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Abstract

Background: A prospective study was conducted to investigate the response rate of patients newly diagnosed with acute myeloid
leukemia (AML) to modified intermediate-dose cytarabine with daunorubicin.
Methods: A total of 45 patients received cytarabine at a modified intermediate-dose (115 mg/m2) given by continuous intravenous
infusion for 12 hours twice daily over 7 days and daunorubicin 45 mg /m2 given on days 1, 2, and 3 of induction therapy. Patients with
a complete response received reinduction with cytarabine at the same dose and infusion over 5 days with 2 doses of daunorubicin.
After remission, patients who were socioculturoeconomically eligible for transplantation were evaluated for other prognostic fac-
tors, except for cytogenetic factors that were not available in the study center, to identify patients that were eligible for stem cell
transplantation.
Results: Patients were 17 to 60 years of age. 6 patients had early death due to complications and treatment failure. 39 patients (87%)
achieved complete remission. Only 16 patients were eligible for transplantation on evaluation and underwent allogeneic stem-cell
transplantation. 18 patients were not eligible for this transplantation and underwent consolidation therapy with chemotherapy. 5
patients did not receive any treatment and died during the follow up. In the follow up period between April 2006 and January 2014
in 39 out of 45 patients (min 0.2 yr, max 7. 8 yr) 31 % of patients were alive.
Conclusions: Modified intermediate dose cytarabine was effective for the treatment of AML, achieving a high rate of complete
remission, and might improve outcomes in patients.

Keywords: Modified Intermediate-Dose, Cytarabine, AML

1. Introduction

The incidence of acute myeloid leukemia (AML) is 3.6
per 100,000 persons per year, with a median age at diag-
nosis of 66 years (1, 2). An estimated 18,860 and 10,460
new cases and deaths, respectively, were attributed to
AML in the United States in 2014 (3). Conventional treat-
ment in AML includes induction chemotherapy followed
by post remission therapy. Post remission therapy appears
to be effective when given immediately after remission is
achieved (4). Post remission therapy includes cytarabine-
based regimens similar to the standard induction or high-
dose chemotherapy with autologous bone marrow trans-
plantation, and myelo -ablative therapy with allogeneic
stem cell transplantation (Allo-SCT) (4-6). The main drug
for AML treatment is cytarabine arabinoside (Ara-C), in
which three protocol types are used: conventional or stan-
dard dose, intermediate dose, and high dose Ara-C (HDAC).
The most commonly used induction regimens for AML are
the so-called “7 + 3” regimens, which combine a seven-day

continuous intravenous infusion of cytarabine (100 mg/
m2 per day) with a short infusion or bolus of an anthra-
cycline [Daunorubicin (DNR) 45 mg/m2 per day] given on
days one through three (7) although high-dose cytarabine
arabinoside is now being used for induction therapy (8,
9) or consolidation therapy (10, 11). HDAC has not conven-
tionally been used for remission induction, (12) but HDAC
alone could be considered in patients that are not candi-
dates for anthracyclines during induction (7). Use of modi-
fied intermediate-dose cytarabine arabinoside (about one-
third of the total high doses) could result in maximal an-
titumor effects with less toxicity. The aim of the present
study was to evaluate the effect and response rate of mod-
ified intermediate dose cytarabine arabinoside in acute
leukemia. A second cycle of induction chemotherapy was
routinely applied without delay after the first cycle of in-
duction chemotherapy if bone marrow sampling after the
fifteenth-day of treatment indicated complete remission
(13, 14).
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2. Methods

Between April 2006 and January 2014 at Talaghani and
Imam Reza hospital, University of Medical Sciences Ker-
manshah, Iran, patients 15 to 60 years of age with de
novo AML were registered in a cohort study. Eligibility
criteria included: a diagnosis of de novo AML (except for
cases of acute promyelocytic leukemia), ages between15
and 60 years. Patients with a prior diagnosis of myelodys-
plasia or refractory anemia or those who received prior
chemotherapy were not eligible; in addition, patients with
irreversible major organ failure, significant hepatic or re-
nal dysfunction, and a left ventricular ejection fraction less
than 45% - 50% were ineligible. The cohort study was ap-
proved by regional ethical committee at Kermanshah Uni-
versity of Medical Sciences (Ref.NO:IR.KUMS.REC.1394.300).
Diagnosis was morphologically confirmed according to
the French- American-British classification. Cytogenetic
evaluation was not performed in the primary center due to
costs. Patients were assigned to induction treatment with
intermediate-dose that consisted Ara-C 115 mg/m2 given as
a continuous infusion 12 hours twice daily on days 1 to 7,
with the addition of bolus DNR at 45 mg/m2/d on days 1
to 3. Post induction bone marrow samples were obtained
on day 15. If patients were in complete remission, the sec-
ond course of induction was started without delay with
intermediate-dose Ara-C 115 mg/m2 given as a continuous
infusion 12 hours twice daily on days1 to 5 with the addition
of bolus DNR at 45 mg/m2/d on days 1 and 2. After remis-
sion, patients with good socioeconomic and cultural con-
ditions were selected for transplant evaluation. If these pa-
tients were eligible for allogenic stem cell transplantation
because of stem cell transplantation criteria, they under-
went SCT and if not eligible for SCT, due to lack of financial
support, they underwent consolidation with etoposide, cy-
tosar, and mitoxantron for 4 days monthly over twelve
months. Many of these patients did not receive any fur-
ther treatment. When consolidation treatment was com-
pleted, patients were monitored at 3-month intervals for a
minimum of 5 years. Patient survival was measured from
the day of the respective registration to death from any
cause. During hospitalization of patients, febrile neutrope-
nia was evaluated and treatment for fever and neutrope-
nia was performed. All patients required packed cell and
platelet transfusions. We used the following formula for
the calculation of sample size based on survival rate from
previous studies:

