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Early intensification of chemotherapy with high-dose cy-
tarabine either in the postremission or remission induction
phase has recently been shown to improve long-term relapse-
free survival (RFS) in patients with acute myeloid leukemia
(AML). Comparable results have been produced with the
double induction strategy. The present trial evaluated the
contribution of high-dose versus standard-dose cytarabine
to this strategy. Between March 1985 and November 1992,
725 eligible patients 16 to 60 years of age with newly
diagnosed primary AML entered the trial. Before treatment
started, patients were randomized between two versions of
double induction: 2 courses of standard-dose cytarabine
(ara-C) with daunorubicin and 6-thioguanine (TAD) were
compared with 1 course of TAD followed by high-dose
cytarabine (3 g/m? every 12 hours for 6 times) with mitoxan-
trone (HAM). Second courses started on day 21 before
remission criteria were reached, regardless of the presence
or absence of blast cells in the bone marrow. Patients in
remission received consolidation by TAD and monthly main-
tenance with reduced TAD courses for 3 years. The complete

TAD-HAM arm was 65% versus 71% (not significant [NS]),
and the early and hypoplastic death rate was 18% versus
14% (NS). The corresponding RFS after 5 years was 29%
versus 35% (NS). An explorative analysis identified a sub-
group of 286 patients with a poor prognosis representing
39% of the entire population; they included patients with
more than 40% residual blasts in the day-16 bone marrow,
patients with unfavorable karyotype, and those with high
levels of serum lactate dehydrogenase. Their CR rate was
65% versus 49% (p = .004) in favor of TAD-HAM and was
associated with a superior event-free survival (median, 7 v3
months; 5 years, 17% v 12%; P = .012) and overall survival
(median, 13 v 8 months; 5 years, 24% v 18%; P = .009). This
suggests that the incorporation of high-dose cytarabine with
mitoxantrone may contribute a specific benefit to poor-risk
patients that, however, requires further substantiation.
Double induction, followed by consolidation and mainte-
nance, proved a safe and effective strategy and a new way of
delivering early intensification treatment for AML.

© 1999 by The American Society of Hematology.

remission (CR) rate in the TAD-TAD compared with the

ESULTS OF LARGE scale therapeutic trials in acute (still a minority) has also improvet3>78 When remission
myeloid leukemia (AML) reported during the 1980s and induction had reached some standard dose lévélsther
1990s have shown a gradual improvement in the results oincrease in the remission rate appeared associated with progress
chemotherapy. During this period of time, an increasing major-in supportive care rather than intensification in antileukemic

ity of patients have achieved complete remission (R)nd  treatment.
the proportion of patients remaining in permanent remission However, in contrast with remission rates, chemotherapy
dose effects have been found in the duration of remissions and
relapse-free survival (RFS). This was first shown for the effect
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ideal basis for the comparison of dose effects, because thpatients up to 50 years of age who had a histocompatible
amount of induction treatment depends only on the randomizasibling.
tion and not on an individualized number of induction courses. Evaluation. Patients underwent full physical examinations
Although little is known of which subtypes of AML may benefit and assessment of blood counts and liver and renal function
from intensification strategies, the curative impact of postremistests before each maintenance course. Bone marrow examina-
sion high-dose cytarabine appeared to be restricted to favorabléons were performed before alternating maintenance courses
and intermediate karyotype abnormalities in one stddyhe  and every 3 months after the end of maintenance, unless earlier
effect of intensification of induction therapy on the outcome in bone marrow examinations were indicated by peripheral blood
special prognostic groups has been analyzed exploratively i@hanges inconsistent with CR.
this trial. Criteria for response. A CR was defined by a bone marrow
with normal hematopoieses of all cell lines, less than 5% blast
cells, and a peripheral blood with at least 1,500 neutrophils and
Patients. Patients 16 to 60 years of age with AML according to the 100,000 platelets/pL. Therapeutic failures were classified as
French-American-British (FAB) classificati&t® who had never re-  persistent leukemia, death less than 7 days after completion of
ceived antileukemic therapy were eligible. In common with other the first induction therapy course (early death) and death during
comparable triafs*® and to optimize homogeneity, patients with @ y.oatment.induced bone marrow hypoplasia, irrespective of the

