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ARTICLE INFO ABSTRACT

Keywords: Acute myeloid leukemia (AML) is primarily a disease of older adults. Many older patients with AML are not
Acute myeloid leukemia candidates for intensive chemotherapy regimens aimed at inducing remission before transplantation. The
Elderly prognosis for this patient population remains poor, with 5-year overall survival (OS) rates of less than 10 %. At
;ﬁ;’g‘:ﬁylatmg agents present, there is no standard of care, and clinical trials should be considered. Hypomethylating agents often are

the mainstay of treatment in this setting; however, improved genetic profiling and risk stratification based on
molecular, biological, and clinical characteristics of AML enhance the ability to identify an individual patient’s
risk and can refine therapeutic options. Over the past 2 years, several novel agents have been approved for AML
patients in either the frontline or relapsed settings. Additional agents have also shown promising activity. It is
becoming a challenge for physicians to navigate these different options and select the optimal therapy or
combination of therapies. The aim of this review is to summarize the available information to assist with

Targeted agents

treatment decisions for leukemia patients who are not suitable for intensive chemotherapy.

1. Introduction

Acute myeloid leukemia (AML) is the most common form of acute
leukemia in adults, with a median age at diagnosis of 68 years [1,2].
The incidence of AML is increasing as the population ages, and man-
agement of older patients remains challenging [3,4]. More than 50 % of
patients with AML are ineligible for intensive chemotherapy regimens
because of age, performance status, and/or comorbid conditions
[3,5,6]. Clinical management of this population remains suboptimal
given the lack of therapies that are tolerable and offer improved sur-
vival and quality of life. Historical data in patients considered ineligible
for intensive chemotherapy indicate that survival is approximately 5
months [7]. For these patients, there is no firmly established standard
of care. Recently, new agents have been approved in combination
strategies for AML patients over age 75 or deemed “unfit for induction.”
For example, clinicians can now offer venetoclax in combination with
either low-dose cytarabine or a hypomethylating agent (based on im-
pressive data, albeit in the phase I/II setting) [8] or glasdegib in com-
bination with low-dose cytarabine, based on more modest response
rates in a phase II study [9]. While both of these combinations appear to

be superior to single-agent hypomethylating agent therapy, arguably
the prior standard of care, most experts would still favor enrollment in a
clinical trial for newly diagnosed patients in this category [6]. Elderly
patients who are eligible for intensive chemotherapy have higher rates
of relapse and lower rates of long-term survival than younger patients;
thus, well tolerated, beneficial therapies may be more attractive to
them and should be considered part of the comprehensive conversation
when deciding on therapy. High-quality studies are urgently needed to
identify and standardize effective therapies that improve and sustain
quality of life in this elderly patient population.

Hypomethylating agents in combination with targeted agents offer
the potential for active therapy alternatives with improved tolerability
compared with intensive chemotherapy [8]. Of importance, multidrug
resistance, unfavorable karyotypes, and high-risk mutations that pre-
dict relative resistance to traditional induction approaches make al-
ternative treatment strategies important even among patients poten-
tially eligible for intensive induction therapy [4,10,11]. The availability
of targeted agents has considerable potential benefit for such patients,
and molecular profiling tests are becoming more common. Once next-
generation sequencing mutation profile results are available, treatment
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should prioritize actionable mutations and incorporate currently
available targeted therapies that have demonstrated clinical benefit. In
addition to the treatment challenges, quality of life in these patients has
been largely unaddressed and understudied given the challenges of
enrolling patients aged 65-70 years and older into clinical trials.
Emerging research in hematologic cancers has shown that timely ad-
vanced care planning, discussion of goals of care, and early integration
of palliative care can improve end-of-life outcomes in this high-risk
population [12,13].

This review discusses the approach to selection of best therapies for
AML in elderly patients and those who cannot tolerate intensive che-
motherapy because of poor performance status or comorbidities in the
frontline and relapse settings using a case study format. Key clinical
data are reviewed for non-intensive chemotherapy options in adults
with AML. In addition, an algorithm is presented to guide treatment and
define optimal sequencing based on patient characteristics and cyto-
genetic and molecular profiling.

2. Treatment options for patients who are not candidates for or
who decline frontline intensive chemotherapy

2.1. Case 1

A 74-year-old white man with a medical history notable for mild
chronic obstructive pulmonary disease presents to his primary care
doctor with worsening dyspnea. The patient reports that he is currently
very active, noting that he chopped wood in the forest with his sons last
month. A complete blood count reveals a white blood cell count of
110,000/mm?® with 80 % blasts. The patient is admitted to the hospital
and is screened for clinical trial eligibility, including studies of targeted
therapies with inhibitors of Fms-like tyrosine kinase 3 (FLT3) and iso-
citrate dehydrogenase (IDH), or a combination of a hypomethylating
agent with a small molecule targeting B-cell leukemia/lymphoma-2
(BCL-2). A bone marrow biopsy confirms a diagnosis of AML with
myelodysplastic syndrome (MDS)-related changes. Hydroxyurea is in-
itiated for control of leukocytosis. Molecular profiling is sent and is
pending. Preliminary cytogenetic testing demonstrates a normal kar-
yotype. How should this patient be optimally treated, and what are the
goals for his care?

2.2. Considerations for frontline therapy

Frontline therapy for AML is intended to reduce leukemic burden
[4]. Treatment decisions are influenced by patient- and disease-specific
characteristics that determine tolerability and ability to achieve disease
control. Important patient-related factors include age, performance
status, and comorbid conditions. Characterization of the disease process
requires assessment of cytogenetics and molecular abnormalities. Be-
cause disease-specific information may not be available before initia-
tion of induction therapy, treatment guidelines employ a standard age
cutoff of 60-70 years. Another reason for this classification is that pa-
tients aged > 60 years often have unfavorable cytogenetics, multidrug
resistance, and comorbid conditions that limit their ability to achieve
disease control and/or tolerate intensive chemotherapy regimens.

Age and performance status have been the primary drivers of de-
termining fitness for intensive chemotherapy in AML patients; however,
performance status evaluations may be limited in detecting variations
in physical function and potentially vulnerable patients within status
categories [14]. Geriatric assessment (GA) evaluates multiple patient
characteristics, including physical function, comorbid conditions, cog-
nitive function, psychological status, social support, polypharmacy, and
nutrition to define fit, vulnerable, and frail patients [14]. In the GA,
frail patients have an Eastern Cooperative Oncology Group (ECOG)
performance status =3, impaired activities of daily living, and major
comorbidities; vulnerable patients are those with ECOG performance
status < 3 with no major comorbidity, impaired objectively measured
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physical function, and impaired cognition; fit patients do not have any
of these factors. A number of indices that incorporate comorbidities
have been developed to help determine fitness and likelihood of posi-
tive outcomes with treatment for older AML patients, including the
Hematopoietic Stem Cell Transplantation Comorbidity Index (HCT-CI)
[15], the Adult Comorbidity Evaluation-27 (ACE-27; available at:
https://www.rtog.org/LinkClick.aspx?fileticket = 0ClaTCMufRA%3D&
tabid =290) [16], and the Cumulative Illness Rating Scale for Geriatrics
(CIRS-G) [17]. In a retrospective analysis of 194 adults with AML, HCT-
CI, ACE-27, and CIRS-G were evaluated to determine the impact of
comorbidities on OS and to compare these indices in predicting out-
comes [18]; this study confirmed the profound effects of comorbidities
on OS (although comorbidities did not predict early death), and higher
comorbidity on ACE-27 was an independent risk factor for OS, along
with poor-risk cytogenetics.

When determining treatment options, enrollment in a clinical trial
should systematically be considered as there is no standard of care for
patients who are considered unsuitable for induction chemotherapy-
based treatment [4]. Current guidelines from the National Compre-
hensive Cancer Network (NCCN) offer the following treatment con-
siderations for patients who are not candidates for or who decline in-
tensive chemotherapy: hypomethylating agents (5-azacitidine and
decitabine) with or without venetoclax, low-dose cytarabine with or
without glasdegib or venetoclax, gemtuzumab ozogamicin for CD33-
positive patients, enasidenib for isocitrate dehydrogenase (IDH)-2-mu-
tated AML, ivosidenib for IDHI-mutated AML, hypomethylating agents
with sorafenib for FLT3-mutated AML, or best supportive care (BSC)
with hydroxyurea and transfusion support [4].

Table 1 provides a summary of studies evaluating frontline thera-
pies for this patient population [6-9,19-25]. At minimum, 4 treatment
cycles of single-agent hypomethylating agents are required before a
response can be evaluated, and these treatments can be continued until
progression if the patient tolerates therapy [4].

Following frontline therapy with a hypomethylating agent, assess-
ment of the bone marrow should typically occur at around 4 cycles. If
the patient is receiving venetoclax, earlier assessment between 3 and 12
weeks could be considered. It is important not to give up on a ther-
apeutic strategy too early, because some agents can demonstrate a
delayed response to treatment: responses can take 3-6 months to
manifest and in the absence of overt leukemic progression, continued
therapy is advised [4,26]. This is particularly true for single-agent hy-
pomethylating agents and for the differentiation agents targeting IDH.
Also, time to best response can be delayed and will unfold only if pa-
tients remain on therapy even with stable disease. For patients who
achieve response, treatment options include reduced-intensity con-
ditioning (RIC) hematopoietic stem cell transplantation (HCT) or con-
tinuation of therapy with low-intensity hypomethylating agents and
selected targeted agents until progression (data discussed below).

Allogeneic HCT using RIC is an option for older patients, particu-
larly those who achieve first complete remission (CR) with minimal
comorbidities and who have an available donor [4,27,28]. Currently,
this approach of debulking the tumor with non-intensive chemotherapy
agents followed by RIC allogeneic HCT offers the only curative option
for more fragile AML patients [29].

2.3. Hypomethylating agents

Hypomethylating agents are chemical nucleoside analogs that are
incorporated directly into DNA (decitabine, azacitidine), irreversibly
inhibiting DNA methyltransferase, and into RNA (azacitidine), causing
altered protein synthesis and apoptosis of abnormal leukemia cells in
the bone marrow [3,5]. These actions reverse the tumorigenic effects of
DNA methyltransferase and reactivate silenced tumor suppressor genes
[30]. Although the fundamental mechanism for these drugs remains a
matter of some debate, the hypothesized contributors to response, in-
cluding changes in promoter methylation, DNA damage, and alteration
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of immune signaling, all require cell cycling for their action [31-33].

