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Abstract
Purpose of Review Secondary AML (s-AML) encompasses a distinct subgroup of AML with either therapy-related AML or
AML arising from preexisting myeloid neoplasms. Despite recent advances in the treatment armamentarium of AML, outcomes
remain poor in s-AML. The purpose of this review is to highlight distinct characteristics, prognostic factors, and treatment options
for patients with s-AML. Further, we focus on a distinctly poor-risk subgroup of s-AML with previous exposure to
hypomethylating agents (HMAs) and describe ongoing clinical trials in this patient population.
Recent Findings CPX-351 (liposomal daunorubicin and cytarabine) is the first drug approved for s-AML and represents an
advancement in the management of fit patients with this subtype of AML. Despite incremental improvement in remission rates
and survival, long-term survival remains poor. Patients who have received prior HMAs for antecedent MDS rarely benefit from
CPX-351 or other cytotoxic chemotherapy regimens. The approval of venetoclax in combination with azacitidine has led to a
paradigm shift in the management of newly diagnosed older unfit AML patients; however, patients with s-AML and prior HMA
therapy were excluded from the landmark randomized phase 3 study. Several early phase clinical trials with both low- and high-
intensity therapies are ongoing for s-AML patients, though prior HMA exposure limits inclusion in many of these studies that
include HMAs.
Summary Patients with s-AML previously treated with an HMA have dismal outcomes with standard therapeutic options and are
under-represented in clinical trials. Trials investigating novel therapeutic options in this population are critically needed.
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Introduction

Acute myeloid leukemia (AML) is a myeloid malignancy
resulting from a clonal proliferation of myeloid progenitors
leading to compromised hematopoiesis and bone marrow fail-
ure. Traditionally, AML has been classified by the morphol-
ogy, immunophenotype, and cytogenetic abnormalities of the
leukemic cells. Advances in molecular profiling over the last
few decades has allowed for further classification of AML
into prognostically distinct subgroups. The 2016 World

Health Organization (WHO) Classification now includes a
category for “AML with recurrent genetic abnormalities” that
subclassifies AML by genetic abnormalities reflecting the
known heterogeneity of this disease [1]. Updated risk stratifi-
cation models by the European Leukemia Net (ELN) now
utilize molecular abnormalities to determine risk [2]. The larg-
est mutational analysis performed in AML to date with over
1500 patients illustrates how driver mutations can influence
prognosis [3]. Papaemmanuil et al. therefore proposed a new
classification system based on 14 individual genetic sub-
groups (Table 1). These changes demonstrate the ongoing
progress in the classification of AML by unique genomic
and molecular factors.

AML has historically been grouped by clinical ontogeny
into 3 distinct categories: secondary-AML (s-AML) arising
from an antecedent hematologic disorder (AHD) (often
myelodysplastic syndrome [MDS] or myeloproliferative neo-
plasm [MPN]), therapy-related AML (t-AML) arising as a late
complication of prior exposure to leukemogenic therapies,

Topical Collection on Acute Myeloid Leukemias

* Joshua F. Zeidner
Joshua_Zeidner@med.unc.edu

1 Lineberger Comprehensive Cancer Center, University of North
Carolina, Houpt Building, Chapel Hill, NC #7305, USA

2 Melvin and Bren Simon Comprehensive Cancer Center, Indiana
University, Indianapolis, IN, USA

https://doi.org/10.1007/s11899-021-00608-6

/ Published online: 20 February 2021

Current Hematologic Malignancy Reports (2021) 16:97–111

http://crossmark.crossref.org/dialog/?doi=10.1007/s11899-021-00608-6&domain=pdf
http://orcid.org/0000-0002-9014-1514
mailto:Joshua_Zeidner@med.unc.edu


and de novo AML which is not preceded by an identified
myeloid neoplasm or cytotoxic therapy. These historical clas-
sifications are only somewhat preserved in formalized classi-
fication schemes. The 2016 WHO Classification groups all
myeloid neoplasms that are therapy-related into “therapy-re-
lated myeloid neoplasms” and does not include a specific
classification for s-AML [1]. However, a subcategory of
“AML with myelodysplasia-related changes (AML-MRC)”
has replaced s-AML by WHO Classification, which includes
one of the following: [1] a prior history of clinical MDS (but
not MPN), [2] multilineage dysplasia (>50% dysplasia in 2 or
more cell lines) without a mutation in NPM1 or biallelic
CEBPA, or [3] the presence of an MDS-related cytogenetic
abnormality (see Table 2). In addition to a set of well-defined
cytogenetic abnormalities, s-AML is characterized by specific
molecular features that highlight the unique leukemia driver
mutations associated with preexisting MDS. Lindsley et al.
reported a set of somatic mutations (SRSF2, SF3B1, U2AF1,
ZRSR2, ASXL1, EZH2, BCOR, and STAG2) that were highly
specific for a clinical history of s-AML preceded byMDS [5•,
6]. These advances may make it possible to discriminate pa-
tients with “biological s-AML” based on diagnostic molecular
and cytogenetic characteristics, though this strategy has not
been formally incorporated into standard AML classification.

