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is a disease of older adults. In the US, the median
 68 years and the age-adjusted population inci-
 is 17.6 per 100,000 for people 65 years of age or
 compared with an incidence of 1.8 per 100,000
ople under the age of 65 years.1 Therefore, of the
ated 11,900 new AML diagnoses in the US in
 over half will affect patients 60 years of age or
 a population considered “elderly” in the leuke-
terature.2-5 This number will only increase as the
ation of US citizens 65 years or older, estimated
 approximately 35 million in the year 2000, is
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expected to double by the year 2030.
Older adults with AML, when compared to

younger patients with the same disease, have a poor
prognosis and represent a discrete population in terms
of disease biology, treatment-related complications, and
overall outcome. As a result, older patients require dis-
tinctive management approaches to determine whether
standard treatment, investigational treatment, or low-
dose therapy or palliative care is most appropriate. Par-
ticularly in this population, the tradeoff between po-
tential for cure or survival prolongation and quality of
life must be weighed carefully.

Disease Biology

Cytogenetics
Older adults with AML have a lower incidence of fa-
vorable chromosomal abnormalities [including the core
binding factor abnormalities, such as t(8;21) or abnor-
malities of chromosome 16, or the t(15;17) associated
with APL] and a higher incidence of unfavorable ab-
normalities (including complex cytogenetics or abnor-
malities of chromosomes 5, 7, or 8) compared to
younger adults with AML (Table 5).6-8 The rare older
patient fortunate enough to have good-risk cytogenetic
abnormalities may have a survival advantage over other

older patients,8,9 though it is not clear that this finding
holds for patients older than 65 years.

Bone marrow biology
In older adults, AML is more likely to arise from a
proximal bone marrow stem cell disorder, such as
myelodysplastic syndrome (MDS), and with leukemia-
specific abnormalities in more than one hematopoietic
cell lineage. This may explain the different disease be-
havior in this group, as well as prolonged neutropenia
following chemotherapy.3 Older adults with AML also
are more likely to have reduced proliferative capacities
in normal hematopoietic stem cells, which may affect
blood count recovery following intensive chemotherapy.

Drug-resistance genes
The expression of genes that mediate drug resistance
occurs with increased frequency in this age cohort.
MDR1, the so-called P-glycoprotein (gp170) chemo-
therapy efflux pump, was found in 71% of leukemic
blasts in subjects in a SWOG study of AML patients
over the age of 55 years, compared to a prevalence of
35% in younger AML patients.10 MDR1/P-glycopro-
tein expression is associated with lower complete re-
mission (CR) rates and more chemo-resistant disease.

Prior stem cell insult
Older adults with AML are more likely to have a sec-
ondary leukemia arising from an antecedent MDS or
from prior treatment with chemotherapy or radiation
therapy for another cancer. Patients with this type of
AML are predisposed to having abnormalities in chro-
mosome 5 and/or 7.7 Secondary AML (AML that arose
after MDS, myeloproliferative disorders, and therapies
of malignancy) comprises 24%–56% of AML diagno-
sis in older patients,10,11 compared to a prevalence of
approximately 8% in younger AML patients in the
Medical Research Council (MRC) AML 10 trial.7 AML
arising from prior bone marrow stem cell disorders or
antecedent hematologic disorders, particularly when the
process is greater than 10 months in duration prior to
the development of AML, is less responsive to chemo-
therapy, resulting in shorter event-free survival, a lower
CR rate, and conferring a worse prognosis.12

Response to Therapy
Older adults are not as tolerant of or responsive to re-
mission induction and consolidation chemotherapy com-
pared to their younger counterparts. High mortality rates
likely result from inherent disease biology, an increased
prevalence of comorbid disease, and a differential me-
tabolism of induction regimen drugs, particularly
cytarabine, resulting in supratherapeutic drug levels.4

Table 5. Characteristics of older and younger adults with
acute myeloid leukemia (AML).

