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SUMMARY

Daunorubicin was administered i.v. to patients with acute
granulocytic leukemia in a variety of concurrently compared
schedules of dosage. In the first design, 129 patients received
60 mg/sq m/day for scheduled courses of 3, 5, or 7 days. In
one-half of the patients, drug was discontinued before the fifth
scheduled dose. Five of 13 children sustained complete
remission, as did 4 of 6 adults with promyelocytic leukemia.
Complete remission rates of 16 to 29% were seen in the three
regimens. Remissions lasted a median of 4 months irrespective
of the type of antimetabolite maintenance treatment. Hema-
tological toxicity was severe in two-thirds of patients, and
cardiac toxicity was encountered in 8%. Capital alopecia
occurred in nearly all patients.

A second study of 211 patients was then undertaken in
which daunorubicin produced 34% complete remission in
patients treated with 60 mg/sq m/day for 5 days, 20% in
patients treated twice weekly, and 16% when treated weekly.
In 39 previously untreated adults who received daunorubicin
by the 5-day schedule, 43% reached complete remission.
Hematological and cardiac toxicity were both less severe than
previously, even in the 5-day schedule, perhaps attributable to
greater experience with use of the drug.

Daunorubicin is an antibiotic of value equal or superior to
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that of any single drug in the treatment of acute myelocytic
leukemia.

INTRODUCTION

In 1962, in France, a group of antibiotics was isolated from
cultures of Streptomyces cerulorubidus which were named
rubidomycine A, B, and C. Antitumor activity was recognized
for rubidomycine A, which subsequently has been known
simply as rubidomycine. Independently and almost con
temporaneously, in Italy daunomycin was isolated from
Actinomyces cultures. These drugs were proven identical with
respect to all physical, chemical, and biological properties (5)
so that they are now considered under the name daunorubicin
which recalls this double origin.

Little progress has been achieved thus far in the treatment
of AGL,4 in contrast to the progressive increase in remission

induction, remission duration, and survival observed in acute
lymphocytic leukemia. In 1967, Bernard et al. (1) reported
that daunorubicin was able to induce remissions in a high
percentage of patients with AGL. The preliminary results
obtained by the Paris group prompted Acute Leukemia Group
B to initiate a group study to examine remission induction
capacity and optimal dose scheduling of daunorubicin in the
treatment of AGL.

METHOD OF STUDY

Unless they had had prior daunorubicin, all patients with

4The abbreviations used are: AGL, acute granulocytic leukemia;
ALGB, Acute Leukemia Group B; CR, complete remission; 6-MP,
6-mercaptopurine; MTX, methotrexate; ara-C, cytosine arabinoside;
methyl-GAG, methylglyoxal-bis(guanylhydrazone); PR, partial remis
sion.
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AGL were eligible regardless of age, clinical status, degree of
bleeding, or other consideration. Patients undergoing acute
blastic transformation of chronic myelocytic leukemia were
not eligible for admission to study.

The objectives of Protocol ALGB 6706 were to evaluate the
activity of daunorubicin as a remission induction agent in
adults and children with AGL. For determination of the
activity of different increments of drug administration in
inducing remission and in causing toxicity, patients were
allocated at random to receive 60 mg/sq m/day for 3, 5, or 7
days.

Another aim of the study was to compare the duration of
CR maintained by 2 different regimens: 6-MP, 90 mg/sq
m/day p.o., plus MTX, 15 mg/sq m once weekly i.m.; or ara-C,
30 mg/sq m once weekly s.c., plus methyl-GAG, 350 mg/sq m
once weekly i.m. (same day).

The schema of the protocol is shown in Chart 1. Provision
was made for modifications of daily dose based on the
leukocyte level and on the bone marrow infiltration and
cellularity. If Ml marrow status was attained (6), maintenance
treatment was given according to the 2nd randomization,
provided that the hemoglobin was above 10 g/100 ml,
granulocytes were above 1,000/cu mm, and platelets were
above 100,000/cu mm.

Since Protocol 6706 showed that the amount of drug
required to induce remission was variable and could not be
predetermined and since the study confirmed the activity and
the appreciable toxicity of a regimen of several days in
succession, the schedule of treatment was altered in Protocol
6706A. The objective of that study was to compare activity
and toxicity of 5 daily doses with semiweekly or weekly doses
of daunorubicin.

