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Summary.  A total o f  44 adults aged 1 8 - 7 8  years were 
allocated to an open randomized study whose aim was to 
compare the efficacy and toxicity o f  mitoxantrone with 
those o f  daunorubicin in previously untreated patients pre- 
senting with acute myeloid leukemia. In one arm, induc- 
tion treatment consisted of  mitoxantrone plus cytarabine 
given on a 3- plus 7-day schedule. Post-induction treatment 
consisted of  two courses o f  mitoxantrone plus cytarabine 
given on a 2- plus 5-day schedule. In the control arm, 
mitoxantrone was replaced by daunorubicin. In all, 14 of  
21 eligible and evaluable patients in the mitoxantrone arm 
achieved a complete remission (CR). In the control arm, 14 
of  20 subjects attained a CR, The median survival was 
365 days for patients randomized to mitoxantrone-cytara- 
bine and 401 days for those given daunorubicin-cytara- 
bine. The efficacy and toxicity o f  mitoxantrone were simi- 
lar to those o f  daunorubicin. 

Standard induction therapy comprises an anthracycline 
given in combinat ion with cytarabine [4, 9]. The same 
agents given in combinat ion with other drugs have also 
been used as consolidation and maintenance therapy for 
the prolongation of  remission duration and survival [8]. 
Mitoxantrone combined with cytarabine [1, 6, 10] or 
etoposide [7] has been shown to be effective in the treat- 
ment o f  refractory AML.  The administration of  anthracy- 
cline for a prolonged period is limited by cardiotoxicity. 
The use in induction treatment of  an active agent such as 
mitoxantrone, which has less potential for cardiotoxicity 
[2], may  improve the overall results. 

The objectives o f  the present study were to compare  the 
efficacy and the acute and chronic toxicity of  mitoxantrone 
with those o f  daunorubicin (both given in combinat ion 
with cytarabine) as judged by their ability to induce 
complete remissions in and to increase the survival o f  
patients presenting with previously untreated AML.  

Introduction 

The introduction o f  effective combinat ion chemotherapy 
in acute myeloid  leukemia (AML) has significantly im- 
proved remission rates f rom <30% prior to 1970 to as high 
as 6 0 % - 8 0 %  currently [10 -12] .  The median survival, 
which was previously only about 2 months f rom the time 
of  diagnosis, has increased to about 1 year [12]. Unfortu- 
nately, the disease relapses in the majority of  patients who 
have entered remission, and a second remission is obtained 
in only about ~<50% of  cases [5, 13, 14]. About  30% of  
patients survive for 2 years after the initiation of  therapy, 
and a subset of  these may be cured of  their disease [12]. 
Clearly, there is a need for more effective therapy at pre- 
sentation and relapse. 
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Patients and methods 

The present study was designed as a multi-centre, prospective, ran- 
domized, open-label study with an active control arm. Criteria for inclu- 
sion in the study were a diagnosis of AML based on the FAB classifica- 
tion [3], informed consent to participate, an age of at least 15 years, 
serum bilimbin levels of <60 mol/1, serum creatinine values of 
<260 mol/1, and a normal left ventricular ejection fraction. Patients were 
not eligible if they had received prior chemotherapy or exhibited a 
history of congestive cardiac failure, unstable angina, cardiomyopathy, 
or recent myocardial infarction. Patients showing a history of malignant 
blood disorder were also excluded. There was no upper age limit for 
participation in the study, but a WHO performance status of 0-3 was 
required. 

Patients were randomized at their entry in the study. In one arm, 
induction treatment consisted of 12 mg m 4 mitoxantrone given in- 
travenously over 15-30 rain on days 1-3 plus 100 nag m -z cytarabine 
given intravenously as a continuous infusion on days 1-7. Post-induc- 
tion treatment consisted of two courses of 12 mg m -2 mitoxantrone given 
on days 1-2 plus continuous infusions of 100 mg m -2 cytarabine given 
on days 1-5. In the control arm, mitoxantrone was replaced by 45 mg 
m -2 daunombicin given intravenously over 15-30 min on days 1-3 in 
the induction course and on days 1-2 in the two post-induction courses. 
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Fig. 1. Life-table plots of survival for 21 patients treated with mitoxan- 
trone-cytarabine ( - - )  and 20 patients treated with daunorubicin- 
cytarabine ( . . . .  ). The difference between the two curves was not 
significant (log-rank statistic, 1.024; P = 0.31). Vertic.al marks denote 
patients who remain under observation 

Patients who achieved a partial remission after induction treatment were 
treated with a second course containing the initially used drugs, which 
was given on a 2- plus 5-day schedule. Courses were given at intervals of 
4 weeks. No maintenance treatment was used. 

