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Acute myeloid leukemia (AML) represents a major therapeutic challenge in the elderly. Because of the high 
treatment-related mortality and poor overall outcomes of remission induction therapy, many older patients 
are not considered candidates for intensive chemotherapy. The current study evaluated prognostic factors 
for achievement of complete remission (CR) in newly diagnosed elderly AML patients who were treated 
with initial intensive chemotherapy. The study included 62 newly diagnosed AML patients ³70 years who 
were treated with intensive chemotherapy. The overall response rate (CR and CRp) was 56%. Patients with 
favorable or intermediate cytogenetics (p = 0.0036) as well as those with primary AML (p = 0.0212) had a 
higher response rate. The median overall survival for all patients was 6.85 months (95% CI 3.7–13.5 months). 
The median overall survival for patients achieving remission after intensive induction chemotherapy was 
significantly higher than those who did not respond to therapy (20.4 months vs. 3.5 months, p < 0.001). The 
all-cause 4-week mortality rate was 11%, and the all-cause 8-week mortality rate was 17.7%. A subgroup of 
elderly patients may benefit more from initial intensive induction chemotherapy, specifically those patients 
with performance status able to tolerate induction chemotherapy and favorable cytogenetic status. However, 
despite high rates of initial CR, relapse rates are still high, suggesting that alternative strategies of postremis-
sion therapy are warranted.
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chemotherapy for newly diagnosed AML has not changed 
appreciably over the past few decades; it consists of an 
anthracycline combined with cytarabine (6). CR can be 
expected in 60–70% of newly diagnosed AML patients 
with the current intensive chemotherapy regimens, but 
this depends on multiple factors including age, cytoge-
netics and molecular abnormalities, performance status, 
and organ function at diagnosis.

Treatment options for elderly AML patients range from 
intensive chemotherapy (e.g., combination of cytarabine 
and idarubicin) to less-intensive therapies (e.g., hypom-
ethylating agents) to supportive care only. Because of the 
perceived risks for poor outcomes and the increased toxic-
ity of intensive chemotherapy, elderly AML patients may 
not be considered candidates for intensive chemotherapy. 
To characterize the outcomes of intensive chemotherapy 
in patients age 70 or older with newly diagnosed AML, 
we performed a retrospective study of the efficacy and 

INTRODUCTION

Acute myeloid leukemia (AML) is the most com-
mon type of acute leukemia in adults with a median age 
at diagnosis of 67 years (1). The biological and clinical 
features of leukemia change gradually with increasing 
age, contributing to worse outcomes for elderly patients 
with AML. Older AML patients are more likely to have 
adverse cytogenetics, antecedent hematologic disorders 
or secondary AML, and a higher expression of multi-
drug resistance genes (2). Given their higher incidence 
of comorbidities and decreased performance status at the 
time of diagnosis, older patients tend to have poorer toler-
ance to therapy compared to younger patients (3).

The goal of induction chemotherapy in AML is to 
achieve complete remission (CR) with restoration of nor-
mal bone marrow (4,5). Attainment of CR is an important 
first goal in the treatment of AML, as this is associated 
with improved survival. The first course of intensive 
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toxicity associated with intensive chemotherapy. We also 
assessed factors that are potentially predictive of response 
to induction chemotherapy.

MATERIALS AND METHODS

Study Group

Between January 2000 and January 2013, 62 newly 
diagnosed AML patients ³70 years were treated with inten-
sive chemotherapy at the University of Pittsburgh Cancer 
Institute. Patients with acute promyelocytic leukemia 
were not included in this analysis. Cases of AML were 
classified as secondary on the basis of having a history of 
previous treatment with chemotherapy or radiotherapy or 
antecedent hematologic conditions including myelodys-
plasia and myeloproliferative neoplasms. The study was 
approved by the University of Pittsburgh Institutional 
Review Board according to institutional guidelines.

Therapy

Fifty-four elderly patients (87%) with AML received 
induction intensive chemotherapy that consisted of cytar-
abine (100 mg/m2 per day, days 1–7) and idarubicin  
(12 mg/m2 per day, days 1–3). The remaining eight patients 
(13%) received mitoxantrone (10 mg/m2 per day, days 
1–5) and etoposide (100 mg/m2 per day, days 1–5) for 
induction intensive chemotherapy. For patients who had 
residual leukemia and received additional intensive che-
motherapy, the combination of mitoxantrone and etopo-
side was used in the majority of patients (19/24 patients) 
as second course therapy. Topotecan and cytarabine, 
mitoxantrone and cytarabine, and idarubicin and cytara-
bine were also used as second course therapy. Fludarabine 
(30 mg/m2 per day, days 1–5) and cytarabine (2 gm/m2 per 
day, days 1–5) were administered as third course therapy 
in two patients, and gemtuzumab ozogamicin (GO) and 
cytarabine were given to one patient.

