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Cytosine Arabinoside With Daunorubicin or Adriamycin for
Therapy of Acute Myelocytic Leukemia: A CALGB Study

By Jerome Yates, Oliver Glidewell, Peter Wiernik, M. Robert Cooper, David Steinberg, Harvey Dosik, Robert Levy, Clark

Hoagland. Patrick Henry, Arlan Gottlieb, Cornelius Cornell, Jeffrey Berenberg, J. Lawrence Hutchison, Peter Raich,

Nis Nissen, Rose Ruth Ellison, Robert Frelick, G. Watson James, Geoffrey Falkson, Richard T. Silver,

Farid Haurani, Mark Green, Edward Henderson, Louis Leone, and James F. Holland

A randomized comparison of the relative efficacy and

toxicity of daunorubicin (DNR) at 30 or 45 mg/sq m or

adriamycin (ADM) at 30 mg/sq m. given on the first 3 days

of a 7-day continuous infusion of cytosine arabinoside

(ara-C) at 100 mg/sq rn/day, shows the outcome to be

dependent on anthracycline. dose. and patient age. DNR 45

is significantly better than DNR 30 or ADM 30 for inducing

complete remissions (CR) in patients younger than 60 yr.

(72%. 59%. 58% CRs. respectively). DNA 30 is better than

DNA 45 or ADM 30 for inducing CA in patients older than 60

T HE CANCER AND LEUKEMIA GROUP B

has been involved in studies of acute myelocytic

leukemia seriatim for 25 yr. Improved supportive care

and eflective aggressive chemotherapy have resulted in

an acceleration in progress in the past decade. Induc-

tion chemotherapy designed to minimize the period of

time at risk, newer antibacterial antibiotics, and plate-

let and white cell transfusions have all contributed. A

decreasing frequency of induction deaths has been

associated with increasing frequency of complete

remission.

This report presents the results of’ the third CALGB

study derived from data ofan early pilot study in which

treatment consisted of’ a 7-day continuous infusion of’

cytosine arabinoside (100 mg/sq m/day) and 3 daily
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yr (47%. 31 %. 35%. respectively). There was a correspond-

ing shift in the induction mortality for the age. dose, and

anthracycline groups. Adriamycin was significantly more

toxic to the gastrointestinal tract than daunorubicin. The

duration of complete remission, with cyclic courses of

maintenance therapy. was independent of the patient’s

age. the dose. or choice of anthracycline used in induction,

and of whether the maintenance courses were given every

4 wk or every 8 wk.

doses of daunorubicin given directly intravenously (45

nig/sq m/day).’ The pilot treatment (7&3 DNR 45)

produced 637 complete remissions for a group of

patients with acute myelocytic leukemia who had

received no prior therapy. This regimen, (7&3 DNR

45) was designed to overcome the inadequate marrow

ablation achieved with cytosine arabinoside (100 mg/

sq in/day) for S days and daunorubicin (45 mg/sq

rn/day) for 2 days (5&2 DNR 45).

CALGB protocol 7421 compared 5&2 DNR 45

with 7&3 DNR 45. The complete remission rate for

the 5&2 DNR 45 was 337 and for the 7&3 DNR 45

was 56g. CALGB protocol 7521 tested 7&3 DNR 45

with and without iiiirnunotherapy with the methanol

extractable resin (MER) of BCG. No significant dii-

I’erence between the two groups was found: the overall

complete remission rate was 457�,3 However, for the

first time in the CALGB experience. programs using

7&3 DNR 45 for induction therapy produced 3-yr

survivors in excess of l5� among the 1580 patients

treated. Seven-hundred and thirty-three complete

responders to 7&3 DNR 45 had a 35� chance of

surviving 3 yr.

Another pilot study conducted in a CALGB center

substituted adniamycin (30 mg/sq m) for daunorubi-

cm and resulted in a complete remission rate of 57%

for 21 patients.4 These equivalent results and the

potential reduction of induction exposure to anthracy-

dine led to the comparison of 7&3 DNR 45 with 7&3

ADR 30 as a next step. Because a superior result for

adniamycin in this comparison would leave the ques-

tion of possible benefit from its lower dose, a third

treatment was added to the design: this consisted of

ara-C and DNR at 30 mg/sq m/day x 3 (7&3 DNR

30).

