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Abstract
Purpose To evaluate the eYcacy and safety of a novel
low dose chemotherapy as a remission induction regimen
for elderly de novo AML patients ineligible for intensive
chemotherapy.
Method Fifty consecutive patients aged 60 to 85 with
untreated de novo AML were enrolled. Patients with poor
PS or deWned non-hematological complications were given
continuous drip infusion of low dose cytarabine (Ara-C),
20 mg/body and etoposide (VP-16), 50 mg/body for
10 days (AV group). Patients without those cormobidities
were given intensive induction therapy (S group). After
achieving complete remission (CR), S group patients and
those with improved PS in AV group received consolida-
tion chemotherapy with intensive regimen (S-S or AV-S
group), and other patients received AV regimen repeatedly
(AV-AV group).
Results Eighteen (64%; 95% conWdence interval (CI),
0.47–0.82) of 28 patients in AV group and 16 (73%; 95%
CI, 0.54–0.91) of 22 patients in S group achieved CR,
respectively. The 1-year OS rates of the patients in the AV-
AV group (n = 9), AV-S group (n = 9), and S-S group
(n = 16) were 22, 81, and 78%, respectively. Although the
sample size was small, no signiWcant diVerence was
observed for the 1-year OS rate between the AV-S and S-S

groups. Regimen related death were 4 patients in S group,
while no patient in AV group.
Conclusion Therapeutic strategy consisting of remission
induction using AV regimen and consolidation using inten-
sive regimen after improving PS is beneWcial in the man-
agement of elderly AML patients who have diYculty in
tolerating for intensive induction chemotherapy.
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Introduction

The incidence of acute myeloid leukemia (AML) increases
with age and more than half of all patients are over 60 years
of age at the time of diagnosis (Deschler and Lubbert
2006). Despite some reports of improved chemotherapeutic
response and disease free survival in adults with AML
(Berman et al. 1991; Wiernik et al. 1992; Yates et al. 1982),
advanced age remains a signiWcantly poor prognostic factor
for both complete remission and survival. The optimal
management strategy for those patients is still a controver-
sial issue with opinions frequently diverse between inten-
sive chemotherapy and conservative therapy. In fact, we
cannot often help hesitating to select intensive chemother-
apy for elderly patients due to prolonged myelosuppression,
complex karyotypic abnormalities, preexisting myelodys-
plasia, underlying non-hematological complications, a poor
performance status (PS) and organodysfunction with aging
in comparison to younger patients.

We have tried to develop a therapeutic strategy for eld-
erly patients with untreated de novo AML according to the
presence of PS and non-hematological complications at the
diagnosis. Accordingly, we treated those elderly patients
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with a new combination chemotherapy using continuous
drip infusion of low dose cytarabine (Ara-C) and etoposide
(VP-16) (AV therapy). We thus consider that administering
Ara-C and etoposide by continuous intravenous infusion
might possibly extend the contact time for drugs and leuke-
mic cells, thereby enhancing the anti-leukemic eVect (Koy-
ama et al 1990). While, the patients without comorbidities
received the intensive chemotherapy in a similar manner to
younger patients with good PS. The present study aimed to
evaluate the eYcacy and safety of AV therapy as a remis-
sion induction regimen for elderly de novo AML patients
ineligible standard intensive chemotherapy.

