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Marrow purging in autologous 
bone marrow transplantation 
for mexican children with acute 
leukemia: a successful treatment

Abstract

Background. Autologous bone marrow transplantation 
(ABMT) after myeloablative therapy is an alternative 
treatment for patients with malignant diseases who 
lack suitable donors. The rationale for marrow purging 
is based on differential sensitivity to chemotherapy 
between leukemic and normal stem cells.
Methods. ABMT procedure was performed by in vitro 
marrow purging with mafosfamide in patients diag-
nosed with acute myeloid leukemia (AML) and acu-
te lymphoblastic leukemia Philadelphia chromosome 
positive (ALL Ph+) in first remission, who do not have 
HLA identical donor. Eight patients (median age 9 
years): four with AML, three with ALL Ph+ and a pa-
tient with ALL in fourth complete remission, received 
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bone marrow purged with mafosfamide. Conditio-
ning regimen was performed with Busulfan 16 mg/
Kg and Etoposide 50 mg/Kg. 
Results. The median time to reach an absolute 
neutrophil count >0.5 x 109 was day +14 and for 
platelet recovery was day +46 after transplanta-
tion. The disease free survival (DFS) was 62.5% du-
ring 18 months of follow-up.
Conclusions. Marrow purging has the disadvan-
tage of time prolongation of engraftment, neverthe-
less, in our group of patients the occurred earlier 
than previously reported and appeared to offer the 
greatest benefit to transplanted patients, especially 
those with AML. LUXMÉDICA 2010;5(14):17-22

Introduction
Treatment of childhood acute leukemia has achieved important ad-
vances during the last decade. Currently, more than 70% of chil-
dren with ALL are alive and disease free at 5 years of the end of 
the treatment.1  Certain forms of acute childhood leukemia have 
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90% probability of cure. On the other hand, in the treatment of 
AML, there is still an elevated frequency of therapy resistant. De-
spite the combination of chemotherapy, it has no significant effect 
on outcomes 2. Some studies, inform that intensive post remission 
therapies with new chemotherapics drugs have showed a 50% of 
patient survival at 5 years. 

There is, however, evidence that alternative therapies are very 
much needed in this kind of leukemia.3   It has been demonstrated 
that the combination of chemotherapies in leukemia quickly devel-
op drug resistance resulting in relapse. A solution to this problem 
is the development of more intensive chemotherapy followed by 
bone marrow transplantation.3, 4

In childhood AML, chemotherapy results have always been infe-
rior to those in ALL. Thus, in AML, allogeneic bone marrow trans-
plantation was proposed as a primary form of therapy.5 AMBT in 
childhood ALL has been generally confined to patients who relapse 
from primary therapy, or those who have a very poor response to 
chemotherapy, that is, patients with high risk ALL, for instance ALL 
Ph+.6

Patients, who lack a HLA compatible donor, are candidates for 
autologous bone marrow transplantation. The role of ABMT in chil-
dren with AML and ALL is lees clear that allogeneic transplants; 
however, in most cases it provides an alternative of treatment, espe-
cially in children who relapse after primary chemotherapy.1, 5, 6  There 
is evidence that ABMT do not present the immunologic graft-ver-
sus-leukemia effect such allogeneic transplants, and that reinfused 
non purged autologous bone marrow may contain leukemic cells. 
The possibility of graft combination with leukemic cells leading to 
relapse as shown by gene marker studies for bone marrow led to 
the development of purging strategies for elimination of residual 
leukemic progenitors bone marrow autografts.7  The rationale for 
marrow purging is based on differential sensitivity to chemotherapy 
between leukemic and normal stem cells. Chemical agents like the 
cyclophosphamide derivatives: 4- Hydroperoxycyclophosphamide 
(4-HC) and mafosfamide, are the most commonly studied for ex 
vivo purging. There have been considerable clinical experiences at 
european centers with the use of mafosfamide for bone marrow 
purging. It have been used in ALL, AML, chronic myeloid leukemia, 
non Hodgkin lymphoma, neuroblastoma, as with other pediatric 
solid tumors.7, 8, 9  The role of autologous BMT has been extensively 
studied in large part because of the ability to perform this proce-
dure in all patients in remission without regard to availability of a 
HLA matched sibling donor. 7, 10

We herein report the results of autologous BMT after in vitro 
purging with mafosfamide in children diagnosed with AML or ALL 
Ph+ in first remission, and who do not have HLA identical donor.
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Material and Methods
Patients. Eight children four with AML 
and four with ALL CrPh+ all of them in 
first remission and without a HLA identical 
donor were enrolled in this protocol. The 
median age was 9 years (3-12 years). Two 

female and six males. Table 1 summarized 
the characteristics of the patients. We ob-
tained an informed consent from the pa-
rents of all patients in order to receive the 
purging autografts.