Conventional maintenance chemotherapy for pa-
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Fig. 1 . LI . � = DNA. 30 or
45 mg/sq m, i.v.; II�1 = Ara-C,
100 mg/sq m/day x 7. iv.;

tIll = 6-TG 100/sq m q12 hr x
10, per oral; �::� = ADM. 30
mg/sq m, i.v.; �J = Ara-C 100
mg/sq m/q12 hr x 10, s.c.;
� - DNA or ADM as random-
ized; EJ = Prednisone, 40 mgI
sq m/day x 5. oral. v. Vincris-
tine 2 mg/sq m, i.v. Courses

within dotted lines were given
only if CR not previously
achieved.
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tients with AML who achieve remission consists of

courses of combination chemotherapy given at approx-

imately monthly intervals. Changes in the composition

of these drug combinations have not significantly

prolonged remissions. Responders to the early trial of

7&3 DNR 45 were also maintained with intermittent

combination chemotherapy, but the interval between

courses was 6 wk rather than 4.’ Furthermore, when

the interval between maintenance courses in 742 I and

7521 was extended because of hematologic toxicity,

patients with extended intervals had remissions of

indistinguishable durations from those adhering to the

monthly schedule. The sequence of maintenance ther-

apy selected was the most effective maintenance

schedule used in CALGB protocol 7521. In order to

determine the influence of the scheduling of mainte-

nance chemotherapy drugs, the study reported here

was designed to compare the effectiveness of monthly

maintenance courses with that of bimonthly courses.

The objectives of the present study were: ( I ) To

determine the relative efficacy and toxicity of dauno-

rubicin at 2 dose levels (45 mg/sq m/day x 3 or 30

mg/sq m/day x 3) and of adriamycin (30 mg/sq

m/day x 3) each given with a continuous 7-day

infusion of cytosine arabinoside (ara-C 100 mg/sq

m/day) for remission induction. (2) To determine the

comparative effects on remission duration of identical

maintenance therapy given at 4-wk or 8-wk intervals.

MATERIALS AND METHODS

From June 1977 to November 1979, 734 patients with acute

myelocytic leukemia. ranging in age from less than I yr to 84 yr.

entered the study. A total of 653 were evaluable (89�) after the

following exclusions: 21 were ineligible for the study (wrong diag-

noses or previous treatment with protocol drugs). 3 died before they

received any therapy. I was improperly randomized, 23 had records

inadequate for evaluation, and 33 were excluded because of major

protocol violations during induction. All patients with acute niyelo-

cytic leukemia, including descriptive variants (myeloblastic, pro-

myelocytic. myelomonocytic, monocytic, erythroleukemia, undiffer-

entiated myelocytic, and acute “nonlymphocytic”). were eligible for

study regardless of age. Patients with prior exposure to any of the

drugs used in the study were excluded. except those given cortico-

steriods for less than 4 wk. Diagnoses were established by bone

marrow aspirate or biopsy examination at the parent institution,

using accepted FAB morphological classification criteria and

CALGB cellularity criteria.�

All slides were submitted to the CALGB Central Office for review

by members of the leukemia morphology committee. Slides from all

653 evaluable patients were reviewed: although special staining

was not available for this morphology review, no patient was cx-

eluded because of this review process demonstrating diagnostic

disagreement.

Induction Therapy

After determination of eligibility, patients were randomized for

induction therapy: this consisted of an initial 7-day continuous

infusion ofcytosine arabinoside (ara-C) at 100 mg/sq rn/day with I

of the 3 anthracycline regimens for the first 3 days:

Regimen I: Daunorubicin 45 mg/sq rn/day (7&3 DNR 45)

Regimen II: Daunorubicin 30 mg/sq rn/day (7&3 DNR 30)

Regimen Ill: Adriarnycin 30 mg/sq rn/day (7&3 ADR 30)

The anthracycline was administered as an iv. bolus over 5 mm (see

Fig. 1 ). A bone marrow examination was performed on day I 4, and if

more than 5� of the remaining nucleated cells were leukemic. a

second induction course consisting of a continuous 5-day infusion of

ara-C and a 2-day course of the same anthracycline at the same dose

was administered. If the marrow was markedly hypocellular. treat-

ment was withheld and the marrow was reexamined I wk later. If a

second course of induction therapy was administered. the bone

marrow was reexamined on approximately day 28 (9 days after

completion of the second induction course). A third attempt at

induction similar to the second course was made for persistent

disease. If marrow findings were equivocal. the patient was observed

without additional therapy until the marrow examination was

repeated in 4�7 days. A decision was made at that time whether the

marrow findings represented normal regeneration or recurrent dis-

ease.

