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Summary. Results of the B M F  study group trials ALL- 
REZ 83 and 85 for relapsed acute lymphoblas t ic  leukemia 
(ALL) are presented. For  children with late marrow re- 
lapse, remission rates of  about  90% were seen in both stud- 
ies. In children treated for early marrow relapse, the remis- 
sion rate in study A LL-REZ 85 was superior  (86% vs 62%). 
The probabi l i ty  of event-free survival for all patients and 
for those with ~arly marrow relapse was also statistically 
significant (P  < 0.05). Children with T-cell ALL had an ex- 
tremely unfavourable  prognosis  in both studies. 

Table 1. Characteristics of patients with marrow relapse 

Study 83 Study 85 

Patients (n) 58 112 
Girls 41% 36% 
Median age at relapse 9.6 years 7.4 years 
Median duration, 1st CR 2.4 years 2.2 years 
Early relapse 48% 53% 
Bone marrow transplant 19% 13% 

Introduction 

Oxazaphosphor ines  have not  been widely used for the 
t reatment  of ch i ldhood acute lymphoblas t ic  leukemia 
(ALL), although they are known to be effective, especially 
in T-cell ALL and perhaps even more in B-cell ALL and 
non-Hodgkin ' s  lymphoma.  Cyc lophosphamide  has been 
included in t reatment  schedules of  the BFM study group 
since 1970 [9], and the results have been unexpectedly 
good, even in children with T-cell ALL. Therefore, it 
seemed to be useful to include an oxazaphosphor ine  deri- 
vative in a protocol  for re lapsed ALL. As all children who 
relapsed after BFM treatment  had received cyclophospha-  
mide,  i fosfamide was in t roduced in the t reatment  schedule 
for relapse, combined with other drugs known to be effec- 
tive in ALL. The results of  two BFM study group trials in 
relapsed ALL are be presented.  

Patients and treatment 

Since June 1983, 170 children and adolescents with bone 
marrow relapse of  non-B-cell  ALL or non-Hodgkin ' s  lym- 
phoma  have been enrolled in two studies. Almost  all pa-  
tients had previously received t reatment  according to one 
of  the BFM first-line protocols.  Distr ibut ion of  patients 
within the two subsequent studies (ALL-REZ 83 and 85) 
and patient  characteristics are shown in Table 1. Age and 
sex as well as the median  durat ion of  the first remission 
were comparable  in both studies. By definition, early re- 
lapses were those that  occurred during therapy or up to 
6 months after the discont inuat ion of  first-line treatment,  
late relapses were those taking place thereafter. Bone mar- 
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row relapse could be either isolated in the presence of  at 
least 25% blast cells in the marrow or combined  with 
extramedul lary  sites. In the latter condit ion,  bone marrow 
infi l trat ion with leukemic cells had to exceed 5% and the 
extramedul lary  relapse, usually in the CNS or testicular 
tissue, had to be proven cytologically or histologically. 

Treatment  consisted of eight courses of  intensive short- 
term polychemotherapy (Fig. 1) in patients with early mar- 
row relapse, preceded by different induct ion courses in 
both experiments:  E in study 83 (Fig. 2) and F in study 85 
(Fig. 3). The only difference between the R-blocks (Figs. 4 
and 5) in both studies was the regimen used for the admin-  
istration of  methotrexate (MTX). In study 83, all patients 
uni formly received MTX at a dose of  500 m g / m  2 in a 24-h 
infusion, followed by two doses of  15 m g / m  2 leukovorin 
each at 48 and 54 h after the start of  MTX infusion. In 
study 85, patients were randomised  to receive MTX in all 
t reatment  courses at a dose of  12 g / m  2 given during a 4-h 
infusion period,  with 12 doses of  leukovorin starting at 
24 h after MTX (limb H) or at a dose of  1 g / m  2 (limb M) 
given over 36 h with the same leukovorin regimen as used 
in study 83. 

After a total of  eight R-blocks,  t reatment  was con t in -  
ued with daily oral 6-thioguanine and biweekly i.v. MTX, 
both drugs given at a dose of  50 m g / m  2 each for 2 years. 
Children with CNS relapse were to be i r radia ted a second 
time at doses that  were dependent  on age and the preced- 
ing dose of  rad io therapy;  they also received pro longed 
triple intrathecal  chemotherapy with MTX, cytarabine and 
predniso lone  for 2 years after the diagnosis of relapse. 