It is critical to identify patients with s-AML at diagnosis as
these patients have a particularly poor prognosis and com-
monly have adverse-risk cytogenetic features [7–9]. Overall
outcomes are significantly worse in patients with s-AML com-
pared with de novo AML and treatment options are more
limited. Overall rates of complete remission (CR), including
incomplete count recovery (CRi), are less than 40% in patients
with s-AML treated with conventional chemotherapy, and
median overall survival (OS) is often between 5 and 7 months
[7–10]. Long-term (>5 year) OS may be possible with

hematopoietic stem cell transplantation (HSCT), though few
patients (<5%) receive this therapy [7–9]. Even among HSCT
recipients, median OS is approximately 1 year after HSCT in
patients with s-AML [10]. There remains an urgent, unmet
need for novel therapeutic agents in this subgroup to improve
clinical outcomes. The purpose of this review is to delineate
the outcomes of patients with s-AML and AMLwithMRC, in
particular highlighting patients with previous exposure to
hypomethylating agents (HMAs)—an extremely poor-risk

Table 1 Proposed genomic
classification of acute myeloid
leukemia by Papaemmanuil et al.
[3]

Genomic subgroup Frequency in the cohort

AML with NPM1 mutation 27%

AML with mutated chromatin, RNA-splicing genes, or both 18

AML with TP53 mutations, chromosomal aneuploidy, or both 13

AML with inv [4](p13.1q22) or t(16;16(p13.1;q22); CBFB-MYH11 5

AML with biallelic CEBPA mutations 4

AML with t(15;17)(q22;q12); PML-RARA 4

AML with t(8;21)(q22;q22); RUNX1 4

AML with MLL fusion genes; t(x;11)(x;q23) 3

AML with inv [3](q21q26.2) or t(3;3)(q21;q26.2); GATA2, MECOM (EVI1) 1

AML with IDH2R172 mutations and no other class-defining lesions 1

AML with t(6;9)(p23;q34); DEK 1

AML with driver mutations but no detected class-defining lesions 11

AML with no detected driver mutations 4

AML meeting criteria for >2 genomic subgroups 4

Table 2 World Health
Organization definition
of AML with
myelodysplasia-related
changes (AML-MRC)
[1]. The diagnosis of
AML-MRC requires the
lack of an NPM1 or
biallelic mutation of
CEBPA, exclusion of
prior therapy, and
multilineage dysplasia
(>50% dysplastic cells in
at least 2 cell lines), or a
clinical history of MDS,
or the identification of
one of the following
MDS-related cytogenetic
abnormalities

Complex karyotype
(3 or more abnormalities)

Unbalanced abnormalities

-7/del(7q)

del(5q)/t(5q)

i(17q)/t(17p)

-13/del(13q)

del(11q)

del(12p)/t(12p)

idic(X)(q13)

Balanced abnormalities

t(11;16)(q23.3;p13.3)

t(3;21)(q26.2;q22.1)

t(1;3)(p36.3;q21.2)

t(2;11)(p21;q23.3)

t(5;12)(q32;p13.2)

t(5;7)(q32;q11.2)

t(5;17)(q32;p13.2)

t(5;10)(q32;q21.2)

t(3;5)(q25.3;q35.1
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subgroup—and emphasizing the role of novel agents and clin-
ical trials in this disease population.

Clinical Outcomes of Secondary AML with Intensive
Induction Therapy

Prospective Clinical Trials

Comparatively few clinical trials have examined novel thera-
pies specifically in s-AML patients (Table 3). s-AML is asso-
ciated with poor clinical outcomes compared to de novo AML
when treated with intensive induction therapy regimens in-
volving anthracycline-based chemotherapy [16–18]. A ran-
domized phase 3 trial evaluated 7+3 (cytarabine 200 mg/m2

continuous infusion IV days 1–7, daunorubicin 45 mg/m2

days 1–3) versus cytarabine plus amonafide (a novel topo-
isomerase II inhibitor) in newly diagnosed s-AML with ante-
cedent MDS (n=215), t-AML with antecedent MDS (n=44),
and t-AML without MDS (n=173) [11•]. The median age was
65 and 63 years old, respectively. There were no significant
differences in median OS (7.0 months for both arms) or CR
rates (45% vs. 46%, respectively) between the two induction
strategies. Those with an antecedentMDS had a lower CR rate
compared to those with t-AML without prior MDS (40% vs.
50%, respectively; p=0.04). These findings demonstrate the
poor overall outcomes of patients with s-AML treated with
intensive induction therapy and represent the only randomized
phase 3 study performed specifically in this patient
population.

A randomized phase 2 study comparing CPX-351 (a lipo-
somal formulation of cytarabine and daunorubicin) to conven-
tional 7+3 was performed in newly diagnosed adults with
AML between the ages of 60–75 years [12]. Although this
study included both de novo and s-AML patients, the patient
population was highly enriched for s-AML (percentage of s-
AML patients: CPX-351 38.8%; 7+3 46.3%). Additionally,
39% and 37% of patients on CPX-351 and 7+3, respectively,
had prior exposure to HMAs. Among all patients enrolled on
this study, overall CR/CRi rates were 66.7% vs. 51.2% in
patients treated with CPX-351 vs. 7+3, respectively
(p=0.07). However, patients with s-AML appeared to have
the most benefit with CPX-351 when compared with 7+3
(CR/CRi rates = 57.6% vs. 31.6%, p=0.06; median OS =
12.1 months vs. 6.1 months, p=0.01, respectively). These
findings provided the impetus for the design of a randomized
phase 3 study of CPX-351 vs. 7+3 in patients 60–75 years old
with newly diagnosed AML-MRC (see the “Intensive
Induction Chemotherapy in AML-MRC” section) [13•].

A randomized phase 2 trial of timed sequential alvocidib
(cyclin-dependent kinase-9 inhibitor), cytarabine, and
mitoxantrone versus 7+3 (with high dose daunorubicin, 90
mg/m2) induction in newly diagnosed AML patients < 70
years with non-favorable cytogenetics revealed overall CR

rates of 60% vs. 42%, respectively in s-AML subsets com-
pared with 79% vs. 70%, respectively, in de novo AML [4].

