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Opinion statement

The treatment of acute myeloid leukemia (AML) has evolved considerably over the past
several years. Advances in the field have historically benefited younger patients; however,
a growing understanding of the molecular basis of leukemogenesis has brought multiple
targeted agents to the clinic for patients of all ages. These therapies have expanded the
therapeutic landscape for elderly patients from more than best supportive care and low-
intensity monotherapy. In general, we currently utilize a backbone regimen of a
hypomethylating agent (HMA) or low-intensity chemotherapy with the BCL-2 inhibitor
venetoclax for the majority of elderly patients with newly diagnosed AML. For patients
with targetable mutations, we employ a doublet/triplet strategy of HMA + a targeted
inhibitor +/− venetoclax, often in the context of a clinical trial. CPX-351 is reserved for
patients with secondary or therapy-related AML. In this review, we will outline our
approach to the treatment of elderly patients with AML, with particular emphasis on
recently approved agents and emerging novel therapies.

Introduction

Acute myeloid leukemia (AML) is an aggressive hema-
tologic malignancy of myeloid precursor cells that is
uniformly fatal without therapy. For the past several

decades, therapy has typically been divided into inten-
sive therapy with curative intent for “fit” patients and
non-intensive therapy for patients not deemed fit for an
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intensive approach. An intensive chemotherapy
(IC) approach typical ly entai l s use of an
anthracycline + cytosine arabinoside (AraC) back-
bone followed by consolidation with further che-
motherapy or allogeneic stem cell transplantation
(SCT) [1, 2]. Until recently, options for non-
intensive therapy ranged from supportive care to
single-agent hypomethylating agents (HMAs) [3–
5]. Given that the median age at diagnosis of
AML is 68 and peak incidence is between ages 75
and 85, a majority of patients are considered “el-
derly” and are treated with a non-intensive thera-
peutic approach [6, 5]. Unfortunately, outcomes for

this group of patients have only slightly improved
over the past 40 years, as improvements in the
field have primarily benefited younger patients [7,
8]. This represents the core historical challenge in
treating AML: a majority of clinical trials have not
produced substantial benefits for the largest cohort
of patients, the elderly. In this article, we will give
a brief discussion of advances in intensive thera-
peutic approaches for elderly patients with AML
followed by a more in-depth review of the major
recent advancements in treating elderly patients
with non-intensive therapies.

Defining fitness for intensive chemotherapy

When choosing a therapeutic approach for patients with AML, multiple
disease-related and patient-related factors are incorporated. Knowledge of
a patient’s AML mutational status, cytogenetic abnormalities, and ante-
cedent hematologic illnesses (preceding myelodysplastic syndrome/
myeloproliferative neoplasm (MDS/MPN) or prior exposure to mutagen-
ic therapy) helps risk-stratify patients into favorable, intermediate, and
adverse prognostic categories [9]. Patients with favorable-risk AML can
potentially be cured with IC alone, while patients with adverse-risk AML
generally benefit from allogeneic SCT in CR1 [2, 10]. However, whether
a patient should receive IC +/− SCT is highly dependent on an individ-
ual’s risk for treatment-related morbidity and mortality from this inten-
sive approach. Determining a patient’s ability to tolerate IC +/− SCT is
often paraphrased using the word “fitness,” which is influenced by a
patient’s age, comorbidities, organ function, baseline functional status,
and current level of illness [1, 11]. Of all these factors, age has classi-
cally exerted the most influence, not only as an absolute number but
also because medical comorbidities tend to increase with age [1]. How-
ever, defining an elderly patient is quite variable in AML guidelines and
elderly patients have historically been underrepresented in large AML
trials [12, 13, 8]. Over time, it has become more appreciated that some
elderly patients may be fit enough to tolerate IC. Thus, it is our ap-
proach to determine a patient’s ability to tolerate IC +/− SCT based on
the factors outlined above rather than age alone, and several groups
have developed algorithms for assessing fitness for IC and SCT [14–16].

Despite our emphasis on using fitness rather than age alone to
determine eligibility for an intensive therapeutic approach, elderly AML
patients are much more likely to have several disease-related factors
which make them less likely to benefit from current therapies, regardless
of treatment intensity [17]. Older patients with AML have higher rates of
adverse-risk mutations, unfavorable cytogenetics, an antecedent hemato-
logic disorder, and therapy-related disease, all of which are associated
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with inferior CR rates and poor overall survival (OS) [18, 7, 6, 19, 16].
Given these multiple factors, survival rates for patients with AML con-
tinue to stratify by age, with 5-year OS approaching 50% for patients G
age 60 and ≤ 20% for patients ≥ 60 years old [6, 20].

