
Abstract. Background: Low-dose cytarabine (ara-C) has been
used to treat older patients with acute myeloid leukemia (AML)
or high-risk myelodysplastic syndrome (MDS), but has resulted
in complete remission for <20% of cases. A pilot study of the
efficacy of a combination chemotherapy using low-dose ara-C,
melphalan (Mel), and mitoxantrone (Mit) was conducted.
Patients and Methods: The treatment comprised ara-C 
(10 mg/m2) twice daily, melphalan (2 mg/body) every other day,
and mitoxantrone (3 mg/m2) every 3 days. The treatment was
discontinued if the nuclear cell count was <15,000/Ìl with
<20% blast count in the bone marrow. The primary end-points
were initial response and tolerability. Results: The study
comprised 9 patients with AML or high-risk MDS (median age,
75 years). Complete remission was achieved in 3 patients. All the
patients displayed grade 4 neutropenia and thrombocytopenia.
One patient died from sepsis. Conclusion: The present regimen
was more effective and displayed similar safety, compared with
low-dose ara-C alone.

The treatment of acute myeloid leukemia (AML) has
progressed greatly over the past 30 years (1-3).
Approximately 70% complete remission (CR) and 40%
long-term survival are obtained in patients under 60-years-
old. However, 5-year survival rates in patients ≥60-years-
old are only a third of those seen in younger patients (2, 3).
Myelodysplastic syndrome (MDS) is a clonal myeloid stem
cell disorder that results in progressive bone marrow failure
or leukemic transformation (4, 5). Younger patients with

high-risk MDS may be given intensive chemotherapy and/or
allogenic bone marrow transplantation. However, most such
patients are between 60- and 75-years-old, do not benefit
from such therapies and have a poor prognosis. The poor
clinical outcomes of older patients with AML or high-risk
MDS are due to the chemotherapy-resistant nature of these
diseases and the limited tolerability these patients have for
intensive chemotherapy (6).

Cytarabine (ara-C) is the most effective and most
commonly used agent for chemotherapy against AML and
MDS (7-9). In leukemic cells, ara-C is phosphorylated and
subsequently incorporated into DNA strands during the 
S-phase of the cell cycle, resulting in the inhibition of DNA
synthesis (10, 11). Conventional-dose (70-200 mg/m2,
intravenous infusion) ara-C is used in the standard remission
induction regimen for younger AML patients. For older
patients with AML or high-risk MDS, low-dose ara-C 
(10 mg/m2, subcutaneous injection twice daily) is frequently
used because of the inability of such patients to withstand
intensive chemotherapy. However, the anti-leukemic effects
of low-dose ara-C, essentially the same as those of
conventional-dose ara-C, have been attributed to cytotoxicity
mediated by inhibition of DNA synthesis. The intensity of
low-dose ara-C is therefore regarded as being sub-optimal for
treating AML or high-risk MDS and CR rates <20% are
obtained. 

To increase therapeutic intensity, low-dose ara-C may be
combined with other anti-leukemic agents. One strategy might
be through manipulation of DNA repair (12). If ara-C is
combined with DNA-damaging agents (such as alkylating
agents) that initiate DNA repair, the ara-C inhibits the repair
process, and the unrepaired DNA damage may induce lethal
toxicity in cells. Alternatively, as the repair process includes
unscheduled DNA synthesis for gap filling after removal of
damaged DNA, ara-C may exert cytotoxicity by inhibiting DNA
synthesis. This strategy expands the cytotoxicity of ara-C to non-
dividing cells that are usually not ara-C-sensitive (12). Similarly,
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the nucleoside analog fludarabine combined with the alkylating
agent cyclophosphamide has been proven to be effective in the
treatment of chronic lymphocytic leukemia (13, 14). Melphalan
(Mel) might represent a good candidate for a DNA-damaging
alkylator given its previously reported efficacy against AML and
MDS (15, 16). Moreover, mitoxantrone (Mit) is an
aminoanthraquinone similar to anthracyclines such as
daunorubicin and idarubicin, and offers another key agent for
leukemia therapy. Mit binds to DNA directly, intercalates
between base pairs, and inhibits topoisomerase II activity,
thereby generating both DNA single- and double-strand breaks.
Previous reports have suggested that the combination of Mit, a
cell-cycle non-specific DNA-damaging agent, with a nucleoside
analog, as a cell-cycle-specific agent that inhibits DNA synthesis
and repair, is logical as an anti-AML regimen (17, 18) 