Clinical evaluation of anti-leukemic efficacy was based primarily on 
the percentage of blast cells in the bone marrow and on the bone marrow 
cellularity. A complete remission (CR) was defined as the attainment of 
a marrow containing <5 % blast cells, a granulocyte count of > 1 • 109/1, 
and a platelet count of >100 x 109/1. A partial remission (PR) was defined 
either as the attainment of <5% blast cells in the marrow along with an 
incomplete recovery of blood counts or as a reduction in the percentage 
of blast cells in the marrow to 5%-25% along with normalization of 
blood counts. Failure was defined as the failure to achieve a CR after the 
completion of one or two courses. During therapy, patients were seen at 
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least once a week for a physical examination, cell counts and biochemi- 
cal analyses. Urinalysis, electrocardiography, investigations of bone 
marrow aspirate and evaluations of cardiac function using an isotope 
method (MUGA) were performed on study entry and after the comple- 
tion of each course. 

All patients who received a single dose of mitoxantrone or daunoru- 
bicin were considered to be eligible for evaluation of safety. All subjects 
who underwent a single course of therapy followed by 2 weeks of obser- 
vation were regarded as being eligible for evaluation of efficacy. For 
statistical analysis, Kaplan-Meier plots were used, and survival differ- 
ences between the two groups were tested by the log-rank test. A value of 
P <0.05 was considered to be statistically significant. 

R e s u l t s  

A total  o f  44 adults  (29 m e n  and 15 w o m e n )  w e r e  en te red  
in the s tudy.  T h e  m e d i a n  age  o f  the  pat ients  was  52.5 years  
(range,  1 8 - 7 8  years) ;  3 4 %  o f  the  subjects  were  >60  years  
o f  age.  B a s e - l i n e  data, age,  sex,  p e r f o r m a n c e  status, blast-  
ce l l  pe rcen tage ,  l e u k o c y t e  count ,  p la te le t  count ,  h e m o g l o -  
bin, and F A B  type  d id  no t  d i f fe r  b e t w e e n  the t w o  arms.  T h e  
doses  o f  cy t a r ab ine  g i v e n  to the  pa t ien ts  w e r e  s imi la r  in 
bo th  arms.  T h e r e  w e r e  no d i f f e r ences  b e t w e e n  the two  
arms c o n c e r n i n g  the r e l a t ionsh ip  b e t w e e n  the  p r o t o c o l  
doses  o f  m i t o x a n t r o n e  or  d a u n o r u b i c i n  and the  doses  actu-  
a l ly  g i v e n  to the subjects .  T h r e e  pat ients  w h o  w e r e  en t e red  
in the  s tudy w e r e  ine l ig ib le  due  to ca rd iac  abnorma l i t i e s  or  
to a l o w  lef t  ven t r i cu l a r  e j ec t ion  f rac t ion .  T h e r e  w e r e  three  

ear ly  deaths:  one  o c c u r r e d  in the m i t o x a n t r o n e - c y t a r a b i n e  
a rm and t w o  w e r e  r eg i s t e red  in the  dauno rub i c in - cy t a r a -  
b ine  arm. 

In  all, 14 (67%)  o f  21 e l ig ib l e  and e v a l u a b l e  pat ients  in 
the m i t o x a n t r o n e  a rm a c h i e v e d  C R s  and 2 a t ta ined  PRs ;  
there  w e r e  also 4 fa i lures  and 1 ear ly  death .  In  the  daunoru -  
b ic in  arm,  14 (70%)  o f  20 e l ig ib l e  and e v a l u a b l e  pat ients  

en t e red  C R ;  there  w e r e  also 4 fa i lures  and  2 ear ly  deaths.  
D i s t r i bu t ion  o f  the  r e s p o n s e  rate  by d e m o g r a p h i c  charac-  

Table 1. Number of adverse events corresponding to WHO grades 3 and 4 during 120 cycles of treatment with mitoxantrone-cytarabine or 
daunorubicin-cytarabine 

Adverse events Mitoxantrone-cytarabine a Daunorubicin-cytarabine b 

WHO grade WHO grade 

3 4 3 4 

Pain/bone pain 2 0 0 0 
Bleeding 0 1 0 1 
Cardiac: 

Pericarditis 1 0 0 0 
Nonspecific toxicity 1 0 0 1 
Failure 0 0 0 1 
Hypotension 0 0 0 1 

Alimentary canal 2 0 8 0 
Infection FUO 16 4 14 1 
Pulmonary 5 1 0 1 
Renal 0 0 0 1 