Older AML Younger AML
Characteristic Patients A Patients A

Population incidenceB 17.6 1.8

Favorable cytogeneticsC

t(8;21) 2% 9%
inv 16 or t(16;16) 1–3% 10%
t(15;17) 4% 6–12%

Unfavorable cytogeneticsC

-7 8–9% 3%
+8 6–10% 4%
Complex 18% 7%

MDR1 expression 71% 35%

Secondary AML 24–56% 8%

Treatment-related mortalityD 25–30% 5–10%

Complete remissionD 38–62% 65–73%

Long-term survivalC 5–15% 30%

A In general, Older AML Patients are defined as ≥ 60 years of
age; Younger AML Patients as <  60 years of age.
B New diagnoses, per 100,000 US citizens per year. Older/
younger division occurs at 65 years.
C Percentages rounded to nearest whole number
D Rates following remission-induction therapy with an
anthracycline- or anthracenedione-based regimen.
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Concern over potential treatment-related toxicities may
result in undertreatment of disease. Paradoxically, ad-
ministration of full-dose daunorubicin, for example,
may result in a reduction in early deaths by effecting a
more rapid CR.

The outcome of older adults with AML is also
worse. Adults under the age of 60 years treated with an
induction regimen consisting of an anthracycline com-
bined with cytarabine have a 65%–73% chance of at-
taining a complete remission (CR), while those over 60
years of age have a 38%–62% chance of a CR.2-4,13-15

Patients who fall into the “very elderly” category (80
years or older) can attain a CR with intensive therapy,
but their chance of doing so is 30%, and only 7% of
treated patients are alive at one year. Similar numbers
hold for patients 70 years of age or older.9 Moreover,
long-term survival occurs in approximately 30% of
younger adults (or 45% of those entering a CR), com-
pared to only 5%–15% long-term DFS in adults over
the age of 60 years.2-4,15

Indications for Treatment
For 85%–95% of older AML patients, any therapy ul-
timately will be purely palliative. Treatment options
range from supportive care (blood and platelet transfu-
sions when needed, antibiotics to treat infections, and
growth factor support) to low-dose chemotherapy (e.g.,
hydroxyurea or low-dose cytarabine) or investigational
agents as part of clinical trials, and high-dose chemo-
therapy (anthracycline- or anthracenedione-based re-
mission induction therapy). Two trials have random-
ized older patients to receive either immediate remis-
sion induction chemotherapy with an anthracycline-
based regimen versus a less aggressive or palliative ap-
proach.16,17 Only one of these studies16 demonstrated a
survival advantage for patients receiving induction che-
motherapy (21 vs 11 weeks, P = 0.015), for a median
survival time only 16 days longer than the median amount
of time they spent hospitalized to receive therapy. Thus,
the decision of whether or not to offer remission induc-
tion therapy (on the part of physicians) or to receive it
(on the part of patients) is not straightforward.

In making this decision, older patients overesti-
mate the potential benefit they may derive from in-
tensive chemotherapy and may not recall all treat-
ment options. One study18 found that 74% of older
patients estimated their chance to be cured by re-
mission induction therapy to be ≥ 50%, and almost
90% estimated their chance of being alive in one
year to be ≥ 50%. In contradistinction, physicians
caring for these patients estimated the chance of cure
to be ≤ 10% almost 89% of the time. Nearly two-
thirds of patients did not recall being offered treat-

ments other than the one they chose, despite physi-
cian documentation of alternatives in all cases. Pa-
tients choosing to receive remission induction therapy
spent 79% of their days during the first 6 weeks of
the study period either hospitalized or being seen in
clinic, compared to 14% of days for patients choos-
ing less aggressive therapy or best supportive care.
Thus, treatment decisions should be based on indi-
vidual patient preferences after an informed discus-
sion has taken place that incorporates risk estimates
modified to a patient’s performance status, comorbid-
ities, and leukemia-specific risk factors, without us-
ing absolute cutoffs for prognostic factors or chrono-
logical age. For example, an active, “younger” older
adult with de novo AML and favorable cytogenetics
should be presented with different prognostic informa-
tion than a bed-bound septuagenarian with secondary
disease and complex cytogenetics. Ideally, this discus-
sion should include specifics about prognosis and treat-
ment-related complications, and the potential impact
therapy will have on a patient’s quality of life. When
available and clinically appropriate, older patients
should always be offered the opportunity to partici-
pate in clinical trials for up-front therapy.

