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ABSTRACT

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.)
©1997, Massachusetts Medical Society.

CUTE promyelocytic leukemia is a dis-

tinct subtype of acute myeloid leukemia!

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.? This chimeric gene encodes the promye-
locytic leukemia—retinoic acid receptor alpha fusion
protein.3¢ Although 65 to 80 percent of patients
with acute promyelocytic leukemia have a complete
remission with standard chemotherapy,’® approxi-
mately 10 to 20 percent die either before or during
chemotherapy of bleeding attributable to dissemi-
nated intravascular coagulation, fibrinolysis, and pro-
teolysis.® All-zrans-retinoic acid differentiates leuke-
mic promyelocytes into mature cells1%!! Phase 2
clinical trials have demonstrated that all-zrans-reti-
noic acid induces complete remission in most pa-
tients, with rapid resolution of the coagulopathy and
few deaths during induction therapy.!>!® The dura-
tion of complete remission with all-zrans-retinoic
acid alone is usually brief, and postremission chemo-
therapy is required to diminish the likelihood of re-
lapse.1219 This study was designed to compare the
rates of complete remission, disease-free survival,

From the Northwestern University Medical School and the Robert H.
Lurie Cancer Center of Northwestern University, Chicago (M.ST.); Dana—
Farber Cancer Institute, Boston (JW.A.); Greenebaum Cancer Center,
University of Maryland School of Medicine, Baltimore (C.A.S.); Fred
Hutchinson Cancer Research Center, University of Washington, Seattle
(ER.A.); Children’s Hospital-Oakland, Oakland, Calif. (J.H.F.); Texas
Children’s Cancer Center, Houston (A.O.); National Cancer Institute of
Canada Clinical Trials Group, Kingston, Ont. (L.S.); University of New
Mexico, Albuquerque (C.W.); Roswell Park Memorial Institute, Buffalo,
N.Y. (C.D.B.); University of Rochester, Rochester, N.Y. (J.M.R.); and Al-
bert Einstein Cancer Center, Montefiore Medical Center, Bronx, N.Y.
(PH.W.). Address reprint requests to Dr. Tallman at the Robert H. Lurie
Cancer Center of Northwestern University, Division of Hematology—
Oncology, Northwestern University Medical School, 233 E. Erie St., Suite
700, Chicago, IL 60611.

Volume 337 Number 15 1021

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

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
cach 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-zrans-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-#7ans-retinoic acid.
Patients received all-z7ans-retinoic acid until complete remission
occurred, or for a maximum of 90 days. When serious toxic ef-
fects occurred, all-zrans-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-z7ans-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.
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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-zrans-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-#rans-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.2® 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-t7ans-retinoic acid was stopped, hydroxyurea
was given until the white-cell count decreased to 10,000 per cu-
bic millimeter, and then all-#7ans-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.2! 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-z7ans-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-zrans-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-z7ans-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

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

ALL-TRANS-
RETINOIC
CHEMOTHERAPY Acip
CHARACTERISTIC (N=174) (N=172)
Sex — no. (%)
Male 97 (56) 82 (48)
Female 77 (44) 90 (52)
Age — no. (%)
<3yr 3(2) 2 (1)
3to <15 yr 18 (10) 23 (13)
15 to 55 yr 116 (67) 115 (67)
>55 yr 37 (21) 32 (19)
Age — yr
Median 38 37
Range 1-74 1-81
Performance status — no. (%)*
0 68 (39) 73 (42)
1 70 (40) 70 (41)
2 30 (17) 15 (9)
3 6 (3) 13 (8)
White-cell count — no. (%)
0 to 2000/mm? 85 (49) 88 (51)
>2000 to 5000/mm3 26 (15) 28 (16)
>5000 to 10,000/mm? 22 (13) 25 (15)
>10,000/mm3 41 (23) 31 (18)
White-cell count/mm?
Median 2200 2000
Range 200-16,200 300-5500
Morphology
Classic M3 149 (86) 148 (86)
Microgranular variant (M3v) 25 (14) 24 (14)
Coagulopathy (bleeding)
Yes 105 (60) 90 (52)
No or unknown 69 (40) 82 (48)
Karyotype
t(15;17) 117 (67) 104 (60)
Not t(15517) 10 (6) 12 (7)
Karyotype unavailable 47 (27) 55 (32)

*Data were not available for one patient treated with all-#7ans-retinoic acid.

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

Toxic EFFecT

LIFE-
SEVERE

Hepatic effects 22 (13) 15 (9)
Infection 66 (38) 14 (8)
Hemorrhage 10 (6) 7 (4)
Pulmonary effects 4(2) 4(2)
Stomatitis 9 (5) 2 (1)
Cardiac effects 16 (9) 0

Nausea 15 (9) 0

Diarrhea 18 (10) 1(1)
Dermatologic effects 9 (5) 1(1)
Neurologic effects 13 (7) 2 (1)
Thrombosis 0 0

CHEMOTHERAPY (N =174)

THREATENING

ALL-TRANS-RETINOIC ACID (N=172)
LIFE-

LETHAL SEVERE ~ THREATENING  LETHAL
number of patients (percent)

0 22 (13) 11 (6) 1(1)
10 (6) 35 (20) 6 (3) 2 (1)
12 (7) 4(2) 10 (6) 10 (6)

2 (1) 13 (7) 20 (11) 3(2)

0 9 (5) 3(2) 0

0 12 (7) 5(3) 2 (1)

0 11 (6) 0 0

0 5(3) 1(1) 0

0 4(2) 1(1) 0

0 15 (9) 1(1) 0

0 0 0 1(1)

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-z7ans-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-zrams-retinoic acid to reduce the white-
cell count to below 10,000 per cubic millimeter. The
other 59 patients received hydroxyurea after starting
all-trams-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-z7ans-retinoic acid
had received hydroxyurea.

