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The relative efficacy and toxicity of the chemotherapeutic dation chemotherapy with ADE (9%) than with DAT (6%) (P
! .06). Patients receiving DAT took slightly but significantlyagents thioguanine (6TG) and etoposide (VP16) were as-

sessed by a randomized comparison of the DAT (daunoru- longer to recover from neutropenia and thrombocytopenia
but the median number of days in hospital were similar inbicin, cytarabine, thioguanine) versus ADE (daunorubicin,

cytarabine, etoposide) regimens in the Medical Research each group. ADE patients experienced slightly more severe
nonhematologic toxicity. There was also no significant dif-Council’s 10th acute myeloid leukaemia trial (MRC AML 10),

which was open to patient entry from May 1988 to April ference between the groups in the longer-term measures of
efficacy: disease-free survival at 6 years from CR was 42%1995. In this, the largest reported trial of AML therapy to

date, 1,857 eligible patients, mostly less than 56 years old, (Ô4) for DAT and 43% (Ô4) for ADE (P ! .8); relapse rate at
6 years was 50% (Ô4) for DAT and 49% (Ô5) for ADE (P !were randomized: 929 (including 143 children under 15 years

old) were allocated to DAT and 928 (143 children) to ADE. .6); survival at 6 years was 40% (Ô4) for both DAT and ADE
(P ! .9). Subgroup analysis failed to show any benefit forThe two groups were well matched for presentation fea-

tures. The complete remission (CR) rate was 81% with DAT etoposide in patients with monocytic or myelomonocytic
disease, or in any other diagnostic subgroup. In conclusion,and 83% with ADE (P ! .3). The percentages of remitters

achieving remission after 1, 2, or more than 2 courses were DAT and ADE both achieve high remission rates and good
long-term survival, and are equally effective chemotherapy70%, 22%, and 8% for DAT and 74%, 21%, and 5% for ADE.

The percentages failing to achieve a CR due to resistant regimens for the treatment of AML patients aged up to 55
years.disease were 11% with DAT versus 9% with ADE (P ! .07).

There was a slightly higher death rate in CR during consoli- q 1997 by The American Society of Hematology.

A Therefore, one aim of the MRC AML10 study was to com-
pare the relative efficacy and toxicity of thioguanine with

LTHOUGH a substantial minority of patients with acute
myeloid leukemia (AML) achieve complete remission

(CR) and then appear to be cured, the majority are still not etoposide in the induction chemotherapy regimen in patients
with AML aged less than 56 years old. The results are re-cured. Even in children or young adults about 10% to 20%

have resistant disease and never achieve CR, another 5% to ported here.
10% die from infection or hemorrhage during aplasia, and

MATERIALS AND METHODSeven after remission has been achieved at least half (or more,
at older ages) relapse and die. Therefore, trials are needed Patients. Between May 1988 and April 1995, a total of 1,966
of treatments that might avoid primary resistance, limit early patients was entered into the MRC AML 10 trial from 163 centers

in the United Kingdom, Republic of Ireland, and New Zealand (Ta-toxicity, and/or prevent relapse. In particular, toxicity has
ble 1), and 1,857 are evaluable. The trial was primarily designed forusually been assessed only by retrospective analysis of small
patients aged up to 55 years, though older patients could be enteredgroups of patients,1 but both toxicity and efficacy should be
if they were considered suitable for the intensive AML10 therapy.evaluated in large prospective trials.
Based on UK incidence figures, recruitment to the trial representsIt has been hypothesized2 that failure of therapy was often
about 40% of adults aged 15 to 55 and 75% of children (age 0 todue to the selection and growth of drug resistant clones
14) with AML in these countries.