Prior to induction therapy. the patients were stabilized by transfu-

sions of red cells, white blood cells, and platelets. Antibiotics were

STUDY DESIGN FOR PROTOCOL CLB 7721
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employed as indicated. A concentrated specimen of cerebral spinal

fluid (CSF) was examined using either a suction filter or cytocentri-

fuge. Patients who demonstrated leukemic cells in their CSF were

treated with intrathecal ara-C, 30 mg/sq m every 4 days until the

disappearance of the cells. The total intrathecal dose per single

injection did not exceed 50 mg. Following elimination of leukemic

cells, intrathecal injections of cytosine arabinoside were given every

4 wk until relapse. No therapy was administered for occult central

nervous system disease.

Therapy Modijications

Induction drug doses were not modified on the basis of changes in

the peripheral blood. Marrow examination only was used to guide

decisions about antileukemic therapy.

In the presence of severe stomatitis or pharyngitis (upper airway

mucositis and inflammation of sufficient extent to consider or

perform a tracheostomy). induction chemotherapy was interrupted

and resumed at 50� dosage following recovery.

Abnormal liver function, indicated by bilirubin levels greater than

2 mg/dl. elevations of serum aminotransferases (glutamic-oxalo-

acetic and glutamic-pyruvic) or ofalkaline phosphatase to twice the

upper limit of the normal value (not thought to be attributable to the

leukemia per se) were indications to reduce the daily dose of

anthracyclinc by 50�3 during that particular course. Patients demon-

strating renal failure had both of their chemotherapeutic agents

interrupted and reinitiated at doses tailored by the individual

investigators based on pharmacologic data and the patients’s level of

renal function.

Complete remission status was defined as a normal cellular

marrow with normal erythroid and myeloid elements and with

myeloblasts. promyelocytes and other leukemic cells totaling less

than 5’T, and with normal peripheral blood platelet and white blood

cell counts. Patients having more than 5(7 myeloblasts but fewer

than 25�, with an otherwise normal marrow, were considered to be

in partial remission (M2). Upon attaining complete remission status

(or partial remission status for those patients experiencing severe

toxicity or completing three induction courses), patients were ran-

domized to receive maintenance therapy.

Maintenance Therapy

Patients were randomized to receive cyclic maintenance at 4 or

8-wk intervals between courses, as seen in Fig. I . Each cycle was

comprised of four courses consisting of ara-C 100 mg/sq m given

subcutaneously every 12 hr for 10 doses, given concomitantly with

each of the following drugs given serially:

Course I: 6-Thioguanine, 100 mg/sq m orally every 12 hr for 5

days

Course 2: Prednisone 40 mg/sq m orally per day for 5 days

(maximum daily dose 100 mg) and vincristine 1 mg/sq

m iv. on the first day (maximum single dose 2 mg)

Course 3: The induction anthracycline given for 2 successive daily

doses at either 30 or 45 mg/sq m

Course 4: A repeat of the second course

This cycle of four courses of maintenance therapy was repeated

until patients achieved a maximum cumulative dose of anthracycline

of 510 mg/sq m; thereafter, the anthracycline was replaced by

6-thioguanine. Maintenance therapy was given for 3 yr to those

beginning maintenance before October 1978, and for 2 yr to those

beginning maintenance after October 1978. Maintenance therapy

was discontinued and patients were taken off the protocol if they

clearly demonstrated evidence of relapse by packed myeloblastic

marrows or marrows with myeloblasts containing Auer rods. If

relapse was questionable, two marrow examinations were performed

at an interval of 2 wk. If more than 25% of the nucleated marrow

cells were leukemic, the patient was considered to be in relapse.