The schema of Protocol 6706A is shown in Chart 2.
Modification was stipulated according to fall of leukocyte
count and bone marrow cellularity as in the 1st protocol.

Throughout both studies supportive therapy including
platelet transfusion was used where indicated and feasible. In
some institutions, white blood cell transfusions could be given
in rare cases, possibly contributing to remissions.
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Chart 1. Study design for ALGB Protocol 6706, comparing 3, 5, or 7
days of serial injections of daunorubicin as remission induction therapy
in AGL.
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Chart 2. Study design for ALGB Protocol 6706A, comparing daily,
twice weekly, and weekly doses of daunorubicin (DNR) as remission
induction therapy in AGL.

Responses were evaluated by ALGB criteria (6). In the
results to be discussed, only CR's or PR's are considered

significant. Marrow and/or peripheral blood remission in the
presence of progression or persistence of disease elsewhere,
i.e., node involvement or hepatosplenomegaly, is not included
among remissions.

RESULTS

Protocol 6706

Global Results

Global results are summarized in Table 1.
A difference, although not significant, is noted between

Regimen A (3 days) and the other regimens, especially
Regimen B (5 days). Since it is not explained by differences in
other parameters (age or disease status), we may suppose that
in some cases toxicity masked activity.

Table 2 summarizes results according to age (children less
than 15 or adults) and previous history (prior treatment and
prior remissions).

The high remission rate among children with acute
myelocytic leukemia, 5 CR's and 2 PR's out of 13 patients

(54%), is noteworthy. Patients with promyelocytic leukemia
also did exceptionally well, as had been noted (3). Four of 6
such patients attained CR.

Of 91 patients who had received no prior treatment, 19
attained CR and 6 attained PR. Of 33 patients who had
received prior treatment for the 1st attack, 1st relapse, or
other relapses, 9 attained CR and 6 had PR. Good responses
were paradoxically more frequent among previously treated
patients, a phenomenon probably attributable to selection,
because of the high rate of death early in the course of the
clinical disease which left a stronger cohort. We include among
the failures 6,4, and 4 patients, respectively, in Regimens A, B
and C, whose early deaths prevent accurate evaluation of
therapeutic effects. These 14 patients died within the 1st 6
days following the diagnosis, and 3 of them died within the 1st
3 days. The apparent cause of death was hyperleukocytosis in
4 who died from myeloblastic crisis and presumptive cerebral
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Table 1
Results of Protocol ALGB 6706

No. of patients in

Entered study
Cases invalidated
Evaluable
CR
PR
FailureRegimen

A
(3days)46

244

13 (29%)
2

29Regimen

B
(5days)4949

8 (16%)
7

34Regimen

C
(7days)34

3
31
7 (22%)
3

21All

regimens1295a

124
28 (22%)
12
84

1Three chronic myelocytic leukemia, 1 blastic phase of polycythemia, 1 erroneous dose.

Table 2
Analysis of results of Protocol ALGB 6706

No prior
treatment

Prior
treatment

First
relapse

Other
relapses

ABC

CRChildrenAdultsPRChildrenAdultsFailuresChildrenAdultsTotalChildrenAdults4311176(66)b20(15)74128139(18)141118223(17)3119113(23)1

11

135

2(20)1

211

111

11221111

0 A, 3 days scheduled; B, 5 days scheduled; C, 7 days scheduled.
6 Numbers in parentheses, % CR.

accident, hemorrhage in 3 cases, and sepsis in 7 other cases. In
most cases, the natural course of disease seems to be
responsible for these deaths rather than drug toxicity, which
may nonetheless have impaired already compromised defenses
in some cases.

Analysis of the pretreatment white count and platelet levels
does not disclose any correlation with the drug response. Chart
3 indicates therapeutic response according to age. It shows
that good results are exceptional in patients over 60.

