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Abstract: Acute myeloid leukemia (AML) is a heterogeneous blood-related neoplasm that predomi-
nantly afflicts older adults with a poor prognosis due to their physical condition and the presence
of medical accompanying comorbidities, adverse biological disease features, and suitability for in-
duction intensive chemotherapy and allogenic stem cells transplantation. Recent research into the
molecular and biological factors contributing to disease development and progression has led to
significant advancements in treatment approaches for older patients with AML. This review article
discusses the latest biological and therapeutic developments that are transforming the management
of AML in older adults.

Keywords: genomic profiling; targeted therapies; hypomethylating agents; venetoclax-based combi-
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1. Introduction

Acute myeloid leukemias (AMLs) are genetically diverse and heterogeneous age-
related hematological malignancies [1–3]; the vast majority of patients are older and feature
distinct biological and molecular backgrounds compared to younger individuals [2–5].
Indeed, there is a significant difference in the number and character of the disease’s drivers,
with a more complex scenario of genomic abnormalities found in advanced age [4]. AML
onset occurs in patients with a median age of 68 years [6], portraying a very dismal clinical
outcome. Indeed, traditional treatment approaches, relying on intensive chemotherapy
(ICT) regimens followed by allogeneic stem cell transplantation (SCT), produce a disap-
pointing overall survival (OS) of about 10% [6]. Moreover, most patients are unsuitable to
these standard measures due to the accompanying comorbidity burden, personal vulnera-
bility, and socioenvironmental frailties. However, recent insights into disease pathobiology
have improved our understanding of the driving biological mechanisms involved in AML
development, clonal expansion, and disease progression [2–5]. The increasing knowledge
of AML (genetic, epigenetic, metabolic, and microenvironmental) biology [7–11] is leading
to a prominent role in a comprehensive diagnostic work-up in the prognostication process
and tailored treatment decisions [1,8]. The most recent classification systems, such as the
fifth update to the World Health Organization (WHO) Classification of Hematolymphoid
Tumors (WHO-5) [12] and the International Consensus Classification (ICC) of myeloid
neoplasms and acute leukemia [13], emphasize the significance of complex biological data
over the relatively simplistic approaches used in the past [14–17]. After four decades of
using one-for-all ICT, we are using targeted treatments tailored to single-patient disease
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biology and aimed at the specific vulnerability of leukemic stem cells (LSC). Targeting
particular characteristics within tumor cell pathways is gaining traction, including focusing
on genetic and epigenetic traits, apoptotic regulators, micro-environmental pathways, and
immune-system modulators. Treatments based on these targets are currently available or
in clinical development for AML [1,5,18]. All this effort and the availability of machine
learning (ML) applications [19–23], with their transformative impact and potential perspec-
tives for profound innovations, might change the fate of the vast majority of AML patients,
including those older and frail [1,5]. All that makes these diseases a fascinating setting
for clinical research and daily clinical practice. Hence, we summarized the most recent
advances in biological understanding and therapeutic approaches in AML, excluding acute
promyelocytic leukemia (APL), outside the aim of our review article.

2. Search Strategy and Selection Criteria

References for this updated review were identified through PubMed searches using
multiple search terms related to several aspects of the biology, diagnosis, prognostication,
and clinical management of older individuals with AML, considering only studies pub-
lished in English until October 2024. With some exceptions, only papers published over the
last three years have summarized the most recent developments as up-to-date as possible.

3. AML Profiling for Diagnosis and Prognosis
3.1. Nucleic Acids

The development of molecular biology technologies represented a game changer in
the knowledge of cancer biology. AMLs are pathologies of the hemopoietic stem cell (HSC),
involving rapid growth and accumulation of abnormal leukemic cells in the bone marrow
(BM) and peripheral blood (PB) as well as in extramedullary sites [1]. Phenotypic features
reflect distinct backgrounds among HSC at different stages of differentiation, LSC, and
proliferating AML blasts [2,16,18]. Understanding the molecular mechanisms underly-
ing AML pathogenesis (Figure 1) [5] is essential for developing novel therapies [24–30]
for specific biological targets [2,31]. Whenever possible, the comprehensive mapping of
molecular alterations through a study of single alterations with frequent mutations [5,7,8]
and next-generation sequencing (NGS) panels should be performed beyond conventional
karyotyping [1,16,17]. In clinics, there are three main categories [1,5] of AML: so-called
primary disease, such as de novo or newly diagnosed (ND) AML, secondary (s-AML),
and therapy-related AML (t-AML) [1,5,32]. The distinction reflects fundamental biological
underpinnings since de novo AMLs feature a less complex background than diseases
emerging from previous hematologic malignancies [1,32], such as myeloproliferative dis-
orders (MPNs) [32,33] and myelodysplastic neoplasms (MDS) [34] as well as from clonal
hematopoiesis (CH), which is long-lasting premalignant conditions prevailing in individ-
uals over 70 [35]. Also, t-AMLs that result from exposure to chemotherapeutic agents,
radiation, or toxins [32] express a particularly complex biology. Accumulating acquired
somatic mutations, interfering with the normal development of HSCs, drives the leukemic
process. In this regard, CH-related genes (ASXL1, TET2, SRSF2, and DNMT3A) are most
frequently mutated in older patients [2,32]. In most cases, they appear to be a relatively
early event in leukemogenesis. In contrast, other genomic abnormalities, including mu-
tations in FLT3, NRAS, and RUNX1 [2,5,33], tend to be acquired later during leukemia
development. As mentioned before, it is also important for therapeutic decisions to cate-
gorize acquired genetic mutations that characterize AMLs into specific pathways [2,5,32].
Activating mutations involving genes that sustain cell proliferation and survival, such as
FLT3, NRAS, KRAS, and c-KIT, lead to the uncontrolled growth of LSCs. In contrast, muta-
tions in genes related to DNA repair (e.g., TP53) [36–38], cohesin complex (e.g., RAD21),
and spliceosome machinery (e.g., SF3B1, SRSF2, U2AF1, and ZRSR2) contribute to leuke-
mogenesis and disease progression [2,5,33]. In addition, transcription factors (e.g., CEBPA,
RUNX1, PML/RARa) and epigenetic regulators (e.g., TET2, IDH1/2, DNMT3A, ASXL1, and
EZH2) affect genes involved in hematopoietic metabolism and differentiation [2,5]. Also,
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mutations in specific genes that control epigenetic status, such as DNA methylation and
histone modifications, are crucial in the development of AML. These mutations lead to
abnormal epigenetic patterns, changes in gene expression profiles, and the disruption
of the differentiation of HSC [2,5,39]. In AML secondary to MPNs, the most common
mutation is JAK2 V617F, which accounts for 98% of polycythemia vera (PV) and 55–60%
of essential thrombocythemia (ET) and myelofibrosis cases [32]. However, it is impor-
tant to thoroughly examine the genomic data to identify other potential candidates as
leukemic driver mutations (oncosuppressors, epigenetic regulators, spliceosome modu-
lators, or signal transduction genes). In contrast, in MDS, the most frequent mutations
directly affect members of the spliceosome, such as SF3B1, SRSF2, U2AF1, and ZRSR2,
as well as genes involved in DNA methylation and chromatin remodeling, such as TET2,
DNMT3A, IDH1/2, and ASXL1 [34]. A recently published study [40] reported on 49 PV and
ET patients on the way to s-AML progression. The genetic sequencing demonstrated that
cells might acquire so-called “long-term” (e.g., TP53 and ATM) “short-term” mutations.
In such a study, the former developed over many years and conferred a poor prognosis,
whereas the latter led to rapid malignant transformation [40]. Finally, genetic variations
in DNA excision repair systems, essential in maintaining genomic integrity and stability,
can have a role in leukemogenesis [41]. As a result, the development of AML involves a
complicated interaction of genetic mutations, epigenetic changes, and disrupted cellular
signaling pathways. These factors lead to the transformation of normal HSCs into LSCs
with uncontrolled self-renewal properties, driving the progression of the disease [2–5].
In myeloid-oriented LSCs, the phenotype CD34/CD123/CD25/CD99+ correlates with
FLT3- internal tandem duplication (ITD)-positivity [42]. These cells overexpress CD99
antigen, which, due to its limited presence in normal cells, could be an optimal target
for monoclonal antibody treatments or chimeric antigen receptor (CAR) T-cell therapy
approaches [43,44]. FLT3 mutations, such as ITD and tyrosine kinase domain (TKD), acti-
vate the FLT-3 receptor pathway, leading to the uncontrolled growth of LSCs. FLT3-ITD
allelic ratio (AR) plays a role in the context of NPM1 mutations, where AR < 0.5 or ≥0.5
defines favorable or intermediate prognostic categories [16]. Patients harboring FLT-3
mutations present with increased blasts in BM and PB at the AML onset and tend to have
shorter progression-free survival (PFS) and OS. In particular, FLT-3 ITD mutations signifi-
cantly affect the complexity of disease biology and prognosis [24,25,45–47]. Other genetic
abnormalities are potential targets for specific drugs [47,48]. For example, mutations in
the active sites of isocitrate dehydrogenase 1 (IDH1) and 2 (IDH2), which are reported
at frequencies of 6–16% and 8–19%, respectively, are significant in AML [25,48]. Indeed,
the latter enzymes convert isocitrate to α-ketoglutarate, producing nicotinamide adenine
dinucleotide phosphate (NADPH). Therefore, these gene mutations reduce α-ketoglutarate
and increase the NADPH-dependent conversion of α-ketoglutarate to 2-hydroxyglutarate
(2-HG). In turn, the accumulation of 2-HG in cells competitively inhibits α-ketoglutarate-
dependent processes as the function of the TET2 enzyme, whose mutation afflicts about 20%
of AML [25,48–50]. The latter enzyme converts 5-methyl cytosine to 5-hydroxy methylcyto-
sine. Therefore, IDH 1/2 or TET2 mutations affect cytosine 5-hydroxymethylation of DNA,
leading to mutually exclusive hypermethylation patterns [25,49,50]. Furthermore, high
levels of 2-HG inhibit cytochrome C oxidase, making cells more susceptible to apoptosis
when the activity of B-cell leukemia/lymphoma 2 (BCL-2) is inhibited [51]. For AMLs
characterized by mutations in specific genes such as lysine methyltransferase 2a (KMT2A,
also known as MLL1) [52] and nucleophosmin-1 (NPM1) [53,54], new compounds, such as
menin inhibitors [55–61], have been developed and are currently in clinical investigations.
KMT2A, located on chromosome 11q23, is a DNA-binding protein essential for regular
cellular growth. The interaction with some proteins, such as menin, which regulates gene
expression through histone methylation, influences its DNA binding. Abnormalities in
the KMT2A gene occur in 70–80% of cases of infant leukemia, and they are rarely found
in older AML patients [24,59,60]. Still, they are common in those with t-AML [32,58,61],
particularly if they have received topoisomerase II inhibitors. The NPM1 gene encodes a
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multifunctional protein prevalently located in the nucleoli and shuttles between the nuclear
and cytoplasmic compartments. Importantly, NPM1-mutated AML cells exhibit abnormal
cytoplasmic localization [53,54]. NPM1 is a nuclear chaperone protein with several cellular
functions, including ribosomal synthesis, stress response, and genomic stability [53–55].
In AML with normal karyotype, NPM1 is the most commonly mutated gene (30–35% of
adult and 50% of elder AMLs) [54,55]. Notably, overlapping features between t-AML and
de novo NPM1 AMLs suggest they can represent a single disease entity [62].
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Figure 1. Effects of critical mutations on cellular function and pathophysiology of AML. In the
cytoplasm, isocitrate is converted to alpha-ketoglutarate (A-KG). However, IDH1 mutations reduce
A-KG to D-2-hydroxyglutarate (D-2-HG), an oncometabolite. D-2-HG then travels to the nucleus and
inhibits TET2, blocking DNA demethylation. Additionally, D-2-HG is created via the reduction in the
mitochondria by mutant IDH2 enzymes from Krebs cycle-generated A-KG. IDH1 inhibitors target
the cytoplasmic reduction of A-KG to D-2-HG, while IDH2 inhibitors target the same process in the
mitochondria. NPM1, which generally resides in the nucleolus and minimally binds XPO1, can travel
to the nucleoplasm in stress conditions. In the nucleoplasm, it inhibits HDM2, which is significant
because HDM2’s normal function is to inhibit TP53. Thus, by inhibiting HDM2, NPM1 can increase
TP53, which has important implications for cell regulation in stressful conditions. Mutant NPM1
(NPM1c) has a higher affinity to XPO1 and is prone to nuclear export, leading to critical protein
export from the nucleus. Additionally, the consequent result of mutant NPM1 and XPO1-NPM1c
can increase HOX expression. Furthermore, NPM1c and KMT2Ar interact with menin, facilitating
leukemogenic cellular changes, which can be targeted via menin inhibition (taken and adapted
from [5]).