Treatment Options

Remission induction therapy
As with younger AML patients, the backbone of remis-
sion induction in older adults consists of an anthracycline
(daunorubicin or idarubicin) or anthracenedione
(mitoxantrone) and cytosine arabinoside (Ara-C), a regi-
men that has not changed in over two decades. Typi-
cally, daunorubicin is given at a dose of 45 mg/m2/d ×  3
days, or mitoxantrone or idarubicin are given at doses
of 12 mg/m2/d ×  3 days, in combination with Ara-C,
which is administered as a continuous infusion at 100
or 200 mg/m2/d ×  7 days (frequently referred to as 7+3
chemotherapy). While studies have compared different
anthracyclines and anthracenediones, varied doses and
schedules, and added additional agents with some im-
provement in CR rates, they have not demonstrated an
improvement in overall survival (OS) rates (Table
6).2,5,13,15,19-21 For example, a recent study from the ECOG
randomized older AML patients to remission induction
therapy with either daunorubicin, idarubicin, or
mitoxantrone along with a standard dose of Ara-C.9

The outcome was not significantly different, with CR
rates of 40%, 43%, and 46% and median survivals of
7.7, 7.5, and 7.2 months, respectively. Once a decision
has been made to initiate intensive chemotherapy, it
should not be delayed, as this may impact outcome.9,22
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Table 6. Selected randomized studies defining remission induction therapy in older adults.

Remission Complete
Goal Induction Agents Remission Overall Survival Comments
Compare Anthracyclines and Anthracenediones

Lowenberg, 19982 M (8 mg/m2/d) + 47% 39 weeks (median) Early and post-induction death rates
A (100 mg/m2/d) 9% (5 years) were similar for both arms. Patients
vs. vs. vs. receiving mitoxantrone had a significantly
D (30 mg/m2/d) + 38% 36 weeks (median) higher rate of severe infections (25.1%
A (100 mg/m2/d) P = 0.07 6% (5 years) vs 18.6%) and a trend toward a longer

P = 0.23 duration of aplasia (22 vs 19 days).

AML Collaborative I (8-20 mg/m2/d) + 51% 33.6 weeks (median) Early induction failure tended to be higher
Group, 199819 A (100-200 mg/m2/d) with idarubicin, while late induction failure

vs. vs. vs. was lower. Myelosuppression was
D (45-50 mg/m2/d) + 46% 29.9 weeks (median) greater in patients receiving idarubicin.
A (100-200 mg/m2/d) P = ND P = 0.58

Archimbaud, 199920 I (8 mg/m2/d) + 45% 7 months (median) No difference between groups in degree
A (100  mg/m2/d) + 21% (2 years) of myelosuppression or in early death
E (100 mg/m2/d) rates.
vs. vs. vs.
M (7 mg/m2/d) + 50% 7 months (median)
A (100-200 mg/m2/d)+ P = 0.52 21% (2 years)
E (100 mg/m2/d) P = ND

Vary 7+3 Dose

Buchner, 199721 D (60 mg/m2/d) + 54% 16% (5 years) The 30 mg daunorubicin arm was closed
A (100 mg/m2/d) prematurely due to higher response rates
vs. vs. vs. in the 60 mg arm, resulting in 42 patients
D (30 mg/m2/d) + 42% 10% (5 years) receiving lower dose daunorubicin, and
A (100 mg/m2/d) P = 0.038 P = 0.11 130 patients receiving the higher dose.

Dillman, 199113 D (45 mg/m2/d) + 44% 11.0 weeks (median) This study has short overall survival times
A (100 mg/m2/d) compared to other studies in this patient
vs. vs. vs. population.
D (45 mg/m2/d) + 38% 9.6 weeks (median)
A (200 mg/m2/d) P = 0.68 P = 0.23

Add Agents

Goldstone, 200115 D (50 mg/m2/d) + 62% 12% (5 years) There were no significant differences in
A (100 mg/m2 q 12 hours)+ myelosuppression or other toxicities,
T (100 mg/m2 q 12 hours) neutrophils were slower to recover in the
vs. vs. vs. mitoxantrone arm. Patients receiving ADE
D (50 mg/m2/d) + 50% 8% (5 years) had higher rates of induction death (26%
A (100 mg/m2 q 12 hours) + P = 0.0021 P = 0.021 compared to 16% for DAT and 17% for
E (100 mg/m2/d) MAC)
vs. vs. vs.
M (12 mg/m2/d) + 55% 10% (5 years)
A (100 mg/m2/d P = 0.042 P = 0.1,2 0.23

