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ABSTRACT
Abstract: Acute Myeloid Leukemia (AML) is a malignant hematopoietic disease caused by the
presence of a malignant clone in the bone marrow. The classic AML treatment includes a combi-
nation of an Anthracycline and Cytarabine. This study aimed to evaluate the effect of high doses of
Daunorubicin on patients' outcome. Methods: During the study period, 16 AML patients received
induction therapy with Cytarabine (100mg/m2/d) for 7 days and Daunorubicin (90 mg/m2/d) for 3
days. Outcomeanalysiswas performed to evaluate theoverall survival (OS) anddisease-free survival
(DFS) during 2 years of study. Results: Themean age of patients was 38± 12.38 years, with the age
range between 16 and 54 years old. Seven patients (43.8%) were females, and 9 cases (56.3%) were
males. OS was 81.3%, with a mean of 396.88 days. (95% CI: 306.99-486.77). DFS was 83.3%, with a
mean of 383.57 days (95% CI: 299.88-467.26). The log-rank test showed a significant difference in
DFS of AML sub-types, as M1 subtypes had lower DFS (P log-rank= 0.013). Although M1 subtypes
had a lower OS, there was no significant difference in OS between subgroups (P log-rank= 0.067).
Conclusion: Although disease-free survival was improved by increasing the dose of daunorubicin,
there was no difference in the overall survival between the AML subgroups and sexes.
Key words: Acute Myeloid Leukemia, Induced Therapy, DiseaseFree Survival, Overall Survival,
Cytarabine, Daunorubicin

INTRODUCTION
Acute Myeloid Leukemia (AML) is a malignant
hematopoietic tumor of the bone marrow myeloid
cells1–3, which results in the aggregation ofmalignant
cells in the bone marrow and the onset of anemia,
neutropenia, thrombocytopenia 1–8. The incidence of
AML is more common in men, and the ratio of inci-
dence in men to women is 3 to 2. The incidence of
AML increases with aging9–12.
Several etiologies are associated with AML inci-
dence, including dysplastic diseases, congenital dis-
eases (Down syndrome, Fanconi anemia), and en-
vironmental exposures (ionizing radiation, chemical
exposures, and history of chemotherapy)13–15. In the
absence of treatment, the median survival of patients
is about 11 to 20 weeks16.
AML treatment includes induction therapy (Remis-
sion Induction) and Post Remission Induction. The
aim of Remission Induction is to achieve a complete
response to treatment (Complete Remission). Despite
recent improvements, the AML cure rate increased
from 20% in the 1960s — 1980s, to 40-70% in 2000.
AML standard treatment includes an Anthracycline
and Cytarabine combination17.

The most widely used AML induction chemother-
apy regimen is Cytarabine as a continuous infusion
of 100-200 mg/m2 for 7 days and intravenous An-
thracycline for 3 days. Different dosages have been
performed using Daunorubicin (30 mg/m2/d to 90
mg/m2/day) in other studies.
This study aimed to determine the overall survival and
disease- free survival in AML patient treated with 90
mg/m2/day of Daunorubicin.

MATERIALS - METHODS
This cross-sectional study was conducted between
December 2015 to September 2017 in the Depart-
ment of Hematology and Oncology, Tabriz Univer-
sity of Medical Sciences. This study has been ap-
proved as a confirmed research proposal (94/13)
and obtaining the permission of the Ethics Com-
mittee of Tabriz University of Medical Sciences
(TBZMED.REC.1394.793). Ethical consent forms
were obtained from a ll patients.

Inclusion criteria
All patients aged 15-60 years with newly diagnosed
AML and other than AML (M3), based on morpho-
logical and flow cytometric criteria, and patients with
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a cardiac ejection fraction of more than 50% were in-
cluded in this study.

Exclusion criteria

Patients during pregnancy and breastfeeding, or hav-
ing malignancies and secondary or previously treated
for AML, and patients with a cardiac ejection fraction
of less than 50% were excluded.
After confirmation of the diagnosis of AML according
to WHO diagnostic criteria (presence of more than
20% of myeloblasts in bone marrow)7, patients were
treated with an induction regimen of 7 + 3. Morpho-
logical evaluation of cells, immune-histo-chemical
staining, flow cytometric characteristics, and cytoge-
netic analysis for patients were performed.
Patients were treated with Cytarabine (Ebewe, Aus-
tria) 100 mg/m2 as a 24-hour intravenous infusion
for 7 days, and Daunorubicin 90 mg/m2 (Pfizer, Ger-
many) was infused intravenously for three days18.
At the 30th day after treatment started, patients were
evaluated for response to treatment by bone marrow
aspiration.
In the case of complete remission (19), which in-
cluded neutrophil count over 1000, platelet count
above 100,000, absence of premature cells in periph-
eral blood and less than 5% in bone marrow, and ab-
sence of Auerrod, patients were treated with Cytara-
bine (100 mg/m2) as infusion during 24-hour for 5
days, and 45 mg/m2 of Daunorubicin as intravenous
infusion for two days. This treatment was repeated
with an interval of one month, and patients under-
went monthly blood tests until relapse or death due
to non-AML.

