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INTRODUCTION
The results of conventional chemotherapy in children with acute leukemia have
improved considerably over the last few years,
leading to the cure rate of approximately 70% in
children with acute lymphoblastic leukemia (ALL)
(Nesbit and Woods, 1992; Reiter et al; Riveira et
ai, 1993) and 40% in those with acute myeloid
leukemia (AML) (Dahl et ai, 1990; Nesbit and
Woods, 1992; Ritter et al 1992). However,
especially in certain subgroups of children with
negative prognostic factors, the results of
chemotherapy remain still unsatisfactory (Grier
et ai, 1987; Riehm et ai, 1992). In addition,
children who relapse after conventional therapy
for acute leukemia are seldom cured, particularly
when the duration of the first complete remission
(CR) is short (Bogus~awska-Jaworska et ai,
1994; Horowitz and Bortin,1993; Wieczorek et
ai, 1994). In children with poore prognostic
factors at initial diagnosis or in those who have
relapsed
after
standard
chemotherapy
allogeneic bone marrow transplantation (BMT)
may be a therapeutic option provaiding
sustained disease-free survival (Chessells et ai,
1992; Dahl et ai, 1990; Dopfer et ai, 1991; Ebell
1996;Niethammer et ai,
1996).
et ai,
Conventional preparative regimen for BMT in
patients with acute leukemias consists of total
body irradiation (TBI) and cyclophosphamide
(Thomas et ai, 1977). However, numerous early
and late complications have been attributed to
TBI, especially in growing children (Dopfer and
Niethammer, 1993; Petersen and Bearman,
1994). Besides, TBI can be carried out only in
experienced and properly equiped radiation

centers and is a time consuming and expensive
procedure. All of these reasons gave rise to the
search for alternative radiation-free conditioning
regimens for BMT in children, that would be less
toxic and easier available than TBI, but would
have comparable myeloablative and antileukemic efficacy. One of the most promising such
chemoconditioning regimens has been the one
proposed by Tutschka et al. , which consisted of
high dose busulfan and cyclophosphamide, and
was then supplemented with etoposide (VP 16).
At present, sufficient data for the evaluation of
relapse rates following this regimen are available
only for patients with AML and chronic
myelocytic leukemia (CML) (Kolb et al,1993).
These studies, as well as the Polish experience
in pediatric patients (Kaczmarek-Kanold, 1994)
demonstrate that the
busulfan-containing
regimen is equivalent to TBI-containing
regimens in AML and CML. According to
Tutschka et al. (Tutschka et ai, 1987) busulfan
might have also an antilymphoblastic effect, and
thus it might replace T81 also in ALL patients.
However, in children with ALL in II CR prepared
for BMT with busulfan we have observed high
incidence
of
leukemia
relapse
after
transplantation (Wachowiak et ai, 1995), and
therefore we concluded that despite some
practical advantages at this point busulfan might
not be able to replace TBI as conditioning
Jegimen for BMT in ALL. In addition, it is
nowadays controversial whether busulfan is
really less toxic than TBI, because since TBI is
carried out in fractionated manner (fractionated
total body irradiation; FTBI) (Shank et ai, 1983)
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the incidence of veno-occlusive disease (VOD)
and hemorrhagic cystitis is even higher in
recipients conditioned with busulfan than in
those prepared with FTBI, and interstitial
pneumonia incidence is similar in both groups of
patients (Kolb et ai, 1993). For mentioned above
reasons in our institution since 1993 all children
with ALL above 4 years of age as well as
children with AML demonstrating high risk of
VOD are prepared for BMT excusivelly with
FTBI, and we report here our preliminary results
of the treatment in these children.

PATIENTS AND METHODS

Eight children with acute leukemia
(median ag~: 7 years, range 5-15) received BMT
after FTBI (Table 1). Except one child
transplanted from a syngeneic twin, all children
have been transplanted from HLA-identical MLC
non-reactive siblings. Diagnosis consisted of
ALL in II CR (Dopfer et ai, 1991), ALL in I CR (1)
and AML in I CR (Barrett et ai, 1989). Five of 6
patients in II CR of ALL had isolated bone
marrow relapses, while one of them had
combined marrow/testicular relapse. In all
children except one there was an early relapse
of ALL, Le. < 18 months after diagnosis. The
child with ALL in I CR demonstrated a
translocationt (Grier et ai, 1987; Shanket ai,
1983) (Riehm et ai, 1992), while in child with
AML in I CR the M5 morphology of blasts (Grier
et ai, 1987) has been observed, and thereby
these two children fulfiled criteria for BMT in I
CR. One child with ALL (patient no. 6) and the
child with AML (patient no. 8) demonstrated
before BMT a liver injury caused by initial
chemotherapy and infection with hepatitis C
virus (HCV). In all children both first and second
CR were achieved with the same initial and
relapse BFM-therapy protocols (Riehm et ai,
1992; Ritter and Creutzig,1992).
All children were conditioned for BMT by
means of hyperfractionated TBI (2 x 1,5 Gy on 4
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consecutive days) with lung shielding (Malicki et
ai, 1995) followed by etoposide in a single dose
of 60 mg/kg Lv. (in 6 children) or followed by
cyclophosphamide given in adose of 60 mg/kg
Lv. on each of two consecutive days (2 children
with liver injury). In five children prophylaxis of
acute graft-versus-host disease (aGvHD)
consisted of cyclosporin A (CsA) and
methotrexate (MTX), while in two children with
liver injury (patients no. 6 and
no. 8) CsA plus prednisolone have been given.
The child transplanted with syngeneic marrow
received no aGvHD prophylaxis.
Informed consent was obtained from the
parents for the treatment. The date of analysis
was April 5, 1996.