Here, a pilot assessment of combination chemotherapy
using ara-C, Mel, and Mit at low doses was conducted, and
the efficacy and tolerability in older patients with AML or
high-risk MDS was evaluated. Treatment was individualized
by adjusting the period of drug administration according to
the achievement of target points (cellularity and percentages
of blasts in the bone marrow). 

Patients and Methods

Eligibility and evaluation. Adults between 65- and 85-years-old with
AML (except acute promyelocytic leukemia) or high-risk MDS
(refractory anemia with excess of blasts in transformation (RAEB-
t)) according to the French-American-British (FAB) classification
criteria were eligible for this study. The exclusion criteria were
patients with congestive heart failure, serum bilirubin >2.0 mg/ml,
or serum creatinine >2.0 mg/ml. The performance status was 0-2
according to the criteria of the Eastern Cooperative Oncology
Group. All patients provided written informed consent and all
study protocols were approved by the University of Fukui
Institutional Review Board. 

Treatment. Treatment comprised subcutaneous injection of ara-C
(10 mg/m2) twice daily, oral administration of Mel (2 mg/body)
every other day, and 30-min intravenous infusion of Mit (3 mg/m2)
every 3 days (Table I). The bone marrow was aspirated on days 7,
10 and 14 to assess cytoreduction. The treatment was discontinued
if the nuclear cell count was <15,000/Ìl with blast count <20% in
the bone marrow. The treatment was repeated twice. If the second
course did not achieve CR, the treatment was regarded as
unsuccessful. Following completion of the induction schedule,
patients with CR could proceed to further consolidation with
repeated courses of the same treatment or other therapy at the
discretion of the patient's clinician. 

Supportive care. Antiemetics were used according to standard
practices including a 5-hydroxytryptamine type 3 antagonist.
Levofloxacin (300 mg) and fluconazole (200 mg) were given for
gastrointestinal decontamination throughout the therapy.

Response and toxicity criteria. The primary end-points of the study
were the initial response and tolerability. CR was defined as

normalization of blood and bone marrow, with normocellularity with
≤5% blasts in the bone marrow, and with the disappearance of blasts,
granulocyte count >1,000/Ìl and platelet count >100,000/Ìl in
peripheral blood (19). Other responses were considered as failures.
Toxicity was graded on a scale of 0 to 5 according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
Version 3.0. Relapse was defined as an increase in blast count to
>10% in the bone marrow or the presence of blasts in peripheral
blood. Overall survival (OS) was defined as the time from treatment
initiation to death. For responding patients, disease-free survival
(DFS) was the time from CR to either relapse or death in CR.

Results

Patient characteristics. Between September 2003 and
September 2004, a total of 9 patients (7 men, 2 women) were
entered into the study. The characteristics of the patients are
detailed in Table II. The median age was 75 years (range, 66-
85 years). The present therapy was administered for remission
induction in 5 patients (Patients 2, 4, 5, 6 and 9) and for
salvage in 4 patients (Patients 1, 3, 7 and 8).

Response. CR was achieved by 3 patients (Patients 2, 3 and 4),
while 6 patients were refractory to treatment, including 1
patient for whom induction failed due to death and 5 patients
in whom failure was due to resistant disease (Table III). The
clinical courses of CR patients are shown in Figure 1. The
median OS in responders was 326 days, which tended to be
longer than the 131 days in non-responders, but no significant
differences were identified (p=0.19, Mann-Whitney test)
(Table III).

Drug administration. The present regimen was individualized
by optimizing the period of drug administration to achieve
target points in the bone marrow. Target points were attained
in all patients. The median duration of drug administration
was 11 days (range, 7-14 days) for ara-C, 6 days (range, 4-9
days) for Mel, and 4 days (2-6 days) for Mit in all patients
(Table III). No significant differences in the period of
administration for each agent were noted between responders
and non-responders, suggesting that treatment failure was not
attributable to undertreatment (Table III) (p=0.89 for ara-C;
p=0.79 for Mel; p=0.52 for Mit, Mann-Whitney test).
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Table I. Therapeutic regimen.