Treatment of elderly patients eligible for intensive therapy

With regard to choice of IC for fit elderly patients, there is not extensive data
characterizing which regimen is safest and most effective for de novo AML.
However, a phase III randomized trial has compared the intensive regimen
CPX-351 (liposomal daunorubicin + AraC) to the 7+3 regimen (continuous
infusion AraC + daunorubicin) in patients aged 60–75 with secondary AML
(sAML) [21]. The median age was nearly 68, and over 33% of patients were
older than 70. With CPX-351, both CR rates and OS were improved compared
to 7+3 (2-year OS 31.1% with CPX-351 vs 12.3% with 7+3), and 34% of
patients treated with CPX-351 underwent SCT [21]. Early mortality was lower
with CPX-351 (13.7% vs 21.2%), though this difference did not meet statistical
significance [21]. The beneficial effects of CPX-351 compared to 7+3 in this trial
persisted at the most recent analysis with median follow-up of 5 years [22].

Though data for effective IC regimens in elderly patients with de novo AML
is relatively less impressive, a promising therapy was recently described,
consisting of the 5+2 regimen + venetoclax. In the phase Ib dose-escalation
study of 51 patients with a median age of 72, the CR/CRi rate was 97% for de
novo AML with median OS of 31.3 months; inferior efficacy was observed for
sAML (43% CR/CRi and 6.1 months median OS) [23•]. Thirty-day mortality
with 5+2 + venetoclax was 6% in the total cohort [23•].

Older patients that may particularly benefit from IC are those with core-
binding factor (CBF) AML [inv(16), t(16;16), or t(8;21)] because these patients
can potentially be cured with IC alone. In younger patients, the intensive FLAG-
Ida regimen (fludarabine, AraC, GCSF, and idarubicin) is particularly active in
those with favorable-risk AML, such as CBF-AML [2]. However, the use of an
anthracycline makes this regimen potentially toxic for older patients. The anti-
CD33 antibody-drug conjugate gemtuzumab ozogamicin (GO) is active in
patients with favorable-risk AML, and thus, the FLAG-GO regimen was devel-
oped to assess if substituting GO for idarubicin affects outcomes in CBF-AML
[24]. In a non-randomized analysis of 162 patients with CBF-AML treated with
FLAG-Ida or FLAG-GO, FLAG-GO was shown to be highly efficacious across a
wide age range, including patients older than 65 [25]. At median follow-up of
6.5 years, FLAG-GO resulted in a 5-year relapse-free survival rate of 87%
compared to 68% with FLAG-Ida, and thus this is our favored regimen for
patients with CBF-AML who can tolerate IC [25].

Increased use of reduced-intensity conditioning (RIC) regimens, alternative
graft sources (such as haploidentical donors), and improved prophylaxis
against infection and graft-versus-host disease (GvHD) have all improved the
safety of allogeneic SCT in older patients [26, 27]. Although rates of allogeneic
SCT are steadily increasing in patients ≥ 65 years old (G 1% between 2000 and
2007), still only a small minority of elderly patients proceed to SCT based on
more recent estimates (G 7%) [11, 28–30]. However, advances in non-intensive
combination regimens have significantly increased CR rates, permitting more
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elderly patients to proceed to SCT in CR1 [31••]. Though further discussion
regarding the nuances of SCT in this population is outside the scope of this
focused review, it is our overall approach that fit elderly patients with disease-
specific indications for SCT should proceed to SCT if CR is attained with
induction therapy.

Though SCT is the preferred approach for consolidation in fit patients with
adverse-risk disease factors, many patients do not undergo SCT. Recently, a new
therapeutic approach for these patients emerged with the use of oral azacitidine
(CC-486) as post-remissionmaintenance therapy. In the international phase III
QUAZAR AML-001 study, patients ≥ 55 years old with newly diagnosed AML
who achieved CR/CRi with IC but did not proceed to SCT were randomized to
placebo or CC-486 [32••]. Notably, patients were excluded if they achieved CR/
CRi with an HMA. The study enrolled 472 patients (median age 68), a majority
of whom had de novo AML (91%) and intermediate-risk cytogenetics (86%),
and had received some type of chemotherapy consolidation prior to trial
enrollment (80%) [32••]. At median follow-up of 41.2 months, OS was
significantly improved with CC-486 compared to placebo (median OS 24.7
months vs 14.8 months; 2-year OS 50.6% vs 37.1%) [32••]. Furthermore, CC-
486 was well-tolerated, with diarrhea as the most common grade 3 non-
hematologic adverse event (AE) (5% vs 1%) [32••]. Based on these results,
CC-486 received US Food and Drug Administration (FDA) approval in 2020 as
maintenance therapy for patients with AML who were in CR/CRi after IC but
were unable to proceed to SCT.