The number of consecutive doses for each patient often did
not reach the stipulation of the assigned regimen. In 9 patients
of Regimen A, fall of leukocytes led to discontinuation of the
treatment prior to 3 doses; 3 of these reached CR compared to
3 of 24 who completed the 5 dose courses. In 27 patients of
Regimen C, fall of leukocytes led to discontinuation of the
treatment prior to 7 doses; 5 of these attained CR compared
to 2 of only 4 who tolerated the 7 doses. These data indicate
that 7 consecutive doses are too toxic for most patients and
that 5 consecutive doses can be tolerated by only 50% of
them. For many patients, however, more than 1 course was
necessary to obtain the optimal results so that the median dose
given was 180 mg/sq m for Regimen A, 300 mg/sq m for
Regimen B, and 300 mg/sq m for Regimen C.

Toxicity of Protocol 6706

Toxicity influenced the results directly (Table 3). Severe
toxicity was noted in most patients (80 of 124). The apparent
difference in frequency of fall of platelets and WBC might be
attributable to difference in the frequency of performing
platelet and white blood cell counts, rather than to a selective
toxicity for leukocytes.

Marrow hypoplasia was common and often had not reversed
by the time patients developed sepsis and died during the
cytopenic phase. In 5 of the patients who died, a total
disappearance of marrow blasts had been noted (2 cases in
Regimen A, 3 cases in Regimen B). In the other cases, there
were a few persistent blasts in a profoundly hypocellular
marrow specimen. The median day of death was 12 days for
Regimen A (range, 7 to 21), 13 days for Regimen B (range, 9
to 30), and 21 days for Regimen C (range, 3 to 35).

Cardiac toxicity was noted in 10 patients. In 5 cases, cardiac
failure may have been related to disease or to sepsis rather
than to drug toxicity, but in 5 cases the role of daunorubicin
seems probable. The frequency of electrocardiographic ab
normalities cannot be derived from our data since systematic
tracings were not made. In 4 patients considered to have
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cardiac toxicity, there was a history of prÃ©existentcardiac
disease.

Increase of blood urea nitrogen was noted in 4 cases.
Hyperuricemia appeared responsible in 1 case, and colistin
sulfate may be incriminated in the other 3 rather than
daunorubicin.

In 2 patients, reversible elevations of bilirubin, serum
glutamic oxalopyruvic transaminase, and alkaline phosphatase
were noted during the induction phase. One of these patients
attained CR.

Total capital alopecia was noted in most patients.

Analytical Results

CR. Marrow status Ml was attained from Day 18 to 70,
with a median on Day 27. CR was preceded by severe marrow
aplasia, the median duration of which was 17 days with a
range of 7 to 46 days. One patient was lost to follow-up after
achieving M l. Two patients were eliminated from study after
achieving Ml because they were not randomized to mainte
nance treatment. Seventeen patients were given 6-MP + MTX,
and 8 patients were given methyl-GAG + ara-C as maintenance
treatment. Three patients treated by 6-MP + MTX died in
hematological remission: in 1 case from sepsis on Day 20, in

the other 2 from hepatitis on Days 120 and 153. Toxo-
plasmosis was present in 1 of these cases. The median
remission duration for patients treated by 6-MP + MTX was
133 days; for those treated by ara-C + methyl-GAG it was 122
days. Only 1 patient with promyelocytic leukemia is still in
remission on 6-MP and MTX maintenance after more than 3
years.

PR. In PR's, complete disappearance of blasts was attained

but there was a persistent cytopenia, especially thrombocyto-
penia, and in none of these cases did Ml status last for more
than 1 month.

Failures. Besides the early deaths and the cardiac deaths
already reported, there were 3 other categories of failure: (a)
resistance, with persistent or increasing proportion of myelo-
blasts, despite initial decrease; (Â¿>)early aplasia with death'

occurring within the 1st 2 weeks from sepsis or hemorrhage
after the 1st course of drug; and (e) late aplasia generally
induced by several courses of treatment.

There was approximately an equal distribution of cases of
resistance and early aplasia, while late aplasia was infrequent in
this protocol. In Regimens A and C, more patients were
resistant; whereas in Regimen B, more patients died from early
aplasia. Thus, no clear conclusion emerges concerning failure
according to the various regimens.
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Chart 3. Therapeutic results by age for patients on Protocol 6706
treated for 3 (A), S (B), or 7 (O days with daunorubicin.

Protocol ALGB 6706A

Global Results

The global results of Protocol ALGB 6706A are summarized
in Table 4.

