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Abstract

Secondary AML is associated with a disproportionately poor prognosis, consistently shown to exhibit inferior response rates,
event-free survival, and overall survival in comparison with de novo AML. Secondary AML may arise from the evolution of an
antecedent hematologic disorder, or it may arise as a complication of prior cytotoxic chemotherapy or radiation therapy in the
case of therapy-related AML. Because of the high frequency of poor-risk cytogenetics and high-risk molecular features, such as
alterations in 7P53, leukemic clones are often inherently chemoresistant. Standard of care induction had long remained conven-
tional 7 + 3 until its reformulation as CPX-351, recently FDA approved specifically for secondary AML. However, recent data
also suggests relatively favorable outcomes with regimens based on high-dose cytarabine or hypomethylating agents. With
several investigational agents being studied, the therapeutic landscape becomes even more complex, and the treatment approach
involves patient-specific, disease-specific, and therapy-specific considerations.

Keywords Secondary AML - Therapy-related AML - AML with myelodysplasia-related changes - Liposomal daunorubicin and
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Introduction

While the standard of care for acute myeloid leukemia (AML)
has remained relatively unchanged for decades, the need for
novel therapy is even more pronounced in secondary AML
(SAML). Arising from an antecedent hematologic disorder
(AHD) or prior leukemogenic chemotherapy/radiation thera-
Py, SAML is a subset of AML that comprises 25 to 35% of
AML cases [1, 2]. The incidence of SAML appears to be on
the rise, potentially due to the increasing survivorship from
prior malignancies, changing strategies in chemotherapy
(such as expanding adjuvant treatment to lower-risk patients
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with breast cancer) [3], and more precise epidemiological doc-
umentation in registration processes [4].

Compared to de novo AML, patients with sAML tend to
exhibit worse clinical outcomes, including significantly infe-
rior complete remission rates, relapse-free survival, and over-
all survival [1, 5, 6]. Predictive models incorporate the pres-
ence of SAML as a risk factor for early death [7, 8]. Given the
etiology of sAML, hematopoietic reserves are often depleted
from prior chemotherapy/radiation therapy (XRT) or AHD
[1]. Additionally, the median age of patients with SAML is
significantly older; thus, they are more likely to present with
comorbidities and may be unable to tolerate intensive chemo-
therapy. Baseline renal, hepatic, pulmonary, and cardiac func-
tion may be compromised due to vascular and parenchymal
damage from prior chemotherapy/XRT for a primary malig-
nancy preceding SAML. In addition, a higher proportion of
patients with SAML have adverse cytogenetic and molecular
features such as complex karyotype, monosomy 5 or 7, and
TP53 alterations which are associated with chemotherapy re-
sistance [5, 9—11]. Interestingly, the poor prognosis of SAML
has even been shown to be independent of age and cytogenet-
ics [1]. For example, patients with core binding factor (CBF)
abnormalities have worse survival in SAML versus de novo

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-019-03606-0&domain=pdf
mailto:bernmari@med.umich.edu

542

Ann Hematol (2019) 98:541-559

AML, even though CBF mutations are considered favorable-
risk cytogenetics [6]. Patient-reported outcomes are also less
favorable, as patients with SAML experience more severe
symptom burden, distress, and quality of life problems after
induction chemotherapy [12].

Despite disproportionately high morbidity and mortality,
the standard of care for AML induction has remained surpris-
ingly stagnant for decades, pivoting largely on 7 + 3 with mi-
nor variations as the standard of care for both de novo and
secondary AML. This changed in 2017 with the FDA ap-
provals of liposomal cytarabine and daunorubicin (CPX-
351, Vyxeos®) for sSAML, midostaurin, and enasidenib for
patients with specific mutations, and gemtuzumab ozogamicin
(GO) after a temporary removal from the market. In light of
the expanding armamentarium of treatment options for sSAML
and the complicated underlying pathophysiology, we provide
a comprehensive review on the background of SAML and
synthesize the current evidence for the treatment of SAML.

Pathophysiology
Etiology

Secondary AML may arise from an AHD or prior chemother-
apy/XRT, with characteristic genomic changes and associated
hypotheses for molecular pathogenesis. The most common
AHD preceding sAML is myelodysplastic syndrome
(MDS), a genetically heterogeneous class of disorders
resulting in ineffective hematopoiesis. Approximately one
third of MDS patients progress to sSAML [13]. The risk of
MDS transformation to AML may be assessed with the
Revised International Prognostic Scoring System (IPSS-R),
which stratifies patients based on cytogenetics, marrow aspi-
rate blast percentage, and extent of cell lines affected (neutro-
penia, thrombocytopenia, and anemia) [14]. Although ge-
nome sequencing data implies that the underlying pathophys-
iology of SAML evolution involves multiple stages of clonal
evolution [15], a large population-based database has deter-
mined that the risk of transformation remains largely constant
over the time elapsed from MDS diagnosis, suggesting the
postulate that transformation may be driven by a single genet-
ic or epigenetic event [16]. Besides a documented AHD, pa-
tients may present with AML with myelodysplasia-related
changes (AML-MRC), as sSAML may undergo an undiag-
nosed MDS prodrome [17]. Per the 2016 revision to the
World Health Organization (WHO) classification of AML,
patients with multilineage dysplasia (50% or more dysplastic
cells in at least two cell lines) without NPM1 or biallelic
CEBP«x mutations as well as those with specific MDS-
related cytogenetic abnormalities are included in this category
for a diagnosis of AML-MRC [18].
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Another group of indolent hematopoietic cell malignancies
with the potential to transform into AML are myeloprolifera-
tive neoplasms (MPN), encompassing chronic myeloid leuke-
mia (CML), polycythemia vera (PV), essential thrombocyto-
penia (ET), chronic myelomonocytic leukemia (CMML), pri-
mary myelofibrosis (PMF), and other disorders of myeloid
origin [19]. AML arising from an MPN has been associated
with worse survival than AML originating from MDS, possi-
bly due to a higher frequency of aberrant cytogenetics [1].
Although the BCR-ABL1-negative MPN (such as PV and
ET) are frequently characterized by mutated JAK2, AML
transformation may correlate instead with alterations in
TP53 and RUNXI [20]. In patients with JAK2 V617F-
mutated AML, complex karyotype and TET2 mutations were
more common in AML secondary to MPNs compared to de
novo AML, suggesting similar genomic instability [21].

Aplastic anemia also has the potential to evolve into AML,
with a proposed mechanism that mutated clones may have a
survival advantage in a bone marrow environment rendered
dysfunctional with autoimmune damage [22]. Compared to
MDS, these other disorders are less common, and the molec-
ular events leading to SAML transformation are less well
understood.

Therapy-related SAML arises as a complication of prior
cytotoxic therapy/XRT, most commonly for breast cancer, gy-
necologic cancers, and lymphomas due to the mutagenic treat-
ment agents [5, 10, 23]. The incidence of therapy-related
SAML is 0.8 to 6.3% at 20 years after conventional therapy,
with a notably reduced risk after 10 years [24]. The most well-
studied chemotherapy agents associated with sAML include
alkylating agents and topoisomerase II inhibitors. Alkylating
agents form cross-links in DNA, leading to single- and
double-strand breaks in the repair process. The cytogenetics
of subsequent SAML are commonly unbalanced, with partial
or whole losses of chromosomes 5 or 7 [25]. The pathogenesis
of SAML induced by alkylating agents appears to be gradual,
often with a preceding MDS phase [26] and a median latency
period of 5 years (range 1 to 14 years) from initial exposure
[23]. In contrast, SAML following topoisomerase II inhibitor
therapy exhibits a shorter latency period at a median of
1.5 years [23], typically presenting as a rapidly progressive
disease without a recognized antecedent MDS [26]. The leu-
kemogenic mechanism of topoisomerase II inhibitors is based
on its interference with DNA re-ligation and chromosomal
breakage, yielding chromosomal translocations involving
KMT2A at 11923 and RUNXT at 21q22 [25, 27, 28]. Genetic
aberrations in hematopoietic stem cells and progenitor cells
exposed to cytotoxic therapy may confer a survival advantage
that leads to clonal proliferation and ultimately manifests as
sAML.