Cytogenetics

Cytogenetic abnormalities were defined based on pub-
lished criteria (7,8). The favorable-risk category included 

patients with abnormalities (abn) of inv(16)/t(16;16)/
del(16q) or t(8;21) without del(9q) or as part of a com-
plex karyotype. The intermediate-risk category included 
patients characterized by +8, −Y, +6, del (12p), or normal 
karyotype. The unfavorable-risk category was defined 
by the presence of one or more of −5/del(5q), −7/del(7q), 
inv(3q), abn 11q, 20q, or 21q, del(9q), t(6;9), t(9;22), 

abn 17p, or complex karyotype defined as three or more 
abnormalities.

Criteria for Response

Patients underwent bone marrow biopsy and aspira-
tion 14 days after a course of induction intensive che-
motherapy and a bone marrow biopsy/aspiration after 

peripheral blood count recovery. Using established crite-
ria (9), CR was defined by the presence of less than 5% 
blasts in the bone marrow, absence of extramedullary leu-
kemia, and peripheral blood count recovery with a neu-
trophil count of at least 1 × 109/L and a platelet count of at 
least 100 × 109/L. CRp was defined by the presence of less 

than 5% blasts in the bone marrow, absence of extramed-
ullary leukemia, and incomplete platelet regeneration 
(<100 × 109/L).

Statistical Methods

Logistic regression was used to evaluate the associa-
tion of different factors and the occurrence of CR or CRp. 
Overall survival (OS) and relapse-free survival (RFS) 
were estimated by the Kaplan–Meier method from our 
study database, which was locked on April 29, 2013. The 
Cox proportional hazard model (CoxPH) was employed to 
examine the relationship between survival experience and 
demographic and baseline characteristics. The log-rank 
test was used to compare the OS between the responders 
and nonresponders. OS was defined as the date of starting 
induction chemotherapy until the date of recorded death. 
RFS was defined as the date on which complete response 
was achieved to the date of documented relapse or death. 
All tests were two-sided. Statistical analysis was per-
formed using SAS 12.1, and the figures were produced 
by the R package (version 2.14.0).

RESULTS

Baseline Characteristics

The study cohort consisted of 62 elderly patients with 
newly diagnosed AML; the median age was 73 years 
(range, 70–87 years). Patient demographics and baseline 
characteristics are presented in Table 1. Twenty patients 
had secondary AML. Cytogenetic data were available for 
56 patients; 16 (26%) had an unfavorable-risk karyotype, 
37 (60%) had an intermediate-risk karyotype, and 3 (5%) 
had a favorable-risk karyotype.

Responses

The overall response rate (CR and CRp) was 56%; 
28 patients (45%) achieved CR and 7 patients (11%) 
achieved CRp. Twenty-four patients achieved remis-
sion after a single course of intensive chemotherapy, 
10 patients after two courses, and 1 patient after three 
courses. Twenty-one patients (34%) had persistent leu-
kemia after one to three courses of intensive chemo-
therapy (10 patients received one course of therapy, 9 
patients received two courses, and 2 patients received 
three courses). Five patients had a significant reduction 
of blasts (<5%) in their bone marrow after therapy but 
died prior to count recovery and reevaluation of the bone 
marrow. One patient died prior to performing the bone 
marrow biopsy to evaluate response.
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Four patients who were treated with cytarabine and 
idarubicin had the cytarabine discontinued on the fourth 
day due to the development of cardiac arrhythmias and 
elevated liver enzymes. Two of these patients achieved 
CR, and two had persistent leukemia.

Favorable or intermediate cytogenetics (p = 0.0036) 
and primary AML (p = 0.0212) were associated with a 
higher response rate (including CR and CRp) (Tables 2 
and 3). In the multivariable model, after controlling for 
each other, cytogenetic status (p = 0.0038) and AML 
status (0.0186) were still significantly associated with 
response.

Among the patients who achieved remission, the 
majority of patients (71%) received additional postremis-
sion therapy with cytarabine. Other postremission thera-
pies included decitabine and thalidomide, and two patients 

underwent reduced intensity allogeneic hematopoietic 
cell transplantation.