arising by spontaneous mutation. Hence, studies were under- In addition to patients with AML, children with aggressive myelo-
taken to evaluate the delivery of multiple drugs simultane- dysplasia (refractory anemia with excess blasts in transformation
ously, the addition of high-dose cytarabine, and the introduc- [RAEB-t]) were also eligible if AML type therapy was deemed
tion of newer drugs such as etoposide to induction appropriate. Secondary AML cases, either following prior cytotoxic
regimens.3,4 Perhaps partly because of the small size of these chemotherapy or radiotherapy for other tumors or subsequent to a

preceding hematologic disorder, were also eligible for entry.studies, however, they produced no clear improvements in
The trial had two randomizations (Fig 1); the first was betweenthe rate of remission induction or survival. In many coun-

daunorubicin, cytarabine, and thioguanine (DAT) and daunorubicin,tries, therefore, the standard induction therapy remains dau-
cytarabine, and etoposide (ADE) as induction regimens and the sec-norubicin and cytarabine. However, in the United Kingdom

Medical Research Council (MRC) trials, the standard che-
motherapy induction regimen has been DAT (daunorubicin,
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Table 2. Presentation Features of Patients in MRC AML10Table 1. Patient Population in MRC AML10

No. ofNo. entered 1,966
PatientsNot randomized DAT v ADE 92 (18 adult, 74 children)

Percent of
Randomized DAT v ADE 1,874 Parameter Value DAT ADE Patients*

Ineligible 17 (15 ALL, 1 lymphoma,
Age: 0-1 27 25 31 malignant histocytosis)

2-14 116 118 13Evaluable 1,857 (929 DAT, 928 ADE)
15-24 131 128 14
25-34 147 149 16
35-44 224 226 24

ond, after the completion of a total of four courses of chemotherapy
45-55 280 278 30

(drug dosages shown in the figure legend), compared high-dose ther-
56/ 4 4 õ1

apy with autologous bone marrow transplant rescue (A-BMT) versus
Sex: Male 475 471 51no further therapy. Patients who had an HLA-matched sibling donor

Female 454 457 49were scheduled for an allogeneic bone marrow transplant after they
Type of AML: De novo 863 859 93

Secondary 66 69 7

White blood cell count:
(1109/L) 0-9 417 412 45

10-99 366 385 40
100-199 84 72 8
200/ 31 38 4
Unknown 31 21 3

FAB type: M0 16 12 2
M1 136 172 17
M2 254 253 27
M3 143 130 15
M4 184 184 20
M5 79 81 9
M6 28 24 3
M7 24 18 2
RAEB-t 13 17 2
Bilineage 2 0 õ1
ALL 2 6 õ1
Unknown 48 31 4

Performance status: Asymptomatic 250 245 27
Minimal symptoms 485 489 52
Ill 172 173 19
Very ill 22 21 2

Cytogenetic group: Favorable 156 165 17
Intermediate 466 488 51
Adverse 53 56 6
Unknown 232 241 25

* Percentages may not add to 100 because of rounding.

had completed four courses of chemotherapy, and were not random-
ized with respect to A-BMT versus stop. The results of the second
randomization will be reported separately.

Fig 1. MRC-AML10: Protocol flow chart. *Autologous BMT re-
Seventeen patients have been excluded as ineligible because ofserved for second remission therapy if relapse occurred. DAT 3 "

misdiagnoses that were reported to the trial office before therapy10: Daunorubicin 50 mg/m2 slow intravenous (IV) push days 1, 3,
had commenced (Table 1). Eight patients who were rediagnosed as5; cytarabine 100 mg/m2 12-hourly IV push days 1 through 10; 6-
having acute lymphoblastic leukemia (ALL) after therapy had beenthioguanine 100 mg/m2 12-hourly orally days 1 through 10. ADE 10

" 3 " 5: Daunorubicin 50 mg/m2 slow IV push days 1, 3, 5; cytarabine started are, however, included in the analysis. Thus, this report deals
100 mg/m2 12-hourly IV push days 1 through 10; etoposide (VP-16) with the outcome of 1,857 eligible patients, 929 of whom were
100 mg/m2 IV (1-hour infusion) days 1 through 5. DAT 3 " 8: As DAT allocated to DAT and 928 who were allocated to ADE.
3 " 10 but cytarabine and 6-thioguanine days 1 through 8 only. ADE Treatment. The schema of the MRC AML 10 trial is shown in
8 " 3" 5: As ADE 10 " 3 " 5 but cytarabine days 1 through 8 only. Fig 1. Patients were randomized to receive ‘‘double induction’’ with
MACE: Amsacrine (m-amsa) 100 mg/m2 IV (1-hour infusion) days 1