The difference between Regimens A, B, and C is note
worthy. The 5-day regimen was more active than the
intermittent ones. This is not explained by discrepancies in
such parameters as age or disease status and is statistically
significant (p < 0.05). Analysis of pretreatment leukocyte and
platelet levels did not disclose any correlation with drug
response. Good results again were exceptional in patients over
60.

Table 5 shows the results according to age, previous
treatment, and during subsequent relapse; good results are
more frequent in children than in adults ( 13 CR and 3 PR out
of 30 children in Table 5 compared to 33 CR and 17 PR for
168 adults). Two of 3 cases of promyelocytic leukemia
achieved CR.

Total

Table 3
Hematological toxicity in Protocol 6706

RegimenABrNo.

of
patients

evaluated44

4931<1000

WBC/
cumm3029

21Fall

of
platelets

Â»10,000/cumm
from initial

value2525

17Marrow

hypoplasiaReversible

Fatal22

7
13 14
10 9

124 80 67 45 30
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Table 4
Results of Protocol A LGB 6706 A

No. of patients in

Daunorubicin in AGL

Regimen Aa Regimen BÂ° Regimen C" All regimens

EnteredstudyCases
invalidatedEvaluableCRPRFailure643b6121

(34%)634664C6213(20%)742816d7512(16%)7562111319846(23%)20132

0 Regimen A, 5 days (equivalent to B in Protocol 6706); Regimen B, twice weekly; Regimen

C weekly.
b No drug given; drug withheld for no medical reason.
c Polycythemia, 3 improper dosing.
d No drug given in 2 cases, 4 improper dosing.

Table 5
Analysis of results of Protocol 6706A

No prior
treatment

Prior
treatment

First
relapse

Other
relapses

CRChildrenAdultsPRChildrenAdultsFailuresChildrenAdultsTotalChildrenAdults41722206(66)b39(43)581643110(50)45(17)3825534

410(30)47

4(17)113

823

84245924 5 13

a Regimen A, 5 days; Regimen B, twice weekly; Regimen C, weekly.
b Numbers in parentheses, % CR.

Of 157 patients who received no prior treatment, 45
attained CR status and 16 attained PR status. Of 41 patients
who received prior treatment in the same bout of florid
leukemia or after relapse from some other treatment, only 1
attained CR and 4 attained PR. Contrary to what was noted in
Protocol 6706, results here are markedly better in untreated
adult patients in the 5-successive-day regimen (17 of 39 =
43%). In Protocol 6706, 14 early deaths unrelated to drug gave
a "handicap" to the no-prior-treatment group. In Protocol

6706A only 7 such deaths occurred, 6 in Regimen B and 1 in
Regimen C (cerebral bleeding in 5 patients, infection in 1, and
renal failure in 1).

Toxicity

Leukopenia and thrombocytopenia were as frequent in
Protocol 6706A as in 6706 (Table 6). This is not a totally
descriptive finding, however, since there is a marked difference
between these protocols. There were 30 fatal aplasias out of
124 patients in Protocol 6706 but only 15 out of 198 patients
in Protocol 6706A.

A cardiac problem occurred in 9 patients. In 4 patients, the
contribution of daunorubicin to this problem was not
established, since congestive heart failure was thought to be
due to sepsis rather than to drug toxicity. In the 5 other
patients, the role of daunorubicin was probable. In 2 of these,
there were electrocardiographic abnormalities only, without
clinical symptoms, and death was not attributed to cardiac
causes. Cardiac toxicity may have contributed to death in the
3 other patients on Days 12,22, and 59. They had all received
the drug by intermittent schedule. Of the 5 patients, 2 had
high blood urea nitrogen values and tachycardia before
treatment, and 2 were over 70 years old.

Analytical Results

CR. Table 4 summarizes the records of patients who
attained CR. The weekly dosing prescribed in Regimen C was
not observed in 1 case "because of the severity of disease."