Since radiation therapy is often given along with chemo-
therapy as part of multi-modality therapy, there is debate over
the leukemogenic role of radiation therapy itself and the
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specific cytogenetic abnormalities involved [23]. The associ-
ation between radiation therapy and sAML is best document-
ed in breast cancer, where studies show that radiation therapy
increases the relative risk of SAML development two- to six-
fold [29-31] after adjusting for other therapies received. The
time course is not well defined, with a median onset of
4.5 years after exposure in a breast cancer study [31], in con-
trast to a markedly long latency period with a median of
18 years in a pooled analysis of patients with sSAML [23].
Similar to alkylating agents, radiation therapy induces
double-strand DNA breaks [32] and has been associated with
unbalanced cytogenetics [23] that suggests a similar patho-
genesis. Most cases of therapy-related SAML therefore in-
volve the propagation of a myeloid clone with genetic insta-
bility induced by prior chemotherapy and/or radiation. An
altered bone marrow environment may facilitate the expan-
sion of pathogenic clones, as is the case in SAML due to an
AHD.

Other causes of therapy-related sSAML have been explored,
such as the immunomodulatory agent lenalidomide [33] (es-
pecially in the immediate post-transplant setting) and the im-
munosuppressant azathioprine [34]. Lastly, occupational and
residential chemicals such as benzene, vinyl chlorides, dyes,
tanning solutions, soot, and coal dust have shown statistically
significant association with SAML in epidemiology studies,
though exposures account for only a small percentage of cases
[35]. This review encompasses AML-MRC and therapy-
related AML as defined by the WHO [18]. These malignan-
cies are collectively referred to as secondary AML (sAML)
throughout the review, as both follow a similar treatment
approach.

Genomics

At the molecular level, AML exhibits a lower number of cod-
ing mutations per exome compared to other cancers [36].
However, variations in gene expression, DNA methylation,
and the bone marrow microenvironment are factors contribute
to the incredibly heterogeneous phenotype of sAML.
Ontogeny studies have sought to track the clonal evolution
throughout the pathogenesis of SAML.

The Cancer Genome Atlas Project analyzed genomes of de
novo AML patients and found certain mutational patterns to
be non-random and mutually exclusive, suggesting specific
deregulatory pathways [37]. Mutations could be grouped into
functional categories for signaling (e.g., FLT3, RAS), DNA
methylation (e.g., IDH1, IDH?2), myeloid transcription factors
(e.g., RUNXI), chromatin-modification (e.g., ASXLI, EZH?),
nucleo-cytoplasmic shuttling (e.g., NPM1), tumor suppressors
(e.g., TP53), spiceosome complex (e.g., SRSF?2), and cohesin
complex (e.g., STAG?2); each of which correlates to a mecha-
nistic role in leukemogenesis. Genomic instability tends to be

uncommon, except for complex/monosomal karyotypes that
were strongly associated with 7P53.

According to clonal composition analysis, mutations of
genes involved in epigenetic regulation, such as those related
to DNA methylation (DNMT3A, TET2, IDH1, IDH?2) and
chromatin modification (ASXL/), tend to occur early in the
founding clone during the MDS phase [17]. In fact, mutations
in genes regulating chromatin (ASXLI, STAG2, BCOR, and
EZH?2) and RNA splicing (SRSF2, SF3BI1, U2AFI, and
ZRSR2) have been found to be over 95% specific for AML
with myelodysplasia-related changes. These mutations often
found in high-risk MDS patients may be drivers of dysplastic
differentiation and ineffective hematopoiesis in MDS. By en-
abling a survival advantage over non-mutated hematopoietic
stem cells during chemotherapy, these epigenetic mutations
may be responsible for clonal expansion during remission in
MDS, resulting in relapse and transformation to SAML
[38-40].

In contrast to epigenetic mutations that tend to be present in
preleukemic hematopoietic clones, mutations in signal trans-
duction proteins (FLT3, RAS), myeloid transcription factors
(RUNXI, CEBPA, GATA2), and nucleo-cytoplasmic shuttling
proteins (NPM1) are usually not present in MDS and instead
occur late in leukemogenesis [17, 36]. NPM1 and FLT3 mu-
tations have been associated with de novo AML [5, 17, 41].
Mutations in de novo AML are generally more susceptible to
chemotherapy and are lost during remission, while mutations
that drive sSAML inherently confer relative chemoresistance
and thus result in worse clinical outcomes.

Similar to the findings of non-random mutations for de
novo AML, the pathogenesis of therapy-related sSAML may
also be driven by a limited number of cooperative pathways
[26]. Alkylator-induced therapy-related SAML commonly
presents with unbalanced cytogenetics such as deletions in
chromosomes 5 or 7 and haploinsufficiency of tumor suppres-
sor gene EGRI on chromosome 5q has been shown to be an
initiating event in the pathogenesis of AML [42]. However,
loss of multiple tumor suppressor genes in addition to other
mutations may be ultimately necessary for transformation,
which is consistent with the relatively long latency of
alkylator-induced, therapy-related sSAML. On the other hand,
topoisomerase-induced sSAML is associated with balanced re-
arrangements and shorter latency. Following translocations
resulting in the fusion of a dominant oncogene such as
KMT?2A at 11923, fewer subsequent mutations would be nec-
essary for transformation to a leukemic phenotype [26].

Alterations in the tumor suppressor gene 7P53, found at a
higher incidence in SAML than de novo AML, are commonly
associated with complex/monosomal cytogenetics and poor
prognosis [43]. TP53 is important for regulating cellular re-
sponse to genotoxic stress, and alterations in 7P53 may harbor
a selective proliferative advantage [44]. Similar to sSAML path-
ogenesis from secondary-type mutations, 7P53 alterations
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may be acquired early in a founding clone and allowed to
preferentially expand after chemotherapy. Therapy-related
AML commonly manifests as complex and monosomal kar-
yotypes, likely due to the selection of resistant clones conferred
by TP53 alterations during prior chemotherapy [10, 11, 44].
The mechanism by which secondary-type and 7P5 3 alterations
lead to SAML therefore suggests inherent chemoresistance,
explaining the poor prognosis of SAML and underscoring the
need for novel therapies.

Treatment

Because patients with SAML often constitute a small subset of
AML clinical trials or are excluded altogether [45], the optimal
approach to therapy for sSAML remains unclear. The low num-
ber of patients with SAML also precludes analysis of sub-
groups within SAML that may benefit from particular treat-
ment strategies. Further complicating treatment options are
the sequelae of prior therapies that patients have been exposed
to while treating a hematologic disorder/other malignancy pre-
ceding transformation into sSAML. Given the generally poor
overall outcomes, consolidation with allogeneic hematopoietic
cell transplant (alloHCT) is encouraged in all patients who are
candidates, since it is potentially the only curative treatment.
Although adverse risk cytogenetics is an independent risk fac-
tor for post-transplant relapse, alloHCT likely offers the
greatest odds of long-term remission. For those undergoing
alloHCT in first remission, patients with de novo and second-
ary AML seem to have comparable overall survival, disease-
free survival, relapse rate, and non-relapse mortality [46, 47].

The poor outcomes in SAML may therefore be driven by a
failure to achieve and maintain remission, and the choice of
optimal induction regimen indeed remains a topic of clinical
debate. Recent advances in SAML therapy such as the liposo-
mal agent CPX-351, the reintroduction of GO, and rational
combinations under study add complexity to the treatment
landscape, and it is important to objectively delineate the place
in therapy of new agents that show promise in a malignancy
that has proven difficult to treat.