history of myelodysplasia or other antecedent hematologic disorder of. .
who had previous exposure to cytotoxic drugs or radiotherapy Were{lme after chemotherapy (hypoplastic death). Relapse was

excluded, as were patients with pre-existing non—leukemia-related Iivepefmed_ as reinfiltration of the bong njar_row_by 25% or more
disease or renal or heart failure. Written informed consent was obtainedeUkemic blastsor a proven leukemic infiltration at any other
before a patient entered the study. site. Relapse-free interval was measured from the achievement
Study design. Before treatment started, all patients were of CR until relapse and RFS from CR until relapse or death in
randomized, by a phone call to the statistical center, betweefemission. Survival was recorded from randomization until
one of the two induction therapy arms. All patients then death. Event-free survival was recorded from randomization
received the first induction course, consisting of 100 nig/m until nonachievement of remission, relapse, or death. Analyses
cytarabine by continuous intravenous infusion daily on days 1considering day-16 bone marrow blasts began from the date
and 2 and subsequently by infusion over 30 minutes every 12vhen this marrow was collected. Patients receiving bone
hours on days 3 through 8; 60 mg/rdaunorubicin by 30 marrow transplantation were censored at the time of transplanta-
minutes of intravenous infusion on days 3, 4, and 5; andtion.
6-thioguanine 100 mg/Morally every 12 hours on days 3 Cytogenetics. Cytogenetic examination was performed on
through 9 (TAD)¥* On day 16 of therapy, the bone marrow was pretreatment bone marrow specimens. Chromosome analysis
examined for the percentage of blast cells. On day 21, alwas performed after short-term cultures using standard proto-
patients received a second induction course (double induction)ols for G- or R-banding techniques. Karyotype changes were
According to the randomization, the second course was either $terpreted according to the 1995 ISCN nomenclatfirall
g/n? cytarabine by 3 hours of intravenous infusion every 12 cytogenetic results were centrally reviewed by the study
hours on days 1 through 3 with 10 mg/mitoxantrone by 30  reference laboratory.
minutes of intravenous infusion on days 3, 4, and 5 (HAMY Statistical analysis. The primary objective of the study was
a repetition of the first TAD induction course. If after the secondthe randomized comparison of the two versions of double
course the bone marrow containegb% blasts or similar induction TAD-TAD and TAD-HAM with respect to event-free
features reappeared in weekly bone marrow sampling, theurvival. The size of the study was based on power calculations.
patient was treated off study. Patients who went into CRThe type | error was fixed at = .05 and the median event-free
received a consolidation course of TAD. After consolidation, survival was expected to be at least 7 months. Patient accrual
maintenance treatment was administered to all patients anshould last at least 3 years. The participating centers expected
consisted of monthly courses of 100 m@/mytarabine by about 100 randomizations per year. The follow up period was
subcutaneous injection every 12 hours for 5 days, with a secondet at a minimum of 2 years. Thus, the study had a power of
drug being administered in rotation, including 45 mg/m about 0.8 to detect a minimum difference of 3 months in median
daunorubicin by 30 minutes of intravenous infusion on days 3event-free survival.
and 4 (course 1), 100 mgf®6-thioguanine orally every 12 After the target number of 300 patients had been exceeded, it
hours on days 1 through 5 (course 2), 1 §aiyclophosphamide was decided to extend this number substantially. The main
intravenous injection on day 3 (course 3), or again 6-thiogua+eason for this decision was the increasing availability of
nine (course 4) and restarting with daunorubicin (course 5). Ifcytogenetics for the study and the new evidence on the impact
absolute neutrophil counts decreased to less than 500/uL and/of the karyotype on patients’ outcome. Thus, further substantia-
platelets to less than 20,000/uL after 2 sequential courses, th#n of the role of cytogenetic changes was incorporated as an
doses of all antileukemic drugs were reduced to 50%, permaebjective of the trial.
nently. Using this policy it was found that from the third  Comparison of the rates of CR and failures was evaluated by
maintenance course, the vast majority of patients requiredPearson’s? test. Distributions of time to event variables were
adjustment and continued at 50% of full dosage. Maintenancestimated by the Kaplan-Meier methbdand comparisons
treatment continued until the patient was 3 years in remigsion.were based on the log-rank-té&tAll P values reported are
As an alternative to maintenance chemotherapy, allogeneitwo-sided. Potential prognostic factors were tested by multiple
bone marrow transplantation in first remission was offered to allregression analysis using logistic regression for response to