Patients and methods

Patients

The eligibility for enrollment included patients aged 60–85
with previously untreated de novo AML as deWned by
French–American–British (FAB) classiWcation criteria
(Bennett et al 1976). We only enrolled patients with a poor
PS as deWned by the WHO criteria 3 and 4, or non-hemato-
logical complications such as metabolic disease, an active
infection without respiratory failure, a mild liver dysfunc-
tion due to a hepatic viral infection, and/or other malignant
diseases. The exclusion criteria were as follows: (1) patients
with acute promyelocytic leukemia (APL); (2) patients with
antecedent myelodysplastic syndrome (MDS); (3) patients
with therapy related AML; (4) patients with prior treatment
for AML including chemotherapy, radiation, stem cell trans-
plantation, and cytokines like as granulocyte colony-stimu-
lating factor (G-CSF); and (5) obvious organ dysfunction
(serum bilirubin level > 2 £ upper normal limit, creatinine
clearance < 50 ml/min and cardiac ventricular ejection
fraction < 40%). The enrollment period was from July 1995
to December 2000. Written informed consent was obtained
from all eligible patients before undergoing remission
induction therapy. The study was approved by the institu-
tional review board of our university.

Treatment design

Low dose Ara-C and VP16 regimen (AV therapy); patients
either with a poor PS or deWned non-hematological compli-
cations were given continuous drip infusion of low dose
Ara-C, 20 mg/body/day and VP-16, 50 mg/body/day for
10 days. If marrow hypoplasia or a reduction of leukemic
blasts of less than 5% could not been obtained on day 10,
both Ara-C and VP-16 were added for another 4 days. If a
complete remission (CR) could not been achieved, then the
patients received the re-induction therapy which was the
same as the Wrst regimen.

Intensive regimen; the patients without a poor PS or any
other complications were given the intensive regimen con-
sisting of daunorubicin (DNR), 30 mg/m2, by bolus infu-
sion on days 1, 2, and 3, behenoyl Ara-C (BHAC), 150 mg/
m2, by drip infusion for 10 days and 6-mercaptopurine (6—
MP), 70 mg/m2, orally for 10 days. If marrow hypoplasia or
a reduction of leukemic blasts of less than 5 % could not
been obtained on day 7, then DNR was added on days 8 and
9. If CR could not been achieved, then the patients received
the re-induction therapy which was the same as the Wrst
regimen.

After achieving CR, patients received three courses of
intensive post-remission chemotherapy. The Wrst course
consisted of Ara-C, 150 mg/m2, by continuous infusion for
7 days and mitoxantrone, 6 mg/m2, by bolus infusion on
days 1, 2, and 3. The second course consisted of DNR,
30 mg/m2 for 3 days, VP-16 70 mg/m2, by drip infusion for
5 days, and BHAC, 150 mg/m2, for 7 days. The third
course consisted of aclarubicin, 14 mg/m2, by bolus infu-
sion and BHAC, 150 mg/m2 for 7 days. These courses were
applied for patients who achieved CR by intensive induc-
tion regimen, and for those who obtained CR by AV regi-
men and recovered PS. Patients, who achieved CR by AV
therapy but still had a poor PS, again received three courses
of AV therapy.

Response deWnitions

The response criteria were deWned as follows: a CR
included normalization of previous cytologic abnormalities
in the bone marrow (blasts < 5%, normal proportion of
erythropoiesis) and normalization of peripheral blood
counts (disappearance of blasts, neutrophil > 1.5 £ 109/l
and platlets > 100 £ 109/l). It was essential to maintain the
condition of the peripheral blood for 4 weeks except for
beginning the next chemotherapy in order to conWrm CR. A
relapse was determined in the event of an increase of blasts
in the marrow (>10%) or the appearance of them in the
peripheral blood. For CR patients, the duration of remission
[disease free survival (DFS)] was deWned from the date of
bone marrow examination associated with CR until either
relapse, death, or the Wnal data acquisition (August 31,
2005). The overall survival (OS) was deWned from the date
of diagnosis until death or the Wnal data acquisition.

Statistical analysis

A comparison of the variables between the two treatment
groups at baseline was performed either by Student’s t test
or Fisher’s exact test. The eVects of age, sex, PS, FAB clas-
siWcation, chromosomal abnormality, hemoglobin, white
blood cell (WBC) count, lactate dehydrogenase (LDH)
level, nucleated cell count of bone marrow, CD7 and CD34
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expression of blasts and regimen of induction chemother-
apy were analyzed for the CR rates using the chi-square
test. Survival analyses for OS and DFS were performed
using the log-rank test based on the Kaplan-Meier method.
A multivariate analysis was performed using the Cox
regression technique to deWne the prognostic signiWcance
of selected variables. A P value of less than 0.05 was con-
sidered to be signiWcant.