either two courses of DAT or two courses of ADE (two coursesthrough 5; cytarabine 200 mg/m2 IV (continuous infusion) days 1
were given even if remission was achieved after one course). Ifthrough 5; etoposide 100 mg/m2 IV (1-hour infusion) days 1 through
remission was achieved, two further consolidation courses (one5. MidAC: Mitozantrone 10 mg/m2 IV (short infusion) days 1 through
MACE and one MidAC) were scheduled. In addition, in children,5; cytarabine 1.0 g/m2 IV (short infusion) days 1 through 5. NB: All

doses were reduced by 25% for children less than 1 year old. triple intrathecal therapy with methotrexate, cytarabine, and hydro-
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Table 3. Remission Outcome by DAT Versus ADE

Percent of Patients*

CR Induction Death Resistant Disease

DAT ADE Total DAT ADE Total DAT ADE Total

All patients 81 83 82 8 9 9 11 9 10

Age:
0-14 89 93 91 6 3 5 6 3 5

15-24 83 88 85 9 5 7 8 7 7
25-34 81 90 85 9 5 7 10 5 7
35-44 81 77 79 7 11 9 12 13 12
45/ 75 76 76 11 13 12 14 11 13

* Percentages may not add to 100 because of rounding.

cortisone was given as part of each course to a total of five doses. and, for remitters, the relapse risk is the cumulative probability of
relapse, ignoring (ie, censoring) at death in CR.If CR was not achieved after two courses of DAT or ADE, and

a further attempt to obtain remission was considered appropriate, Statistical methods. Randomizations were balanced by minimiza-
tion. Remission rates and reasons for failure to achieve CR were com-clinicians could either continue with courses 3 and 4 as per protocol

or could give alternative therapy. After completing protocol chemo- pared using standard chi-squared tests. Kaplan-Meier life-tables were
constructed for survival data and were compared by means of the log-therapy, it was recommended that patients with an HLA-matched

sibling donor should then proceed to allogeneic transplant (allo- rank test, with surviving patients being censored at September 1, 1995,
when follow-up was up-to-date for all but 25 patients (the small numberBMT) while the remainder should be randomized between either

A-BMT or stopping treatment (with A-BMT reserved for second of patients lost to follow-up are censored at the date they were last
known to be alive). All P values are two-tailed. Figures in parenthesesremission should relapse occur and the patient be successfully re-

induced). after point estimates are 95% confidence intervals.
Definitions of endpoints. A normocellular bone marrow aspirate

containing less than 5% leukemia blast cells and showing evidence
RESULTSof normal maturation of other marrow elements was the criterion

for the achievement of CR. The persistence of myelodysplastic fea- Patient characteristics. The presenting features of the
tures did not exclude the diagnosis of CR. Remission failures were patient population are given in Table 2. There were no statis-
classified by the referring clinician as due either to induction death, tically significant differences in the distribution of patients
ie, related to treatment and/or hypoplasia, or as resistant disease, ie, by age, gender, secondary leukemia, white blood cell count
related to the failure of therapy to eliminate the disease (including at diagnosis, French-American-British (FAB) type, perfor-
partial remissions with 5% to 15% blasts). Where the clinician’s

mance status, and cytogenetic group between the two treat-evaluation was not available, deaths within 30 days of entry were
ment groups. Of the 135 cases of secondary leukemia, 21classified as induction deaths and deaths at more than 30 days as
involved prior chemotherapy and/or radiotherapy for solidresistant disease.
tumors, 79 preceding myelodysplasia, 1 prior ALL, 8 priorThe following definitions are also used: overall survival is the

time from entry to death; for remitters, disease-free survival (DFS) Hodgkin’s disease, 2 prior chronic myeloid leukemia, 2 prior
is the time from CR to first event (either relapse or death in CR); lymphoma, and 20 prior other hematologic disorders. FAB

type10,11 was reviewed centrally in 64% of patients, the refer-
ring center classification being used in the remaining pa-