Evolution of non-intensive regimens for patients ineligible for
IC

To describe how the combination of an HMA + the BCL-2 inhibitor venetoclax
has become a standard-of-care non-intensive option for AML, we will provide a
brief overview of the evolution of non-intensive regimens to provide historical
context. Much of the early success in AML therapy arose from studies of AraC
and anthracyclines between the 1960s and 1980s [33]. However, these early
studies with IC also demonstrated that increasing age correlated with decreased
response rates and increased toxicity [33–35]. Thus, for many years most older
patients with AML were treated with a palliative approach of supportive care
alone +/− hydroxyurea (HU) to control leukocytosis, with median survival
typically ≤ 3 months [30, 8]. In one of the few randomized trials to assess the
role of IC for elderly patients, patients 9 65 years old were randomized to IC or
supportive care [36]. Fifty-eight percent of patients treated with IC achieved CR
and median OS was 21 weeks, compared to median OS of 11 weeks with
supportive care +/− cytoreductive therapy (HU or subcutaneous AraC for leu-
kocytosis) [36]. Although the intention was for the supportive care arm to
receive outpatient management, both groups ultimately spent similar amounts
of time in the hospital due to acute medical complications in the supportive
care arm [36]. A follow-up randomized study compared subcutaneous low-
dose AraC (LDAC) to IC in patients 9 65 years old and demonstrated that IC
produced higher CR rates than LDAC (52% vs 20%) [37]. However, LDAC
resulted in fewer early deaths than IC (10% vs 31%), and thus OS was similar

39 Page 4 of 19 Curr. Treat. Options in Oncol. (2021) 22: 39



between both arms, demonstrating that non-intensive therapy can be safer than
IC for elderly patients with AML [37]. Subsequently, it was shown that LDAC
improvedCR rates and prolongedOS compared to supportive care, establishing
LDAC as a suitable non-intensive therapy [38].

The next advancement in non-intensive therapies came in the 2010s with
two randomized trials demonstrating that the HMAs azacitidine and decitabine
prolonged survival compared to conventional care options (supportive care,
LDAC, or IC) [4, 3]. Though HMAs became the standard-of-care for elderly
patients, neither actually received FDA approval as monotherapy for AML.
Meanwhile, a growing understanding of the molecular and cellular drivers of
leukemogenesis was yielding novel targeted therapy options for AML. AML cells
are highly dependent on the anti-apoptotic BCL-2 family of proteins for surviv-
al, and the small molecule ABT-199 (later known as venetoclax) is a specific and
potent inhibitor of the anti-apoptotic protein BCL-2 [39]. In a phase II study of
patients with relapsed/refractory (R/R) AML, venetoclax produced an overall
response rate (ORR) of 19% and was fairly well-tolerated [40]. This led to a
pivotal phase Ib study assessing the combination of an HMA (azacitidine or
decitabine) + venetoclax in patients ≥ 65 years old and ineligible for IC. HMA +
venetoclax (HMA/VEN) demonstrated promising efficacy, with a CR/CRi rate of
73% in the venetoclax 400 mg dosing cohort [41••]. The subsequent random-
ized phase III VIALE-A trial compared azacitidine (AZA) to azacitidine +
venetoclax (AZA/VEN) in patients ineligible for IC [31]. Compared to AZA
alone, AZA/VEN significantly prolonged OS from 9.6 months to 14.7 months
and increased the CR/CRi rate from 28.3% to 66.4% [31]. AZA/VEN was
generally well-tolerated, though there was increased myelosuppression and a
higher incidence of febrile neutropenia (grade≥ 3 febrile neutropenia AZA/VEN
42% vs AZA 19%) [31••]. Though rates of febrile neutropenia were higher in
the AZA/VEN arm, serious AEs including pneumonia (16% vs 22%) and sepsis
(6% vs 8%) had a similar incidence in the AZA arm, and 30-day mortality was
similar in both arms (7% AZA/VEN vs 6% AZA) [31••]. Based on the results of
the VIALE-A study, an HMA (azacitidine or decitabine) + venetoclax is our
preferred backbone regimen for patients with AML not fit for IC and for a
majority of our elderly patients.

Two additional regimens have been approved for AML: LDAC + venetoclax
(LDAC/VEN) and LDAC + glasdegib. LDAC/VENwas compared to LDAC in the
phase III randomized VIALE-C trial. The addition of venetoclax to LDAC
improved the CR/CRi rate from 13% to 48%; however, the study did not meet
its primary survival endpoint at the initial preplanned analysis [42•]. After an
additional 6 months of follow-up, LDAC/VEN resulted in median OS of 8.4
months compared to 4.1 months with LDAC alone (p=0.04) [42•]. Around the
same time, LDAC/glasdegib was compared to LDAC in a phase II randomized
trial for patients with newly diagnosed, untreated AML or high-risk MDS [43].
Glasdegib is an oral inhibitor of the Hedgehog signaling pathway, which has
been shown to play a role in maintaining the leukemia stem cell (LSC) com-
partment. Among the AML patients, the addition of glasdegib to LDAC im-
provedmedian OS from 4.3months to 8.3 months (pG0.01) and improved the
ORR from 5.3% to 26.9% [43]. Both LDAC/VEN and LDAC/glasdegib are used
less now compared to HMA/VEN and thus will not be further discussed in-
depth in this review. However, both regimens remain possible alternative
treatment options and have received FDA approval for use in elderly patients
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with AML ineligible for IC [43, 42•]. It has not been assessed if either of these
two regimens demonstrates efficacy post-HMA/VEN treatment, though it is
unlikely; patients who progress/relapse after HMA/VEN currently have very
poor outcomes [44].