Results

Patients

Fifty-four patients were registered, but four patients were
not considered eligible for the study because their clinical
status was too poor to receive chemotherapy. Therefore, 50
patients were Wnally enrolled. The median age of the
patients was 69-year-old, and the median follow-up period
in the surviving patients was 53 months. Twenty-eight
patients were treated with AV therapy as induction remis-
sion (AV group), and 22 patients were treated with the
intensive regimen (S group). Cytogenetic abnormalities
were grouped according to published criteria adopted by
the Southwest Oncology Group (SWOG) (Slovak et al
2000). The clinical characteristics including the karyotype
of the two group patients were well balanced except for the
PS and the deWned non-hematological complications as
shown in Table 1. The non-hematological complications in
AV group were 12 patients with pneumonia, 4 patients with
cardiac dysfunction, and 3 patients with mild renal dysfunc-
tion. The FAB classiWcations was M0; 7, M1; 3, M2; 8,
M4; 4, M5; 2, M6; 3, and M7; 1 in AV group patients, and
M0; 2, M1; 5, M2; 8, M4; 4, and M5; 3 in the S group
patients.

Response to treatment and survival

Eighteen [64%; 95% conWdence interval (CI), 0.47–0.82]
of the 28 patients in the AV group and 16 (73%; 95% CI,
0.54–0.91) of 22 patients in the S group achieved CR,
respectively. Eleven of 18 patients in the AV group and 12
of 16 patients in the S group achieved CR after one course
of induction chemotherapy. The 2-year OS rates were 28
and 46% and the 5-year OS rates were 12 and 23% in the
AV group and S group, respectively (Fig. 1a). There was no
signiWcant diVerence in OS rate between AV group and S
group (P = 0.086). In patients who achieved CR, the 2-year
DFS rates were 17 and 34% and the 5-year DFS rates were
13 and 33% in the AV group and the S group, respectively
(Fig. 1b). In addition, regarding the DFS rate, there was no
signiWcant diVerence between AV group and S group
(P = 0.059).

The clinical outcomes of patients according to the induc-
tion and consolidation regimens are summarized in Fig. 2.
In the AV group, nine patients received AV therapy repeat-
edly as consolidation (AV-AV group), while nine patients
received intensive chemotherapy as consolidation (AV-S
group) since an improvement in the PS was obtained after
CR. In the S group, all CR patients received consolidation
chemotherapy with the intensive regimen (S-S group). The
1-year OS rates/1-year DFS rates of the patients in the AV-
AV group, the AV-S group, and S-S group were 22%/11%,
81%/67%, and 78%/74%, respectively (Fig. 3). When only
mentioned in AV-S group and S-S group, the 5-year OS
rates/DFS rates were 33%/35% and 31%/34%, respec-
tively. Although the sample size was small, no signiWcant
diVerences were observed for the OS and DFS between
AV-S group and S-S group. The survival curves both for
OS and DFS in the AV-AV group were signiWcantly lower
than in the AV-S and S-S group (P < 0.05).

Prognostic factors

Only a poor PS was identiWed as an adverse prognostic fac-
tor associated with CR based on univariate analysis.