2.3.1. Azacitidine

A phase III clinical study (AZA-AML-001) compared the efficacy and
safety of azacitidine with 3 conventional care regimens (BSC, low-dose
cytarabine, or standard induction chemotherapy) in patients aged =65
years with newly diagnosed AML and > 30 % bone marrow blasts who
were not considered candidates for HCT [6]. Eligible patients had in-
termediate- or poor-risk cytogenetics, an ECOG performance status of
0-2, and a white blood cell count <15 x 10%/L. A total of 241 patients
received azacitidine 75 mg/m? for 7 days per 28-day treatment cycle
and 247 received conventional regimens. At 24 months’ median follow-
up, the median OS was 10.4 months with azacitidine and 6.5 months
with conventional care (hazard ratio [HR] = 0.85; 95 % confidence
interval [CI], 0.69-1.03; P = 0.1009). The estimated 1-year survival
rates were 46.5 % in the azacitidine group and 34.2 % in the conven-
tional care group; favorable trends were observed for azacitidine across
all subgroups. In particular, the median OS for patients with poor-risk
cytogenetics was significantly prolonged with azacitidine (6.4 vs. 3.2
months; HR=0.68; 95 % CI, 0.50-0.94; P = 0.0185). CR and mor-
phologic CR with incomplete blood count recovery were 27.8 % in the
azacitidine group and 25.1 % in the conventional care group. The oc-
currence and nature of treatment-emergent adverse events (TEAEs)
were similar between treatment groups; the most frequent drug-related
TEAEs were nausea, neutropenia, and thrombocytopenia.

The Austrian Azacitidine Registry reported an update on the efficacy
and safety of azacitidine treatment in 302 patients with AML, including
patients with > 30 % bone marrow blasts [34]. The median age was 73
years and patients received a median of 4 treatment cycles. Azacitidine
was used as frontline therapy for 46 % of patients, following insufficient
response to or early relapse after conventional chemotherapy or allo-
geneic HCT in 46 %, bridging to allogeneic HCT in 3%, or as main-
tenance treatment after CR to chemotherapy in 4%. The overall re-
sponse rate (ORR) was 48 % in the intent-to-treat population and 72 %
in patients who received more than 2 cycles of azacitidine. The median
time to first response was 3 months, and best response was achieved by
cycle 9 in 94 % of responders. The median duration of response was 3.4
months; the median OS was 9.6 months for all patients, and 16.1
months for responders versus 3.7 months for non-responders. Overall,
24 % of all AEs and 20 % of grade 3/4 AEs were attributed to azaci-
tidine. Grade 3/4 hematologic toxicities occurred in 48 % of patients,
with neutropenia, thrombocytopenia, and anemia the most frequently
reported [34].

2.3.2. Decitabine

Decitabine has been studied in hematologic malignancies across a
variety of doses and schedules [5]. A phase III clinical study (DACO-
016) evaluated decitabine 20 mg/mz/day for 5 days (n = 242) versus
treatment of choice (supportive care [n = 28] or cytarabine 20 mg/mz/
day for 10 days [n = 215]) in patients aged =65 years with newly
diagnosed AML and intermediate- or poor-risk cytogenetics [7]. In this
high-risk patient population, the median age was 73 years, 24 % had an
ECOG performance status of 2, and the median baseline blasts in bone
marrow were 46 %. At the time of mature analysis, the median OS was
7.7 months with decitabine and 5.0 months with treatment of choice
(HR = 0.82; P = 0.037). In subgroup analyses, the survival advantage
was significant for patients aged =75 years and for those with de novo
AML, blasts > 30 %, intermediate cytogenetic risk, or a baseline ECOG
performance status of 2. Decitabine was associated with a significantly
higher composite CR rate (CR plus CR with incomplete platelet re-
covery [CRi]) compared with treatment of choice (17.8 % vs. 7.8 %; P
= 0.001). The median time to best response was 4.3 months for deci-
tabine and 3.7 months for treatment of choice. The most common grade
3/4 toxicities were thrombocytopenia and anemia, with higher fre-
quencies in patients receiving decitabine (40 % and 34 %, respectively)
compared with patients receiving cytarabine (35 % and 27 %,
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respectively) and supportive care (14 % for each TEAE). Similar 30-day
mortality rates were reported in both arms (decitabine: 9%; cytarabine:
8%) [71.

A post hoc analysis of the DACO-016 study evaluated the efficacy of
decitabine in older patients with AML and higher blast counts (=30 %)
and compared clinical characteristics and outcomes with data from the
azacitidine AML-001 study [6,35]. A total of 271 of 485 patients in the
DACO-016 study had a high blast count (=30 %) and white blood cell
count < 15 X 10°/L; median age was 73 years [35]. The CR/CRi rate
was 27 % in the decitabine group and 11 % in the treatment-of-choice
group. Median OS was significantly prolonged with decitabine versus
treatment of choice (8.6 vs. 4.7 months; HR = 0.67; P = 0.0033). The
30-day mortality rate was 10 % in the decitabine group and 6 % in the
treatment-of-choice group. Decitabine was associated with higher rates
of grade 3/4 hematologic toxicities compared with treatment of choice
[35]. These results were generally similar to outcomes reported in the
AML-001 study despite the fact that the DACO-016 study did not in-
clude intensive chemotherapy as a treatment option, possibly sug-
gesting a more compromised patient population in the latter study [35].

A prospective, uncontrolled study sought to determine if the pre-
sence of specific mutations correlated with response to decitabine [36].
Patients with AML who were aged =60 years, those with relapsed AML,
and those with transfusion-dependent MDS received decitabine 20 mg/
m?/day for 10 days every 4 weeks. Exome and gene-panel sequencing
was conducted to detect all common mutations within 8 genes. Of the
116 patients who were treated, the ORR was 46 %, including 15 (13 %)
patients who achieved CR. Mutations in TP53 were highly correlated
with response. These mutations were present almost exclusively in
patients with unfavorable cytogenetics, and survival was not negatively
affected by cytogenetic abnormalities or the presence of TP53 muta-
tions. Median survival was 11.6 months for patients with unfavorable
risk versus 10 months for those with favorable or intermediate risk and
12.7 months for those with TP53 mutations versus 15.4 months for
those with wild-type TP53 [36].

Use of combination therapy with additional agents (venetoclax) is
discussed below; combination strategies, including hypomethylating
agents and low-dose cytarabine, were recently approved by the US Food
and Drug Administration (FDA) based upon phase 2 data. These regi-
mens can be used in the frontline setting for newly diagnosed patients
with AML; the approval language restricts their use to those older than
75 years or with comorbidities that preclude induction. Maturation of
the clinical study data is ongoing and will yield further clarity on the
risk/benefit ratio of combination-based approaches, particularly with
regard to duration of response and real-world toxicity and tolerability
profiles. Clear guidelines for management of early and late toxicity with
these combinations are limited. Approaches to dose reduction and
maintenance are currently based largely upon expert recommendations,
which vary widely.

2.4. Targeted therapies currently available for AML

2.4.1. Gemtuzumab ozogamicin

Gemtuzumab ozogamicin, an immunoconjugate consisting of hu-
manized anti-CD33 monoclonal antibody and the DNA intercalator
calicheamicin [21], is approved by the FDA for the treatment of adults
with newly diagnosed AML whose tumors express the CD33 antigen.
This approval comes after withdrawal of the drug from the market due
to safety concerns related to early deaths in the relapsed AML popula-
tion [37].

A phase II/III study compared gemtuzumab ozogamicin with BSC in
patients aged =61 years with newly diagnosed AML who were un-
suitable for intensive chemotherapy. Gemtuzumab ozogamicin was
administered as a single induction course of 2 intravenous infusions at
doses of 6 mg/m? on day 1 and 3 mg/m? on day 8. Patients who had
CR, partial response, or stable disease could receive up to 8 monthly
infusions of gemtuzumab ozogamicin 2 mg/m>. A total of 237 patients
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were enrolled, and the median OS was significantly longer with gem-
tuzumab ozogamicin versus BSC (4.9 vs. 3.6 months; HR = 0.69; 95 %
CI, 0.53-0.90; P = 0.005). The all-cause 30-day mortality was similar
between treatment groups (11 % vs. 13.5 %, respectively).
Gemtuzumab ozogamicin had a greater effect on survival among pa-
tients with > 80 % CD33-positive blasts compared with BSC. The
overall CR/CRi rate for induction was 24.3 % for gemtuzumab ozoga-
micin, and the overall clinical benefit rate (CR/CRi/PR/stable disease
lasting > 30 days) was 56.7 %. The median time to best response of
CR/CRi was 36.5 days. Mortality related to toxicity occurred in 8 pa-
tients and included infection, hemorrhage, renal failure, and cardiac
failure. Pancytopenia occurred in all patients receiving gemtuzumab
ozogamicin; however, the incidences of nonhematologic AEs and grade
3/4 AEs were similar between treatment groups [21]. Despite a lack of
direct comparative studies with other regimens, the available data do
not favor using single-agent gemtuzumab ozogamicin as the regimen of
choice for a majority of patients.

The triple combination of gemtuzumab ozogamicin, azacitidine, and
hydroxyurea was evaluated in a single-arm, open-label, phase II study
of patients with newly diagnosed AML [38]. Among good-risk patients
(n = 83), CR/CRi was achieved in 44 %; among poor-risk patients (n =
54), CR/CRi was achieved in 35 %. Median OS was 11 months for both
risk groups. These results are encouraging but would require con-
firmation in a larger study. Use of this regimen in good-risk patients
who are not eligible for other regimens could be considered but would
need to be weighed against the potential for AEs.

The use of sequential gemtuzumab ozogamicin and standard che-
motherapy in older patients with newly diagnosed AML was assessed in
the phase III EORTC/GIMEMA Consortium AML-17 study [37]. No
significant differences in response to induction therapy were observed
with the addition of gemtuzumab ozogamicin, and 2 patients died as a
result of veno occlusive disease during gemtuzumab ozogamicin
therapy. The sequential regimen tested did not benefit older patients
with AML and was too toxic for those aged =70 years [37].

2.4.2. Midostaurin

Midostaurin is a multi-targeted kinase inhibitor that acts at the FLT3
receptor in both FLT3 wild-type and mutant leukemic blasts [22,39].
Preclinical and phase I studies showed synergy between midostaurin
and chemotherapy and encouraging efficacy with the use of mid-
ostaurin during induction and consolidation chemotherapy [40,41].
Midostaurin is recommended for patients with AML who are eligible to
receive intensive chemotherapy and as maintenance therapy for 12
months based on results of the phase III RATIFY study [4,40].

Midostaurin has been assessed in untreated elderly (aged =70
years) patients with AML, patients of any age with AML who were not
candidates for intensive induction therapy, or patients with relapsed/
refractory AML [22]. Patients received azacitidine 75 mg/m?/day in-
travenously for 7 days followed by escalating doses of midostaurin (25,
50, and 75 mg twice daily) for days 8-21 every 4 weeks. The median
age of the 17 patients enrolled was 73 years, and all patients were FLT3
negative. No dose-limiting toxicities were observed during midostaurin
dose escalation. Grade 3/4 hematologic toxicities were observed in the
majority of cycles; during the first 60 days, 2 patients died due to dis-
ease progression and 1 patient died of infectious pneumonia and grade
3 hepatotoxicity. Responses were observed in 18 % of all patients and
25 % of patients who were previously untreated. Median survival was 6
months (range, 1-19+ months) for all patients, and results did not
differ between previously treated and untreated patients. Since patients
on this study were FLT3 negative, these results cannot be used to inform
the efficacy of midostaurin in combination with azacitidine in FLT3-
mutant elderly AML patients.