Bone marrow t ransplanta t ion  (BMT) was a constituent 
of  t reatment  for chi ldren with a compat ib le  donor.  BMT 
was to be done soon after the second remission had been 
achieved, usually after two or three courses of  chemothera-  
py. I f  no place for BMT was available,  t reatment  was to be 
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Fig. 1. Treatment design of two relapse studies for patients with bone marrow relapse. Induction protocol E in study ALL-REZ BFM 83 
was replaced by protocol F in the subsequent study ALL-REZ BFM 85. Since 1985 patients have been initially randomised to receive 
MTX at a high or intermediate dose (BFM 85 : randomization HDMTX vs IDMTX for all therapy elements) 
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Fig. 2. Induction protocol E for children with early medullary re- 
lapse in study ALL-REZ BFM 83 
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Fig. 3. Induction protocol F with intermediate-dose MTX (version 
F-M) as used for children with early medullary relapse in study 
ALL-REZ BFM 85. * Randomized vs HD-MTX (12 g/m 2) in ver- 
sion F - H  
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Fig. 4. The same combination polychemotherapy block R1 was 
given in studies ALL-REZ BFM 83 and 85, the only exception 
being different MTX doses. * BMF 85, randomization: HD-MTX 
Inf. (12 g/m2/4 h), ID-MTX Inf. (1 g/m2/36 h) 
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Fig. 5. Polychemotherapy block R2 in study ALL-REZ BFM 83 
and 85 alternates with block R1. Only the MTX dose varied in 
both studies. * BMF 85 see legend to Fig. 4 

cont inued according to the protocol  until  t ransplanta t ion 
became possible. 

As can be seen in Table 1, in studies 83 and 85 19% and 
13% respectively, of  the patients with bone marrow relapse 
underwent  BMT. This report  refers only to children who 
remained on chemotherapy;  therefore, patients who 
underwent  t ransplants  were completely ruled out from 
analysis. Life-table curves were constructed according to 
the Kap lan-Meie r  method. Cox regression was used to de- 
tect prognost ic  factors within a mult ivariate  model.  

Results 

As shown in Table 2, remission rates were comparable  for 
children with late marrow relapses, about  90% in both stud- 
ies. However,  despite aggressive induct ion therapy for 
early re lapsed patients,  the remission rate (62%) was disap- 
point ingly  poor  in study 83 due to either non-response 
(6/26 patients) or toxic deaths (4/26 patients),  whereas in 
study 85 second remissions were obta ined in 86% of  pa- 
tients and there was only 1 toxic death. 

Even more interesting is the impact  of  t reatment  on the 
probabi l i ty  of  mainta in ing second complete  remissions 
(2nd CR). As outl ined in Fig. 6, the life-table curves of 
children with isolated and combined bone marrow relapse 
are superimposed.  Therefore, it is just if iable to include pa- 
tients with ext ramedul lary  relapse concurrent  with bone 
marrow relapse. Figure 7 shows the probabi l i ty  of  event- 
free survival for patients in both studies, the observed dif- 
ference being statistically significant at P < 0.05. For  pa-  
tients with early marrow relapse, there is also a significant 
difference in the est imated length of  the 2nd CR (Fig. 8), 
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Table 2. Remission rates in patients with marrow relapse (trans- 
planted patients excluded) 

Totals Early Non- 2nd CR 
death resporders achieved 

Early relapse: 
Study 83 26 4 6 16 (62%) 
Study 85 51 1 6 44 (86%) 

Late relapse: 
Study 83 21 0 2 19 (90%) 
Study 85 46 2 2 42 (91%) 
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Fig. 6. Comparison of the probabilities of event-free survival 
(EFS) between children with isolated and combined bone marrow 
relapse in studies ALL-REZ BFM 83 and 85 (diagonal slash indi- 
cates last follow-up), n.s., not significant 
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Fig. 7. Probability of event-free survival (EFS) in patients with 
marrow relapse in study ALL-REZ BFM 83 vs study ALL-REZ 
BFM 85, from the start of treatment 

which is due only to l imb M of  study 85 (Fig. 9). Compar-  
ing Figs. 8 and 9, it can easily be seen that the results of  
study 83 and limb H of  study 85 are equally poor.  There- 
fore, l imb H was prematurely  closed to pat ient  entry, which 
explains the unequal  number  of  patients in these limbs. 