AML driven by the rearrangement of the mixed lineage leukemia-1 gene (MLL1 or
KMT2Ar) or mutation of the NPM1 requires the chromatin adapter protein menin, encoded
by the MEN1 gene, to sustain aberrant leukemogenic gene expression programs [62,63].
Generally, NPM1 mutations indicate a less severe prognosis without other genetic alter-
ations, and the growth of NPM1-mutated AML is responsive to menin inhibitors [56–61].
Additionally, nucleoporin 98 (NUP98) [60], a gene located on chromosome 11p15, is in-
volved in nuclear membrane transport and acts as a transcription factor in the NPM1. In
approximately 1–2% of adult AML patients, NUP98 fuses with one of over 30 different part-
ners, contributing to the development of leukemia. NUP98 fusions are usually associated
with poor prognosis and may lead to resistance to chemotherapy [60]. Like MLL and NPM1
mutations, NUP98 fusion proteins bind to chromatin near homeobox (HOX) genes, causing
their overexpression through various mechanisms, including altered DNA methylation
and acetylation. The binding of these fusion genes to chromatin depends on both MLL and
menin [63]. In preclinical studies, leukemic cells with NUP98 fusions responded to menin
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inhibition [55–61]. Lastly, HOXA9, a transcription factor overexpressed in approximately
70% of AML and associated with poor prognosis, increased chemoresistance, and higher
relapse rates, can be successfully inhibited in in vitro human AML models [64].

3.2. Proteomic Profiling

Genetic and transcription data are seldom exhaustive in describing cellular biome-
chanics: proteomic analyses, single protein levels, and specific phosphosites must be
considered to identify clinically relevant diagnostic and predictive patterns compared to
transcriptomics or genomics alone. The overexpression of the BCL-2 protein family, located
in the cytoplasm, can promote cell survival control by capturing proapoptotic proteins.
Thus, it prevents mitochondrial membrane permeabilization and cytochrome C release,
which activates apoptosomes [65]. So, BCL-2 is crucial for the survival and growth of
leukemic cells [65,66]. Interestingly, AML patients have a wide range of antiapoptotic and
proliferation index due to differences in the maturation stage and severity of the disease at
diagnosis. A recent study using double-labeling and mutually exclusive Ki-67 and BCL-2
dynamic markers demonstrated that AML blast cells simultaneously showed increased
antiapoptotic and reduced proliferative marker expression [66]. Specific compounds, such
as venetoclax [24,67,68], can target these abnormal biological features. In our previously
reported experience, we demonstrated that in neoplastic cells only, myeloid cell leukemia
1 (MCL1) [18] directly binds to Hexokinase 2, forming a complex with mitochondrial
voltage-dependent anion channels (VDACs, mitochondrial porin) on the outer mitochon-
drial membrane [69], protecting this complex the MCL1 protein from degradation. Finding
a way to disrupt this complex through early MCL1 inhibition might help rescue high-risk
AML patients. Furthermore, several researchers have shown that venetoclax’s resistance to
LSCs depends on oxidative phosphorylation (OXPHOS) and that adding the inhibition of
fatty acid oxidation [70] or MCL1 in the context of monocytic AML restores sensitivity to
this agent [71]. Profiling bioactive molecules such as sphingolipids can be a predictive tool
for AML. These molecules have different activities in regulating cell proliferation, differen-
tiation, apoptosis, and immune cell activation and have implications for AML pathogenesis
and therapeutic resistance [72]. In this regard, a study on the molecular landscape (genomic,
transcriptomic, and proteomic) provided insights into ex vivo drug response in 210 patients
with AML, allowing the identification of four proteogenomic subtypes and specific drug
response patterns [73].

3.3. Metabolic Profiling

Leukemogenesis alters the way how LSCs consume and process nutrients in a flexi-
ble and adaptable manner [10,74,75]. In developing AML and its response to treatment,
metabolic reprogramming plays a crucial role. At the outset, the specific cellular metabolism
of AML could lead to the development of new stratification systems and potentially
novel targeted therapies. Phenotypic features indicate distinct metabolic backgrounds
among HSCs at different stages of differentiation, such as LSCs and proliferating AML
blasts [2,5,10,76,77]. The differential regulatory functions of mitochondria between normal
HSC and LSC play a fundamental role in the response to oxidative stress [78–80]. Due to
the central role of glycolysis, glucose uptake and mitochondrial function in malignant cell
dynamics are essential in leukemic metabolism, particularly in maintaining mitochondrial
physiological state and stability [74]. Moreover, leukemic cells utilize various metabolic
pathways simultaneously, including glucose derivatives, lipids, amino acids, and OX-
PHOS for energy production. They also protect mitochondrial membrane permeabilization
through a proton leak equilibrating effect. The abnormal overexpression of MCL1, BCL2,
and related antiapoptotic BH3 family genes helps to stabilize mitochondria, promoting
tumorigenesis and drug resistance in various cancers [81,82]. Therefore, it may be crucial
to identify differences in sensitivity to mitochondria-targeting therapies. In this context,
proton leak values identify two distinct populations with different prognoses, considering
that previously reported metabolic profiling intercepts different cellular features already
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known to be important in leukemic cells [18,83]. In particular, a high proton leak is associ-
ated with FLT3 mutations, even though its impact on prognosis appears independent [18].
Therefore, integrating information on the leukemia-specific cellular dependencies in regula-
tory pathways or metabolism at onset could lead to developing a new stratification system
and therapies targeted at specific alterations.