Table 4. Deaths in CR During Consolidation by DAT Versus ADE tients. Two percent of patients (7% of children and 1% of
adults) had evidence of central nervous system disease atAllocated Treatment

presentation.
DAT ADE Compliance with treatment allocation. Details of the in-

No. of patients in CR 752 770 duction therapy that was actually given are available for all
but 51 patients (97% of the total). Compliance with allocatedDeaths (% dying) in CR 46 (6%) 67 (9%) P Å .06
therapy was excellent, with 98% of patients in both armsNo. dying after course:
receiving DAT or ADE as allocated. Of the noncompliers,1 2 4
15 patients (8 DAT, 7 ADE) received no therapy, 3 patients2 5 10

3 19 29 allocated to DAT received ADE, 5 patients allocated to ADE
4 17 21 received DAT, and 13 patients (8 DAT, 5 ADE) received
Off therapy 3 3 alternative therapy. Among the 1,619 patients known to have

Cause of death: been given a second course of therapy, 96% received DAT
Infection 31 44 or ADE as originally allocated. Among the noncompliers, 7
Hemorrhage 3 11 patients received ADE instead of DAT, 7 received DAT
Cardiac failure 8 4 instead of ADE, and 43 (23 DAT, 20 ADE) received other
Other 2 7 therapy. The latter group consisted mainly of patients who
Unknown 2 1 showed no response to their first course and were taken off
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Fig 2. DFS from CR by induc-
tion treatment. At 6 years it is
42% (Ô4) for both DAT and ADE,
P ! .8. Under number of events,
Obs. is the number observed in
each arm, Exp. is the number ex-
pected (from log-rank analysis).

protocol. All analyses are, however, by allocated treatment ted on DAT after course two versus 21% with ADE and a
third (or, in a few cases, fourth) course achieved a CR in a(ie, are ‘‘intention-to-treat’’), so lack of compliance cannot

affect the treatment group that a patient is in. further 8% with DAT and 5% with ADE. There was slightly
more resistant disease with DAT (11%) than with ADE (9%,Remission rate. The overall CR rate was 82%, and it

was 91% for children, 85% for adults aged 15 to 34, and PÅ .07), while 8% of DAT patients and 9% of ADE patients
suffered induction death (P Å .9).77% for adults aged 35/ (Table 3). The induction death rate

was 9% overall, increasing from 5% in children to 12% in Deaths in CR. There was a slightly higher death rate
in CR during consolidation therapy following ADE (9%)the over 45-year age group. Overall, 10% of patients had

resistant disease and this also increased with age from 7% compared with DAT (6%) (P Å .06) (Table 4). This excess
was not related to any particular course of therapy. Infectionin children to 15% at age 45/. There was no significant

difference in CR rate between those allocated DAT (81%) and hemorrhage were the main causes of death in CR, but
both neutrophil and platelet recovery were both slightlyand those allocated ADE (83%, P Å .3), nor was there any

difference in the number of courses required to achieve CR. quicker in the ADE arm (see below). Nor were there any
differences between the two arms in nonhematologic toxicitySeventy percent of those remitting with DAT achieved CR

after one course versus 74% with ADE, a further 22% remit- after courses 3 and 4.

Fig 3. Survival from random-
ization by indution treatment. At
6 years it is 40% (Ô4) for DAT and
39% (Ô4) for ADE, P ! .8. See
legend to Fig 2 for explanation
of Obs. and Exp. events.
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Table 5. Comparison of Survival in Different Age Groups by DAT overall survival (36% v 17%, P Å .08), but these subgroup
Versus ADE analyses should be interpreted with great caution (see Dis-

cussion).Survival at 5 yr (%)

Nonfatal toxicity. Hematologic toxicity monitoring (Ta-
Age (yr) DAT ADE ble 7) showed a slight but significant delay, of 1 or 2 days,
0-14 60 53 in recovery of neutrophils and platelets after DAT compared