2.4.3. Ivosidenib
Ivosidenib (AG-120) is an oral inhibitor of mutant IDH1 [39], which
is approved for the treatment of newly diagnosed patients with IDHI-
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mutant AML who are =75 years old or not candidates for intensive
chemotherapy, as well as for patients with relapsed/refractory AML
[42]. In a phase I dose-escalation study including 179 patients with
relapsed/refractory AML and IDHI mutation (ECOG performance status
0, 1, 2, and 3 in 20 %, 55 %, 24 %, and 1 % of patients, respectively),
ivosidenib 500 mg daily resulted in an ORR of 39.1 % and CR rate of
21.8 % [43]. In patients with newly diagnosed AML who were ineligible
for intensive chemotherapy, a phase Ib/II study evaluated ivosidenib
500 mg/day in combination with azacitidine 75 mg/m?/day for 7 days
every 4 weeks in those with IDHI-mutant disease [23,44]. In a pre-
liminary report, which included 23 patients (median age 76 years;
median treatment duration 11 months [range, 0.3-25.3]), there were
18 responses to combination therapy (78 %), of which 16 (70 %) were
CR or CR with partial hematologic recovery. The phase III AGILE study
has been initiated to assess the efficacy and safety of ivosidenib and
azacitidine in untreated adult patients with AML who are considered
appropriate candidates for non-intensive chemotherapy
(NCT03173248). A boxed warning is included in the ivosidenib pre-
scribing information for IDH inhibitor-associated differentiation syn-
drome, which is potentially life-threatening and caused by rapid dif-
ferentiation and proliferation of myeloid cells [42]. Symptoms of
differentiation syndrome include non-infectious leukocytosis, periph-
eral edema, dyspnea, pleural effusion, hypotension, hypoxia, pul-
monary edema, pneumonitis, pericardial effusion, rash, fluid overload,
tumor lysis syndrome, and increased creatinine. Differentiation syn-
drome was observed with ivosidenib in 25 % (7/28) patients with
newly diagnosed AML and 19 % (34/179) patients with relapsed/re-
fractory AML. For suspected differentiation syndrome, dexamethasone
10 mg intravenously (or equivalent) every 12 h for a minimum of 3
days is recommended along with hemodynamic monitoring. For non-
infectious leukocytosis, hydroxyurea or leukapheresis is recommended
as clinically indicated. Treatment with ivosidenib should be interrupted
if symptoms persist for more than 48 h.

2.4.4. Venetoclax

BCL-2 is an anti-apoptotic protein with increased expression in AML
blasts, which has been associated with AML cell survival and che-
motherapy resistance [45-47]. Venetoclax is a BCL-2 inhibitor that has
been evaluated in patients with relapsed/refractory AML and those
with untreated AML who were not candidates for intensive che-
motherapy in 2 early phase studies; ECOG performance status was 0 in
3 patients (9 %), 1 in 14 patients (44 %), and 2 in 14 patients (44 %)
[46,48]. In a phase II, single-arm study of venetoclax monotherapy (800
mg/day), 6 of 32 (19 %) patients achieved CR/CRi. Among 12 patients
with IDH1/2 mutations, the rate of CR/CRi was 33 %. Venetoclax (600
mg/day) was used in combination with low-dose cytarabine (20 mg/m?
daily for 10 days every 4 weeks) in a phase Ib/II study in 82 patients
=60 years of age with AML who were not suitable for intensive che-
motherapy; ECOG performance status was 0 in 12 patients (15 %), 1 in
46 patients (56 %), 2 in 23 patients (28 %), and 3 in 1 patient (1 %)
[48]. The CR/CRi rate was 54 %, and median OS was 10.1 months. The
most common grade 3/4 AEs were hematologic; serious AEs in =5 % of
patients were anemia (31 %), febrile neutropenia (27 %), pneumonia
(10 %), and sepsis (7 %).

Venetoclax also has shown synergy with hypomethylating agents in
preclinical models and is currently being evaluated in combination with
azacitidine or decitabine in elderly patients (aged =65 years) with
previously untreated AML who were ineligible for intensive che-
motherapy [8,45]. A total of 145 patients (median age 74 years) were
enrolled; ECOG performance status was 0 in 32 patients (22 %), 1 in 90
patients (62 %), and 2 in 23 patients (16 %). Final doses of venetoclax
in the expansion phase of this study were 400 (n = 60), 800 (n = 74),
or 1200 mg (n = 11). At a median follow-up of 15.1 months in all
patients (n = 145), the ORR (CR + CRi + PR) was 68 %, including CR
in 37 % and CRi in 30 %, and the median OS was 17.5 months. In the
venetoclax 400-mg/hypomethylating agent treatment group, the CR +
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CRi rate was 73 %, with median survival not reached. Among evaluable
patients with FLT3 mutations (n = 18), IDHI1 or IDH2 mutations (n =
35), NPM1 mutations (n = 23), or TP53 mutations (n = 36), the CR/
CRi rates were 72 %, 71 %, 91 %, and 47 %, respectively. The most
common grade 3/4 AEs were febrile neutropenia (43 %), decreased
white blood cell count (31 %), anemia (25 %), thrombocytopenia (24
%), neutropenia (17 %), and pneumonia (13 %). These data suggest
response rates comparable to those achieved with induction che-
motherapy, raising the possibility of a new standard of care, although
larger studies are needed for confirmation [49]. Based on the en-
couraging efficacy and manageable toxicity observed with venetoclax
400 mg in combination with hypomethylating agents, an ongoing phase
IIT trial is currently evaluating venetoclax 400 mg plus azacitidine in
patients with untreated AML who are not eligible for intensive induc-
tion therapy [8]. Activity appears to be suboptimal when used in the
relapsed/refractory setting [50]. Doses of venetoclax should be reduced
when administered with posaconazole (to a maximum of 70 mg) or
other strong CYP3A inhibitors (to a maximum of 100 mg) [51]. Al-
though the median age in this study was 74 years, it is critical to note
that more than 60 % of those enrolled had excellent performance status
(ECOG 0-1), raising the question of tolerability in the broader context
of elderly patients with AML. The authors of this article have observed
substantial rates of toxicity with this regimen in patients who do not
meet this performance status standard. Many patients are not eligible
for treatment with venetoclax-based regimens because of poor perfor-
mance status. We have found that if patients with poor performance
status are treated with venetoclax-based combinations, mortality can be
uncomfortably high.

The vast majority of patients will be cytopenic at the end of cycle 1
of the combination of venetoclax and hypomethylating agents. For
these patients, the general consensus is to evaluate the bone marrow
status during the fourth week of cycle 1 and to hold venetoclax for
patients without evidence of active disease until count recovery or day
42. For patients with count recovery or persistent disease on the
marrow evaluation, the treatment course is maintained and cycle 2 is
given on schedule, starting cycle 2 on day 29 of cycle 1. It may be
necessary to decrease the duration of venetoclax treatment (and/or
discontinue) in subsequent cycles if prolonged cytopenias persist and
bone marrow has demonstrated CR/CRi.

Venetoclax is not always accessible to all patients, as there may be
copay cost and insurance approval issues, as well as concerns for
toxicity in older patients with prolonged aplasia and in patients with
poor performance status. Because many patients may not have access to
this combination, some physicians are waiting to use this combination
until a clear survival benefit is demonstrated. An overview of standard
practices when administering venetoclax plus hypomethylating agents
to patients with newly diagnosed AML was recently published to help
guide clinicians. [52]

2.4.5. Glasdegib

Glasdegib (PF-04449913), an oral, small-molecule inhibitor of the
Hedgehog pathway component Smoothened [53], is approved in com-
bination with low-dose cytarabine for newly diagnosed AML in patients
=75 years of age or who are not eligible for intensive chemotherapy
[54]. In a randomized, phase II study in patients =55 years of age with
untreated AML or high-risk MDS, patients received either glasdegib 100
mg orally daily in 28-day cycles in combination with low-dose cytar-
abine or low-dose cytarabine alone until disease progression, un-
acceptable toxicity, or patient refusal [9,25]. At a median follow-up of
approximately 43 months, glasdegib plus low-dose cytarabine (n = 78)
resulted in significantly longer OS compared with low-dose cytarabine
alone (n = 38; 8.3 months vs. 4.3 months, respectively; P = 0.0004).
The most common grade 3/4 nonhematologic AEs observed with glas-
degib/low-dose cytarabine (safety population, n = 88) were pneu-
monia (17 %), fatigue (14 %), dyspnea (7 %), hyponatremia (6 %),
sepsis (6 %), and syncope (6 %).
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2.5. Post-remission therapy

In patients with AML, post-remission therapy (e.g., consolidation
and maintenance therapy) can potentially maintain and/or prolong
remission by eliminating residual leukemic cells and preventing relapse
[4]. Typically, low-risk AML patients receive successive cycles of che-
motherapy alone, and higher-risk patients undergo HCT. Generally,
post-remission therapy is individualized based on risk, specific genetic
alterations, and patient factors (e.g., performance status) [4,10]. Me-
deiros and colleagues recently reviewed key data evaluating post-re-
mission therapies in patients with AML [55].

The value of azacitidine treatment in the post-remission setting was
evaluated in a phase III randomized study (HOVON97) [56]. A total of
116 patients with AML who achieved CR/CRi after 2 cycles of intensive
induction chemotherapy were randomized to azacitidine 50 mg/m?/
day for 5 days every 4 weeks for 12 cycles, or observation. The 12-
month disease-free survival (DFS) rate was significantly higher in the
azacitidine group than in the observation group (64 % vs. 42 %; P =
0.04).

Results were recently reported from a phase III, randomized study
(QUAZAR) of oral azacitidine (CC-486) as maintenance therapy in pa-
tients with newly diagnosed AML who had achieved first complete re-
sponse or complete response with incomplete blood count recovery
[57]. A total of 472 patients were enrolled, 238 randomized to CC-486
and 234 randomized to placebo, with a median age of 68 years (range:
55-86); 91 % of patients had de novo AML. Following induction
therapy, 81 % of patients achieved a complete response and 19 % of
patients achieved a complete response with incomplete count recovery;
80 % of patients received consolidation chemotherapy. At a median
follow-up duration of 41.2 months, maintenance CC-486 resulted in
significant improvement in OS versus placebo (24.7 vs. 14.8 months,
respectively; P = 0.0009) [58] and relapse-free survival (10.2 vs. 4.8
months; respectively; P = 0.0001). Both OS and relapse-free survival
improvements with CC-486 were observed regardless of cytogenetic
risk status, number of prior consolidation cycles, and complete re-
sponse/complete response with incomplete status. CC-486 had a safety
profile similar to that of intravenous azacitidine. CC-486 is the first
maintenance therapy showing a significant improvement in overall and
relapse-free survival.