Current and emerging non-intensive treatment approaches

It has been shown that awaiting molecular/cytogenetic results prior to starting
induction therapy does not worsen outcomes in comparison to immediately
starting therapy, and we use HU and/or AraC to control leukocytosis in the
intervening period [45]. We will present our approach to treatment options for
patients with AML ineligible for IC, summarized in Fig. 1. We will focus on
both current FDA-approved treatment approaches and emerging therapies
primarily studied in clinical trial settings.

IDH-mutated AML
Isocitrate dehydrogenase (IDH) is an enzyme that catalyzes the conversion of
isocitrate to α-ketoglutarate (α-KG) [46]. Recurrent mutations in two IDH
isoforms, IDH1 (6–10%) and IDH2 (9–13%), have been identified in AML
and are more often seen in elderly patients [47, 48]. IDH isoforms harboring
specific pathogenic mutations cannot convert isocitrate to α-KG and instead

Fig. 1. Treatment approach to a newly diagnosed, elderly patient with AML. CBF, core-binding factor; FLAG-GO, fludarabine,
cytarabine, GCSF, gemtuzumab ozogamicin; HMA, hypomethylating agent; VEN, venetoclax; AZA, azacitidine; CLAD, cladribine;
LDAC, low-dose cytarabine; FLT3i, FLT3 inhibitor; IDHi, IDH inhibitor; SCT, allogeneic stem cell transplant. Green boxes contain
regimens/agents that are not FDA-approved and are currently only in clinical trials or are still undergoing preclinical evaluation
(indicated by **). *Use of this regimen includes approved agents, combination use is off-label. **Currently in preclinical models
only. ***CPX-351 is approved for secondary AML; CPX-351+venetoclax is currently in clinical trials
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catalyze the reaction of α-KG to the oncometabolite R-2-hydroxyglutarate (R-2-
HG) [47, 49]. R-2-HG exerts a leukemogenic effect by inhibiting several α-KG-
dependent enzymes involved in epigenetic modifications, thereby leading to
abnormal cell differentiation [46]. The prognostic significance of IDH muta-
tions in AML remains unclear, though a retrospective analysis of 826 patients
with AML (20% IDH-mutated) found that patients with an IDH-mutation had
similar ORR and OS as patients with wild-type IDH [47]. Notably, this study
occurred before IDH-inhibitors (IDHi) or venetoclax were in use.

Historically, non-intensive treatment of IDH-mutated AML was HMA
monotherapy. However, the treatment landscape has broadened following
two pivotal early-phase clinical trials in R/R AML published in the past 4 years
[48, 50]. Specific inhibitors for AML with an IDH1-mutation (ivosidenib) and
IDH2-mutation (enasidenib) are now both FDA-approved for use in patients
with R/R AML harboring these respective mutations. Furthermore, ivosidenib is
also approved for frontline therapy based on efficacy in patients with newly
diagnosed IDH1-mutated AML [51]. Among 33 evaluable patients in the single-
arm study, 30.3% of patients achieved CR [51]. Duration of CR was not
estimable, and median OS was 12.6 months [51]. Despite demonstrated effi-
cacy of these inhibitors as monotherapy, we use HMA/VEN as frontline therapy
for patients with IDH-mutated AML being treated outside of a clinical trial
setting. This is due to (1) efficacy of this regimen in the VIALE-A study, (2) lack
of randomized data for IDHi monotherapy in the frontline setting, (3) dem-
onstrations both in vitro and in vivo that IDH-mutated AML cells are particu-
larly sensitive to BCL-2 inhibition, even without an IDHi [52]. In VIALE-A,
75.4% of patients with IDH-mutated AML treated with AZA/VEN achieved CR,
compared to 10.7% treated with AZA alone [31]. One-year OS was 66.8% with
AZA/VEN compared to 35.7%with AZA [31]. Furthermore, in a pooled analysis
of patients with an IDH1/2 mutation treated in the initial phase Ib HMA/VEN
study or in VIALE-A,medianOSwith AZA/VEN (n=79) was 24.5months and 2-
year OS 52.4%, compared to median OS of 6.2 months and 2-year OS 12.2%
with AZA (n=28) [53].