Statistical analysis

Prognostic outcomes were assessed as overall survival
(OS) and disease - free survival (DFS). Overall sur-
vival was determined at the time of diagnosis and the
date of death or the last follow-up. DFS was evaluated
at the time interval between the diagnosis date and the
date of the first relapse or the last follow-up.
The survival analysis was performed using the
Kaplan-Meier method and the log-rank test for eval-
uating the differences between mentioned factors.
Data analysis was performed by SPSS software version
21.

RESULTS
Sixteen patients were recruited in this study, including
7 (43.8%) females and 9 (56.2%) males. The patients
were between 16-54 years old, and their mean age was

38 ± 12.38 years. The most common detected sub-
type was AML, M2 (n=9, 56.25%). Table 1shows the
frequency of AML different subtypes (Table 1).
The median white blood cell count was 2125.0/cm3

(800 to 83480), with mean hemoglobin levels of
5.88 ± 2.66 g/dl, and the median platelet count was
29500.0/mm3 (5000 to 42000).
In 13 patients (81.3%), fever was reported, and mu-
cositis was detected in 10 patients (62.5 %). The high-
est and lowest neutropenic periods in patients were 8
days and 26 days, respectively. The median duration
of neutropenia was 23 days. Themaximum andmini-
mum days for antibiotic treatment were 8 days and 26
days, respectively, and the median duration of antibi-
otic therapy was 8 days. From 16 AML patients, only
one patient had evidence of cardiac function reduc-
tion. Eleven AMLs (68.8%) had complete remission,
and there was no significant difference between the
type of AML and complete remission response rate (P
= 0.5).
The mean follow-up time was 216.44 ± 178.08 days
in 16 AML patients. The overall survival was 81.3%,
with the mean OS of 396.88 days (95% CI: 306.261-
486.765). The highest overall survival was observed
for M2 sub-type, but there was no significant dif-
ference in prognosis between different AML sub-
types (P Log-rank = 0.0 67). Although male pa-
tients had lower OS than females (77.8% vs. 85.7%),
this difference was not significant (P Log-rank=0.640)
(Figure 1).
The disease-free survival (DFS) was 83.3%, with a
mean of 383.57 days (95% CI: 299.88 – 467.26). None
of theM2 sub-types had relapsed during the study pe-
riod, and so there was a significant difference in DFS
between AML sub-types (P Log-rank=0.013). From
each of the male and female AML cases, one patient
had relapsed (P Log-rank= 0.728) (Figure 2).

DISCUSSION
We followed 16 AML patients in two years to evaluate
the prognostic effect of treatment with 90 mg/m2/day
of Daunorubicin. The most common detected sub-
type was AML, M2 (n=9, 56.25%), and there was a
significant difference of DFS between different sub-
types, while none of the M2 sub-types had relapsed.
Recently Lee et al. (2016) showed the effectiveness
of increasing Daunorubicin doses to 90 mg/m2/day
compared to 45mg/m2/day dosage, in the formof 7+3
protocol in patients younger than 60 years.
The overall remission rate was 70.6% vs. 57.33%
(P<0.001), and the overall survival rate was 23.7
months, compared to 15.7 months (P=0.005) 18. In
another study, the complete remission rate was 82.5%
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Table 1: Frequency of different AML subtypes

AML Subtype Frequency Percent

M0 1 6.25%

M1 3 18.75%

M2 9 56.25%

M4 3 18.75%

M5 - -

Figure 1: Overall Survival Function in 16 Patients with AML. A. In Males and Females, B. In Different Subtypes.

Figure 2: Diseases Free Survival Function in 16 Patients with AML. A. In Males and Females, B. In Different
Subtypes.
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vs. 72%, in the groups receiving the same proto-
cols. Overall survival rate (46.8% vs. 34.6%) and the
disease survival rate (8.8% and 28.4%) were signifi-
cantly higher in AMLs, who received 90 mg/m2/day
Daunorubicin19.
In Löwenberg et al. study, complete remission (CR)
was 73% in AMLs receiving 90 mg/m2 of Daunoru-
bicin, compared with 51% CR of the standard care
with 45 mg/m2 (P = 0.08). The overall survival (38%
vs. 23% P=0.16) was not significantly different be-
tween the two groups20.
Appelbaum et al. evaluatedAMLpatients treatedwith
a standard dose (45 mg/m2) and suggested dose (90
mg/m2) ofDaunorubicin19. Their results showed that
high dose Daunorubicin significantly increased pa-
tient’s survival (P=0.0003). We could not find any
significant difference in OS between different AML
sub-types, but there was a significant DFS between
groups. Considering the controversial results of dif-
ferent studies, further studies with better study de-
signs and larger sample size are required to demon-
strate the effective response to high doses (90 mg/m2)
of Daunorubicin.

CONCLUSION
In this study, there was not any significant relation-
ship between AML sub-types and overall survival in
patients with acute myeloid leukemia, which was due
to the small size in the study. In the case of amulticen-
tre study, improvement in the results may be achieved
by increasing the sample size.

ABBREVIATIONS
AML: Acute Myeloid Leukemia
CI: Confidence Interval
CR: Complete Remission
DFS: Diseases Free Survival
OS: Overall Survival
WHO: World Health Organization
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