15-24 47 46 with ADE, and this difference was also carried over to course
25-34 52 46 3. Conversely, ADE was associated with more, but not ex-
34-44 33 33 cessive, nonhematologic toxicity after course 1, eg, nausea
45/ 26 34

(P Å .01), alopecia (P õ .0001), mucositis (P Å .002), and
All ages 41 41 diarrhea (P Å .008), though not after course 2 where the

only significant difference was for alopecia (P Å .0001).Test for heterogeneity (5 groups): x2
4 Å 3.4; P Å .5. Test for trend:

x2
1 Å 1.1; P Å .3. Median hospital inpatient stay was the same for DAT and

ADE at 27, 22, 23, and 23 days after courses 1 to 4, respec-
tively.

There were 231 allogeneic and 212 autologous BMTs
DISCUSSIONperformed in first CR. Procedural mortality did not differ

following DAT or ADE induction: after allo-BMT it was The MRC AML10 trial is the largest trial of therapy for
AML reported to date. Its overall results are better than in22% (26 of 117) with DAT and 22% (25 of 114) with ADE;

after A-BMT, it was 14% (15 of 106) with DAT and 11% any previously reported large series of younger (age õ56
years) patients with AML, with 42% of all patients and(12 of 106) with ADE.

DFS, relapses, and survival. Among those who achieved over half of all children surviving more than 6 years from
diagnosis (Fig 3; Table 5). However, outcome was not mate-CR, DFS at 6 years was 42% ({4) for patients allocated

DAT and 43% ({4) for those allocated ADE (P Å .8) (Fig rially influenced by the induction regimen given, and the
remission rate, speed of remission attainment, DFS, relapse2). If deaths in first CR are ignored, the relapse risk in the

two groups was also very similar at 50% ({5) for DAT and rates, and overall survival were not significantly different
between DAT and ADE (Tables 3 and 4; Fig 2 and 3).49% ({4) for ADE at 6 years (P Å .6). Finally, overall

survival from entry for all patients in the two groups was Subgroup analyses likewise found no convincing significant
differences (Tables 5 and 6) — undue weight should not beidentical at 40% ({4) at 6 years for both DAT and ADE (P

Å .9) (Fig 3). attached to the apparent benefit of ADE in patients with
secondary AML because with multiple subgroup compari-Relative efficacy of induction schedules in different patient

subsets. Analysis of survival by age group (Table 5) or by sons, P values of borderline significance could very easily
arise by chance. The only other apparent difference was aFAB subtype (Table 6) showed no differences between thio-

guanine and etoposide in any subset (none of the 27 compari- trend toward a slightly higher rate of resistant disease on
DAT (11%) compared with ADE (9%), but even this failedsons in Table 6 is significant). Mortality in the two treatment

groups was also analyzed with regard to four other features to reach conventional statistical significance (P Å .07).
Analysis of toxicity showed a ‘‘swings and roundabouts’’at presentation and, again, no significant influence of gender,

performance status, cytogenetic group, or white blood cell effect, with patients receiving DAT taking slightly longer to
recover from pancytopenia (Table 7) (although the mediancount was found. Patients with secondary AML fared worse

than those with de novo disease (CR rates: 67% v 83%, P number of days in hospital was not affected), whereas pa-
tients receiving ADE had slightly more nausea, alopecia,õ .0001; DFS at 5 years: 31% v 44%, P Å .001; overall

survival at 5 years: 25% v 43%, P õ .0001). There was no mucositis, and diarrhea. There was some suggestion of a
slightly higher risk of death in CR during consolidation indifference in CR rates between DAT (68%) and ADE (67%)

in patients with secondary AML, but DFS at 5 years was the ADE group than in the DAT group (9% v 6%), mainly
because of a small excess of deaths from infection and hem-somewhat better with ADE (41% v 25%, P Å .04), as was

Table 6. Relative Efficacy of Thioguanine and Etoposide in Different Morphologic Subclasses of AML