A phase 2 study investigated the clinical activity of G-
CLAC (clofarabine 30 mg/m2 IV days 1–5 plus high-dose
cytarabine 2 gm/m2 IV days 1–5 with G-CSF priming) in 50
newly diagnosed AML patients 18–64 years old. Of the 50
patients included in this study, 23 (46%) had s-AML or ab-
normal blood counts for >1 month prior to diagnosis of AML,
and 2 (4%) had t-AML [14]. The overall CR rate for the whole
cohort of newly diagnosed AML patients was 82%. There was
no significant difference seen in overall CR rates between de
novoAML and AMLwith AHD (85% vs. 78%, respectively);
however, median OS was significantly decreased in patients
with AHD (24 vs. 13 months, respectively; p=0.045).

Retrospective Analyses

Retrospective analyses have also reported poor outcomes with
intensive induction chemotherapy for this population
(Table 3). A single institution retrospective study by Rizzieri
et al. of patients with s-AML who underwent intensive induc-
tion (mostly with 7+3) from 1995 to 2008 found that 58% (56/
96) achieved CR with a median OS and event-free survival
(EFS) of 13.6 months and 8 months, respectively [15]. The
median age of patients included in the analysis was 55 years,
with 53% having t-AML and 47% harboring a preexisting
MDS or MPN. There was no difference in CR rates between
those who received 7+3 and those who received other inten-
sive induction regimens. Notably, patients with t-AML had a
higher CR rate compared with s-AML arising from either
MDS or a MPN (82% vs 62%; p=0.027), although this in-
crease in CR did not translate to improved median EFS or OS.

A retrospective study of 998 AML patients treated with
intensive chemotherapy at The University of Texas MD
Anderson Cancer Center found that a longer duration of
AHD was an independent poor prognostic factor for CR, 8-
week mortality, and OS [18]. A more recent analysis of the
experience at MD Anderson reported the results of 931 s-
AML patients > 60 years old treated from 1990 through
2015 [10]. The median age was 68 years, with 58% having
an adverse-risk cytogenetic profile. The CR/CRp rate for all
patients regardless of intensity of therapy was 39.5%, with
higher rates of CR in those who received intensive induction
compared to HMAs or investigational therapies (46% vs. 36%
vs. 27%, respectively). The median OS for the entire cohort
was only 6 months. Clinical outcomes of patients who re-
ceived a HSCT (7.1%) were better than those who did not
proceed to HSCT (median OS: 16.2 months v. 5.5 months,
p<0.001).

Large population-based studies corroborate the dismal out-
comes reported by other studies in s-AML. A large Swedish
registry (n=3,363) assessed outcomes of 630 patients with s-
AML arising from anAHD and 259 patients with t-AML [16].
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Compared to de novo disease, patients with s-AML were
older (median 73 vs 70 years, p<0.001), had worse perfor-
mance status, were more likely to have an adverse-risk cyto-
genetic profile (40% vs 26%, p<0.001), and were less likely to
receive intensive treatment (39% vs 64%, p<0.001). Similar
trends were seen when comparing t-AML to de novo AML
patients. None of the patients with s-AML had favorable-risk
cytogenetics. Based on this analysis, CR rates with intensive
chemotherapy (n=1967) for those with de novoAML, t-AML,
and s-AML were 72%, 54%, and 39%, respectively
(p<0.001). On multivariable analysis, s-AML with AHD and
t-AML were both independent risk factors for poor OS in
patients treated with intensive induction (HR 1.51 and 1.72,
respectively), and median OS was 6–7 months regardless of
age. Similarly, an analysis of a large Danish registry of AML
patients found that s-AML treated with intensive therapy
(n=320) was associated with inferior OS compared to de novo
AML as well as decreased CR rates (de novo AML: 75%, s-
AML with prior MDS: 59%, other s-AML: 54%, t-AML:
61%) [17]. Patients with s-AML were older, less likely to
receive intensive induction, and more likely to have interme-
diate or adverse-risk cytogenetics. Importantly, patients with
s-AML were also less likely to enroll in clinical trials (s-AML
with prior MDS: 19.6% vs. other AHD: 24.7% vs. de novo:
35.6%; p=<0.001). This is a common theme in trials assessing
novel agents in newly diagnosed AML as s-AML patients are
more likely excluded due to a high degree of comorbidities,
frailty, poor performance status, poor prognosis and low like-
lihood of achieving a response, and overall treatment nihilism
for this poor-risk subgroup [19•].

Intensive Induction Chemotherapy in AML-MRC

Based on subset analyses demonstrating improved outcomes
with CPX-351 compared with 7+3 in s-AML from a random-
ized phase 2 trial of CPX-351 vs. 7+3 in newly diagnosed
AML 60–75 years, a randomized phase 3 study of CPX-351
vs. 7+3 was performed in t-AML and AML-MRC [12, 13•].
Eligibility for this study included patients with newly diag-
nosed AML aged 60–75 years with t-AML, AML from
preexisting MDS or CMML (with or without prior HMAs),
or AML with MRC based on WHO-defined MDS-related
cytogenetic abnormalities. Of note, patients were not eligible
if they had a preexisting MPN. Additionally, those with
multilineage dysplasia (satisfying criteria for WHO AML-
MRC) were not included unless they had a prior history of
MDS/CMML or MDS-related cytogenetics. A total of 309
patients were enrolled (CPX-351: n=153, 7+3: n=156). The
primary endpoint was OS. Among all patients enrolled, there
was a significantly higher overall CR/CRi rate with CPX-351
compared with 7+3 (47.7% vs. 33.3%, p=0.016) and median
OS was 9.6 months with CPX-351 versus 6.0 months with 7+
3 (p=0.003). One-year and 2-year OS estimates between

