintenance AML in CR, patients ineligible for aHSCT

NCT05010772 1b DAC + venetoclax or gilteritinib or 
ivosidenib or enasidenib maintenance 
based on molecular profile

AML in CR, patients ineligible for aHSCT

aHSCT, allogeneic hematopoietic stem cell transplant; AML, acute myeloid leukemia; AZA, azacitidine; CR, complete remission; DAC, decitabine; 
FLT3, FMS-like tyrosine kinase 3; IC, intensive chemotherapy; IDH1, isocitrate dehydrogenase 1; LDAC, low-dose cytarabine; NCT, National 
Clinical Trial number. 
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Laboratory and clinical data have shown that 
TP53-mutated AML clones are selected for and expand 
following venetoclax treatment.39,83 This may be a conse-
quence of lower levels of pro-apoptotic proteins such as 
BAX in p53-deficient cells, resulting in a higher apoptotic 
threshold. In vitro and in vivo data suggest that combined 
BH3-mimetic therapy, which can be achieved by com-
bining venetoclax (a BCL-2 inhibitor) with an MCL-1 
inhibitor, may overcome the resistance.83,84 Several ear-
ly-phase clinical trials are exploring this strategy in AML 
(NCT03797261, NCT03218683, and NCT03672695).85

Maintenance Therapy

High-dose cytarabine and aHSCT are 2 of the most pow-
erful consolidation strategies in AML. Elderly patients are 
often ineligible for such therapies and thus have high rates 
of relapse. This problem has prompted investigation into 
maintenance therapy in AML. Maintenance consists of 
administering prolonged, easily tolerated treatments with 
the goal of delaying or preventing relapse in patients who 
have achieved remission. 

The QUAZAR AML-001 study was a phase 3 
RCT that randomized older aHSCT-ineligible patients 
with AML in first CR after IC to receive either CC-486 
(Onureg, Bristol Myers Squibb; an oral formulation of 
AZA) or placebo. The treatment was continued until AML 
recurred or toxicity became unacceptable. The patients who 
received CC-486 experienced significantly longer OS in 
comparison with those who received placebo (median OS, 
24.7 vs 14.8 months). Although associated with increased 
hematologic and gastrointestinal toxicities, CC-486 was 
generally well tolerated, and only 13% of the patients in 
the active treatment arm discontinued therapy owing to 
adverse events.86 This study provided proof of concept that 
maintenance is a feasible strategy in older patients with 
AML who are unfit for intensive consolidation and led to 
the 2020 FDA approval of CC-486. A significant limita-
tion of this study was that it did not include patients in CR 
following low-intensity induction regimens.

AZA plus venetoclax is highly active in AML in the 
frontline setting.36 However, prolonged administration of 
this combination at full dose leads to significant myelo-
suppression. Therefore, a phase 2 trial has been designed 
to evaluate lower doses of AZA plus venetoclax as mainte-
nance for aHSCT-ineligible patients with AML who have 
achieved remission after both high- and low-intensity 
induction regimens (NCT04062266). In addition, novel 
personalized maintenance strategies combining an oral 
low-dose HMA (DAC) with a targeted agent selected 
according to the individual patient’s genetic profile (vene-
toclax, gilteritinib, ivosidenib, or enasidenib) are being 
investigated (NCT05010772).

Immunotherapy-based maintenance strategies have 
also been explored. The programmed death 1 inhibitor 
nivolumab (Opdivo, Bristol Myers Squibb) was evaluated 
in a phase 2 single-arm study in high-risk, aHSCT-ineligi-
ble patients with AML in remission (n=15). At a median 
follow-up of 30.4 months, median RFS was 8.48 months 
and median OS was not reached.87 A phase 2 random-
ized trial of nivolumab vs observation as maintenance 
therapy in patients with AML in first CR is ongoing 
(NCT02275533). The immunomodulator lenalidomide 
(Revlimid, Celgene) has also been evaluated as mainte-
nance therapy for high-risk aHSCT-ineligible patients. 
In a phase 2 study that included 28 patients, lenalido-
mide maintenance was associated with a median RFS of 
23 months, and median OS was not reached. However, 
patients with sAML or t-AML did poorly, with a median 
RFS and median OS of 2.5 and 6.7 months, respectively.88 
At present, no immune-based maintenance therapy has 
been FDA-approved for AML. 

Conclusion

Although intensive therapy may still be the best option 
for a subset of older patients with AML, such as those 
with CBF AML, lower-intensity approaches are increas-
ingly being favored. These regimens are highly effective 
in inducing CR and have favorable toxicity profiles. 
Backbone regimens, such as AZA plus venetoclax and 
DNT regimens, are broadly active across multiple genetic 
AML categories. For patients with a targetable mutation 
(eg, FLT3 or IDH1/2), the addition of a mutation-specific 
inhibitor to backbone regimens has shown promising 
results in clinical trials and will likely become the stan-
dard of care in the clinic within the coming years. Further 
research is required to delineate the optimal therapy in 
patients with TP53-mutated AML, in whom outcomes 
continue to be dismal with current approaches. Mag-
rolimab and dual BH3-mimetic therapy are promising 
avenues in this patient group. Finally, all the previously 
mentioned low-intensity therapies are generally not con-
sidered curative, and rates of relapse continue to be high. 
Therefore, maintenance therapies that can be adminis-
tered over prolonged periods to delay or prevent relapse 
should continue to be explored.
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