2.6. Case 1 continued

The patient elects to participate in a clinical trial combining deci-
tabine and venetoclax for management of newly diagnosed AML. He
begins therapy with the combination (decitabine 20 mg/m? IV over 1 h
for 5 days with venetoclax 100, 200, and 400 mg over days 1, 2, and 3,
respectively, and 400 mg thereafter). A week later, mutational profiling
reveals an atypical FLT3 tyrosine kinase domain (TKD) mutation as well
as a mutation in IDH1. The venetoclax dose is reduced to 100 mg due to
the use of concomitant posaconazole, a strong cytochrome P450 3A
inhibitor, for fungal prophylaxis [59]. Table 2 shows the recommended
dose adjustments for venetoclax when coadministered with posacona-
zole [51]. After 2 cycles of therapy, the patient achieves a CR. He does
well for 15 months, requiring alterations in the dosing of venetoclax
and decitabine due to intermittent cytopenias. He is transfusion in-
dependent and has excellent quality of life. Unfortunately, at a follow-
up visit he is noted to have new cytopenias and requires a platelet
transfusion for the first time in months. A repeat bone marrow biopsy
with molecular profile is performed. This demonstrates reoccurrence of
the IDH1 mutation and expansion of the variant allele frequency (VAF)
for his atypical FLT3 mutation. After discussion with his doctor, he
elects to start oral therapy with an IDH1 inhibitor. He achieves a partial
remission from this, but ultimately dies of refractory leukemia. This
case highlights a frequent experience in the management of elderly
patients in which brief periods of response are followed by swift disease
progression with loss of quality of life.
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Table 2
Recommended venetoclax dose adjustments when coadministered with CYP3A
and P-gp inhibitors in patients with AML [51].

Coadministered Drug Initiation and Ramp-Up Phase  Steady Daily

Dose

Dose

g
~<

Posaconazole 10 mg
20 mg
50 mg
70 mg
10 mg
20 mg
50 mg
100 mg
Reduce venetoclax dose by at least 50 %

70 mg

Other strong CYP3A inhibitor 100 mg

A WNHE D WN =

Moderate CYP3A inhibitor
P-gp inhibitor

CYP3A, cytochrome P450 3A; P-gp, P-glycoprotein.
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2.7. Treatment algorithm

Fig. 1 shows a treatment algorithm focusing on patients with AML
who are not candidates for or refuse intensive chemotherapy. Con-
siderations are given for patient and disease characteristics, including
cytogenetics, molecular classification, comorbidities, and functional,
social, and cognitive status of the patient [4,27]. Favorable cytogenetics
and mutations, such as core binding factor leukemia or mutated NPM1,
may encourage use of more intensive therapy; whereas unfavorable
FLT3 gene mutations may suggest use of a targeted agent in conjunction
with a hypomethylating agent. Similarly, if patients are known to be
CD33-positive or have a mutation in IDH, targeted treatment options
are available. It is important to consider the mutational background
when selecting a truly targeted therapy such as an IDH inhibitor be-
cause concurrent mutations involving the RAS pathway may reduce the
effectiveness of single-agent IDH inhibitors. The assessment of clinical

A
. . . New diagnosis of AML
Suitable for intensive
chemotherapy Patient assessment
Standard induction therapy Qg(raformance status N?t Su_'tablﬁ for "
. Intensive chemothera
and/or allogeneic HSCT . Functional status Py
Consider clinical trial * Comorbidities Consider clinical trial
HMA eligible Not HMA eligible*
Consider comorbidities, performance status, Consider comorbidities, performance status,
socioeconomic factors/QoL issues socioeconomic factors/QoL issues
Combination (preferred) Single agent » Venetoclax + low-dose cytarabine
* Azacitidine or decitabine + venetoclax * Azacitidine * Glasdegib + low-dose cytarabine
» Decitabine * Hydroxyurea/BSC
IDH1 mutation * Clinical trial
lvosidenib
CD33-positive
*  Gemtuzumab ozogamicin
FLT3 mutation
* Midostaurin
IDH1/2 mutation
B * lvosidenib or enasidenib
Diagnosis of relapsed or refractory AML
Clinical trial
Aggressive therapy for Less aggressive therapy
appropriate patients
* Azacitidine Targeted therapy
* Decitabine

* Venetoclax

CD33-positive FLT3 mutation IDH1/2 mutation
+  Gemtuzumab * Gilteritinib « Ivosidenib
ozogamicin * Azacitidine or « Enasidenib
Decitabine +
Sorafenib®

Fig. 1. Treatment algorithm, focusing on patients who are not suitable candidates for intensive chemotherapy in (A) newly diagnosed AML and in (B) relapsed/

refractory AML.

*Defined as patients with poor performance status, comorbidities that preclude any chemotherapy/toxic agent, or lack of a support mechanism (social support) to
travel to the clinic 1-2 times a week for laboratory assessments and transfusion support.

"Not approved for AML.

AML: acute myeloid leukemia; BSC: best supportive care; FLT3: Fms-like tyrosine kinase 3; IDH: isocitrate dehydrogenase.
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performance status and medical comorbidities is among the most im-
portant variables to consider when evaluating a patient’s ability to
tolerate treatment. Although combinations of hypomethylating agents
with venetoclax have demonstrated remarkable rates of upfront re-
sponse and as a result are approved in “unfit” AML patients and those
=75 years of age, the majority of those enrolled on trial had a per-
formance status of < 2. Patients develop profound cytopenias, and the
rates of sepsis and neutropenic fever are high, leading some experts to
mandate hospital admission during the first course of such therapy.

3. Treatment options for patients with relapsed or refractory AML
who are not candidates for or who decline intensive chemotherapy

3.1. Case 2

A 79-year-old white man previously in excellent medical health
presents for medical attention after pushing a classic car uphill. His
friends had called 911 when he developed substantial shortness of
breath during the car breakdown. In the emergency room, his white
blood cell count is 250,000/mm® with monocytosis and circulating
blasts. After he is transferred to the cancer center, bone marrow biopsy
confirms monocytic AML associated with a complex karyotype. The
patient receives induction chemotherapy with 7 + 3 and, at the time of
hospital discharge, is wheelchair bound with bilateral pitting edema to
the knees. His complete blood count is notable for persistent throm-
bocytopenia, with a platelet count of 90,000/mm?. Bone marrow as-
pirate and biopsy show persistent cytogenetic abnormalities with 15 %
blasts. The patient is no longer a candidate for intensive therapy due to
his poor performance status.

Molecular profiling of his diagnostic sample reveals mutations in
TET2 (VAF of 0.5) and a FLT3-ITD mutation with VAF of 0.8. He con-
sents to initiation of azacitidine 75 mg/m? subcutaneously 7 days out of
a 28-day cycle with sorafenib 400 mg orally BID [4,60]. Once at home,
his performance status markedly improves and he returns to his pre-
vious baseline, living independently, working about the house, and
feeling strong. Repeat bone marrow biopsy after 4 months on azaciti-
dine/sorafenib demonstrates blast clearance and normalization of per-
ipheral blood counts consistent with CR.

3.2. Considerations in selecting therapies for relapsed or refractory AML

If a patient fails to achieve a response or has disease progression and
chooses to receive treatment after relapse, several options exist.
Enrollment in a clinical trial is preferred for early (< 12 months) and
late relapses. Chemotherapy followed by RIC allogeneic HCT offers
another option regardless of the timing of relapse; however, it is im-
portant that the patient achieve remission before transplant. Re-treat-
ment with successful initial frontline therapy is an option for late (=12
months) relapses. Treatment based on molecular mutations offers tar-
geted therapy options for relapsed patients.

3.3. Regimens with activity in relapsed or refractory AML

3.3.1. Novel agents with activity in relapsed or refractory AML

3.3.1.1. Enasidenib. Enasidenib is an oral, selective, small-molecule
inhibitor of mutant IDH2 enzymes. A phase I/II study of enasidenib
was conducted in adults with advanced IDH2-mutant myeloid
malignancies and included an expansion cohort of patients with
relapsed/refractory AML (n = 176; 74 % of all patients). The median
age of patients with relapsed/refractory AML in this study was 67 years,
and ECOG performance status was 0, 1, and 2 in 22 %, 60 %, and 18 %
of patients, respectively. The ORR for this population was 40.3 %, with
19.3 % achieving CR. The median time to first response was 1.9
months. Median OS was 19.7 months for patients with CR and 14.4
months for those with PR, and the median OS was 9.3 months. The most
common drug-related AEs were an elevation of total bilirubin (38 %)
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and nausea (23 %). Grade 3/4 IDH-associated differentiation syndrome
(i.e., retinoic acid syndrome) occurred in 6 % of patients. The results of
this study led to the approval of enasidenib for the treatment of adult
patients with relapsed/refractory AML and an IDH2 mutation. An
analysis of samples from relapsed/refractory AML patients showed
that enasidenib inhibited both R140 and R172 IDH2-mutated disease,
and response was not dependent on VAF. Patients with higher
mutational burden or mutation in the RAS pathway were noted to be
less likely to respond to enasidenib.

The approval of enasidenib by the FDA was based on phase II data.
A phase III, multicenter, randomized study evaluating enasidenib
versus conventional care regimens (IDHENTIFY; NCT02577406) is on-
going in patients aged =60 years who have relapsed or are refractory to
second- or third-line therapy for AML (intensive chemotherapy, low-
dose cytarabine, azacitidine, or decitabine).

Like ivosidenib, enasidenib product labeling carries a boxed
warning for differentiation syndrome [61]. Further analysis by a dif-
ferentiation syndrome review committee showed probable or possible
cases of IDH-associated differentiation syndrome occurred in 12 % of
patients (n = 33) in the phase 1/2 study [62]. Most patients (85 %)
were managed with corticosteroid therapy for a median of 12 days
(range: 4-43). Enasidenib dosing was interrupted in 15 patients (46 %);
2 patients received reduced enasidenib doses, but none discontinued
treatment permanently because of differentiation syndrome.

3.3.1.2. Gilteritinib. Gilteritinib (ASP2215) is a selective FLT3/AXL
inhibitor with activity against FLT3-ITD and FLT3-TKD mutations
[63]. This agent was tested in a phase I/1II, international, open-label
study. A total of 252 patients with relapsed or refractory AML were
enrolled; 162 patients in this study harbored FLT3-ITD mutations [64].
The OR rate was higher among those with FLT3 mutations (49 %)
compared to those with wild-type FLT3 (12 %). FLT3-positive patients
who received =80 mg of gilteritinib achieved an OR rate of 52 % and
median survival of 31 weeks. In a phase III study (ADMIRAL)
comparing gilteritinib with salvage chemotherapy in FLT3-mutant
patients with relapsed/refractory AML (N = 371; NCT02421939),
gilteritinib resulted in higher CR/CR with full or partial hematologic
recovery rates (34 % vs. 15 %) and significantly improved median OS
(9.3 vs. 5.6 months; P < 0.001) compared with standard chemotherapy
[65]. These improvements were observed irrespective of comutations,
including patients with NPM1, DNMT3A, DNMT3A/NPM1, or wild-
type-1 comutation positive or high FLT3 allelic ratio [66]. Among
patients with FLT3-TDK mutations alone, CR rates observed with
gilteritinib were similar to those in patients with FLT3-IDK mutations
alone (19.0 % and 20.5 %, respectively) and were similar to CR rates in
the overall population (21.1 %). Gilteritinib is now approved as a single
agent in the United States and Japan for use in patients with relapsed/
refractory AML with FLT3 mutations.