Emerging strategies to improve outcomes for patients with IDH-mutated
AML that are currently being studied in clinical trials include doublet/triplet
combinations of an IDHi +/− AZA +/− VEN. The phase Ib results of ivosidenib +
AZA for IDH1-mutated AML have recently been published and demonstrated
both safety and efficacy of the combination regimen (NCT02677922) [54]. The
ORR was 78.3%, including a CR rate of 60.9%, and the most common
treatment-related grade ≥ 3 AEs were hematologic (22% neutropenia, 13%
anemia and thrombocytopenia) [54]. With median follow-up of 16 months,
1-year OS is 82% [54]. Based on these results, the randomized, double-blind
phase III AGILE trial comparing ivosidenib +/− AZA is currently evaluating
patients with newly diagnosed IDH1-mutated AML ineligible for IC
(NCT03173248). Similarly, an ongoing phase Ib/II study is also evaluating
enasidenib +/− AZA in patients with newly diagnosed IDH2-mutated AML
ineligible for IC. At interim analysis of 101 patients in the randomized phase
II portion of the study, CR was achieved in 53% of patients treated with
enasidenib + AZA versus 12% with AZA alone; median OS was 22 months in
both arms (NCT02677922) [55]. Lastly, ivosidenib + VEN +/− AZA is being
assessed as a triplet regimen in an ongoing phase Ib/II study of patients with
IDH1-mutated AML or high-risk MDS (NCT03471260). At interim analysis of

Curr. Treat. Options in Oncol. (2021) 22: 39 Page 7 of 19 39



18 evaluable patients with either newly diagnosed or R/R AML, ivosidenib +
VEN +/− AZA produced a composite CR (CRc) rate of 78%, with 3 out of 18
patients proceeding to SCT [56].

FLT3-mutated AML
FLT3 encodes the receptor FMS-like tyrosine kinase 3. FLT3 signal transduction
is involved in normal hematopoiesis and is expressed primarily by normal
hematopoietic stem and early progenitor cells [57]. Overexpression of FLT3 is
found in a high proportion of AML blasts, and activating mutations in FLT3 are
some of the most common mutations in AML [58, 59]. These mutations have
been found in nearly one-third of patients and lead to constitutive kinase
activation with resultant cellular proliferation through multiple downstream
pathways [60]. Internal tandem duplication (ITD) mutations in the
juxtamembrane domain are found in 20–25% of patients, and pointmutations
in the tyrosine kinase domain (TKD) are found in 5–10% of patients [60, 61].
FLT3-ITD mutations are associated with increased risk of relapse and decreased
overall survival, while the prognostic impact of TKDmutations is less clear [62,
63]. The prognostic impact of a FLT3-ITDmutation is further influenced by the
allelic ratio of the ITD mutation and the presence of co-occurring
mutations, particularly in NPM1 [64]. Given the prevalence and negative
prognostic impact of FLT3-ITD mutations, treatment of patients with
FLT3 mutations with FLT3 inhibitors is a topic of great interest and
has evolved significantly over the past 10 years.

FLT3 inhibitors (FLT3i) are divided into type 1 and type 2 inhibitors based
on their ability to inhibit FLT3 with either an ITD or TKD mutation (type 1) or
only an ITD mutation (type 2). First-generation FLT3i include the type 1
inhibitor midostaurin and the type 2 inhibitor sorafenib. Second-generation
inhibitors include gilteritinib (type 1) and quizartinib (type 2). All of these
inhibitors are multikinase inhibitors with off-target effects; however, second-
generation inhibitors are more specific for FLT3 than first-generation inhibitors
[60]. In the pivotal phase III RATIFY trial, the addition of midostaurin to the
7+3 IC regimen improved OS compared to 7+3 alone for patients with FLT3-
mutated AML [13]. In addition, the ADMIRAL trial demonstrated that single-
agent gilteritinib improved OS for patients with R/R FLT3-mutated AML com-
pared to chemotherapy [65]. Despite these successes, no FLT3i has been FDA-
approved yet for use in the frontline setting for patients ineligible for IC. In the
VIALE-A study, patients with FLT3mutations had higher responses to AZA/VEN
compared to AZA (CR rate 72.4% vs 36.4) [31]. In a pooled analysis of patients
with a FLT3 mutation (ITD or TKD) treated in the initial phase Ib HMA/VEN
study or in VIALE-A, AZA/VEN appeared to be more effective compared to AZA
alone, improving median OS from 8.6 months to 13.3 months [66]. However,
subgroup analysis of the initial phase Ib/II trials of HMA/VEN and
LDAC/VEN identified both ITD and TKD mutations as markers of resis-
tance to venetoclax-based combination regimens compared to other
molecular subgroups [67]. Thus, non-intensive regimens incorporating
a FLT3i are being evaluated in clinical trials.

