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A

 

BSTRACT

 

Background

 

All-

 

trans

 

-retinoic acid induces com-
plete remission in acute promyelocytic leukemia. How-
ever, it is not clear whether induction therapy with
all-

 

trans

 

-retinoic acid is superior to chemotherapy
alone or whether maintenance treatment with all-

 

trans

 

-retinoic acid improves outcome.

 

Methods

 

Three hundred forty-six patients with
previously untreated acute promyelocytic leukemia
were randomly assigned to receive all-

 

trans

 

-retinoic
acid or daunorubicin plus cytarabine as induction
treatment. Patients who had a complete remission
received consolidation therapy consisting of one cy-
cle of treatment identical to the induction chemo-
therapy, then high-dose cytarabine plus daunorubi-
cin. Patients still in complete remission after two
cycles of consolidation therapy were then randomly
assigned to maintenance treatment with all-

 

trans

 

-
retinoic acid or to observation.

 

Results

 

Of the 174 patients treated with chemo-
therapy, 120 (69 percent) had a complete remission,
as did 124 of the 172 (72 percent) given all-

 

trans

 

-ret-
inoic acid (P

 

�

 

0.56). When both induction and main-
tenance treatments were taken into account, the es-
timated rates of disease-free survival at one, two,
and three years were 77, 61, and 55 percent, respec-
tively, for patients assigned to chemotherapy then
all-

 

trans

 

-retinoic acid; 86, 75, and 75 percent for all-

 

trans-

 

retinoic acid then all-

 

trans

 

-retinoic acid; 75, 60,
and 60 percent for all-

 

trans

 

-retinoic acid then obser-
vation; and 29, 18, and 18 percent for chemotherapy
then observation. By intention-to-treat analysis, the
rates of overall survival at one, two, and three years
after entry into the study were 75, 57, and 50 per-
cent, respectively, among patients assigned to che-
motherapy, and 82, 72, and 67 percent among those
assigned to all-

 

trans

 

-retinoic acid (P

 

�

 

0.003).

 

Conclusions

 

All-

 

trans

 

-retinoic acid as induction or
maintenance treatment improves disease-free and
overall survival as compared with chemotherapy
alone and should be included in the treatment of
acute promyelocytic leukemia. (N Engl J Med 1997;
337:1021-8.)
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CUTE promyelocytic leukemia is a dis-
tinct subtype of acute myeloid leukemia

 

1

 

in which a balanced reciprocal transloca-
tion between chromosomes 15 and 17 re-

sults in the union of portions of the promyelocytic
leukemia gene with the gene for retinoic acid recep-
tor alpha.

 

2

 

 This chimeric gene encodes the promye-
locytic leukemia–retinoic acid receptor alpha fusion
protein.

 

3-6

 

 Although 65 to 80 percent of patients
with acute promyelocytic leukemia have a complete
remission with standard chemotherapy,

 

7,8

 

 approxi-
mately 10 to 20 percent die either before or during
chemotherapy of bleeding attributable to dissemi-
nated intravascular coagulation, fibrinolysis, and pro-
teolysis.

 

9

 

 All-

 

trans

 

-retinoic acid differentiates leuke-
mic promyelocytes into mature cells.

 

10,11

 

 Phase 2
clinical trials have demonstrated that all-

 

trans

 

-reti-
noic acid induces complete remission in most pa-
tients, with rapid resolution of the coagulopathy and
few deaths during induction therapy.

 

12-19

 

 The dura-
tion of complete remission with all-

 

trans

 

-retinoic
acid alone is usually brief, and postremission chemo-
therapy is required to diminish the likelihood of re-
lapse.

 

12-19

 

 This study was designed to compare the
rates of complete remission, disease-free survival,

A
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overall survival, and toxic effects associated with all-

 

trans

 

-retinoic acid therapy with those associated with
conventional chemotherapy in patients with previ-
ously untreated acute promyelocytic leukemia and to
determine the value of maintenance therapy with all-

 

trans

 

-retinoic acid.

