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Abstract

Acute myelogenous leukemia (AML) is a disease more common in the elderly than the young. It is
increasingly recognized that conventional cytotoxic chemotherapies used in children and young
adults may not be appropriate in older adults because of diverse host- and disease-biology factors.
This review highlights some of the most promising new treatment options that are being evaluated
for older patients with AML. These options include CPX-351 (Celator Pharmaceuticals Inc), a
unique liposomal formulation of a fixed ratio of cytarabine and daunorubicin; timed sequential
therapy with the CDK inhibitor alvocidib (flavopiridol; sanofi-aventis/NCI); the second-
generation purine nucleoside analog clofarabine; the farnesyltransferase inhibitor tipifarnib
(Johnson & Johnson Pharmaceutical Research and Development LLC); and the DN
methyltransferase inhibitors decitabine and azacitidine.
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Introduction

Acute myeloid leukemia in older adults: General considerations

A discussion of the management of acute myeloid leukemia (AML) is incomplete without
reference to the age of the patient. The 5-year overall survival (OS) rate for AML in the US
is 23.8% for the period of 1999 to 2005; however, this figure does not reveal the large
degree of age-related heterogeneity that exists — the OS rate for adult patients of < 65 years
of age is 36.9% compared with 4.7% for patients of = 65 years [1]. The large differences in
age-related outcomes are particularly important given that, in the period from 2002 to 2006,
the median age of a patient at diagnosis of AML in the US was 67 years, with an incidence
of 1.7 per 100,000 in individuals of < 65 years compared with 16.0 per 100,000 in those of =
65 years [1].

The reasons for the age-related disparities in outcomes following AML diagnosis are
multifactorial and include healthcare systems, and patient and disease factors. One study of
Medicare patients (n = 2657) in the early 1990s demonstrated that 30% of patients over the
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age of 65 underwent chemotherapy in the 2 years following AML diagnosis. The median OS
was 7 months in individuals treated with chemotherapy compared with 1 month in those
who were not [2]. Determining which patients are offered chemotherapy and the timing of
that chemotherapy relative to the time of diagnosis is affected not only by objective patient
parameters, but also by the individual perspective of a physician regarding who is suitable
for chemotherapy, with implications for survival [3,4].

AML biology in older patients differs from that observed in younger cohorts. Older patients
with AML are more likely to have experienced an antecedent hematological disorder, such
as myelodysplastic syndrome (MDS), with an incidence of up to 30 to 60% in some clinical
trials series, or have received cytotoxic chemotherapy for prior malignancies [4]. So-called
‘favorable cytogenetics’ are less common than unfavorable cytogenetics (particularly
abnormalities in chromosomes 5, 7 and 11), which are observed more often with increasing
patient age [5,6]. When compared with cytogenetically identical younger patients with
AML, older patients have a lower rate of complete remission (CR), and shorter disease-free
survival (DFS) and OS rates [7]. Molecular differences in disease state have also been
observed between older and younger patients. Microarray data suggest that overexpression
of the RAS SRC and TNF genes, and the subsequent increased pathway activation, are more
common in older patients with AML; the increased activity of these signaling pathways
results in a decreased sensitivity to chemotherapy agents such as anthracyclines [8].

Attempts have been made to formalize the characterization of elderly patients based on risk
stratification models, including various combinations of age, cytogenetics, performance
status, WBC count, secondary AML (including MDS and treatment-related AML) and
medical comorbidity [5,6,9-12]. Such efforts have been hampered by the lack of an accepted
age cutoff for when a patient with AML should be considered “elderly’ (eg, age 50
compared with age 70). In this regard, chronological age alone may be a suboptimal
surrogate for the diversity of host physiology and leukemia biology factors that should guide
treatment decisions.

