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Abstract: The treatment of acute myeloid leukemia (AML) in older patients is undergoing rapid changes, with a
number of important publications in the past five years. Because of this, a group of Canadian leukemia experts
has produced an update to the Canadian Consensus Guidelines that were published in 2013, with several new
agents recommended, subject to availability. Recent studies have supported the survival benefit of induction che-
motherapy for patients under age 80, except those with major co-morbidities or those with adverse risk cytogenet-
ics who are not candidates for allogeneic hematopoietic stem cell transplantation (HSCT). Midostaurin should be
added to induction therapy for patients up to age 70 with a FLT3 mutation, and gemtuzumab ozogamicin for de novo
AML up to age 70 with favorable or intermediate risk cytogenetics. Daunorubicin 60 mg/m? is the recommended
dose for 3+7 induction therapy. Acute promyelocytic leukemia should be treated with arsenic trioxide plus all-trans
retinoic acid, regardless of age, with cytotoxic therapy added upfront only for those with initial white blood count >
10. HSCT may be considered for selected suitable patients up to age 70-75. Haploidentical donor transplants may
be considered for older patients. For non-induction candidates, azacitidine is recommended for those with adverse
risk cytogenetics, while either a hypomethylating agent (HMA) or low-dose cytarabine can be used for others. HMA
may also be used for relapsed/refractory disease after chemotherapy. For patients with secondary AML, CPX-351 is
recommended for fit patients age 60-75.

Keywords: Acute myeloid leukemia, elderly patients, chemotherapy, co-morbidities, hypomethylating agents, cyto-
genetics, hematopoietic stem cell transplantation

Introduction the recommendations in the original paper no
longer apply, or require revision.

The treatment of older patients with AML pres-

ents several challenges and uncertainties. To
address these issues, and to provide treatment
guidance in the Canadian context, a panel of
Canadian hematologists with expertise in acute
leukemia published a set of comprehensive
guidelines for the management of AML in
patients age 60 years and over [1]. Since this
publication in early 2013, a number of new
studies have been completed and published.
Many of these studies have profound implica-
tions for the management of these patients. As
a result, based on these new data, many of

We have therefore revisited the questions
addressed in the original document, and have
produced a series of revised recommendations
for the management of these patients, based
on more recent studies. These revisions are
summarized below, along with the background
rationale and justification. Revised treatment
algorithms, based on these recommendations,
are also included. Those recommendations
which have not been specifically revised from
the original paper are still felt to apply, and will
not be repeated.
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Question #1: What are the major criteria to
determine who is a suitable candidate for
intensive induction chemotherapy?

At the time of the initial publication, the avail-
ability of cytogenetics at diagnosis was felt to
be important in determining suitability for inten-
sive chemotherapy. Patients with adverse risk
cytogenetics were not felt to be candidates for
induction therapy, unless they were potential
candidates for allogeneic hematopoietic stem
cell transplantation (HSCT). In contrast, suit-
ably fit patients with favourable risk cytogenet-
ics were felt to be potential induction therapy
candidates, even in the absence of alloHSCT.

Several studies have recently addressed the
question of suitability for induction therapy. The
demonstration of an overall survival (OS) bene-
fit for secondary AML patients age 60-75 with
MDS-like karyotypes who received CPX-351
(discussed in Question 5 below) potentially
alters the decision in favor of candidacy for
intensive chemotherapy in fit patients with
such adverse cytogenetic profiles. In addition,
recent studies have suggested that a higher
proportion of older patients should be offered
intensive approaches. Sorror et al developed a
composite index, combining a modified co-mor-
bidity index with age and cytogenetics, and
found this to be highly predictive of one year 0S
[2]. In a subsequent evaluation of 242 patients
age 70-79 treated at 6 centers, those who
received intensive induction therapy (41% of
patients) had a superior OS as compared with
those that received non-intensive approaches
(2 years OS 26% versus 13%, HR: 0.73) [3].
Early mortality was not increased in the induc-
tion cohort, possibly related to recent improve-
ments in supportive care. Only those with the
highest composite scores (> 10) did not dem-
onstrate superior outcomes with induction
therapy, suggesting that most patients below
the age of 80 should be considered for induc-
tion approaches. However, as this was a retro-
spective study, selection bias could not be
excluded, and prospective randomized studies
are needed to verify this finding. Nevertheless,
these data support previous findings by the
Swedish Acute Leukemia Registry, which also
found a lower early death rate and superior OS
in older patients, particularly those age 70-79,
who received more intensive treatment
approaches [4]. These trends towards intensive
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treatment in selected, older patients with AML,
are consistent with parallel trends in eligibility
for alloHSCT; many centres worldwide are now
transplanting selected patients into their mid-
70s (see Question #3 below).