One subgroup of  patients with an extremely unfavour-  
able prognosis  are children with T-cell ALL. These pa- 
tients exhibit not  only a much lower remission rate but 
also markedly  shorter durat ions of  2nd CR (Fig. 10) than 
non-T-cell  ALL patients. The difference observed between 
these pat ient  groups is highly statistically significant. Of 
course, there is an overlap between T-cell leukemia and 
early relapse because most of  the T-cell patients suffer 
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Fig. 8. Probability of event-free survival (EFS) in patients with 
early marrow relapse in study ALL-REZ BFM 83 vs study 85 ; the 
studies used different treatments for remission induction 
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Fig. 9. Comparison of event-free survival (EFS) between treat- 
ment limbs M and H of study ALL-REZ BFM 85 in children with 
early marrow relapse 
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Fig. 1O. ALL-REZ BFM 83 and 85 chemotherapy; BM relapse: in- 
fluence of immunology. Probability of event-free survival (EFS) 
in patients with T-cell ALL and common ALL 

early relapses. Using mult ivariate  analysis, however,  we 
found that in addi t ion  to the time of relapse, T- immunolo-  
gy is an independent  prognost ic  factor. Interestingly, treat- 
ment  with modera te-dose  MTX in study 85 did not  influ- 
ence the prognosis  in this pat ient  group. 

Discussion 

The results of study A L L - R E Z  BFM 83 show that children 
with bone marrow relapse of  ALL have 25% probabi l i ty  of  
event-free survival ( including remission induct ion failures) 
at 4 years, which will p robab ly  be improved in study ALL- 
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REZ BFM 85. Taking into considerat ion that almost  all of  
these patients were intensively pre t reated according to 
BFM protocols,  these results are surprisingly good. When 
looking at the life-table curves, there is a l ready the sugges- 
t ion of  a plateau starting at 2.5 years, with all children 
from study 83 who remained  in 2nd CR being beyond  that 
t ime span and off treatment.  Compared  with other treat- 
ment  results for re lapsed ALL, these figures are similar to 
those obtained with bone  marrow t ransplanta t ion  [3, 5, 
11]. In almost all relapse studies using chemotherapy,  the 
results are clearly inferior  [1, 2, 4, 6 - 8 ,  10]. 

As new drugs were not  used in the relapse protocol ,  the 
reason for these results must be the newly designed combi- 
nation,  suggesting that al tered drug doses compared  with 
initial t reatment  or drug interactions may play an impor-  
tant  role in not only the t reatment  of  relapse but  t reatment  
in general. This is best shown by the strikingly different re- 
sults obta ined in study 85 with the two different MTX regi- 
mens. Only one drug out of  a complex setting of  polyche- 
motherapy,  given in a different  dose and t ime schedule 
and requiring different regimens for detoxif icat ion with 
leukovorin,  produces  complete ly  different results. Howev- 
er, this is not  true for the subset of  chi ldren with T-cell leu- 
kemias. Obviously,  the combina t ion  of  drugs used in this 
protocol  is less effective in T-cell disease. Thus, it is not  
only a question of  the intensity of  t reatment  but also of  
specificity, which implies that subsets of  ALL are biologi-  
cally heterogeneous diseases and must accordingly be 
t reated with different regimens. 

As ment ioned above,  an astonishing f inding was the 
superior  outcome for chi ldren with T-cell ALL who had 
been treated with BFM first-line protocols  since 1970. One 
major  difference between BFM and other regimens was 
the quite high dose of  cyc lophosphamide  given during 
consolidat ion.  Of course, the good results obta ined  in 
T-cell disease cannot  conclusively be related to cyclophos-  
phamide ;  on the other hand,  this possibi l i ty cannot  be 
ruled out. In the relapse studies, the ifosfamide dose was 
very moderate.  Hence, in view of  the poor  outcome for pa- 
tients with relapsed T-cell disease, it seems reasonable  that 
oxazaphosphor ines  be more extensively used in this subset 
of  patients. A pilot  s tudy using high-dose ifosfamide that 
has just begun is a imed towards  the improvement  of  remis- 

sion rates as well as the durat ion of  2nd CR in children 
with very early relapse and all children with T-cell disease. 
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