Survival

Fifty-seven of the 62 patients had died by the time 
of analysis. The median OS for all patients was 6.85 
months (95% CI 3.7–13.5 months) (Fig. 1). The median 
OS for patients who achieved remission after induction 
chemotherapy was significantly higher than those who 
did not respond to therapy (20.4 months vs. 3.5 months, 
p < 0.001). Cox regression analysis indicated that unfa-
vorable cytogenetics at diagnosis (p = 0.004) and persis-
tent leukemia after induction therapy (p < 0.001) were 
independently associated with lower overall survival. 
The median duration of RFS for patients who achieved 
CR was 12.4 months (95% CI 7.2–17.4 months).

Toxicity

The all-cause 4-week mortality rate was 11%, and the 
all-cause 8-week mortality rate was 17.7%. Infectious 
complications were the most common cause of death. 
The causes of death by 8 weeks included sepsis (nine 
patients), intracranial hemorrhage (one patient), and pro-
gressive disease (one patient). All patients developed 
grade 4 neutropenia and thrombocytopenia. Complete 
responders required a median of 34 days (range 18–55 
days) from the completion of treatment to neutrophil 
recovery and a median of 38 days (range 21–65 days) 
for platelet recovery. All patients had fever associated 
with neutropenia; 10 patients developed Clostridium dif-
ficile colitis, 24 patients had bacteremia, 4 patients had 
fungemia, 11 patients had bacterial pneumonia, and 9 
patients had fungal pneumonia.

DISCUSSION

AML can occur in people of all ages, but it is primarily 
a disease of older adults, with a median age of diagnosis 
of 67 years (1). It is estimated that more than 50% of 
AML patients are over the age of 65 years at time of diag-
nosis, and these patients have worse outcomes compared 
to younger individuals. Only 10% to 15% of older AML 
patients enjoy prolonged RFS (3).

The treatment of AML in older patients presents a 
number of challenges, and treatment strategies remain 
debatable. As a consequence, an important decision is 
which patient should receive intensive chemotherapy to 
achieve CR and which patient would be better off receiv-
ing less intensive options or supportive care only.

Support for the use of intensive chemotherapy in 
older AML patients is derived from trials designed for 
older adults and from the extrapolation of data from 
trials in younger adults. There is evidence from ear-
lier studies that the outcome in elderly AML patients 
after intensive chemotherapy is superior to less intense 

Table 2. CR Rates by Patient Characteristics

CR Rates p Value

Sex 0.21
Female 16/22 (73%) 
Male 19/34 (56%)

AML etiology 0.0212
De novo 28/39 (72%)
Secondary 6/16 (37%)

Cytogenetic risk category at diagnosis 0.0036
Unfavorable 4/13 (31%)
Intermediate/favorable 29/37 (78%)

Table 1. Patient Characteristics

Characteristic No.

Total number 62
Median age (years, range) 73 (70–87)
Sex

Male 37 (60%)
Female 25 (40%)

AML at diagnosis
De novo 42 (68%)
Secondary 20 (32%)

Cytogenetic risk category at AML diagnosis
Unfavorable 16 (26%)
Intermediate 37 (60%)
Favorable 3 (5%)
Not reported 6 (9%)

WBC count at AML diagnosis 
(range) × 109/L 

5.8 (0.8–293)

% blasts in bone marrow at AML diagnosis 
(range)

50 (17–96)

Hemoglobin at AML diagnosis (g/dl, range) 9.1 (5.8–13.9)
Platelet count at AML diagnosis  
(× 109/L, range)

54 (3–263)

LDH count at AML diagnosis (range) 557 (103–4734)

AML, acute myeloid leukemia; WBC, white blood cell.
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therapies. In a prospective study reported by Löwenberg 
et al., AML patients over 65 years of age (median age 
72 years, range 65–82) received one or two courses of 
daunorubicin, vincristine, and cytarabine for remis-
sion induction versus supportive care and mild cytore-
ductive chemotherapy only for relief of progressive 
AML-related symptoms (10). The patients that received 
chemotherapy achieved higher CR rates (58% vs. 0%) 
and had better OS (21 weeks vs. 11 weeks, p = 0.015). 
Tilly et al. compared low-dose cytarabine with inten-
sive chemotherapy (rubidazone, a daunorubicin-derived 
agent, and cytarabine) in 87 AML patients (median age 
72 years, range 65–83) (11). The number of CRs was 
higher in the intensive chemotherapy group, while par-
tial remissions and failures were more frequent in the 
low-dose cytarabine group. However, infectious compli-
cations during induction treatment were more numerous 
and more severe in the intensive chemotherapy group 
(p < 0.01), and survival was similar in both groups (8.8 
months with low-dose cytarabine vs. 12.8 months with 
intensive chemotherapy).