FAB Type
Allocated

Endpoint Treatment M0 M1 M2 M3 M4 M5 M6 M7 Other/Unknown

CR rate (%) TG 63 76 85 85 79 84 89 70 69
VP 50 80 89 80 84 88 84 67 75

5-yr DFS TG 27 38 40 52 47 40 34 16 27
(from CR) VP 53 31 45 63 40 46 31 52 35

5-yr survival TG 16 34 41 59 39 33 44 23 27
(all patients) VP 24 33 44 58 37 43 23 32 28

Tests for heterogeneity: CR rate: x2
8 Å 4.8, P Å .8; DFS: x2

8 Å 7.5, P Å .5; Survival: x2
8 Å 3.9, P Å .9. Tests for interactions M4/M5 v M0/M1/M2/

M3/M6/M7: CR rate: x2
1 Å 0.7, P Å .4; DFS: x2

1 Å 0.3, P Å .6; Survival: x2
1 Å 0.1, P Å .7.
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Table 7. Neutrophil and Platelet Recovery by Allocated Treatment

Median Days* to Neutrophils ú1.0 1 109/L Median days* to Platelets ú100 1 109/L
After No. of

Course Patients DAT ADE 2P Value† DAT ADE 2P Value†

1 1,746 19 18 .002 17 17 .005
2 1,492 19 17 .001 18 17 .007
3 1,287 23 21 õ.0001 29 26 .002
4 990 29 28 .1 37 36 .5

* Measured from the end of the course.
† Log-rank test.

orrhage (Table 4). Because there was no greater toxicity 45 or over it was 76%. Long-term outcome was similarly
good, with 56% of children still alive 6 years after entry,(either hematologic or nonhematologic) after courses 3 and

4 with ADE, this may well be a chance finding because of with the corresponding figure for patients aged 45 or over
being 35%. The DFS and overall survival curves (Figs 2 andsmall numbers.

The absence of any material differences in outcome be- 3) show clear plateaus beyond year 4, suggesting that over
half of the children and about a third of the adults enteredtween the DAT and ADE regimens raises the question as to

whether thioguanine and etoposide are equally effective, or in AML10 may have been cured of their AML. Furthermore,
these results have been obtained in a multicenter trial, inequally ineffective, when added to daunorubicin plus Ara-

C. There have been two previous randomized trials that have which patients were entered not only from large hospitals
with much experience of treating AML, but also from manyinvestigated the effect of adding either thioguanine12 or eto-

poside13 to the induction regimen for AML. Preisler’s series smaller centers that only see a few cases each year. It may
be that the adoption of two courses of DAT or ADE (irre-consisted of 668 patients who were randomly assigned to

three initial therapy groups. They received either 7 days of spective of whether CR was achieved after one course) and
the use of two intensive consolidation courses were factorscytarabine and 3 days of daunorubicin or the same regimen

with thioguanine. The third group received 10 days of cytara- in the improved outcome in this study.
In conclusion, we have found no evidence that an etopo-bine and 3 days of daunorubicin. The remission rates were

53%, 57%, and 57% for the three groups (P Å .6). There was side-containing regimen (ADE) is any better than the pre-
viously standard MRC thioguanine regimen (DAT). In par-no demonstrable difference in toxicity and no statistically

significant difference in remission duration between patients ticular there was no additional benefit from the use of
etoposide rather than thioguanine in patients with monocytictreated on the three induction arms. Bishop’s study included

264 adults who were randomized to receive either cytarabine leukemias. The regimens are broadly equivalent with regard
to toxicity, efficacy, and resource usage, and could thus beby continuous infusion for 7 days and 3 days of daunorubicin

or the same regimen with the addition of etoposide 75 mg/ used interchangeably. The question as to whether or not the
addition of either etoposide or thioguanine to a standardm2 per day for 7 days. The remission rate was 56% without

etoposide and 59% with it. Survival was similar in the two daunorubicin-cytarabine induction regimen is beneficial will
have to await further randomized study.arms but there was significantly improved remission duration

with etoposide (mean 18 v 12 months, P Å .01). These two
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