Table 1
Description of patient characteristics, follow-up and special observations

	 Age	 Diagnosis	 Neutrophil	 Platelet	 State	 Follw-up	 Observation

	 (years)	 Engraftment*	 Engraftment*	 (Months)

	 9	 AML-M1	 + 13	 +45	 Alive	 36	 None

	 12	 AML-M4	 +14	 +65	 Alive	 24	 Autoantibodies

	 8	 AML-M4	 +15	 +28	 Alive	 22	 Alloinmunization

	 9	 AML-M1	 +20	 +65	 Alive	 12	 None

	 3	 ALL CrPh+	 +14	 +40	 Died	 26	 Relapse

	 8	 ALL CrPh+	 +13	 +50	 Died	 8	 Relapse

	 12	 ALL CrPh+	 +9	 +33	 Alive	 12	 None

	 12	 ALL 4th CR	 +11	 +76	 Died	 4	 Relapse	

Abbreviations:

*Days post transplantation.

AML: Acute myeloblastic leukemia.

ALL Cr Ph+: Acute lymphoblastic Leukemia, Philadelphia Chromosome Positive.

CR: Complete remission.

 

Bone marrow collection and processing
Peripheral blood progenitor cells (PBPC) 
were first collected in order to have back-
up in all patients. Bone marrow hemato-
poietic cells were collected to obtain > 4 x 
108/Kg mononuclear cells. The buffy coat 
was separated by centrifugation and pre-
pared at a cell concentration of 2 x 107/ml 
in RPMI 1640 (GIBCO, Grand Island, NY 
USA) and the hematocrit was adjusted 
to 15-20%. Mafosfamide-lysine ( Asta-Z 
5767, ASTA Pharma, Bielefeld, Germany) 
was added to the cell suspension to obtain 
a final concentration of 50 µg/ml. Cells 

were incubated with mafosfamide at 37 
ºC for 30 min, and then rapidly cooled to 
4 °C. Cells were washed twice and re-sus-
pended at a final concentration of 2 x 108/
kg in RPMI 1540 median in 5% autolo-
gous plasma and 10% dimethyl sulfoxide 
(DMSO), and then frozen in a controlled-
rated freezer; finally they were transferred 
to liquid nitrogen. At time of autologous 
reinfusion, each bag was thawed in 37 °C 
water bath and immediately infused intra-
venously. The median cell dose was 2 x 108 
nucleated cells/kg of body weight. 
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Preparative chemotherapy
Busulfan 4 mg/Kg was administered oral-
ly daily during four days (days -7 to -4). 
Etoposide 50 mg/kg was administered by 
intravenous infusion on day -3.  Bone ma-
rrow cells were infused on day 0.
Supportive care

Patients were hospitalized in private rooms 
with high efficiency particle air (HEPA) 

filtration. Infection prophylaxis was per-
formed with acyclovir (750 mg/m2 BS /
day), trimethoprime/sulfamethoxysol ( 5 
mg/kg/day) administered only on week-
ends, fluconazol (6 mg/kg/day). Every two 
weeks the patients received 400 mg/kg of 
Gammaglobulin for a total of eight doses. 
Platelets were transfused to maintain a 
platelet count greater than 20.000/µl.

Results
Four patients with AML, three with ALL 
Cr Ph+ in first complete remission and 
one with ALL in fourth complete remission 
were enrolled. All patients without a HLA 
identical donor available. The age of the 
patients ranged from 3 to 12 years, me-
dian 9 years. The patients with ALL Cr Ph+ 
were treated previously to the transplant 
with high risk chemotherapy as described 
the XIII protocol from CCG group.8 Pa-
tients with AML underwent therapy with 
daunorrubicin and cytarabine, followed by 
high doses of Ara-C and etoposide for two 
to four courses. Patient proceeded from 
remission to transplantation in a median of 
6 months (range 5 to 12 months).

Mean time of engraftment was day +14 
post-transplant (+9 to +20) to achieve 
an absolute neutrophil count greater than 

0.5 x 109/L. Platelet transfusion support 
was required for a mean time of 46 days 
after transplantation in order to maintain 
a platelet count greater than 20.000/µl. 
Only one patient required platelet transfu-
sion support for longer than 6 months. 