7+3

The treatment of AML has remained relatively unchanged since
the 1970s, when the standard of care was established as the “7 +
3” regimen with cytarabine and an anthracycline [48]. Complete
remission (CR) rates with this approach range from 30 to 60%,
and median overall survival is approximately 9 months for pa-
tients with SAML [1, 49-51]. Treatment-related mortality is 5 to
10%, and median time to neutrophil and platelet recovery is
26 days [52, 53] . Clinical trials of 7+ 3 reporting subgroup
analyses demonstrate that patients with SAML are approximate-
ly half as likely to achieve complete remission, 1.3 to 1.4 times
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more likely to experience mortality at 2 years, and twice as likely
to experience mortality at 4 years compared to those with de
novo AML [49, 54]. Patients with SAML are particularly poor
responders to treatment, as confirmed in a large national
population-based cohort study in Denmark that reported inferior
outcomes in patients with sSAML, most of whom received stan-
dard 7 + 3 induction chemotherapy [1]. Compared to those with
de novo AML, patients with SAML were half as likely to
achieve complete remission, and the poor response
corresponded to approximately 14 to 25% increased risk of
mortality at 3 years. On adjusted analyses, the inferior outcomes
are statistically significant for all types of SAML, including eti-
ologies of MDS, non-MDS AHD, and prior chemotherapy.

Therapeutic resistance in AML may be mediated by over-
expression of efflux pumps such as p-glycoprotein, decreasing
exposure to anthracyclines. MDR1 expression and the
resulting functional efflux via p-glycoprotein has been shown
to increase with age, from 17% in patients under 35 years old
to 39% in patients for those 50 years old and above [55]. In
fact, a cohort study showed p-glycoprotein expression to be
higher in patients with AML transformed from MDS than that
in patients with de novo AML (69%, 9 of 13 versus 40%, 55
of 138; p=0.041) [56]. P-glycoprotein expression was also an
independent predictor for failing to attain CR with 7+ 3 in-
duction chemotherapy. Hence, p-glycoprotein expression may
be at least partially responsible for the poor outcomes with
anthracycline-based regimens in the elderly and/or patients
with sAML.

CPX-351

CPX-351 (Vyxeos®) is a liposomal formulation of cytarabine
and daunorubicin recently FDA approved for the treatment of
AML with myelodysplasia-related changes or therapy-related
AML. The reformulation of 7+ 3 is thought to optimize the
pharmacodynamics and pharmacokinetics. One unit of CPX-
351 contains 1.0 mg of cytarabine and 0.44 mg of daunorubi-
cin. The liposomal nano-scale drug delivery system of CPX-
351 was designed to maintain a 5:1 ratio correlating with
maximal synergistic activity in vitro and in vivo [57]. The
encapsulated liposomal formulation enhances delivery of
CPX-351 to the bone marrow to more selectively target leu-
kemic cells. It has also been proposed to overcome resistance
mechanisms such as P-glycoprotein efflux and other first-pass
metabolism [58]; however, once the chemotherapy is released
intracellularly, P-glycoprotein may still efflux the individual
drug components. The formulation of CPX-351 also resulted
in an extended half-life and accumulation at each dose [59].
Beyond these theoretical pharmacodynamics and pharmaco-
kinetic advantages, it is unknown why CPX-351 is associated
with efficacy specifically in patients with SAML.

Reflecting the gravity of the unmet need in the treatment of
sAML, the FDA had designated CPX-351 as an orphan drug.
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The benefit of CPX-351 in the SAML subgroup was first iden-
tified in a preplanned analysis of a phase II study comparing
induction and consolidation of CPX-351 to 7 + 3 in newly diag-
nosed AML in adults 60 to 75 years old [60]. Although there was
no statistically significant survival benefit in the study population
as a whole, the subgroup of 52 patients with sSAML were found
to have improved overall survival with CPX-351. The efficacy
and safety of CPX-351 in sSAML were confirmed in a phase III
open-label trial, in which 309 patients 60 to 75 years old with
newly diagnosed sAML were randomized to CPX-351 versus
7+ 3 [61]. Treatment with CPX-351 resulted in significantly
improved CR/CRi rates at 47.1% versus 33.3% (p = 0.016), with
approximately 10% CRi (complete remission with incomplete
count recovery) in both arms. Event-free survival (2.53 months
for CPX-351 versus 1.31 months for 7+ 3; p =0.021) and over-
all survival (9.56 versus 5.95 months, respectively; p =0.005)
also favored CPX-351, although event-free survival was very
low in both arms and median remission duration were similar
(6.93 versus 6.11 months; p=0.291). Subgroup analyses
showed the survival benefit over 7+ 3 to be consistent by age
stratification and in those with therapy-related SAML. However,
other subgroups exhibited non-significant differences in median
overall survival, and these include patients with unfavorable cy-
togenetics (6.60 versus 5.16 months; hazard ratio, HR 0.73; 95%
confidence interval, 95% CI 0.51 to 1.06), de novo AML with
MDS karyotype (10.09 versus 7.36 months; HR 0.71, 95% CI
0.42 to 1.20), and prior HMA exposure (5.65 versus 5.90 months
for CPX-351 versus 7 + 3, respectively; HR 0.86, 95% CI 0.59
to 1.26). This is concerning, given that a majority of patients with
sAML have poor-risk cytogenetics and that several patients with
SAML arising from MDS have been previously treated with
HMA (Table 1).

It is noteworthy to point out that the control arm may not
accurately represent standard practice at many centers. First, a
second induction was allowed: the selection of patients to
receive second induction adds another factor for potential bias,
and the double induction may have contributed to the high
incidence of early mortality. Importantly, the control arm uti-
lized 7 + 3 induction with 5 + 2 consolidation, which while an
NCCN guideline option [69], is not standard practice for sev-
eral institutions. Some consider this consolidation inferior to
high-dose cytarabine, although there is a lack of data in older
populations to support the optimal consolidation strategy. This
possibly contributed to the lower event-free survival and over-
all survival of patients in the control arm. Also noteworthy is
the somewhat surprisingly low response rates (CR/CRi) to
7 + 3 in this trial: 33% (CR 26% and CRi 8%). This is numer-
ically lower than the 40 to 60% CR rate observed in a large
epidemiological study [1], despite real-world patients being
potentially less fit than clinical trial subjects, and the historical
context of the epidemiological study encompassing 2000 to
2013 versus the CPX-351 phase III trial from 2012 to 2014.
Previous trials of 7 + 3 in patients over 65 years old and those

with adverse cytogenetic risk demonstrated an approximately
20% probability of overall survival at 30 months [49, 52],
compared to the 12% 30-month survival in patients receiving
7+ 3 in the CPX-351 trial. Although cross-trial comparisons
are limited by inherently different patient cohorts, the apparent
underperformance of the control arm and use of the 5 + 2 re-
induction and consolidation raises inquiry regarding how rep-
resentative this is as a standard control group.

In both the phase II and III trials, CPX-351 treatment result-
ed in a higher rate of CRi than 7 + 3, suggesting that its efficacy
may be contingent upon pharmacokinetic and pharmacody-
namic properties. While this may improve the ability of CPX-
351 to deliver chemotherapy to the bone marrow, there are
consequences of substantially prolonged myelosuppression.
Patients receiving CPX-351 required a longer median time to
neutrophil (35 versus 29 days) and platelet recovery (37 versus
29 days, for CPX-351 versus 7 + 3, respectively) [61].Given the
duration of myelosuppression, one should anticipate that the
length of stay in the hospital during induction is prolonged in
patients receiving CPX-351. Duration of neutropenia is known
to be an independent risk factor for invasive fungal infections
despite appropriate anti-fungal prophylaxis [70, 71]. Further,
the prolonged thrombocytopenia did appear to correlate with
an increased incidence of hemorrhage in the phase II and III
trials. Bleeding events of any grade were 75% versus 60%, and
grades 3 to 5 hemorrhage were 12% versus 9% for patients
treated with CPX-351 versus the control arm, respectively, in
the phase III trial. CPX-351 was also associated with a higher
incidence of rash and lower incidence of alopecia, and other
non-hematological adverse event rates were similar. The inci-
dence of reduced ejection fraction was comparable between the
two arms. CPX-351 did not appear to mitigate cardiotoxicity,
although long-term follow-up is lacking and patients with sig-
nificant myocardial impairment were excluded from the trial.
Lastly, the phase III study claims that CPX-351 may be a safer
treatment option after normalizing to an adverse event rate per
patient-year. This may not be an accurate means of assessing
safety in clinical practice, as the extended treatment for CPX-
351 is likely related to the prolonged myelosuppression and
ongoing supportive care.