Geriatric assessment

A recent single center prospective cohort of
patients age 60 and older evaluated several
baseline measurements of physical perfor-
mance, in addition to validated cognitive,
depression, distress, and self-reported physi-
cal function scores, which were compared to
the hematopoietic cell transplantation comor-
bidity index (HCT-CI) [5]. One objective mea-
surement of physical function, the short physi-
cal performance battery (SPPB), and the
100-point modified mini-mental status (3MS,
evaluating for impaired cognition) were found to
be better predictors of mortality with induction
chemotherapy, when compared to the HCT-CI. A
more recent study found that a locally-derived
geriatric assessment tool to determine frailty
correlated with overall survival [6]. These stud-
ies need confirmation in a larger prospective
multicenter cohort to prove applicability, but
the use of such objectively administered test-
ing bears consideration when approaching
patients in this age group.

Revised recommendations

1. Intensive induction therapy should be con-
sidered for all patients below age 80, except for
those with high co-morbidity scores, and those
with adverse risk cytogenetics who are not
potential candidates for HSCT in CR. However,
there is no consensus as to what degree of co-
morbidity constitutes an absolute contraindica-
tion to such therapy, and further studies are
needed to clarify this question.

2. In the case of patients with adverse risk cyto-
genetics, induction therapy should generally be
restricted to patients that are potential candi-
dates for HSCT in CR.

3. Although co-morbidity indices are helpful,
geriatric assessment tools for physical function
and cognition can aid in decision-making
regarding suitability for intensive chemothera-
py. However, they should not replace clinical
judgement. Discussion of these risks with the
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patient and their family are important to guide
decision making.

Question #2: How should we treat older pa-
tients who are considered suitable for induc-
tion chemotherapy?

At the time of publication, there were no stud-
ies directly comparing daunorubicin 60 mg/m?
to 90 mg/m? in induction. Results from the UK
NCRI AML17 trial have since been published
[7], comparing these two dose levels in a ran-
domized trial. Although this study primarily
enrolled younger patients, 36% were over age
60. This study showed no differences in com-
plete remission (CR) rate, relapse rate or overall
survival (OS) between the two groups, in the
entire cohort and within each cytogenetic risk
group. However, there was a higher incidence
of CTAC grade 3-4 toxicity in the 90 mg/m?2 arm.
Given the latter, we are now recommending 60
mg/m? as the standard daunorubicin dosing for
induction therapy.

For patients with contraindications to anthracy-
clines (e.g., impaired left ventricular function,
or extensive prior anthracycline exposure),
several alternative induction strategies were
mentioned. A study has now been published
reporting on the use of FLAG chemotherapy
(fludarabine, cytarabine and G-CSF), primarily
in older patients, many of whom had cardiac-
based contraindications to anthracyclines [8].
Although this was an uncontrolled, retrospec-
tive study, the CR rate and OS were comparable
to those seen with 3+7 inductions in this patient
population. We are therefore adding the FLAG
regimen as an option in patients with car-
diac contraindications to anthracycline-based
therapy.

Results from the RATIFY study have been pub-
lished [9]. In this study, patients age 18-60 with
newly-diagnosed FLT3 mutated AML were ran-
domly assigned to receive midostaurin or pla-
cebo, added to standard induction and consoli-
dation chemotherapy, and then continued as
maintenance therapy for up to one year. This
study demonstrated a superior CR rate and 0S
in the midostaurin arm. Although this study did
not include patients over age 60, FLT3-ITD
mutations are also associated with an inferior
outcome post induction chemotherapy in elder-
ly patients [10, 11]. A recent phase Il study by
the German AML Study Group used midostau-
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rin in combination with induction, consolidation
and maintenance therapy in adults with FLT3
mutated AML, 34% of whom were age 60-70
[12]. In this study, the relapse-free survival in
patients age 60-70 was similar to that of young-
er patients, and was significantly better than of
an age-matched historical control group.