Baer, 20025 D (60 mg/m2/d) + 46% 7 months (median) Because of concern about excessive
A (100 mg/m2/d)+ mortality on the ADEP arm (25 deaths vs
E (100 mg/m2/d) 12 on the ADE arm), it was closed early to
vs. vs. vs. to further accrual. Survival between the
D (40 mg/m2/d) + 39% 2 months (median) two arms was similar at one year.
A (100 mg/m2/d) +
E (60 mg/m2/d) + P = 0.008 P = 0.48
P (10 mg/kg/d)

Use Hematopoietic Growth Factors

Stone, 19953 D (45 mg/m2/d) + 54% 10.8 months Median duration of neutropenia was 15
A (200 mg/m2/d) (median) days in the GM-CSF arm and 17 days in
vs. vs. vs. placebo arm (P = 0.02). The duration of
D (45 mg/m2/d) + 51% 8.4 months hospitalization did not differ between the
A (200 mg/m2/d) + (median) arms; nor did the rates of life-threatening
GM-CSF (5 µg/kg/d) P = 0.61 P = 0.10 infection, or persistent leukemia.

Godwin, 199814 D (45 mg/m2/d) + 50% 9 months The duration of neutropenia was 15%
A (200 mg/m2/d) (median) shorter in the G-CSF arm compared to the
vs. vs. vs. placebo arm (P = 0.14). The duration of
D (45 mg/m2/d) + 41% 6 months hospitalization did not differ between the
A (200 mg/m2/d) + (median) arms; nor did the rates of life-threatening
G-CSF P = 0.89 P = 0.71 infection, or persistent leukemia.

Abbreviations: M, mitoxantrone; A, Ara-C (cytosine arabinoside); D, daunorubicin; I, idarubicin; E, etoposide; T, thioguanine; P, PSC-833;
GM-CSF, granulocyte macrophage colony stimulating factor; G-CSF, granulocyte colony stimulating factor; ND, not done
1 For comparison of DAT to ADE 2 For comparison of DAT to MAC 3 For comparison of ADE to MAC
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Hematopoietic growth factors
In the majority of AML patients, death results from
bleeding or infectious complications. This is particu-
larly true in older adults with AML. The utility of he-
matopoietic growth factors (HGF) for ameliorating the
myelosuppressive complications of AML therapy in
older adults has been studied extensively.3,14 These tri-
als were also designed to determine whether or not HGF
had detrimental effects due to inappropriate stimula-
tion of leukemic cell proliferation and thus resistance,
or whether they had beneficial effects in “priming” leu-
kemic cells to proliferate prior to the administration of
S-phase specific chemotherapy agents such as Ara-C.9,23

With the exception of one ECOG study that demon-
strated a CR rate and overall survival benefit in patients
randomized to the GM-CSF arm (compared to patients
receiving no growth factor support), these trials found
that while HGF are safe, reduce the duration of neutro-
penia (by a range of 2–6 days), and do not support
leukemia cell proliferation, they also do not reliably
improve the CR rate, the length of hospitalization, or
the induction death rate or prolong survival.

Post-remission chemotherapy
No randomized trial has ever demonstrated that any
amount of post-remission therapy in older AML pa-
tients provides better outcomes than no post-remission
therapy. That being said, the only studies demonstrat-
ing that long-term DFS is possible in older AML pa-
tients have included remission induction and post-re-
mission therapy. It is reasonable, then, to administer
post-remission therapy consisting of a repeat of remis-
sion induction therapy, single-agent Ara-C, or 2 days
of an anthracycline or anthracenedione (the same type
of drug given at the same doses as with remission in-
duction therapy) combined with 5 days of Ara-C, again
given at the same dose as with remission induction
therapy (frequently referred to as post-remission
therapy). There does not appear to be any additional
survival benefit attained from administering more than
1–2 cycles of post-remission therapy or in treating older
AML patients with maintenance therapy. In the Medi-
cal Research Council (MRC) AML 11 trial, 371 pa-
tients who entered a complete remission following
anthracycline- or anthracenedione-based remission in-
duction therapy were randomized to receive either 1
cycle of daunorubicin, Ara-C, and thioguanine (DAT) con-
solidation therapy, or DAT along with 3 additional cycles
of Ara-C–based consolidation therapy (for a total of 4
cycles of post-remission therapy).15 Of those randomized
to the long consolidation course, 61% were able to com-
plete all 4 cycles. Survival was similar at 5 years for pa-
tients randomized to the short and long consolidation arms.