Lack of a standard of care for elderly patients

In addition to significant heterogeneity in host and disease factors described in the preceding
section, the lack of a current defined standard of care in this patient demographic makes
comparison studies challenging. After 30 years, the ‘7+3” regimen, consisting of the
administration of standard dose cytarabine (ara-C; 100 to 200 mg/m?/day) for 7 days by
continuous infusion with the addition of an anthracycline (typically either idarubicin [12
mg/m?] or daunorubicin [30 to 60 mg/m?]) for 3 of the 7 days, remains widely used in the
US as an induction therapy for AML in all age groups [13]. This classical approach has been
modified in terms of the dose and duration of cytarabine and/or anthracycline
administration, as well as with the addition of etoposide in many countries outside of the
US. Whether this treatment is appropriate in the elderly is unclear. For example, a review of
adults (n = 968) enrolled in five Southwest Oncology Group (SWOG) trials demonstrated a
30-day mortality rate, following induction of chemotherapy, of 3% in patients of < 55 years
of age with an ECOG (Eastern Cooperative Oncology Group) performance status of 0 to 1,
compared with 35% for patients of > 65 years of age with a performance status of 2 and
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82% for patients = 75 years with a performance status of 3. In addition to early mortality
from intensive treatment, significant and persistent morbidity often occurs, even in patients
responding to such therapy [5].

The combination of early treatment-related mortality and late morbidity, particularly in
patients with a poor performance status, and inherent drug resistance has stimulated the
clinical investigation of new agents and approaches for older individuals with AML, based
on both disease and host biology. This review discusses a selection of the approaches under
clinical investigation for older patients with AML (Table 1).

Anthracycline dosing: A new look at established anti-leukemia agents

During the past three decades, traditional chemotherapy regimens have been enhanced by
increasing the dose of cytarabine administered. This approach has been successful in subsets
of younger adults (aged < 50 to 55), but has demonstrated unacceptable toxicities without
clear therapeutic advantages in older adults. A series of studies have examined the feasibility
and efficacy of increasing the doses of anthracyclines as an alternative approach to treatment
intensification in the older age groups [14-16]. Léwenberg et al demonstrated that doubling
the dose of daunorubicin during induction therapy for “fit” patients with AML aged = 60
years led to an improvement in the CR rate from 54 to 64%, with achievement of CR
following a single induction cycle in 52% of the individuals in the high-dose group
compared with 35% of those in the conventional-dose group [15]. High-dose daunorubicin
(90 mg/m? qd for 3 days) yielded an improvement in the 2-year OS and event-free survival
(EFS) rates in patients of < 65 years of age, but had no significant impact on OS and EFS in
patients with adverse cytogenetics, independent of age. In contrast, the study by Fernandez
et al of high-dose daunorubicin in younger adults (< 60 years) demonstrated increases in
both CR rate (71% compared with 57% for individuals on the standard dose) and OS (23.7
compared with 15.3 months) [14]. However, there was no apparent benefit for patients aged
50 to 60 years, or for those patients with unfavorable cytogenetics or mutations in the
receptor tyrosine kinase Flt-3.

