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Abstract
Background: Over 50% of patients with AML still relapse after autologous stem cell transplantation. We investigated the efficacy and feasibility of a new conditioning regimen consisting of a moderate dose of Idarubicine plus
conventional dose of oral Busulfan in patients undergoing autologous transplantation without favorable cytogenitic state and high dose therapy with Cytarabine or other drugs.
Methods: Ten Patients were given three days of bolus infusion of IDA followed by four days of oral Busulfan as
conditioning regimen. Unpurged peripheral blood stem cells were used in all cases. All the cases were in first
complete remission (CR1).
The reasons for the selection of these patients in the first remission were that they had not received high dose
chemotherapy or did not have available cytogenitic state.
Results: The transplant related mortality occurred in one case (refactory thrombocytopenia, leading to CNS
hemorrhage). The median CD34+ cell infused was 8Ï106/kg. The median days to neutrophil recovery > (0.5 Ï
10 9) and platelet recovery > (20 Ï10 9/kg) were +9 days (4-12 days); +16 (2-30 days) respectively. The patients
needed transfusion of a median of 15 platelet units and 7 blood units, respectively. Six out of 10 patients (60%)
had variable grades of mucositis (three cases had grade III, two grade II and one case grade I). After a median
follow up of 48 months from ASCT, 8 patients out of 10 (80%) were alive in continuous complete remission. One
case had relapse after 6 months of transplantation.
Conclusion: The findings of the study demonstrated the efficacy and feasibility of a conditioning regimen based
on a moderate dose of IDA plus Busulphan in AML. The results concerning anti-leukemic efficacy are promising
but need to be confirmed on larger series.
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Introduction
Acute myelogenous leukemia (AML) is one of the
bone marrow malignancies, having the same clinical
manifestation but different morphology, immunophenotype and cytogenetic state. The pathogenesis of
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AML is unknown, but most of the patients have one
or more chromosomal abnormality. The cure rate
with advances in therapeutic approach increased from
20% in 1960-1980 to 40-70 % in 2000.1 The cytogenetic abnormality is significantly effective in the
pathogenesis of AML. The incidence of AML is more
in patients with cytogenetic abnormality and chromosomal instability.2-4 The therapeutic approach to AML
includes cytotoxic chemotherapy with or without
bone marrow transplantation. Another active treatment is monoclonal antibodies which is effective on
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blastic series directly.5,6 Prescription of Cytozar and
Anthracyclin was the basis of treatment in 30 past
years. Treatment with bone marrow transplantation
in selective patients is superior to cytotoxic chemotherapy alone. Although high dose chemotherapy is
another effective approach, this question that what
therapeutic approach would be the best protocol for
AML patients has not been clearly answered.7,8 The
cure rate with chemotherapy alone is 10-30% which
is also dependent on certain factors including age,
prior MDS, cytogenetic state, speed of complete remission. High dose chemotherapy and allogenic
bone marrow transplantation led to better results and
allogenic BMT was superior to high dose chemotherapy due to low relapse rate. Unlike the allogenic
transplantation, there is no GVL effect in patients
undergoing autologous transplantation. As a result,
the risk of relapse is more in such patients. In a prospective study by EORTC (European Organization
for Research and Treatment of Cancer) group and
the GIMEMA Italian group in 1986, all the patients
with AML in the treatment protocol had one course
of intensified chemotherapy and intermediate dose
of Cytarabin and Amsacrine. The patients with HLA
matched sibling were candidates for allogenic bone
marrow transplantation,9,10 and other randomly selected patients were candidates for high dose chemotherapy and autologous bone marrow transplantation. The patients with chronic myelogenous leukemia or other myeloproliferative disorders were excluded from the study. Other exclusion criteria were
MDS (myelodysplastic syndrome) or secondary leukemia. The median age was 33 years.7,11 The result
of this study revealed that the relapse rate in the intensified group was more than that in the other
groups (57.1%). In Auto BMT it was 40.6% and in
allogenic bone marrow transplantation it was 24.4%.
The mortality rate in chemotherapy group was 7.1%,
in autologous bone marrow transplantation 9.4% and
in allogenic transplantation 17.3%. The mortality
rate in patients treated in the first remission in chemotherapy group was 5.8%, in autologous transplantation it was 10.4% and in allogenic transplantation
20%. The conditioning regimens used in autologous
transplantation were Busulfan and Cyclophosphamide. These drugs were specifically used for allogenic transplantation. The main effect of these
drugs was immunosuppression and anti-leukamic
effect was minimal. In autologous transplantation,
the anti-leukamic effect is the mainstay of conditioning regimen, and for this reason alternative
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chemotherapeutic conditioning regimen was considered and used.12,13 The previous studies have shown
that Idarubicin was more effective.14-16 Therefore, it
is administered for conditioning regimen in autologous setting.
Materials and Methods
Patients with AML treated with classic regimen 7-3
(Cytozar 100 mg/m2 for 7 days and Daunorubicin 45
mg/m2 for 3 days) and the consolidation therapy of 52 regimen (Cytozar 100 mg/m2 for 5 days and Daunorubicin 45 mg/m2 for 2 days) were all treated with
this regimen. The reasons for the selection of these
patients in the first remission were that they had not
received high dose chemotherapy or did not have
available cytogenetic state such as AML (M3), T
(8:21), inv 16. The possibility of allogenic bone marrow transplantation was examined for all patients. If
the patients did not have acceptable donors, they were
candidates for autologous bone marrow transplantation. In this study, the patients with poor performance
status, cytogenetic abnormality such as T (8:21),
Inv:16 or T(15:17), and those treated with high dose
chemotherapy were excluded. All patients were examined for cardiopulmonary problems and if they had
cardiopulmonary contraindication for bone marrow
transplantation, they were excluded from the study.
Their laboratory profile was evaluated and if they had
any abnormality as the cause of discontinuation of
treatment, the autologous transplantation was
stopped. At the end of these evaluations, legible patients were entered in this treatment protocol. The
protocol started in day-18. On this day, the GCF began with a dose of 5-10 µgr/kg/day and continued for
5 days. On day -14, the patients were candidate for
harvesting of stem cells. In the stem cell harvesting,
the minimal acceptable nucleated cells were at least
4×108/kg, and if this number of nucleated cell could
not be harvested on the other days, the procedure was
repeated. At the end of harvesting, cryopreservation
of nucleated cells in -76C was done, and thawing was
done in day zero of stem cell transplantation. The
conditioning regimen began in day -13 to -11 with
Idarubicin in a dose of 12 mg/m2/day with bolus injection. Busulfan is another conditioning drug prescribed for 4 days with a dose of 4 mg/kg/day/PO.
The thawing of stem cell was done in zero day of
stem cell transplantation, and then infusion of stem
cell was done in safe condition.
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When the patient was admitted in bone marrow
transplantation ward, he/she was in close follow up
and if the patient needed any supportive care and
transfusion of blood element, these requirements were
replaced -18- -13 (GCSF 5-10 µgr/kg/day SC (-13 - - 11) → Idarubicin 12 mg/m2 +200 ml N/S IV bolus for
3 days -5 - - 2 → Busulfan 4mg/kg po daily for 4 days.
If the mucositis occurred, this side effect was confirmed with exact physical examination rated with
WHO scoring system.1-4 If the patient had fever during admission in BMT ward, the evaluation of fever
was immediately done and empirical antibiotic therapy began. Then, the result of the culture was available the antibiotic therapy was exchanged. Other side
effects such as cardiac, renal, and liver toxicity or
skin lesion were documented and treated.
The complete blood count was examined every day.
The bone marrow aspiration was done in day +13, followed by exact examination, and recovery of blood
cells engraftment of the stem cells was evaluated. The
mean of engraftment was platelet>20000/mm3, and
neutrophil count >500/microliter.
Results
Regarding inclusion and exclusion criteria, ten patients were enrolled in this study as candidates for
autologous bone marrow transplantation with Idarubicin & Busulfan as the conditioning regimen. The
patients' characteristics were shown in Table 1. The
median age was 24 years (9-40 years). The median
Table 1: Characteristics of patients
No of patients
Age (median age)
Sex M/F
FAB classification
M2
M4
M5
M6
Cytogenetic