3.4. Ambience Profiling

The role of the BM microenvironment in AML development and progression is the
focus of several active investigations [84–86]. With this regard, an emerging understanding
of the role of tumoral angiogenesis points out the impact of intercellular signaling and
endothelial cell subsets in shaping HSC homeostasis in the BM niche [87]. LSCs depend on
survival and expansion from the same protective network as normal HSCs; at the same
time, LCSs’ intrinsic characteristics allow for successful competition and substitution of
normal HSCs in the microenvironmental niches [86,87]. It is relevant to note that AML cells
can use different strategies to avoid ferroptosis cell death, controlled by three main cellular
processes: oxidative stress, iron, and lipid metabolism [88]. Bian Y et al. demonstrated
that high methionine uptake in leukemic cells can induce the epigenetic reprogramming
of antitumor T cells and impaired antitumor function [89]. While directly competing with
immune cells for essential nutrients, tumor cells’ metabolism by-products, lactic acid, reac-
tive oxygen species [90], kynurenine, polyamines, adenosine, and cholesterol shape the BM
microenvironment in an immunosuppressive fashion [84,86,87,91,92]. An altered inflamed
and immunosuppressive BM microenvironment supports LSCs’ survival and prolifera-
tion [86–88,93–97]. In addition, the dysregulated interactions of LSCc with stromal cells
and altered cytokine signaling lead to disease progression and therapy resistance [86–88].
Recently, Lasry et al. proposed that the immune microenvironment and the features of
its inflammatory state can allow for AML classification. Indeed, they identify immune
populations uniquely expanded in AML patients with high phlogistic features, describing
an inflammation-related gene signature (iScore) with independent prognostic impact in
AML [97].

3.5. Extensive Data Analysis, Machine Learning, and AI Tools

ML and artificial intelligence (AI) enable the analysis of large amounts of data obtained
through various methods. Ongoing efforts can effectively diagnose and comprehensively
characterize AML beyond simply identifying blast cells with their abnormal features, as
it combines multiple analyses [19–23]. The use of these technologies shows promise in
providing significant added value and improving the management of the diverse biological
data associated with AML [7–9,16,17,98,99]. A study by Makishima et al. evaluated the
mutation landscape in 2250 MDS patients that evolved to sAML. They identified two
groups: one with mutations in FLT3, PTPN11, WT1, IDH1, NPM1, IDH2, and NRAS,
which conferred a lower risk of progressive disease, and the other with mutations in TP53,
GATA2, KRAS, RUNX1, STAG2, ASXL1, ZRSR2, and TET2, which were predictive of a
higher risk of aggressive AML evolution [99]. In 2020, Warnat-Herresthal et al. examined
transcriptomic and genomic data from more than 100 studies and consistently detected
AML in a near-automated, low-cost method [100]. In a retrospective survey of 241 patients,
Cheng et al. demonstrated that a trained AI program could identify patients with AML
and tell apart physiological cells based on multiparametric flow cytometry (MFC) [101].
Automated analysis results identify genes with survival differences in AML; indeed, DNM1,
MEIS1, and SUSD3 are potential risk factors in AML, significantly associated with AML
subtypes [101]. Additionally, a recent study found a link between the FLT3-ITD mutation
and an abundance of progenitor-like cells. AML cells showed disrupted gene expression
patterns, with a combination of genes related to LSCs and myeloid development. These
findings have prognostic implications [102]. A similar approach could identify potentially
resistant cell clones, especially against anti-FLT3 inhibitors, from the onset sample of the
disease [103]. Therefore, using single-cell sequencing and AI (machine learning classifier),
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researchers can identify different LSCs that may produce treatment-resistant cell clones
within the same tumor. Those are a few examples of the growing mass of studies coming
out daily; the field is up-and-coming, but more time and specific expertise are needed to
ripen it.

3.5.1. Diagnostic and Classification Challenges

In a real-life scenario, conducting a thorough work-up for all patients, including fit
young adults and older patients, is recommended regardless of whether they are candidates
for ICT and allogeneic SCT. The initial clinical work-up should allow for the accurate diag-
nosis, precise classification, and adequate risk stratification of AML patients by integrating
clinical history, patient fitness, BM and PB morphologic examinations, MFC [104], cytoge-
netic findings, NGS, and metabolic profiling. NGS and MFC diagnostic tests accommodate
new classification schemes (Tables 1–3) and provide precise treatment indications [16]. The
previous AML classification by the WHO (fourth edition, WHO-4) [105] used blast counts
equal to or higher than 20% in the BM/PB as the criterion for AML diagnosis. However,
there were exceptions for APL and core binding factor (CBF) AML (i.e., RUNX1-RUNX1T1,
CBFB-MYH11), which allowed for the AML diagnosis with a blast count of less than 20%
without a specific cut-off value [105]. The WHO-5 classification contains some differences
from the previous edition. The WHO-5 [12] distinguishes AML based on differentiation
features from those genetically defined (Tables 1 and 2). In this updated classification,
the requirement of 20% blasts is not necessary for diagnosing AML in the presence of
specific genetic abnormalities (Table 1), except for AML with BCR-ABL1 fusion, AML with
CEBPA mutation, and those harboring other rare genetic alterations, which still require
20% blasts. Studies have shown that patients with any of these abnormalities and less
than 20% blasts, previously classified as per WHO-4 [105], have clinical outcomes similar
to those with higher blast counts. One notable change is the inclusion of a new category
by ICC classification for patients with a blast percentage of 10–19% as a separate entity
of MDS/AML (Tables 1 and 3), allowing these patients to participate in MDS or AML
clinical trials and treated in clinical practice as the same clinical entities [13]. In contrast, the
WHO-5 classification recognizes this entity as MDS with increased blast II. Additionally,
both classifications recognize blastic plasmacytoid dendritic neoplasms (BPDN), a rare
myeloid neoplasm, among AML. Notably, the ICC classification introduced a new hierarchi-
cal classification for AML in 2022, emphasizing the crucial role of genomic and molecular
characteristics in determining treatment and prognosis. Moreover, the ICC classification
emphasizes specific molecular abnormalities by introducing a separate entity for AML
with TP53 mutations, while the WHO-5 classification does not make this distinction. Addi-
tionally, the ICC focuses on specific genetic abnormalities that significantly impact disease
classification, leading to substantial changes, such as categorizing therapy-related AML as
a diagnostic qualifier rather than a separate disease entity. Again, the WHO has introduced
a new category called myeloid neoplasms post-cytotoxic therapy. Table 3 shows the critical
differences between the two new classifications. These discordances include changes in the
percentage of AML cases defined purely by morphology, an increase in AML cases related
to MDS, and a shift in the largest group to other genetically defined AMLs [12,13]. With
this regard, a recently reported study evaluated 860 patients with a diagnosis according to
the previous WHO classification and found that the 2022 AML classifications significantly
improved diagnostic schemes [106], intending to facilitate the application of novel and
innovative agents tailored to biological and molecular targets [107,108]. Therefore, devel-
oping a unified model to standardize treatment approaches and enrollment in clinical trials
for AML, based on the similarities between the WHO-5 and ICC diagnostic schemes, would
be beneficial [106,108]. Indeed, both classifications emphasize genetics-based definitions
with similar basic concepts and a significant degree of agreement despite some areas of
incomparability, such as TP53 mutant AML [20,36–38], which still need to be addressed.
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Table 1. Comparison of WHO-5 to ICC 2022 classifications of AMLs [12,13].

Blast
Threshold WHO-5 ICC Blast

Threshold

No cut-off

AMLs with DGA APL with t (15; 17) (q24.1; q21.2)/PML: RARA. APL
with others RARA rearrangement

10%

APL with PML: RARA fusion gene.

AML with RUNX1: RUNX1T1 fusion
gene.

AML with t (8/21) (q22; q22.1)/RUNX1: RUNX1T1
fusion gene.

AML with CBFB: MYH11 fusion gene. AML with inv (16) (p13.1; q22) or t (16; 16) (p13.1;
q22)/CBFB: MYH11.

AML with KMT2A rearrangements. AML with t (9; 11) (p21.3; q23.3)/MLLT3: KTM2A or
other KMT2A rearrangements.

AML with DEK: NUP214 fusion gene. AML with t (6; 9) (p22.3; q34.1)/DEK: NUP214.

AML with MECOM rearrangements
AML with inv (3) (q21.3q; 26.2) or t (3; 3) (q21.3;
q26.2)/GATA: MECOM (EV1) or other MECOM

rearrangements

AML with other rare translocations (NUP98; RBM15; MRTF1, DEK: NUP214)

20% AML with BCR: ABL1 fusion gene AML with t (9; 22) (q34.1; q11.2)/BCR: ABL1 20%

No cut-off. AML with NPM1 mutation. 10%

20% AML with CEBPA mutation. AML with bZIP CEBPA in-frame mutation. 20%

Not classified. AML with TP53 mutation. 20%

20% AML with MDS-related genetic
abnormalities.

AML with MDS-related genetic abnormalities
(ASXL1; BCOR, EZH2; RUNX1; SF3B1; SRSF2;

STAG2; U2AF1, ZRSR2). AML with MDS-related
cytogenetic alterations.