The Acute Leukemia French Association (ALFA) 9801 study compared a high-dose
regimen of daunorubicin (80 mg/m2/day for 3 days) with two regimens of idarubicin (12
mg/m2/day for either 3 or 4 days); each of the three regimens were administered with a
standard dose of cytarabine (200 mg/m?/day for 7 days) as induction therapy for adults aged
> 50 years [16]. Low mortality during the induction phase (3 to 8%) was associated with all
arms of the study. The CR rate after the first induction course was equivalent in all three
arms (61, 70 and 67% for daunorubicin, 3-day idarubicin and 4-day idarubicin,
respectively), as were the rates of EFS (23.5% at 2 years and 18% at 4 years) and OS
(median = 17 months, 28% at 2 years and 26.5% at 4 years). The addition of IL-2
maintenance therapy had no positive impact on any survival parameter in any of the three
arms. The 3-day idarubicin regimen was the most effective in patients with adverse
cytogenetics (CR = 74, 55 and 48% for 3-day idarubicin, 4-day idarubicin and daunorubicin,
respectively). However, a patient age of > 60 years and the presence of adverse cytogenetics
remained poor prognostic factors in the multivariate analysis for all three arms [16].
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CPX-351 (Celator Pharmaceuticals Inc; Table 1), a liposomal formulation encapsulating
cytarabine and daunorubicin in a synergistic 5:1 molar ratio in vivo [17], accumulates in
bone marrow and is preferentially taken up by leukemic cells. A phase I clinical trial of
CPX-351 in adults with relapsed or refractory acute leukemia established a recommended
phase 11 dose of 101 units/m2 — cytarabine (101 mg/m?2) plus daunorubicin (44 mg/m?) —
administered on days 1, 3 and 5, and demonstrated a decreased frequency and intensity of
oral mucosal, gastrointestinal and skin toxicities when compared to expected toxicities from
standard induction chemotherapy [18]. Clinical activity of CPX-351 was observed in this
poor-risk population, with a CR/CRp rate of 23% (11 out of 44 patients) following first
salvage therapy. Efficacy was particularly evident for patients with first relapse AML who
were < 60 years of age (CR = 57%), but also in 20% of first relapse patients aged > 60 years.
A randomized phase IIb trial to compare CPX-351 with the traditional 7+3 regimen (2:1
randomization of CPX-351 to 7+3 consisting of cytarabine [100 mg/m?2/day for 7 days] plus
daunorubicin [45 to 60 mg/m2/day for 3 days]) in adults aged 60 to 75 years with newly
diagnosed AML is ongoing [19]. Preliminary data from this trial suggest that CPX-351 has
excellent tolerability, with low induction mortality (3% for CPX-351 compared with 7% for
7+3); a similar incidence of adverse events was observed in both treatment arms [19].

Old concepts and new agents: Timed sequential therapy with alvocidib

Alvocidib (flavopiridol, HMR-1275; sanofi-aventis/NCI; Table 1) is a semi-synthetic
flavonoid derived from the stem bark of Dysoxylum binectariferum [20]. Alvocidib induces
cell cycle arrest at the G1 and G2 phases by inhibiting CDK1, 2, 4 and 7 [21], as well as the
CDKO9/cyclin T (P-TEFb) complex that phosphorylates and activates RNA polymerase 11,
thereby inhibiting mMRNA transcription [22]. When alvocidib is administered simultaneously
with S-phase-dependent agents, such as cytarabine, the alvocidib-induced G1 and G2 arrest
leads to cytotoxic antagonism; however, sequential administration of these agents leads to
synergistic cytotoxicity [23]. Exposure of primary leukemic marrow blasts to alvocidib,
followed by drug withdrawal in vitro, had a dual priming effect of initial cytoreduction,
followed by the recruitment of surviving cells into S phase and a resultant increased
sensitivity to cytarabine, a mechanism reminiscent of timed sequential therapy (TST) [24].

Clinical trials of TST with alvocidib (flavopiridol) followed by cytarabine and mitoxantrone
(FLAM) in adults with all stages of AML are ongoing. A recent phase Il trial of FLAM
enrolled adults (n = 45; median age = 61 years; range = 22 to 72 years) with newly
diagnosed, poor-risk AML, of whom 82% had secondary AML, 73% had adverse
cytogenetics and 69% with = two poor-risk features (independent of age) [25]. Patients
received a 1-h infusion of alvocidib (50 mg/m? qd, iv) on days 1 to 3, followed by a 72-h
continuous infusion of cytarabine (667 mg/m?2 every 24 h) beginning on day 6 and
mitoxantrone (40 mg/m? iv bolus) 12 h after completing the cytarabine infusion on day 9
[25]. Treatment-related toxicities compared favorably with other intensive approaches, with
a 4% induction mortality rate in the = 60 years-of-age group. CR was observed in a total of
30 patients (67%) and in 13 of 24 (54%) patients aged = 60 years, with a median OS of 12.6
months. Of the patients who exhibited a CR, 12 (40%) received myeloablative allogeneic
bone-marrow transplantation (BMT) at first CR; all 12 patients were < 65 years of age. The
median OS for all 45 patients in the trial was 7.4 months, with an OS of 5.8 months (range =

