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infrared data, chromatographic behavior, and benzoylation
studies (35). Recently, the term daunorubicin has been
adopted as the generic name. Daunorubicin is a glycoside,
which when subjected to acid hydrolysis yields a pigmented
aglycone, daunomycinone, and the amino sugar, daunosamine

(1, 2).
Daunorubicin is active against Ll2lO leukemia. It is less

effective than methotrexate or cyclophosphamide but almost
as effective as mercaptopurine in increasing survival time.
Therapeutic activity was noted in advanced as well as early
stages of the disease (36). The drug is active against various
other experimental tumors that have been effective in
screening for useful chemotherapeutic compounds, including,
in the mouse, Ehrlich ascites, Sarcoma 180, and Yoshida
AH13O hepatoma and, in the rat, Walker carcinoma and ascites
myeloma (9).

A number of clinical trials have shown daunorubicin to have
antitumor effect in acute lymphoblastic leukemia (3, 5, 19,
22, 27, 32, 33), acute myeloblastic leukemia (3, 6, 7, 25â€”27),
metastatic neuroblastoma (27, 33), rhabdomyosarcoma (33),
and lymphosarcoma (27). To date, a randomized study of
several dosage schedules has not been reported.

In 1966, Acute Leukemia Group B undertook a study of
the therapeutic effectiveness of daunorubicin on childhood
lymphoblastic leukemia demonstrated to be resistant to the
conventional chemotherapeutic agents. Three dosage schedules
were used. The response in 96 cases is reported, with an
analysis of remission rates and toxicity at each dose. Clinical
trials in childhood lymphoblastic leukemia that have been
previously reported are also reviewed.

MATERIALS AND METHODS

One hundred two patients under 24 years old (only 2 were
over 20) with acute lymphoblastic leukemia, who were
resistant to various combinations of vincristine, prednisone,

SUMMARY

Daunorubicin was used as the single chemotherapeutic agent
in 96 children with acute lymphoblastic leukemia resistant to
other agents. On a randomized basis, the doses used were 30,
45, or 60 mg/sq m daily for 5 days, with provision for a
second course in those who failed to respond. The marrow
remission rates were, respectively, 24, 32, and 41% when the
three randomization groups were analyzed. When only those
who received a full course of drug during the first 5 days of
study were examined, the remission rates at both 45 (43%)
and 60 mg/sq m (38%) were superior to that at 30 mg/sq m
(18%). The median time lapse from the first dose to remission
was 22 days, with the earliest remission occurring in 11 days.
The remissions were short. The median was 66 days (range, 8
to 419 days) in this group ofpatients. The primary toxicity is
hematological with severe leukopenia, thrombocytopenia, and
bone marrow aplasia. Cardiac toxicity also occurred. This
cytotoxic antibiotic has definite antileukemic properties.
Daunorubicin may find ultimate use as a component in
combination therapy for remission induction of acute
lymphoblastic leukemia.

INTRODUCTION

Daunomycin, isolated from cultures of Streptomyces
peucetuis (10, 15), and rubidomycin, isolated from
Streptomyces coeruleorubidus (1 2, 13), are identical
compounds according to comparisons of ultraviolet and
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Table 1
Response to daunorubicin analyzed according to randomization group

aCR, complete remission; PR, partial remission.

mercaptopurine, methotrexate, and cyclophosphamide, were
treated with daunorubicin by members of Acute Leukemia
Group B (Acute Leukemia Group B Protocol 66 11).
Daunorubicin was administered i.v. daily for 5 days unless
hematopoietic toxicity precluded completion of the course.
Early in the study, the patients were randomized to daily
doses of 30 or 60 mg/sq m. Later, the 30-mg/sq m dose was
discontinued, and the low-dose randomization was increased
to 45 mg/sq m, with continuation of the high-dose
randomization (60 mg/sq m). Provision was made for a 2nd
5-day course of drug if remission was not attained and drug
toxicity was not prohibitive.

Patients eligible for study were those in whom bone marrow
examination prior to drug administration showed relapse of
the disease process, defined as greater than 25% blast cells
and/or greater than 70% lymphoid cells plus blast cells.
Marrows were reexamined 10, 15, and 20 days after the initial
drug dose was given or more frequently if indicated by the
status of the peripheral blood. All patients had frequent
peripheral blood counts and physical examinations. Serum uric
acid, blood urea nitrogen, biirubin, and liver function tests
were performed initially and repeated as indicated.
Electrocardiograms were done on Days 1 and 10 and monthly
thereafter while the patient was on study or more frequently if
cardiopulmonary symptoms occurred. Blood and platelet
transfusions and antibiotic therapy were prescribed as
indicated.