Our initial recommendations included the use
of gemtuzumab ozogamicin (GO), if available,
based on the French ALFA study in patients age
50-70 years [13]. Since then, a meta-analysis
incorporating data from six frontline random-
ized trials in AML has been published [14]. This
analysis confirmed the OS benefit of adding GO
to induction therapy. This benefit was most
prominently seen in patients with favorable risk
cytogenetics, but a significant benefit was also
seen in those with intermediate risk cytogenet-
ics. In contrast, there was no benefit in patients
with adverse risk karyotypes. Patients with sec-
ondary AML either did not benefit, or were not
included in these studies.

Acute promyelocytic leukemia (APL)

At the time of publication, all-trans retinoic acid
(ATRA) + anthracycline * cytarabine was con-
sidered the standard of care for APL. The sub-
sequent publication of the APLO406 study,
demonstrating the superiority of a chemo-free
regimen consisting of ATRA plus arsenic triox-
ide (ATO) over ATRA plus chemotherapy [15,
16], has led to the adoption of this chemo-free
approach in many centers as the new standard
of care for patients with low and intermediate
risk disease. This chemo-free approach was
subsequently confirmed in the UK NCRI AML 17
study [17] which employed an alternative ATO
regimen.

For patients with high-risk APL (defined as pre-
senting WBC > 10 x 10°/L), anthracyclines are
generally administered with induction therapy,
to provide rapid cytoreduction and reduce the
high risk of differentiation syndrome, as in the
Australian APML4 protocol [18]. In older higher
risk patients, some members of the group rec-
ommend reducing the dose of anthracycline in
patients over age 70, or eliminating it entirely if
left ventricular function is impaired, and substi-
tuting either cytarabine or hydroxyurea.

The APLO406, UK NCRI AML 17, and APML4
studies focused primarily on younger patients.

Am J Blood Res 2017;7(4):30-40
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Figure 1. Treatment algorithm for older AML patients who are deemed medi-
cally fit for induction therapy. For patients with intermediate-risk cytogenetics
(particularly normal karyotype), favorable molecular profile refers to NPM1
mutated or bialleleic CEBPA mutation, in absence of FLT3-ITD. For favorable-
risk cytogenetics, favorable molecular profile refers to absence of c-kit muta-
tion. GO = gemtuzumab ozogamicin. HSCT = allogeneic hematopoietic stem
cell transplantation. Cyto = cytogenetics. *If not yet received hypomethylating

agent. **If HSCT eligible.

APLO406 was restricted to patients below age
71, and most patients were under age 60. The
AML 17 study included patients up to age 77,
but only ~20% were > age 60. The APML4 study
had no upper age cutoff, but only 13% were >
age 61. While none of these studies identified
older patients as particularly problematic, sub-
sequent experience by one group [19] found
that older patients experienced more severe
complications, and a higher induction mortali-
ty, with this regimen. These patients (particu-
larly those with co-morbidities) have more diffi-
culty tolerating the hyperleukocytosis which
frequently occurs on this regimen, and the
resulting differentiation syndrome. Neverthe-
less, when the high curability and low relapse
rate of APL are considered, it is clear that all
patients should be treated.

While the APLO406, UK NCRI AML 17, and
APML4 studies did not make this recommenda-
tion, Kota et al [19] suggested a reduced dos-
ing schedule (e.g. reducing the ATO dose from
0.15 to 0.1 mg/kg daily, and the ATRA dose
from 45 to 25 mg/m? daily) in older patients;
however, there are no prospective studies that
address the efficacy and safety of this ap-
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ATO- containing regimens
has improved the outcomes
of patients with APL, early
death (ED) remains a major
problem, with up to 30%
mortality within 30 days of
diagnosis reported in some
studies [19-24]. Reasons for
ED included delays in diag-
nosing APL, beginning ATRA
and transferring to a leuke-
mia center, as well as failure
to diagnose and treat coagulopathy in a suit-
ably aggressive manner. Notably, increased
age has been shown to correlate strongly with
the likelihood of ED [20]. A high index of suspi-
cion for the diagnosis of APL, and the prompt
initiation of therapy, are therefore essential for
further improving outcomes in APL, particularly
in the elderly patient.