MATERIALS AND METHODS
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induction treatment and Cox proportional hazard m¥dielr
RFS and overall survival. Randomization was stratified by

center, which was ignored in the statistical analyses. There WaR(5 of patients

no further stratification.

RESULTS

Patient population. Between March 1985 and November
1992, a total of 788 patients from 45 participating institutions

BUCHNER ET AL

Table 1. Patient Characteristics by Randomization

TAD-TAD TAD-HAM
360 365
Median age (range) 44 (16-60) 44 (16-60)
Female/Male 193/167 196/169

Median WBC/uL X103 (range)
Median LDH (U/L; range)
FAB subtypes (% of patients)

17.2 (0.1-405) 21.0 (0.5-331)
400 (90-3,600) 443 (102-2,868)

entered the trial. Sixty-three patients were excluded according MO 0 1
to protocol criteria, including medical contraindications to M1 16 17
intensive chemotherapy in 46 patients, missing consent of 10 mg 23 32

patients, and protocol violation, mainly through nonrandomized

i ! X o M4 total (M4Eo) 34 (7) 29 (6)
treatment, in 7 patients. Atotal of 725 patients were eligible and ;5 12 11
randomized. Patient numbers evaluable according to the treat- yg
ment groups are shown in Fig 1. M7 1 1
Patient characteristics. Table 1 shows the pretreatment cytogenetics (no. available) 172 171
characteristics of patients in the two randomized arms. Cytoge-Different karyotypes in percentages
netics of the bone marrow cells were obtained from 47% of all t(15;17) 6 5
patients. Karyotypes classified as favorable included transloca- t(8:21) 6 10
tions t(15;17), t(8;21), and inversion 16, whereas deletions and " (16) 8 9
losses of chromosomes 5 and 7, abnormalities involving 11923, _iﬁq_ i ;
and complex karyotype with three or more numerical or ;bnjr;al 11q23 1 4
structural abnormalities were considered unfavorable. This Complex karyotype s 4
karyotype classification was similar to that used in other large  other abnormal karyotype 11 18
multicenter serie&t20 Normal karyotype 53 46
Drug delivery. Double induction with both courses was Cytogenetics (no. not available) 188 194

administered to 665 of the entire 725 patients (91%), with 322

patients (89%) in the TAD-TAD arm and 340 patients (93%) in

Notified
788

Eligible
and
randomized
725

TAD-HAM
365

TAD-TAD
360

Received Received
9 A Consolidation Consolidation N14
allo / 186 212 \\ allo
BMT T T BMT
2 Started Started / 28
4 Maintenance Maintenance ” 6
147 171

Fig 1. Flow diagram showing evaluable patient numbers accord-
ing to treatment arms and numbers of patients receiving the as-
signed treatment.