CPX-351 and 7+3 were 41.5% and 27.6% and 31.1% and
12.3%, respectively. Subset analyses of median OS in patients
treated with CPX-351 vs. 7+3 demonstrated differences be-
tween groups of enrolled patients (t-AML: 12.1 vs. 6.0
months, AML with antecedent MDS or CMML: 7.4 vs. 6.0
months, and de novo AML with MDS-related cytogenetic
abnormalities: 10.1 vs. 7.4 months). The t-AML subgroup
appeared to have the greatest overall benefit from CPX-351
compared with 7+3. Notably, 105/309 (34.0%) of patients
enrolled on this study had MDS with previous exposure to
HMAs prior to enrollment (CPX-351: n=50, 7+3: n=55). In
this subgroup of patients, CR rates were 36% vs. 33% and
median OS was 5.7 vs. 7.4 months with CPX-351 and 7+3,
respectively. In comparison, patients with MDS without pre-
vious exposure to HMAs had CR rates of 67% vs. 37% and
median OS of 15.7 vs. 5.1 months with CPX-351 vs. 7+3,
respectively.

In conclusion, patients with s-AML from antecedent MDS/
CMML with previous HMA therapy have dismal outcomes
with intensive induction chemotherapy. These data reinforce
the overall poor outcomes of patients with AML-MRC treated
with intensive chemotherapy.

Clinical Outcomes of Secondary AML with Low-
intensity Therapy

Patients who are unfit for intensive induction treatment strat-
egies commonly receive low-intensity strategies such as
HMAs, targeted oral therapies, and low-dose cytarabine
(LDAC). Clinical trials reporting outcomes of these agents
have variably enrolled and reported outcomes of patients with
s-AML and those who have received prior HMAs (Table 4).

LDAC

Ara-C (cytarabine), a nucleoside analog that has cytotoxic
effects, has been used for decades as a continuous infusion
in combination with anthracyclines for induction therapy and
with high doses in consolidation but has substantial toxicity in
older patients. Lower doses are better tolerated and can be
delivered in the outpatient setting. A randomized phase 3 trial
compared LDAC versus hydroxyurea/best supportive care in
217 newly diagnosed AML or high-risk MDS patients
deemed unfit to receive intensive chemotherapy [20]. Only
13% of all patients survived 1 year. However, median OS
was significantly better with LDAC compared with
hydroxyurea/best supportive care (OR 0.60, p<0.001, median
OS not reported), related primary to the achievement of CR
(18% v. 1%, p<0.001). Median OS of patients achieving CR
was 575 days compared to only 66 days in patients who did
not achieve CR. Of the 217 patients included in this trial, 58
(27%) had s-AML (LDAC: 28 patients). OS favored LDAC
over hydroxyurea in this subgroup, though differences were
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not statistically significant (OR 0.69, 95% CI 0.38–1.24, no
median OS provided). OS did not significantly differ between
de novo and s-AML patients. Given the overall poor outcomes
of patients treated with LDAC, this is uncommonly used in
clinical practice for s-AML.

HMAs

DNA methylation of oncogenes and tumor suppressor genes
is thought to contribute to the leukemogenesis and survival of
leukemia cells. HMAs such as decitabine and azacitidine have
been shown to reverse this process and induce normal cellular
proliferation. Though HMAs were initially approved for the
treatment of higher risk MDS, a post hoc analysis of an MDS
trial initially demonstrated the utility of azacitidine for AML
patients [32]. This randomized trial comparing azacitidine
with conventional care regimens (physician’s choice of best
supportive care, LDAC, or induction chemotherapy) was ini-
tiated when widespread use of the FAB criteria for MDS in-
cluded RAEB-T (refractory anemia with excess blasts in
transformation, between 20 and 30% blasts). Subsequently,
theWHO redefined AML as ≥20%myeloblasts in the marrow
or blood. As a result, this trial included a subset of patients
with WHO-defined AML with 20–30% blasts. Though this
analysis specified patients with oligoblastic AML (20–30%
blasts) rather than s-AML, it is likely that many of these pa-
tients in fact had s-AML by modern definitions. The analysis
demonstrated a significantly prolonged median OS of
azacitidine (24.5 months) over conventional care regimens
(16 months) with hazard ratio 0.47 (95% CI, 0.28–0.79; p =
0.005).

Subsequently, a randomized multi-center phase 3 study in-
cluding newly diagnosed AML patients >65 years who were
not candidates for HSCT investigated decitabine 20 mg/m2 IV
days 1–5 every 28 days versus physician’s choice (LDAC or
best supportive care) [21]. Eligibility for this study included de
novo (n=312) and s-AML patients (n=171). Patients with
favorable-risk cytogenetics or who received prior therapy (in-
cluding HMAs) were excluded. Median OS of s-AML patients
receiving decitabine (n=87) was 7.1 months vs. 4.9 months for
physician’s choice (n=84). Median OS was slightly worse
among s-AML patients (7.1 months) than for de novo patients
(8.2 months, not statistically compared in the study).

A randomized multi-center phase 3 trial evaluated
azacitidine versus physician’s choice (LDAC, best supportive
care or intensive chemotherapy) for newly diagnosed older (>
65 years) AML patients (> 30% blasts) who were not candi-
dates for HSCT [22]. The study design was similar to the
randomized phase III study of decitabine versus physician
choice though this study also included an option for intensive
chemotherapy in the physician choice arm. Of the 488 patients
enrolled, 87 patients (18%) had s-AML due to prior MDS.
Median OS was 10.4 months vs. 6.5 months (p=.10) with

azacitidine vs. physician choice, respectively, though out-
comes were not reported separately for s-AML.