The median number of transfused red 
blood units was four (3 to 6). Non-hema-
tologic toxicity affected primarily mucous 
membranes, skin and gastrointestinal tract. 
Patients received parenteral nutrition for a 
median of 10 days and narcotic analgesic 
for a median of 7 days after transplanta-
tion. 35 days were the median of time of 
hospitalization (30-50 days) after day 0.

Of the three patients with ALL Cr Ph+ 
two relapsed and died after 8 and 26 
months following transplantation. The dis-
ease-free survival is 62.5% in a follow-up 
of 18 months (4-26 months).

Discussion
Mafosfamide, a cyclophosphamide deriva-
tive, has been successfully used for bone 
marrow purging in order to reduce con-
tamination with tumor cells. The properties 
of pharmacologicals agents that are consid-
ered most suitable for ex vivo bone marrow 
purging include: antitumor cytotoxicity 
that is cell cycle non-specific, ability to kill 
clonogenic tumor cells, lack of toxicity to 
normal bone marrow progenitors, especial-
ly pluripotent hematopoietic cells, lack of 

cross-resistance with prior drug regimens, 
solubility, in vitro activity and ease of re-
moval or inactivation. 7, 12   Several groups 
of investigators have demonstrated the 
clinical feasibility of mafosfamide purged 
ABMT with results that show improved re-
lapse-free survival rates in subsets of pa-
tients with AML, and possibly. 7, 8, 10, 13

The most extensive clinical experience 
with mafosfamide purging has been re-
ported by Gorin et al.14 representing the 
retrospectively analyzed experience of the 
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European Cooperative Group for Bone 
Marrow Transplantation (EBMT) in pa-
tients with AML. The first results included 
263 patients and were then updated to in-
clude 2 additional years of follow-up and a 
total of 919 cases treated at 55 centers.15 

The relapse-free survival in patients with 
mafosfamide purged marrow appeared to 
be significantly better than in patients with 
nonpurged marrow. The probability of re-
lapse within 3 years was only 23% in the 
recipients of mafosfamide purged marrow 
compared to 55% in the recipients of un-
purged marrow. 15

Carlo-Stella et al.16 investigated the e-
ffects of mafosfamide treatment on the 
proportion of Philadelphia chromosome 
positive cells in the bone marrow of pa-
tients with Ph+ CMI. The ability of ma-
fosfamide treatment to increase the pro-
portion of Philadelphia negative cells was 
observed in only 6 of the 15 tested cases. 
These results suggest that prescreening the 
bone marrow for sensitivity of Ph+ cells to 
mafosfamide may proceed to be useful for 
predicting those patients who may benefit 
from the purging of bone marrow with ma-
fosfamide, and probably this test could be 
realized for the patients with ALL Cr Ph+.

A problem with purged bone marrow is 
the prolonged regeneration times for neu-
trophils and platelets. It had been observed 
in several studies, with regeneration period 
on neutrophils between 16 to 250 days 
(media 26 days), and platelets between 
16 to 740 days (media 74 days), especially 
in AML patients.17  However, these times 
were shorter in our group of patients, since 
the neutrophil engraftment was observed 
in the day +14 ( range +9 to +20) and 
platelet engraftment in day +46 (range 
+28 to +76) after transplantation.

Gorin et al.14 showed that the best re-
sults in vivo are achieved when the num-
ber of CFU-GM collected before the pur-
ging are higher than 5.46 x 104/Kg, which 

correlated with a low transplant-related 
mortality. These results correlated with our 
experience (unpublished data).

The overall role of aggressive myelo-
suppressive chemotherapy for children 
with AML is now firmly established. Stud-
ies have documented improved overall sur-
vival rate using intensified treatment in the 
induction as well as in the postremission 
phase. This aggressive approach, how-
ever, is associated with increased morbid-
ity and mortality, primarily due to infection 
and bleeding caused by prolonged myelo-
suppression. One major limitation of the 
previous randomized studies has been the 
use of less aggressive forms of post-remis-
sion chemotherapy compared with current 
standards. It could be discussed that other 
preparative regimens with high doses of 
chemotherapy may improve autologous 
BMT outcome, but none has been tested 
in a large number of patients or compared 
with aggressive chemotherapy in a ran-
domized fashion.18

The major problem with the EBMT 
studies of mafosfamide is that the patients 
groups with purged and unpurged BM 
were not randomly assigned to exclude 
the possibility of selection. Therefore, the 
benefits of mafosfamide purging may 
need further confirmation, which would 
be better accomplished by a prospectively 
randomized clinical trial, especially in chil-
dren. In our experience, the complications 
related to this kind of transplant are not 
severe, therefore, we conclude that ABMT 
with mafosfamide purging is a recom-
mended therapeutic approach for children 
with AML.
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