3.3.1.3. Quizartinib. Quizartinib is a highly selective FLT3 inhibitor
[39]. A phase I study in patients with relapsed/refractory AML or who
were unsuitable for intensive chemotherapy (n = 76) showed an ORR
of 30 % [67]. For 17 patients with FLT3-ITD mutations, the response
rate was 53 %. Grade 3/4 AEs related to quizartinib included prolonged
QT interval, anemia, fatigue, thrombocytopenia, and
hypoalbuminemia. Quizartinib also has been tested in combination
with azacitidine or low-dose cytarabine in high-risk MDS, chronic
myelomonocytic leukemia, or AML in a phase I/II study [68]. Of 59
evaluable patients, the ORR was 73 %, with 76 % responding in the
azacitidine arm and 67 % responding in the low-dose cytarabine arm.
The median OS was 20 months for all patients, 13.4 months with
azacitidine plus quizartinib, and 6.7 months with cytarabine plus
quizartinib. These findings led to the initiation of the QUANTUM-R
phase III study of quizartinib monotherapy compared with salvage
chemotherapy in patients with relapsed/refractory AML and FLT3-ITD
mutation (NCT02039726). A total of 367 patients were randomized to
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quizartinib (n = 245) or investigator’s choice of standard therapy (n =
122) [69]. At a median follow-up of 102.4 weeks, median OS was 6.2
months in the quizartinib group versus 4.7 months in the standard
therapy group (OS HR = 0.76 [95 % CI: 0.58-0.98]; P = 0.02), with
estimated 1-year survival probabilities of 27 % and 20 %, respectively.
The safety profile observed with quizartinib was similar to that
observed in prior studies at similar doses. Despite the positive results
of this trial, the FDA did not approve quizartinib monotherapy for
patients with relapsed/refractory AML. These data highlight the
superiority, in terms of both efficacy and toxicity, of a targeted oral
therapy over more conventional cytotoxic approaches in the context of
relapsed/refractory FLT3-ITD-mutant AML.

3.3.2. Combination regimens with activity in relapsed/refractory AML

A variety of combination regimens have shown clinical activity in
patients with AML and may be feasible options for elderly patients or
patients who are not candidates for intensive chemotherapy [60,70].
Specifically, the combination of sorafenib, a multikinase inhibitor with
activity against AML cells with FLT3-ITD, with other agents may im-
prove efficacy due to the rapid development of resistance to single-
agent sorafenib [71].

3.3.2.1. Azacitidine plus sorafenib. The efficacy and safety of
combination therapy with azacitidine 75 mg/m?/day once daily for 7
days and continuous sorafenib 400 mg twice daily were evaluated in a
single-arm, phase I/II study [60]. Patients with AML were eligible if
they had failed prior induction therapy or relapsed after achieving
response to prior therapy. Also eligible were patients aged > 60 years
who refused or were not candidates for standard induction therapy. A
total of 43 patients were enrolled; median age was 64 years. The ORR
was 46 %, with 16 % achieving CR, 27 % achieving CRi, and 3%
achieving PR. These responses were achieved at a median of 2 months
and lasted for a median of 2.3 months. The median OS was 6.2 months
and significantly longer for responders (7.8 months) compared with
non-responders (6 months; P = 0.01). The most common grade 3 or
higher AEs were thrombocytopenia, neutropenia, anemia, and
neutropenia with fever or infection. This study also evaluated the
concentration of FLT3 ligand and its association with response.
Treatment with low-intensity azacitidine plus continuous sorafenib
had minimal to no effect on plasma FLT3 concentrations, and in vivo
FLT3 inhibition was highly variable. Sorafenib concentrations were
correlated with FLT3 inhibition, and patients who achieved > 15 %
FLT3 inhibition had a longer median survival (238 days) than patients
who did not reach this level of inhibition (154 days).

3.3.2.2. Decitabine plus sorafenib. Preclinical and clinical experience
with the combination of decitabine and sorafenib was reported by
Muppidi et al. [71]. Decitabine and sorafenib exhibited synergy in the
FLT3-mutant human MV4-11 AML cell line. Of 6 patients with
confirmed FLT3-ITD-mutant AML who received decitabine (20 mg/
mz/day) and sorafenib (200 or 400 mg twice daily), 5 attained
response, including 1 CR and 4 CRi. The median OS was 155 days,
and the most common complication was neutropenic infections. These
results warrant further study and may offer an option for older patients
with FLT3-mutant AML who are not suitable for intensive
chemotherapy.

3.3.2.3. Azacitidine or decitabine plus midostaurin. A single-arm study
was performed evaluating azacitidine plus midostaurin in adults with
MDS or AML who were not suitable for or refused intensive
chemotherapy or had relapsed/refractory AML [72]. A total of 54
adults were enrolled in the study and 74 % harbored an FLT3 mutation
on the AML. The ORR was 26 %. In patients with FLT3 mutation and no
prior exposure to FLT3 inhibitors, the response rate was 33 % and the
duration of response was significantly longer than in patients
previously exposed to FLT3 inhibitors (31 vs. 16 weeks; P = 0.05).

Leukemia Research 91 (2020) 106339

The median OS was 22 weeks, and hematologic toxicities were the most
common AEs.

An open-label, phase I, dose-escalation study determined the feasi-
bility of decitabine plus midostaurin in adults with relapsed/refractory
AML or patients aged =60 years with previously untreated AML who
were not eligible for standard induction therapy [73]. Fifteen patients
were treated, and 4 patients achieved CR/CRi. Clinical response was
negatively associated with baseline white blood cell count, with lower
response rates observed with higher white blood cell counts (r= —0.67;
P = 0.02). The median duration of response was 107 days, and the most
frequent grade 3/4 AEs were neutropenia/granulocytopenia (94 %) and
thrombocytopenia (50 %).

Phase II studies of both combinations, azacitidine plus midostaurin
(NCT01093573) and decitabine plus midostaurin (NCT01846624,
NCT02634827), have been initiated in elderly patients with newly di-
agnosed AML [39]. To be eligible for the decitabine plus midostaurin
studies, a patient’s AML must have an FLT3 mutation.

3.4. Emerging therapies for patients with AML who are not suitable for
intensive chemotherapy

Guadecitabine is currently available only to patients participating in
a clinical trial. A subcutaneously administered hypomethylating agent
may improve tolerability and quality of life over currently available
hypomethylating agents for older patients.

3.4.1. Guadecitabine (SGI-110)

Guadecitabine is a next-generation hypomethylating agent that
links decitabine and deoxyguanosine by a phosphodiester bond, pro-
viding a prolonged half-life and exposure in leukemia cells [74]. A
phase I study in heavily pretreated patients with relapsed/refractory
MDS (n = 19) or AML (n = 74) showed clinical activity [75]. Subse-
quently, a phase I/II, multicenter, randomized, open-label study of
guadecitabine was conducted in treatment-naive patients aged =65
years with AML who were not candidates for intensive chemotherapy
[74]. Patients were randomized to receive guadecitabine 60 mg/m2 or
90 mg/m? subcutaneously on days 1-5 of 28-day cycles or guadecita-
bine 60 mg/m? on days 1-5 and 8-12 of 28-day cycles for at least 2
cycles before reducing to the 5-day treatment cycle. Of 107 patients
enrolled (median age, 77 years), 54 received the 5-day schedule and 53
received the 10-day schedule. Although the 10-day schedule resulted in
deeper and longer DNA demethylation compared with the 5-day sche-
dule, there were no differences in response between the dosing sche-
dules. Composite CR (CR, CR with incomplete platelet recovery, or CR
with incomplete neutrophil recovery regardless of platelets) was
achieved by 54 % of patients receiving 60 mg/m? for 5 days, 59 %
receiving 90 mg/m? for 5 days, and 50 % receiving 60 mg/m? for 10
days. OS was significantly prolonged in patients who achieved com-
posite CR versus those with no response (574 vs. 93 days; P < 0.0001).
The most common grade 3 or higher AEs were febrile neutropenia,
thrombocytopenia, neutropenia, pneumonia, anemia, and sepsis. More
patients died because of AEs in the 10-day treatment group (27 %)
versus the 5-day group (18 %), and 4 of these deaths were considered
treatment related, all of which occurred in the 10-day group. Recent
results of a phase III study of guadecitabine 60 mg/m? in a 5-day
schedule in patients with AML who are not candidates for intensive
chemotherapy (NCT02348489) indicated that the co-primary endpoints
(complete response rate and OS) were not met; analysis of secondary
endpoints is ongoing [76].

3.4.2. Crenolanib

Crenolanib is a selective pan-FLT3 inhibitor of ITD and TKD mu-
tants, such as FLT3/D835, which may present as sorafenib or qui-
zartinib resistance [77]. In an open-label, single-center, phase II study,
38 patients with relapsed/refractory AML and FLT3-ITD or FLT3-TKD
mutations received crenolanib [78]. In this heavily pretreated
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population with a median of 3.5 prior therapies, the ORR was 47 %, and
12 % of patients had CRi. The median OS was significantly longer in
FLT3 inhibitor-naive patients compared with those patients previously
treated with FLT3 inhibitors (55 weeks vs. 13 weeks; P = 0.03).

Two phase II studies of crenolanib are ongoing, one in patients with
newly diagnosed AML with FLT3 mutations who are receiving standard
induction and consolidation therapy [79] and the other in patients with
multiply relapsed or refractory AML who are receiving salvage idar-
ubicin and high-dose cytarabine followed by crenolanib [80]. In interim
analyses, CR/CRi rates were 96 % (24/25 evaluable) in newly diag-
nosed patients and 67 % (4/6 evaluable) in relapsed or refractory pa-
tients who received no more than 2 prior therapies. Currently, there are
no studies of crenolanib in patients who are not candidates for intensive
chemotherapy. Crenolanib is currently accessible only through a clin-
ical trial, but it may receive marketing approval soon. However, its
thrice-daily regimen may limit its acceptance among elderly patients
with comorbidities receiving multiple medications.

3.5. Case 2 continued

The patient does well for 2 years, but unfortunately develops disease
relapse. Repeat molecular profiling reveals a FLT3-TKD mutation. He is
not interested in any form of intensive therapy but consents to receive
treatment on an expanded access protocol for patients with FLT3 mu-
tations. Following 2 months of therapy, he has stable disease without an
increase in blasts and he requires transfusion support every 2 weeks. He
reports that he is satisfied with his current quality of life and recognizes
that this is not a curative strategy. A conversation about end of life is
opened and he elects to be designated Do Not Resuscitate/Do Not
Intubate. Three months later, he dies at home in hospice care after
developing pneumonia for which he had declined admission to the
hospital.

3.6. Other IDH inhibitors

FT-2102, an oral inhibitor of mutant IDH1, is being investigated as a
single agent and in combination with azacitidine for relapsed/re-
fractory AML with a documented IDH1-R132 mutation (NCT02719574)
[39]. Other IDH1 inhibitors include IDH-305, BAY19036, and the pan
IDH1/IDH2 inhibitor, AG-881.

Mutations of IDH1/2 are found in approximately 20 % of patients
with AML [81]. These mutations cause increased levels of DNA damage
in primary AML cells, which suggests potential use in combination with
DNA repair inhibitors, such as poly(ADP-ribose) polymerase (PARP)
inhibitors [82,83]. Treatment with a PARP inhibitor had an additive
effect on the killing of IDH1/2-mutated AML cells, providing rationale
for further study in clinical trials. The use of this combination outside a
clinical trial is not currently recommended.