RESULTS

Marrow engraftment occured in all
patients as shown by increasing peripheral blood
cell counts. The median durc:ltion of neutropenia
( absolute neutrophil count < 0,5 x 10 9/1 ) was 18
days ( range 13-24 ). Median time to achieve a
self-sustained platelet count> 30 x 109/1 was 20
days ( range 13-35 ). Hematopoietic status was
normal in all survivors at the time of analysis.
There was no severe transplant-related
complications. Only moderate aggravation of
hepatic function was observed early post-BMT in
two children
(patients no. 6 and no. 8)
transplanted despite liver injury caused by initial
chemotherapy and HCV-infection. Acute GvHD
grade 1111 was observed only in one child and no
chronic GvHD were documented.
The follow-up is shown in Table 1. Bone
marrow relapses occured 3 and 5 months after
BMT respectively in two children transplanted
for ALL in II CR after early relapse. Six children
remain in second CR ranging from 3 to 38
months (median: 11 months) after transplantation.
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Patients characteristics, conditioning regimen and results of the treatment
Patient
no.

Age
(yrs)

Diagnosis

I CR Duration
(month)
& Site of Relapse

Conditioning
Regimen

GvHD
Prophylaxis

Acute
GvHD

Chronic
GvHD

Status
(days)

Lengt
h of
Follow
-up

Imont
1.
2.

11
15

ALL in II CR
ALL in II CR

72/BM
6/BM

FTBINP
FTBINP

svnQen
CsA/MTX

-

-

0

0

3.
4.
5.

8
5
10

ALL in II CR
ALL in II CR
ALL in II CR

10/BMIT

16/BM
8/BM

FTBINP
FTBINP
FTBINP

CsA/MTX
CsAlMTX
CsA/MTX

111I
0
0

0
0
0

6.

8

7/BM

FTBl/Cy

CsA/PRED

0

7.

6

7

FTBINP

CsA/MTX

8.

8

ALL in II CR
Liver injury
HCV pOS.
ALL in I CR
Ph (+)
AML - M5 in I
CR
Liver injury
HCV pOS.

12

FTBl/Cy

CsAlPRED

hs
39

22
13

0

Alive
+ 92
relapse
Alive
Alive
+ 139
relapse
Alive

0

0

Alive

9

0

0

Alive

7

3

Abbreviations: CR, complete remission; BM, bone marrow; T, testis; VP, etoposide;Cy,
cyclophosphamide; FTBI, fractionated total body irradiation; GvHD, graft-versus-host disease; CsA,
cyclosporin A; MTX, methotrexate; PRED, prednisone

DISCUSSION

The number of children with acute
leukemia who have been transplanted in our
institution with bone marrow after FTBIcontaining conditioning regimen is up to now low
and in addition the follow-up in these children is
relatively short. For these reasons we can not
draw any firm conclusion concerning our
preliminary results. However, two relapses in 6
children with ALL conditioned for BMT with FTBI
seem to be at this point somewhat better result
in compare with 4 relapses that we have
observed earlier in 6 children with ALL prepared
for transplantation with busulfan-containing
regimen (Wachowiak et ai, 1995). The results of
allogeneic BMT in acute leukemia depend on
many factors, i.e. kind of leukemia, patient's age,
phase of the leukemia ( I, II or SUbsequent CR,
partial remission ), kind of relapse ( localisation,
duration of the I CR ), type of initial and relapse
treatment (Barrett et ai, 1989; Dopfer· et ai,
1991). In our study, all children have been
treated with initial and relapse BFM-therapy
protocols. All children with ALL were in II CR,
except one child in I CR. In addition, children
transplanted in our institution were prepared for
BMT in the similar manner as children with ALL
reported from German/Austrian BMT Working
Party (Dopfer et ai, 1991; Niethammer et ai,
1996). On account of all mentioned above
similarities that concern factors influencing BMT
outcome our results could be first of all refered
Rep. Pract. Oncol. 1 (1) 1996