Courses of chemotherapy to CR1
Patients transplant in CR
Interval CR/to ASCT(month)
Number of CD 34+
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time of diagnosis to transplantation was 10 months
(4-20 years). The regimen of induction therapy was 73 (Cytarabine for 7 days and Daunorubicin for 3
days). All patients had not received high dose chemotherapy. Consolidation therapy was 5-2 regimen (5
days Cytarabine and 2 days Daunorubicine). The patients had been referred from several centers and for
this reason cytogenitic study was done in four patients. In the cytogenetic transplantation, 3 cases had
normal karyotype and one patient had hyperdipploidy. Ten patients were admitted in BMT ward and
received only GCSF for stem cell harvesting. The
median MNC was 5.8×108/kg (3.6-6.1) and median
CD34 8×106/kg (2.5-20). During the admission, the
complete cell count was checked daily, and if the patients had cytopenia requiring correction red blood
cell or platelet was transfused. The median number of
platelet transfusion was 12 units (3-23) and that of red
blood cell transfusion 7 units (1-15). In BMT ward,
all patients experienced a period of fever and neutropenia. Eight had fever and positive culture and two
had fever of unknown origin. Staphylococcus aureus
was the most common pathogen in those patients. The
fever and the neutropenia were controlled with antibiotic therapy. Antibiotic therapy in 8 patients was
only anti-bacterial therapy and in 2 cases treatment
was anti-bacterial and anti-fungal. During the admission, the patients were closely examined and hematologic recovery was carefully evaluated, and on days
+13-+17 of transplantation, bone marrow aspiration was
done for all patients. The hematologic recovery was defined with neutrophil and platelet count (Table 2).