3.6.1. CD3xCD123 dual-affinity retargeting protein

Dual-affinity retargeting (DART) proteins are bispecific antibodies
that combine 2 peptides with 2 antigen recognition sites [84]. A
CD3xCD123 DART (MGDO0O06; flotetuzumab) has been developed for
AML [84,85]. In preclinical studies, MGD0O06 induces T-cell activation
and expansion, which leads to killing of CD123-expressing leukemia
cells. It was designed to have greater affinity for CD123 than CD3 and
depletes circulating levels of CD123-postiive cells at low doses [85].
Cytokine release occurred in MGD0O06-treated animals as a first-dose
phenomenon that was manageable with repeated or escalating doses. A
phase I study of MGDOO6 in patients with relapsed/refractory AML or
MDS not expected to benefit from intensive chemotherapy is underway
(NCT02152956). Preliminary results of this study were reported at the
American Society of Hematology (ASH) annual meeting in 2017 [86].
Forty-five patients with relapsed or refractory AML or MDS of median
age 64 years (range, 29-84 years) were treated. Toxicities were largely
related to immune activation and included cytokine release and
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infusion reactions (76 % of treated patients). Fourteen patients were
evaluable for response; antileukemic activity was observed in 6 patients
by IWG criteria (3 CR, 1 CRi, 1 PR, 1 morphologic leukemia-free state).
Responses were seen within 1 cycle of therapy. Combination studies
with this agent are under development and remain an option in the
context of a clinical trial for elderly patients to consider.

4. Conclusions

Selecting optimal therapies for patients with AML who are ineligible
for intensive chemotherapy represents a significant treatment chal-
lenge. The availability of non-chemotherapy options has expanded in
recent years; however, continued research is necessary to help define
the most effective and tolerable regimens and identify the most effec-
tive therapeutic sequence based on patient and disease factors. In ad-
dition, treatment decisions must consider individual patients’ goals,
time to response, treatment toxicity, and convenience for patients. The
presence and interaction of various gene mutations challenge the ability
of clinicians to determine the clinical benefit of targeted therapies.
Clinical trials continue to evaluate combination regimens incorporating
targeted agents and their ability to overcome resistance associated with
single-agent therapy [27,39]. In addition to the investigation of new
and more tolerable regimens for this high-risk older population, at-
tention should be directed toward improving their quality of life via
timely discussions of goals of care and personal expectations and early
integration of palliative care services.

Role of the funding source

The authors received editorial support in the preparation of this
manuscript from Amy Zannikos, PharmD, Michelle McDermott,
PharmD, and Meher M. Dustoor, PhD of Peloton Advantage, LLC, an
OPEN Health company, Parsippany, NJ, USA, sponsored by Bristol-
Myers Squibb, Summit, NJ, USA. The authors, however, directed and
are fully responsible for all content and editorial decisions for this
manuscript.

Author contributions

All authors: Substantial contributions to or interpretation of the
design of the work

All authors: Drafting the work or revising it critically for important
intellectual content

All authors: Final approval of the version to be published

All authors: Agreement to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

Declaration of Competing Interest

EAG Alexion Pharmaceuticals, AbbVie Inc, Celgene Corporation,
Genentech Inc., Novartis Pharmaceuticals, Otsuka/Astex
Pharmaceuticals, Boston Biomedical, Onconova Therapeutics (honor-
aria, advisory board, clinical trial investigator, and/or research
funding).

HEC AbbVie (advisory board), Agios (consultant/speaker bureau),
Celgene Corporation (research funding/consultant/speaker), Daiichi
Saynko (advisory board), Jazz (speaker), Myriad (consultant), Novartis
(speaker), Otsuka/Astex (advisory board), Stemline (speaker).

NC None.

TP Agios (research funding), AbbVie (advisory board).

References

[1] R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2017, CA Cancer J. Clin. 67
(2017) 7-30.


http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0005
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0005

E.A. Griffiths, et al.

[2]

[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

SEER Cancer Stat Facts: Acute Myeloid Leukemia, National Cancer Institute,
Bethesda, MD, 2017.

S.K. Sadashiv, C. Hilton, C. Khan, J.M. Rossetti, H.L. Benjamin, S. Fazal, et al.,
Efficacy and tolerability of treatment with azacitidine for 5 days in elderly patients
with acute myeloid leukemia, Cancer Med. 3 (2014) 1570-1578.

National Comprehensive Cancer Network, NCCN Clinical Practice Guidelines in
Oncology: Acute Myeloid Leukemia V 3.2019, National Comprehensive Cancer
Network, 2019.

A.F. Cashen, G.J. Schiller, M.R. O’Donnell, J.F. Dipersio, Multicenter, phase II study
of decitabine for the first-line treatment of older patients with acute myeloid leu-
kemia, J. Clin. Oncol. 28 (2010) 556-561.

H. Dombret, J.F. Seymour, A. Butrym, A. Wierzbowska, D. Selleslag, J.H. Jang,

et al., International phase 3 study of azacitidine vs conventional care regimens in
older patients with newly diagnosed AML with > 30% blasts, Blood 126 (2015)
291-299.

H.M. Kantarjian, X.G. Thomas, A. Dmoszynska, A. Wierzbowska, G. Mazur,

J. Mayer, et al., Multicenter, randomized, open-label, phase III trial of decitabine
versus patient choice, with physician advice, of either supportive care or low-dose
cytarabine for the treatment of older patients with newly diagnosed acute myeloid
leukemia, J. Clin. Oncol. 30 (2012) 2670-2677.

C.D. DiNardo, K. Pratz, V. Pullarkat, B.A. Jonas, M. Arellano, P.S. Becker, et al.,
Venetoclax combined with decitabine or azacitidine in treatment-naive, elderly
patients with acute myeloid leukemia, Blood 133 (2019) 7-17.

J.E. Cortes, F.H. Heidel, A. Hellmann, W. Fiedler, B.D. Smith, T. Robak, et al.,
Randomized comparison of low dose cytarabine with or without glasdegib in pa-
tients with newly diagnosed acute myeloid leukemia or high-risk myelodysplastic
syndrome, Leukemia 33 (2019) 379-389.

H. Dohner, E. Estey, D. Grimwade, S. Amadori, F.R. Appelbaum, T. Buchner, et al.,
Diagnosis and management of AML in adults: 2017 ELN recommendations from an
international expert panel, Blood 129 (2017) 424-447.

H. Hackl, K. Astanina, R. Wieser, Molecular and genetic alterations associated with
therapy resistance and relapse of acute myeloid leukemia, J. Hematol. Oncol. 10
(2017) 51.

0.0. Odejide, A.M. Cronin, A. Murillo, J.A. Tulsky, G.A. Abel, Impact of timing and
location of goals of care discussions for patients with blood cancers [abstract],
Blood 132 (2018) 973.

R.J. Lin, T.A. Elko, M.A. Perales, K. Alexander, A.A. Jakubowski, S.M. Devlin, et al.,
End-of-life care for older AML patients relapsing after allogeneic stem cell trans-
plant at a dedicated cancer center, Bone Marrow Transplant. 54 (2019) 700-706.
H.D. Klepin, Geriatric perspective: how to assess fitness for chemotherapy in acute
myeloid leukemia, Hematology Am. Soc. Hematol. Educ. Program 2014 (2014)
8-13.

M.L. Sorror, S. Giralt, B.M. Sandmaier, M. De Lima, M. Shahjahan, D.G. Maloney,
et al., Hematopoietic cell transplantation specific comorbidity index as an outcome
predictor for patients with acute myeloid leukemia in first remission: combined
FHCRC and MDACC experiences, Blood 110 (2007) 4606-4613.

J.F. Piccirillo, R.M. Tierney, 1. Costas, L. Grove, E.L. Spitznagel Jr., Prognostic
importance of comorbidity in a hospital-based cancer registry, JAMA 291 (2004)
2441-2447.

F. Salvi, M.D. Miller, A. Grilli, R. Giorgi, A.L. Towers, V. Morichi, et al., A manual of
guidelines to score the modified cumulative illness rating scale and its validation in
acute hospitalized elderly patients, J. Am. Geriatr. Soc. 56 (2008) 1926-1931.

M. Wass, F. Hitz, J. Schaffrath, C. Muller-Tidow, L.P. Muller, Value of different
comorbidity indices for predicting outcome in patients with acute myeloid leu-
kemia, PLoS One 11 (2016) e0164587.

P. Fenaux, G.J. Mufti, E. Hellstrom-Lindberg, V. Santini, C. Finelli, A. Giagounidis,
et al., Efficacy of azacitidine compared with that of conventional care regimens in
the treatment of higher-risk myelodysplastic syndromes: a randomised, open-label,
phase III study, Lancet Oncol. 10 (2009) 223-232.

P. Fenaux, G.J. Mufti, E. Hellstrom-Lindberg, V. Santini, N. Gattermann,

U. Germing, et al., Azacitidine prolongs overall survival compared with conven-
tional care regimens in elderly patients with low bone marrow blast count acute
myeloid leukemia, J. Clin. Oncol. 28 (2010) 562-569.

S. Amadori, S. Suciu, D. Selleslag, F. Aversa, G. Gaidano, M. Musso, et al.,
Gemtuzumab ozogamicin versus best supportive care in older patients with newly
diagnosed acute myeloid leukemia unsuitable for intensive chemotherapy: results of
the randomized phase III EORTC-GIMEMA AML-19 trial, J. Clin. Oncol. 34 (2016)
972-979.

B.W. Cooper, T.L. Kindwall-Keller, M.D. Craig, R.J. Creger, M. Hamadani, W.W. Tse,
et al., A phase I study of midostaurin and azacitidine in relapsed and elderly AML
patients, Clin. Lymphoma Myeloma Leuk. 15 (2015) 428-432 e2.

C.D. DiNardo, A.S. Stein, E.M. Stein, A.T. Fathi, O. Frankfurt, A.C. Schuh, et al.,
Mutant IDH1 inhibitor ivosidenib (IVO; AG-120) in combination with azacitidine
(AZA) for newly diagnosed acute myeloid leukemia (ND AML) [abstract], J. Clin.
Oncol. 37 (2019).

A.H. Wei, S.A. Strickland Jr., J.Z. Hou, W. Fiedler, T.L. Lin, R.B. Walter, et al.,
Venetoclax combined with low-dose cytarabine for previously untreated patients
with acute myeloid leukemia: results from a phase Ib/II study, J. Clin. Oncol. 37
(2019) 1277-1284.

B.D. Smith, C. Papayannidis, M. Heuser, P. Montesinos, M.A. Sekeres, A. Oriol,

et al., Low-dose cytarabine with or without glasdegib in newly diagnosed patients
with acute myeloid leukemia: long-term analysis of a phase 2 randomized trial
[abstract], J. Clin. Oncol. 37 (2019).

E.M. Stein, C.D. DiNardo, D.A. Pollyea, A.T. Fathi, G.J. Roboz, J.K. Altman, et al.,
Enasidenib in mutant-IDH2 relapsed or refractory acute myeloid leukemia, Blood
130 (2017) 722-731.