AZA + sorafenib has been evaluated in a single-armphase II study of patients
with FLT3-mutated AML ineligible for IC [68]. Twenty-seven previously un-
treated patients were included and the ORR was 78% (CR 26%) [68]. The
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combination was well-tolerated; however, median OS was only 8.3 months
[68]. The ongoing randomized phase III LACEWING trial (NCT02752035) is
evaluating AZA +/− gilteritinib for patients with a FLT3 mutation ineligible for
IC [69]. Though the randomized cohort is still enrolling, the safety cohort of 15
patients treated with AZA/gilteritinib had a CRc rate of 66.7% [69]. Emerging
non-intensive frontline treatment strategies for patients with FLT3-mutated
AML include triplet combinations of HMA/VEN + FLT3i, based on demonstra-
tion of synergy between FLT3i and venetoclax in preclinical models [70, 71]. In
a phase II trial of patients with AML treated with decitabine + venetoclax (DAC/
VEN), patients with a FLT3 mutation were allowed to take a FLT3i as well
(gilteritinib, sorafenib, or midostaurin) [72]. In subgroup analysis of 16 treat-
ment-naïve patients with a FLT3mutation, 11 received DAC/VEN + FLT3i. The
CRc rate was 10/11, and 2-year OS was 90% [72]. Currently, the triplet combi-
nation of DAC/VEN + the FLT3i quizartinib is being studied in patients with
newly diagnosed or R/R FLT3-mutated AML (NCT03661307) [73]. Though
early, the data thus far demonstrate efficacy with a CRc rate of 9/10 and 6-
month OS of 86% [73]. Lastly, the doublet regimen of gilteritinib + venetoclax
is being evaluated in patients with FLT3-mutated R/R AML, the majority of
whom have had prior FLT3i exposure (NCT03625505). In this heavily
pretreated cohort, the modified CRc rate among 37 evaluable patients was
83.8% (CR/CRi 16.2%) [74]. Based on these studies, using currently approved
non-intensive agents, HMA/VEN appears to have the most efficacy for FLT3-
mutated AML. However, given the likelihood of relapse without incorporation
of a FLT3i and preclinical evidence of synergy between FLT3i and BCL2-inhibi-
tion, venetoclax-based doublet/triplet regimens incorporating a FLT3i may
provide potent options for these patients in the future.

NPM1-mutated AML
The gene NPM1 encodes the protein NPM1 or nucleophosmin, a multifunc-
tional phosphoprotein that shuttles between the nucleus and cytoplasm and
most commonly localizes to nucleoli [75, 76]. It is involved in centrosome
duplication, preventing nucleolar protein aggregation, andDNA repair [77, 76].
Mutated NPM1 has been found in approximately 30% of AML cases, and the
presence of an NPM1 mutation significantly influences a patient’s prognosis
dependent on co-occurring mutations (DNMT3A, FLT3-ITD), cytogenetics, and
age [78, 61, 79]. Pathogenic NPM1 mutations result in an altered NPM1
structure which primarily localizes in the cytoplasm instead of nucleoli, and
mutated NPM1 is typically referred to as NPM1c [75, 76]. In the absence of co-
occurring FLT3-ITD mutations, NPM1c AML generally confers a favorable
prognosis [75, 9].

Subsequent studies have demonstrated that the favorable prognostic impact
of an NPM1 mutation is highly age-dependent [79]. NPM1c AML patients
treated with IC above the age of 65 have a worse OS compared to patients aged
55–65, even in the absence of a co-occurring FLT3-ITD mutation [80, 79]. In
contrast, the use of HMA/VEN for elderly patients with NPM1c AML results in
improved OS and higher CR rates compared to matched historical patients
treated with IC or HMA alone [80]. In the randomized VIALE-A trial, AZA/VEN
resulted in a CR rate of 66.7% compared to 23.5% with AZA alone for patients
with NPM1c AML [31]. Furthermore, in a single-arm phase II trial of decitabine
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for 10 days + venetoclax, newly diagnosed patients with NPM1c AML had a CR/
CRi rate of 95% [81•]. Thus, we use HMA + venetoclax for newly diagnosed
patients with NPM1-mutated AML without a co-occurring FLT3-ITD mutation
who are over the age of 65, regardless of fitness. In general, these patients have
been shown to respondwell to venetoclax-containing regimens, whether paired
with chemotherapy or an HMA [23•, 32••, 31••].

One final point to consider with NPM1c AML is that NPM1 mutations are
leukemic driver mutations [77]. The occurrence of an NPM1mutation appears
to occur late in the process of a leukemogenesis, and the presence of an NPM1
mutation correlates with active or emerging AML. Thus, patients with NPM1c
AML who have achieved CR can be monitored with serial molecular testing for
clearance and reappearance of theirNPM1mutation. Achievement of undetect-
able levels of NPM1-mutations [molecular negativity for measurable residual
disease (MRD)] highly correlates with improved OS, and molecular relapse
predicts hematologic relapse [82]. Given these findings, an intriguing future
possibility is the use of T cell-receptor-based cellular therapy targeting NPM1c
peptides as a means to either eradicate residual disease in patients who have
achieved an MRD-positive CR or as early intervention for patients with molec-
ular relapse. Such strategies are currently being investigated in preclinical
models [83].

TP53-mutated AML
TP53 encodes the tumor suppressor protein p53, the “guardian of the genome.”
The presence of intact p53-mediated pathways is integral to a cell’s ability to
respond to intracellular stressors such as DNA damage, oxidative stress, and
oncogene activation [84, 85]. In response to these triggers, p53 can activate
multiple transcriptional pathways involved in DNA repair, cell cycle control,
and apoptosis [85]. Pathogenic mutations in TP53 are most often missense
mutations in the DNA-binding domain, reducing its ability to function as a
transcription factor [86]. Though somatic TP53mutations are found in approx-
imately 50%of solid tumor samples, they are relatively uncommon in AML (5–
15%) [86, 84]. Furthermore, their occurrence is concentrated in patients with
therapy-related AML and/or complex cytogenetics [61, 87].