Revised recommendations (see Figure 1 for
algorithm)

1. Older patients with de novo AML and inter-
mediate or favourable risk cytogenetics, who
are deemed suitable candidates, should
receive induction treatment consisting of an
anthracycline or anthracenedione for 3 days
plus cytarabine (100-200 mg/m?) for 7 days
(3+7). Acceptable anthracyclines/anthracene-
diones include: Daunorubicin 60 mg/m?
daily x 3 days; Idarubicin 12 mg/m? daily x 3;
Mitoxantrone 12 mg/m? daily x 3.

2. For patients with contraindications to anthra-
cyclines (e.g., impaired left ventricular function
or extensive prior anthracycline exposure), the
FLAG regimen (fludarabine, cytarabine and fil-
grastim) would be a suitable option, in addition
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to those mentioned in the initial recomme-
ndations.

3. For older patients who are candidates for
intensive chemotherapy, FLT-ITD and TKD
mutation testing results should be provided
within one week. For patients up to age 70 with
a FLT3-ITD or TKD mutation, midostaurin, if
available, should be added to induction and
consolidation, and continued as maintenance
therapy if not transplanted, in the schedule
used in the RATIFY and German AMLSG
studies.

4. For non-FLT3 mutated patients up to age 70
with de novo AML and favourable or intermedi-
ate risk cytogenetics, gemtuzumab ozogamicin,
if available, should be added to induction and
consolidation therapy, in the schedule used in
the ALFA study.

5. For patients with de novo AML and adverse-
risk cytogenetics, induction chemotherapy
(either in a standard format or in the context of
a clinical trial) should be used for transplant
candidates. Non-transplant candidates should
be enrolled in a clinical trial or should receive
a hypomethylating agent. See Question #5
below for revised recommendations for patients
with secondary AML.

6. For patients with APL and low-intermediate
risk disease, a chemo-free regimen consisting
of ATRA and arsenic trioxide (ATO) should be
used. Older patients, in particular, should be
closely monitored for treatment-related compli-
cations, and further studies are needed to
determine the optimal dosing schedules for
very elderly and frail patients. High risk patients
(defined as baseline WBC > 10 x 10°%/L) should
also receive an anthracycline or, if not eligible,
other cytoreductive therapy early during
induction.

Question #3: Which older patients should be
considered for allogeneic stem cell transplan-
tation (HSCT)?

At the time of publication in 2013 there were
insufficient data on HSCT in patients over age
70 years. Recent evidence suggests that HSCT
can be performed successfully in selected
patients over 70, generally up to age 75 years
[25-27].

Comorbidity was considered the most impor-
tant patient related factor. Since then, other
factors such as geriatric assessment (GA),
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functional status, social support and biomark-
ers have emerged as good indicators of trans-
plant eligibility [28, 29].

While the best results are obtained in patients
in CR1, a recent IBMTR study found that select-
ed patients may have a meaningful prolonga-
tion of life in CR2, if they have favorable or inter-
mediate risk cytogenetics [30]. This is an
important observation, as patients with favor-
able cytogenetic or mutational profiles are gen-
erally not transplanted in CR1.

In the initial review, haploidentical transplants
were only recommended in the context of clini-
cal trials. Since then, additional studies of
HSCT using haploidentical donors in elderly
patients have shown comparable survival to
those using matched unrelated donors [31-33],
and many centers are now performing such
transplants routinely, using the Johns Hopkins
protocol with post-transplant cyclophospha-
mide [33, 34]. The advantage of using haploi-
dentical donors is that HSCT can be done more
quickly, compared to unrelated donors, and
donor availability is wider.

Revised recommendations

1. HSCT may be considered for selected fit can-
didates up to age 75, depending on the experi-
ence of the local transplant center.

2. A suitable haploidentical donor should be
considered as an alternative to a matched
related or unrelated donor HSCT, based on the
experience of the transplant center.

3. To assess fitness and eligibility for allogeneic
HSCT, a combination of factors such as chrono-
logical age, HCT-CI, Karnofsky Performance
Status, Geriatric assessment (GA), and social
support should be assessed. As these recom-
mendations have not been studied prospec-
tively, individual transplant centers should
establish their own criteria based on local
resources for a team evaluation.