(1)

N = N0 +N1

=
1 +∅
∅

(
1 +∅θ
1− θ

)2

(
Zα

2
+ Zβ

)2

(1− ρ0)∅ (1− ρ1)

In this formula following items are defined and we con-
sidered alpha as 0.05 and beta as 0.2.

N0: required number of individuals in the control
group.

N1: required number of individuals in the
risk/intervention group.

n0: actual number of individuals in the control group.
n1: actual number of individuals in the

risk/intervention group.
φ = n1/n2: the ratio of number of individuals in the

risk/intervention group to number of control group.
ρ0: survival rate or efficacy of control group.
ρ1: survival rate or efficacy of risk/intervention group.
We used Kaplan-Meier estimator to estimate survival

function for time to death. To compare survival curves
and distributions between patients who received SCT with
those who did not receive SCT, we used Log-rank test.

3. Results

Of the 45 patients included in the study, 27 were male
and 18 were female. Characteristics of these 45 patients are
summarized in Tables 1 and 2. The median age was 32 years
(range, 15 - 60 years). Early mortality occurred in 6 (13%)
out of 45 patients. Five out 6 patients died due to compli-
cations of treatment or failure of treatment and one pa-
tient died from influenza infection during pancytopenia
that developed after treatment was initiated. 39 (86%) of
45 patients achieved CR. These patients were then evalu-
ated and underwent consolidation therapy. 16 out of 39 pa-
tients underwent SCT on the basis of good socio-economic
status and high risk factors for relapse although cytogenet-
ics was not evaluated. 18 patients were not eligible for eval-
uation of SCT because they were of low socioeconomic sta-
tus. These patients then underwent consolidation with a
chemotherapy regimen “etoposide100 mg/m2 day 1 - 3, mi-
toxantron 15 mg/m2 day1 and cytarabine 100 mg SQ day1
- 4”. Five patients were not selected to receive any type of
consolidation treatment. At follow-up of all patients (45
patients) performed between April 2006 and January 2014,
12 of 45 (26%) patients were alive. The mean follow up time
for 39 out of 45 patients was 2.9 yr (min 0.26, max 7.7 yr)
and 23 of 39 patients died. This left 12 (31%) patients alive
at the follow up. The results of 39 patients are as follows:
Mean follow up of 5 patients that were not selected for con-
solidation therapy after double induction was 0.8 yr (min
0.2 yr max 1.6 yr). 100 percent of 5 patients without con-
solidation therapy after recurrence died. 8 of 16 patients
with SCT died. 3 of 8 patients died due to GVHD and in-
fection and 5 patients died due to relapse. The mean time
taken to perform SCT was 0.6 yr (min 0.3 yr, max 1.5 yr).
12 of 18 patients with consolidation therapy composed of
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chemotherapy died after recurrence in follow up. Mean
overall survival of 45 patients over 5 yr is shown in Fig-
ure 1. Mean overall survival time for patients undergoing
SCT was 7yr. Mean and median overall survival time for pa-
tients who were not eligible for SCT was 3yr and 1.7 yr, re-
spectively, as shown in Figure 2. (P values lower than 0.05
considered as significant).

Table 1. Patient Characteristicsa

Characteristics Values

Median age, y (range) 32 (15 - 60)

< 50 34

> 50 16

Median WBC count, × 109 /L (range) 21.8

> 30 × 109 31 (68.9)

10 - 20 × 109 15 (28.9)

< 10 × 109 4 (2.2)

FAB type

M0 8.8

M1 17.6

M2 30.8

M4 22

M5 15.4

M6 2.2

M7 2.2

Early Mortality, patients 6

Male 27

Female 18

aValues are expressed as No. (%) or %.

