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Abstract
Post-remission treatment in patients with acute myeloid leukemia is still controversial. One potent choice for 
patients with no donor available is autologous stem cell transplantation. The median follow-up period was 18 
months and the median age was 26 years old. In the review of 116 recently diagnosed AML patients (except 
AML- M3) who underwent autologous stem cell transplantation, 72.4% of patients remained alive and 27.6% 
relapsed. Relapse was the most common causes of death in patients. The one- year OS and DFS of patients was 
73.8% and 59.8%, respectively. There was no statistically significant difference between age, sexuality and 
waiting time from diagnosis to transplantation. For more comprehensive results, longer follow- up is required.
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Introduction

Acute myeloid leukemia (AML) is a malignant 
disorder of the blood resulting from blocked 
differentiation of hematopoietic stem cells and 
thereby causes abnormal accumulation of immature 
myeloid precursors.(1) The overall survival of 
patients with AML has considerably improved over 
the last decades.(2) This improvement is probably 
due to the application of intensive post-remission 
therapies, such as high-dose chemotherapy and 
stem cell transplantation (SCT).(3-4)

Although most studies have confirmed the 
superiority of allo-SCT as therapeutic option in 
AML, many patients do not have suitable Human 
Leukocyte Antigen (HLA) compatible donors. 
Auto-SCT is considered as an alternative approach 
in patients with AML and the results of this trial 
compare favorably to those of other post-remission 
strategies.(5) The absence of graft-versus-host 
disease (GvHD) and the lower incidence of severe 
complications result in a lower treatment-related 
mortality (TRM). However, the relapse rate is 
higher compared with allo-SCT due to the lack of a 
potential graft-versus-leukemia effect and the 

possible contamination of the graft with residual 
leukemia cells.(6) 
Here, we report a retrospective analysis on 100 
AML patients in first complete remission (CR1) 
who underwent auto-SCT at our institution. 

Materials and Methods
Patients: Between 2003 and 2011, a total of 116 
patients with AML (except AML M3) were treated 
in our institution. HLA- compatible donors were not 
available for the patients enrolled in this study. All 
patients underwent autologous SCT after achieving 
first complete remission (CR1). Complete 
remissions were confirmed with bone marrow 
aspiration/biopsy before transplantation.
All patients received granulocyte colony-
stimulating factor (G- CSF) on days -8 till -5 of 
transplantation for mobilizing cells. Conditioning 
regimen consisted of Busulfan (4mg/kg for 4 days) 
and etoposide (15 mg/for 2 days). The source of 
stem cells was peripheral blood in all patients. 
Trimethoprim/Sulfamethoxazole and acyclovir 
were given as infection prophylaxis.
End points: Engraftment was defined by 
achievement of peripheral granulocyte count of 
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greater than 500×103/µL for 3 consecutive days 
without G-CSF administration, and platelet count of 
greater than 20000×103/µL for 7 consecutive days, 
in the absence of platelet transfusion. Relapse was 
indicated by morphological evidence of leukemia in 
bone marrow or in any other extramedullary site or 
by cytogenetic recurrence of the neoplastic clone. 
Post- transplant disease- free survival (DFS) was 
defined as the time from HSCT to the date of 
relapse, death, or last contact. Overall survival (OS) 
was measured from the time of HSCT to the time of 
death, or last recorded follow-up.
Statistical method: Continuous data were described 
using median and range while categorical variables 
were presented as absolute frequencies and 
percentages. Overall and disease-free survival 
curves were calculated by the Kaplan-Meier 
method;(7) and groups were compared using the 
Log-Rank test statistic.(8) P-values less than 0.05 
were considered significant.

Results
Out of 116 patients, 62 were male and 54 were 
female. The most common subtype of disease was 
M2 and M4 (54% and 38 % respectively). The 
median time between diagnosis and transplantation 
was 6 months (range, 1.5- 34). The median age at 
transplantation time was 26 years (range, 4- 68 
years).The median time for neutrophil and platelet 
engraftment was 13 days (range, 7- 59 days) and 21 
days (range, 8- 70 days), respectively. Nine patients 
(7.75%) did not have neutrophil recovery by day 
100, three of these patients had persistent disease 
while six had no disease and in two patients ANC 
never dropped below 500×109/L. Thirty two 
patients (27.6%) had Plt<20× 109/L by day 100 and 
four patients never dropped platelet count below 
20× 109/L. The median follow- up time was 18 
months (1- 84 months). Eighty four patients 
(72.4%) are alive and 32 patients (27.6%) relapsed. 
The most common causes of death were relapse and 
progression of disease (Table- 1). The one- year OS 
and DFS of patients was 73.8% and 59.8%, 
respectively (Figure- 1).