Agent Dose Period of administration
(days)

Ara-C 10 mg/m2 x 2/day, s.c. 1-14
Mel 2 mg/body/day, p.o. 1, 3, 5, 7, 9, 11, 13
Mit 3 mg/m2/day, i.v. inf 30 min 1, 4, 7, 10, 13

Ara-C: cytarabine; Mel: melphalan; Mit: mitoxantrone; s.c.: subcutaneous
injection; p.o.: by mouth; i.v. inf: intravenous infusion.



Toxicity. All patients displayed grade 4 neutropenia and
thrombocytopenia. Grade 2 nausea and vomiting were
reported in 4 patients. No patients developed hepatic or renal
dysfunction. Grade 3 febrile neutropenia without isolation of
any microorganism or documented site of infection was seen
in 5 patients. One patient (Patient 6) died from sepsis within
4 weeks of starting therapy (grade 5 febrile neutropenia).
Bone marrow suppression was thus severe despite the use of
low-dose anticancer agents (Table IV). 

Discussion

Intensive chemotherapy increases the response rate in older
patients with AML or high-risk MDS. Most patients, however,
are not candidates for this approach due to performance
status, age and concomitant diseases. Consequently, only a
minority of patients are eligible for prospective, multicenter,
randomized trials for intensive chemotherapy. Nevertheless,
the suggestion has been made that the practicability of
chemotherapy might be improved by reducing the dosage of
cytotoxic agents (9). 

A total of 141 patients were treated in a combined Eastern
Cooperative Oncology Group and Southwest Oncology Group
phase-III study evaluating low-dose ara-C versus supportive
therapy for the treatment of MDS (20). Low-dose ara-C yielded
a CR rate of 11%. Although no difference in OS was seen for
patients treated using low-dose ara-C or supportive therapy,
patients receiving ara-C had a reduced transfusion requirement
after 3 months. Thus, despite the low CR rate for low-dose ara-
C therapy, some patients benefited with durable responses. 

The combination of low-dose ara-C with other anticancer
agents or hematopoietic growth factors has been investigated
for improving clinical efficacy. Venditti et al. treated 16 MDS
patients with low-dose ara-C and interferon alpha, and
achieved a good response in 44% (21). Fukuhara et al. treated

28 patients with MDS or MDS-overt leukemia using low-dose
ara-C and macrophage colony-stimulating factor, resulting in
a 39% CR rate (22). Li et al. treated 112 patients with AML
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Table II. Patient characteristics.

Pt Age/Gender Diagnosis Cytogenetic analysis PS

1 75/M M2 Primary refractory 46XY,+8,-15,-17,+21,-22 2
2 78/M RAEB-T Newly diagnosed 46XY,+1,der(1;7)(q10;p10) 1
3 72/F MDS-LT Relapsed 46XX,i(13)(q19) 2
4 72/M M5b Newly diagnosed 46XY,t(9;11)(p22;p23) 2
5 66/M MDS-LT Newly diagnosed 46XY 1
6 75/M MDS-LT Newly diagnosed 46XY 1
7 78/M M2 Primary refractory 46XY 2
8 70/F M2 Primary refractory 44XX,add(3)(p13),-5,-7,+8 2
9 85/M M4 Newly diagnosed 46XY,+11 1

Pt: patient; M2,4,5b: French-American-British classification of acute leukemia; RAEB-T: refractory anemia with excess of blasts in transformation;
PS: Performance status according to the criteria of the Eastern Cooperative Oncology Group; MDS-LT: myelodysplastic syndrome-leukemic
transformation. For cytogenetic analysis, chromosome preparations were obtained using the conventional trypsin-Giemsa banding technique.
Twenty metaphases then were analyzed and karyotypes were described according to the International System for Human Cytogenetic
Nomenclature. 

Table III. Drug administration and response.