the TAD-HAM arm. On 37 and 51 occasions, in the TAD-TAD
and TAD-HAM sequence, respectively, second courses were
postponed to the postremission period as additional consolida-
tion courses, following protocol guidelines to avoid excessive
toxicity. Thus, 79% of the patients in both arms received double
induction as was planned to be administered before CR criteria
were achieved. The remaining 63 (9%) patients only received 1
induction course due to early death (8%) or contraindications.
Among the 494 patients going into CR (234 in the TAD-TAD
arm and 260 in the TAD-HAM arm), 186 and 212 patients,
respectively, went on to consolidation. The reasons for not
receiving consolidation in the TAD-TAD arm and in the
TAD-HAM arm were early relapse in 10 and 4 patients,
respectively; early death in remission in 1 patient in each group;
toxicity in induction treatment in 17 and 28 patients, respec-
tively; refusal of consolidation by 10 and 7 patients, respec-
tively; and planned allogeneic bone marrow transplantation in
10 and 8 patients, respectively. Maintenance treatment was
started in 147 patients in the TAD-TAD arm and in 171 patients
in the TAD-HAM arm. The reasons for not administering
maintenance were death in remission in 3 and 8 patients,
respectively; toxicity in consolidation in 7 and 8 patients,
respectively; refusal of maintenance by 11 and 4 patients,
respectively; relapse in 9 and 7 patients, respectively; and
planned allogeneic bone marrow transplantation in 9 and 14
patients, respectively. Twenty-three and 28 patients went to
allogeneic bone marrow transplantation, respectively: 10 and 8
of them without and 9 and 14 after having received consolida-
tion. Another 4 and 6 patients went to transplantation after
having received maintenance courses. For patient assignment
and flow, see Fig 1.
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Therapeutic outcome by treatmenfThe essential data on impact on RFS and overall survival. Factors found to be inde-
patients’ outcome are listed in Table 2 for the total populationpendently predictive are listed in Table 4. LDH values have
and for the two randomized treatment arms. The mediarbeen available in the great majority of patients in this trial.
observation time for survival and remaining in remission is 6 Homogeneity testing did not detect any disparity at the 5% level
years. Kaplan Meier life table plots for all randomized patientsbetween the centers. To define a poor prognostic group accord-
are shown for overall survival in Fig 2 and for RFS and ingto LDH, we selected patients with greater than 700 U/L, rep-
mortality in remission in Fig 3. Among the 360 and 365 patientsresenting the upper quartile of the population, with the cut-off
assigned to TAD-TAD and TAD-HAM double induction, respec- point being approximately 3 times the upper limit of normal.
tively, 228 and 218 have died. Among the 234 and 260 patient®\lthough karyotype was available from only 47% of the patients,
going into remission, respectively, 131 and 127 relapsed ana@vailability did not cause differences in the results between
another 9 and 24 patients died in remission. patients or centers. Patients in whom karyotype was missing

Toxicity. Toxicity and adverse events during the period of showed average results for response and long-term outcome.
induction and consolidation treatment were classified in the two The impact of poor prognostic factors such as a high LDH
arms according to the World Health Organization criteria and(>700 U/L), unfavorable karyotype, or day-16 bone marrow
are listed for grades 3 and 4 in Table 3. No significant differenceblasts greater than 40% on overall survival is shown in Fig 4.
was found for any kind of adverse events. Myelotoxicity was Similar effects were seen on event-free survivai= . 0001),
measured by the recovery time of blood neutrophils andsurvival of respondersP(= .0096), and relapse-free interval
platelets from the end of the second induction course until(P = .0004). Of the 286 patients representing the poor
500/uL absolute neutrophils and 100,000/uL platelets. Mediarprognostic group, 140 were poor risk for LDH alone, 81 for
time to recovery for those who recovered was 16 days (rangeday-16 blasts alone, 26 for karyotype alone, 20 for both LDH
15 to 17 days) in the TAD-TAD arm and 20 days (range, 19 toand blasts, 7 for LDH and karyotype, 9 for blasts and karyotype,
21 days) in the TAD-HAM armP = .0001). Nineteen percent and 3 for all three features.
of patients in the TAD-TAD arm and 16.5% in the TAD-HAM Outcome by treatment in prognostic groupsTable 5 shows
arm did not fulfill criteria of recovery. the therapeutic outcome between the two treatment arms in