Curr Opin Investig Drugs. Author manuscript; available in PMC 2016 January 04.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hourigan and Karp

Clofarabine

Tipifarnib

Page 5

0.6 to 31) for those aged = 60 years. For the 30 patients with CR, the median OS and DFS
had not been reached (67% had survived after 12.5 to 31 months and 58% were in CR after
11.4 to 30 months), with a median follow-up period of 22 months. Ongoing development of
this regimen includes the comparison of different methods of alvocidib administration in
order to define an optimal delivery strategy for further comparative trials in patients with
newly diagnosed, poor-risk AML. Additional trials aim to define those older adults who will
benefit most from this protocol, the optimal manner to consolidate those patients who obtain
CR and how best to salvage those individuals who do not.

The use of first-generation deoxyadenosine analogs (eg, fludarabine) for the treatment of
AML was limited by renal and neurotoxicity at the doses required for single-agent efficacy
[26]. Clofarabine (Colar; 2-chloro-2’-fluoro-deoxy-9-B-o-arabinofuranosyladenine; Table 1)
is a second-generation purine nucleoside analog that impedes DNA synthesis by inhibiting
ribonucleotide reductase activity and chain elongation by DNA polymerase a [27].
Clofarabine has demonstrated efficacy in acute leukemia, with an MTD of 40 mg/m?/day for
5 days; the DLT for clofarabine is reversible hepatotoxicity without neurotoxicity [28].

In a phase I clinical trial of single-agent clofarabine, previously untreated, older patients
with AML (h = 112; median age = 71 years; range = 60 to 88 years) with at least one
unfavorable risk factor (ie, age = 70 years, ECOG performance status = 2, secondary AML
or non-favorable karyotype) received clofarabine (30 mg/m2/day iv) for 5 days [29].
Reinduction or consolidation (a total of six cycles was allowed) therapy was administered 28
days after the first cycle at a dose of 20 mg/m?/day for 5 days. The overall response rate was
46% (CR and CRp = 38% and 8%, respectively), with a median CR duration of 56 weeks
and an all-patient median OS of 41 weeks. The all-cause 30-day and 60-day mortality rates
were 10 and 16%, respectively [29]. These data compare favorably with that of traditional
cytotoxic therapy. An ECOG trial is planned that will formally compare clofarabine and 7+3
induction in randomized older adults with AML (ClinicalTrials.gov identifier:
NCT01041703).

Finally, a trial combining the administration of clofarabine (30 mg/m?/day iv) for 5 days
with or without cytarabine (20 mg/m?/day sc) for 14 days in patients aged = 60 years has
also been reported [30]. Inclusion criteria included newly diagnosed AML and high-risk
MDS. Higher CR rates were observed in those patients receiving both clofarabine and
cytarabine (63% of 54 patients treated with the combination compared with 31% of 16
patients treated with clofarabine alone), but were not sufficient to demonstrate a significant
difference in OS (11.4 months compared with 5.8 months for combination and single-agent
treatments, respectively; p = 0.1) [30].

Tipifarnib (Johnson & Johnson Pharmaceutical Research and Development LLC; Table 1) is
an orally available inhibitor of the enzyme farnesyltransferase, which post-translationally
modifies a wide range of proteins involved in signal transduction, cytoskeletal integrity and
mitosis (reviewed in reference [31]). Interruption of the farnesylation process prevents full
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maturation of the target proteins that, in turn, leads to inhibition of cell proliferation and an
increase in apoptotic cell death.