 

METHODS

 

Eligibility Criteria

 

The eligibility criteria were a diagnosis of acute promyelocytic
leukemia established on the basis of bone marrow morphology,
no prior chemotherapy except hydroxyurea, normal hepatic and
renal function, and an Eastern Cooperative Oncology Group per-
formance status of 0 (normal activity) to 3 (in bed more than 50
percent of the time). Cytogenetic evaluation for t(15;17) was
mandatory; however, the results did not affect eligibility. The di-
agnostic bone marrow findings were centrally reviewed within
each cooperative group. The immunophenotypic and molecular
analyses were performed according to the guidelines of each par-
ticipating cooperative group and are not described here.

 

Study Design

 

Induction Therapy

 

Patients were randomly assigned to receive either 45 mg of
daunorubicin per square meter of body-surface area per day by in-
travenous bolus on days 1 through 3, plus 100 mg of cytarabine
per square meter per day by continuous intravenous infusion on
days 1 through 7; or 45 mg of all-

 

trans

 

-retinoic acid (Vesanoid,
Hoffmann–LaRoche, Nutley, N.J.) per square meter per day oral-
ly, divided into two doses given every 12 hours. Patients less than
three years of age received either all-

 

trans

 

-retinoic acid, as de-
scribed, or 1.5 mg of daunorubicin per kilogram of body weight
per day by intravenous infusion on days 1 through 3, plus 3.3 mg
of cytarabine per kilogram per day by continuous intravenous in-
fusion on days 1 through 7. For patients assigned to cytotoxic
chemotherapy, a second induction cycle with identical doses and
schedules was given if disseminated intravascular coagulation re-
curred or the fibrinogen level declined and 50 percent or more
of the promyelocytes in the bone marrow were abnormal after the
first cycle. If the white-cell count was more than 10,000 per cubic
millimeter, hydroxyurea was given before all-

 

trans

 

-retinoic acid.
Patients received all-

 

trans

 

-retinoic acid until complete remission
occurred, or for a maximum of 90 days. When serious toxic ef-
fects occurred, all-

 

trans

 

-retinoic acid was withheld until the ef-
fects diminished to a mild level and was then resumed at 75 per-
cent of the initial dose. Patients who had unacceptable levels of
toxic effects while taking all-

 

trans

 

-retinoic acid or who did not
have a complete remission after a maximum of 90 days crossed
over to chemotherapy. All-

 

trans

 

-retinoic acid was supplied by the
National Cancer Institute. Patients who did not have a complete
remission with chemotherapy received no further protocol thera-
py and were treated at the physician’s discretion.

 

Consolidation Therapy

 

Patients who had a complete remission with chemotherapy or
all-

 

trans

 

-retinoic acid received two cycles of consolidation thera-
py. The first cycle was identical to the induction chemotherapy.
The second cycle consisted of high-dose cytarabine (2 g per square
meter) as a 1-hour intravenous infusion every 12 hours for four
consecutive days, with 45 mg of daunorubicin per square meter
per day by intravenous infusion on days 1 and 2. For patients less
than three years of age, the second cycle consisted of 67 mg of
cytarabine per kilogram as a 1-hour intravenous infusion every 12
hours for four consecutive days, with 1.5 mg of daunorubicin per
kilogram per day by intravenous infusion on days 1 and 2.

 

Maintenance Therapy

 

Patients in complete remission after both cycles of consolida-
tion chemotherapy, irrespective of which induction therapy they
had received, were randomly assigned either to a maintenance
regimen of 45 mg of all-

 

trans

 

-retinoic acid per square meter per
day given orally in divided doses every 12 hours for one year or
to observation. Patients who were intolerant of induction therapy
with all-

 

trans

 

-retinoic acid were directly assigned to observation.

 

Definition of Outcome

 

Toxic effects were graded according to the Common Toxicity
Criteria of the National Cancer Institute. Complete remission
and relapse were defined according to National Cancer Institute
criteria.

 

20

 

 Patients who were in clinical complete remission that
was not confirmed by bone marrow findings were considered not
to have had a response. Disease-free survival was defined as the
time from the beginning of complete remission to relapse, death
from any cause, or censoring of the data on the patient.