Dose modifications of maintenance treatment because of toxicity

were as follows: vincristine toxicity, manifested by disabling pares-

thesias, called for a 50% reduction in the subsequent dose. Severe

disability necessitated complete withdrawal of the drug. Patients

with active peptic ulcer disease, severe uncontrollable diabetes

mellitus, or steroid psychosis did not continue on therapy with

corticosteroids. Suspected anthracycline-induced cardiac toxicity

necessitated suspension of all further anthracycline therapy. In

patients demonstrating probable drug-induced hepatic toxicity, the

dose of vincristine, 6-thioguanine. adriamycin, or daunorubicin was

reduced by 50% if the serum bilirubin was 3-5 mg/dl; these drugs

were not given if bilirubin exceeded 5 mg/dl.

Evaluation (�riteria

All evaluable patients were included in the assessment of

frequency and duration of treatment response, morbidity and mor-

tality from disease and treatment, and survival. Tabular and life

table data were analyzed using conventional statistical methods.

Tests of statistical significance were performed using the common

chi-square test of independence6 and multivariate logistic regression

models proposed by Cox.’8

RESULTS

Table I presents the on-study characteristics for the

patient population treated on each of the three induc-

tion programs. These potentially prognostic features

Table 1 . On-Study P atient Characteristics

7&3 7&3 7&3

Treatment DNR 45 DNR 30 ADR 30

Number evaluable 226 213 214

Initial characteristic

Percent males 5 1 50 59

Meanage 47 48 49

Percent < 20 yr 12 13 7

Percent > 60 yr 30 34 40

Percent AML (M 1 and M2) 72 75 66

PercentAMML(M4) 19 13 23

Median percent leukemia ele-

ments in marrow 76 78 78

Percent packed marrows 53 6 1 61

Median hemoglobin (gm/dl) 9.3 9.0 9.2

Median platelet (Count/MI) 48.000 45,000 51.000

Percent < 30,000 platelets/MI 32 33 33

Median WBC/�zl (x 1000) 14.7 1 1 .9 16.9

Percent < 4000 WBC/�zI 26 32 23

Percent > 1 00,000 WBC/Ml 1 5 1 4 13

Percent > 80% circulating leuke-

mia cells 20 22 19

Median percent circulating leuke-

mia cells 34 39 42

Percent with serious infection 7 9 1 1

Percent with enlarged liver I> 4

cm) 12 10 16

Percent with enlarged spleen ( �

cm) 10 10 7

Percent with enlarged nodes 1 8 1 7 14

Percent skin tested (PPD, Candi-

da, SKSD. mumps) 69 68 72

Percent positive if tested 59 58 62
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Fig. 2. The diagonally
shaded bars show the percent-
age of patients achieving com-
plete remission in each age
group for each of the three

treatments. The horizontal
shaded bars show the percent-
age of patients in the corre-
sponding group that did not
survive the induction therapy.
See Table 2 for the numbers of
patients in each group.
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are generally within the range of expected random

variation in the three groups. Instances in which

differences in these characteristics might have biased

results (the higher frequency of males and of patients

over 60 yr in the ADR 30 group, for example) have

been taken into account in subsequent analyses.

The age-specific complete remission (CR) frequen-

cies are presented in Table 2. When standardized to a

uniform age distribution, the overall complete remis-

sion frequencies for the three regimens are 1 25/226

(58%, DNR 45), 1 17/213 (55%, DNR 30), and 105/

214 (50%, ADR 30). Despite these large sample sizes,

there are no statistically significant differences

between groups using overall or age standardized

results. There is, however, a highly significant interac-

tion between the probability of CR with either of the

two DNR doses and the patient’s age. Figure 2 shows a

monotonic decrease in the CR frequency with increas-

ing age in the DNR 45 group, while the CR frequency

for DNR 30 remains relatively stable in the older

patients. Conversely, there is a dramatic increase in

deaths among patients aged 60 or over in the DNR 45

group, while deaths in that age range for the DNR 30

group are only moderately increased. The ADR 30

results parallel those of the DN R 45 group.