4. HSCT for patients in CR2 may be considered,
especially for patients with favorable or inter-
mediate risk cytogenetics.

Question #4: How should we treat older
patients who are not considered suitable for
induction therapy?

At the time of publication in 2013 there was
clear evidence supporting the use of azaciti-
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Figure 2. Treatment algorithm for older AML patients who are deemed not
medically fit for induction therapy. BM = bone marrow. LD Ara-C = low-dose
cytarabine, MDS = myelodysplastic syndrome. *If no prior exposure to hypo-

methylating agents.

dine for patients with AML and 20-30% blasts
with dysplasia [35]. However, data for using this
agent in those with > 30% blasts were not avail-
able. The only randomized study available using
hypomethylating agents (HMA) was with
decitabine; this study had shown a non-signifi-
cant trend toward better OS with this agent,
compared to low-dose cytarabine (LDAC) or
supportive care [36].

Since then, the results of the AZA-AML-001
study have been published. This Phase lll trial
studied the use of azacitidine in AML patients
with more than 30% BM blasts. 488 patients,
age > 65 years with de novo or secondary AML,
not eligible for HSCT, and with intermediate or
adverse-risk cytogenetics, were randomized
1:1 to receive azacitidine 75 mg/m? for 7 con-
secutive days every 28 days, or to a pre-deter-
mined conventional care regimen (CCR), includ-
ing intensive chemotherapy, LDAC, or best
supportive care only [37]. The azacitidine group
showed a trend toward increased median OS at
10.4 months, compared to 6.5 months in the
CCR group.

Of the 170 patients with poor-risk cytogenetics,
there was a statistically significant improved
median OS in the azacitidine arm (6.4 months)
compared to the CCR group (3.2 months). In
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did not differ significantly
between those who received
azacitidine (13.0 months) or
CCR (10.1 months) [37, 38].
In intermediate-risk patie-
nts pre-selected to receive
LDAC, OS was also similar
between those receiving
LDAC or azacitidine.

Prior
MDS*

Several subsequent sub-
group analyses of the AZA-
AML-001 data have been
published only in abstract
form. An analysis of the sub-
set of 158 AZA-AML-001
patients, classified locally at
participating sites as AML
with morphologic dysplastic
changes (AML-MDC) at the
time of study enrolment,
showed that those treated
with azacitidine had a statis-
tically significant increase in median OS of 12.7
months, compared to 6.3 months for those
treated with CCR [39]. While this analysis has
been interpreted speculatively to suggest that
AML-MDC patients with intermediate-risk cyto-
genetics should receive azacitidine rather
LDAC, the post hoc nature of these analyses,
and the absence of a pre-defined multivariate
analysis incorporating cytogenetic risk groups
or prior MDS, suggest caution in this regard.

Several additional recent reports have clarified
further the role of azacitidine or other hypo-
methylating agents in the management of AML
in the elderly. First, the Austrian Azacitidine
Registry (AAR) has confirmed in a ‘real-life’ set-
ting the efficacy of azacitidine in a large cohort
of elderly patients (57.9% > age 75 years) with
AML with 20-30% blasts. Outcomes in the AAR
setting are indistinguishable from those of the
AZA-AML-001 study [40]. Second, a retrospec-
tive multicenter analysis of over 500 patients
who received a hypomethylating agent for
relapsed/refractory AML has clarified the role
of these agents in this setting [41]. Overall, the
CR rate was 11.7%, with an additional 6% and
8% achieving CRi and hematologic improve-
ment (HI), respectively, with no differences
seen between azacitidine and decitabine.
Notably, the OS of the entire cohort was 11.6
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months, while those achieving CR had a medi-
an OS of 25.6 months. Thus, while the likeli-
hood of achieving a CR in this setting is low,
such responders appear to derive benefit.

Revised recommendations (see Figure 2 for
algorithm)

1. For patients who are not considered candi-
dates for intensive chemotherapy, cytogenetic
results are important in determining the opti-
mal therapy to use, and should be provided
within one week.

2. For patients with 20 to 30% bone marrow
blasts with myelodysplasia-related changes,
azacitidine should be offered as standard
treatment.