20%

20% AMLs defined by differentiation
(Table 2). AML NOS. 20%

10% MDS-IB2. MDS/AML. 10–19%

Myeloid sarcoma

WHO-5: Fifth update to the WHO Classification of Haematolymphoid Tumours; ICC: International Consensus
Classification of Myeloid Neoplasms and Acute Leukaemias; DGA; defining genetic abnormalities, APL: acute
promyelocytic leukemia; PML: promyelocytic leukemia gene; RARA: retinoic acid receptor alpha gene; AML:
acute myeloid leukemia; RUNX1: runt-related transcription factor 1; RUNX1T1: runt-related transcription factor
1; translocated to, 1 (cyclin D-related); CBFB: core binding factor beta; MYH11: myosin heavy chain 11; KMT2A:
(lysine methyltransferase 2A; MLLT3: myeloid/lymphoid or mixed-lineage leukemia translocated to chromosome
3 protein; DEK: DEK proto-oncogene; NUP214: nucleoporin 214; MECOM: myelodysplasia syndrome 1 (MDS1)
and ecotropic viral integration site 1 (EVI1) complex locus; GATA2: GATA binding protein 2; NUP98: nucleoporin
98, RBM15: RNA binding motif protein 15; MRTF1; myocardin-related transcription factor 1; BCR: breakpoint
cluster region protein; ABL: Abelson murine leukemia viral oncogene homolog 1: NPM1: nucleophosmin 1;
CEBPA; CCAAT enhancer binding protein alpha; bZIP: basic leucine zipper region; TP53: tumor protein P53; MDS:
myelodysplastic syndromes; ASXL1: additional sex comb-like 1; BCOR: Back central optic radius; EZH2: enhancer
of zeste homolog 2; SF3B1: splicing factor 3b subunit 1; SRSF2: serine and arginine rich splicing factor 2; U2AF1:
U2 small nuclear RNA auxiliary factor 1; ZRSR2: zinc finger CCCH-type, RNA binding motif and serine/arginine
rich 2; NOS; not otherwise specified; MDS: myelodysplastic syndromes; MDS-IB2: MDS with increased blasts.

Table 2. WHO-5: AML classification by differentiation features and diagnostic markers [12].

AML Subtype Diagnostic Criteria

AML with minimal
differentiation.

Cytochemistry: MPO and SBB negative blasts (<3%).

MFC: expression of myeloid antigens (two or more), such as CD13, CD33, and CD117.

AML without maturation.

Morphology: <10% maturing myeloid progenitors of the BM nucleated cells.

Cytochemistry: ≥3% blasts positive for MPO or SBB and negative for NSE.

MFC: expression of myeloid antigens (two or more), such as MPO, CD13, CD33, and CD117.
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Table 2. Cont.

AML Subtype Diagnostic Criteria

AML with maturation.

Morphology: >10% maturing myeloid progenitors and <20% of the monocytic lineage cells of the BM
nucleated cells.

Cytochemistry: ≥3% blasts positive for MPO or SBB.

MFC: expression of myeloid antigens (two or more), such as MPO, CD13, CD33, and CD117.

Acute basophilic leukemia.

Morphology: blasts and mature/immature basophils.

Cytochemistry. Basophils: metachromasia on toluidine blue staining. Blasts: negative for MPO, SBB,
and NSA.

MFC: negative CD117 (to exclude mast cell leukemia).

Acute myelomonocytic
leukemia.

Morphology: ≥20% monocytes or their precursors and ≥20% maturing granulocytic cells.

Cytochemistry and/or MFC: ≥3% of MPO-positive blasts.

Acute monocytic leukemia.

Morphology: ≥80% of monocytes and/or their precursors (monoblasts and/or promonocytes);
≤20% of maturing granulocytic cells.

MFC/cytochemistry: expression of monocytic antigens (two or more), such as CD11c, CD14, CD36,
and CD64, on blasts and
promonocytes or their NSE positivity.

Acute erythroid leukemia. Morphology: erythroid predominance in the BM (>80% of BM cellularity); >30% of immature
erythroid (proerythroblasts).

Acute megakaryoblastic
leukemia. MFC: expression of one or more platelet GPs: CD41(GP IIb), CD61 (GP IIIa), or CD42b (GP Ib).

AML: acute myeloid leukemia; MPO: myeloperoxidase; SBB: Sudan Black; MFC: multiparameter flow cytometry;
BM: bone marrow; NSE: nonspecific esterase; GP: glycoproteins. Taken and adapted from [12].

Table 3. Critical clinical differences between ELN 2022 and ICC compared to WHO-5 classifications
of myeloid neoplasms [12,13,16].

ELN 2022 and ICC 2022 WHO-5

MDS/AML (without AML defining
genetic alterations). 10–19% blasts Designated as MDS-IB2 (10–19% BM or

5–19% PB or Auer Roads).

AML with antecedent MDS, MDS/MPM,
or prior exposure to therapy. MDS was added as a diagnostic qualifier. Included as a separate entity, “AML-MR”.

AML with NPM1 mutations, KMT2A
rearrangement, MECOM rearrangement,

and NUP98 rearrangement.
Requires ≥ 10% blasts in BM or PB. It can be diagnosed irrespective of blast

count.

AML with CEPA mutation. Requires ≥ blasts in BM or PB. Requires ≥ 20% blasts in BM or PB.
Includes bi-allelic and bzip mutations.

TP53 mutation. Included separately in the hierarchical
classification.

Not included in a separate entity for
AML.

Therapy-related. Added as a diagnostic qualifier. Included as a separate entity, “AML
pCT”.

3.5.2. Older Patients: New Approaches in Risk Assessment and Monitoring of AML

The recent development of innovative treatment approaches for older AML patients,
including novel and effective tailored agents targeting biological and molecular factors, has
made the prognosis and the monitoring of therapeutic responses increasingly important
in decision-making and clinical management [109–114]. The current estimation of prog-
nosis for AML is complex and depends on patient-related factors, AML manifestations
at diagnosis, and disease genetics [16,115]. While NGS platforms have improved our
understanding of some molecular aspects of AML biology, prognostic factors identified
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in patients treated with ICT are becoming less reliable as new insights emerge and novel
effective treatments become available. Currently, the most commonly used consensus risk
stratification guidelines for AML are those from the European Leukemia Net (ELN) [16]
(Table 4) and the National Comprehensive Cancer Network (NCCN) [17]. Real-life data
of 624 ND AML patients from 1998 to 2014 [116] and deep learning technologies in older
patients [23] have validated the ELN genetic risk stratification [16]. Genes associated
with adverse prognosis now include TP53, ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2,
STAG2, U2AF1, or ZRSR2. Furthermore, in line with the ICC 2022 classification, in-frame
mutations affecting the bZIP region of CEBPA are now categorized as the favorable-risk
group (Table 4) [13], replacing biallelic CEBPA mutations [12,13]. However, these guide-
lines have been developed considering the fit of younger patients submitted to ICT [16].
Therefore, they have some limitations, particularly for patients with advanced age and
those with frailties and comorbidities, for which it is unclear whether this classification
applies to adults aged 60 and older who receive lower-intensity treatments [115]. Therefore,
as the trend towards using lower intensive treatments for most elderly patients contin-
ues [67,117–119], active research in this field has provided new tools for prognostication
for older AML treated with less intensive regimens [120–122]. A recent study investigated
how the ELN risk affects the prognosis of ND AML patients aged 60 and older who are
given lower intensive therapy and refined the risk stratification for this group [120]. The
study included 595 patients, with 11% having favorable risk, 11% having intermediate
risk, and 78% having adverse risk based on the ELN AML criteria. Therefore, ELN risk
was a reliable prognostic factor for OS but did not differentiate between favorable and
intermediate AML risk. A multivariable analysis that included 316 patients found that the
IDH2 mutation was an independent favorable prognostic factor, while the KRAS, MLL2,
and TP53 mutations were associated with an unfavorable outcome. Based on these findings,
a “mutation score” was calculated for each combination of these mutations. Therefore,
adverse-risk patients encompass two distinct categories: those with −1 to 0 points (“Beat-
AML-intermediate”) and those with one or more points (“Beat-AML-adverse”) [120]. After
conducting analyses, the authors developed a refined risk classification for older ND AML
patients. They combined the ELN favorable- and intermediate-risk groups into a newly
defined “Beat-AML-favorable-risk” category and included the mutation scoring within the
ELN adverse risk. This approach proposed refined Beat-AML-favorable- (22%), Beat-AML-
intermediate- (41%), and Beat-AML-adverse-risk (37%) groups, which showed improved
discrimination for OS [120] compared to ELN AML categories [16]. In addition, investigat-
ing molecular signatures found in 159 AML patients treated with HMA/VEN allowed for a
new prognostic system, such as the molecular prognostic risk signature (mPRS) [121]. The
authors categorized patients into favorable, intermediate (N/KRAS or FLT3-internal tandem
duplication mutations), and lower (TP53 mutations) benefit groups. The OS rate for the
entire cohort was 71%, ranging from 86% to 54% and 59% in the higher, intermediate, and
lower-benefit groups. Moreover, the median OS and EFS also varied significantly, with the
higher-benefit group having a median OS of 30 months and EFS of 19 months, compared
to a median OS of 12 and 5 months and an EFS of 8 and 4 months recorded in the inter-
mediate and lower-benefit groups, respectively [121]. Therefore, in this study, the mPRS
classification accurately segregated groups of patients with AML treated with HMA/VEN,
having been N/KRAS and TP53, the mutations that negatively affected outcomes [122].
Therefore, a new prognostic system for AML patients treated with azacytidine/venetoclax
(AZA/VEN) (Table 5) has been proposed using emerging genetic data, on which the 2024
ELN recommendation for the setting of lower intensive therapy in the AML setting was
based [122]. Based on TP53, FLT3-ITD, NRAS, and KRAS mutational status, this system
distinguished patients into higher, intermediate, and lower benefit groups with different
median OS outcomes. Specifically, 52% of patients fall into the higher-benefit group, 25%
into the intermediate-benefit group, and 23% into the lower-benefit group [122]. Another
important issue of growing importance in the setting of older AML patients receiving less
intensive treatment is MRD detection, which is currently not a routine practice for older
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patients despite being a valuable guide for potential personalized medicine applications in
lower-intensive treatments [109–112].