Those patients who achieved a marrow remission, defined as
fewer than 5% blast cells and fewer than 40% lymphocytes
plus blast cells with normal cellularity, were placed on
maintenance therapy. Early in the study, maintenance therapy
consisted of 60 mg/sq m/week daunorubicin i.v. Subsequently,
we and others recognized that cardiac toxicity is a potential
hazard when cumulative doses exceed 600 mg/sq m, and
maintenance therapy was randomized between arabin
osylcytosine, 30 mg/sq rn/week s.c., plus methylglyoxal
bis(guanylhydrazone), 350 mg/sq m/week i.m., or mer
captopurine, 90 mg/sq rn/day p.o., plus methotrexate, 15
mg/sq rn/week i.m. Patients with previously demonstrated
resistance to the combination of mercaptopurine and
methotrexate in a maintenance phase were nonrandomly
placed on the former regimen. Provision was made for dosage
modification if hematological toxicity occurred during this
phase ofthe study.

The 3 groups of patients were comparable in age at the time
of diagnosis and duration of the leukemia. The median
duration of their leukemia was 18 months (range, 2.5 to 78
months), and the median age at the time of diagnosis was 6
years (range, 10 months to 23 years).

Table 2
Response to daunorubicin based on total dose received

during Days 1 to 8 ofdrug administration

Total dose (mg/sq m) No. of patients CR@+ PR % of CR + PR

aCR complete remission; PR, partial remission.

RESULTS

Of the 102 patients treated with daunorubicin, the records
of 96 were evaluated for therapeutic effectiveness and toxicity
in the treatment of resistant acute lymphoblastic leukemia.
Five were disqualified by inadequate therapeutic trials because
death occurred from causes unrelated to drug therapy on Days
2 to 8, and only 1 ofthe 5 had a full course ofdrug. The other
disqualified patient was transferred to another institution and
lost to follow-up.

Analysis According to Randomization Group. Twenty-nine
evaluable patients received 2 or more 30-mg/sq m doses of
daunorubicin. Of these patients, S responded with complete
marrow remissions, and 2 had partial remissions (defined as 5
to 25% blasts and 40 to 70% lymphoid cells plus blast cells),
for an overall response rate of 24%.

Of 28 patients receiving I .5 or more doses of45 mg/sq m, 9
(32%)achievedcompletemarrowremissions.Thirty-nine
patients received 2 or more doses of 60 mg/sq m with 15
complete and 1 partial marrow remissions, for a response rate
of 4 1%. These results are summarized in Table 1.

Response to 2nd Course of Drug. Provision was made in the
protocol for 2 courses of drug if no improvement occurred
with the 1st course. Of the 96 patients entering the study, 40
received 2 courses of daunorubicin. Only 3 (8%) of these 40
reached remissions. When the data were analyzed in terms of
total dose received, 18 patients received over 300 mg/sq m. Of
these 18 patients, only 1 (6%) entered remission. These data
suggest that those patients who tolerate a 2nd course but fail
to respond represent for the most part a selected group of
nonresponders and that a 2nd course is not worth giving.

Analysis According to Total Dose. In view of these
considerations, the data were analyzed in terms of the total
dose administered during the first 8 days of study. Four
dosage categories were arbitrarily selected: 60 to 140, 150 to
200, 225 to 250, and 300 mg/sq m. At the low dose, 4 of 11
(36%) patients achieved remission. These patients showed a
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Table 3
Response to full dose ofdaunorubicin given daily for 5 consecutive days

aCR, complete remission; PR, partial remission.

particular sensitivity to the drug either in therapeutic response
or toxicity; this sensitivity may account for the response rate.
In the remaining 3 dose ranges, the remission rates were 18,
45, and 42%, respectively (Table 2). The records of the 21
patients with dosage modification who failed to respond were
examined to determine the reasons for decreasing or omitting
doses. Thirteen patients developed marked leukopenia during
therapy, with WBC's below 1000. One of these patients had
been randomized to 30 mg/sq m, and 6 each had been
randomized to 45 and 60 mg/sq m. The reasons for the dosage
modification in the remaining 8 patients were not clear. Thus
it would appear that 225 to 240 mg/sq m are comparable to
300 mg/sq m and superior to the lower dosage therapeutically.
The higher doses are also more toxic. Similar results were
obtained when the responses of only those patients who
received the full dose prescribed daily for 5 consecutive days
were examined (Table 3).