Lastly, guadecitabine, a second-generation HMA whose
active metabolite is decitabine, was investigated in an open-
label phase 2 study in newly diagnosed AML, relapsed/
refractory AML (including prior-HMA therapy), and HMA-
naïve MDS who were not candidates for intensive induction
therapies [23]. In this study, patients were randomized to re-
ceive either 60 or 90 mg/m2 of guadecitabine on days 1–5
every cycle. Thirty-six percent of enrolled patients had s-
AML. Patients with s-AML had a non-significant lower like-
lihood of achieving a response to therapy on regression
modelling (univariate 0.68, p=0.36; multivariable 0.81,
p=0.34). Survival outcomes were not reported separately for
s-AML patients. A randomized phase III study (ASTRAL) of
guadecitabine versus physician’s choice (decitabine,
azacitidine, or LDAC) in 815 newly diagnosed AML patients
(298 with s-AML) who were not eligible for intensive induc-
tion was recently reported [24]. A combined primary endpoint
of CR and OS in the intention-to-treat population was not
reached with guadecitabine versus physician choice. Median
OS on guadecitabine was 7.1 months versus 8.5 months for
physician’s choice group (p=0.73). Outcomes of s-AML pa-
tients were not reported separately, though this study is not yet
published. Importantly, patients with s-AML with prior HMA
therapy were excluded in these studies.

Targeted Agents

Gemtuzumab ozogamicin (GO), an antibody drug-conjugate
targeting CD33, was investigated in a randomized phase 3
study (AML-19) versus best supportive care in newly diag-
nosed older adults with AML unsuitable for intensive chemo-
therapy [25]. This study enrolled a total of 237 patients, 73
(31%) of whom had s-AML, though excluded patients who
had received prior chemotherapy. Median OS for all patients
was 4.9 months with GO vs. 3.6 months in the best supportive
care group (HR 0.69, p=0.005). Overall CR rate was 25% in
patients with s-AML treated with GO (compared to 28% in de
novo AML). There was no difference in OS between second-
ary and de novo AML patients (HR 0.85, CI 0.64–1.13,
p=0.25). Based on this data, GO was FDA-approved for new-
ly diagnosed older adults who are not candidates for intensive
chemotherapy though not commonly used as a single agent in
this subgroup.

Ivosidenib is an oral, targeted chemotherapy that inhibits
isocitrate dehydrogenase 1 (IDH1) and leads to the suppres-
sion of the oncometabolite 2-hydroxyglutarate. Ninety-four
patients with s-AML were included in the phase 1 dose-
escalation trial of ivosidenib for IDH1-mutated patients with
relapsed or refractory AML [33]. Outcomes of s-AML pa-
tients were not reported separately; overall CR rate was
21.6% and median OS was 8.8 months for all patients
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included. An expansion cohort from this phase 1 study includ-
ed newly diagnosed AML with IDH1 mutation unfit for in-
tensive chemotherapy (n=34). Twenty-three patients and 15
patients in this cohort had s-AML and s-AML with prior
HMA exposure, respectively [26]. In those with s-AML with
prior HMAs, CRh (< 5% bone marrow myeloblasts with both
ANC > 500/μl and platelet count > 50 x 109/L CR) and CR
was 26.7% and 20.0%, respectively. Median OS was 12.6
months for all patients though OS was not reported separately
for s-AML who received prior HMAs.

Enasidenib is an oral inhibitor of mutant isocitrate
dehydrogenase-2 (IDH2) which plays a central role in abnor-
mal epigenetic regulation leading to hypermethylation and
blocked cellular differentiation. An open-label single-arm
study evaluating enasidenib for newly diagnosed AML pa-
tients unfit for intensive chemotherapy included 27 patients
with an AHD including 17 with prior history of MDS [27].
Median age of patients on this study was 77 years (range: 58–
87 years). Five of 23 evaluable patients (22%) achieved an
overall response with 3 (13%) achieving a CR.Median OS for
patients with an AHD was 8.8 months, slightly less than the
11.3 months for all patients. Outcomes of s-AML patients
with a prior exposure to HMAs was not reported.

Glasdegib

Glasedegib is a hedgehog pathway inhibitor that has been
investigated in combination with LDAC in newly diagnosed
older adults with AML who are not candidates for intensive
chemotherapy. In a randomized phase 2 trial comparing
LDAC versus LDAC/glasdegib, 88 patients with either
AML (n=78) or high-riskMDS (n=10) were treated with com-
bination therapy [28]. Fifteen of 88 (17%) had received prior
HMA therapy. Median OS was 8.8 months overall with
LDAC/glasdegib compared to 4.1 months with LDAC alone
(HR 0.51, p<0.01). Interestingly, median OS of patients with
s-AML (n=37) receiving glasdegib plus LDAC was substan-
tially improved over LDAC alone (9.1 months v. 4.1 months,
p < 0.001) [34]. Based on these data, glasdegib was FDA-
approved for the frontline management of older unfit AML
patients in combination with LDAC. However, given the
modest clinical activity and comparison to LDAC, this regi-
men is uncommonly used in clinical practice.