These data are sufficient to consider those patients

under the age of 60 yr as a diflerent population from

those over 60 yr. When analyzed from that viewpoint,

the CR frequency with DNR 45 (72%) is significantly

higher than that with DNR 30 (59%, p < 0.03) for

patients under 60 yr: while for patients over 60 yr. the

CR rate for DNR 30 (47%) is significantly higher than

that for DNR 45 (3l%,p < 0.05). The DNR 45 results

Table 2. lndu ction Re suIts by Trea tment and Age

Treatment Age

Number
Evaluated

Percent
CR

Percent

Died

7&3DNR45

(
�

..:�

I
L

.20

20-39

40-59

60-69

�-7O

27

49

82

44

24

85

76

65

36

21

4

16

21

50

65

7&3DNR3O

(
I

.‘:�

I
�.-

.20

20-39

40-59

60-69

�-70

28

40

72

45

28

71

73

47

49

43

11

18

29

42

47

7&3ADR3O

I
�

�

�

(.,

.20

20-39

40-59

60-69

-70

15

54

60

63

22

87

59

48

41

23

7

32

32

54

64

in the younger patients were also superior to the ADR

30 results in that group (58�7. p < 0.02), although in

the older patients, these two regimens gave similar

results (35’�( CR for ADR 3O:p = 0.60). DNR 30 also

produced a higher frequency of CR than ADR 30 in

the older patients (47c(�), but the difference is not

statistically significant (p = 0.14).

The immediate causes of the higher mortality

among the older patients receiving DNR 45 (54%), or

ADR 30 (57(7(), over that seen with DNR 30 (4V4)

could not be adequately analyzed because of limited

sample sizes. There were 37 deaths among patients

over 60 treated with DNR 45. Nine showed persistent

leukemia in their marrows: 10 had aplastic marrows,

but the marrow status could not be determined for I 8
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patients. There were 30 deaths in the DNR 30 older

age group. Three of these patients had leukemic mar-

rows, 6 were aplastic. and 2 1 could not be classified. In

the older group treated with ADR 30, there were 48

deaths. S in patients with leukemic niarrows, 7 with

aplastic. and 33 not classifIable.

These signifIcant relationships among treatment,

age, response. and mortality were confirmed by multi-
variate analyses. Taking into account each patient’s

sex. initial white blood count, initial platelet count,

infection at initiation of treatment, and hepatic and/or

splenic enlargement, DNR 45 is statistically signifi-

cantlv superior to DNR 30 and to ADR 30 for patients

under 60 yr and is inferior to DN R 30 for patients over

60 yr.

Sevcnty-f’our percent of’ the younger patients treated

with DNR 45 who achieved CR did so after one course

of therapy, while 67� and 65Y of the DNR 30 and

ADR 30. respectively. complete responders achieved

that st�itus after the first course. These differences are

not statistically signifIcant. Aiiiong the older patients

achieving CR. fi7(�; ofthe DNR 45 group required only

one course. 717 of the l)NR 30 group, and 81� of

Al)R 30 group. Repeated courses were of benefit for

50!11C patients. however, as 9/29 younger patients and

6/ I 5 older patients who received three courses

achieved CR. No important differences among the

three treatiiients could be recognized with respect to

the number of courses required to achieve CR or the

probability of CR after each course.

As a result of the (‘SF examination at stud� entry,

49 patients were found to have CNS leukemia (7,57�).

This localization did not reduce the chance of achiev-

ing CR: 78� (14/18) of’ the DNR 45 patients with

1

I

11

Table 3. Freque ncy of Severe Complications Dun

Therapy (% of Patients)

ng Induction

Induction Treatment 7&3 DNR 45 7&3 DNR 30

Age: . 60 60 . 60 ‘60
7&3 ADR 30
. 60 -60

Comphcation

Infection 28 66 36 41 47 54

Hemorrhage 16 21 21 21 22 32

Hepatic 1 3 1 1 0 1

Rena) 4 10 7 15 11 7

G) 0 4 1 3 13 13

Cardiac 4 6 4 8 5 7

CSF involvement achieved CR, as did 75� (9/12) of

the DNR 30 group and 427 (8/19) of ADR 30. The

remissions of these patients were, however, short, with

marrow relapse medians occurring at 6, 7, and 9 mo,

respectively. The occurrence of CNS leukemia at

presentation appeared to be unrelated to the age of the

patient.