10
24
1.1
5 cases
5cases
3cases
1cases
1case
3 cases → Normal Cytogenetic
1 case → Hyper diploidy
Others → Not available
Courseof
One 7-3 Regimen and 2 courses of 5-2 Without High
dose therapy ( all of patients)
10 cases
10 months
8 ×10 6 (2.5 –20)
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Table 2: Hematological recovery and transfusion
requirement of patients
Median
Range
Days to leukocytes re+9
(4–12)
covery
Days to platelet recovery +16
(2–30)
No of PLT transfusion
12
(3-23)
No of erythrocyte trans7
(1–15)
fusion

The hematologic recovery was observed in 9 cases
and refractory thrombocytopenia in one case which
was resistant to treatment and so the patient died due
to CNS hemorrhage.
One of the common toxicities was mucositis. The
mucositis was mild, tolerable and completely resolved with supportive care. Three patients did not
have any evidence of mucositis. Two cases had mucositis grade 1, one grade 2, and three cases had grade
3 mucositis. Grade 4 mucositis was not observed.
Other treatment related toxicity was fever. This toxicity was culture positive in 8 cases and with fever of
unknown origin in 2.
All patients who received autologous transplantation tolerated this new conditioning regimen well, and
also had hematologic recovery except one patient that
had refractory thrombocytopenia and died due to this
problem. Nine patients were discharged with good
status, among them, one case had evidence of relapse
after 8 months of transplantation. In this study, the
transplant related mortality occurred in one case.
Discussion
The new chemotherapeutic regimen used for treatment of acute myelogenous leukemia had complete
response in 60-80 % of patients, but the majority of
them had relapse without other intensive treatments.
Autologous stem cell transplantation after initial
complete response was commonly used in an additive
way. There are many studies indicating the superiority of autologous transplantation to intensive chemotherapy.17-20 Although this modality was a good
therapeutic approach, about 30-50% of these patients
had relapse after this modality of treatment.21 For this
reason, other approaches such as in vivo purging, ex
vivo purging, use of peripheral stem cell and immunotherapy were considered.21 The early conditioning
regimen was Busulfan-Cyclophosphamide used by
Baltimor and his coworker and then modified by
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Columbus. This was the most common regimen used
for autologous and allogenic transplantation. The major efficacy of these drugs was immunosuppression
and the possibility of engraftment. In the autologous
transplantation setting, an alternative regimen with
more antileukemic efficacy was considered.12,13 Some
studies revealed better results with intensified Idarubicin drug in allogenic setting.14-16 These good results
led to Idarubicin usage for conditioning regimen in
autologous transplantation setting. In the literature
review, the best report is by Felicetto Ferrara in Italy.11 13 patients were enrolled in this protocol therapy. The diagnosis was based on FAB classification
and the usage of morphology and cytochemistry. The
immunophenotype was done for all patients. Two
patients had karyotype evaluation. The patients with
T (8:21), Inv16, and M3 were excluded from the
study. Thirteen patients who had autologous transplantation in 1999-2000 were included. Eight patients
were men and five women. The induction therapy
was ICE regimen (Idarubicin 10 mg/m2 {for 1-3
days}, Cytozar 100 mg/m2/1-7 days, Etoposide 100
mg/m2/1-4 days). When the patients had complete
remission, consolidation therapy with NOVIA regimen began.
This
regimen was
(Cytozar
500mg/m2/12h/1-6 days, and Mitoxanteron 10 mg/m2
for 3 days {4-6 days}. In days 15 of NOVIA regimen,
the GCSF with a dose of 450 microgram/m2 for induction of the stem cells and CD34 cells mobilization
was started. Two cases in complete remission with
FLAG regimen underwent transplantation. The median time of complete remission in autologous transplantation was 3 months (2-8 months). The median
CD34 cells infused was 6.2×106/kg (2.6-16.1). The
conditioning regimen was Idarubicin 20 mg/m2 in
days -13 to -11 with 24 h infusion, and then Busulfan
4 mg/kg/day for 4 days. In this study, the induction
regimen therapy was only 7-3 (Cytozar 100 mg/m2
for 7 days and Dounorubicin 45mg/m2 for 3 days, and
consolidation therapy was only 5-2 regimen (Cytozar
and Dounorubicin with a similar dose of induction
therapy for 5 and 2 days) without high dose therapy.
In comparison with Felicetto Ferrara's study, many
differences were observed including 1. No usage of
Etoposiode; 2. No usage of Idarubicin in induction
therapy; 3. No usage of high dose Cytozar in consolidation therapy; 4. No usage of Mitoxanterone; 5.
Consolidation therapy in our study was only cytozar
and dounorubicin (5-2) regimen; 6. The Idarubicin in
conditioning regimen was with a dose of 12mg/m2
with bolos injection that was against the Italian
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protocol with a dose of 20mg/m2 and 24h infusion; 7.
In our study we did not use aggressive mobilization
regimen except GCSF which was against the Felicetto
Ferrara's protocol.
In the Felicetto Ferrara's study, transplant related
mortality was not observed but we had one case due
to refractory thrombocytopenia leading to CNS hemorrhage. The hematologic recovery in Felicetto
Ferrara's study for Neutrophil was 10 days and in our
study 9 days. The platelet recovery was 20 days and
in our study it was 16 days.
The platelet and packed cell transfusion in Felicetto Ferrara's study were 2 and 3 units and in our
study 12 and 7. In his study, documentation of infection was not observed but in ours all patients had a
period of fever and neutropenia. This neutropenia and
fever was observed in 8 cases with culture positive
and in 2 cases with FUO presentation. In his study,