CPX-351 has been proposed to be suitable as a bridge to
transplant. A combined analysis of patients with SAML in the
phase II and III trials found that patients treated with CPX-351
were more likely to receive HCT (32% versus 25%; odds ratio
1.47,95% C1 0.924 to 2.349), although this difference was not
statistically significant [72]. Patients receiving HCT in the
phase III trial demonstrated favorable long-term outcomes; by
100 days post-transplant, mortality in transplant patients was
9.6% for patients receiving CPX-351 compared to 20.5% for
7 + 3 [73]. However, the decision to transplant was not random-
ized; thus, a number of variables such as donor selection and
graft type could influence outcomes besides induction therapy,
and this exploratory analysis may be subject to confounders. In
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Table 1 Efficacy and safety of current secondary AML treatment options
Regimen CR/ CR Median EFS Median OS Key adverse effects
CRi
7+311,49, 62] - 4510 61% 2-year EFS 9-6% 9.1 months Myelosuppression, mucositis,
cardiotoxicity
7+ 3 (CPX-351 phase Il trial) [61] 33.3%  25.6% 1.31 months 5.95 months
7+ 3 (FLAG cohort study) [63] 45% 34.8% 5 months 9.1 months
CPX-351 [61] 477%  37.3% 2.53 months 9.56 months Prolonged myelosuppression, febrile
neutropenia, hemorrhage, cardiotoxicity
FLAG [63] 65% 52.5% 4 months 8.5 months Myelosuppression, febrile neutropenia
GCLAC* [64] - 76% - 24.3 months Myelosuppression, febrile neutropenia
HiDAC with daunorubicin and — 86% 6-year EFS 21%  6-year OS 24% Myelosuppression, febrile neutropenia
etoposide™* [65]
HiDAC with mitoxantrone [66] - 66% DFS 13.6 months 13.1 months Myelosuppression, febrile neutropenia
HMA [62] 20% - - 10.8 months Myelosuppression
Venetoclax with HMA [67] 67% - - Not reached (95% CI114.6  Myelosuppression
months—not reached)
Low-dose cytarabine [62] - 43% - 7.1 months Well tolerated
Best supportive care [68] - - - 4 months N/A
GO monotherapy [68] 25% - - 7.2 months Sinusoidal obstruction syndrome,

myelosuppression

CR, CR/CRi rates, EFS, and OS are reported based on the largest available subgroup analyses of patients with sSAML unless otherwise stated. Studies for
CPX-351 and FLAG consisted entirely of patients with sAML. Outcomes of patients receiving 7 + 3 are also reported from the studies of CPX-351 and

FLAG, in order to assess the validity of the control arm

CR complete remission; CRi complete remission with incomplete count recovery; DFS disease-free survival; EFS event-free survival; FLAG =
fludarabine, cytarabine, G-CSF; GCLAC G-CSF, clofarabine, cytarabine; GO gemtuzumab ozogamicin; HiDAC high-dose cytarabine; HMA
hypomethylating agent; OS overall survival; — not reported; N/A not applicable; 95% CI 95% confidence interval

*Consisted of 25 patients with SAML (50% of study population), **consisted of 46 patients with SAML (2% of study population)

fact, there is evidence of imbalances between the two arms in
the trial. According to this exploratory analysis, a higher pro-
portion of patients in the 7 + 3 arm were taken to transplant not
having attained a CR/CRi compared with the group treated with
CPX-351 [73]. The external validity of the different outcomes
with CPX-351 is also limited by the use of 5 + 2 consolidation
in the control arm, which may have contributed to a lower depth
of remission in the control arm going into transplant. In addi-
tion, the prolonged cytopenias associated with CPX-351 is ex-
pected to result in a selection bias, since only relatively fit
patients are likely to tolerate CPX-351 induction and be able
to proceed to transplant. This may be evidenced by the fact that
although 47.7% of patients who received CPX-351 attained
CR/CRI, only 34% of patients proceeded to transplant. The
remarkable survival with CPX-351 post-transplant may there-
fore reflect consequences of these confounders.

The prolonged myelosuppression associated with CPX-
351 limits the utility in elderly patients, leading one to consid-
er the feasibility of dose reduction without compromising ef-
ficacy. Two phase II studies assessed the efficacy and safety of
CPX-351 dose reduction in patients at risk for induction mor-
tality, with risk factors such as advanced age, Eastern
Cooperative Oncology Group (ECOG) performance status
greater 2, renal dysfunction, and/or unfavorable cytogenetics
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[74, 75]. These characteristics may better reflect real-world
AML patients, as the pivotal phase II and phase III trials ex-
cluded patients with end organ dysfunction and poor perfor-
mance status. Dose reductions including 32 units/m?, 50 units/
mz, 64 units/mz, and 75 units/m> were tested, but overall re-
sulted in unsatisfactory response rates. Adverse effects did not
appear to be mitigated with dose reduction, as 80% of patients
in one study experienced grades 3 to 4 adverse events despite
dose reduction. Frail patients may be particularly prone to
mortality from sepsis, hemorrhage, other myelosuppressive
complications associated with CPX-351. The practicality of
dose adjustment is also limited by the availability of a single
vial size and the fixed molar ratio. Therefore, the most reason-
able strategy based on current evidence would be to use full-
dose CPX-351 in relatively fit patients who are expected to
tolerate it, and to pursue alternative regimens for those
deemed at high enough risk for treatment-related mortality.

Purine analog and high-dose cytarabine
combinations

Regimens with high-dose cytarabine (HiDAC) have demon-
strated the most apparent benefit in patients with SAML in
subgroup analyses. The EORTC-GIMEMA AML-12 trial
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combined high-dose cytarabine (3 g/m? twice daily on days 1,
3, 5, and 7) with etoposide and daunorubicin, and it included
105 patients with SAML [65]. Compared to those receiving
standard-dose cytarabine, patients with SAML treated with the
HiDAC had clinically meaningful improvements in CR
(94.1% versus 59.1% for HIDAC versus standard-dose
cytarabine in 15- to 45-year olds, and 82.8% versus 52.9%
in 45- to 60-year olds). The survival benefit also reached sta-
tistical significance in the younger subgroup of patients with
SAML; 76.5% of HiDAC-treated patients reached 6-year
overall survival, compared to 28.7% of patients with
standard-dose cytarabine (HR 0.23, 99% CI 0.08 to 0.89). A
small single-center prospective study in 32 patients with
therapy-related myeloid neoplasms reported high-dose
cytarabine (3 g/m” once on days 1 and 5) with mitoxantrone
to be feasible, with a CR rate of 66%, 30-day treatment mor-
tality of 9%, and an overall survival of 72% at 1 year for
patients who proceeded to alloHCT [66]. Published studies
on alternatives to standard 7 + 3 therefore intimate the poten-
tial benefit of a high-dose cytarabine-based strategy in patients
with sSAML.