Table 2. Patient Characteristics

Consolidation
Allogenic SCT

Group (Number
Patients)

Consolidation
Chemotherapy

Group (Number
Patients)

No
Consolidation

(Number
Patients

Number 16 18 5

Alive 8 4 0

Death 8 14 5

4. Discussion

The use of high-dose Ara-C therapy (15) first instituted
2 to 3 decades ago has been re-assessed.
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Figure 1. Means Overall Survival for 45 Patients Underwent Induction Chemother-
apy
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Figure 2. Overall Survival Time Consolidation Treatment for Patient Underwent SCT
(Green) and for Patient Group B Not Eligible for SC (Blue)

High-dose cytarabine has been shown to be more effec-
tive than the low conventional dose in AML, (16) but is asso-
ciated with increased toxicity and does not appear to im-
prove outcomes when compared with the standard dose
(17-21). Multicenter studies have compared intermediate-
dose cytarabine with high dose cytarabine during induc-
tion therapy. The results of these comparisons suggest that
the anti-leukemic effects of cytarabine might reach a max-
imum at intermediate doses and are well tolerated (16). In
the present study, double induction chemotherapy was in-
stituted. A higher full remission rate was achieved (87%)
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compared to some studies, such as Pagano et al. (22) (54%)
and Lowenberg et al. (23) (58%) that used the conventional
dose of cytarabine induction chemotherapy. These two
studies also investigated other doses, but in the present
study comparison was only made with patients that re-
ceived conventional or standard dose. Moreover, in Lowen-
berg study, the initial mortality rate was 12%, compared
to 12.5% in the present study. In a study by Wiernik et al.
(24) (published in Blood in 1992) 59% of patients achieved
full remission. Toxicity of cytarabine at modified interme-
diate dose has an insignificant difference with its toxicity
at conventional or standard dose (used in studies such as
Wiernik PH, 1992). In Wiernik PH study (24), nausea (mainly
grades 1 and 2) occurred in 82% of patients and vomiting
in 66%, compared to less severe nausea and vomiting in
the present study, which may be attributed to the use of
4 anti-emetic regimen (dexamethasone, cimetidine, Kytril,
and metoclopramide). As a result, increased dose of cytara-
bine as modified Intermediate Dose has no significant ef-
fect on nausea and vomiting. Mild mucositis occurred in
63%, esophagitis in 13%, and diarrhea in 78% of patients, and
these complications were also mild in the present study.
Mild bleeding occurred in 56% of patients and grade 3 and
4 alopecia in 37%. In Wiernik PH study, skin rash was not
common, and it was mild when occurred. In the present
study, skin rash occurred in 7 patients with greater inten-
sity and quantity. In both Wiernik PH study and the present
study, fever occurred in all patients. Given the higher dose
used in the present study, the risk of grades 3 and 4 infec-
tion was not higher compared to studies that used conven-
tional or standard dose. In a study by Bishop et al. (19)
(1996), published in the Blood Journal, full remission was
achieved in 74% of a group of 159 patients whose conven-
tional or standard dose was consolidated with 7 days of
etoposide. Interestingly, of 159 patients, in 112 patients,
93 (61%) received one course of induction, 54 (36%) two
courses, and 5 (3%) three courses to go into remission, com-
pared to our patients receiving only one course of induc-
tion and 87% of patients go to remission.

In James F Bishop study, duration of relapse-free sur-
vival was 12 months, and 80% of patients relapsed. In
their study, 1 cases of bleeding, 1 case of respiratory fail-
ure, 1 of hypoxic brain damage, 1 renal failure and car-
diovascular collapse occurred, and 11% of patients died in
the course of induction. In the present study, in terms of
grades 3 and 4 neurological toxicity, only 1 case of brain
hemorrhage was observed, and fewer complications oc-
curred, despite higher treatment dose. Also, toxicity of
drugs used in therapy was assessed in patients: Grades
1 and 2, nausea and vomiting were found in 50% of pa-
tients. Grades 3 and 4 vomiting did not occur in any pa-
tients. Mucositis and esophagitis were observed in 55%

of patients, which were resolved by mouthwash cocktail
available in the ward. Grade 4 mucosistis occurred in none
of the patients. Fever occurred in all patients, but grades 3
and 4 infection was found in 11 patients (24%), of whom 5
cases of septicemia (non-bone marrow recovery and pro-
longed pancytopenia), and 1 case of influenza ultimately
died, but the rest had full bone marrow recovery. Diarrhea
occurred in 30% of patients, and maculopopular rash in
15%, in most of whom, twice daily administration of dex-
amethasone (8 mg) for 48 hours (if they had no fever) led to
relative recovery, full recovery of all patients during follow-
up period and removing rash. One case of brain hemor-
rhage occurred, for whom backup procedures were per-
formed including 10 units of platelet transfusion, and pa-
tient had bone marrow recovery with no nervous compli-
cation to be discharged from ICU. In the present study, no
vascular-brain complication occurred in patients, similar
to what happened with high dose of cytosar. The mean
time for 16 transplant candidates to prepare for transplant
in the present study was 7 months. This is a considerable
time period without recurrence. In 5 patients without con-
solidation treatment, the mean time without recurrence
was 8 months. Time to relapse in five patients without
any consolidation treatment, the time taken to prepare for
Allo-Sct was significant and these delays contributed to re-
lapse. Summing up complications and percentage of pa-
tients that went into full remission, Modified intermedi-
ate dose regimen with acceptable toxicity can be recom-
mended as an induction regimen for patients with acute
myeloid leukemia. Although further studies, with larger
sample size, are also recommended. Treatment did not re-
sult in significant toxicity in the present study. Although
the number of patients in the study was low, the high re-
sponse rate and considerable period without recurrence in
patients suggests that the double induction treatment us-
ing continuous infusion 12 hours twice daily of modified
intermediate-dose cytarabine could be recommended for
AML.
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