Prognostic factors. The multiple regression analysis of patients exhibiting poor-risk features such as a high LDH, an
potential prognostic factors predictive for achieving CR in- unfavorable karyotype, or a high percentage of day 16-bone
cluded initial white blood cell count (WBC), lactate dehydroge- marrow blasts compared with patients having none of the three
nase (LDH) in serum, karyotype, and FAB subtype. Indepen-criteria and with the rest of the patients whose risk remained
dent prognostic factors were FAB-M4Eo (odds ratio, 2.62; 95%undefined by these criteria. Within the poor-risk patients, there
confidence interval [CI], 1.21 to 5.67) and unfavorable karyo-were no differences between the two treatment arms in the
type (odds ratio, 0.47; 95% Cl, 0.26 to 0.87). In addition to thesedistribution of FAB types or in the mean age, WBC counts,
potential prognostic factors, the percentage of residual bonéDH, and day-16 blasts, respectively. Overall survival by
marrow blasts on day 16 of treatment was also analyzed for it¢reatment arm is shown in Fig 5 for poor risk according to LDH
or karyotype or day 16 blasts. In keeping with the entire group
of patients with poor prognosis, high-dose cytarabine in double

Table 2. Treatment Outcome by Randomization . . . . .
induction was also superior for each of the single poor-risk

Total TAD-TAD TAD-HAM P features. Thus, in the high LDH population, a superior remis-
Patients random- sion rate P = .031), event-free survivaP(= .036), and overall
ized 725 360 365 survival (P = .036) was achieved and again in those with an
CR (%) 68 (64-72) 65 (59-70) 71 (66-76)  .072 unfavorable karyotype( = .011, .053, and .090, respectively)
Persistent leu- and (at least for the remission rate;= .028) in the day-16

kemia (%) 16 (13-19) 17 (13-22) 15 (11-20) 491
Early and hypo-
plastic death

blasts greater than 40% subgroup.

(%) 16 (13-19) 18 (14-23) 14 (10-18)  .108 DISCUSSION
Event-free sur- In the present trial, starting in March 1985, the German AML
vival Cooperative Group investigated the effects of intensification of
Median (mo) 9(7.5-11.5) 9(6-12) 10 (8-12) 208 induction treatment in patients 16 to 60 years of age. Intensifica-
5yrs (%) 22(18-26)  19(14-24)  25(19-30) tion was approached in two ways: (1) by the introduction of

Overall survival

) double induction and (2) by the incorporation of high-dose
Median (mo) 19 (15.5-24) 18 (13.5-25) 20 (14.5-25) .338

cytarabine into induction treatment. Double induction is a

5yrs (%) 31(27-35) 30 (24-36) 32 (26-38) . . )
Patients with CR 494 234 260 strategy of very early intensification by starting a second
RFS induction course on day 21 of treatment irrespective of the
Median (mo) 20 (15-24) 23 (16.5-30) 18 (12-24)  .897 presence or absence of residual leukemic blasts in the bone
5 yrs (%) 32 (27-37) 29 (22-36) 35 (28-42) marrow after the first induction course. One of the two aims of
Responders’ sur- this strategy was to administer a second course immediately to
vival patients who would not have attained CR with 1 course alone.
Median (mo) 36 (29-47.5) 38 (27.5-58.5) 35(25-49)  .640 The second aim is to administer additional antileukemic treat-
5yrs (%) 42(36-47)  42(34-50) 41 (34-49) ment to patients who would not receive a second induction

In parentheses are 95% Cl. course if the normal convention for the majority of patients was
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Fig 2. Overall survival from
randomization for all patients en-
tering the trial in the two ran-
0+ . . — . ; ; . ; ; ; ; T T domized treatment arms. Tick
marks indicate patients alive and
patients censored at the time of
allogeneic bone marrow trans-
Years from Randomization plantation.