Table 4. ELN 2022 risk classification by genetics at initial diagnosis of AML [16].

Risk category

Favorable

Genetic abnormalities

t (8; 21) (q22; q22.1)/RUNX1: RUNX1T1 ◦*.

inv (16) (p13.1q22) or t (16; 16) (p13.1; q22)/CBFB: MYH11 ◦*.

Mutated NPM1 ◦, ˆ without FLT3-ITD.

bZIP in-frame mutated CEBPA ◦◦.

Intermediate

Mutated NPM1 ◦, * with FLT3-ITD.

Wild-type NPM1 with FLT3-ITD (without ARG).

t (9; 11) (p21.3; q23.3)/MLLT3: KMT2A ◦

Cytogenetic and/or molecular abnormalities not classified as favorable or adverse.

Adverse

t (6; 9) (p23.3; q34.1)/DEK: NUP214.

t (v; 11q23.3)/KMT2A-rearranged ◦◦◦.

t (9; 22) (q34.1; q11.2)/BCR: ABL1.

t (8; 16) (p11.2; p13.3)/KAT6A: CREBBP.

inv (3) (q21.3q26.2) or t (3; 3) (q21.3; q26.2)/GATA2, MECOM(EVI1).

t (3q26.2; v)/MECOM(EVI1)-rearranged.

Monosomy 5 or del(5q); −7; −17/abn(17p).

Complex karyotype ˆˆ monosomic karyotype ˆˆ.

Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1, and/or ZRSR2 ˆˆˆ.

Mutated TP53 ***.
◦ Mainly based on results observed in ICT patients. Based on the results from analyses of MRD, initial risk
assignment may change during the treatment. * Concurrent KIT and/or FLT3 gene mutation does not alter
risk categorization. ˆ AML with NPM1 mutation and adverse-risk cytogenetic abnormalities are categorized as
adverse-risk. ◦◦ Only in-frame mutations affecting the basic leucine zipper (bZIP) region of CEBPA have been
associated with favorable outcomes. The presence of t (9; 11) (p21.3; q23.3) takes precedence over rare, concurrent
adverse risk gene mutations. ◦◦◦ Excluding KMT2A PTD. ˆˆ Complex karyotype: > or = 3 unrelated chromosome
abnormalities without other class-defining recurring genetic abnormalities; excludes hyperdiploid karyotypes
with three or more trisomies (or polysomies) without structural abnormalities. These markers should not be
used as adverse prognostic markers if they co-occur with favourable-risk AML subtypes. *** TP53 mutation at a
variant allele fraction of at least 10%, irrespective of the TP53 allelic status (mono- or biallelic mutation); TP53
mutations are significantly associated with AML with complex and monosomic karyotype. Taken and adapted
from [13]. ELN: European Leukaemia Net; AML: acute myeloid leukemia; ARG: adverse-risk gene; ICT: intensive
chemotherapy; MRD: measurable residual disease; PTD: partial tandem duplication. ˆˆˆ Adversly prognostic
gene mutations.

Table 5. ELN 2024 classification by genetic markers for patients receiving less intensive therapy [122].

Risk
Category Genetic Marker Median OS

(Months)

Favorable

Mutated NPM1 (FLT3-ITD neg, NRAS wt, KRAS wt, TP53 wt) 39

Mutated IDH2 (FLT3-ITD neg, NRAS wt, KRAS wt, TP53 wt) 37

Mutated IDH1 (TP53 wt) 29

Mutated DDX41 >24

AML with MDS-related gene mutations (FLT3-ITD neg, NRAS wt, KRA Swt, TP53 wt) 23

Intermediate
AML with MDS-related gene mutations (FLT3-ITD pos and/or NRAS mut and/or KRAS mut; TP53 wt) 13

Other cytogenetic and molecular abnormalities (FLT3-ITD pos and/or NRAS mut and/or KRAS mut; TP53 wt) 12

Adverse Mutated TP53 5–8
neg: negative; wt: wild type; pos: positive; mut: mutated.



Curr. Oncol. 2024, 31 6643

3.5.3. A Comprehensive Approach in Older AML Patients

Therefore, the prognosis for an individual AML patient relies on both clinical features
and the leukemic blasts’ immunophenotypic and cytogenetic/molecular characteristics.
Patient age, comorbid conditions, and prior history also contribute to clinical manifestations
and treatment. Notably, adverse risk factors are more common in older adults with AML.
This finding leads to a generally inferior prognosis compared to younger patients. Indeed,
while curative therapy for AML has traditionally relied on ICT and allogeneic SCT, these
measures are associated with severe complications in older AML patients. The search
for a reliable basis of data to discern responding individuals before submitting elderly
patients to challenging therapies with no reasonable expectations of a positive outcome
seems mandatory. Given the frequent complex comorbidity profile of the large majority
of AML patients, we should pursue therapies with a low toxicity profile and the means to
individuate single patient profiles significant to the tailored therapeutic choice. Therefore,
despite remarkable advances in this field, novel risk stratification systems are essential
in older patients with AML candidates to receive lower-intensity treatments by tailored
agents and new effective combinations, facilitating new possibilities in this challenging
setting [25,117–119,123].

4. Clinical Management of AML in Older Patients in the Current Era

Treatment options and approaches for older AML patients have expanded significantly
in recent years [16,17], in line with advancements in diagnostic technologies [7–9] and our
understanding of the complex biological mechanisms [2–5] underlying these aggressive
blood cancers [1]. Figure 2 [25] and Table 6 show the updated treatment algorithm and
the currently available agents [24–32] for older AML patients, respectively. Additionally,
Table 7 shows the ongoing clinical trials involving older AML patients.

Table 6. Current targeted therapies in AML involve older patients [24–32].

Therapeutic Mechanisms and Biological Targets Therapeutic Agent Indications

Antiapoptotic by inhibition of BCL2
overexpression Venetoclax ND AML in patients > 75 years old or with

comorbidities in combination with HMA or LODAC

FLT3 FLT-3 ITD
FLT-3 TKD

Midostaurin,
Quizartinib Frontline, in combination with ICT

Gilteritinib R/R setting

Sorafenib Maintenance following consolidation

IDH1 IDH1
Ivosidenib ND AML in patients > 75 years old or with

comorbidities; R/R setting

Olutasidenib R/R setting

IDH2 IDH2 Enasidenib R/R setting

Inhibition of Hedgehog pathway Glasdegib Adults older than 75 years who have comorbidities.

ICT with liposomal compounds in s-AML and
t-AML CPX-351 As induction ICT for ND s-AML and t-AML

Anti-CD33 monoclonal antibodies GO During induction, ICT for CD33-positive AML or as
a single agent in the R/R setting.

Targeting CD123 membrane receptor, cell death
via disruption of intracellular protein synthesis
by CD123 binding and internalization of the drug

Tagraxofusp
(anti-CD123 conjugate
with toxin)

Treatment of BPDCN

AML: acute myeloid leukemia; ND: newly diagnosed; HMA; hypomethylating agents; LODAC: low dose
of cytarabine; BCL2: B-Cell Lymphoma 2; FLT3; fms related receptor tyrosine kinase 3; ITD: internal tandem
duplications; TKD tyrosine kinase domain mutation; ICT: intensive chemotherapy; R/R: relapse/refractory; IDH1:
isocitrate dehydrogenase (IDH)-1 mutation; IDH-2 mutation; s-AML: secondary AML; t-AML: therapy-related
AML; CPX-351: liposomal encapsulation of cytarabine and daunorubicin at a fixed 5:1 synergistic molar ratio; GO:
gentuzumab ozogamicin; BPDCN: blastic plasmocytoid dendritic neoplasms.
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Table 7. Ongoing recruiting trials involving older AML.

Clinical Study ClinicalTrials.Gov
Identifier

Investigating The Prognostic Significance Of Malnutrition And Sarcopenia in Older Adults with Acute
Myeloid Leukemia. NCT05458258

A Pilot Randomized Controlled Trial of a Patient-Centered Communication Tool (UR-GOAL) for Older
Patients With Acute Myeloid Leukemia, Their Caregivers, and Their Oncologists. NCT05335369

Allogeneic Hematopoietic Cell Transplantation Versus Best Available Standard of Care Therapy in Elderly
Patients With Acute Myeloid Leukemia: a Randomized Phase 3 Trial. NCT04822766

A Randomized Phase II Study of Venetoclax and HMA-Based Therapies for the Treatment of Older and Unfit
Adults With Newly Diagnosed FLT3-Mutated Acute Myeloid Leukemia (AML): A myelomatch Treatment
Trial.