Within the design of this study, hematological response was
dependent upon the administration of an adequate dose (at
least 5 doses of 45 mg/sq m) over a 5- to 8-day period. Lesser
amounts of drug or administration over a longer period of time
decreased the remission rate.

For the entire group of 96, 32 patients (33%) achieved
complete or partial marrow remission. The median time to
marrow remission was 22 days, with the earliest remission
occurring 11 days after the initial drug administration (Chart
1). Seven patients responded considerably later. In addition to
the 3 patients requiring 2 courses of drug, 4 had partial
remissions on Days 19, 20, 21 , and 27, with complete
remissions on Days 39, 44, 50, and 52. The latter 3 were
started on maintenance therapy with arabinosylcytosine and
methylglyoxal bis(guanylhydrazone) on Days 22 to 24, which
may have affected the conversion of a partial remission to a
complete one.

Remission Duration. The duration of remission was
generally brief, and this was independent of dosage. The
overall median duration of complete plus partial remissions
was 66 days (range, 8 to 419 days). No difference was noted at
the 3 dose levels: 30 mg/sq m median, 77 days (range, 39 to
375); 45 mg/sq m median, 54 days (range, 9 to 129 days); and
60 mg/sq m median, 62 days (range, 16 to 419). No difference
in remission duration was noted among the 3 maintenance
regimens (daunorubicin weekly, mercaptopurine plus
methotrexate, or methylglyoxal bis(guanylhydrazone) plus
arabinosylcytosine).

Twelve of 32 patients responding to daunorubicin had
CNS2 leukemia during the course of their therapy. The onset
varied from Days 1 to 112. Seventeen of 64 nonresponders

2 The abbreviation used is: CNS, central nervous system.
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Chart 1. The time lapse in days required to achieve a bone marrow
remissionafter the initial dose of daunorubicin.

also had CNS leukemia. This high incidence of CNS
involvement suggests that the drug does not penetrate the
blood-brain barrier.

At the 3 dosage levels, the responders were compared to the
nonresponders. Age at time of diagnosis and duration of the
leukemic process were not considered in segregation of an
identifiable group of responders.

Toxicity. The principal toxicity of daunorubicin is
hematological and encompasses peripheral blood pancytopenia
and marrow aplasia. All patients who achieved complete or
partial remissions developed leukopenia with WBC of 1000 or
less/cu mm regardless of dosage. Thrombocytopenia also
developed in all those responders who were not already
thrombocytopenic at the onset of the study. Of those who
failed to show a therapeutic response, leukopenia of this
degree and thrombocytopenia were common but not universal.
Both events had their onset from 4 to 15 days after the initial
dose of drug and lasted up to 34 days. The seventy and
duration of the peripheral pancytopenia were about the same
at the 3 dose levels.

Moderate to marked bone marrow hypoplasia occurred in
all patients who showed a therapeutic response and whose
marrows were examined at the appropriate time intervals.
Decreased cellularity was noted 3 to 16 days after the initial
dose and lasted 4 to 34 days. Three patients receiving 30
mg/sq m experienced marrow hypoplasia only after a 2nd
course of drug, which was initiated 22 to 24 days after the
initial dose.

Nine patients had primary drug resistance, in that no
marrow aplasia occurred and there was a persistence of blast
cells. Four of these received 2 courses of 30 mg/sq m, for a
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total dose of 300 to 330 mg/sq m. Three received 1 course,
and 1 received 2 courses at 45 mg/sq m. Only 1 patient whose
initial course was at a dosage of 60 mg/sq m showed primary
resistance.

Many patients had transient fever associated with drug
administration. Stomatitis and alopecia occurred less fre
quently. A drug rash was noted on 2 occasions.