to the results reported from this Working Party
and from BFM-Group. According to the last
reports
of German/Ausfrian
BMT
Party
(Niethammer et ai, 1996) and BFM-Group (Ebell
et ai, 1996) an actuarial event free survival (
pEFS ) is respectively 65% and 69% for children
with high risk ALL in t CR, and 56% for children
with ALL transplanted in II CR after early bone
marrow or combined relapse (Dopfer et ai, 1991;
Niethammer et ai, 1996). For children with AML
undergoing allogeneic BMT in I CR the actuarial
pEFS was 62% (Niethammer et ai, 1996). As
many as 2 early relapses after BMT in 8 children
transplanted for acute leukemia in our center
along with low incidence of acute GvHD and no
severe conditioning related toxicity may suggest,
that efforts should be aimed at
reducing the relapse rate in these children by
intensification of the conditioning regimen to
receive better antileukemic effect and· by
reduction of the GvHD prophylaxis intensity to
protect
the
graft-versus-Ieukemia
effect
(Horowitz et ai, 1993). For example, it seems
that in children with ALL who present standard
risk of transplant-related toxicity the conditioning
regimen could be safety intensified by addition to
FTBI both VP-16 and cyclophosphamide as it
was proposed by Spitzer et al. (Spitzer et ai,
1989) for patients with high-risk hematologic
malignancies.
Besides,
to
improve
the
antileukemic effect of FTBI it could be
31
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supplemented in boys according to Shank et al.
with electron boost ( 4 Gy ) to the testicles and in
children with highest risk of leukemia relapse
higher total dose of FTBI should be considered,
for example of 14,4 Gy as proposed by
Brochstein et al. The low incidence of acute
GvHD and no chronic GvHD in our children
suggests that the intensity of GvHD prophylaxis
could be reduced, i.e. prophylaxis with esA only
without MTX might be sufficient to protect
recipient of allogeneic bone marrow against
GvHD and at the same time might favour better
graft-versus-Ieukemia effect (Horowitz and
Bortin, 1993).
Only moderate aggravation of liver
function that has been seen in two children with
pre-BMT severe liver injury seems to confirm
observation that FTBI is less toxic for live than
busulfan (Kolb et ai, 1993) and that patients with
liver malfunction FTBI rather than busulfan
should be used.
According to our experience the
conditioning regimen for allogeneic BMT with
FTBI is well tolerated in children with acute
leukemias, however, its antileukemic efficacy,
especially in children with ALL, requests further
improvement by optimazing the antileukemic
potential of FTBI, chemotherapy and the graftversus-leukemia effect.

REFERENCES
1. Barrett J., Horowitz M.M., Gale R.P. et al.: Marrow
transplantation for acute lymphoblastic leukemia:
factors affecting relapse and survival. Blood, 1989,
74,862 - 871.
2. Bogusfawska-Jaworska J., Chybicka A., Strzelczyk
R. etal.: Six-year experience with treatment of
recurrent childhood acute lymphoblastic leukemia.
Report of the Polish Children's Leukemia/Lymphoma
Study Group. Ped. Pol., 1994, LXIX, 711 - 719.
3. Brochstein J.A, Kernan N.A, Groshen S. et al.:
Allogeneic bone marrow transplantation after
hyperfractionated
total-body
irradiation
and
cyclophosphamide in children with acute leukemia. N.
Engl. J. Med., 1987,317,1618 -1624.
4. Chessells J.M., Bailey C., Wheeler K., Richards
S.M.: Bone marrow transplantation for high-risk
childhood lymphoblastic leukemia in first remission:
experience in MRC UKALL X*. Lancet, 1992, 340,
565 - 568.
5. Dahl, G.v., Kalvwinsky O.K., Mirro J. et al.:
Allogeneic bone marrow transplantation in a program
of intensive sequential chemotherapy for children and
young adults with acute nonlym0hocytic leukemia in
first remission. J. Clin. Oncol., 1990,8,295 - 303.
6. Dopfer Ho, Henze G., Bender-Gatze C. et al.:
Allogeneic bone marrow transplantation for childhood
acute lymphoblastic leukemia in second reission after
intensive primary and relapse therapy according to
the BFM- and CoALL-protocols: results of the
German Cooperative Study. Blood, 1991, 78, 2780 2784.