followed. The enhanced cytotoxic activity provided by the induction course was not individualized and that extensions of
second course aims at further reducing minimal residual diseasthe risk period by postponement of this decision were largely
to improve the long-term outcome of patients. At the start of theavoided. This may explain why the combined early and
second course on day 21, CR by any criteria has not yet beehypoplastic death rate of 16%, which includes death in hypopla-
reached. Thus, the routine second course becomes a part sfa as late as 100 days from the start of double induction,
induction treatment by definition. In contrast to conventional remains similar to the 13%and 159% values obtained in recent
induction therapy;8:81921.22in which decisions on additional reports from non—double induction regimens. However, in
induction courses are made individually, double inductioncomparing treatment-related mortality, some differences in the
introduces a more standardized approach that achieves greatefinitions cannot be excluded; other publications may not even
homogeneity in the quantity of induction treatment. Thus, be comparable, because different definitions are used or data are
double induction provides a basis for the second approachiacking®1921.22As far as response is concerned, the 68% CRs
namely the incorporation of high-dose cytarabine into inductionfrom double induction compares with the highest values of
treatment as a component of the second course by randomizd1% and 72% and even with younger populations in which
tion. 66%¢ 58%1° and 70%?2 CR rates have been reported using
Double induction in the present trial proved a useful and safesimilar criteria.
strategy for the study population of patients up to 60 years of Because double induction fulfilled safety and efficacy stan-
age. It was found helpful that the decision about a secondiards in the remission induction phase, the question arises as to

TAD/TAD : N =234
_______ TAD/HAM : N = 260

Percent Relapse Free Survival
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the time of allogeneic bone mar-
row transplantation. Years from CR

20z aunr g0 uo 3sanb Aq Jpd 9| L y/7E9YSIL/91 L /2 L/E6/HPd-0101Ie/POOIgJoU SUOKEDIIqNdYSE//:d)Y WOl papeojuUMOQ



DOUBLE INDUCTION FOR AML 4121

Table 3. Adverse Events WHO Grades 3 and 4 During high-dose cytarabine at a dosage 12.9 times as high as the
Induction and Consolidation standard-dose cytarabine included in the preceding TAD induc-
Induction Consolidation tion course, which represents an intensification that potentially
Events TAD-TAD  TAD-HAM  TAD-TAD  TAD-HAM overcomes cellular resistance to standard-dose cytafaine
Nauseavomiting 17 (13-21) 22 (1827) 16 (11-22) 9 (5-13) and (2) mi_to_xantro_ng asa npn—cro_ss-resistant drug replacing the
Stomatitis 10 (7-14)  9(6-12)  1(0-4) 3 (1-6) daunorubicin administered in the first course.
Diarrhea 12 (9-16) 10 (7-14) 3(1-7) 4(2-8) Potentiation of the antileukemic effect by HAM was not
Hemorrhage 11 (8-15) 10 (7-14) 2 (1-5) 4(2-8) confirmed in the present trial for the entire target group of
Infection 33(28-38) 40 (35-45) 11 (7-16) 11 (6-15) patients randomized. Whereas the CR rate was insignificantly
Cardiac events 8 (5-11) 6 (4-9) 2(1-5) 1(0-3) higher in the HAM arm than in the standard-dose arm (%1%
CNS toxicity 103 2(1-4) 0(0-2) 1(0-3) 65%), the long-term outcome was almost identical in the two
Values are percentages. In parentheses are 95% Cl. arms. When applying explorative subgroup analyses, HAM