Table 1. Causes of death in Autologous transplanted AML 
in CR1

Cause(s) Number Percent
Relapse/ Progression 
of disease 18 56.30%

Infection 5 15.63%
Rejection / graft 
failure 3 9.38%

Sepsis 2 6.25%
Pulmonary toxicity 2 6.25%
Other 2 6.25%

Figure- 1. The overall survival and disease- free survival of 
patients

Figure- 2. The overall survival in patients aged ≤ 15 years 
and > 15 at transplantation

Fig. 3. The disease - free survival in patients aged ≤ 15 
years and > 15 at transplantation
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The one- year OS and DFS of patients transplanted 
at 15 years old or less and older than 15 years of 
age was 83.7%, 71.2% (p- value, 0.158) and 71.9%, 
56.8% (p- value: 0.105), respectively (Fig.- 2, Fig.-
3). The one- year OS and DFS of male and female 
patients was 73.7%, 73.8% (P- value: 0.573) and 
56%, 64.3% (p- value: 0.55), respectively. The one-
year OS and DFS in patients who had equal to or 
less than six months between diagnosis and 
transplantation and more was 70.4%, 77.8% (P-
value: 0.457) and 52.5%, 68.5% (P- value: 0.11), 
respectively. 

Discussion
It seems that our retrospective study shows better 
OS and DFS of autologous SCT in patients with 
AML in CR1 as compared with Jung et al study.(9)
Pretreatment cytogenetic status, number of 
induction chemotherapy cycles, molecular markers 
and age are relapse risk factors in AML 
patients.(10) So, we need to specify the AML 
patients' subgroups and classify them to favorable, 
intermediate and poor- risk groups to have a 
powerful analysis on OS and DFS in autologous 
SCT among patients with AML in CR1.
We did not find statistically significant difference 
between OS and DFS with sexuality whereas 
Martins et al. in univariate analysis found superior 
DFS in males than females (55% vs. 22%, 
PV=0.003).(11) Despite Martins et al. study 
demonstrating significant OS and DFS in patients 
younger than 15 years old (50% vs. 35%, P-value=
0.05), the results of our study showed no 
statistically significant difference between OS and 
DFS with age of patients at transplantation and also 
waiting time between diagnosis and transplantation. 
Although several studies have shown that allo-SCT 
results in superior OS and DFS when compared to 
auto-SCT,(12-14) Seshadri and Keating found no 
significant difference in OS between peripheral 
allo- and auto- SCT.(15) Comparisons between the 
auto- SCT, Allo- SCT, intensive chemotherapy, or 
no further treatment showed no significant 
advantage for the auto- SCT among the 
patients.(12, 16- 18) On the other hand, faster 
hematopoietic recovery also reported in patients 
treated with PBSCT compared with BMSCT.(19-
20) Although, they observed a lower TRM in 
autologous patients, but this difference was not 
statistically significant. Relapse of disease remains 
the major problem after autologous SCT. Murillo et 
al,(21) stated in a report that more than 80% of 
relapses occurred in CR1 autologous SCT with high 
level of minimal residual disease after consolidation 

therapy. Despite of having no evidence at the 
molecular level and short- term follow- up study, 
we had lower rates of relapse.
In summary, autologous SCT is an effective 
therapeutic option for AML patients without 
suitable donor. Although infection ranked as the 
second leading cause of death among our patients, 
auto SCT is a promising approach to prevent Graft-
versus- Host Disease (GvHD) and lower risk of 
infection in other studies. Further prospective 
clinical trials with intention- to- treat analysis are 
required to confirm of its effectiveness and benefits 
as compared to intensive chemotherapy or 
allogeneic SCT.

References
1. Schiffer CA. Hematopoietic growth factors and 
the future of therapeutic research on acute myeloid 
leukemia. The New England journal of medicine. 
2003 Aug 21;349(8):727-9.
2. Farag SS, Ruppert AS, Mrozek K, Mayer RJ, 
Stone RM, Carroll AJ, et al. Outcome of induction 
and postremission therapy in younger adults with 
acute myeloid leukemia with normal karyotype: a 
cancer and leukemia group B study. Journal of 
clinical oncology : official journal of the American 
Society of Clinical Oncology. 2005 Jan 
20;23(3):482-93.
3. Erba HP. Has there been progress in the 
treatment of older patients with acute myeloid 
leukemia? Best practice & research Clinical 
haematology. 2010 Dec;23(4):495-501.
4. Lowenberg B, Downing JR, Burnett A. Acute 
myeloid leukemia. The New England journal of
medicine. 1999 Sep 30;341(14):1051-62.
5. Gorin NC. Autologous stem cell transplantation 
for adult acute leukemia. Current opinion in 
oncology. 2002 Mar;14(2):152-9.
6. Brenner MK, Rill DR, Moen RC, Krance RA, 
Mirro J, Jr., Anderson WF, et al. Gene-marking to 
trace origin of relapse after autologous bone-
marrow transplantation. Lancet. 1993 Jan 
9;341(8837):85-6.
7. Kaplan EL, Meier P. Nonparametric estimation 
from incomplete observations. Journal of the 
American statistical association. 1958:457-81.
8. Snedecor G, Cochran W. Statistical methods. 8th 
ed. IA: Iowa State University Press; 1989.
9. Jung AS, Holman PR, Castro JE, Carrier EK, 
Bashey A, Lane TA, et al. Autologous 
hematopoietic stem cell transplantation as an 
intensive consolidation therapy for adult patients in 
remission from acute myelogenous leukemia. 
Biology Of Blood And Marrow Transplantation:



Ardeshir Ghavamzadeh

�
International Journal of Hematology Oncology and Stem Cell Research (IJHOSCR), Vol. 5, No. 4; Oct., 2011

Journal Of The American Society For Blood And 
Marrow Transplantation. 2009;15(10):1306-13.
10. Breems DA, Lowenberg B. Autologous stem 
cell transplantation in the treatment of adults with 
acute myeloid leukaemia. British journal of 
haematology. 2005 Sep;130(6):825-33.
11. Martins C, Lacerda JF, Lourenco F, Carmo JA, 
Lacerda JM. Autologous stem cell transplantation 
in acute myeloid leukemia. Factors influencing 
outcome. A 13 year single institution experience. 
Acta medica portuguesa. 2005 Sep-Oct;18(5):329-
37.
12. Cassileth PA, Harrington DP, Appelbaum FR, 
Lazarus HM, Rowe JM, Paietta E, et al. 
Chemotherapy compared with autologous or 
allogeneic bone marrow transplantation in the 
management of acute myeloid leukemia in first 
remission. The New England journal of medicine. 
1998 Dec 3;339(23):1649-56.
13. Burnett AK, Goldstone AH, Stevens RM, Hann 
IM, Rees JK, Gray RG, et al. Randomised 
comparison of addition of autologous bone-marrow 
transplantation to intensive 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 Mar 7;351(9104):700-8.
14. Woods WG, Neudorf S, Gold S, Sanders J, 
Buckley JD, Barnard DR, et al. A comparison of 
allogeneic bone marrow transplantation, autologous 
bone marrow transplantation, and aggressive 
chemotherapy in children with acute myeloid 
leukemia in remission. Blood. 2001 Jan 1;97(1):56-
62.
15. Seshadri T, Keating A. Is there a role for 
autotransplants in AML in first remission? Biology 
of blood and marrow transplantation : journal of the 

American Society for Blood and Marrow 
Transplantation. 2009 Jan;15(1 Suppl):17-20.
16. Harousseau JL, Cahn JY, Pignon B, Witz F, 
Milpied N, Delain M, et al. Comparison of 
autologous bone marrow transplantation and 
intensive chemotherapy as postremission therapy in 
adult acute myeloid leukemia. The Groupe Ouest 
Est Leucemies Aigues Myeloblastiques 
(GOELAM). Blood. 1997 Oct 15;90(8):2978-86.
17. Nathan PC, Sung L, Crump M, Beyene J. 
Consolidation therapy with autologous bone 
marrow transplantation in adults with acute myeloid 
leukemia: a meta-analysis. J Natl Cancer Inst. 2004 
Jan 7;96(1):38-45.
18. Levi I, Grotto I, Yerushalmi R, Ben-Bassat I, 
Shpilberg O. Meta-analysis of autologous bone 
marrow transplantation versus chemotherapy in 
adult patients with acute myeloid leukemia in first 
remission. Leuk Res. 2004 Jun;28(6):605-12.
19. Linker CA, Ries CA, Damon LE, Sayre P, 
Navarro W, Rugo HS, et al. Autologous stem cell 
transplantation for acute myeloid leukemia in first 
remission. Biology of blood and marrow 
transplantation : journal of the American Society 
for Blood and Marrow Transplantation. 
2000;6(1):50-7.
20. Breems DA, Lowenberg B. Acute myeloid 
leukemia and the position of autologous stem cell 
transplantation. Semin Hematol. 2007 
Oct;44(4):259-66.
21. Maurillo L, Buccisano F, Del Principe MI, Del 
Poeta G, Spagnoli A, Panetta P, et al. Toward 
optimization of postremission therapy for residual 
disease-positive patients with acute myeloid 
leukemia. Journal of clinical oncology : official 
journal of the American Society of Clinical 
Oncology. 2008 Oct 20;26(30):4944-51.