3. For all other patients, consider cytogenetic
risk group: a. Adverse-risk cytogenetics: Azaci-
tidine should be offered as the preferred front-
line treatment. Some authors also recommend
this agent for patients with prior MDS not pre-
viously exposed to hypomethylating agents,
or those with dysplastic morphology; b.
Intermediate- and favorable-risk cytogenetics:
LDAC, azacitidine and decitabine are all rea-
sonable treatment options.

4. For patients with relapsed or refractory dis-
ease following LDAC or other chemotherapies,
HMA therapy (either azacitidine or decitabine)
are reasonable treatment options if a clinical
trial is not available. However, for non-induction
candidates progressing on HMAs, there is no
recognized effective therapy, LDAC is not rec-
ommended, and clinical trial enrolment is
suggested.

5. LDAC, azacitidine and decitabine should be
used continuously until disease progression, to
obtain the optimal clinical response.

Question #5: How should we treat older pa-
tients with secondary or therapy-related AML?

As outlined in the initial recommendations,
patients with AML arising from an antecedent
hematologic disorder (sAML), or those with
therapy-related AML (tAML), should be man-
aged similarly to those with de novo AML.
However, recent data using CPX-351 suggests
a change in the approach to these patients.

CPX-351 is a nanoparticle lipid formulation con-
taining a fixed 5:1 molar ratio of cytarabine and
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daunorubicin. An initial Phase Il study in
patients age 60-75 found no significant differ-
ence in survival compared to standard 3+7
induction, but a subgroup analysis showed a
superior CR rate and OS in patients with sec-
ondary AML arising from a prior myelodysplas-
tic syndrome (MDS) [42]. A follow-up study was
therefore performed, in which AML patients
age 60-75 with either prior MDS, chronic myelo-
monocytic leukemia (CMML), therapy-related
AML or MDS-like cytogenetic abnormalities,
were randomized to receive either CPX-351 or
3+7 induction therapy. This study, described to
date only in abstract form, showed that the
CPX-351 arm had a higher CR rate (48% vs.
33%) and superior OS (P=0.021), without an
increase in early mortality [43]. Patients receiv-
ing CPX-351 also had a superior outcome fol-
lowing subsequent allogeneic hematopoietic
stem cell transplant (HSCT) [44], and had a par-
ticularly high CR rate in the presence of a FLT3
mutation. As subgroup analyses have not yet
been published, it is unclear whether those
with de novo AML and MDS-like cytogenetic
abnormalities derived comparable benefit com-
pared to those with secondary AML.

Revised recommendations

1. For AML arising from prior MDS or CMML, or
therapy related AML, CPX-351, if available,
should be used as induction and post-remis-
sion therapy in patients age 60-75 who are eli-
gible for intensive therapy.

2. If CPX-351 is not available, standard induc-
tion chemotherapy should be used for HSCT
candidates. For non-HSCT candidates other-
wise medically fit for intensive therapy, and with
intermediate/favorable risk cytogenetics, in-
duction chemotherapy or hypomethylating
agents are both reasonable options.

3. For patients not medically fit for intensive
therapy, or with adverse risk cytogenetics and
not a candidate for alloHSCT, enrolment in a
clinical trial, or a hypomethylating agent (if not
previously utilized), should be considered (See
Question #4 for details).

Conclusion
As noted above, a number of new studies pub-

lished in the past several years have altered
substantially the approach to evaluating and
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treating older patients with AML. The changes
to the recommended treatment algorithms are
summarized in Figure 1 (induction candidates)
and Figure 2 (non-induction candidates). How-
ever, these studies are also changing the fun-
damental decision regarding candidacy for
intensive therapy.

Some of the newer agents have not yet been
approved by various regulatory bodies; howev-
er, given the strength of the early data, it is felt
that such approval is likely in the near future.
Therefore, we have incorporated agents which
are in the approval process into the revised
algorithms.

There are several promising investigational
agents which are currently being evaluated in
clinical trials in AML, either alone or in combina-
tion with existing drugs. Given that outcomes in
older patients are still suboptimal, with most
patients ultimately dying of progressive dis-
ease, the authors continue to strongly encour-
age older patients to be enrolled in such stud-
ies, for all except the terminal stages of their
disease. Although the results of these clinical
trials are uncertain, it is likely that at least some
of these studies will lead to new standards of
care, which will necessitate further revisions to
the guidelines in the coming years.
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