Cardiac toxicity possibly occurred 9 times, 6 times among
responders and 3 times in nonresponders. Two patients died
with signs and symptoms of myocardiopathy, having received
total doses of 750 and 1050 mg/sq m. An additional patient
had an episode ofhypotension, tachycardia, and dyspnea, with
death 2 days later. She had received 300 mg/sq m, which may
have been the cause of death. After 705 mg/sq m, 1 patient
developed congestive heart failure, which responded to the
usual measures with no recurrences. One patient experienced 2
episodes of dyspnea, tachycardia, lowering of T-waves, and
minimal cardiomegaly after a cumulative dose of 390 mg/sq m.
Transient precordial chest pain occurred in 2 patients after
300 and 850 mg/sq m. The last 2 patients had T-wave changes
after 90 and 225 mg/sq m, but subsequent administration of
90 and 112 mg/sq m failed to produce further cardiac signs or
symptoms. With these cardiac findings at cumulative doses of
300 to 1050 mg/sq m and questionable cardiac involvement at
90 to 850 mg/sq m, a definite relationship between total dose
and cardiac toxicity cannot be established. However, no
patient in the series received over 600 mg/sq m without
developing evidence suggestive of cardiac toxicity.

Deaths during Study. Thirty-three deaths occurred during
the induction phase of this study, but all of the patients had
had extensive prior therapy, some with several previous
remissions. Many of them were in poor condition at the onset
of the study.

In the group randomized to 30 mg/sq m, there were 6
deaths during the study, but probably only 2 were directly
related to drug therapy. These occurred on Days 3 1 and 44,
with hemorrhage. Both patients had received 2 courses of
drug, with total doses of 240 and 300 mg/sq m and sustained
significant thrombocytopenia after drug administration.

Nine of 11 deaths occurring at a dose of 45 mg/sq m were
drug related. Three were attributable to hemorrhage on Days
12, 3 1, and 32 in patients who had essentially normal platelets
prior to drug administration and developed marked
thrombocytopenia after total drug doses of 225 to 360 mg/sq
m. The remaining 6 drug deaths were due to sepsis or probable
sepsis on Days 9, 13, 18, 19, 38, and 44. Three of the 6 had
fever at the onset of the study but no clear evidence of
infection. Leukopenia secondary to daunorubicin occurred in
all with WBC's below 1000/cu mm in 4 of the 6. Four
received a single course of therapy for a total dose of 225
mg/sq m; the other 2 received 270 and 405 mg/sq m.

Twelve of 16 deaths occurring at the 60-mg/sq m dosage
were drug related. Ten were attributed to infection on Days 7
to 62 of the study. One had a WBC of 2800, and the
remainder had WBC's below 1000. Four of 8 who were febrile
prior to drug administration had identifiable infection. One
patient died of hemorrhage with thrombocytopenia. The last
drug death was attributable to cardiopulmonary shock with
dyspnea and tachycardia on Day 9 after 300 mg/sq m of

daunorubicin. Four of these 12 deaths occurred at a total dose
of 180, 5 at 300, and 1 each at 240, 480, and 540 mg/sq m.

In drug-resistant leukemic patients, it is difficult to assess
the role of a drug in a temporally coincident death, but,
considering all factors, daunorubicin may have played some
role in at least 23 of a total of 33 deaths.

Analysis of Deaths According to Total Dose Administered.
As toxicity may in part be related to the cumulative drug
administered, an analysis was made considering this rather
than the randomization groups. Of the 23 receiving less than
200 mg, there were 8 deaths (35%), of which only 3 (13%)
were attributable to the drug. Of the 73 patients receiving over
200 mg/sq m, 20 of 22 deaths were drug related, giving a 27%
mortality rate.

DISCUSSION

The precise mechanism of action of daunorubicin has not
been fully elucidated. Calendi et aL, (8) in investigating its
effect on DNA, found an increased viscosity and decreased
sedimentation coefficient when daunorubicin was added to a
solution of DNA. From these and other studies, they
concluded that the compound complexes to both strands of
the DNA double helix. Both RNA and DNA syntheses are
inhibited as a result of this intercalation with DNA ( I 0, 11,
30, 34), and RNA synthesis is inhibited regardless of the base
composition of the DNA (37). Although the action is very
similar to that of dactinomycin and the binding sites for both
antibiotics are situated on purine and pyrimidine rings,
Rusconi (29) demonstrated that the DNA binding sites are at
least partially different for the 2 antibiotics.