 

Supportive Care

 

Coagulopathy was treated at the physician’s discretion. If the
white-cell count rose during therapy to more than 30,000 per cu-
bic millimeter, all-

 

trans

 

-retinoic acid was stopped, hydroxyurea
was given until the white-cell count decreased to 10,000 per cu-
bic millimeter, and then all-

 

trans

 

-retinoic acid was resumed.

 

Management of Retinoic Acid Syndrome

 

Retinoic acid syndrome was diagnosed in patients with unex-
plained fever, weight gain, respiratory distress, interstitial pulmo-
nary infiltrates, and pleural or pericardial effusions.

 

21

 

 All-

 

trans

 

-ret-
inoic acid was discontinued at the earliest signs of the syndrome,
and dexamethasone was instituted (10 mg twice daily) for at least
three days. After resolution of the symptoms, all-

 

trans

 

-retinoic
acid was resumed at 75 percent of the initial dose. If there was
no recurrence, the dose of all-

 

trans

 

-retinoic acid was increased to
the initial dose after three to five days.

 

Statistical Analysis

 

Univariate associations between dichotomous variables were
evaluated with Fisher’s exact test. Associations involving ordered
categorical variables were evaluated with the Wilcoxon rank-sum
test.

 

22

 

 Analyses of the joint association of multiple variables with
response were performed with logistic regression. Univariate and
multivariate analyses of disease-free survival and overall survival
were performed with proportional-hazards regression. Survival
distributions were estimated with the methods of Kaplan and
Meier.

 

23

 

This study was designed with formal interim monitoring in-
volving three planned analyses with an O’Brien–Fleming bound-
ary. The study was unblinded by the Eastern Cooperative Oncol-
ogy Group Data Monitoring Committee at the second analysis
with 50 percent of the data available because of conclusive differ-
ences in disease-free survival between the two induction-therapy
groups. The following groups of patients were excluded from the
analyses of toxic effects and response to induction and mainte-
nance therapy: patients who were removed from the study after
randomization but before initiation of any study medication, be-
cause of their medical condition; patients who were found not to
meet entry criteria on review; patients who were found not to
have acute promyelocytic leukemia on review of bone marrow
morphology; and patients on whom too little information was
provided after the initiation of therapy. All patients with a con-
firmed complete remission who were enrolled in the study were
considered in the analyses of maintenance therapy, although pa-
tients assigned directly to observation were omitted from analyses
comparing the randomized treatment groups. To avoid bias, pa-
tients who had a complete remission after crossing over to che-
motherapy were omitted from the primary analyses of induction
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and maintenance therapy, since crossover to all-

 

trans

 

-retinoic acid
was not available to patients assigned to induction chemotherapy
who did not have a complete remission.

 

RESULTS

 

Accrual

 

Four hundred one patients from six cooperative
oncology groups were enrolled in the study between
April 1992 and February 1995. The data were ana-
lyzed as of February 1997. Of these 401 patients,
55 were excluded from detailed analysis: 23 because
they did not have acute promyelocytic leukemia ac-
cording to morphologic criteria, 14 because of their
medical condition before any study treatment was
given, 7 because they did not meet the entry crite-
ria, and 11 because data on them were inadequate.
Thus, 346 patients who could be evaluated were in-
cluded in the analyses of the toxic effects and the
outcome of the induction treatment, and 378 were
included in the intention-to-treat analysis of surviv-
al. The characteristics of the 346 patients who could
be evaluated are shown in Table 1.

 

Induction Therapy

 

Complete Remission

 

Of the 174 patients who could be evaluated and
who received chemotherapy, 120 (69 percent) had a
complete remission, and of the 172 patients who
could be evaluated and who were treated with all-

 

trans

 

-retinoic acid, 124 (72 percent) had a complete
remission (P

 

�

 

0.56). The rates of complete remis-
sion in patients with and without the microgranular
variant (M3v) of acute promyelocytic leukemia were
essentially the same (70 and 75 percent, respective-
ly). The rate of complete remission for the 221 pa-
tients with t(15;17), by standard karyotyping, was
72 percent: 81 of 117 patients given chemotherapy
(69 percent) and 79 of 104 patients treated with all-

 

trans

 

-retinoic acid (76 percent, P

 

�

 

0.29). The rate
of complete remission for the 22 patients lacking
t(15;17) was 61 percent: 7 of 10 patients receiving
chemotherapy (70 percent) and 6 of 12 patients re-
ceiving all-

 

trans

 

-retinoic acid (50 percent, P

 

�

 

0.67).
Four of the six patients receiving all-

 

trans

 

-retinoic
acid who lacked t(15;17) and who had a complete
remission tested positive for the promyelocytic leu-
kemia–retinoic acid receptor alpha fusion transcript.
The molecular analyses for the promyelocytic leuke-
mia–retinoic acid receptor alpha fusion transcript
have been described elsewhere.