Purine analogs can be added to synergize with cytarabine.
Intracellularly, cytarabine (Ara-C) is sequentially phosphorylat-
ed to produce its active metabolite arabinofuranosylcytosine tri-
phosphate (Ara-CTP). The rate-limiting step is the initial phos-
phorylation via deoxycytidine kinase, an enzyme in the nucleo-
side salvage pathway typically leading to the production of en-
dogenous deoxycytidine triphosphosphate (dCTP). dCTP is a
deoxyribonucleotide that can also be produced from ribonucle-
otides via ribonucleotide reductase. Because purine analogs in-
hibit ribonucleotide reductase to suppress deoxynucleotide tri-
phosphate (ANTP) production, purine analogs in effect upregu-
late deoxycytidine kinase to increase dCTP to compensate for
the decreased dANTP pools and thus also increases the formation
of Ara-CTP. Indeed, in vitro studies have shown that pre-
treatment with fludarabine 4 h before cytarabine resulted in
nearly doubled levels of Ara-CTP levels [76]. It is also thought
that the combination of cytarabine with a purine analog may
reduce the risk of neurotoxicity, since more cytarabine is
retained intracellularly instead of being extracellularly converted
to arabinofuranosyluracil triphosphate (Ara-UTP). AML regi-
mens thus combine fludarabine or clofarabine with high-dose
cytarabine to harness synergy, in addition to adding G-CSF to
theoretically increase myeloblast sensitivity to the cytotoxic
agents. In addition, it is rational to utilize chemotherapy agents
besides P-glycoprotein substrates such as anthracyclines, as pa-
tients with SAML may be predisposed to chemoresistance me-
diated by P-glycoprotein efflux [55].

Because the GCLAC regimen (G-CSF priming with
clofarabine and high-dose cytarabine) had shown efficacy in
the relapsed or refractory setting, a prospective cohort study
sought to determine outcomes in untreated AML/high-grade
MDS or MPN patients of which 46% had sAML due to an

AHD and 4% had therapy-related sAML [64]. In this study of
50 patients (including 39 patients with AML) with a median
age of 53 years, the CR rate with GCLAC was 76% in the
overall cohort and 65% for patients with an AHD. Patients in
the overall cohort had a median overall survival of
24.3 months, 54% proceeded to alloHCT; the 60-day mortal-
ity was only 2%. With 76% of patients experiencing grade 3
and 20% experiencing grade 4 adverse effects (most of which
were infection-related), as well as a transient transaminitis in
the majority of patients, clofarabine is not without safety con-
cerns in SAML patients at high risk for treatment-related
mortality.

Bashey et al. assessed FLAG (fludarabine, high-dose
cytarabine, and G-CSF) induction in 24 patients in which
57% had AHD-related sAML [77], and Ferrera et al. investi-
gated a modified FLAG regimen using continuous fludarabine
and cytarabine infusion in 64 patients with AML secondary to
MDS [78]. Despite the elderly age distribution with patients at
least 60 years old, both cohorts showed that efficacy and safe-
ty were favorable and surprisingly comparable to that
achieved in the CPX-351 trials: in the overall cohorts in
Bashey et al. and Ferrara et al., patients experienced a CR rate
of 58% and 64%, a CR/CRIi rate of 75% and 67%, HCT
consolidation in 29% and 20%, and early induction mortality
(predominantly attributed to infectious complications) in 12%
and 16%, respectively. There were no cases of cardiotoxicity,
mucositis, cerebellar toxicity, or other non-hematologic ad-
verse effects more severe than grade 2, except for 7% of pa-
tients with liver function test elevations or diarrhea in Ferrara
et al. Overall survival was 54% at 1 year in Bashey et al. and a
median of 8 months in Ferrara et al.

The retrospective, single-institution FOSSIL study further
suggested FLAG’s potential benefit as an alternative frontline
induction strategy in SAML patients [63]. Patients receiving
FLAG had an overall response rate of 70% versus 48% with
7 + 3 (p=0.043), which correlated to more patients being able
to proceed to alloHCT (33% with FLAG versus 15% with 7 +
3, p=0.051) and experience long-term benefit (5-year overall
survival 22% with FLAG versus 6% with 7+ 3, p=0.054).
Induction mortality within 30 days was also lower at 3% with
FLAG and 8% with 7 + 3, and patients receiving FLAG only
experienced a median of 16 days of neutropenia, compared to
23 days for 7+ 3 (p<0.001) and 35 days for CPX-351 [61].
There were also no cases of cerebellar toxicity despite the
elderly patient population with a median age of 63 years.

Based on limited data from retrospective cohort studies and
subgroup analyses of HiDAC-based approaches, FLAG or
GCLAC are promising sAML treatment options that are sig-
nificantly less costly and potentially better tolerated and more
efficacious than CPX-351. The lack of anthracyclines in the
regimen is beneficial for patients with reduced ejection frac-
tion at baseline and other cardiac comorbidities. It may also
contribute to the decreased time to neutrophil recovery, which
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is an important consideration given the significant infection-
related morbidity and mortality in this highly immunocompro-
mised patient population.

Hypomethylating agent-based approaches

An alternative treatment that may be preferred in elderly and/
or unfit patients is the use of hypomethylating agents (HMA),
azacitidine and decitabine. Because HMA exert anti-tumor
effects primarily via epigenetic modification to induce re-
expression of tumor suppressor genes, acute toxicities typical
of intensive induction chemotherapy are minimized; however,
response is often delayed. Clinical responses typically require
2 to 3 months of treatment, scheduled every 4 weeks to main-
tain epigenetic effects [79-83].

Although the response to HMA is typically less rapid than
conventional cytotoxic chemotherapy, these agents may have
a unique role for patients with sSAML. In this more elderly,
unfit, and more heavily pretreated patient population, those
unable to tolerate the acute and potentially serious adverse
effects of intensive chemotherapy would benefit from treat-
ment with a HMA. From an efficacy standpoint, the re-
expression of tumor suppressor genes via HMA may be par-
ticularly advantageous in sSAML, which is typically associated
with the loss of tumor suppression as reflected by alterations
in TP53 and DNA methylation genes, as well as losses on
chromosomes 5 and 7 and complex/monosomal karyotypes.
In fact, a cohort study of patients with AML or MDS found a
100% response rate with a 10-day course of decitabine in 21
patients with 7P53 alterations [84].

Another single-center cohort study in patients with AML or
MDS and/or chromosomes 5 and 7 abnormalities found
higher rates of CR of 41% versus 35% (p = 0.395), more du-
rable CR at a median of 45 versus 23 weeks (p =0.153), and
superior overall survival at a median of 9 versus 5 months
(p=0.019) for HMA in comparison to cytarabine-based reg-
imens (with the majority of patients receiving either
cytarabine with an anthracycline, or clofarabine with or with-
out low-dose cytarabine) [85]. Thus, treatment with a HMA
appears to overcome at least some of the chemoresistance in
patients with poor-risk cytogenetics and myelodysplasia, but
the incomplete clearance of leukemia cells harboring driver
mutations may contribute to the lack of a durable response and
eventual relapse.

Because HMA often require multiple cycles to induce re-
mission, and remissions tend to be short-lived, the combina-
tion of a HMA with the BCL-2 (anti-apoptotic B cell
lymphoma 2 protein) inhibitor venetoclax is under study. Ex
vivo data suggest synergistic cytotoxicity between venetoclax
and azacitidine [86], although the exact mechanism is not well
characterized. The activation of multiple pro-apoptotic signals
is speculated to enhance “apoptotic primedness,” resulting in
an increased therapeutic index for cytotoxicity against
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myeloid blasts. This in turn may translate to efficacy in
SAML in which alterations such as 7P53 interfere with apo-
ptotic processes. A non-randomized open label phase 1B
dose-escalation study in elderly patients with AML found ev-
idence of clinical activity and tolerability with azacitidine
(7 days) or decitabine (5 days) combined with venetoclax
[67]. For 145 patients in the dose-escalation cohorts, 67%
attained a response, approximately half of which were CRi.
The CR/CRIi rate was equally high among patients with SAML
(67%) and in those with poor risk cytogenetics (60%). The
combination regimen induced a response in a median of
1 month, which is faster than HMA monotherapy, and the
remission was also sustained to a median duration of
11 months. Median time to best response was 2.1 months.
Overall survival was also favorable at a median of
17.5 months; among those with sAML, survival was not
reached (95% CI 14.6 months—not reached). Early data with
decitabine for 10 days in combination with venetoclax have
also been recently reported. Patients with SAML achieved a
CR/CRirate of 71% (n = 7), while patients with de novo AML
demonstrated a 92% CR/CRirate (n = 24) [87]. This therapeu-
tic combination warrants further study as another potential
treatment option in patients with sAML.

