
Abstract. Background/Aim: The prognosis of acute myeloid
leukemia (AML) in elderly patients remains poor due to their
poor general condition and the intrinsic chemotherapy-
resistant nature of their leukemia cells. The present
retrospective study evaluated the clinical background as well
as the response to treatment, of an unselected group of
elderly patients with AML who were admitted to our
Institution over a period of six years. Patients and Methods:
Patients aged 65 years or older with AML admitted to our
Institution between January 2005 and May 2011 were
evaluated retrospectively. Results: Forty-six patients were
admitted to our Institution, among whom 41 received
remission induction chemotherapy. Twenty-four patients
received intensive chemotherapy, while 13 received low-dose
cytarabine-based chemotherapy. Other modalities were used
in four patients. Complete remission was obtained in 20
patients (48.8%). The complete remission rate (50.0%)
tended to be higher in patients receiving intensive
chemotherapy than in those receiving low-dose cytarabine-
based regimens (30.7%; p=0.25). The median survival time
for the whole patient group was 12 months and the 2-year
overall survival was 18%. The median survival times for
patients with complete remission and for non-responding
patients were 14 months and 7 months, respectively. The 2-
year overall survival in patients with complete remission was
32%, while that of non-responding patients was 6%
(p=0.0025, log-rank test). Conclusion: The present study

suggests the necessity of achieving complete remission for
obtaining better survival for elderly patients with AML.

The treatment of acute myeloid leukemia (AML) has
progressed greatly over the past 40 years (1-4).
Approximately 70% complete remission (CR) and 40% long-
term survival are obtained in patients under 60 years old.
However, 5-year survival rates in elderly patients are only
one third of those seen in younger ones (5-10). 

The adverse prognostic impact of older age is attributable
to differences in both disease-related factors and patient-
related factors. The former include adverse chromosomal
abnormalities, antecedent bone marrow failure, and the
chemotherapy-resistant nature, such as multidrug resistance
(11, 12). The latter are the limited tolerability these patients
have for intensive chemotherapy due to their poor general
condition, organ dysfunction, and comorbidities (8, 11). This
background of AML in the elderly may thus ristrict the
physicians’ choice of treatments: best supportive care, low-
intensity chemotherapy, or investigational agents rather than
standard, intensive combination regimens (13, 14). 

Patients with AML are predominantly elderly, with a median
age at diagnosis of around 65 years. Improvement of
therapeutic outcomes of older patients is, therefore,
indispensable for a cure of AML. Herein, we retrospectively
evaluated the clinical background, as well as the response to
treatment, of an unselected group of elderly patients with AML
who were admitted to our Institution over a period of six years.

Patients and Methods

Patients and diagnosis. Patients aged 65 years old or older who
were admitted to the University Hospital of Fukui between January
2005 and May 2011 were considered for this study. The patients
were all newly-diagnosed with AML (those with acute
promyelocytic leukemia were excluded). To obtain the diagnosis,
bone marrow samples were aspirated and evaluated using standard
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techniques, including hemograms of May-Grünwald-Giemsa-stained
smears, cell surface marker detection, and karyotyping. The
classification of AML was made according to the
French–American–British criteria (15). 

Treatment and response criteria. The patients received one of the
following therapies according to the treating physicians’ choice: a
‘3+7’ at regular or reduced doses, a low-dose cytarabine (ara-C)-based
regimen, and other modalities including gemtuzumab ozogamicin,
and investigational agents. Some patients received best supportive
care without the administration of anticancer agents. The standard
‘3+7’ induction chemotherapy consisted of continuous intravenous
infusion of ara-C at 100 mg/m2 on days 1-7 and 30-min intravenous
infusion of idarubicin at 12 mg/m2 on days 1-3 or daunorubicin at 50
mg/m2 on days 1-5 for young adults (16). The doses of these agents
were reduced according to the patient’s background and physician’s
decision by 20-30%. Low-dose ara-C-based regimens included low-
dose ara-C (10 mg/m2 twice daily for 10-14 days) as a single agent
(17), CAG regimen (ara-C at 10 mg/m2 twice daily for 10-14 days,
aclarubicin at 20 mg/m2 for four days, granulocyte-colony stimulating
factor for 10-14 days) (18), and AMA regimen (ara-C at 10 mg/m2

twice daily, melphalan at 2 mg/body every other day, and
mitoxantrone at 3 mg/m2 every three days for 10-14 days) that had
been developed in our previous trial (19).