Table 1 Patient’s characteristics at enrollment to this study

LDH lactate dehydrogenase
a WHO scale
b Including 12 patients with pneumonia, 4 patients with cardiac dys-
function, and 3 patients with mild renal dysfunction
c SWOG criteria

AV group S group

No. of patients (%)

Total 28 22

Age (median, range) 72, 62–84 71, 60–78

Sex (male/female) 17/10 11/8

Performance statusa

PS 0-2 19 (68) 22 (100)

PS 3-4 9 (32) 0 (0) (P < 0.01)

DeWned non-hematological complications

Present 19b (68) 0 (0)

Absent 9 (32) 22 (100) (P < 0.01)

Cytogeneticsc

Intermadiate 
or Favorable

20 (71) 15 (68)

Unfavorable 
or Unknown

7 (25) 4 (18)

Data not available 1 (4) 3 (14)

Median (range)

Leucocytes (£109/l) 6.7 (0.4–16.6) 12.2 (0.8–23)

Hemoglobin (g/dl) 7.7 (4.2–14.9) 8.5 (5.2–14.9)

LDH (IU/l) 760 (250–5,350) 890 (320–35,400)

Albumin (g/dl) 3.3 (2.3–4.4) 3.4 (2.7–4.7)
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Regarding OS, a univariate analysis identiWed the following
factors have an adverse prognostic eVect: poor PS, leukocy-
tosis (>30 £ 109/l), elevated LDH (>1,000 IU/l), hypoalbu-
minemia (<3.5 g/dl), and no achievement of CR. A
multivariate analysis of prognostic factors associated with
OS identiWed the following factors to demonstrate indepen-
dent adverse signiWcance: poor PS (RR 0.27, 95% CI 0.44–
0.91, P < 0.001) and no achievement of CR (RR 0.63, 95%
CI 0.16–0.45, P < 0.05). A multivariate analysis for DFS
identiWed no prognostic factors. In this study, age, chromo-
somal abnormality, surface markers, and the regimen of
induction were not identiWed as prognostic factors for either
the CR rates or OS.

Safety

The regimen related mortality during remission induction
therapy was observed in four patients in the S group, while
no such patients were seen in the AV group. The causes of
death in the S group were pneumonia in one patient and
sepsis in three. In AV group, no adverse eVect that needed
withdrawal and/or postponement of chemotherapy was
observed. The non-hematological adverse eVects by AV
regimen are summarized in Table 2. Almost all gastro-duo-
denal adverse eVects were tolerable by the administration
of antiemetic and/or antiacid drugs. As for the hematologi-
cal adverse eVects, myelosuppression was the major toxic-
ity occurring during induction chemotherapy with AV
regimen. The median number of days for the neutrophiles
to recover to 0.5 £ 109/l was 28 days after the initiation of
chemotherapy. Similarly, the median period for platelets to
recover to 5.0 £ 1010/l without transfusion was 29 days.
Febrile neutropenia with grade 3 was observed in 16
patients (57%) with the highest frequency, but all of them
improved after the administration of antibiotics. On the
other hands, in the S group, the median number of days for
the neutrophiles to recover to 0.5 £ 109/l was 29 days after
the initiation of chemotherapy, which was almost the same
degree as that of the AV group. However, the degree of
myelosuppression was more severe in S-group. Concretely,
the median number of days for WBC counts under
0.1 £ 109/l was 7 (range 5–12) days in S group, while 3 (0–
6) days in AV group (P < 0.05). Thereby, as described in
the beginning of this section, life-threatening events were
only observed in the S group.

Fig. 1 The overall survival (OS) rates and disease free survival (DFS)
rates of patients treated with the AV regimen or standard intensive reg-
imens by the Kaplan–Meier method. Graph A OS rates according to
induction regimens. A solid line indicates the OS rate of patients treat-
ed with AV regimen (AV group: n = 28) and a dotted line indicates that
of the patients treated with the standard intensive regimen (S group:
n = 22). The 2-year/5-year OS rates of the AV group and the S group
were 28%/12% and 46%/22%, respectively. There was no signiWcant
diVerence in the OS rate between the AV group and the S group
(P = 0.086). Graph B DFS rates according to induction regimens. A
solid line indicates the DFS rate of the AV group (n = 18) and a dotted
line indicates that of the S group (n = 16). The 2-year/5-year DFS rates
of the AV group and the S group were 17%/13% and 34%/33%,
respectively. No signiWcant diVerence was observed in the DFS rate
between the AV group and the S group (P = 0.059). Tic marks indicate
censored observations