NCT06317649

Phase I/II Clinical Trial Assessing the Combination of Sulfasalazine With Standard of Care Induction Therapy
in Newly Diagnosed Acute Myeloid Leukemias (AML) Patients 60 Years or Older- the SALMA Study. NCT05580861

A Phase Ib Trial of Azacitidine, Venetoclax and Allogeneic NK Cells for Acute Myeloid Leukemia
(ADVENT-AML). NCT05834244

Relatlimab With Nivolumab and 5-Azacytidine for the Treatment of AML (AARON). NCT04913922

Dual Growth Factor (rhtpo + G-CSF) and Chemotherapy Combination Regimen for Elderly Patients with
Acute Myeloid Leukemia: A Phase II Single-Arm Multicenter Study. NCT05258799

Dual Growth Factor (rhtpo + G-CSF) and Chemotherapy Combination Regimen in Acute Myeloid Leukemia:
Study Protocol for a Randomized Controlled Trial. NCT05382390

A Prospective, Single-arm, Open-label, Non-interventional, Multi-centre, Post Marketing Surveillance (PMS)
Study of Mylotarg®. NCT05189639

Randomized, Sequential, Open-Label Study to Evaluate the Efficacy of IDH Targeted/Non-Targeted Versus
Non-targeted/IDH-targeted Approaches in the Treatment of Newly Diagnosed IDH Mutated AML Patients
Not Candidates for Intensive Induction Therapy (I-DATA Study).

NCT05401097

Dynamics of Resistance Emergence to Azacitidine-based Therapies in Acute Myeloid Leukemia. NCT06225128
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Table 7. Cont.

Clinical Study ClinicalTrials.Gov
Identifier

Phase IA/B Combination Study of ADI-PEG 20, Venetoclax and Azacitidine in Patients with Acute Myeloid
Leukemia (AML). NCT05001828

The Feasibility of Telehealth-Based Palliative Care Intervention and Digital Symptom Monitoring on Patients
With AML Receiving Low-Intensity Induction Therapy. NCT04885127

An Investigator-Sponsored Randomized Phase II Study of Selinexor in Combination With
Induction/Consolidation Therapy in Acute Myeloid Leukemia Patients. NCT02835222

A Prospective Non-interventional Study Documenting the Management and Outcomes of Adult Patients With
Acute Myeloid Leukemia (AML). NCT04777916

Integrative “Omics” Approaches for Leukemia Target Identification and Matched Therapeutic Intervention. NCT06626893

Maintenance Treatment With Oral Azacitidine for Patients With de Novo AML Including t-AML and
AML-MRC in First Remission After CPX-351. NCT06349239

Phase II Study of Maintenance Ruxolitinib After Allogeneic Stem Cell Transplantation for Older Patients With
Acute Myeloid Leukemia (AML) or Myelodysplastic Syndrome (MDS) in Complete Remission. NCT03286530

Do Decreased Dietary Fat and Increased Fiber Reduce Recurrence of Clostridioides Difficile Infection in
Oncology Patients? NCT04940468

A Telehealth Advance Care Planning Intervention for Older Patients With Myeloid Malignancies: A Pilot
Randomized Controlled Trial. NCT05875805

Phase 1a/1b Study of Itacitinib (INCB039110) for Cytokine Release Syndrome Prevention and Minimization of
Immunosuppression Following Nonmyeloablative Related Partially HLA-mismatched Peripheral Blood Stem
Cell Transplant (PBSCT) With High-dose Posttransplantation Cyclophosphamide in Older Patients (Age 60
Years).

NCT05823571

Prospective, Observational Study of the Role of Primary Antifungal Prophylaxis to Prevent Invasive
Aspergillosis in Elderly Patients With Acute Myeloid Leukemia Undergoing Consolidation Therapy. NCT06382922

A Master Protocol for Biomarker-Based Treatment of AML (The Beat AML Trial). NCT03013998

Phase 1 Trial for Patients With Advanced Hematologic Malignancies Undergoing Reduced Intensity
Allogeneic HCT With a T-cell Depleted Graft With Infusion of Conventional T-cells and Regulatory T-cells. NCT05088356

A Phase II Trial of HSCT for the Treatment of Patients With Fanconi Anemia Lacking a Genotypically Identical
Donor, Using a Risk-Adjusted Chemotherapy Only Cytoreduction With Busulfan, Cyclophosphamide and
Fludarabine.

NCT02143830

A Single Arm Phase II Trial to Assess Cobicistat Boosted Venetoclax in Combination With Azacitidine (sc) in
Adult Patients With Newly Diagnosed Acute Myeloid Leukaemia (AML) Who Are Not Considered
Candidates for Intensive Treatment Regimens.

NCT06014489

Carolina Senior: UNC Registry for Older Cancer Patients. NCT01137825

Combined Haploidentical Reduced Intensity Bone Marrow and Kidney Transplantation for Patients With
Chronic Kidney Disease and Advanced Hematological Disorders. NCT01758042

Collection of Blood, Bone Marrow, Skin, Saliva, and Stool Samples From Healthy Volunteers Used for
Comparative Analysis of Myeloid Malignancies. NCT05588154

A Phase I/II Trial of Eltanexor (KPT-8602) With Inqovi (Decitabine-Cedazuridine) in High-Risk
Myelodysplastic Syndromes. NCT05918055

Phase I/II Trial to Determine the Lowest Effective Dose of Post-Transplantation Cyclophosphamide in
Combination With Sirolimus and Mycophenolate Mofetil as Graft-Versus-Host Disease Prophylaxis After
Reduced Intensity Conditioning and Peripheral Blood Stem Cell Transplantation.

NCT05436418

Source: https://clinicaltrials.gov/ (accessed on 16 October 2024)

4.1. The AZA/VEN “Revolution”

Before 2017, older AML patients who were deemed fit typically received standard
ICT, while unfit patients aged 75 years and older were treated with a hypomethylating
(HMA) compound as a single agent [124]. The outcome of AML in older patients relies on

https://clinicaltrials.gov/
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several factors, including age, overall health, and fitness status [115]. Moreover, managing
AML in older patients is challenging due to decreased functional abilities and individual
fitness [6,27]. As a result, most older patients with AML are not suitable for ICT, are more
likely to have genetic features with negative prognostic impact, and may be resistant to
treatments [1,2,5,25]. Over the last few years, efforts have allowed for the development of
practical tools to determine which patients are fit or unfit for ICT or non-ICT in clinical
practice [1,115,119], given expanded treatment options for older patients, including targeted
and lower-intensity therapies [24–32] in both frontline and relapsed/refractory (R/R)
settings [125]. In particular, the therapeutic association of venetoclax with HMAs, mainly
azacytidine in the AZA/VEN combination, currently represents the standard of care
adopted for older AML and ICT-unfit patients [1,123]. The primarily known “Ferrara
criteria” [126] have been validated in this regard by a retrospective study in the ICT
setting [127]. In this regard, a recent Italian retrospective survey suggested modifications
of fitness criteria to accommodate the use of HMA/VEN, representing the treatment of
more than one-third of AML patients compared to 2008–2016 [119]. The same study
reported that the use of ICT decreased from 40% to 18%, and the use of HMA alone
reduced from 19% to 13%. Thereby, there are suggestions to update the fitness criteria
for patient candidates for HMA/VEN combination treatment due to the unique toxicity
profile of this combination, which can lead to prolonged neutropenia and increased risk
of infections [128–131]. The proposed updated fitness criteria include an age limit of
80–85, cardiac function > 40%, the absence of certain lung conditions, and the presence
of an adequate caregiver [119]. Therefore, new therapeutic combinations incorporating
venetoclax, which induces apoptosis in AML cells by BCL-2 inhibition, have changed this
treatment landscape [30,67,128–131]. The phase 3 VIALE-A trial included 431 patients
75 years older or with significant comorbidities. Patients were randomly assigned to
receive the AZA/VEN combination or azacytidine alone [67]. Combining AZA/VEN
resulted in a higher composite CR rate of 66% and OS of 14.7 months compared to 28% and
9.7 months for those treated with azacytidine alone [67]. Moreover, the durable efficacy and
the maintained safety of AZA/VEN were confirmed at 43.2 months of median follow-up,
with the reported OS of 14.7 months by this combination compared to 9.6 months by
azacytidine alone [128]. A recently published meta-analysis of nine studies, including
1232 patients, confirmed a significantly higher composite CR rate and longer OS in older
patients with ND AML treated with AZA/VEN compared to those who have received
azacytidine monotherapy [129]. The former group of patients presented more severe
neutropenia and gastrointestinal toxicity in comparison to those treated with azacytidine
alone [130]. It is worth noting that in the ND NPM1-mutant AML setting, the combination
of HMA/VEN achieves long-lasting remissions, as reported by a recent multicenter study
involving 221 participants (treated with 147 ICT, 74 HMA/VEN) and comparing this
combination to standard induction ICT [132]. The study’s authors found similar CR rates
(ICT:85% vs. HMA/VEN:74%) in both groups. Importantly, in multivariate analyses, the
two groups showed no differences in OS or the proportion of patients among those aged
60–75 years who proceeded to allogeneic SCT [132]. In the same setting of NPM1-mutant
AML, the combination of HMA/VEN allowed for an effective bridge-to-transplant strategy
for patients with molecular failure [133]. Of note, this treatment combination allowed for
long-term efficacy in the challenging setting of extramedullary AML [134]. However, this
treatment can lead to significant myelosuppression and complications, making it difficult
for very old patients. However, in a recent study including 154 AML patients older than 80,
the combination of HMA/VEN (azacytidine: 83% of patients) achieved a composite CR
(cCR) rate of 73%. Additionally, the median OS for the entire cohort of patients and those
who obtained a cCR was 8.1 months and 13.2 months of patients, respectively. Therefore,
the authors suggested that the combination of HMA/VEN was feasible and safe in very old
patients but may require dose reduction and cycle extensions for long-term tolerability [135].
Therefore, for older patients with AML, AZA/VEN has portrayed remarkable changes
in the therapeutic paradigm, becoming a treatment regimen currently recognized as the
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established standard of care frontline regimen in this setting [1,25,67,123]. Ongoing research
through BCL2 gene characterization will provide insights into the emergence of its variants
and the mechanism of venetoclax resistance at initial treatment of the lack of response at
relapse, as well as the basis of the hopeful development of novel treatment approaches in
AML R/R patients receiving this agent [71,81,82,136].