As a single agent, tipifarnib exhibits modest activity in elderly adults with poor-risk AML.
A phase 1l clinical trial of tipifarnib (600 mg po, bid) administered for 21 days, followed by
a rest period of up to 42 days, was conducted in adults (n = 158; median age = 74 years;
range = 34 to 85 years) with untreated, poor-risk AML (93% = 65 years of age, 75% with
secondary AML and 47% with adverse cytogenetics) [32]. In this trial, 14 and 9% of
patients achieved CR and partial responses, respectively; the overall response rate was 23%.
While the median OS for all 158 patients was 5.3 months, the median OS for those patients
achieving CR was 18.3 months [32]. More recently, a phase 111 trial of single-agent
tipifarnib compared with best supportive care, including hydroxyurea (HU), in patients (n =
457) aged = 70 years with newly diagnosed AML who were deemed 'not fit' for
conventional chemotherapy was conducted in Europe and Canada [33]. Although CR, with
DFS rates of 8 months and OS rates of 22 months was achieved in 8% of those patients
randomized to the tipifarnib arm compared with no CR in the supportive care/HU arm, the
tipifarnib treatment did not demonstrate a statistically significant survival advantage [33].

In an attempt to increase CR rate and duration, tipifarnib has been combined with other anti-
leukemic agents in vitro [34]. In primary AML marrow blasts, tipifarnib inhibited signaling
downstream of the farnesylated small G-protein Rheb and synergistically enhanced
etoposide-induced antiproliferative effects. These findings led to a phase | clinical trial of
tipifarnib (300 to 600 mg po, bid for 14 or 21 days) plus etoposide (100 to 200 mg po, qd on
days 1 to 3 and 8 to 10 for each cycle) in adults (n = 84) over the age of 70 years (median
age = 77 years; range = 70 to 91 years) who were not candidates for conventional therapy
[34]. The majority of patients (79%) had more than one high-risk feature in addition to
advanced age. DLTs (mainly grade 3 mucositis) occurred with the 21-day tipifarnib
regimen. The 30-day mortality rate was 6 and 21% for the 14-day and 21-day tipifarnib
regimens, respectively. CRs were achieved in 16 of the 54 patients (30%) receiving the 14-
day tipifarnib regimen, but in 5 of the 30 patients (17%) receiving the 21-day tipifarnib
regimen [34]. Based on these results, a phase I, multicenter, randomized trial of tipifarnib
(600 mg po, bid for 14 days) plus etoposide (100 mg po, qd on days 1 to 3 and 8 to 10) in
adults of = 70 years of age with newly diagnosed AML is ongoing (NCT00602771).

By examining the gene expression profile of marrow blasts from patients undergoing
treatment with single-agent tipifarnib [32], Raponi et al [35] demonstrated that the
expression ratio of two genes — RASGRP1, which encodes a Ras-activating guanine
nucleotide exchange factor and APTX, the gene encoding the DNA repair protein aprataxin —
could both positively and negatively predict patient response to single-agent tipifarnib [35].
Studies are being designed to determine if this two-gene signature could be used
prospectively to select patients for tipifarnib-based AML therapy; such selection would be
based on the RASGRP1: APTX ratio expressed by the blast population of the diagnostic bone
marrow examination of the patient.
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DNA methyltransferase inhibitors

Epigenetic changes in the methylation state of promoter regions can lead to transcriptional
silencing of tumor suppression genes in a variety of cancers, including AML. Methylation of
cytosine by the enzyme DNA methyltransferase (DNMT) allows the recruitment of
transcriptional repression complexes via specific methyl-binding proteins, leading ultimately
to the structural repression of transcription of a gene by the formation of inactive
heterochromatin [36]. DNMT inhibitors, already approved for use in the treatment of MDS,
are being evaluated for the treatment of newly diagnosed AML in the elderly.