appeared superior by producing significantly higher remission

how this kind of very early intensification affected the long- rates in special poor-risk groups such as patients with more than
term outcome of patients. In its original form, only using 40% residual blasts on day 16, patients with unfavorable
standard-dose cytarabine, double induction followed by stankaryotype, and patients with highly elevated LDH. In the entire
dard consolidation and maintenance can be compared with th@roup of 286 patients with poor-risk disease, TAD-HAM double
historical control of the preceding trial of the AML Cooperative induction resulted in 65% CR versus 49% in the TAD-TAD arm
Group, in which the same chemotherapy courses were used in@ = .004). This also extended to a superior overall survival
non—double induction fashighwith a median of 23 versus 14 (P = .009) and event-free survive (= .012). These data are in
months and 29% versus 22% at 5 yed?Ps={ .091), the RFS  contrast to two other reports on subgroup analyses in which the
shows a tendency in favor of double induction. This finding hascurative effects of postremission high-dose cytarabine chemo-
to be interpreted with caution, because improvements irtherapy!and of autologous bone marrow transplantetioare
supportive care may have contributed to the improved resultsassociated with favorable and not with unfavorable karyo-
although they should have affected response rates rather thdypes®!! The different timing of intensification between the
long-term outcome. induction phase of this trial and the postremission phase of
The contribution of high-dose cytarabine to the double other8'*may partly account for the conflicting results. Further-
induction effect has been investigated in the present trial bymore, the endpoints were different; we have shown significant
randomization for the second induction course between standardmprovement in response, survival, and event-free survival in
dose cytarabine with daunorubicin and 6-thioguanine (TAD) orcontrast to RFS in the other studfeS. Our data therefore
high-dose cytarabine with mitoxantrone (HAM). High-dose suggest that a patient with poor prognostic criteria may have an
cytarabine, as in HAM adminstered in the present trial at g/m improved outlook after very early intensification treatment.
twice daily on 3 days, has also been used recently for the An unfavorable karyotype and a highly elevated LDH in
intensification of postremission treatméntligh-dose cy-  serum were the two most important independent poor prognos-
tarabine in this dose range previously had been found successftit factors in present trial. In common with other comparable
in refractory AML23-27 A single drug salvage effect had also trials, unfavorable karyotypes included losses or deletions of
been shown for mitoxantrorté&:3° These experiences led to the chromosomes 5 or 7, abnormalities involving 11923, or com-
combination of high-dose cytarabine with mitoxantrone in theplex karyotypes!2° LDH, which is considered as an index of
HAM regimen that, by its special timing, also uses a condition-the extent of the disease and cell turnot?aras found to be the
ing effect of cytarabine on subsequently administered anthracystrongest laboratory parameter, predicting the length of re-
clines31 The HAM regimen proved highly effective by inducing sponse in AML in a large seri#&and, more recently, also
53% CR in patients with refractory AML by rigid criterf&.  predicting survival of patients with aggressive non-Hodgkin’s
When incorporated into first-line induction therapy as thelymphoma3® The present trial therefore provides the first
second course, HAM provides two new components: (1)evidence that high-dose cytarabine with mitoxantrone in induc-
tion treatment may overcome, in part, cellular resistance in a

Table 4. Prognostic Factors Predicting Duration of RFS high-risk group of patients that represents about 40% of all
and Overall Survival as Resulting From Multiple Regression patients.
Analysis Using Cox and Regression The intensification by HAM resulted in a prolongation in the
Variable PValue  Risk Ratio 95% Cl median recovery time of neutrophils and platelets by 4 days
RFS (P = .0001) but did not increase the early and hypoplastic death
Unfavorable karyotype ~ .0001  3.15 1.77-5.60 rate (14% HAMv 18% TAD). Likewise, a delayed mortality
Day-16 blasts 0001 1.014 1.007-1.020 from HAM is not seen in the event-free survival, RFS, and
FAB M3 0126 043 0.22-0.84 overall survival. Thus, the increased myelotoxicity of HAM
LDH .020 1.00039  1.00006-1.00073 may also increase the antileukemic cytotoxicity without increas-
Overall survival ing the therapeutic risk.
Unfavorable karyotype ~ .0001  2.32 1.55-3.48 Patients assigned to high-dose cytarabine and mitoxantrone
Day-16 blasts 0001 1.018 1.014-1.022 and evaluated on an intention to treat basis have a probability of
FAB M3 006 048 0.28-0.81 RFS at 5 years, for the 260 patients in the HAM arm, of 35%.
LDH .048 1.00025 1.000-1.00051

This compares with 41% for 106 patients in the high-dose
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Table 5. Treatment Outcome by Randomization and Prognostic Factors
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Fig 4. Overall survival from
randomization of all eligible and
evaluable patients in three risk
groups according to initial LDH,
unfavorable karyotype, and
day-16 bone marrow blasts.
“Other patients” include the rest
of the patients whose risk is not
defined by the criteria listed
above. Tick marks indicate pa-
tients alive and patients cen-
sored at the time of allogeneic
bone marrow tranplantation.