Three consecutive doses were given, which induced CR. In 2
other cases, Regimen C was altered. Consecutive doses were
given after the apparent failure of weekly doses. If these cases
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Total

Table 6
Hematological toxicity in Protocol 6706A

Regimen"A

B
CNo.

of
patients

evaluated6162

75<1000

WBC/
cu mm41

6033Fall

ofplatelets

>10,000/cu mm
from initial

value35

30
20Marrow

hypoplasiaReversible

Fatal21

5
18 6
12 4

198 134 85 51 15

" Regimen A, 5 days (equivalent to B in Protocol 6706); Regimen B, twice weekly; Regimen

C, weekly.

are excluded from Regimen C, the corrected induction rate of
CR for weekly daunorubicin is only 12%.

Ml status of the bone marrow was attained after the
following median days elapsed and median doses: Regimen A,
28 days and 250 mg/sq m; Regimen B, 30 days and 240 mg/sq
m; and Regimen C, 48 days and 360 mg/sq m. Median
duration of the hypoplastic phase was 21 days for Regimen A
(in 3 of 21 cases, no hypoplasia), 20 days for Regimen B (in 2
of 13 cases, no hypoplasia), and 15 days for Regimen C (in 4
of 12 cases, no hypoplasia).

Median duration of remission was 132 days for Regimen A
and 149 days for Regimen B. In Regimen B, 2 patients were
still in remission after 390 and 355 days, respectively. For
Regimen C the median duration was 95 days; 1 patient is still
in remission.

PR. PR's include cases in which the marrow content of

myeloblasts and other recognizable leukemia cells remained
between 5 and 25% or where there was persistent cytopenia.
The ratios of these 2 causes for failing to attain CR were 2:4
for Regimen A, 6:1 for Regimen B, and 6:1 for Regimen C.

Failures. In Regimen A there was an equal distribution
between patients whose leukemia exacerbated, despite an
initial fall in myeloblasts, and patients who died from the
initial induced aplasia. In Regimens B and C, on the contrary,
the number of resistant patients was twice that of patients
with aplasia.

Study of Survival in Protocols ALGB 6706 and
ALGB 6706A

In assessment of the results of treatment in patients with
leukemia, enumeration of the response rate is not sufficient to
indicate the extent of drug effect. Survival must also be
considered.

Median survival from onset of treatment in Protocol 6706
was 8 weeks for Regimen A (3 doses), 7 weeks for Regimen B
(5 doses), and 5 weeks for Regimen C (7 doses).

In Protocol 6706A, median survival was 16 weeks for
Regimen A (5 doses), 11 weeks for Regimen B (twice weekly),
and 10 weeks for Regimen C (weekly).

Thus there is no difference among the treatments of
Protocol 6706 or among the 3 treatments of Protocol 6706 A,
but there is a significant difference between survivals on
Protocols 6706 and 6706A (Chart 5). This difference may be

100

-' Cases

10 20 30 40 50 60 70 80
WEEKS FROM ONSET OF RÂ»

90 100

Chart 4. Survival from onset of daunorubicin treatment by age of
patients treated on ALGB Protocols 6706 and 6706A.

attributable to a decrease in drug-related deaths, because the
schedules of Protocol 6706A were less intensive than the
earlier 6706 program. Increased proficiency in using the drug
may have been important too, for in the regimen with 5
consecutive doses the median survival was 7 weeks in the 1st
study and 16 weeks in the 2nd study. This may reflect
increased skill in the use of the drug. The characteristics of
patients entering the 2 studies were similar, and the frequency
of leukopenia below 1000 was identical, but both marrow
aplasia and fatal marrow aplasia were less in Protocol 6706A.

Inclusion of all patients into protocol, including those
whose early death precluded full study, raises a controversial
question. Some physicians prefer to wait for general clinical
improvement before randomizing patients in poor condition
with sepsis or hemorrhage. In the present studies we included
all patients in our evaluation despite their poor condition. The
data should not be misinterpreted when compared with other
therapeutic regimens in the literature in which selection of
patients at relatively good risk took place.

Altogether, there are no significant differences in survival
for continuous or intermittent schedules of treatment. There
are no differences related to prior treatment status or between
males and females. Age is a significant parameter in influencing
survival of patients with AGL. This could be anticipated from
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the low rate of remissions and the high incidence of side
effects in elderly patients (Chart 4).