Daunorubicin has been used in a number of clinical trials in
childhood acute lymphoblastic leukemia over a narrow dose
range (Table 4). With 1 mg/kg for 5 days in previously treated
patients, the remission rate (complete plus partial remissions)
obtained by Jacquillat et al. (22) was 50% (5/10), and that
obtained by Massimo et al. (27) was 87% (14/16). In the latter
series, 4 of the patients achieving partial remission received 2
courses, and 1 of those achieving complete remission received
3 courses of drug. Three of those with complete remission had
severe drug-induced marrow aplasia, which was treated with
prednisone and testosterone. The role prednisone played in the
ultimate response of these patients is difficult to assess. Most
of the patients reviewed by Tan etal. (33) received 1 mg/kg/day
for 4 to 5 days followed by a 3-day rest period and then
an additional 1 to 1.5 mg/kg, with S of 13 entering good
partial remission. In the study of Holton et al. (19), patients
received 25 mg/sq rn/day for 3 days followed by a 4-day rest
period and a repeat 3-day course. There were 4 complete and 3
partial remissions, but 4 of the 7 responders received
concomitant steroid therapy. Shore (32), in a preliminary
report of 125 patients resistant to conventional therapy,
reported only 23 therapeutic responses to 0.5 to 1 mg/kg/day
for 3 days with a 4-day rest, a repeat course, etc., to a total
dose of 4 to 12 mg/kg. In a regimen of 30 mg/sq m for 3 to 7
days, with a 2nd course of 10 mg/sq m for I to 4 days if there
was no response, Bernard et al. (5) had 22 complete or partial
remissions in 36 previously treated patients.
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ReferenceDosage scheduleNo.
of

patientsStatus
of

leukemiaResponsesRemarksCRaPRNRTan

et al. (33)0.1 â€”0.5mg/kg/day
1 mg/kg/day, 8â€”10days
1 mg/kg/day, 4 â€”5days
3 day rest; then 1-1.5mg/kg4

4
17Resistant,

13 patients

No prior therapy,
12 patients27

96 1At

lowest dose

NoresponsesJacquillat

et al. (22)1 mg/kg/day, 5 days1 0Resistant4123 inadequatetrialsMassimo
et aL (27)1 mg/kg/day, 5 days16Prior therapy6823 of CR steroids con

comitantlyShore

(32)

Bernard (4)0.5â€”1

mg/kg/day to total dose
of 4â€”12 mg/kg

30 mg/sq m/day, 3â€”7days; if
NR, 10/mg/sq rn/day,
1â€”4daysS

125

36b
2bNo

prior therapy
Resistant

Prior therapy
No prior therapy1

19
2231

33

102

14Abstract

does not givemore
detailsHolton

et aL (19)25 mg/sq rn/day, 3 days;
4 â€”dayrest period ;
25 mg/sq m/day38Resistant43312

CR, 2 PR, 12 NR
steroidsconcomitantlyBaudo

et al. (3)20â€”30 mg/sq rn/day, 5 days2No priortherapy11Present
study30 mg/sq rn/day, 5 days

45 mg/sq rn/day, S days
60 mg/sq rn/day, 5 days29

28
39Resistant

Resistant
Resistant5

9
152 122

19
23

Jones et aL

Table 4
Published clinical trials with daunorubicin in children with acute lymphoblastic leukemia

@CRcomplete rernission;PR, partial remission; NR, no response or progressive disease.
bAge of patients not stated.

The response rate in previously untreated patients may be
considerably higher, but to date there are very few published
data. Tan et al. (33) reported 2 complete and 8 good partial
remissions among 12 previously untreated patients, Bernard et
al. (5) observed 2 out of 2 complete remissions, and Baudo et
al. (3) observed 1 poor partial remission out of 2 treated.
Massimo et al. (27) used daunorubicin as initial therapy in 5
patients with 1 complete and 1 partial remission.

On the basis of these reports and the data reported here, it
is clear that daunorubicin has antileukemic activity when used
as a single agent in children with acute lymphoblastic leukemia
who have already received the conventional chemotherapeutic
agents. Our overall remission rate was 33%. The response rate
at 45 or 60 mg/sq m given daily for 5 days was about 40%, as
compared to 18% at 30 mg/sq m. The mortality rate was high.
This may relate to the rapidity and severity with which bone
marrow aplasia occurs, with concomitant peripheral
leukopenia and thrombocytopenia, or to the fact that many
the patients were in poor clinical condition from long-standing
disease at the onset of the study. Death occurred primarily
from sepsis or hemorrhage. Of these who died, 20 had fever at
the onset of the study, and 13 of these had identifiable
infection. Seven had hemorrhagic manifestations other than
petechiae and ecchymoses. The median time to remission was
22 days, with the earliest occurring on Day 11. Twenty-two
deaths occurred between 7 and 19 days after the initial drug
dose. If these patients were disqualified as inadequate trials,
the complete plus partial remissions were 32/79 (40%).
Patients who initially are in good clinical condition would
probably tolerate the drug better than many of those treated
in this study. The remissions were generally short, but this

tends to be true in leukemic children who have had several
previous remissions regardless of the inducing agent.