 

24

 

Crossover Patients

 

Fifteen patients assigned to induction therapy
with all-

 

trans

 

-retinoic acid discontinued the drug
because of resistant disease (4 patients) or toxic ef-
fects (11 patients) and crossed over to chemothera-
py. The toxic effects in these 11 patients included

acute thyroiditis, pulmonary hemorrhage, and vascu-
litis in 1 patient each and the retinoic acid syndrome
in 8 patients. The four patients with resistant disease
received all-

 

trans

 

-retinoic acid for 15, 24, 29, and 98
days. One of these four patients was positive for the
promyelocytic leukemia–retinoic acid receptor alpha
fusion transcript, and the others were negative. Ten
of the 15 patients who discontinued all-

 

trans

 

-reti-
noic acid had a complete remission with chemother-
apy. The cytogenetic findings in the 15 patients were
as follows: t(15;17), 8 patients; trisomy 8, 1 patient;
t(11;17), 1 patient; normal, 1 patient; and unknown,
4 patients.

 

Induction Failures and Toxic Effects

 

There were 43 deaths within 28 days among the
346 patients who could be evaluated (12.4 percent
of patients; 95 percent confidence interval, 9.2 to
16.4 percent) (Table 2). There was no difference in
mortality during induction treatment between the

 

*Data were not available for one patient treated with all-

 

trans

 

-retinoic acid.

 

T

 

ABLE

 

 1. BASE-LINE CHARACTERISTICS OF 346 PATIENTS 
WITH ACUTE PROMYELOCYTIC LEUKEMIA.

CHARACTERISTIC

CHEMOTHERAPY

(N�174)

ALL-TRANS-
RETINOIC 

ACID

(N�172)

Sex — no. (%)
Male
Female

97 (56)
77 (44)

82 (48)
90 (52)

Age — no. (%)
�3 yr
3 to �15 yr
15 to 55 yr
�55 yr

3 (2)
18 (10)

116 (67)
37 (21)

2 (1)
23 (13)

115 (67)
32 (19)

Age — yr
Median
Range

38
1–74

37 
1–81

Performance status — no. (%)*
0
1
2
3

68 (39)
70 (40)
30 (17)

6 (3)

73 (42)
70 (41)
15 (9)
13 (8)

White-cell count — no. (%)
0 to 2000/mm3

�2000 to 5000/mm3

�5000 to 10,000/mm3

�10,000/mm3

85 (49)
26 (15)
22 (13)
41 (23)

88 (51)
28 (16)
25 (15)
31 (18)

White-cell count/mm3

Median 
Range

2200
200–16,200

2000
300–5500

Morphology
Classic M3
Microgranular variant (M3v)

149 (86)
25 (14)

148 (86)
24 (14)

Coagulopathy (bleeding)
Yes
No or unknown

105 (60)
69 (40)

90 (52)
82 (48)

Karyotype
t(15;17)
Not t(15;17)
Karyotype unavailable

117 (67)
10 (6)
47 (27)

104 (60)
12 (7)
55 (32)
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two groups, with 24 deaths among patients who re-
ceived chemotherapy (14 percent) and 19 among
those who received all-trans-retinoic acid (11 per-
cent, P�0.52). Of the patients who received che-
motherapy, 12 died of intracerebral hemorrhage, 10
of infection, 1 of pulmonary toxic effects, and 1 of
cardiopulmonary arrest. Of the patients who re-
ceived all-trans-retinoic acid, 10 died of hemorrhage,
2 of infection, 2 of acute myocardial infarction, 3 of
pulmonary complications (including 2 patients with
the retinoic acid syndrome), 1 of hepatic toxic ef-
fects, and 1 of thrombosis.