Clinical trials have also investigated various doses of 
cytarabine and anthracyclines as well as different anthra-
cyclines (e.g., daunorubicin, mitoxantrone, or idarubi-
cin) for the treatment of older adults with AML (12–15). 
Higher doses of anthracyclines resulted in superior CR 
rates without an apparent increase in toxicity. In a recent 
phase 3 clinical trial, patients (median age 67 years, range 
60–83) were randomly assigned to receive cytarabine 
plus daunorubicin for 3 days, either at the conventional 
dose of 45 mg/m2 (411 patients) or at an escalated dose of 
90 mg/m2 (402 patients) (14). The CR rate was 64% in the 
group that received the escalated dose of daunorubicin 
and 54% in the group that received the conventional dose 
(p = 0.002). There was no significant difference between 
the two groups in the incidence of hematologic toxic 
effects, 30-day mortality (11% and 12% in the two groups, 
respectively), or the incidence of moderate, severe, or 

Table 3. Comparisons of Patient Characteristics Between CR and NR

CR Pts (n = 35) NR Pts (n  = 21)
p 

Value

Median age (years, range) at diagnosis 73 (70–83) 73 (70–87) 0.50
Median WBC count (× 109/L, range) at AML diagnosis 8.0 (1.2–126.8) 9.5 (0.8–293.3) 0.66
Median (%, range) blasts at AML diagnosis 51 (21–96) 30.5 (20–67) 0.76
Median hemoglobin (g/dl, range) at AML diagnosis 9.1 (7.8–13.9) 9.45 (7.5–12.0) 0.42
Median platelet count (× 109/L, range) at AML diagnosis 64 (16–263) 51.5 (3–163) 0.09
Median LDH (range) at AML diagnosis 539 (113–4734) 631 (119–3,008) 0.90
Median total bilirubin (range) at AML diagnosis 0.7 (0.2–1.4) 0.4 (0.1–1.8) 0.67
Median creatinine (range) at AML diagnosis 0.95 (0.6–2.1) 1.1 (0.6–1.9) 0.11

CR, complete remission; NR, patients not responsive to induction chemotherapy.

Figure 1. (A) Overall survival. (B) Comparison of survival 
between patients in complete remission (CR) and patients not 
responsive to induction chemotherapy (NR).
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life-threatening adverse events (p = 0.08). Survival end-
points in the two groups did not differ significantly over-
all. Collectively, these studies demonstrated relatively 
high CR rates with the use of intensive chemotherapy in 
elderly AML patients.

The M. D. Anderson Cancer Center analyzed 446 
patients ³70 years of age with AML who were treated 
with cytarabine-based intensive chemotherapy between 
1990 and 2008 (16). The overall complete response rate 
was 45%, 4-week mortality was 26%, and 8-week mor-
tality was 36%. The median survival was 4.6 months, and 
the 1-year survival rate was 28%. A multivariate analysis 
of prognostic factors for 8-week mortality identified the 
following to be independently adverse: age ³80 years, 
complex karyotype, poor performance status, and ele-
vated creatinine >1.3 mg/dl.

Despite poor outcomes, several arguments can be 
made in favor of intensive chemotherapy in elderly AML 
patients in regard to improved survival. The Swedish 
Acute Leukemia Registry reported that intensive chemo-
therapy decreases rather than increases early death rates 
and is a prerequisite for long-term survival in most patients 
up to 80 years of age (17–19). For patients between 70 
and 79 years old with a performance status (PS) of 0–II, 
the 8-week mortality rate with intensive treatment for 
AML was 8% for those with intermediate-risk genetics 
and 22% with high-risk genetics. In comparison, with 
palliative treatment, the 8-week mortality was 23% and 
47%, respectively. Long-term survivors were found 
among the elderly who were given intensive treatment 
despite their poor initial PS. Also, total survival of elderly 
AML patients was better in the geographic regions where 
most of them were given standard intensive therapy. The 
median survival for patients 70–79 years old with a PS 
of 0–II who received intensive treatment was 16 months 
with intermediate genetic risk and 9 months with high 
genetic risk.