Fig. 2 Clinical outcomes of the patients according to the induction
and consolidation regimens. Twenty-eight patients were treated with
AV therapy as induction remission, and 22 patients were treated with
the standard intensive regimen. Eighteen (64%) of 28 patients in the
AV group and 16 (73%) of 22 patients in the S group achieved CR,
respectively. In patients who achieved CR by AV therapy, nine pa-
tients received AV therapy repeatedly as consolidation (AV-AV
group), and nine patients received standard intensive chemotherapy as
consolidation (AV-S group) since an improvement of the PS was ob-
tained after CR. All patients, who achieved CR with the standard inten-
sive induction-regimen, received consolidation chemotherapy with the
standard intensive regimen (S-S group). pts number of patients
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Discussion

How to treat elderly patients with AML still remains an
important topic of debate regardless more than half of the
all AML patients are older than 60 years of age (Estey
2000). Although the beneWcial eVects of intensive chemo-
therapy for elderly patients were reported (Lowenberg et al.
1989; Rees et al. 1996) and thereby recommended (Chen

et al 2005; Hiddemann et al. 1999), many oncologists feel
uncomfortable of oVering intensive chemotherapy to eld-
erly patients with a poor PS or comorbidity because of the
high risk of induction mortality. For those patients, various
regimens to reduce the toxicity associated with intensive
chemotherapy have been proposed such as dose attenuation
and/or use of cytokines like as G-CSF. A low dose Ara-C
regimen has been extensively studied and it is currently
regarded as one of the representative therapies for advanced
MDS and AML patients in the elderly (Tilly et al. 1990;
Visani et al. 2004), because of the assumption that it is less
toxic than conventional intensive treatments. These studies
have shown CR rates about 30–50% and a lower number of
early deaths. Combination therapy of low dose Ara-C with
other cytotoxic drugs therefore seems to be more promising
to improve CR rates. Based on this point of view, we there-
fore employed AV therapy for elderly AML patients.

In this study, the CR rates were not diVerent between the
AV group and S group, in spite of an unfavorable selection
of patients for AV group. The CR rate in the AV group
(64%) was higher than those in other studies on older
patients with AML (Lowenberg et al. 1989; Tilly et al.
1990; Goldstone et al. 2001). Moreover, the DFS and OS
rates in the AV-S group who had achieved CR by AV ther-
apy and received intensive consolidation were in a similar
range to those reported for younger adults (Mayer et al
1994).

In addition, a clear observation in this study is the impor-
tance of post-remission chemotherapy. Usually, PS consists
of two factors: namely, host-related factors such as comor-
bidity, and leukemia-related factors such as leukocytosis or
infection as associated complications. Leukemia-related
factors can be improved by achieving CR regardless of the
induction regimen, and as a result, patient’s PS after CR
must also improved. In this study, half of all patients who

Fig. 3 The overall survival (OS) rates and disease free survival (DFS)
rates of the patients according to the induction and consolidation regi-
mens by the Kaplan–Meier method. Graph A The solid line indicates
the OS rate of the patients who achieved CR by AV regimen and treat-
ed with standard intensive chemotherapy as consolidation (AV-S
group: n = 9). A dotted line indicates the OS rate of patients treated
with a standard intensive regimen for both induction and consolidation
(S-S group: n = 16). A broken line indicates OS rate of the patients
treated with an AV regimen through all chemotherapeutic courses
(AV-AV group: n = 9). Graph B A solid line, a dotted line, and a bro-
ken line indicate the DFS rates of AV-S group (n = 9), S-S group
(n = 16), and AV-AV group (n = 9), respectively. The 1-year OS rates/
1-year DFS rates of the patients in the AV-AV group, AV-S group, and
S-S group were 22%/11%, 81%/67%, and 78%/74%, respectively.
When only mentioned in AV-S group and S-S group, the 5-year OS
rates/DFS rates were 33%/35% and 31%/34%, respectively. Although
the sample size was small, no signiWcant diVerences were observed for
the OS and the DFS rates between the AV-S group and S-S group.
Those rates in the AV-AV group were signiWcantly lower than for the
AV-S and S-S groups (P < 0.05). Tic marks indicate censored observa-
tions