Total number of 
adverse events 27 6 23 5 

a 64 cycles 
b 56 cycles 
FUO, Fever of undetermined origin 
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Table 2. Medi an number of days to recovery of granulocytes and platelets after the start of treatment with mitoxantrone-cytarabine or daunorubicin- 
cytmabine 

Type of therapy Oranulocytes (1 x 109/1) Platelets (100 • 109/1) 

Mitoxantrone- Daunorubicin- Mitoxantrone- Daunorubicin- 
cytarabine cytarabine cytarabine cytarabine 

Induction course 30 days 33 days 30 days 26 days 
Consolidation 1 30 days 24 days 30 days 24 days 
Consolidation 2 50 days 38 days 50 days 38 days 

teristics did not disclose any differences between the two 
arms. Moreover, the response rates were similar in all age 
groups. The median time to CR was 37 days in the mito- 
xantrone arm and 49 days in the daunorubicin arm; how- 
ever, this difference did not reach significance (P = 0.54). 

The median survival was 365 days for patients ran- 
domized to mitoxantrone-cytarabine and 401 days for 
those given dannorubicin-cytarabine (Fig. 1). The prob- 
ability of survival seemed to be greater on the mitoxan- 
trone-cytarabine arm at the latter times than on the dauno- 
rubicin-cytarabine arm, but the difference between the 
curves was not statistically significant (log-rank statistic, 
1.024 ; P = 0.31). 

The median duration of CR was 245 days, and there 
was no significant difference either between the two treat- 
ment arms or between the elderly and the younger patients. 
Only four subjects (two from each treatment arm) 
proceeded to allogeneic or autologous bone marrow trans- 
plantation during their first CR. 

No significant difference was found between the two 
treatment arms in terms of the number and severity of  
adverse events (Table 1). The cardiac events seen in both 
arms were not considered to be related to daunorubicin or 
mitoxantrone treatment, with the exception of one case in 
the dannorubicin arm in which a possible relationship be- 
tween daunorubicin and cardiac failure was indicated. 
Bone marrow toxicity was similar in both treatment arms 
(Table 2). The recovery of granulocytes and platelets after 
induction treatment occurred a few days earlier in the mi- 
toxantrone arm than in the daunorubicin arm. However, the 
situation was reversed following consolidation treatment, 
when recovery occurred later in the mitoxantrone arm. The 
median number of platelet transfusions during induction 
cycle 1 was 4 in the mitoxantrone arm and 3.5 in the 
daunorubicin arm. 

Discussion 

The combination of daunorubicin and cytarabine may be 
regarded as standard treatment for AML. In the present 
study, patients in one randomization arm were treated with 
this combination, whereas in the other arm, cytarabine was 
combined with mitoxantrone. The protocol dose of cytara- 
bine was identical in both arms, and that of  mitoxantrone 
was calculated to produce bone marrow toxicity of the 
same degree as that resulting from the dose of daunorubi- 
cin. Protocol adherence did not differ between the two 

randomization arms. Patients with poor prognostic features 
were equally distributed between the two arms. 

The efficacy of mitoxantrone given in combination with 
cytarabine was found to be similar to that of daunorubicin 
combined with cytarabine, with 67% of patients in the 
mitoxantrone arm achieving a CR vs, 70% of those in the 
daunorubicin arm. These figures should be regarded as 
being acceptable, considering the high median age of the 
patients (34% of them were >60 years of age). Survival 
was also found to be similar in both arms, with a median 
survival of 365 days being achieved on the mitoxantrone 
arm vs 401 days on the daunorubicin arm. The number of  
long-term survivors was higher among patients who were 
treated with mitoxantrone-cytarabine than among those 
who received daunorubicin-cytarabine, but the difference 
between the curves was not significant. 

The toxicity of mitoxantrone was comparable with that 
of daunorubicin. Bone marrow toxicity was also similar for 
both regimens, and there was no significant difference in 
the time to remission or the time to recovery of granulo- 
cytes and platelets. The interesting question as to whether 
the risk of cardiac toxicity would be lower during mitoxan- 
trone treatment than during daunorubicin treatment could 
not be answered in this study due to the small number of  
patients involved, but one case of cardiac toxicity may 
possibly have been associated with anthracycline therapy 
in the daunorubicin arm. 

In conclusion, considering the size of the population 
studied, the present results generally agree with recent 
reports [11]. The efficacy and toxicity of mitoxantrone in 
the treatment of  AML seem to be very similar to those of  
daunorubicin. I f  this is confirmed in larger studies, a lower 
risk for the induction of cardiotoxicity by mitoxantrone as 
compared with daunorubicin may render mitoxantrone 
given in combination with cytarabine a first-choice alterna- 
tive therapy for previously untreated AML. 
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