11

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Leukemia Research 91 (2020) 106339

H.P. Erba, Finding the optimal combination therapy for the treatment of newly
diagnosed AML in older patients unfit for intensive therapy, Leuk. Res. 39 (2015)
183-191.

G. Ossenkoppele, B. Lowenberg, How I treat the older patient with acute myeloid
leukemia, Blood 125 (2015) 767-774.

M. Cruijsen, M. Lubbert, P. Wijermans, G. Huls, Clinical results of hypomethylating
agents in AML treatment, J. Clin. Med. 4 (2014) 1-17.

E.E. Cameron, K.E. Bachman, S. Myohanen, J.G. Herman, S.B. Baylin, Synergy of
demethylation and histone deacetylase inhibition in the re-expression of genes si-
lenced in cancer, Nat. Genet. 21 (1999) 103-107.

J. Merlevede, N. Droin, T. Qin, K. Meldi, K. Yoshida, M. Morabito, et al., Mutation
allele burden remains unchanged in chronic myelomonocytic leukaemia responding
to hypomethylating agents, Nat. Commun. 7 (2016) 10767.

A. Unnikrishnan, E. Papaemmanuil, D. Beck, N.P. Deshpande, A. Verma, A. Kumari,
et al., Integrative genomics identifies the molecular basis of resistance to azacitidine
therapy in myelodysplastic syndromes, Cell Rep. 20 (2017) 572-585.

K. Meldi, T. Qin, F. Buchi, N. Droin, J. Sotzen, J.B. Micol, et al., Specific molecular
signatures predict decitabine response in chronic myelomonocytic leukemia, J.
Clin. Invest. 125 (2015) 1857-1872.

L. Pleyer, S. Burgstaller, M. Girschikofsky, W. Linkesch, R. Stauder, M. Pfeilstocker,
et al., Azacitidine in 302 patients with WHO-defined acute myeloid leukemia: re-
sults from the Austrian Azacitidine Registry of the AGMT-Study Group, Ann.
Hematol. 93 (2014) 1825-1838.

T.M. Kadia, X.G. Thomas, A. Dmoszynska, A. Wierzbowska, M. Minden, C. Arthur,
et al., Decitabine improves outcomes in older patients with acute myeloid leukemia
and higher blast counts, Am. J. Hematol. 90 (2015) E139-41.

J.S. Welch, A.A. Petti, C.A. Miller, C.C. Fronick, M. O’Laughlin, R.S. Fulton, et al.,
TP53 and decitabine in acute myeloid leukemia and myelodysplastic syndromes, N.
Engl. J. Med. 375 (2016) 2023-2036.

S. Amadori, S. Suciu, R. Stasi, H.R. Salih, D. Selleslag, P. Muus, et al., Sequential
combination of gemtuzumab ozogamicin and standard chemotherapy in older pa-
tients with newly diagnosed acute myeloid leukemia: results of a randomized phase
111 trial by the EORTC and GIMEMA consortium (AML-17), J. Clin. Oncol. 31 (2013)
4424-4430.

S. Nand, M. Othus, J.E. Godwin, C.L. Willman, T.H. Norwood, D.S. Howard, et al., A
phase 2 trial of azacitidine and gemtuzumab ozogamicin therapy in older patients
with acute myeloid leukemia, Blood 122 (2013) 3432-3439.

C. Saygin, H.E. Carraway, Emerging therapies for acute myeloid leukemia, J.
Hematol. Oncol. 10 (2017) 93.

R.M. Stone, S.J. Mandrekar, B.L. Sanford, K. Laumann, S. Geyer, C.D. Bloomfield,
et al., Midostaurin plus chemotherapy for acute myeloid leukemia with a FLT3
mutation, N. Engl. J. Med. 377 (2017) 454-464.

R.M. Stone, T. Fischer, R. Paquette, G. Schiller, C.A. Schiffer, G. Ehninger, et al.,
Phase IB study of the FLT3 kinase inhibitor midostaurin with chemotherapy in
younger newly diagnosed adult patients with acute myeloid leukemia, Leukemia 26
(2012) 2061-2068.

Tibsovo[package insert], Agios Pharmaceuticals, Inc., Cambridge, MA, 2019.

C.D. DiNardo, E.M. Stein, S. de Botton, G.J. Roboz, J.K. Altman, A.S. Mims, et al.,
Durable remissions with ivosidenib in IDH1-mutated relapsed or refractory AML, N.
Engl. J. Med. 378 (2018) 2386-2398.

C.D. DiNardo, A.S. Stein, A.T. Fathi, P. Montesinos, O. Odenike, H.M. Kantarjian,
et al., Mutant isocitrate dehydrogenase (mIDH) inhibitors, enasidenib or ivosidenib,
in combination with azacitidine (AZA): preliminary results of a phase 1b/2 study in
patients with newly diagnosed acute myeloid leukemia (AML) [abstract], Blood 130
(suppl 1) (2017) 639.

C.D. DiNardo, K.W. Pratz, A. Letai, B.A. Jonas, A.H. Wei, M. Thirman, et al., Safety
and preliminary efficacy of venetoclax with decitabine or azacitidine in elderly
patients with previously untreated acute myeloid leukaemia: a non-randomised,
open-label, phase 1b study, Lancet Oncol. 19 (2018) 216-228.

M. Konopleva, D.A. Pollyea, J. Potluri, B. Chyla, L. Hogdal, T. Busman, et al.,
Efficacy and biological correlates of response in a phase II study of venetoclax
monotherapy in patients with acute myelogenous leukemia, Cancer Discov. 6
(2016) 1106-1117.

M. Konopleva, S. Zhao, W. Hu, S. Jiang, V. Snell, D. Weidner, et al., The anti-
apoptotic genes Bcl-X(L) and Bcl-2 are over-expressed and contribute to chemore-
sistance of non-proliferating leukaemic CD34 + cells, Br. J. Haematol. 118 (2002)
521-534.

A. Wei, S.A. Strickland, G.J. Roboz, J.Z. Hou, W. Fiedler, T.L. Lin, et al., Safety and
efficacy of venetoclax plus low-dose cytarabine in treatment-naive patients aged
> 65 years with acute myeloid leukemia [abstract], Blood 128 (suppl) (2016) 102.
C.D. DiNardo, D.A. Pollyea, B.A. Jonas, M. Konopleva, V. Pullarkat, A. Wei, et al.,
Updated safety and efficacy of venetoclax with decitabine or azacitidine in treat-
ment-naive, elderly patients with acute myeloid leukemia [abstract], Blood 130
(suppl 1) (2017) 2628.

C.D. DiNardo, C.R. Rausch, C. Benton, T. Kadia, N. Jain, N. Pemmaraju, et al.,
Clinical experience with the BCL2-inhibitor venetoclax in combination therapy for
relapsed and refractory acute myeloid leukemia and related myeloid malignancies,
Am. J. Hematol. 93 (2018) 401-407.

Venclexta [Package Insert], AbbVie Inc and Genentech USA, Inc., North Chicago, IL
and South San Francisco, CA, 2018.

B.A. Jonas, D.A. Pollyea, How we use venetoclax with hypomethylating agents for
the treatment of newly diagnosed patients with acute myeloid leukemia, Leukemia
33 (2019) 2795-2804.

N. Fukushima, Y. Minami, S. Kakiuchi, Y. Kuwatsuka, F. Hayakawa, C. Jamieson,
et al., Small-molecule Hedgehog inhibitor attenuates the leukemia-initiation po-
tential of acute myeloid leukemia cells, Cancer Sci. 107 (2016) 1422-1429.


http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0010
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0010
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0015
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0015
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0015
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0020
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0020
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0020
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0025
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0025
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0025
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0030
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0030
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0030
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0030
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0035
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0035
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0035
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0035
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0035
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0040
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0040
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0040
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0045
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0045
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0045
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0045
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0050
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0050
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0050
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0055
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0055
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0055
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0060
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0060
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0060
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0065
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0065
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0065
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0070
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0070
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0070
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0075
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0075
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0075
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0075
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0080
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0080
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0080
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0085
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0085
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0085
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0090
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0090
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0090
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0095
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0095
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0095
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0095
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0100
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0100
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0100
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0100
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0105
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0105
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0105
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0105
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0105
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0110
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0110
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0110
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0115
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0115
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0115
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0115
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0120
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0120
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0120
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0120
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0125
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0125
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0125
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0125
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0130
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0130
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0130
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0135
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0135
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0135
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0140
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0140
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0145
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0145
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0150
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0150
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0150
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0155
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0155
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0155
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0160
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0160
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0160
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0165
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0165
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0165
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0170
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0170
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0170
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0170
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0175
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0175
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0175
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0180
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0180
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0180
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0185
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0185
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0185
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0185
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0185
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0190
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0190
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0190
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0195
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0195
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0200
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0200
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0200
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0205
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0205
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0205
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0205
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0210
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0215
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0215
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0215
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0220
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0220
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0220
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0220
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0220
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0225
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0225
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0225
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0225
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0230
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0230
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0230
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0230
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0235
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0235
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0235
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0235
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0240
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0240
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0240
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0245
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0245
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0245
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0245
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0250
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0250
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0250
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0250
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0255
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0255
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0260
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0260
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0260
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0265
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0265
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0265

E.A. Griffiths, et al.

[54]
[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Daurismo [Package Insert], Pfizer Labs, New York, NY, 2018.

B.C. Medeiros, S.M. Chan, N.G. Daver, B.A. Jonas, D.A. Pollyea, Optimizing survival
outcomes with post-remission therapy in acute myeloid leukemia, Am. J. Hematol.
94 (2019) 803-811.

G. Huls, D.A. Chitu, V. Havelange, M. Jongen-Lavrencic, A.A. van de Loosdrecht,
B.J. Biemond, et al., Azacitidine maintenance after intensive chemotherapy im-
proves DFS in older AML patients, Blood 133 (2019) 1457-1464.

A.H. Wei, H. Dohner, C. Pocock, P. Montesinos, B. Afanasyev, H. Dombret, et al.,
LBA-3 the QUAZAR AML-001 maintenance trial: results of a phase III international,
randomized, double-blind, placebo-controlled study of CC-486 (Oral formulation of
azacitidine) in patients with acute myeloid leukemia (AML) in first remission [ab-
stract], Annual Meeting of the American Society of Hematology, Orlando, FL, 2019.
Celgene Announces Phase 3 Quazar® AML-001 Study of CC-486 As Maintenance
Therapy in Patients With Newly Diagnosed Acute Myeloid Leukemia Met Primary
and Key Secondary Endpoints [Press Release], Celgene, Summit, NJ, 2019.

S.K. Agarwal, C.D. DiNardo, J. Potluri, M. Dunbar, H.M. Kantarjian,

R.A. Humerickhouse, et al., Management of venetoclax-posaconazole interaction in
acute myeloid leukemia patients: evaluation of dose adjustments, Clin. Ther. 39
(2017) 359-367.

F. Ravandi, M.L. Alattar, M.R. Grunwald, M.A. Rudek, T. Rajkhowa, M.A. Richie,
et al., Phase 2 study of azacytidine plus sorafenib in patients with acute myeloid
leukemia and FLT-3 internal tandem duplication mutation, Blood 121 (2013)
4655-4662.