Table 2 Non-hematological adverse eVects at Wrst induction in AV
group (n = 28) 

The results are presented as absolute numbers, with the percentage
shown in parentheses
a Common terminology criteria for adverse eVect established by
National Cancer Institute

NCI-CTCAEa version 3.0 grading system

I II III IV Total (%)

Gastroduodenal damage

Nausea 9 1 0 0 10 (36)

Stomatitis 7 3 1 0 11 (39)

Diarrhea 2 3 0 0 5 (18)

Hepatic toxicity 2 1 0 0 3 (11)

Renal toxicity 0 0 0 0 0 (0)

Febrile neutropenia 0 0 16 0 16 (57)
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achieved CR in the AV group were able to receive standard
intensive consolidation chemotherapy after an improve-
ment of PS. This fact suggested that leukemia-related fac-
tors were important elements of the PS, and moreover, that
standard intensive chemotherapy was possible for those
with a poor PS if they once achieved CR. The Wndings that
there was no diVerence in the OS and DFS rates between
the AV-S group and the S-S group suggests that intensive
consolidation chemotherapy contributes to an improvement
of survival. In addition, the compliance of the intensive
approach was generally acceptable probably due to the
good PS. In contrast, if the PS of patients is poor after the
achievement of CR, low dose post-remission chemotherapy
could thus be one option. However, the optimal intensity of
consolidation regimen is still open to debate (Stone et al.
2001; Anderson et al. 2002) and thus requires further study.

Recently, large retrospective studies on the treatment
outcome of elderly patients with AML and MDS have been
reported (Chen et al. 2005; Kantarjian et al. 2006). Kanterj-
ian et al. proposed prognostic models, based on standard
readily available characteristics such as age, PS, leukocyto-
sis and an unfavorable karyotype, which may assist in ther-
apeutic and investigational decisions (Kantarjian et al.
2006). However, in our study, some parameters such as
age, chromosomal abnormality, leukocytosis, and regimen
of induction were not identiWed as prognostic factors for
CR rates and/or OS. These results probably reXect the
lower statistical power of our sample size. In our study, a
few patients survived longer than 5 years in AV-S group.
Those patients had lower blasts percentages in the marrow
at Wrst in comparison to other patients. The disease charac-
teristics of the patients tend to mostly MDS rather than
AML. As a result, the AV regimen was thus speculated to
be eVective for patients with such diseases as overt leuke-
mia with slowly growing blasts. In the future, the selection
of adequate induction chemotherapy based on such prog-
nostic models should be considered in elderly AML
patients. In poor-risk group, the mortality during induction
chemotherapy with standard intensive regimens was still
high, and thereby it seems adequate to recommend AV
therapy as an option for AML patients who have diYculty
in tolerating intensive chemotherapy.

Febrile neutropenia (FN) occurred in 57% of the patients
in the AV group as a major toxicity in the Wrst induction
therapy. In addition, myelosuppression was an important
adverse eVect during the induction therapy, but no life-
threatening sepsis or hemorrhaging was observed. As a
result, no patients required withdrawal, and all safely con-
cluded the AV regimen.

In conclusion, AV therapy was found to be eVective, at
least as a remission induction therapy and well tolerated by
elderly patients with a poor PS or some non-hematological
complications. In addition, therapeutic strategy consisting

of remission induction using low dose regimens such as AV
therapy and consolidation therapy using an intensive regi-
men should therefore be taken into consideration in the
management of such AML patients.
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