CR was defined by the criteria of Cheson et al. as normalization
of peripheral blood and bone marrow characteristics, including the
disappearance of blasts, granulocyte counts at >1,000/μl and platelet
counts at >100,000/μl in peripheral blood, as well as <5% blasts in
the bone marrow (20). Other responses were considered as failures.
When CR was achieved, 3-4 courses of post-remission
chemotherapy were performed using the regimens similar to the
remission induction treatment administered for each patient
according to the physician’s decision. After the completion of
chemotherapy, the patients were discharged and their disease status
was monitored periodically through physical examinations, blood
tests, and bone marrow examinations. Those who did not achieve
CR received either the salvage regimens or best supportive care
without the use of anti-leukemic agents, depending on the patient’s
request and the physician’s choices.

Statistical analyses. All statistical analyses and generation of graphs
were performed using Microsoft Excel 2013 software (Microsoft,
Redmond, WA, USA) and GraphPad Prism software (version 6.0)
(GraphPad Software, Inc. San Diego, CA, USA). Values of p<0.05
were considered statistically significant.

Results

Patients’ characteristics. Between January 2005 and May
2011, 46 patients with AML aged 65 years and older were
admitted to our Institution. The characteristics of these
patients are shown in Table I. 

The median follow-up of this cohort was 9.5 months
(range=0-86 months). Chromosomal analysis was performed
successfully in 40 patients (89%). Four patients displayed a
favorable karyotype (t(8;21)(q22;q22) or chromosome 16
abnormality). Twelve patients had an unfavorable karyotype
(monosomies or deletions of chromosomes 5 and 7;
abnormalities of the long arm of chromosome 3; or complex

cytogenetic abnormalities) (21). Twenty four patients were
classified into an intermediate-risk karyotypic group, among
whom eight presented with a normal karyotype. The cluster
of differentiation 34 (CD34) positivity and Wilms’ tumor 1
(WT1) mRNA levels were determined, and no meaningful
trends were found for either parameter in terms of age
(Figure 1).

Treatment. Among the 46 patients, 41 received remission
induction chemotherapy (89.1%). Twenty-four patients
received cytarabine-based intensive chemotherapy. The
average dose reduction of anti-leukemic agents was 25%
(range=0-50%). Thirteen patients received low-dose ara-C-
based chemotherapy (low-dose ara-C for four patients, CAG
for six patients, AMA for three patients). The other four
patients underwent a phase I clinical study of an
investigational agent or gemtuzumab ozogamicin. No
patients underwent allogeneic stem cell transplantation.

Therapeutic outcomes. CR was obtained in 20 out of 41
patients (48.8%) after induction chemotherapy. Three
patients died within 30 days from the initiation of the
induction chemotherapy. The CR rates were comparable
between the patients aged <75 years (10/20, 50%) and those
aged ≥75 years (10/21, 47.6%) (p=0.46, Chi-square test;
(Table II), (Figure 2A). However, the CR rate was apparently
low in those aged ≥80 years (3/8, 37.5%; (Table II), (Figure
2A). The CR rate tended to be higher in the favorable-risk
group than in the intermediate-risk group (p=0.02, Chi-
square test) and than in the adverse-risk group (p=0.02, chi-
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Table I. Patient characteristics.

All patients Chemotherapy 
administered

Total number 46 41
Median age (range) 75 (65-91) 74 (65-90)  
Male/female 28:18 24 : 17
FAB
M0 2 2
M1 2 2
M2 17 16
M4 5 5
M5 4 3
M6 2 2
M7 2 1
LT of MDS 10 8
LT of MPD 2 2

Patients were admitted in the University Hospital of Fukui between
2005-2012. AML, Acute myeloid leukemia; MDS, myelodysplastic
syndrome; FAB, French-American-British classification; LT, leukemic
transformation; MPD, myeloproliferative disease. Patients with acute
promyelocytic leukemia were excluded. 



square test) (Table III), (Figure 2B). The CR rate tended to
be higher in the patients receiving intensive chemotherapy
than in those receiving low-dose ara-C-based regimens
(p=0.25); (Table IV), (Figure 2C). 

Survival curves were drawn according to the subgroups
(Figure 3). The median survival time (MST) for the patients
group overall was 12 months, and the 2-year overall survival
(OS) was 18% (Figure 3A). The MSTs in patients with CR
and non-responding patients were 14 months and 7 months,
respectively, and their 2-year OSs were 32%, and 6%,
respectively (Figure 3B). The difference in survival between
the CR group and the non-CR group was significant
(p=0.0025, log-rank test). The MSTs for the patients aged
<75 years and ≥75 years were 14 months and 7 months,
respectively, and the 2-year OSs in the patients aged <75
years and ≥75 were 13 % and 5 %, respectively (Figure 3C).
The difference in survival between these two age groups was
not significant (p=0.08, log-rank test). The MSTs for the
favorable-, the intermediate-, and the adverse-risk groups
were 13 months, 12 months, and 9 months, respectively, and
the 2-year OSs in these groups were 50%, 23%, and 0%,
respectively (Figure 3D). The difference in survival among
these three groups was not significant (favorable- vs.
intermediate-risk, p=0.18; favorable- vs. adverse-risk, p=0.06,
intermediate- vs. adverse-risk, p=0.21, by log-rank test). 