LDH >700 U or
Unfavorable Karyotype or
Day-16 Blasts >40%

LDH =700 U and
Not-Unfavorable Karyotype and
Day-16 Blasts =40%

Other Patients

TAD-TAD TAD-HAM P TAD-TAD TAD-HAM P TAD-TAD TAD-HAM P

No. of patients 136 150 70 63 154 152

CR 49 (40-58) 65 (56-73) .004 81 (70-90) 78 (65-88) NS 72 (64-79) 74 (65-81) NS

Event-free survival* .0125 NS NS
Prob. 5yrs 12 (6-18) 34 (22-47) 34 (21-48) 19 (11-26) 29 (21-36)

Overall survival* .0118 NS NS
Prob. 5 yrs 18 (10-25) 46 (32-59) 41 (27-56) 35 (25-44) 36 (26-44)

RFS* NS NS NS
Prob. 5yrs 25 (13-37) 26 (16-36) 40 (25-54) 44 (28-56) 26 (16-35) 38 (28-48)

Values are percentages. In parentheses are 95% Cl.
Abbreviation: NS, not significant.
*From the date of the day-16 blast count.

Fig 5. Overall survival from
randomization in the two ran-
domized treatment arms for all
patients entering the trial and
showing poor risk according to
LDH, karyotype, or day-16 bone
marrow blasts. Tick marks indi-

Percent Survival

TAD/TAD : N = 136
——————— TAD/HAM : N = 150

p=.012
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cate patients alive and patients
censored at the time of alloge- 0 1 2
neic bone marrow transplanta-

tion.

T T T ¥ T T T T T T

3 4 5 6 7 8 9 10 11 12

Years from Randomization

20z aunr g0 uo 3sanb Aq Jpd 9| L y/7E9YSIL/91 L /2 L/E6/HPd-0101Ie/POOIgJoU SUOKEDIIqNdYSE//:d)Y WOl papeojuUMOQ



DOUBLE INDUCTION FOR AML 4123

University of Vienna, Austria (C. Fonatsch); Municipal Hospital
Wiesbaden (H.G. Fuhr); St. Willehad-Hospital Wilhelmshaven (W.
Augener); and Heinrich-Braun-Hospital Zwickau (G. Schott, S. Som-
mer)

cytarabine induction treatment arm of the Australian stahd
with 43% for 156 patientsand 35% for 117 patierd&in the
high-dose cytarabine postremission arms of the CAR@GBd
Intergroup? studies, respectively, with the latter two studies
excluding patients from randomization in remission. Double
induction including HAM followed by standard consolidation
and maintenance thus contributed one of the most favorabl%
long-term reSU|ts_ n AM_L' . Haurani F, Hutchison JL, Silver RT, Falkson G, Wiernik P, Hoagland
Thus, double induction has been established by the presefic Bioomfield CD, James GW, Gottlieb A, Ramanan SV, Blom J.
trial to be a new way of delivering very early intensification. njissen NI, Bank A, Ellison RR, Kung F, Henry P, Mcintyre OR, Kaan
The results are comparable with leading recent reports oBk: Treatment of acute myelocytic leukemia: A study by Cancer and
high-dose cytarabine in postremissiomnd inductiofi treat-  Leukemia Group B. Blood 58:1203, 1981
ment. As suggested by explorative subgroup analyses, the 2. Bichner T, Urbanitz D, Hiddemann W, RuUH, Ludwig WD,
incorporation of high-dose cytarabine with mitoxantrone as theFischer J, Aul HC, Vaupel HA, Kuse R, Zeile G, Nowrousian MR,
second course in a double induction strategy may add to it&0nig HJ, Walter M, Wendt FC, Sodomann H, Hossfeld DK, von
effects in patients with unfavorable disease biology where it°aleske A, Léler H, Gassmann W, Hellriegel KP, e HH, Lunscken
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