Venetoclax

Venetoclax is an oral inhibitor of BCL2, an anti-apoptotic
regulator in AML. Early clinical trials demonstrated modest
activity when used as monotherapy in relapsed/refractory
AML [35]. However, when combined with LDAC or
HMAs, clinical activity appears to be synergistic [36]. In the
VIALE-C study, a randomized phase III trial of LDAC plus
venetoclax versus LDAC plus placebo in previously untreated

AML >75 years or who were ineligible for intensive chemo-
therapy, 211 patients were randomized; 81 patients (38%)
with s-AML were enrolled which included 42 (52% of s-
AML) patients who had received prior HMAs [29•]. Median
OS for patients receiving venetoclax with LDAC was 7.2
months as compared to only 4.1 months for those treated with
LDAC plus placebo (HR 0.75, p=0.11). Median OS for pa-
tients with s-AML receiving venetoclax (n=58) was 5.5
months (versus 3.2 months for those receiving LDAC); over-
all CR/CRi was 36%. For s-AML patients who received prior
HMAs (n=28), median OS was also 5.5 months (versus 4.1
months for those receiving LDAC) and CR/CRi was 25%. De
novo AML patients had better outcomes compared with s-
AML (hazard ratio=0.59; p=0.004).

The VIALE-A study, in contrast, was a randomized phase
3 study of azacitidine plus venetoclax versus azacitidine plus
placebo in previously untreated AML patients >75 years or
who were ineligible for intensive induction therapy [30•]. The
median OS was 14.7 months in the azacitidine–venetoclax
group (n=286) and 9.6 months in the control group (n=145)
(HR 0.66, p<0.001). 107 patients with either s-AML or t-
AML (history ofMDS or CMML (n=72), t-AML (n=35)) were
included in the trial. Patients who had received prior chemo-
therapy for either MDS or CMML were excluded. Median OS
was 16.4 months (95% CI, 9.7–24.4) for s-AML/t-AML pa-
tients receiving azacitidine plus venetoclax (n=72) vs. 10.6
months (95% CI, 4.9–13.2) with azacitidine plus placebo
(n=35) (HR, 0.56; 95%CI 0.35–0.91). Interestingly, the report-
ed median OS for this combined group of patients (s-AML and
t-AML) receiving azacitidine plus venetoclax appeared longer
than in patients with de novo AML (16.4 v. 14.1 months, no
direct statistical comparison). CR/CRi among s-AML patients
receiving azacitidine plus venetoclax was 66.7% (versus 22.9%
for patients receiving azacitidine alone). Venetoclax has also
been investigated in combination with intensified decitabine
(20 mg/m2 IV days 1–10) in a cohort of patients with both
newly diagnosed and relapsed/refractory AML in a single-
center phase 2 trial [31]. This non-randomized study included
168 patients with AML: 70 patients with de novo disease, 43
patients with s-AML (15 who had not received prior therapy
and 28 who had received prior chemotherapy including
HMAs), and 55 patients with relapsed/refractory disease. CR/
CRi for untreated and previously treated s-AML patients was
80% and 61%, respectively. Median OS was 7.8 months (CI:
2.9 to 10.7) in untreated s-AML patients and 6.0 (CI: 3.4 to
13.7) months in treated s-AML patients. Among the 50 patients
included who had received prior HMA therapy (in either the
secondary AML (n=25) or relapsed/refractory cohort (n=25))
ORR was 60% (combined CR 16%, CRi 24%, and MLFS of
20%); MRD-negativity was achieved in 48%; median OS was
6.0 months with 27% 1-year overall survival. On univariate
analysis, Cox proportional hazards ratio (HR) for OS of prior
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HMA therapy was 2.00 (CI: 1.3–3.06, p < 0.01); multivariate
analysis showed a HR of 2.4.

Clinical Outcomes of s-AML After Previous Exposure
to HMAs

HMAs represent a standard-of-care first-line treatment strate-
gy for high-risk MDS and are frequently used for CMML and
other myeloid malignancies. Therefore, a high proportion of s-
AML patients have had previous exposure to HMAs and have
limited therapeutic options if they progress to AML given the
widespread clinical use of HMAs with or without other agents
in this setting. In fact, azacitidine plus venetoclax represents a
paradigm shift and new standard-of-care for older patients
(>75 years) with newly diagnosed AML who are not candi-
dates for intensive chemotherapy. However, the poor out-
comes seen with non-HMA-based strategies such as LDAC
plus venetoclax in patients with s-AML after prior HMAs
highlight the unmet clinical need in this patient population
[37–40]. Furthermore, as discussed in the “AML with
MRC” section, the randomized phase 3 study establishing
CPX-351 as a standard-of-care option for patients with
AML-MRC revealed dismal outcomes with CPX-351 in pa-
tients with s-AML with prior HMA therapy and no benefit
compared with 7+3 in subset analyses [13•].

Retrospective analyses support the poor outcomes seen
prospectively with conventional chemotherapy in patients
with s-AML after prior HMA exposure (Table 5). A retrospec-
tive review at MD Anderson found that s-AML patients
(n=254, 53 with t-AML) with a prior diagnosis of MDS,
MPN, or aplastic anemia who had received at least one ther-
apy for that diagnosis had significantly worse OS than those
with an untreated AHD (n=215; OS 4.2 vs 9.2 months;
p=0.001) [8]. This difference was found to be independent
of age, cytogenetic risk, or treatment intensity. CR rates were
also significantly lower in patients with s-AML previously
treated with HMAs (32%) compared with t-AML (67.6%)
and de novo AML (79.5%) (p<0.001). Most (73%) of these
patients with previously treated AHD received HMAs. The
previously treated s-AML group was also more frequently
older with adverse-risk cytogenetics. A smaller retrospective
study found that when patients with s-AML and a history of
MDS or MDS/MPN were given an anthracycline-based in-
duction therapy, those previously treated with a HMA or
lenalidomide (n=25) had an inferior response rate and median
OS compared to those who received supportive care alone for
their AHD (n=36; CR/CRi: 32% vs 78%, OR 0.13, 95% CI,
0.04–0.42, p=0.001; OS: 3.7 vs 10.5 months, p<0.001) [41].
The majority of the patients in the previously treated group
had received a HMA (24/25; 96%). A multi-center retrospec-
tive analysis examined 241 patients with s-AMLwho received
prior HMA therapy for an AHD (MDS or CMML) and was
treated with a variety of intensive induction chemotherapy

