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Background: Acute myeloid leukemia (AML) is the most common type of leukemia. In this study, outcome 
of intensive chemotherapy in patients treated in a large urban public university hospital in a developing 
country was investigated.
Materials and Methods: The records of all patients treated for AML with 3 + 7 protocol from 2002 to 2010 
were analyzed.
Results: Among 95 patients, 34 (35.8%) were female and 61 (64.2%) were male patients. Patients’ median 
age was 37 years, ranging 15-68 years. Complete remission (CR) was observed in 56 (58.9%) of patients 
treated with this protocol. Median overall survival was 13 months (95% CI: 8.8-17.1 months). The 1-year 
AML survival rate was 51%, and 2-year survival rate was 26%.
Conclusion: Our study shows that in our center in Iran, CR rates and median overall survival rates after 
induction chemotherapy are less than developed countries.
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Results of treatment of acute myeloid leukemia in central 
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Original Article

AML is the most common type of leukemia.[2] The 
age-adjusted incidence rate of AML is 3.5 per 100,000 
men and women per year.[2]

Current standard induction treatment for AML 
involves drug regimens with two or more agents 
that include an anthracycline antibiotic or an 
anthraquinone and cytarabine.[3] Remission rates in 
the studies cited range from approximately 55-80% in 
adult subjects.[3-6]

These figures are derived from studies conducted in 
North America and Western Europe and may not 
reflect the pattern of disease in the developing world. 
It is known that there are some important differences 
among patients due to ethnic, socioeconomic, and 
environmental factors.[7]

INTRODUCTION

Acute myelogenous leukemia (AML) is a malignant 
disease of the bone marrow in which hematopoietic 
precursors are arrested in an early stage of 
development. Most AML subtypes are distinguished 
from other related blood disorders by the presence of 
more than 20% blasts in the bone marrow.[1]
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In this investigation, remission rates and long-term 
outcomes of AML in adults in our center are reported.

MATERIALS AND METHODS

The Seyed al Shohada Hospital is a referral hematology 
center in Isfahan. Patients are referred from center 
and west part of Iran. In this report, we present the 
clinicopathological features, remission rates, and 
long-term outcomes of AML in adults in our center 
from 2002 to 2010.

We reviewed the charts of all adult patients with 
primary AML, admitted between March 2002 and 
March 2010 in this center.

Patients with a history of myelodysplasia, other 
antecedent hematologic cancers, and those previously 
exposed to cytotoxic chemotherapy or radiation 
therapy were excluded.

AML was diagnosed by studying peripheral blood 
smears, bone marrow aspiration, and biopsy slides 
stained with Wright, Periodic acid-Schiff stain (PAS) 
and myeloperoxidase. All slides were independently 
reviewed by two experienced hematologist and 
pathologist, who are not involved in the study. 
Immunophenotypic and cytogenetic studies were 
performed at diagnosis on bone marrow samples. 
AML was defined as the presence of more than 20% 
of myeloblasts in the bone marrow.[8] Subtype of AML 
was recorded according to French-American-British 
(FAB) classification.[9] Complete remission (CR) was 
defined as the absence of abnormal clinical symptoms 
and having less than 5% of myeloblasts in the bone 
marrow, absence of blasts with Auer rods; absence of 
extramedullary disease; absolute neutrophil count 
>1.0  × 109/L (1000/µL); platelet count >100  × 109/L 
(100,000/µL); independence of red cell transfusions.[10]

Induction regimen consisted of ara-C 100 mg/m2 for 7 days 
plus an anthracycline for 3 days, either daunorubicin 
45-60 mg/m2 or idarubicin 12 mg/m2 (3 + 7).[11]

Platelet support was provided in the case of bleeding, 
or whenever the platelet count was less than 20 × 109/L. 
Platelets were collected from random donors. Red 
cell transfusions were administered to maintain the 
hemoglobin above 9 g/dL or on clinical grounds.

Empiric antibiotics were given to all febrile patients 
(two or more temperature readings above 38°C in a 
24-h period, or a single reading of 38.5°C or higher) 
with neutropenia (fewer than 0.5 × 109/L neutrophils) 
following an initial clinical and laboratory evaluation. 
Carbapenem or combination of ceftazidime and 
amikacin was used.