Idhifa [Package Insert], Celgene Corporation, Summit, NJ, 2017.

A.T. Fathi, C.D. DiNardo, I. Kline, L. Kenvin, I. Gupta, E.C. Attar, et al.,
Differentiation syndrome associated with enasidenib, a selective inhibitor of mutant
isocitrate dehydrogenase 2: analysis of a phase 1/2 study, JAMA Oncol. 4 (2018)
1106-1110.

M. Mori, N. Kaneko, Y. Ueno, M. Yamada, R. Tanaka, R. Saito, et al., Gilteritinib, a
FLT3/AXL inhibitor, shows antileukemic activity in mouse models of FLT3 mutated
acute myeloid leukemia, Invest. New Drugs 35 (2017) 556-565.

A.E. Perl, J.K. Altman, J. Cortes, C. Smith, M. Litzow, M.R. Baer, et al., Selective
inhibition of FLT3 by gilteritinib in relapsed or refractory acute myeloid leukaemia:
a multicentre, first-in-human, open-label, phase 1-2 study, Lancet Oncol. 18 (2017)
1061-1075.

A.E. Perl, G. Martinelli, J.E. Cortes, A. Neubauer, E. Berman, S. Paolini, et al.,
Gilteritinib or chemotherapy for relapsed or refractory FLT3-mutated AML, N. Engl.
J. Med. 381 (2019) 1728-1740.

M.J. Levis, A.E. Perl, G. Martinelli, J.E. Cortes, A. Neubauer, E. Berman, et al., Effect
of gilteritinib on survival in patients with FLT3-mutated (FLT3mut+) relapsed/
refractory (R/R) AML who have common AML co-mutations or a high FLT3-ITD
allelic ratio [abstract], J. Clin. Oncol. 37 (2019).

J.E. Cortes, H. Kantarjian, J.M. Foran, D. Ghirdaladze, M. Zodelava, G. Borthakur,
et al., Phase I study of quizartinib administered daily to patients with relapsed or
refractory acute myeloid leukemia irrespective of FMS-like tyrosine kinase 3-in-
ternal tandem duplication status, J. Clin. Oncol. 31 (2013) 3681-3687.

M. Swaminathan, H.M. Kantarjian, N. Daver, G. Borthakur, M. Ohanian, T. Kadia,
et al., The combination of quizartinib with azacitidine or low dose cytarabine is
highly active in patients (pts) with FLT3-ITD mutated myeloid leukemias: interim
report of a phase I/II trial [abstract], Blood 130 (suppl 1) (2017) 723.

J. Cortes, S. Khaled, G. Martinelli, A.E. Perl, S. Ganguly, N. Russell, et al.,
Quizartinib Significantly Prolongs Overall Survival in Patients With FLT3-internal
Tandem Duplication-mutated (MUT) relapsed/refractory AML in the Phase 3,
Randomized, Controlled Quantum-R Trial [abstract LB2600], Annual Congress of
the European Hematology Association, Stockholm Sweden, 2018.

C.S. Young, K.M. Clarke, L.M. Kettyle, A. Thompson, K.I. Mills, Decitabine-
Vorinostat combination treatment in acute myeloid leukemia activates pathways
with potential for novel triple therapy, Oncotarget 8 (2017) 51429-51446.

M.R. Muppidi, S. Portwood, E.A. Griffiths, J.E. Thompson, L.A. Ford, C.W. Freyer,

12

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Leukemia Research 91 (2020) 106339

et al., Decitabine and sorafenib therapy in FLT-3 ITD-mutant acute myeloid leu-
kemia, Clin. Lymphoma Myeloma Leuk. (15 Suppl) (2015) S73-S79.

P. Strati, H. Kantarjian, F. Ravandi, A. Nazha, G. Borthakur, N. Daver, et al., Phase
1/11 trial of the combination of midostaurin (PKC412) and 5-azacytidine for patients
with acute myeloid leukemia and myelodysplastic syndrome, Am. J. Hematol. 90
(2015) 276-281.

C.B. Williams, S. Kambhampati, W. Fiskus, J. Wick, C. Dutreix, S. Ganguly, et al.,
Preclinical and phase I results of decitabine in combination with midostaurin
(PKC412) for newly diagnosed elderly or relapsed/refractory adult patients with
acute myeloid leukemia, Pharmacotherapy 33 (2013) 1341-1352.

H.M. Kantarjian, G.J. Roboz, P.L. Kropf, K.W.L. Yee, C.L. O’Connell, R. Tibes, et al.,
Guadecitabine (SGI-110) in treatment-naive patients with acute myeloid leukaemia:
phase 2 results from a multicentre, randomised, phase 1/2 trial, Lancet Oncol. 18
(2017) 1317-1326.

J.J. Issa, G. Roboz, D. Rizzieri, E. Jabbour, W. Stock, C. O’Connell, et al., Safety and
tolerability of guadecitabine (SGI-110) in patients with myelodysplastic syndrome
and acute myeloid leukaemia: a multicentre, randomised, dose-escalation phase 1
study, Lancet Oncol. 16 (2015) 1099-1110.

Astex Pharmaceuticals and Otsuka announce results of the phase 3 ASTRAL-1 study
of guadecitabine (SGI-110) in treatment-naive AML patients ineligible to receive
intense induction chemotherapy Pleasanton, CA2018.

A. Galanis, H. Ma, T. Rajkhowa, A. Ramachandran, D. Small, J. Cortes, et al.,
Crenolanib is a potent inhibitor of FLT3 with activity against resistance-conferring
point mutants, Blood 123 (2014) 94-100.

J.K. Randhawa, H.M. Kantarjian, G. Borthakur, P.A. Thompson, M. Konopleva,

N. Daver, et al., Results of a phase II study of crenolanib in relapsed/refractory
acute myeloid leukemia patients (pts) with activating FLT3 mutations [abstract],
Blood 124 (suppl) (2014) 389.

E.S. Wang, R.M. Stone, M.S. Tallman, R.B. Walter, J.R. Eckardt, R. Collins,
Crenolanib, a type I FLT3 TKI, can be safely combined with cytarabine and an-
thracycline induction chemotherapy and results in high response rates in patients
with newly diagnosed FLT3 mutant acute myeloid leukemia (AML) [abstract],
Blood. 128 (suppl) (2016) 1071.

M. Ohanian, H.M. Kantarjian, G. Borthakur, T.M. Kadia, M. Konopleva, G. Garcia-
Manero, et al., Efficacy of a type I FLT3 inhibitor, crenolanib, with idarubicin and
high-dose ara-C in multiply relapsed/refractory FLT3+ AML [abstract], Blood. 128
(suppl) (2016) 2744.

B.C. Medeiros, A.T. Fathi, C.D. DiNardo, D.A. Pollyea, S.M. Chan, R. Swords,
Isocitrate dehydrogenase mutations in myeloid malignancies, Leukemia 31 (2017)
272-281.

R.J. Molenaar, T. Radivoyevitch, Y. Nagata, M. Khurshed, B. Przychodzen,

H. Makishima, et al., IDH1/2 mutations sensitize acute myeloid leukemia to PARP
inhibition and this is reversed by IDH1/2-mutant inhibitors, Clin. Cancer Res. 24
(2018) 1705-1715.

P.L. Sulkowski, C.D. Corso, N.D. Robinson, S.E. Scanlon, K.R. Purshouse, H. Bai,
et al., 2-Hydroxyglutarate produced by neomorphic IDH mutations suppresses
homologous recombination and induces PARP inhibitor sensitivity, Sci. Transl.
Med. 9 (2017) pii:eaal2463.

M. Al-Hussaini, M.P. Rettig, J.K. Ritchey, D. Karpova, G.L. Uy, L.G. Eissenberg,

et al., Targeting CD123 in acute myeloid leukemia using a T-cell-directed dual-
affinity retargeting platform, Blood 127 (2016) 122-131.

G.R. Chichili, L. Huang, H. Li, S. Burke, L. He, Q. Tang, et al., A CD3xCD123 bis-
pecific DART for redirecting host T cells to myelogenous leukemia: preclinical ac-
tivity and safety in nonhuman primates, Sci. Transl. Med. 7 (2015) 289ra82.

G.L. Uy, J. Godwin, M.P. Rettig, N. Vey, M. Foster, M.L. Arellano, et al., Preliminary
results of a phase 1 study of flotetuzumab, a CD123 x CD3 Bispecific Dart® protein,
in patients with relapsed/refractory acute myeloid leukemia and myelodysplastic
syndrome [abstract], Blood 130 (suppl. 1) (2017) 637.


http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0270
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0275
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0275
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0275
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0280
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0280
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0280
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0285
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0285
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0285
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0285
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0285
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0290
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0290
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0290
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0295
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0295
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0295
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0295
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0300
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0300
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0300
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0300
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0305
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0310
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0310
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0310
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0310
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0315
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0315
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0315
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0320
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0320
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0320
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0320
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0325
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0325
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0325
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0330
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0330
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0330
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0330
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0335
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0335
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0335
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0335
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0340
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0340
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0340
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0340
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0345
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0345
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0345
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0345
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0345
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0350
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0350
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0350
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0355
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0355
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0355
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0360
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0360
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0360
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0360
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0365
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0365
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0365
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0365
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0370
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0370
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0370
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0370
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0375
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0375
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0375
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0375
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0385
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0385
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0385
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0390
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0390
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0390
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0390
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0395
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0395
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0395
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0395
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0395
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0400
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0400
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0400
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0400
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0405
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0405
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0405
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0410
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0410
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0410
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0410
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0415
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0415
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0415
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0415
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0420
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0420
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0420
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0425
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0425
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0425
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0430
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0430
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0430
http://refhub.elsevier.com/S0145-2126(20)30044-8/sbref0430

	Advances in non-intensive chemotherapy treatment options for adults diagnosed with acute myeloid leukemia
	Introduction
	Treatment options for patients who are not candidates for or who decline frontline intensive chemotherapy
	Case 1
	Considerations for frontline therapy
	Hypomethylating agents
	Azacitidine
	Decitabine

	Targeted therapies currently available for AML
	Gemtuzumab ozogamicin
	Midostaurin
	Ivosidenib
	Venetoclax
	Glasdegib

	Post-remission therapy
	Case 1 continued
	Treatment algorithm

	Treatment options for patients with relapsed or refractory AML who are not candidates for or who decline intensive chemotherapy
	Case 2
	Considerations in selecting therapies for relapsed or refractory AML
	Regimens with activity in relapsed or refractory AML
	Novel agents with activity in relapsed or refractory AML
	Enasidenib
	Gilteritinib
	Quizartinib
	Combination regimens with activity in relapsed/refractory AML
	Azacitidine plus sorafenib
	Decitabine plus sorafenib
	Azacitidine or decitabine plus midostaurin

	Emerging therapies for patients with AML who are not suitable for intensive chemotherapy
	Guadecitabine (SGI-110)
	Crenolanib

	Case 2 continued
	Other IDH inhibitors
	CD3xCD123 dual-affinity retargeting protein


	Conclusions
	Role of the funding source
	Author contributions
	mk:H1_38
	References