Table 3 presents toxicity data from the three induc-

tion programs. The frequency of severe hemorrhagic,

infectious, and cardiac complications is similar for

each. Gastrointestinal toxicity occurred more fre-

quently in the group receiving adriamycin. Figure 3

illustrates the relative occurrence and severity of sto-

matitis, the most common foriii of gastrointestinal

toxicity occurring with these induction programs.

Patients experiencing airway obstruction from pharyn-

geal necrosis and edema, and considered possible can-

didates for a tracheostomy, were classified as having

either severe or life-threatening stomatitis. Those

thought to have clinical infections from herpes simplex

or candidiasis were excluded from this tabulation of

toxicity.

A condition best described as “necrotizing colitis,”

Patients
45 mg/M2 x 3d

DNA

30mg 3d

DNR
+

Ara C 100 mg/M2x7d

30 mg/M2x3d

ADR

Fig. 3. Numbers show the fre-
quency of patients experiencing
stomatitis of different severity as a
result of the different induction
therapies.
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REMISSION DURATION
Total Maintenance Therapy

75.

25’

MONTHS FROM ONSET AX

Monthly 82/156 64 18 141
.---. Bimontly 91/156 79 17 151

A COMPARISON OF ANTHRACYCLINES IN AML 459

Table 4. Necrotizin g Colitis

Treatment Age Sex Outcome Day of Death

A. Biopsy-proven diagnosis

7&3 ADA 30 13 F Surgical treatment - Symptoms day 2

7&3 ADA 30 42 F Surgical treatment - Symptoms day 6

7&3 ADR 30 71 M Death’ 10

B. Probable diagnosis supported by clinical and/or autopsy diagnosis

7&3 ADA 30 41 F Death 6

7&3ADA3O 29 M Death’ 12

7&3ADA3O 69 M Death 12

7&3 ADA 30 62 M Death 16

7&3ADA3O 76 M Death 18

7&3 ADR 30 25 F Death 25

7&3 ADA 30 70 M Death 27

(2nd course)

7&3 ADA 30 50 M Death’ 28

(2nd course)

7&3 ADA 30 60 M Death 49

( 1 at and 2nd course)

7&3 DNA 45 78 F Survival -�- Symptoms day 7

‘Auto psy performed.

often resulting in death, was seen in I 2 patients

receiving 7&3 ADR 30 and one patient receiving 7&3

DNR 45. All 13 patients had severe GI bleeding, and

in 2, the diagnosis was documented by surgical biopsy

and in 4 by autopsy specimens (see Table 4). Patients

with generalized bleeding, colonic organisms capable

of producing colitis, or exposure to antibiotics known to

produce pseudomembranous colitis were not included

in this subset of patients with gastrointestinal toxicity.

Biopsy specimens present from 3 of the I 3 patients

clearly demonstrated colonic mucosal necrosis without

evidence of bacterial infection. Two patients who had

received 7&3 ADR 30 were taken to surgery for

abdominal catastrophes and survived. A third survivor

had received 7&3 DNR 45. Among the patients

receiving 7&3 ADR 30, the percentage of patients

experiencing “necrotizing colitis” was 4.7 for those less

than 60 yr of age, 4.8 for those 60-69, and 13.6 for

those 70 and older.

Of the 356 complete responders to induction thera-

py, I I patients relapsed and 6 died in CR prior to

randomization for maintenance therapy. Four others

were lost to follow-up and 8 refused the randomization.

An additional I 5 patients were treated incorrectly

during the first maintenance cycle and were excluded

from evaluation of remission duration. There were thus

3 1 2 complete responders evaluable for the mainte-

nance portion of the study. They were equally divided

between the 4-wk and the 8-wk intervals between

courses.

Figure 4 compares the effect of monthly or

bimonthly scheduling of maintenance therapy upon

complete remission duration. Overall, the median

duration is 12 mo; the exponential railure rate is

5�/mo. The uniform effect of these two schedules

overall is also evident within each induction therapy

group. the exponential failure rate never dropping

below 4�/mo nor rising above 5’7 in any of the 6

subgroups. A similar absence of therapeutic effect on

duration of remission is seen in Fig. 5, where the overall

results for each induction regimen are compared.
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Fig. 4. Life table plot of the probability of failure after achiev-
ing complete remission for patients with monthly or bimonthly
courses of maintenance treatment. The fractions present the
number of failed patients over the number beginning the treat-
ment. The numbers following the fraction give the number under
observation at 12 mo. 24 mo, and, in parentheses. the number
observed beyondThe last failure.
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REMISSION DURATION
Total Induction Therapy