TP53-mutated cells are typically less responsive to chemotherapy, likely due
to their reduced ability to enter apoptosis followingDNAdamage [88, 89]. AML
patients with TP53mutations have a decreased response to IC, shorter duration
of CR, poor outcomes after allogeneic SCT, and reduced OS compared to
patients without TP53 mutations, particularly in those ≥ 60 years old [86, 85,
87, 90]. Thus, the presence of a TP53 mutation alone is now classified as an
adverse risk factor [9].

Unfortunately, treatment options for older patients with TP53-mutated AML
are limited using currently approved agents. Historically, these patients were
treated with HMA monotherapy. The combination of HMA + venetoclax has
improved CR rates; however, OS remains poor. Among patients with a TP53-
mutation in the VIALE-A study, AZA/VEN resulted in a CR rate of 55.3%
compared to 0% in patients treated with AZA alone [31]. However, survival
was not significantly improved: 34/38 patients passed away in the AZA/VEN
group compared to 13/14 in the AZA group [31]. Similar results have been
shown for patients with TP53-mutated AML treated frontline with DAC/VEN,
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which resulted in amedianOSof only 6.9months despite a CR/CRi rate of 69%
[81•]. Longer follow-up of the DAC/VEN TP53-mutated cohort revealed medi-
an OS of 5.2 months compared to 19.4 months for patients without a TP53
mutation [91]. Notably, even in TP53-mutated patients who achieved CR/CRi
with DAC/VEN, duration of remission was only 3.5 months, demonstrating
that even responding patients quickly relapse [91].

Though current treatment options for TP53-mutated AML remain limited,
two emerging therapies (APR-246 and magrolimab) have the potential to
significantly improve outcomes for this population of patients in the near
future. The first agent, APR-246, is a methylated form of the small molecule
PRIMA-1. Upon entrance into a cell, APR-246 is degraded into its active com-
pound MQ, which covalently modifies thiol groups in mutant p53, restoring
wild-type function through conformational change [92]. Though this appears
to be the primary mechanism of action of APR-246, it has shown growth-
limiting activity in vitro against wild-type p53 cells also, suggesting an addi-
tional p53-independent mechanism [93]. This secondary mechanism may be
through induction of reactive oxygen species, as APR-246 (through MQ) de-
pletes intracellular stores of the antioxidant glutathione and inhibits the oxido-
reductase enzyme TRXR1 [94, 95]. APR-246 was subsequently carried forward
into clinical trials of TP53-mutated MDS and AML. In a phase II study of
patients with TP53-mutated MDS or TP53-mutated oligoblastic AML, AZA +
APR-246 has demonstrated promising efficacy with an ORR of 87% (53% CR)
and median OS of 11.6 months (NCT03745716) [96]. The most common
treatment-related AEs were nausea/vomiting (58%) and dizziness (31%) [96].
In a second phase II study for TP53-mutated MDS/AML conducted in Europe,
52 patients received AZA + APR-246 [97]. In this study, the ORRwas 76% (53%
CR/CRi) among 38 evaluable patients [97]. Given efficacy of AZA + APR-246,
the combination of AZA/VEN + APR-246 is now being evaluated in a phase I
trial for patients with TP53-mutated AML (NCT04214860).

The second agent that has shown promise for patients with TP53-mutated
AML is the anti-CD47 monoclonal antibody (mAb) magrolimab, previously
known as Hu5F9-G4. CD47 is a transmembrane protein expressed on several
different types of cells [98]. Upon engagement of CD47 with its receptor SIRPα
on phagocytic cells (such as macrophages and dendritic cells), phagocytosis is
inhibited [98]. Thus, CD47 has been characterized as a “don’t-eat-me” anti-
phagocytic immune checkpoint. CD47 is overexpressed on AML cells compared
to normal hematopoietic cells and may potentially be a LSC marker [99].
Treatment with an anti-CD47 mAb inhibits AML LSC engraftment in mice
and increases AML cell phagocytosis [99]. This led to the development of the
anti-CD47 mAb Hu5F9-G4, magrolimab [100]. Though non-leukemic cells
also express CD47, phagocytosis through this pathway is triggered by both
the presence of a pro-phagocytic “eat-me” signal and the absence of an anti-
phagocytic “don’t-eat-me” signal [98]. HMA therapy may increase AML cell
expression of pro-phagocytic markers [98]. Clinically, AZA + magrolimab is
being studied in a phase Ib trial of treatment-naïve patients with AML unfit for
IC (NCT03248479). Among 34 patients evaluable at the most recent analysis,
the CR/CRi rate in the overall population was 56% (44% CR) [101]. In the
group of 21 evaluable patients with a TP53-mutation, the CR/CRi rate was 67%
(48% CR) with median OS of 12.9 months. Notably, there were no immune-
related AEs, and the most common treatment-related AE was anemia (31%)
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[101]. It remains unclear why AZA + magrolimab is effective for patients with a
TP53 mutation, as its mechanism appears to be TP53-independent. It was
recently shown that the presence of a TP53 mutation in MDS and sAML
correlates with an immunosuppressive bone marrow microenvironment,
though CD47 expression was not specifically evaluated in the study [102]. It
is also possible that anti-CD47-mediated cytotoxicity is not as dependent on an
intact TP53-mediated apoptotic pathway as that of conventional chemothera-
py. Magrolimab + AZA/VEN is now being studied in a phase Ib/II trial for
patients with AML (NCT04435691), and additional anti-CD47mAbs are being
evaluated in early stage clinical trials.