A large retrospective study assessing outcomes of differ-
ent treatment modalities highlights the benefits of HMA for
SAML in the real-world setting [62]. Despite statistically
significant lower CR rates in lower intensity therapies, pa-
tients treated with HMA or low-dose cytarabine had supe-
rior median overall survival compared to those receiving
high- or intermediate-dose cytarabine (6.9 versus 5.4 months,
respectively; p = 0.048). Of note, the majority of the high-dose
cytarabine regimens contained anthracyclines or chemothera-
py agents outside of more traditional purine analog and
cytarabine combinations, which likely contributed to toxicity
in this group. Additionally, although the percentages were
small, more patients receiving lower intensity treatments were
able to proceed to transplant (10.3% versus 4.3%, p=0.001),
possibly because they were able to continue receiving sub-
sequent cycles of the better tolerated therapy. In fact, the
median survival with low-intensity treatments was compa-
rable to that of patients receiving CPX-351. In another
observational study of elderly patients of AML, half of
which had sAML, those treated with MEC (mitoxantrone,
etoposide, and cytarabine) had higher CR rates compared
to azacitidine, but 3-year overall survival were similar be-
tween the two cohorts after propensity-score matching
[88]. As responses tend to require more time with HMA,
intermediate-intensity regimens such as FLAG with
quicker responses and reasonable tolerability may be able
to bridge patients to transplant more promptly. Overall,
HMA represent a viable option for patients not eligible
for or declining intensive chemotherapy, particularly those
who are not alloHCT candidates.
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Besides aberrant methylation, histone acetylation is another
epigenetic mechanism of gene regulation that is disrupted in
leukemic cells. Panobinostat, vorinostat, entinostat, and
pracinostat are histone deacetylase inhibitors studied primarily
in combination with HMA or intensive chemotherapy in
AML. However, there is no current clinical evidence to sug-
gest a specific advantage in SAML. Another investigational
agent in early phase development is pinometostat (EPZ-5676),
a DOTIL inhibitor. DOTLI1 has histone methyltransferase ac-
tivity that is thought to be responsible for downstream onco-
genic effects of KMT2A fusion proteins, a common mutation
in therapy-related SAML. It remains to be tested whether hy-
pothetical advantages based on the epigenetic pathophysiolo-
gy of SAML translates to significant improvements in clinical
outcomes with these new DNA methyltransferase and histone
deacetylate inhibitors.

Gemtuzumab Ozogamicin

Gemtuzumab ozogamicin (GO) is an antibody-drug conjugate
that uses an anti-CD33 antibody to selectively deliver
ozogamicin, a highly potent calicheamicin-derived cytotoxin
causing DNA incision, to AML blasts that express CD33. GO
initially received accelerated FDA approval for relapsed AML
in May 2000, but was voluntarily withdrawn in June 2010 due
to a lack of benefit when added to standard therapy in a phase
III confirmatory trial [89] and safety concerns primarily asso-
ciated with the risk of sinusoidal obstruction syndrome. It was
reapproved in September 2017 based on new findings of im-
proved event-free survival and reasonable safety with a lower
fractionated dosing regimen [90], improved 5-year overall
survival due to a lower risk of relapse in certain subgroups
[91], and improved survival over best supportive care in el-
derly patients [68].

Select GO trials included 40 to 90 patients with sSAML
(about 5 to 15% of the study population), and outcomes were
largely unchanged with or without GO. Earlier trials and a
meta-analysis suggested that GO conferred some degree of
survival benefit in patients with favorable- (especially CBF)
and intermediate-risk cytogenetics [91-93]. However, patients
with SAML experienced approximately 10% numerically low-
er response rates when GO was added, and survival was un-
changed [92, 93]. The lack of apparent efficacy of GO for
SAML is expected, since patients with SAML often have
poor-risk cytogenetics, a group that did not benefit from GO
in any trial or overall in the meta-analysis [91]. A trial
assessing sequential GO with MEC identified patients with
SAML less than 70 years old as the only subgroup that showed
any benefit with GO, with 3-year overall survival plateauing at
20% with GO versus 5% without GO [94]. It is difficult to
conclude the true utility of GO in this subgroup, since this was
based on a post hoc analysis and is inconsistent with previous
studies. CR rate in patients with sAML have also been

disappointingly low across studies, and was only 25% in a
study of GO monotherapy [68]. Thus, there is currently no
clear clinical scenario in which patients with sSAML would
benefit from GO, and there are significant toxicity concerns.

A novel approach under investigation is the use of GO
following standard chemotherapy. Since CD33-positive cells
in peripheral blood may limit the effectiveness of GO in the
bone marrow, GO may have increased activity in bone mar-
row blasts after initial chemotherapy reduces the CD33 anti-
gen load in peripheral blood [95, 96]. A phase II trial studied
FLAI-GO induction, with fludarabine, HiDAC, and
idarubicin immediately followed by low-dose GO in patients
65 years old or younger [97]. Patients responded favorably,
with a CR/CRi rate of 85% with predominantly CR (82%), as
well as a low induction mortality of 3%. In the subgroup of 34
patients with SAML, CR rates were significantly lower at 67%
(p=10.003). It is difficult to conclude the advantage of GO per
se given the lack of an active comparator, and the benefit for
SAML is unclear in this subgroup analysis. GO may be a
useful adjunct in young and fit patients with CD33-positive
AML, but more long-term data, randomized controlled trials,
and studies in patients with SAML are needed.

Vadastuximab talirine (SGN-CD33A) is another antibody-
drug conjugate directed against CD33 with a more stable link-
er that is thought to limit free cytotoxin, reducing the risk of
SOS [98]. The use of pyrrolobenzodiazepine as a conjugated
cytotoxin is potentially more potent, and vadastuximab
talirine also has the advantage of better loading of the anti-
CD33 antibody with the toxic payload. However, the phase 111
CASCADE trial was terminated early due to higher rates of
death observed in patients receiving vadastuximab talirine.
Although there was no apparent correlation with hepatotoxic-
ity, there was a higher rate of fatal infections with
vadastuximab talirine. The trial enrolled patients with untreat-
ed de novo or secondary AML with intermediate or adverse
risk cytogenetics. In a phase 1 trial combining HMA with
vadastuximab talirine for previously untreated CD33-
positive AML, nearly half of the patients had SAML. Even
with advanced age (median 77 years old) and the majority of
adverse-risk cytogenetics (75%), this subgroup of 24 patients
with sSAML achieved high response rates at a CR/CRi of 75%
(CR rate 42%). Another subgroup of patients with adverse-
risk cytogenetics also demonstrated surprisingly favorable ef-
ficacy at a CR/CRi of 80% (CR rate 50%). The exclusion of
patients with prior HMA treatment in this phase I study is a
current limitation in applying this strategy to patients with
sAML arising from MDS. More data are needed on the effi-
cacy, safety, and optimal regimens in SAML.

Investigational agents

As the unmet therapeutic need in SAML is becoming increas-
ingly recognized, many clinical trials are openly targeting
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patients with SAML. However, given the lack of clearly iden-
tified targetable driver mutations in SAML and the low relative
prevalence compared to de novo AML, most trials of investi-
gational agents include both types of AML with subgroup
analyses to identify potential benefits in SAML. Because of
limited long-term survival with current treatment options, the
National Comprehensive Cancer Network (NCCN) strongly
encourages participation in a clinical trial.