Discussion

The present study showed that long-term survivors accounted
for fewer than 20% in the elderly AML cohort evaluated
(Figure 3A), which is almost comparable to the results in
other studies (6-8). Older age, adverse karyotype, and non-
CR state appeared to be associated with poorer survival
(Figure 3). Because the prognosis of elderly patients with
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Figure 1. Characterization of leukemia cells. (A) The cluster of differentiation 34 (CD34) positivity of leukemic cells. (B) Wilms’ tumor 1 (WT1)
transcript levels in peripheral blood.

Table II. Induction treatments according to age group.

Age group All patients Patients receiving CR 
(years) (number) chemotherapy (number) (%)

(number)

65-69 12 11 4 (36.4)
70-74 9 9 6 (55.6)
75-79 14 13 7 (53.8)
80-84 9 7 3 (42.9)
≥85 2 1 0 (0)
Total 46 41 20 (48.8)

CR, Complete remission.

Table III. Karyotypic findings and initial responses.

Risk subgroups CR/all (n) CR rate (%)

Favorable 4/4 100.0
Intermediate 10/24 41.7
Adverse 6/12 50.0

CR, Complete remission.

Table IV. Induction chemotherapies and initial responses.

Regimens CR/all (n) CR rate (%)

Intensive chemotherapy 12/24 50.0
Low-dose ara-C-based 4/13 30.7
Other* 4/4 100

CR, Complete remission. *Other therapeutic modalities included an
investigational agent and gemtuzumab ozogamicin.



AML is affected by age, disability, and comorbidity along
with the characteristics of leukemia cells (13), patients’
physical condition and intrinsic chemotherapy-resistant
nature of leukemia cells should both be evaluated. The
patient background should be taken into account because
patients in good general condition might be able to undergo
more potent remission induction chemotherapy. Nevertheless,
the high intensity of chemotherapy does not overcome the
intrinsic resistance of leukemia cells in all cases. In this
regard, the selection of patients who would benefit from
intensive chemotherapy is crucial (13) because the
achievement of CR is indispensable for a better prognosis
(Figure 3B) (22). Elderly patients with AML should thus be
individualized considering the risk of induction death and the
probability of achieving CR (5).

The Acute Leukemia French Association (ALFA) analyzed
416 elderly patients rink AML treated in the ALFA-9803 trial
to derive a decision index (23). The authors proposed that
those patients with unfavorable cytogenetics, as well as
patients with at least two of the following features: age ≥75
years, performance status ≥2, and white blood cell count
≥50,000/μl, should not be considered for standard intensive
chemotherapy (23). Kantarjian et al. investigated 446 patients
with AML aged 70 years or more treated with ara-C-based
intensive chemotherapy to identify risk groups for high
induction (8-week) mortality. A multivariate analysis of
prognostic factors for 8-week mortality identified the
following as independently adverse: age ≥80 years, complex
karyotype, (≥3 abnormalities), poor performance, and
elevated creatinine >1.3 mg/dl. Patients with 0, 1, 2, or ≥3
factors had estimated 8-week mortality rates of 16%, 31%,
55%, and 71%, respectively (24). Multivariate regression
analysis was performed to develop risk scores for a cohort of
1406 patients (aged ≥60 years) with AML who were treated
with two courses of intensive induction chemotherapy in the
German Acute Myeloid Leukaemia Cooperative Group (25).
They revealed that body temperature, age, de novo leukemia
versus leukemia secondary to cytotoxic treatment or an
antecedent hematological disease, hemoglobin, platelet count,
fibrinogen, and serum concentration of lactate dehydrogenase
were significantly associated with the outcome of induction
chemotherapy (25). On the basis of these parameters, they
designed an online risk assessment score to assist with
clinical decision making (25). These reports suggest the
importance of risk-adapted stratification to select the patients
who should receive intensive chemotherapy that may provide
better survival, rather than early death.