Pt Days Response Days

Ara-C Mel Mit DFS OS

1 14 9 6 NR 86
2 14 7 5 CR 142 326
3 11 6 3 CR 202 620
4 9 5 3 CR 80 121
5 14 6 4 NR 126
6 14 7 5 NR 28
7 7 4 2 NR 203
8 10 5 4 NR 140
9 10 5 4 NR 135

Each anticancer agent was administered for the indicated periods. Pt:
patient; Ara-C: cytarabine; Mel: melphalan; Mit: mitoxantrone. NR:
no response; CR: complete remission; DFS: disease-free survival for
responding patients; OS: overall survival.

Table IV. Recovery from bone marrow suppression.

Days

Pt Neutrophils Platelets
(≥500/Ìl) (≥100,000/Ìl)

2 14 16
3 19 35
4 24 24

Time (days) for recovery from bone marrow suppression in patients
(Nos. 2-4) who had achieved CR.



or MDS using low-dose ara-C, aclarubicin and granulocyte
colony-stimulating factor in combination (23). A CR rate of
33% was obtained in the group of elderly patients. These
studies have thus suggested that the addition of other
modalities might improve the CR rate for low-dose ara-C.

In the present regimen, the low-dose combination of ara-C,
Mel and Mit gave a CR rate of 33%, which was much higher
than that achieved using low-dose ara-C alone (20), and
comparable to those achieved using combination regimens
with low-dose ara-C (21-23), as mentioned above. The study
by Miller et al. suggested that a cytoreductive effect is required
to improve clinical outcome, given the significant correlation
between the degree of cytoreduction after receiving ara-C and
survival (20). Intensity might have been enhanced in the
present regimen by the addition of Mel, which might have
interacted with the ara-C to inhibit DNA repair, and Mit,
which might have augmented the DNA damage by inducing
DNA strand breaks. Moreover, administration was continued
until bone marrow aplasia was obtained as a target point. The
improved CR rate attained using the present regimen would
thus have been due to a therapeutic intensity that was strong
enough to produce sufficient cytoreduction.

Mechanistic interactions between ara-C, Mel and Mit,
however, were not investigated in the present study. We have
previously shown that ara-C inhibition of DNA damage
repairs was apparent even at the very low concentrations 
(10 nM) that are clinically achievable during low-dose ara-C
administration (12). Clinical monitoring of DNA repair
kinetics in leukemic cells during therapy may further optimize
the schedule of drug administration for this regimen. 

Kantarjian et al. analyzed a total of 998 patients ≥65-years-
old with AML or high-risk MDS treated with intensive
chemotherapy between 1980 and 2004 (24). Overall the CR
rate was 45% and the induction mortality rate was 29%. This
suggests that intensive chemotherapy in older patients is
associated with significantly increased therapy-related
mortality, despite a minimal improvement in response. In the
present regimen, drug administration was optimized in each
individual by determining target points, which could prevent
the overuse of anticancer agents. Nevertheless, the regimen
induced severe myelosuppression in all patients and the
chemotherapy-related death of one patient (11%). However,
this mortality rate was lower than that seen with intensive
chemotherapy by Kantarjian et al. (24), and as low as those 
(7-11%) reported in studies of low-dose ara-C monotherapy
(20, 25). The addition of Mel and Mit thus did not appear to
increase the mortality rate, suggesting the feasibility of this
regimen for treating older patients. 

In conclusion, using low-doses of ara-C, Mel and Mit in
combination appears relatively safe and effective for treating
older patients with AML or high-risk MDS. This may be
attributable to the use of low doses of each agent and
adjustment of the period of drug administration by setting up
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Figure 1. Clinical courses of patients 2 (A), 3 (B) and 4 (C), who
achieved complete remission following treatment. Ara-C: cytarabine; Mel:
melphalan; Mit: mitoxantrone. ●: white blood cell (WBC) count; ●●:
hemoglobin; x: platelet count; MAP: red blood cell transfusion; PC:
platelet concentrate transfusion. 



target points. Clinical monitoring of mechanistic interactions
between ara-C, Mel and Mit might further optimize
scheduling of drug administration. 
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