regimens [42]. This analysis revealed that the CR/CRi rates
for CLAG/M (cladribine, cytarabine, G-CSF, mitoxantrone;
n=60), 7+3 (n=30), and CPX-351 (n=14) were 53%, 32%, and
41.2%, respectively, and that there was no significant differ-
ence in median OS among the three groups (approximately 7
months) highlighting the poor outcomes seen with any inten-
sive induction strategy. Along these lines, a case-control study
of patients with s-AML arising from MDS treated with a
HMA compared outcomes of CLAG/M (n=28) to standard
7+3 induction (n=24) [43]. CLAG/M yielded a higher ORR
(64% vs. 29%; p=0.014) and median OS (202 days vs. 86
days; p=0.025) than 7+3 and has encouraging clinical activity
in this patient population.

Future directions

Given the highly unfavorable prognosis of s-AML, it would be
preferable to prevent the evolution of antecedent hematologic
disorders to AML rather than treating advanced leukemia that
has developedmechanisms of resistance. Advances in sequenc-
ing technologies and analyses of clonal evolution continue to
refine our understanding of the biological continuum between
antecedent hematologic diseases and s-AML. Accordingly, di-
agnostic criteria and prognostic scoring systems will certainly
progress and influence the management of these patients. For
example, knowledge of the details of genetic progression
gained from single-cell sequencing techniques and studies in-
volving paired samples of MDS and s-AML from the same
patient raises the prospect of using molecular signatures to
serially monitor clonal changes with the goal of earlier recog-
nition, treatment, and perhaps prevention of progression to
AML [44]. Such knowledge, coupled with expanding access
to alternative stem cell sources for HSCT may augment our
ability to prevent s-AML. Furthermore, as our ability to map
the progression fromAHDs to s-AML improves, our capability
to recognize cases of AML that have arisen from a previously
undiagnosed AHD also improves. This capacity has implica-
tions for the appropriateness of HSCT, therapies directed to-
ward s-AML, and clinical trials seeking to enroll such patients.
Mutations in spliceosome genes,BCOR, STAG2, andEZH2 are
noted to be highly enriched in AML that has evolved from
MDS without a known prior diagnosis of MDS, and it is likely
that such molecular data will be incorporated into future diag-
nostic schemas [5, 45]. Greater understanding of the key se-
quences and driver mutations behind progression to s-AML
may lead to the identification of critical pathways to target
therapeutically.

Despite the recognized need, there remains a paucity of
clinical trials focusing on the s-AML patient population
(Table 6). Although CPX-351 is an FDA-approved option
for patients with AML-MRC of all ages, the phase 3 trial only
enrolled patients ages 60–75. There is an ongoing phase 2 trial
investigating CPX-351 in patients ≤60 years (NCT04269213;
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Table 6) [13•]. CLAG-M has demonstrated encouraging clin-
ical activity in retrospective studies of s-AML patients leading
to the design of an ongoing phase 2 trial of CLAG-M in newly
diagnosed s-AML with antecedent MDS (NCT03150004;
Table 6) [42, 43]. There is also an ongoing trial of CD8+

depleted, non-engrafting, HLA-mismatched unrelated donor
lymphocytes in combination with cytarabine-based induction
chemotherapy in patients 60–79 years with newly diagnosed
AML with AHD (NCT04620681; Table 6).

Another area in need of further research is s-AML arising
from MPNs. The classification of AML-MRC (and by
extension the studies of CPX-351) does not include these pa-
tients, and there is currently no standard-of-care for these pa-
tients. Even with HSCT, 5-year survival rates of 10% have
been observed in this poor-risk subgroup [46]. Similar to s-
AML arising from MDS, further elucidating the unique leu-
kemogenesis of MPNs will hopefully lead to new targets as
well as improved prognostic and diagnostics systems, which
are already beginning to incorporate molecular information
[47–49]. Given the known efficacy of JAK2 inhibitors for

the treatment of MPNs, ongoing phase 1/2 trials are investi-
gating ruxolitinib in combination with standard cytarabine-
based and CPX-351 induction and consolidation regimens
followed by ruxolitinib maintenance in s-AML evolving from
a MPN (NCT03558607, NCT03878199, Table 6). A phase 2
trial of decitabine and ruxolitinib has demonstrated encourag-
ing activity in accelerated and blast phase MPNs, and an on-
going phase 2 study is evaluating decitabine in combination
with either ruxolitinib or fedratinib as a bridge to HSCT in
MDS or AML arising from a MPN or MDS/MPN overlap
syndrome (NCT04282187; Table 6) [50]. Furthermore, based
on preclinical and retrospective data of combined JAK2 and
IDH inhibition, a trial of ruxolitinib with enasidenib in IDH2
mutated s-AML from an antecedent MPN is planned
(NCT04281498; Table 6) [51, 52]. The MDM2 inhibitor
KRT-232 is also being studied in combination with low-
dose cytarabine or decitabine in a phase 1B/2 trial of newly
diagnosed or R/R AML secondary to MPN (NCT04113616;
Table 6). Based on promising phase 1 data, an ongoing ran-
domized phase 2 trial is investigating whether the addition of