Decitabine (Dacogen, 5-aza-2’-deoxycytidine; Table 1) is a cytosine nucleoside analog that
is incorporated into DNA in S phase and irreversibly inhibits DNMT-1, thereby reversing
DNA hypermethylation. A phase I1, multicenter, single-arm, clinical trial of decitabine (20
mg/m2/day iv) administered for 5 days in 4-week cycles was conducted in patients (n = 55)
aged > 60 years (mean age = 74 years; range = 61 to 87 years) with newly diagnosed AML
who were considered ineligible for standard chemotherapy [37]. The median number of
cycles was three and 64% of patients had three or more cycles. The 30-day mortality rate
was 7%, the CR rate was 24% and the median time to achieve CR was 4.5 monthly cycles.
The median OS for all patients was 7.7 months, with a median OS of 14 months for those
patients achieving CR.

A subgroup analysis of the elderly patients (n = 113) in a previous phase 11 clinical trial of
the DNMT-1 inhibitor azacitidine (Vidaza, 5-azacytidine; Table 1) in patients with high-risk
MDS who met the WHO criteria for AML was recently reported [38]. The median age of
these patients was 70 years (range = 50 to 83) and the average bone marrow blast count was
23% (only 3 of the 113 patients had a count of > 30%). The trial compared azacitidine (75
mg/m2/day sc) with conventional care (ie, best supportive care only, low-dose cytarabine, or
an anthracycline plus cytarabine-based intensive chemotherapy) selected by the individual
physician prior to randomization. The median OS for patients randomized to azacitidine was
24.5 months compared with 16.0 months for conventional care (OS = 13.4, 17.0 and 14.2
months for best supportive care, low-dose cytarabine and intensive chemotherapy,
respectively). The 2-year OS rates were 50% for the azacitidine treatment and 16% for
conventional care (2-year OS =0, 31.8 and 25.0 months for best supportive care, low-dose
cytarabine and intensive chemotherapy, respectively). These differences in OS were not
reflected in the morphological CR rates: 18% for azacitidine and 16% for conventional care
(0, 15 and 55% for best supportive care, low-dose cytarabine and intensive chemotherapy,
respectively) [38]. This subgroup analysis requires prospective validation, but the wider
applicability of these results in selected patients with low blast-count AML, in addition to
elderly patients presenting with newly diagnosed AML with bone marrow blasts of > 30%,
remains to be determined.

Conclusion

AML is a heterogeneous disease in terms of both pathogenesis and pathophysiology.
Therefore, it is unsurprising that a single approach of aggressive induction chemotherapy
may not provide optimal treatment, particularly for older patients in whom the principles of
potentially curative approaches for younger patients may not hold true. However, there are
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exceptions to the general rule that older patients with AML have a poor prognosis with
currently available treatment options (eg, in acute promyelocytic leukemia [39], core-
binding-factor leukemias [40] or cytogenetically normal AML with nucleophosmin [NPM1]
expression [41]). Nonetheless, patient selection with ‘risk-of-treatment’ stratification is
crucial, as it is clear that, as age increases and performance status decreases, the initial harm
caused by intensive cytotoxic induction may outweigh any potential benefit of the treatment.
In certain cases, such as a 65-year-old patient with good performance status but high risk
disease, cytotoxic chemotherapy (eg, CPX-351 or alvocidib-based TST) may be the most
appropriate treatment; however, in other cases, such as an 80-year-old patient with poor
performance status, less intensive approaches may maximize both quantity and quality of
life, with a minimum of iatrogenic harm. As the number of older patients with AML
achieving CR increases, research should focus on how to best address potential curative
strategies. It remains an open question if allogeneic BMT with non-myeloablative
preparative regimens and/or suppression of high-grade GvHD will change the long-term
survival outlook for older adults with AML [42-44]. The ongoing development of molecular
predictors of response should provide the opportunity to design an individualized treatment
plan for older patients with AML.
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