There are two limitations in the present study. Firstly, the
number of patients evaluated was relatively small (Table I),
and the evaluation was performed in a single center. The
comparison among the age groups (Figure 3C) and karyotype-
based sub-groups (Figure 3D) might become statistically
significant with a larger number of patients. Secondly, the
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Figure 2. The rates of patients who achieved complete remission (CR)
were evaluated by the groups categorized according to age (A),
karyotypic risk (B), and chemotherapeutic regimen (C).



investigation was conducted retrospectively. The treatment
modality was not uniform because of the large inter-patient
variability in general condition. Nevertheless, the present study
conclusively suggests the necessity of achieving CR for
obtaining better survival. Determination of patients who will
benefit from intensive chemotherapy and the improvement of
a chemotherapeutic modality along with supportive care will
prolong the life expectancy of elderly patients with AML.

Disclosure Statement

The Authors have nothing to disclose concerning any of the drugs or
agents considered in the present study.

References

1 Roboz GJ: Current treatment of acute myeloid leukemia. Curr
Opin Oncol 24: 711-719, 2012.

2 Estey EH: How to manage high-risk acute myeloid leukemia.
Leukemia 26: 861-869, 2012.

3 Walter RB, Appelbaum FR, Tallman MS, Weiss NS, Larson RA
and Estey EH: Shortcomings in the clinical evaluation of new
drugs: Acute myeloid leukemia as paradigm. Blood 116: 2420-
2428, 2010.

4 Burnett A, Wetzler M and Löwenberg B: Therapeutic advances
in acute myeloid leukemia. J Clin Oncol 29: 487-494, 2011.

5 Swords R and Santini V: In elderly patients with AML, which
patients should be considered fit or unfit for standard induction
therapy? Hematology Am Soc Hematol Educ Program 2012: 74-
75, 2012.

6 Yanada M and Naoe T: Acute myeloid leukemia in older adults.
Int J Hematol 96: 186-193, 2012.

7 Krug U, Büchner T, Berdel WE and Müller-Tidow C: The
treatment of elderly patients with acute myeloid leukemia. Dtsch
Arztebl Int 108: 863-870, 2011.

8 Pollyea DA, Kohrt HE and Medeiros BC: Acute myeloid leukaemia
in the elderly: a review. Br J Haematol 152: 524-542, 2011.

9 Erba HP: Has there been progress in the treatment of older
patients with acute myeloid leukemia? Best Pract Res Clin
Haematol 23: 495-501, 2010.

10 Estey E: AML in older patients: Are we making progress? Best
Pract Res Clin Haematol 22: 529-536, 2009.

Tasaki et al: The Clinical Outcome of AML in the Elderly

5635

Figure 3. Overall survival (OS) was calculated from the day of the diagnosis until death or last follow-up. Survival durations were estimated by the
Kaplan--Meier method. A: The survival curve for the whole patients group. B: Survival curves according to the response to induction chemotherapy.
C: Survival curves according to age. D: Survival curves according to karyotypic risk classification. The comparison was evaluated by log-rank test.



11 Pinto A, Zagonel V and Ferrara F: Acute myeloid leukemia in
the elderly: biology and therapeutic strategies. Crit Rev Oncol
Hematol 39: 275-287, 2001.

12 Leith CP, Kopecky KJ, Godwin J, McConnell T, Slovak ML,
Chen IM, Head DR, Appelbaum FR and Willman CL: Acute
myeloid leukemia in the elderly: assessment of multidrug
resistance (MDR1) and cytogenetics distinguishes biologic
subgroups with remarkably distinct responses to standard
chemotherapy. A Southwest Oncology Group study. Blood 89:
3323-3329, 1997.

13 Plesa C, Chelghoum Y, Plesa A, Elhamri M, Tigaud I, Michallet
M, Dumontet C and Thomas X: Prognostic value of immuno-
phenotyping in elderly patients with acute myeloid leukemia: a
single-institution experience. Cancer 112: 572-580, 2008.

14 Rodrigues CA, Chauffaille ML, Pelloso LA, Ghaname FS,
Kerbauy DM, Campos MG and Yamamoto M: Acute myeloid
leukemia in elderly patients: experience of a single center. Braz
J Med Biol Res 36: 703-708, 2003.

15 Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA,
Gralnick HR and Sultan C: Proposed revised criteria for the
classification of acute myeloid leukaemia. A report of the
French–American–British Cooperative Group. Ann Intern Med
103: 620-625, 1985.

16 Ohtake S, Miyawaki S, Fujita H, Kiyoi H, Shinagawa K, Usui N,
Okumura H, Miyamura K, Nakaseko C, Miyazaki Y, Fujieda A,
Nagai T, Yamane T, Taniwaki M, Takahashi M, Yagasaki F, Kimura
Y, Asou N, Sakamaki H, Handa H, Honda S, Ohnishi K, Naoe T
and Ohno R: Randomized study of induction therapy comparing
standard-dose idarubicin with high-dose daunorubicin in adult
patients with previously untreated acute myeloid leukemia: the
JALSG AML201 Study. Blood 117: 2358-2365, 2011.