The inclusion of another antibiotic (vancomycin or 
anti‑anaerobe) was dictated by clinical findings. If fever 
persisted at day 7, intravenous amphotericin B was 
added to antibiotics. Antibiotic and antifungal therapy 
was continued until the number of granulocytes was 
greater than 0.5 × 109/L.

RESULTS

Among 95 patients, 34 patients (35.8%) were females 
and 61 (64.2%) were males. Patients’ median age was 
37 years, ranging 15-68 years.

Table 1: Patients’ characteristics at the time of hospital 
admission
Patients’ characteristics at presentation N (%) Mean SD

Gender
Female 34 (35.8)
Male 61 (64.2)

Age 37.03 13.85
Maximum 68
Minimum 15

Type of leukemia
AML1 6 (6.3)
AML2 26 (27.4)
AML4 19 (20)
AML5 10 (10.5)
AML6 10 (10)
AML7 4 (4.2)

Blood group
A 28 (29.5)
B 15 (15.8)
AB 8 (8.4)
O 44 (46.3)

RH

Positive RH 84.4 (88.4)

Negative RH 11 (11.6)

White blood count (WBC)/µL

WBC<4000 27 (28.4)

4000<WBC<12000 33 (34.7)

12000<WBC<100000 34 (35.8)

WBC>100000 5 (5.3)

Hemoglobin
Normal 1 (1.1)
Abnormal 94 (98.8)

Platelet count (PLT)/µL
PLT<150000 84 (88.4)
150000<PLT<450000 11 (11.6)
PLT>450000 0 (0)

Absolute neutrophil count (ANC)/µL
ANC<500 25 (26.3)
500<ANC<1500 16 (14.7)
ANC>1500 51 (53.7)

ANC:Absolute neutrophil count, AML:Acute myelogenous leukemia, WBC:White 
blood count
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Table 1 shows patients’ characteristics at the time of 
hospital admission.

Cytogenetic study was performed in 14 patients. In 
nine of these patients, cytogenetic was normal.

All 95 patients received 3  + 7 regime. Sixty-eight 
patients received daunorubicin 45 mg/m2, 13 patients 
treated with daunorubicin 60 mg/m2, and another 
14 patients received idarubicin 12 mg/m2.

Adverse effects of induction chemotherapy were 
pulmonary failure, renal failure, increase in liver 
enzymes, and oral ulcers [Table 2].

Febrile neutropenia occurred in 88.4% of patients. All 
febrile patients received antibiotics, and 40% of febrile 
patients treated with empiric amphotericin B.

Only 20% of patients had a microbiological focus 
of infection. The most common infection sites were 
central venous catheter (6.4%), urinary tract infection 
(4.3%), and gastrointestinal infection (3.2%).

Overall, 73 patients (76.8%) were transfused with 
platelets, and 87 (88.4%) received packed cell transfusion.

Two patients expired during induction chemotherapy 
and mortality rate was 2.1%. One patient expired 
26th day of chemotherapy due to uncontrolled infection 
without any response to chemotherapy in bone marrow 
evaluation of day 14, and another one died in 10th day 
of treatment and the cause of death was indeterminate.

CR was attained in 56 (58.9%) patients. Thirty-four 
(35.8%) patients had no response to chemotherapy in 
day 28 evaluation. One patient died before day 28 and 
in another four patients, bone marrow evaluation was 
not performed due to lack of patient consent.

Final outcome of all enrolled patients was evaluated 
6 months after study endpoint.

At this time, 27 (28.4%) of patients were alive. 
Mortality rate was 70.5% and outcome of one patient 
was not evaluable.

Median overall survival was 13 months (95% CI: 
8.8-17.1 months). The 1-year AML survival rate was 
51% and 2-year survival rate was 26%.

Figure 1 shows the Kaplan–Meier curve of overall 
survival in AML patients.

Bone marrow transplantation was performed in 
11 (11.6%) of patients. At the time of outcome 
evaluation, six of transplanted patients were alive.