mucositis was the common non-hematologic toxicity
(92%). The mucositis was grade 2 in 2 cases, grade 3
in 5 cases, and grade 4 in 5 cases. The toxicity in our
study had mild representation and 2 cases had grade
1, one case grade 2 and 3 cases grade 3. Grade 4 toxicity was not observed. In the Ferrara's study, after 16
months of follow up, 11 patients were alive and in
complete remission and 2 cases had relapse 12 and 14
months after transplantation. The duration of follow up
in our study was 48 months, during which there was
one relapse after 6 months of transplantation. Other
cases are in complete remission now (after 52 months).
Although we studied ten patients with Acute Myelogenic leukemia and we used medium dose of Idarubicin and Busulfan (a more effective anti-leukemic
drug) for conditioning regimen, it was revealed that
this protocol was effective, comparable with high
dose and aggressive therapy.

References
1

2

3

4

5

6

7

8

9

Linet MS. The leukemia: epidemiologic aspect, Wintrobes Clinical
Hematology. 2005; p. 2098.
Brunning RD, Vardiman J, Mateutes
E. Wintrobes Textbook of Clinical
Hematology. 2005; p. 2098.
Sandler DP, Ross JA. Epidemiology
of Acute leukemia in children and
adult. J Sem Oncol 1997;24:3-16.
Lampkin BC, Masterson M, Sambrano JE, Heckel JL, Jones G. Current chemotherapeutic treatment
strategies in childhood
acute
nonlymphocytic leukemia. Semin
Oncol 1987;14:397–406. [3321444]
Gahrton G. Treatment of acute leukemia--advances in chemotherapy,
immunotherapy, and bone marrow
transplantation Adv Cancer Res
1983;40:255-329. [6197869]
Hayat M, Jehn U, Willemze R,
Haanen C, Zittoun R, Monconduit
M, Lowenberg B, Stryckmans P,
Peetermans M, De Cataldo F, et al.
A randomize comparison of maintenance treatment with androgen, immunotherapy and chemotherapy.
Cancer 1986;58:617–623. [3524789]
Stone RM. Postremission therapy in
adults with acute myeloid leukemia.
Semin Hematol 2001;38 (3 Suppl
6):17-23. [11474493]
Mayer RJ. Allogenic transplantation
versus intensive chemotherapy in
first remission .acute leukemia:vIs
there a best choise? J Clin Oncol
1998;6:1532-1536.
Champlin RE, Ho WG, Gale RP,
Winston D, Selch M, Mitsuyasu R,
Lenarsky C, Elashoff R, Zighelboim