4.2. Hedgehog Pathway Inhibition

The overactive Hedgehog pathway represents a significant therapeutic target in
AML [137,138]. Glasdegib, an inhibitor of the Hedgehog pathway, targets the Smoothened
protein, a transmembrane protein that mediates Hedgehog signaling, gained its approval
in association with low-dose cytarabine (LDAC) in ND AML patients over 75 years old
who are not eligible for ICT due to age or significant health issues [138]. In a controlled
study involving 132 AML patients, 88 received the combination treatment of glasdegib and
LDAC, while 44 received LDAC alone. Compared to LDAC alone, glasdegib plus LDAC
led to a significantly longer OS and a higher CR rate (8.8 vs. 4.9 months and 17% vs. 1%,
respectively) [138].

4.3. IDH1/2 Inhibition

Other than these therapeutic options relying on dysregulated biological activities, dif-
ferent treatment modalities have been developed based on recognizing somatic mutations
druggable by specific targeted agents [16,17,107,139]. With this regard, the approval of
IDH1 inhibitors for patients with IDH1-mutated ND AML unsuitable for ICT and those
with R/R disease allows a specifically tailored treatment [48–51,140–143]. In particular,
ivosidenib in combination with azacytidine gained approval for ND IDH1-mutated AML
patients aged 75 and above or those with comorbidities following the results of the phase
III AGILE trial, which included 146 patients randomly assigned to receive azacytidine plus
ivosidenib or azacytidine alone [140]. Compared to the azacytidine monotherapy arm,
the study demonstrated a longer PFS and OS (24 vs. 7.9 months) in patients treated with
azacytidine and ivosidenib [140]. In addition, the ivosidenib/venetoclax combination, in a
clinical trial, was administered as a therapeutic combination alone or in triplet with azacyti-
dine in IDH1-mutated MDS, ND, and R/R AML with promising results [141]. Indeed, 63%
of treated AML patients achieved MRD negativity. Of note, the 24-month OS duration rates
were 50% and 67% in R/R and ND AML, respectively [141]. In addition, an IDH2 inhibitor,
such as enasidenib [142], has also been used as monotherapy, allowing for a composite CR
of 46%, and in association with azacytidine in patients with the suboptimal response with a
further CR rate of 41% [142]. Again, in R/R AML harboring mutant IDH1, another IDH
inhibitor, such as olutasidenib, was approved based on a recently published multicenter
clinical trial [143], which evaluated this agent alone or in combination with azacytidine. In
this study, olutasidenib allowed for a CR rate of 32%. The median OS for patients with R/R
AML was 8.7 months with monotherapy and 12.1 months with combination therapy [143].
Olutasidenib was well tolerated and induced durable responses in older patients with R/R
IDH1-mutated AML. Therefore, despite the challenges of treating older AML patients who
had already failed prior therapy, the results suggest that they can benefit from olutasidenib,
providing the rationale for further studies on the therapeutic role of this agent in R/R
IDH1-mutated AML [143].

4.4. FLT3 Inhibition

Another group of therapeutic agents (Table 6) [24–30] currently having a significant
role in targeted therapy for older AML patients is FLT3 (45–47) inhibitors, particularly
concerning the R/R setting [144–147]. Indeed, mutations in FLT3 at diagnosis remained at
the disease recurrence. Indeed, relapsing patients with FLT3 negative AML at diagnosis
can acquire this mutation, eventually along with other abnormalities, such as TP53, KIT,
RUNX1, and WT1, at relapse [39,46,47,49]. Therefore, it is of the utmost importance to test
for the presence of the FLT3 mutation in relapsed older AML patients, including those who
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no longer respond to AZA/VEN combination therapy [146,147]. Indeed, acquiring the FLT3
mutation during the clonal evolution that characterizes leukemic relapse would make these
patients suitable candidates for treatment with an oral, selectively effective FLT3 inhibitor
with single-agent activity, such as gilteritinib, in R/R FLT3-mutated AML [39,146,147].
In such a setting, gilteritinib showed a good safety and tolerability profile [39,146–148],
allowing its use even in fragile or otherwise compromised patients. Therefore, gilteritib
represents the most effective salvage option for eligible older patients with R/R AML
harboring FLT3 mutations [39,144–147]. On the other hand, the efficacy of venetoclax-based
salvage therapeutic combination in patients with R/R AML previously treated with FLT3
or IDH1/2 inhibitors has been reported [149]. Gilteritinib received approval for patients
with R/R FLT3-mutated AML based on the results of the ADMIRAL trial [147], which
included 371 patients randomized to receive this agent alone (247 patients) or salvage ICT
(124 patients). In the gilteritinib arm, the reported OS (9.3 months) was significantly longer
than that (5.6 months) recorded in ICT patients [147]. An updated analysis confirmed
the survival benefits of gilteritinib compared to ICT, other than its stable safety profile
and its role of bridging to allogenic SCT in many responsive patients [148]. Incorporating
gilteritinib in therapeutic association with venetoclax [150] and triplet combinations with
AZA/VEN [151,152] has been reported with favorable results. The mutual synergies
between these agents could be further optimized for clinical benefit in ND AML and R/R
AML patients [150–152].

4.5. More Therapies for Elder AML Patients

The drug tagraxofusp, an anti-CD123 antibody conjugate with toxin for the treatment
of BPDN, gained approval for the specific treatment of this rare but severe disease [153–157]
based on the results of a single-arm study on 13 treatment-naïve patients, and 54% of
them achieved a CR [156]. Since the approval of this agent, research has focused on
managing side effects (Table 8), combining therapies to improve outcomes in suitable
patients, and developing dosing and combination strategies to reduce toxicities while
maintaining effectiveness, especially in older patients. The successful targeting of CD123 in
BPDCN has also spurred research into other CD123-positive blood cancers, particularly
AML, and promoted the development of new agents targeting CD123 [153–157]. Hence, the
approved agents for older AML patients, listed in Table 6, represent significant progress in
this field. Clinical trials are exploring their combined use in various therapeutic approaches,
such as double or triple combinations, to improve further the management of challenging
patients [44,153–157]. Moreover, numerous trials have investigated targeted therapies,
including revumenib, a menin inhibitor, in patients with KMT2A or NUP98 rearrangements
or NPM1 mutations [55–61]. Additionally, specific immunotherapy approaches, such as
CAR-T cell therapy [44], and agents like macrolimab [154,158], an anti-CD47 monoclonal
antibody, and bispecific antibodies [159], are being studied as potential treatments for AML.
Again, some innovative studies are ongoing, exploring other therapeutic targets, such as
those linked to already poorly understood metabolic [74,75] and inflammatory [84–86,93]
aspects of AML. Advances in genomic profiling and molecular characterization have
enabled the development of innovative treatment approaches for patients with AML,
particularly older and frail individuals [16,17]. Despite limitations and difficulties in the
ongoing research, developing these novel and awaited therapies may also offer hope for
therapeutic possibilities in challenging situations, such as TP53-mutated AML [36,37,160].

Table 8. Main toxicities by approved novel therapies in older AML patients [1,25,28,131].

Therapeutic Agent Most Common Toxicities and Comments

Venetoclax (ND AML in patients > 75 years old or with
comorbidities in combination with HMA or LODAC)

Myelosuppression, notably prolonged neutropenia, could be
managed by prolonging treatment intervals and using antimicrobial
prophylaxis. G-CSF will be allowed in patients with AML in
remission.
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Table 8. Cont.

Therapeutic Agent Most Common Toxicities and Comments

FLT-3 ITD
FLT-3 TKD

Midostaurin,
Quizartinib (Frontline, in
combination with ICT)

GI side effects. The survival benefit of quizartinib was limited to
patients younger than 60. There is a high risk of early mortality in
older patients.

Gilteritinib (R/R setting) Differentiation syndrome, long QT syndrome, and posterior
reversible encephalopathy.

IDH1
Ivosidenib (ND and R/R AML) Differentiation syndrome, long QT syndrome.

Olutasidenib (R/R setting) Differentiation syndrome, hepatotoxicity.

IDH2 Enasidenib (R/R setting) Differentiation syndrome, hyperbilirubinemia.

Glasdegib (adults older than 75 years who have
comorbidities).

Black, tarry stools, bleeding gums, chest pain, chills, confusion, and
cough.

CPX-351 (as induction ICT for ND s-AML and t-AML). Myelosuppression, prolonged neutropenia.

Tagraxofusp (anti-CD123 conjugate with toxin). Treatment
of BPDCN.

CLS, nausea, tiredness (fatigue), fever, swelling in your legs or feet,
and weight gain.