DISCUSSION

There is very little information available from 
developing Asian countries including Iran about 
the results of AML treatment. We performed this 
retrospective study to find out the outcome of AML 
treatment in a large referral Hematology/Oncology 
Hospital in central part of Iran.

Characteristics of AML patients including age, gender 
ratio, and subtypes of AML in this study were not 
different from similar studies.[12]

Three days of an anthracycline (e.g. daunorubicin, 
at least 60 mg/m2, idarubicin, 10-12 mg/m2, or the 
anthracenedione mitoxantrone, 10-12 mg/m2) and 
7 days of cytarabine (100-200 mg/m2 continuous IV) 
(3 + 7) currently remain the standard for induction 
therapy. With such regimes, CR is achieved in 60-80% 
of younger adults.[8] No other intervention has been 
convincingly shown to be better.[13]

In our study, CR rate after induction chemotherapy 
was 58.9%, less than reported rates in developed 
countries clinical trials.[8]

In a similar study from northwest of Iran, after 
chemotherapy with 3  + 7 regimen, CR rate was 
52.5%.[12]

Table 2: Nonhematological toxicity of induction chemotherapy
Nonhematological toxicity N (%)
Increase bilirubin 6 (6.3)
Renal failure 12 (12.6)
Oral ulcer 19 (20)
Increase liver function tests 5 (5.3)
Pulmonary failure 1 (1.1)

Figure 1: Kaplan – Meier curve of overall survival in acute myelogenous 
leukemia (AML) patients
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In another study in Brazil, another developing country, 
CR rate reported to be 56% for subset of patients who 
had been treated with 3 + 7 regime.[14]

It seems that reported remission rate in developed 
country is different from that of developing countries.

One of the facts that could be effective in decreasing 
CR rate in our study is the protocol of treatment in 
our hospital. AML patients regardless of bone marrow 
findings in day 14 received only one course of 3 + 7 
regime for treatment.

Recent data from the Eastern Cooperative Oncology 
Group (ECOG) suggest that patients who receive a 
second cycle of induction therapy on day 14, based 
on the presence of unequivocal residual leukemia, 
and subsequently achieve a CR, have a prognosis 
that is similar to those achieving CR with one cycle 
of induction.[15] Based on these findings, the standard 
protocol in many centers is administration of second 
course of 3  + 7 in patients who had unequivocal 
residual leukemia blasts in bone marrow evaluation 
of day 14 or 1 week after treatment.[16]

In our center, there are no standard clean rooms for 
neutropenic patients and concern of severe infections 
after second course of induction chemotherapy was a 
major factor for approval of this protocol.

Another factor that could explain lower rate of CR in 
our center is the dosage of anthracycline in our center.

The traditional dose of daunorubicin (45 mg/m2 for 
3 days) is no longer appropriate as induction therapy 
for AML.[17] A recent randomized trial for younger 
patients under age 60 years reported a significantly 
higher CR rate for patients receiving 90 mg/m2 of 
daunorubicin compared with 45 mg/m2.[4] The overall 
survival was also improved with the higher dose of 
daunorubicin.[4]

The dose of daunorubicin in our patients was 
45-60 mg/m2.

Based on these data, increasing the dose of daunorubicin 
to 90 mg/m2 would be an appropriate recommendation 
for treating AML patients.

Cytogenetic study is a mandatory test in diagnosis 
and treatment of AML patients.[8]

However, in our study, this test was done only in 11% 
of patients. The major causes of this finding were 
unavailability of this test in our center and lack of 
insurance cover for this expensive test.

Another finding is low rate of transplantation (only 
11%) in our patients.

This low rate could explain the lower rate of overall 
survival of patients in comparisons with other 
studies.

Transplantation in Iran is completely covered by 
insurance, but the major limiting factor for doing 
transplantation is long waiting list of major center of 
transplantation in Tehran, capital of Iran, and long 
distance between center of Iran and transplantation 
center that is a major prohibitive factor for doing 
transplantation.

In conclusion, our study shows that in our center 
in Iran, unavailability of cytogenetic and molecular 
studies make many problems in diagnosis and risk 
stratification of patients. CR rates and median overall 
survival rates after induction chemotherapy are less 
than developed countries.
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