Differences in survival depend mainly upon whether or not
patients attain remission. Median survival was 44 weeks for
those patients who attained CR, 23 weeks for those with PR,
and 4 weeks for those who did not attain remission (Chart 6).
These characteristics are not specific for daunorubicin activity.
With ara-C, remission data are comparable (6). Carey (4), from
the group using the combination of ara-C and thioguanine also
found an estimated median survival for responders of 11
months from onset of therapy.

DISCUSSION AND CONCLUSIONS

These studies confirm the activity of daunorubicin in AGL,
since about 40% CR's were attained in the optimal regimen in

untreated patients.
In a previous study (2) dealing with 64 cases of AGL, CR's

in 35 cases (54%) were observed, of which 20 occurred in 36
untreated adult patients (55%). It is possible the difference in
results may be explained by the facilities for hematological
support, which are more readily available in Saint Louis
Hospital, Paris, than in some other centers. Furthermore, it is
common in drug treatment, at least initially, for other
investigators to obtain lesser results than did the initial team,
which has more experience in administration of the drug.

No benefit was observed in patients with a past hematologi
cal history such as refractory anemia or in forms of leukemia
with significant erythroblastic differentiation such as erythro-
leukemia. Erythroleukemia, or smoldering leukemia, may
represent the terminal stage of a condition in which
differentiation potential gradually has been lost (7). These
observations may modulate the indications for daunorubicin in
AGL according to refined morphological details. Results were
relatively good, however, in children and in adults with
promyelocytic leukemia. In these forms, cell sensitivity seems
to be especially high. The better prognosis in children may be
ascribed to their better ability to withstand infection.

100

100

"Cases Median

44 wk
23 wk
4 wk

10 20 30 40 50 60 70 80 90 100
WEEKS FROM ONSET OF RÂ»

Chart 5. Survival from onset of daunorubicin treatment of patients
treated on ALGB Protocols 6706 or 6706A.

10 20 30 40 50 60 70 80 90 100
WFEKS FROM ONSET OF Rx

Chart 6. Survival from onset of daunorubicin treatment by response
to therapy of patients treated on ALGB Protocols 6706 and 6706A.

Daunorubicin is obviously a difficult drug to handle, since
in an empiric way there is a narrow dosage range and schedule
which will induce an optimal aplasia, destroying proliferating
leukemia cells but sparing stem cells. Drug administration must
be monitored by frequent blood and bone marrow examina
tions. Median effective doses appear to vary between 180 and
300 mg/sq m. Consecutive doses are more active than
treatment given on an intermittent schedule. The respective
rates of CR's in Protocol 6706A were 34% for 5 daily doses,

20% for semiweekly doses, and 16% for a weekly dose.
Nevertheless, there was no significant difference in survival
according to regimen. Supportive treatments including antibi
otics, fresh blood, platelet infusions, and white blood cell
infusions, if available, are imperative during daunorubicin
treatment.

Cardiac toxicity from daunorubicin was reported in
previous studies (8). Its frequency is high when the cumulative
dose is high, particularly in elderly patients or in patients with
prior cardiac abnormality. Its importance in other patients is
not clinically major. Although we noted cardiac symptoms in
19 patients out of 340 in the present studies, unequivocal
manifestations occurred only in 12 of them (3%), 10 of whom
were over 60 years old. Even in these patients, clinical status
was often complex, combining symptoms of severe infection
and of cardiac toxicity.

In both protocols, median survival from the onset of the
treatment is 44 weeks for those who attain CR's, either with

ara-C and methyl-GAG or with 6-MP and MTX as maintenance
treatment. Comparable survivals of responders were observed
with ara-C (6); with the combination of ara-C and thioguanine
(4); and with the combination of ara-C, methyl-GAG, 6-MP,
and prednisone (9).

In the nonresponders, survival was disturbingly short, and
this may be ascribed to the natural course of the disease as
well as to drug toxicity. Comparable figures were observed
with ara-C treatment alone (6), when drug-related deaths did
not account for the steep slope of the survival curve during the
1st month of treatment. These data emphasize the importance
of initial supportive treatment in AGL.

Combinations including daunorubicin have not yet proved
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superior to daunorubicin given alone, but studies are still in
progress. Since it is the most effective single agent for
treatment thus far described, daunorubicin, despite its
drawbacks, remains of interest in the treatment of AGL.
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