Postremission bone marrow transplantation
An even more aggressive approach than induction
therapy followed by consolidation consists of bone
marrow transplantation. Nonmyeloablative allogeneic
bone marrow transplants take advantage of a graft-ver-
sus-leukemia effect using a less-intensive preparative
regimen with lower up-front mortality. The reduced
TRM and ability to perform these transplants in the
outpatient setting make them an appealing option for
the older AML patient with few comorbidities and an
adequate performance status. Preliminary studies that
include older AML patients have demonstrated that du-
rable complete remissions are attainable with this treat-
ment, though with limited follow-up. One study of 19
patients with myeloid malignancies (17 of whom had
advanced MDS or AML) and a median age of 64 years
(range, 60–70 years) demonstrated a 68% survival at a
median follow-up of 825 days following nonmyeloab-
lative transplantation.24 These early data have prompted
cooperative groups to explore the role of bone marrow
transplantation in older AML patients in first CR.

Newer approaches
Remission induction therapy for older adults with AML
is no panacea, with median and 5-year survival rates
resembling those of patients with advanced lung can-
cer.1 It is thus reasonable to consider investigational
agents for older AML patients as initial therapy, par-
ticularly those that may be associated with less TRM.
Potential targets for antileukemia therapy include spe-
cific signaling molecules required for the maintenance
of the leukemic state, such as tyrosine kinases;
overexpression of bcl-2, an anti-apoptosis signal; DNA
methylation, associated with suppression of regulatory
genes and with disease progression; indirect pathways
that maintain leukemogenesis, including angiogenesis
and drug resistance; and investigational agents with
mechanisms of action that differ from anthracyclines,
anthracenediones, and Ara-C, such as nucleoside ana-
logs, farnesyl transferase inhibitors (FTIs), and MDR
modulators, alone or in combination with standard thera-
pies.25-29 These approaches are discussed in more detail
in Section I. The efficacy of the FTI Zarnestra will be
examined in newly diagnosed AML patients over the
age of 70 years in the US cooperative group setting
(SWOG 0432). One recent trial from the Dutch-Bel-
gian Hemato-Onocology Cooperative Group (HOVON)
randomized predominantly older patients, most of whom
had a diagnosis of advanced MDS or AML, to Ara-C
and G-CSF or the same regimen plus fludarabine for 2
cycles followed by Ara-C and daunorubicin for 1 cycle.30

This study is typical of many novel combination trials
in older AML patients in that, while the CR rate was
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improved in AML patients receiving fludarabine (95%
vs 71%, P = 0.046), survival was not impacted.

Supportive/palliative care
Intensive chemotherapy provides only marginal, if any,
survival benefit to older AML patients, so non-inten-
sive (or non-chemotherapy-based) approaches are rea-
sonable. We use the phrase aggressive supportive care
to emphasize that symptoms will be treated vigorously
and to distinguish this modality from hospice. Blood
and platelet transfusions should be administered to al-
leviate symptoms stemming from anemia and thromb-
ocytopenia, and antibiotics started when appropriate.
Low-dose chemotherapy should only be used in the set-
ting of leukocytosis and/or associated symptoms. Any
recommendations for the institution of neutropenic pre-
cautions (i.e., avoiding crowds, refraining from
ingestions of raw foods) must be balanced with the lack
of evidence supporting the benefit of these maneuvers
and the impact such restrictions will have on a patient’s
quality of life. Hospice services should be instituted
within 6 months of anticipated demise. While some
hospice organizations prohibit blood product transfu-
sions, we consider these to be palliative in this popula-
tion as they may result in improved quality of life in
terminal cancer patient populations.
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