In cytogenetically normal de novo AML patients with 
an age >60 years, Becker et al. reported that patients with 
nucleophosmin (NPM1) gene mutation had higher CR 
rates (84% vs. 48%, p < 0.001), longer disease-free sur-
vival (23% vs. 10%, 3-year rates, p < 0.047), and longer 
overall survival (35% vs. 8%, 3-year rates, p < 0.001) than 
NPM1 wild-type patients (20). The prognostic impact of 
NPM1 gene mutations was mainly observed in patients 
>70 years. Prebet et al. evaluated the characteristics and 
outcomes of 147 AML patients (median age of 67 years, 
range 60–82) with translocations associated with rear-
rangements of the core-binding factor (CBF) genes CBFA 
and CBFB (21). Sixty patients had t(8;21), and 87 patients 
had inv(16). A total of 129 patients (88%) achieved 
CR after one or two induction courses, and 15 patients 
(10%) died early (i.e., during the 8 weeks after induction). 

During a median follow-up of 48 months, the 5-year prob-
abilities of OS and leukemia-free survival were 31% and 
27%, respectively.

In the current study, adverse cytogenetics and second-
ary AML were found to influence outcomes including 
response rates and survival. These predictive factors have 
also been validated among patients who received inten-
sive induction chemotherapy by other groups (7,22). The 
OS did not differ from other studies. There was a signifi-
cant survival benefit in patients who achieved CR, con-
firming that achievement of CR could be a prerequisite 
for long-term survival. Despite the presence of comorbid-
ities in the majority of the patients, the mortality was not 
significantly higher compared to previous reports of older 
patients with AML who received intensive chemotherapy. 
This may reflect the improvement in supportive care in 
the current era, including the routine use of antimicrobial 
agents and intensive care support.

An inherent limitation of this single institution retro-
spective study is the basis for the use of intensive induc-
tion chemotherapy, as opposed to alternative options. 
Selection of patients by the treating physician of patients 
with PS able to tolerate intensive chemotherapy could 
potentially introduce selection biases and influenced the 
results of this study. In addition, patients who refused 
intensive induction chemotherapy or those who were 
deemed unsuitable for therapy are not accounted for in 
our analysis. Molecular studies were only performed for 
a few patients (data not shown) since the study included 
patients from 2000, when molecular studies were not rou-
tinely performed.

Predictive scores that may be used as decision crite-
ria for older AML patients who are treated with intensive 
chemotherapy have been investigated by several groups 
(16,23–26). Cytogenetics, age, white blood cell count at 
diagnosis, PS, type of AML, and organ dysfunction were 
variables identified in different scoring systems that were 
significantly related to prognosis.

Over the last decade, new therapeutic approaches 
have been used in elderly AML patients (Table 4). These 
options include, among others, the use of low-dose cytar-
abine (27), hypomethylating agents (28,29), gemtuzumab 
ozogamicin (GO) (30,31), clofarabine (32,33), farnesyl 
transferase inhibitors (34,35), FMS-like tyrosine kinase 
3 (FLT-3) inhibitors (36), and sapacitabine (37). Among 
these agents, the hypomethylating agents, decitabine 
and azacitidine, are approved by the United States Food 
and Drug Administration (US FDA) for the treatment of 
myelodysplastic syndromes. GO is a targeted antineoplas-
tic agent consisting of a recombinant anti-CD33 human-
ized antibody linked to N-acetyl-g-calicheamicin. GO was 
approved in 2000 by the US FDA for use in patients age 
60 or older with CD33+ AML in first relapse (38,39). GO 
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has also been used in elderly AML patients as frontline 
therapy. However, in 2011, GO was withdrawn from the 
US market.

With the development of these new novel agents, it 
is even more challenging to decide when to treat newly 
diagnosed elderly AML patients with intensive induction 
chemotherapy, especially when there are no prospective 
comparisons of these agents to standard cytarabine-based 
intensive chemotherapies. Elderly AML patients that have a 
high risk of treatment-related mortality due to comorbidities 
and poor PS, a low likelihood of achieving CR due to dis-
ease biology (e.g., poor cytogenetic risk) should be offered 
new investigational agents and be enrolled in clinical trials. 
Patients without major comorbidities, a higher likelihood 
of achieving CR, and maintaining long-term remission can 
be treated with intensive therapies, preferably enrolling in 
clinical trials that not only investigate remission-induction 
therapies but novel strategies to prevent disease relapse.

In conclusion, a subgroup of elderly patients may ben-
efit more from initial intensive induction chemotherapy, 
specifically those patients with PS able to tolerate induc-
tion chemotherapy and favorable cytogenetic status. 
However, despite high rates of initial CR, relapse rates 
are still high, suggesting that alternative strategies of post-
remission therapy are warranted.
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