A number of investigational agents involve modifications
on existing treatment options in order to improve efficacy and
safety. However, theoretical advantages do not always trans-
late from bench to beside. Amonafide is a new topoisomerase
IT inhibitor thought to have utility in SAML because it is not
prone to p-glycoprotein efflux as anthracyclines are.
Unfortunately, a phase III trial failed to show differences in
CR rates for amonafide with cytarabine versus conventional
7 +3 in sSAML [99].

Given the increasing prevalence of epigenetic mutations
found in SAML, various epigenetic modifiers are under study.
IDH]1 and IDH?2 mutations lead to hypermethylation and are
associated with clonal hematopoiesis in healthy elderly pa-
tients [36]. IDHI and/or IDH?2 inhibitors may be useful for
targetable mutations, particularly in SAML transformed from
MDS or MPNs as /DH mutations are implicated in the path-
ogenesis [100]. Other epigenetic targets are being investigat-
ed, as monotherapy and in combination with existing treat-
ments. The rational combination of direct-acting cytotoxic
agent with a slow-onset epigenetic modifier, such as
venetoclax with a HMA, may be able to provide rapid reduc-
tion of tumor burden with long-term restoration of endoge-
nous tumor suppression.

Immunotherapy approaches are also in early phases of de-
velopment, including monoclonal antibodies, bispecific anti-
bodies, chimeric antigen receptor (CAR) T cells, and check-
point inhibitors. A promising target is CD123, also known as
interleukin-3 receptor alpha chain. Because it is overexpressed
on AML blasts, CD123 may be a useful targeting signal and is
being combined with T cell-mediated cytotoxicity via CD123/
CD3 bispecific antibodies and CAR T cells. With T cells gen-
erally thought to be preserved in AML, checkpoint inhibitors
may help to augment the response of endogenous T cells
against AML blasts. The PD-1 pathway has been linked to
in immune invasion during AML progression [101], and
anti-PD-1 monoclonal antibodies are being studied as mainte-
nance therapy for patients in remission. Another therapeutic
approach is utilizing an immunomodulatory priming effect of
HMA in combination with checkpoint inhibitors, as HMA
have been shown to upregulate PD-1 and PD-L1 [102]. The
precise role of immunotherapy in AML is not well defined,
and results of clinical trials are necessary in order to elucidate
the benefits of immunotherapy in both de novo and sAML.

Other agents are exploring different mechanisms of cytotox-
icity. Venetoclax induces BH3-dependent apoptosis, and

@ Springer

MDM2 inhibitors induce 7P53-dependent apoptosis. Veliparib
is a PARP inhibitor, hindering the DNA repair process. In vitro
synergy has been observed with topotecan, and the phase I study
showed notable activity in AML arising from MPN [103]. The
cyclin-dependent kinase inhibitor alvocidib (also known as
flavopiridol) has demonstrated a favorable CR rate of 60% com-
pared to 35% with 7+ 3 in a phase II trial of FLAM for induc-
tion (flavopiridol, cytarabine, and mitoxantrone) that included
78 patients with SAML (47% of the study population) [104].
Although FLT3 inhibitors are widely studied for FL73-mutated
AML, use in SAML is likely limited as the mutation occurs
predominantly in de novo AML [17]. With improving but lim-
ited efficacy of current agents, identification of novel pharma-
cological modes of action and targetable mutations is crucial to
expanding treatment options for sSAML.

Table 2 summarizes investigational agents currently under
study that specify inclusion of adult patients with sAML. Even
with the currently changing treatment options of SAML, new
agents and rational combinations are needed.

Guideline recommendations

While the European Medicines Agency (EMA) recently fa-
vored marketing authorization for CPX-351, European
LeukemiaNet (ELN) guidelines have not delineated a treat-
ment approach for SAML [105]. Interestingly, the National
Institute for Health and Care Excellence (NICE) has recom-
mended against employing CPX-351 for routine use in the
United Kingdom, given the high cost and uncertainty regard-
ing the cost-effectiveness [106]. In the USA, the NCCN
guideline recommendations largely follow the prescribing in-
formation for CPX-351 [69]. CPX-351 is listed as an option
for treatment induction, re-induction, and consolidation in pa-
tients with SAML secondary to MDS/CMML, sAML with
myelodysplasia-related changes, or therapy-related sAML.
The recommendation grading is stronger (category 1) for pa-
tients of 60 years of age and older compared to that for youn-
ger patients (category 2A), based on the patient population of
the phase II and phase III CPX-351 trials enrolling patients at
least 60 years old. For elderly patients with AHD, therapy-
related AML, or unfavorable cytogenetic or molecular fea-
tures and who are candidates for intensive induction therapy,
the NCCN guidelines also list HMA or 7 + 3 with or without
midostaurin as category 2A recommendations.

The NCCN guidelines specify that CPX-351 should not be
used for therapy-related SAML with CBF mutations or acute
promyelocytic leukemia (APL). Therapy-related APL is suc-
cessfully managed with standard APL treatment, and APL
was an exclusion criterion in the CPX-351 trials. On the other
hand, the utility of CPX-351 in patients with CBF is unknown,
as the phase II and III trials excluded patients with favorable
cytogenetics. CBF translocations are rare in SAML, are clas-
sified under favorable-risk cytogenetics, and are known to be
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NCT number

Regimen studied Patient population Phase

Drug

Mechanism

Table 2 (continued)

Class

@ Springer

02076191

i

il

Untreated, R/R, post-MPN sAML

Post-MPN sAML

With decitabine

Ruxolitinib

JAK2 inhibitor

03558607
Various

With cytarabine

FLT3-ITD or FLT3-TKD mutation

Monotherapy or with HMA

Midostaurin, others

FLT3 inhibitor

or induction/consolidation
With low-dose cytarabine

01721876
Pending

I
1

Unfit

Volasertib
Alvocidib

Polo-like kinase inhibitor

Other

FLAM (flavopiridol, cytarabine,

Cyclin-dependent kinase

mitoxantrone)

With 7+ 3

inhibitor

03298984

Untreated

01636609,

With HMA or cytarabine Untreated, R/R /1L

Tosedostat

Aminopeptidase inhibitor

01567059

03289910

I

With topotecan and carboplatin Untreated, R/R, post-MPN AML

Veliparib

PARP inhibitor

02509546

v

Monotherapy

8-Chloro-adenosine

Nucleoside inhibitor

Trials listed specify inclusion of patients with SAML, though benefits in SAML are primarily established subgroup analyses. Few trials are exclusively enrolling patients with sAML. Mechanism, synergy,

and adverse effect profile are considerations when designing rational combinations with investigational agents

MPN myeloproliferative neoplasm, R/R relapsed/refractory, SAML = secondary AML

sensitive to high-dose cytarabine in de novo AML. However,
there is conflicting data on the prognostic impact of CBF in
sAML [6], and the efficacy of CPX-351 in patients with
sAML and CBF mutations is unknown as these patients were
excluded in clinical trials.

Because the NCCN AML guidelines identify sSAML as a
high-risk feature, the treatment algorithms group sAML to-
gether with poor-risk cytogenetics or molecular abnormalities
and recommend consideration of alloHCT in young and fit
patients due to increased risk of relapse. The European
LeukemiaNet guidelines similarly suggest alloHCT at CR
due to the otherwise high risk of relapse [105].

Principles in clinical practice

The optimal treatment approach depends on a thorough con-
sideration of several patient-specific factors, including cyto-
genetics, comorbidities, prior chemotherapy received, and
goals of therapy. The decision may be dynamic, depending
on response to therapy and ongoing new evidence from clin-
ical trials. Because alloHCT offers the best odds of long-term
survival, the initial assessment should pivot on whether the
goal of treatment is bridging to alloHCT for fit patients, or
prolonging survival through less intensive treatments that un-
fit patients could better tolerate. A suggested treatment ap-
proach is outlined in Fig. 1, and a summary of outcomes from
key clinical trials of each regimen is compiled in Table 1.