WWW.irmj.ir Vol 10 July 2008

10

11

12

13

14

J, Feig SA. Treatment of acute myelogenous leukemia. A prospective
controlled trial of bone marrow
transplantation versus consolidation
chemotherapy. Ann Intern Med
1985;102:285-291. [3882039]
Appelbaum FR, Fisher LD, Thomas
ED. Chemotherapy v marrow transplantation for adults with acute
nonlymphocytic leukemia: a fiveyear follow-up. Blood 1988;72:179184. [3291979]
Ferrara F, Annunziata M, Schiavone
EM, Copia C, De Simone M, Pollio
F, Palmieri S, Viola A, Russo C,
Mele G. High-dose idarubicin and
busulphan as conditioning for
autologous stem cell transplantation
in acute myeloid leukemia: a feasibility
study.
Hematol
J
2001;2(4):214-9. [11920252]
Linker CA, Ries CA, Damon LE,
Rugo HS, Wolf JL. Autologous bone
marrow transplantation for acute
myeloid
leukemia
using
4hydroperoxycyclophosphamidepurged bone marrow and the busulfan/etoposide preparative regimen: a
follow-up report. Bone Marrow Transplant. 1998;22(9):865-72. [9827814]
Meloni G, Vignetti M, Avvisati G,
Capria S, Micozzi A, Giona F, Mandelli F. BAVC regimen and autograft
for acute myelogenous leukemia in
second complete remission. Bone
Marrow Transplant 1996;18:693 698. [8899182]
Lawson S, Williams M, Darbyshire
P. Use of idarubicin in pre-transplant
conditioning in children with high-

15

16

17

18

risk acute leukaemia. Bone Marrow
Transplant
1999;24:953-964.
[10556953]
Schattenberg A, Bär B, Preijers F,
Geurts van Kessel A, van der
Maazen R, de Boo T, de Witte T.
Outcome of transplantation for standard-risk leukaemia with grafts depleted of lymphocytes after conditioning with an intensified regimen.
Br J Haematol 1997;98:750-754.
[9332335]
Mengerelli A, Iori AP, Guglielmi C,
Perrone MP, Gozzer M, Girmenia C,
Cimino G, Testi AM, Ricci R, De Felice L, Girelli G, Mandelli F, Arcese
W. Idarubicin intensified BUCY2
regimen in allogeneic unmanipulated transplant for high-risk hematological malignancies. Leukemia
2000;14:2052-2056. [11187892]
Cassileth PA, Harrington DP, Appelbaum FR, Lazarus HM, Rowe
JM, Paietta E, Willman C, Hurd DD,
Bennett JM, Blume KG, Head DR,
Wiernik PH. Chemotherapy compared with autologous or allogeneic
bone marrow transplantation in the
management of acute myeloid leukemia in first remission. N Engl J
Med 1998;39:1649-1657. [9834301]
Zittoun RA, Mandelli F, Willemze R,
de Witte T, Labar B, Resegotti L,
Leoni F, Damasio E, Visani G, Papa
G, et al. Autologous or allogeneic
bone marrow transplantation compared with intensive chemotherapy
in acute myelogenous leukemia.
European Organization for Research and Treatment of Cancer

209

Mashhadi et al.

19

210

(EORTC) and the Gruppo Italiano
Malattie
Ematologiche
Maligne
dell'Adulto (GIMEMA) Leukemia
Cooperative Groups. N Engl J Med
1995;332(4):217-23. [7808487]
Burnett Ak, Goldstone AH, Stevens
RM, Hann IM, Rees JK, Gray RG,
Wheatley K. Randomised comparison of addition of autologous bonemarrow transplantation to intensive

20

chemotherapy for acute myeloid leukaemia in first remission: results of
MRC AML 10 trial. UK Medical Research Council Adult and Children's
Leukaemia Working Parties. Lancet
1998;351:700-708. [9504514]
Gorin NC. Autologous stem cell
transplantation in acute myelocytic
leukemia. Blood 1998;92:10731090. [9694694]

21

Schiller G, Lee M, Miller T, Lill M,
Mittal-Henkle A, Paquette R, Sawyers C, Territo M. Transplantation of
autologous peripheral blood progenitor cells procured after highdose cytarabine-based consolidation chemotherapy for adults with
acute myelogenous leukemia in first
remission. Leukemia 1997;15331539. [930560]

WWW.irmj.ir Vol 10 July 2008