Other treatment approaches
Several novel therapeutic approaches for AML are emerging from ongoing
clinical trials, including combinations of multiple low-intensity agents as well
immunotherapies. One efficacious combination approach is a regimen of
cladribine/LDAC alternating with an HMA. Purine analogs, such as cladribine
and fludarabine, have demonstrated efficacy in IC regimens, and thus,
cladribine was added to LDAC/HMA to assess if synergy could be observed
with these low-intensity agents [2, 103]. In a phase II trial of patients ineligible
for IC or ≥ 60 years old with newly diagnosed AML or high-risk MDS,
cladribine/LDAC alternating every 2 cycles with decitabine was evaluated
[104]. Out of 118 patients, 44% were ≥ 70 years old, the CR/CRi rate was
68%, median OS was 13.8 months, and 1-year OS was 64% [104]. Given the
efficacy of this regimen and the synergistic activity of venetoclax, cladribine/
LDAC alternating with AZA is currently being examined in combination with
venetoclax in a phase II study of newly diagnosed AML patients ≥ 60 years old
or ineligible for IC (NCT03586609) [105]. Among 48 evaluable patients, the
CR/CRi rate was 94% and 36 (75%) patients achievedMRD-negative CR/CRi as
assessed byMFC. Four-weekmortality was 0%, and 24%of responding patients
proceeded to SCT [105].

Multiple different means of engaging or eliciting a T cell response against
AML are also being investigated. These include immune checkpoint inhibitor
(ICI) therapies, bispecific T cell engaging antibody-based molecules (BiTE® and
DART®), and chimeric-antigen receptor T cells (CAR-T). The combination of
AZA + nivolumab has shown efficacy in a single-arm phase II study of patients
with R/R AML, resulting in a CR/CRi rate of 22% [106]. A separate single-arm
phase II study of patients with R/R AML treated with AZA + pembrolizumab
resulted in a CR/CRi rate of 14% [107]. Notably, AZA + pembrolizumab was
also evaluated in patients ≥ 65 years old in the frontline setting. In this cohort,
the CR/CRi rate was 47% among 17 evaluable patients, which is higher than the
historical comparison of frontline AZA monotherapy (25–30%) [107, 4]. T cell
engagingmolecules which co-engage the CD3 receptor on T cells and amyeloid
surface marker have also been studied in AML, currently in the relapsed/
refractory setting. These include the CD3-CD123 DART® flotetuzumab and
the CD3-CD33 BiTE® AMG 330. In a phase I/II study of flotetuzumab in
patients with R/R AML, the ORR in 30 patients with early relapse or primary
induction failure was 30% (NCT02152956) [108]. In the phase I study of AMG
330 for patients with R/R AML, 7 out of 42 (16.7%) patients achieved CR/CRi
(NCT02520427) [109]. Lastly, early-phase clinical trials are currently assessing
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the role of CAR-T cells against CD33 or CD123 in patients with R/R AML
(NCT03971799, NCT04109482); results have not been published for either
study yet. However, given that CD33 and CD123 are (1) present on non-
malignant hematopoietic cells and (2) not expressed by all AML blasts, the
risks of both on-target off-tumor toxicity (leading to severe cytokine-release
syndrome and profound myelosuppression) and antigen escape (leading to
early relapse) may limit their use as monotherapy [110]. Thus, these T cell–
based therapies may ultimately be more useful as part of a combination
regimen and/or as means to eradicate MRD after an initial response to induc-
tion therapy.

Conclusion

An elderly patient presenting with newly diagnosed AML continues to present a
challenging clinical situation. In contrast to a younger population, elderly
patients are more likely to present with adverse disease factors and have more
medical comorbidities. However, considerable progress has occurred in the
field compared to 5 years ago, when elderly patients were primarily treated
with best supportive care, LDAC, or HMA monotherapy. There are now multi-
ple new FDA-approved regimens for elderly patients with newly diagnosed
AML, including HMA/VEN, LDAC/VEN, LDAC/glasdegib, and ivosidenib (for
patients with an IDH1-mutation). Furthermore, numerous novel agents and
combination regimens are emerging, which should further expand the thera-
peutic options for this historically difficult-to-treat population and are expected
to provide improvements in both survival and quality-of-life.
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