DNR45 66/122 57 14 141
.-...DNR3O 59/103 43 11 1101
IuI.i.IusimI ADM 30 48/ 87 43 11 14 I

Fig. 5. Life table plot of the probability of failure after achiev-
ing complete remission for patients induced with the different

anthracycline regimens. The fractions show the number of failed
patients over the number of complete responders in each treat-
ment who began maintenance. The numbers following the fraction
show the number under observation at 12 and 24 mo, and, in

parentheses. the number observed beyond the last failure.

In contrast to the probability of attaining complete

remission, the age of the patient had no significant

influence on the duration of remission (see Fig. 6).

DISCUSSION

Age confers an increased risk of’ death during

attempted remission induction in patients with acute

iiiyeloc�tic leukemia. Because only a minority of

patients denionstrate persistent leukemic cell popula-

lions resistant to induction therapy. the assumption

that iliost will achieve remission if they survive seems

reasonable. Although others have noted an improved

number of remissions in younger patients, this might

better be termed less induction mortality. The striking

inverse relationship between remission and death is

clearly shown in Fig. 2. The lower percentage of deaths

in the elderly undergoing induction leads to the appar-

ent superiority of treatment for those equal to or

greater than 60 by 7&3 DNR 30. Analysis of results

stratifying for age provides more useful information

than merely reporting aggregated remission results.

Earlier reports of CALGB studies clearly demon-

strated an inverse relationship between age and

response in the treatment of AME..’#{176}

Our results would appear to conflict with a group of

REMISSION DURATION

Fig. 6. Life table plot of the probability of failure after achiev-

ing complete remission for patients in different age groups (all

treatments combined).

single institution studies suggesting complete remis-

sion rates in approximately 507-767 when treating

patients over the age of 60.” ‘� Two partial explana-

tions f’cr these differences appear plausible. The first is

that the high-dose daunorubicin and the adriamycin

dosage in this study are excessive for the elderly. The

lower dose of daunorubicin did provide the best results

among the elderly patients in this study, and other

successful treatment programs using lower doses of

adrianiycin as part of a combination have been

rcported.� The second explanation requires an

assumption that is difficult to quantitate but clinically

apparent: there is great diversity among the elderly in

withstanding the morbidity and mortality of acute

leukemia and its treatnient. This diversity often

requires investigators to make clinical judgments

about the appropriateness of therapy for each individ-

ual and introduces serious selection bias at sonic

institutions. Even though centers treating such patients

treat all elderly patients, referring physicians may

decline referral for those considered too frail to with-

stand the treatment. In younger patients, there are

greater emotional expectations stimulating referral for

aggressive therapy even in the most adverse situations,

thus this selection bias is less likely to occur. Although

the same problem may occur to some extent in multi-

institutional studies, the protocol treatment of the

elderly irrespective of clinical status is more likely, just

as in single institution pilot studies there is a reluctance

to place high-risk patients on study. Patient selection

represents a partial explanation for the impressive pilot
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results from single institutions using comparable ther-

apies, as seen in Table 5. Also, better induction results

in patients less than 50 are to be expected and cross-

study comparisons should include age effects as an

important component in their �

The superiority of daunorubicin over adriamycin

when each is given in combination with ara-C results

from the higher mortality from infection and/or gas-

trointestinal toxicity occurring with adriamycin. The

gastrointestinal tract offers a significant portal of

entry for endogenous infection, particularly in patients

made granulocytopenic and immunosuppressed from

disease and treatment. There has been great variation

in definition and reporting of stomatitis in patients

receiving adriamycin, but its occurrence has been

reported to be as high as 75%#{149}20 Transient mucosal

necrosis and mitotic arrest of gastrointestinal epithe-

hum in mice from cytosine arabinoside has been

described!’ These changes have also been described in

patients receiving ara-C with cyclophosphamide and

vincristine.22 Although the occurrence of stomatitis is

not established to be age-related in this study, the

doubling of the incidence of recognized “necrotizing

colitis” in patients over the age of 70 compared with

younger patients suggests an age-associated disadvan-

tage. The apparent increased occurrence in the older

patients may result from their inability to survive the

insult. The mucosal injury and its persistence, leading

to an increased infectious morbidity and mortality in

the older patients, probably results from a variety of

interrelated factors including less effective repair

mechanisms.