Table 6 Ongoing clinical trials in secondary AML

ClinicalTrials.
gov identifier

Trial
phase

Trial population Treatment with
prior HMA allowed

Treatment Status

NCT03558607 I/II Newly diagnosed s-AML evolving fromMPN Not specified Ruxolitinib in combination with
cytarabine-based induction and
consolidation chemotherapy followed by
maintenance ruxolitinib

Recruiting

NCT04269213 II ≤ 60 years old with newly diagnosed t-AML,
AML with antecedent MDS or CMML, or
AML-MRC

Not specified CPX-351 induction and consolidation Recruiting

NCT03150004 II R/R de novo or t-AML and newly diagnosed
AML with antecedent MDS

Not specified CLAG-M Recruiting

NCT04230239 II 60 to 75 years with t-AML, AML-MRC, or
AML with antecedent MDS or CMMoL

Yes CPX-351 induction and Consolidation Recruiting

NCT03878199 I/II MPN in accelerated or blast phase (s-AML) Yes Ruxolitinib in combination with CPX-351
induction and consolidation followed by
ruxolitinib maintenance

Recruiting

NCT04113616 IB/II Newly diagnosed or R/R AML secondary to
MPN

Previous treatment
with decitabine
excluded

KRT-232 combined with low-dose
cytarabine or decitabine

Recruiting

NCT04620681 I/II MDS who have failed therapy with a HMA,
and patients aged 60–79 with newly
diagnosed AML with antecedent
hematologic disease (MDS, MPN, MRC, or
data suggestive of an AHD)

Yes for MDS, not
specified for
AML

CD8 depleted, non-engrafting, HLA
mismatched unrelated donor
lymphocytes in combination with
cytarabine-based induction
chemotherapy

Recruiting

NCT04281498 II IDH2+ accelerated or blast-phase MPNs,
chronic-phase refractory myelofibrosis with
int-1 or greater risk and 4–9% circulating
blasts

Not specified Ruxolitinib and enasidenib Not yet
recruiti-
ng

NCT04282187 II MDS or AML arising from antecedent MPN
or MDS/MPN

No Decitabine in combination with either
ruxolitinib or fedratinib as a bridge to
HSCT

Recruiting

NCT03289910 II Newly diagnosed or R/R AML with
antecedent MPN, or accelerated phase
MPNs

Not specified Topotecan hydrochloride and carboplatin
with or without veliparib

Recruiting
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veliparib to topotecan and carboplatin induction therapy in
newly diagnosed or R/R s-AML arising from an antecedent
MPN improves clinical outcomes (NCT03289910; Table 6)
[53].

Targeted therapies are notably under-represented in cur-
rently enrolling trials that specifically enroll s-AML. The mu-
tations that frequently characterize s-AML have been notori-
ously difficult to target pharmacologically. For example, the
spliceosome modulator H3B-8800 demonstrated the ability to
induce lethality in preclinical models of myeloid neoplasms
withmutations in genes encoding for the spliceosomemachin-
ery, but displayed a striking lack of activity in a phase I/II trial
enrolling patients with myeloid malignancies harboring the
same mutations [54, 55]. Furthermore, though EZH2 inhibi-
tors have demonstrated efficacy in lymphomas with activating
mutations in EZH2, myeloid malignancies tend to harbor loss-
of-function mutations in EZH2, rendering such inhibitors less
likely to benefit s-AML patients. Despite the disappointing
results in targeting these mutations, several studies suggest
encouraging developments in the treatment of TP53-mutated
leukemias, a relatively common mutation in s-AML. For in-
stance, an ongoing phase Ib trial of azacitidine with the anti-
CD47 monoclonal antibody magrolimab, a macrophage
checkpoint inhibitor, has demonstrated a 71% objective re-
sponse rate with median duration of response of 9.9 months
among a subset (n=21) of AML patients with mutated TP53
[56]. Furthermore APR-246, a small molecule that preclini-
cally restores function of mutation-inactivated TP53 has dem-
onstrated synergy with azacitidine and an overall response rate
of 87% with significant prolongation of OS in responding
patients (12.8 vs. 3.9 months for non-responding patients,
p<0.001) [57]. Although promising, both these agents are
chiefly being developed in combination with azacitidine, a
strategy not likely to benefit s-AML patients who have previ-
ously been treated with HMAs. There remains a critical need
to develop novel therapeutic combinations for s-AML patients
previously treated with HMAs.

Finally, the reasons why s-AML arising after treatment
with HMAs represents a prognostically distinct high-risk dis-
ease category are not known, but efforts to understand the
biology of this clinical phenotype may lead to insights regard-
ing treatment. One hypothesis is that the cytotoxic pressure
exerted by HMAs may impact clonal evolution by selecting
for resistant or aggressive subclones and have been shown to
induce potentially pathogenic C>G transversions [58, 59].
Other hypotheses include metabolic changes resulting in de-
creased cytarabine incorporation and resistance, upregulation
of multidrug resistance protein-1 (MDR1) via promoter hypo-
methylation, and increased expression of immune checkpoints
[60–62]. There are currently no clinical trials focused on this
subgroup of patients, and it represents one of the highest un-
met needs in the field.

Conclusions

Overall, these findings suggest that s-AML with previous
HMA therapy represents a distinct biologic subgroup of s-
AML. Despite the expansion of therapeutic options across
AML, patients with s-AML with prior HMA exposure have
not yet achieved substantial benefit from novel therapies and
continue to have particularly dismal clinical outcomes with
both intensive and non-intensive strategies. These patients
are vastly under-represented in recent and current clinical tri-
als. There remains an urgent, unmet need for novel therapeutic
agents in this subgroup.
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