AML: acute myeloid leukemia; ND: newly diagnosed; HMA: hypomethylating agents; LODAC: low dose of
cytarabine; FLT3; fms related receptor tyrosine kinase 3; ITD: internal tandem duplications; TKD tyrosine kinase
domain mutation; ICT: intensive chemotherapy; GI: gastrointestinal; R/R: relapse/refractory; IDH1: isocitrate
dehydrogenase (IDH)-1 mutation; IDH-2 mutation; s-AML: secondary AML; t-AML: therapy-related AML; CPX-
351: liposomal encapsulation of cytarabine and daunorubicin at a fixed 5:1 synergistic molar ratio; BPDCN: blastic
plasmocytoid dendritic neoplasms. CLS: capillary leak syndrome.

4.6. Intensive Chemotherapy and Allogeneic SCT

The primary treatment for AML has traditionally been the induction ICT, which involves
combining cytarabine and daunorubicin (7 + 3 regimen) [1,27] and still represents the standard
of care also in older patients who are able candidates for this therapeutic option based on
individual fitness evaluation [119,126,127]. Although the administration of ICT can achieve
CR, clinical outcomes are dismal [6], and most older patients with AML are unsuitable for
ICT because of advanced age, coexisting health issues, and social concerns [1,25–27]. Indeed,
ICT for AML may result in lower OS and high mortality rates in older patients, particularly
those over 75 years old [6,24–32]. However, a recently published study, which included
229 patients > 70 years old with CBF-AML treated with ICT and followed long-term in the
last two decades, reported an OS of 44% and an EFS of 33%. Based on these encouraging
findings, the authors suggested that this subgroup of CBF-AML patients could effectively
receive ICT approaches [161]. Also, gemtuzumab-ozogamicin, an antibody–drug conjugate
targeting CD33 [28,162] to add to traditional ICT, allowed survival benefits that appear limited
to patients with favorable-risk CBF-AML [28]. In addition, a new treatment option, such
as CPX-351, has been introduced to address ICT-related challenges in older patients with
AML [163]. This therapeutic combination is a dual-drug liposomal encapsulation exerting its
antileukemic action by maintaining a synergistic molar ratio of cytarabine to daunorubicin
of 5:1 within the liposome while in circulation [163]. Overall, CPX-351 showed promising
benefits among older patients with s-AML or t-AML, resulting in higher response rates and
significant improvements in OS and PFS compared to the standard 7 + 3 regimens with
a favorable safety profile mainly related to decreased incidence of mucositis and another
off-target side effect [1,28,163]. Interestingly, in responsive patients fit for allogeneic SCT,
CPX-351 is a feasible bridge to transplant measure [1,28,163]. Notably, low-intensity therapy,
such as HMA/VEN and molecularly tailored treatments, has also been proven reliable as a
bridge to allogeneic SCT [67,117,145–147]. However, due to the frailty of older patients with
comorbidities and socioenvironmental factors, the decision to undergo a transplant must be
carefully considered by evaluating the treatment-related morbidity associated with allogenic
SCT [1,28,117]. Furthermore, treatment decisions based on chronological age alone have
been the most common barrier to referring older patients for consideration of allogeneic SCT;
concerning this finding, the risk that a significant proportion of older individuals with AML
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could benefit from allogeneic SCT does not [117]. Therefore, this represents an unmet need,
considering that patients undergoing SCT have significantly longer OS than those potentially
eligible but not submitted to transplant. However, advancements in lower intensity and less
toxic treatments bridging to allogeneic SCT [117], a better understanding of allogenic SCT
complications, the increased utilization of unrelated donors, and the development of less
intense conditioning strategies have improved transplant outcomes and survival rates over
time also for older AML patients [1,117].

4.7. The Holistic Approach to Managing AML in Older Patients: Prioritizing Toxicities
Management Alongside Quality of Life and Early Palliative

When treating older patients with AML, it is essential to closely monitor and address
the adverse effects of new treatments, such as small-molecule inhibitors used alone or in
combination therapies (Table 8). For example, the combination therapy AZA/VEN can lead
to myelosuppression [25,123,131]. Adjusting the treatment intervals and the duration of vene-
toclax administration can help reduce the risk. Additionally, dose adjustments of venetoclax
should be necessary alongside other medications and antimicrobial prophylaxis, which is
advisable at treatment initiation [131]. Granulocyte colony-stimulating factor may help resolve
prolonged severe neutropenia since achieving a CR. Therefore, venetoclax dose adjustment
is necessary when taken with concomitant cytochrome P3A4 and P-glycoprotein inhibitors.
When using IDH1/2 inhibitors, watch out for differentiation syndrome (DS), leukocytosis,
and QTc prolongation [48]. Other adverse events include self-limited asymptomatic indirect
hyperbilirubinemia with enasidenib, QTc prolongation with ivosidenib, and hepatotoxicity
with olutasidenib [48,143]. Midostaurin and gilteritinib are also current therapies for older
AML patients, each with its own set of potential adverse effects. The forthcoming targeted
agent, such as menin inhibitory, can also cause DS, characterized by symptoms like fever,
arthralgias, leukocytosis, pleural or pericardial effusions, and respiratory or renal failure
in severe cases [25,55–61]. Despite advances in AML treatment, patients often experience
significant symptom burdens due to the disease itself and the side effects of traditional and
novel therapies [164–166]. In this regard, palliative care (PC) can alleviate these symptoms
and enhance the QoL [164,165]. Additionally, early integrated PC can provide psychological
support and counseling to patients and their families to help them cope with the uncertainty
and emotional feelings portrayed by the disease [165]. In addition, PC also helps patients
navigate complex treatment options, especially when considering the potential benefits of
novel agents versus QoL and possible side effects. It is important to note that introducing
novel therapies may prolong life, but they do not always lead to a cure [167]. Therefore,
incorporating new treatments into patient care plans requires a delicate balance between
prolonging life and preserving its quality. In this view, PC care teams should collaborate with
hematologists to monitor and address side effects while considering patients’ preferences
and goals [165]. Indeed, while these treatments have improved outcomes for many patients,
they also present challenges that require a multidisciplinary approach. With this regard, PC
focuses on managing symptoms, providing psychosocial support, and planning advanced
care to ensure that patients receive comprehensive care aligned with their values and goals as
they navigate the complexities of modern AML treatment.

5. Summary

The therapeutic scenario of AML has significantly changed over the past 5–10 years
due to the approval of several novel treatments. These advancements portrayed a new
framework for treating patients with ND and R/R AML, emphasizing the importance of
genetic testing and targeted therapies at both stages. Despite these improvements, the
mortality rate for AML patients remains high, highlighting the need for better integration
of early PC during treatment. With the increasing number of older adults with AML
and aging populations, this patient group will ever more represent a significant portion
of hematology practices in which ongoing innovative research in AML will bring new
therapies and personalized approaches that will continue to improve patient outcomes.
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6. Key Points

AML patients should receive a quick diagnosis and a proper evaluation of eventually
related clinical complications and accompanying comorbidities. Cytogenetic and molecular
genetic testing are crucial to diagnose and assess risk accurately. These tests help guide
initial treatment, post-remission therapy, and allogeneic SCT and empower hematologists
with the necessary information to make informed decisions. In addition, newer and more
effective treatments for older AML patients include the AZA/VEN combination, but
it can lead to increased myelosuppression, requiring close monitoring and appropriate
supportive care.

7. Conclusions

AML is a complex and diverse disease, as demonstrated by the expanded genetic
and cytogenetic qualifiers in ICC classification [12] and the updated WHO-5 [13] systems.
While outcomes have improved through novel therapies [24–32] and advances in allogeneic
SCT [1,117], the long-term OS remains poor, especially for older patients [1,25]. There-
fore, assessing the patient’s fitness [115,119] and staying updated on the latest treatments
is essential. Diagnostic tests should detect baseline mutations and monitor changes at
relapse. Additionally, MRD assessment can help predict relapse and guide treatment deci-
sions [109–112]. The introduction of novel targeted drugs has changed our decision-making
paradigm, leading to the consideration of efficacy endpoints other than the traditional
definition of CR with complete hematological recovery [167]. These changes have included
the introduction of specific response categories, such as CR with partial hematological
recovery in PB or BM and leukemia-free BM, providing significant benefits for patients
who have received non-myelosuppressive therapies. It is important to note that less pro-
found therapeutic responses not integrating a CR state can still be associated with clinically
meaningful soothing effects for treating AML with non-myelosuppressive drugs, although
less robustly than for CR [167]. Furthermore, novel treatments such as HMAs/VEN can
induce long-lasting CR, even persisting after therapy discontinuation [115]. These findings
stimulate ongoing investigations exploring the possibility of treatment-free intervals and
discontinuation, representing revolutionary concepts in hematology [114,115]. Among
the factors determining the best management, it is crucial to consider the patient’s age,
expectations, predictable toxicities, impact on patient comorbidities and overall health,
and QoL issues [164,165]. Advances in precision medicine [24–32] and new treatment op-
tions, including novel oral formulation, such as the recently available oral decitabine [168],
other than the already many innovative agents administrable by mouth as outpatient
regimens [1], make older AML patients ever more manageable, allowing a personalized
treatment approach with the valuable aims of reducing the impact of the adverse effects of
novel treatments, preserving QoL and ultimately improving outcomes [169].
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