The usually lethal necrotizing colitis described in

this study associated with anthracycline therapy was

originally described in a young boy who succumbed 24

hr after intravenous injection of I .4 mg/kg of daunoru-

bicin.23 “Spontaneous cleavage of mucosa from

underlying layers” was described at autopsy. The 13

patients similarly afflicted in the present study all

developed massive hemorrhage: 10 died early during

their induction therapy. Two of the three survivors

underwent successful surgical intervention. It is proba-

ble that other patients with GI hemorrhage in this

study may have had less extensive intestinal mucosal

necrosis and survived this insult without diagnosis.

Speculation about the role of the continuous infusion

ara-C inhibiting cellular regeneration following an

anthracycline insult is interesting but diflicult to study

in patients undergoing active therapy for AML. The

increased frequency of this complication seen with

ara-C and adriamycin supports the impression that

daunorubicin causes less gastrointestinal damage and

therefore less infectious risk for patients undergoing

induction therapy in AML.

The greater frequency ofremissions with 7&3 DNR

30 in patients over 60 yr may occur because the tumor

is sensitive at these doses without the superimposed

increased mortality of the higher dose of daunorubicin.

Improved responses from steep dose-response relation-

ships are important but are of little value when patients

succumb to treatment complications.24 When selecting

drugs and doses for therapy, age-imposed differences

in non-neoplastic tolerance may significantly affect the

overall patient outcome.

For those who attain remission, the duration of

remission does not appear to be influenced by either

the induction or maintenance programs studied. Once

remission is achieved, age does not appear to play a

role in the duration of this remission, although there is

a suggestion that older patients may even enjoy a slight

advantage. These data support the contention that

eflective early control of disease with aggressive ther-

apy offers patients the greatest chance for prolonged

remissions.

We conclude that daunorubicin is a less toxic and at

least equally effective anthracycline compared to

Ta ble 5. Improved Results From Single Institutions

Number of Complete

Treatment Patients Remission )%) Reference

DNA 45 mg/sq m day 1 -3 18 63 Yates et al.

Ara-C lOOmg/sqmday 1-7

DNR 45 mg/sq m day 1 -3 2 1 67 Casseleth and Katz16

Ara-C lOOmg/sqmday 1-7

DNR 60 mg/sq m day 5-7 107 76 Foon et al.#{176}

Ara-C 100 mg/sq m bid. day 1-7

TG 100 mg/sq m bid. day 1-7

DNR 50 mg/sq m day 1 20 85 Aees et al.7

Ara-C 1 00 mg/sq m bid. day 1 -5

TG 100 mg/sq m bid. day 1-5

ADA 30 mg/sq m day 1 -3 2 1 57 Preisler et al.4

Ara-C lOOmg/sqmday 1-7

ADR 30 mg/sq m day 1 -3 46 72 Preisler et al.8

Ara-C lOOmg/sqmday 1-10

D
ow

nloaded from
 https://ashpublications.org/blood/article-pdf/60/2/454/589498/454.pdf by guest on 12 M

arch 2020



462 YATES ETAL.

adrianiycin for use with ara-C in inducing remission of

AML. Thedoseof45 mg/sq iii x 3 ofdaunorubicin is

superior in patients under age 60. The decreased

advantage of adriamycin for patients under the age of

60 results from increased induction mortality and not

ineffective antileukemic activity. Adriamycin used in

more conservative induction doses may avoid life-

threatening toxicity, although pilot results using adria-

mycin at protocol doses in 86 patients failed to reveal

excessive toxicity.4’t Adriamycin treatment more com-

monly results in stomatitis and “necrotizing colitis.”

Similar durations of complete response are observed

when cyclic sequential maintenance therapy with ara-

C and 6-thioguanine; ara-C, vincristine, and predni-

sone: ara-C and anthracycline (as used for induction)�

and ara-C, vincristine, and prednisone is employed

every 4 or every 8 wk.
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