The relationship between total dose of daunorubicin
administered and cardiac toxicity has not been definitely
established. The evidence in the literature to date certainly
suggests that the risk of such toxicity is increased as the
cumulative dose approaches 600 mg/sq m (25 mg/kg). In the
series by Tan et aL (33) 19 children received over 25 mg/kg,
and of these 7 died with cardiopulmonary symptomatology.
Bernard et aL (5) reported 5 cardiac deaths in children at total
doses of 32 to 45 mg/kg. Two autopsies reviewed by
Livingston et aL (24) showed focal interstitial myocarditis and
â€œcysticâ€•myofiber changes. Our data support the potential
hazards of high doses.

Observations in experimental animals corroborated these
clinical findings. Hamsters receiving a single injection of 8 to
I 00 mg/kg or 1 to I 0 mg/kg daily for 4 days developed
congestion of myocardial capillaries, intramyocardial
hemorrhages, coagulation necrosis of myocardial fibers, and
myocarditis. The lungs showed interstitial pneumonitis (14).

At a dosage of 50 mg/kg, hamsters developed S-T segment
depression and flattening of T-waves leading to S-T segment
depression with A-V dissociation and bidirectional ventricular
rhythm. Rhesus monkeys showed bigeminal rhythm or a series
of bizarre QRS complexes immediately after injection of the
drug (1 6). In a chronic experiment, rhesus monkeys received 3
mg/kg/day for 3 doses followed by 5 mg/kg/week for a total
dose of I 9 mg/kg. Death occurred on Days 64, 77, and 79,
with necropsy findings of cardiomegaly, myocarditis,
pulmonary edema, and toxic necrosis of the liver (31).

The reversibility of cardiac toxicity is difficult to establish
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with any certainty, since the findings are nonspecific and can
occur during the course of leukemia from causes other than
drug administration.

When the cumulative dose is below 25 mg/kg, the risk of
cardiac toxicity in children is small. Shore (32) reported no
cardiac toxicity in a group of 125 children, his maximal dose
being 300 mg/sq m, and Holton et aL (19) in 39 patients noted
no evidence of myocardiopathy. Massimo et uL (27) treated 47
children with 125 to 500 mg/sq m, and compared 70
electrocardiograms of these patients with 70 obtained on
leukemic children treated with other therapy. No differences
were noted in the tracings. Livingston et aL (24) have reviewed
the cardiotoxicity of daunorubicin. Until the problem of
cardiac toxicity is clarified, daunorubicin should not be used
for maintenance therapy. The occurrence of cardiopulmonary
findings should warrant consideration of discontinuance of
drug therapy.

The ultimate role of daunorubicin in the treatment of acute
leukemia remains to be determined. It can certainly be added
to the armamentarium for those children who are resistant to
other agents. Holland (17) stated that it may play a role as a
component of combination therapy initially, since the final
objective in treating leukemia is cure, which probably relates
to the number of cells killed with the initial course of therapy.
Daunorubicin acts rapidly and effectively.

Daunorubicin has also been used in combination with
prednisone in both untreated and resistant patients. Howard
and Tan (21) reported 7 good partial remissions in 8
previously untreated patients and 5 complete or good partial
remissions in 7 children with acute lymphoblastic leukemia
resistant to conventional therapy. Holton et aL (20) observed
49 complete or partial remissions in 60 children with advanced
leukemia. The drug combination significantly increased the
remission rate, and this is consistent with experience with
other drugs when given with prednisone.

Using a combination of daunorubicin, vincristine, and
prednisone in children with previously untreated acute
lymphoblastic leukemia, MathÃ© et aL (28) reported 1 1
complete remissions in 11 patients, and Bernard et aL (5)
reported S1 complete remissions in 5 1 patients, while Holton
(18) reported 19 complete or partial remissions in 24
previously treated children.

To add further information regarding combination therapy,
we are carrying out a randomized study of the use of
daunorubicin alone, daunorubicin plus prednisone, and
daunorubicin plus prednisone plus vincristine in advanced
leukemia (23). In addition, studies are being conducted on the
use of daunorubicin in combination with other drugs for the
induction of new patients and as an inducer agent during
remission. Preliminary analysis of these data (Acute Leukemia
Group B, unpublished data) and other studies (5, 18, 28)
suggest that daunorubicin will be most useful in combination
with other drugs.
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