32

7. Dopfer R, Niethammer D.: Report on the
international workshop of the King Philipp Foundation
on late effects after bone marrow transplantation in
childhood malignancies. Pediatr. Hematol. Oncol.,
1993, 10,63 - 84.
8. Ebell W., Bender C., Kremens B. et al.: Allogeneic
BMT in 1.CR/PR of childhood high risk ALL: results of
study ALL-BFM-90. Bone Marrow Transplant., 1996,
17 (suppl. 1 ), S7.
9. Grier H.E., Gelber R.D., Camitta B.M. et al.:
Prognostic factors in childhood acute myelogenous
leukemia. J. Clin. Oncol., 1987,5,1026 - 1032.
10. Horowitz M.M., Bortin M.M.: Results of bone
marrow transplants from human leukocyte antigenidentical sibling donors for treatment of childhood
leukemiasAm. J. Pediatr. Hematol. Oncol., 1993, 15,
56 - 64.
11. Kaczmarek-Kanold M., Kalas A, Lange A. et al.:
Allogeneic bone marrow transplantation for the
treatment of myelogenous leukemias in children and
adolescents. Ped. Pol., 1994, 69, 759 - 764.
12. Horowitz M.M., Gale RP., Sondel P.M. et al.:
Graft-versus-Ieukemia reactions following bone
marrow transplantation in humans. Blood, 1990, 75,
555 - 562.
13. Kolb H.J., Ernst P., Siegert W. et al.: Comparison
of busulfan and total body irradiation for
myeloablative conditioning of leukemic patients. 19th
Annual Meeting of the EBMT Book of Abstracts,
Garmisch-Partenkirchen, 1993, p.125
14. Malicki J., Kierzkowski J., Kosicka G. et al.:
Calculation and in vivo dose distribution verification in
fractionated total body irradiation. Nowotwory, 1995,
45,46 - 52.
15. Nesbit M.E., Woods W.G.: Therapy of acute
leukemia in children. LeUkemia, 1992, 6 ( suppl. 2 ),
31 - 35.
16. Niethammer D., Paolucci P., Klingebiel T.,
Pession A: Bone marrow transplantation for ac.ute
leukemias in children - a report from Italian, Austrian
and Germany Registry. Bone Marrrow Transplant.,
1996,17 (suppl. 1 ), S7.
17. Petersen F.B., Bearman S.I.: Preparative
regimens and their toxicity. In: Bone marrow
transplantation. Forman S.J., Blume K.G., Thomas
E.D. ( eds. ), Blackwell Scientific Publ., Boston, 1994,
79-95.
18. Reiter A, Schrappe M., Ludwig W.O. et al.:
Chemotherapy in 998 unselected childhood acute
lymphoblastic leukemia patients. Results and
conclusions of multicenter trial ALL-BFM 86. Blood,
84,3122 - 3133.
19. .Riehm H., Ebell w., Feickert H.J., Reiter A.:
Acute lymphoblastic leukaemia. In: Cancer in
children-clinical management. Voute PA, Barret A.,
Lemerle J. ( eds. ), Springer-Verlag, Berlin, 1992, p.
85 -106.
20. Ritter J., Creutzig U., Schellong G.: Treatment
results of three consecutive German childhood AML
trials: BFM-78, -83, -87. Leukemia, 1992,6 (suppl. 2
),59 - 62.
21. Riveira GK, Pinkel, D., Simone J.V. et al.:
Treatment of acute lymphoblastic leukemia. New
Engl. J. Med., 1993,329, 1289 - 1295.
22. Shank B., Chu F.C.H., Dinsmore R et al.:
Hyperfractionated total total body irradiationfor bone
marrow transplantation. Results in seventy leukemia

Rep. Pract. Oneal. 1 (1) 1996

Wachowiak et. al.: Allogeneic bone marrow transplantation....

patients with allogeneic transplants. Int. J. Radiat.
Oncol. BioI. Phys., 1983,9,1607 -1611.
23. Spitzer T., Cottier-Fox M., Torrisi J. et al.:
Escalating
doses
of
etoposide
with
cyclophosphamide and fractionated total body
irradiation or busulfan as conditioning for bone
marrow transplantation. Bone Marrow Transplant.,
1989, 4, 559 565.
24. Thomas ED., Buckner C.D., Banaji M. et al.:
One hundred patients with acute leukemia treated by
chemotherapy, total body irradiation and allogeneic
bone marrow transplantation. Blood, 1977, 49, 511 533. busulfan and cyclophosphamide regimen.

Rep. Pract. Oncol. 1 (1) 1996

Blood, 1987, 70, 1382 - 1388.
25. Tutschka P.J., Copelan E.A., Klein J.P.: Bone
marrow transplantation for leukemia following a new
26. Wachowiak J., Bettoni C., Lange A. et al.: Can
busulfan replace fractionated total body irradiation as
conditioning regimen for allogeneic bone marrow
transplantation in children with acute lymphoblastic
leukemia? Acta Haematol. Pol., 1995,26,377 - 384.
27. Wieczorek M., Sonta-Jakimczyk D., JanikMoszant A., Bubafa H.: Treatment failure in childhood
acute non-lymphoblastic leukemia. Ped. Ped., 1994,
LXIX, 747 - 751.

33