For patients who are fit alloHCT candidates, the goal of
induction chemotherapy should be attaining a deep remission,
as detectable minimal residual disease at alloHCT has been
associated with risk of relapse [107]. Among frontline treat-
ment options for SAML, FLAG demonstrates notable efficacy
and safety, based on retrospective data [63]. FLAG has been
associated with a favorable CR/CRi of 65%, which is compa-
rable to that expected in de novo AML. It is also generally
well tolerated (reported to be feasible at full dose up to 82 years
of age in a cohort study) and has correlated with a relatively
shorter duration of myelosuppression. GCLAC is another
HiDAC-based regimen with a purine analog, but FLAG may
be less myelosuppressive and has greater numbers of patients
in sSAML reports. HMA with venetoclax is also an appropriate
choice in fit, older alloHCT candidates, with similarly prom-
ising CR/CRIi rates (67%), excellent tolerability, and long-
term survival rates [67]. The downside of this approach is
the relatively slow attainment of CR/CRi (median time to best
response of 2.1 months) in patients awaiting alloHCT.

While CPX-351 is currently the only FDA approved agent
for SAML, clinical trials with methodological limitations, as
detailed above, render many questions unanswered. The CPX-
351 CR/CRIi rate of 48% [51] is numerically lower than the
65% with FLAG (although retrospective data) [63], despite
the higher proportion of patients with poor-risk cytogenetics
in the FLAG study. Suboptimal response with CPX-351 has



Ann Hematol (2019) 98:541-559

Fit alloHCT candidate

553
Secondary AML
[ I 1
| Not a fit alloHCT
candidate
|
|
Severe renal — 1. FLAG

No significant
comorbidities

Significant cardiac
comorbidities’

dysfunction®

— 1. FLAG 1. FLAG

L—{ 2. HMA +/- venetoclax!
1. HMA +/- venetoclax

— 2. HMA +/- venetoclax 2. HMA +/- venetoclax

— 3. Best supportive care

2.CPX-351

— 3.CPX-351

Fig. 1 Treatment approach and considerations in secondary AML.
AlloHCT allogeneic hematopoietic cell transplant, HMA
hypomethylating agent. "Cardiac comorbidities may be based on
institutional criteria on candidates for anthracyclines. Considerations
may include reduced left ventricular ejection fraction (less than
approximately 40-50%), New York Heart Association class III or IV, or
other cardiac comorbidities. *Renal dysfunction may be defined as
baseline serum creatinine greater than 2 mg/dL or dependent on hemodi-
alysis. Iconsider prioritizing HMA therapy for patients with TP53

been reported in a large retrospective cohort study [62]; this
may reflect real-world patients as more elderly, less fit, and
with more poor-risk disease compared to those enrolled in
clinical trials. In addition, complications such as febrile neu-
tropenia and fatal hemorrhage resulting from prolonged cyto-
penias with CPX-351 are concerning. An HMA-based strate-
gy remains an option in patients who prefer to undergo a less
intense induction compared to CPX-351 or HiDAC-based
regimen. In patients previously treated with HMA for MDS
transformed to sSAML, leukemic clones may have arisen from
selective pressures of HMA, and improved responses may be
observed with other treatments. A recent multicenter retro-
spective review demonstrated high response rates (CR/CRi
53%) to purine-analogue and high-dose cytarabine combina-
tions in SAML patients with prior HMA therapy, irrespective
of the amount of prior HMA given [108].

While cost should not be the main driver for a decision in
treatment options, value-based care is an evolving paradigm
that cannot be overlooked, especially with the anticipated ad-
vent of new treatments that are likely high-cost. Not only is the
drug cost of CPX-351 itself considerably high across the
globe; it is compounded with other non-negligible direct and
indirect costs of treatment-related adverse effects such as hos-
pitalization for neutropenic complications and monitoring
while awaiting count recovery. With the efficacy and tolera-
bility benefits as outlined above, as well as significantly lower
drug costs, other regimens such as FLAG may therefore be
more cost-effective.

Comorbidities may limit available treatment options for an
individual patient. In patients with significant cardiac

mutations, if mutational status available upfront. Because alloHCT is
likely the only potentially curative option, an initial assessment of wheth-
er a patient is a fit alloHCT candidate can help guide the choice of an
induction regimen. In addition to efficacy and tolerability, comorbidities,
value-based care, and patient preference are factors in determining an
optimal patient-specific regimen, particularly in patients opting for lower
intensity treatments. Figure created using Microsoft PowerPoint, 2010
version

dysfunction, such as left ventricular ejection of less than
45% or heart failure of New York Heart Association
(NYHA) class III or IV, anthracyclines including CPX-351
should be avoided. In patients with severe renal dysfunction,
manifested as baseline serum creatinine greater than 2 mg/dL
or dependent on hemodialysis, HIDAC-based regimens such
as FLAG should be avoided due to accumulation of the neu-
rotoxic Ara-U metabolite.

In patients who are not alloHCT candidates, goals of care
and patient preference are essential considerations driving
treatment selection. As highlighted in the retrospective cohort
study by Boddu et al., CR does not necessarily correlate with
overall survival in the elderly and unfit patient population. It
also should be noted that although HMA are generally con-
sidered the best tolerated agent, patients often experience
prolonged pancytopenia and clinically significant fatigue. In
contrast, FLAG yields an acute period of myelosuppression
and risks of associated complications but may allow for more
expeditious improvement in quality of life after achieving re-
mission and count recovery. In patients with 7P53 alterations,
response may be improved with a HMA-based approach. Best
supportive care with transfusion and symptom management
may be another option, depending on goals for patient comfort
and quality of life.

For consolidation, the corresponding regimen at appropri-
ate doses is recommended; for example, CPX-351, FLAG, or
HMA induction with remission should be followed by the
respective consolidation regimens. In patients with FL73 mu-
tations, the addition of a FLT3 inhibitor may be considered,
though data are limited in sSAML.
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There is no standard of care for relapsed or refractory
AML, in neither secondary nor de novo AML. Switching
strategies from prior treatment likely improve the odds of a
response. For example, a patient who has relapsed on FLAG
but who is still fit and aiming to pursue aggressive treatment
may benefit from a trial of CPX-351, which has preliminary
evidence of activity in the relapsed setting [109]. Other sal-
vage regimens such as MEC may also be considered, al-
though treatment-related mortality can be substantial in in-
tensive regimens. Thus, less intensive regimens such as
hypomethylating agents, with or without venetoclax, in this
older population are often preferred. Actionable mutations
should be assessed to determine the appropriateness of
using targeted therapy as an adjunct or monotherapy.
Available clinical trials of novel agents or combinations
should always be considered. Although new treatment reg-
imens have modestly improved response rates and overall
survival, ongoing research is vital to maintaining long-term
remission in this high-risk malignancy.

Conclusion

The treatment of SAML has evolved substantially in recent
years after decades of standard 7 + 3 induction, and the dy-
namic flux of ongoing research is beginning to show signs of
progress in a malignancy that has long been considered of
very poor prognosis. CPX-351 seems to increase CR rates
compared to standard 7 + 3 and may be the new standard of
care in SAML, although significant myelosuppression and
limitations of clinical trial design lead to unanswered ques-
tions. Though not FDA-approved for sSAML, FLAG appears
to be effective and well tolerated based on retrospective and
small prospective cohort data. HMA-based approaches result
in reasonable response rates in SAML, and are a suitable op-
tion, particularly in unfit patients not eligible for alloHCT.
Investigational agents may be an option in all cases, especially
in the relapsed and refractory setting. As more patients with
SAML hopefully achieve more prolonged remission dura-
tions, further inquiries regarding the role of maintenance ther-
apy, the optimal sequence during relapse, and late-onset ad-
verse effects will arise. An understanding of the molecular and
genomic pathogenesis of sSAML may help identify novel ther-
apeutic targets and rational combinations with current treat-
ment options of known efficacy and safety.
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