17 Visani G, Malagola M, Piccaluga PP and Isidori A: Low dose
ara-C for myelodysplastic syndromes: Is it still a current
therapy? Leuk Lymphoma 45: 1531-1538, 2004.

18 Li JM1, Shen Y, Wu DP, Liang H, Jin J, Chen FY, Song YP,
Song EY, Qiu XF, Hou M, Qiu ZC and Shen ZX: Aclarubicin
and low-dose cytosine arabinoside in combination with
granulocyte colony-stimulating factor in treating acute myeloid
leukemia patients with relapsed or refractory disease and
myelodysplastic syndrome: a multicenter study of 112 Chinese
patients. Int J Hematol 82: 48-54, 2005. 

19 Yamauchi T, Negoro E, Arai H, Ikegaya S, Takagi K, Takemura
H, Inai K, Yoshida A, Urasaki Y, Iwasaki H and Ueda T:
Combined low-dose cytarabine, melphalan and mitoxantrone for
older patients with acute myeloid leukemia or high-risk
myelodysplastic syndrome. Anticancer Res 27: 2635-2639, 2007.

20 Cheson BD, Bennett JM, Kopecky KJ, Büchner T, Willman CL,
Estey EH, Schiffer CA, Doehner H, Tallman MS, Lister TA, Lo-
Coco F, Willemze R, Biondi A, Hiddemann W, Larson RA,
Löwenberg B, Sanz MA, Head DR, Ohno R and Bloomfield CD;
International Working Group for Diagnosis, Standardization of

Response Criteria, Treatment Outcomes, and Reporting
Standards for Therapeutic Trials in Acute Myeloid Leukemia.
Revised recommendations of the International Working Group
for Diagnosis, Standardization of Response Criteria, Treatment
Outcomes, and Reporting Standards for Therapeutic Trials in
Acute Myeloid Leukemia. J Clin Oncol 21: 4642-4649, 2003.

21 Grimwade D, Hills RK, Moorman AV, Walker H, Chatters S,
Goldstone AH, Wheatley K, Harrison CJ and Burnett AK;
National Cancer Research Institute Adult Leukaemia Working
Group: Refinement of cytogenetic classification in acute myeloid
leukemia: Determination of prognostic significance of rare
recurring chromosomal abnormalities among 5876 younger adult
patients treated in the United Kingdom Medical Research
Council trials. Blood 116: 354-365, 2010.

22 Juliusson G, Antunovic P, Derolf A, Lehmann S, Möllgård L,
Stockelberg D, Tidefelt U, Wahlin A and Höglund M: Age and
acute myeloid leukemia: real world data on decision to treat and
outcomes from the Swedish acute leukemia registry. Blood 113:
4179-4187, 2009.

23 Malfuson JV, Etienne A, Turlure P, de Revel T, Thomas X,
Contentin N, Terré C, Rigaudeau S, Bordessoule D, Vey N,
Gardin C and Dombret H; Acute Leukemia French Association
(ALFA). Acute Leukemia French Association (ALFA): Risk
factors and decision criteria for intensive chemotherapy in older
patients with acute myeloid leukemia. Haematologica 93: 1806-
1813,2008.

24 Kantarjian H, Ravandi F, O'Brien S, Cortes J, Faderl S, Garcia-
Manero G, Jabbour E, Wierda W, Kadia T, Pierce S, Shan J,
Keating M and Freireich EJ: Intensive chemotherapy does not
benefit most older patients (age older than 70 years) with acute
myeloid leukemia. Blood 116: 4422-4429, 2010.

25 Krug U, Röllig C, Koschmieder A, Heinecke A, Sauerland MC,
Schaich M, Thiede C, Kramer M, Braess J, Spiekermann K,
Haferlach T, Haferlach C, Koschmieder S, Rohde C, Serve H,
Wörmann B, Hiddemann W, Ehninger G, Berdel WE, Büchner T
and Müller-Tidow C; German Acute Myeloid Leukaemia
Cooperative Group; Study Alliance Leukemia Investigators.
Complete remission and early death after intensive
chemotherapy in patients aged 60 years or older with acute
myeloid leukaemia: A web-based application for prediction of
outcomes. Lancet 376: 2000-2008, 2010.

Received May 29, 2014
Revised July 20, 2014

Accepted July 22, 2014

ANTICANCER RESEARCH 34: 5631-5636 (2014)

5636