The toxic effects are listed in Table 2. The inci-
dence of severe hemorrhage was the same in the two
groups. There were fewer serious infections among
the patients treated with all-trans-retinoic acid (25
percent) than among those receiving chemotherapy
(52 percent). However, more patients treated with
all-trans-retinoic acid had serious pulmonary toxic ef-
fects (21 percent) than did patients receiving chemo-
therapy (6 percent). Pseudotumor cerebri developed
in at least four patients (two adults and two children)
in the group receiving all-trans-retinoic acid.

Hyperleukocytosis

Seventy-four of the 172 patients assigned to all-
trans-retinoic acid (43 percent) received hydroxy-
urea. Fifteen patients received hydroxyurea before
receiving all-trans-retinoic acid to reduce the white-
cell count to below 10,000 per cubic millimeter. The
other 59 patients received hydroxyurea after starting
all-trans-retinoic acid to maintain the white-cell
count below 30,000 per cubic millimeter. Five of the
10 patients with fatal hemorrhage in the group re-
ceiving induction therapy with all-trans-retinoic acid
had received hydroxyurea.

Retinoic Acid Syndrome

Retinoic acid syndrome developed in 45 of the
172 patients who could be evaluated (26 percent) in
the group receiving induction therapy with all-trans-
retinoic acid after a median of 12 days (range, 2 to
47). Forty-four of the 45 patients with the retinoic
acid syndrome were treated with dexamethasone.
Among the 45 patients, the syndrome resolved in 43
patients, and the other 2 died. Seven additional pa-
tients had signs or symptoms suggestive of the syn-
drome, but concurrent medical problems complicat-
ed the diagnosis.

Consolidation Therapy

Of 244 patients who could be evaluated and who
had a complete remission, 229 received both cycles
of consolidation chemotherapy. There were no le-
thal toxic effects during consolidation therapy. Fif-
teen patients received only one cycle. Nine of these
patients discontinued treatment and received no fur-
ther protocol therapy after cycle 1 of consolidation
therapy; the other six did not receive cycle 2 of con-
solidation therapy because of toxic effects during cy-
cle 1 and underwent random assignment to mainte-
nance therapy directly. Daunorubicin was omitted in
one or both consolidation cycles in 26 patients, in
most cases because of decreased cardiac function.
Twenty-two of these patients had been assigned to
induction chemotherapy, and four had been as-
signed to induction therapy with all-trans-retinoic
acid, with approximately equal numbers assigned to
each maintenance treatment.

Maintenance Therapy

Of the 237 patients who entered the maintenance
phase of the trial, 14 were excluded from the anal-

TABLE 2. SEVERE, LIFE-THREATENING, AND LETHAL TOXIC EFFECTS 
DURING INDUCTION THERAPY.

TOXIC EFFECT CHEMOTHERAPY (N�174) ALL-TRANS-RETINOIC ACID (N�172)

SEVERE

LIFE-
THREATENING LETHAL SEVERE

LIFE-
THREATENING LETHAL

number of patients (percent)

Hepatic effects 22 (13) 15 (9) 0 22 (13) 11 (6) 1 (1)

Infection 66 (38) 14 (8) 10 (6) 35 (20) 6 (3) 2 (1)

Hemorrhage 10 (6) 7 (4) 12 (7) 4 (2) 10 (6) 10 (6)

Pulmonary effects 4 (2) 4 (2) 2 (1) 13 (7) 20 (11) 3 (2)

Stomatitis 9 (5) 2 (1) 0 9 (5) 3 (2) 0 

Cardiac effects 16 (9) 0 0 12 (7) 5 (3) 2 (1)

Nausea 15 (9) 0 0 11 (6) 0 0 

Diarrhea 18 (10) 1 (1) 0 5 (3) 1 (1) 0 

Dermatologic effects 9 (5) 1 (1) 0 4 (2) 1 (1) 0 

Neurologic effects 13 (7) 2 (1) 0 15 (9) 1 (1) 0 

Thrombosis 0 0 0 0 0 1 (1)
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