1024 October 9, 1997

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-zrans-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-
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ysis of the induction phase, 14 did not have a com-
plete remission confirmed by bone marrow findings
(6 who received all-trans-retinoic acid and 8 who
received chemotherapy), 4 who were intolerant of
all-zrans-retinoic acid were directly assigned to ob-
servation, and 6 who crossed over from all-trans-
retinoic acid to chemotherapy during induction
treatment were excluded from the analysis of the
results of maintenance therapy. Thus, 199 patients
were randomly assigned to either maintenance ther-
apy with all-¢7ans-retinoic acid (94 patients) or ob-
servation (105 patients) and were included in this
portion of the analysis. Of the 94 patients who were
assigned to all-trans-retinoic acid, 64 (68 percent)
completed the full one year of all-trans-retinoic ac-
id. The reasons for stopping early included relapse
(12 patients), toxic effects (14 patients), withdrawal
of consent (2 patients), complicating disease (1 pa-
tient), and withdrawal from the study (1 patient).
The median duration of maintenance therapy with
all-trans-retinoic acid for patients who stopped ear-
ly was 5 months (range, 1 week to 11 months).
Toxic effects among these patients included head-
ache (three patients), depression (one patient), ele-
vated aminotransferase levels (three patients), rash
(two patients), cardiac effects (two patients), nausea
(one patient), pseudotumor cerebri (one patient),
and distal-digit vaso-occlusive syndrome (one pa-
tient).

Toxic Effects of Maintenance Therapy

Of the 94 patients assigned to all-rans-retinoic ac-
id, 34 (36 percent) had severe or life-threatening tox-
ic effects. These effects included neurotoxicity in 11
patients, of whom 5 had headache, 3 (2 children and
1 adult) had pseudotumor cerebri, 2 had hearing
loss, and 1 had depression; infections in 7 patients;
and hepatotoxicity in 5 patients (hyperbilirubinemia
or aminotransferase elevation). Four episodes of se-
vere toxic effects (infection, hepatotoxicity, headache,
and hypertriglyceridemia) occurred in 3 of the 105
patients assigned to observation.

Disease-free Survival
Effect of Induction Treatment

With a median follow-up of 30 months for surviv-
ing patients, the estimated 1-, 2-, and 3-year rates of
disease-free survival from the time of entering com-
plete remission were 57, 43, and 32 percent, respec-
tively, for patients who could be evaluated and who
received induction chemotherapy. There were 70 re-
lapses among these 120 patients (Fig. 1). For patients
who received induction therapy with all-t7ans-retino-
ic acid, the estimated one-, two-, and three-year rates
of disease-free survival were 87, 70, and 67 percent,
respectively. There were 36 relapses among these 124
patients (P<<0.001).
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Figure 1. Kaplan—-Meier Product-Limit Estimate of Disease-free
Survival from the Time of Complete Remission for Patients
Randomly Assigned at Induction to Either Daunorubicin plus
Cytarabine or All-trans-Retinoic Acid.
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Figure 2. Kaplan—-Meier Product-Limit Estimate of Disease-free
Survival from the Time of Random Assignment to Maintenance
with All-trans-Retinoic Acid or to Observation.

Effect of Maintenance Treatment

Of the 94 patients assigned to maintenance treat-
ment with all-zrans-retinoic acid, 29 relapsed, as
compared with 60 of the 105 patients assigned to
observation. The estimated one-, two-, and three-
year rates of disease-free survival from the date of
assignment to maintenance therapy or observation
were 82, 68, and 65 percent, respectively, for pa-
tients assigned to all-trans-retinoic acid, and 53, 40,
and 40 percent, respectively, for patients assigned to
observation, regardless of the induction regimen
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(P<<0.001, with stratification according to induction
regimen) (Fig. 2).

Combined Effects of Induction and Maintenance Treatments

There were 19 relapses among the 48 patients
who received induction chemotherapy with dauno-
rubicin plus cytarabine and maintenance therapy
with all-zrans-retinoic acid, 10 relapses among the
46 patients who received all-¢rans-retinoic acid for
both induction and maintenance, and 21 relapses
among the 54 patients who received all-t7ans-retino-
ic acid for induction and no maintenance therapy; all
these numbers are significantly lower than the 39 re-
lapses among the 51 patients who never received all-
trans-retinoic acid (P<<0.001) (Fig. 3).

Overall Survival

The estimated rates of overall survival at one, two,
and three years from entry into the study for the 346
patients who could be evaluated were 75, 57, and 50
percent, respectively, for patients who received in-
duction chemotherapy, and 84, 74, and 71 percent,
respectively, for patients who received induction ther-
apy with all-zrans-retinoic acid (P<<0.001). The over-
all survival rates in the intention-to-treat analysis of
all patients at one, two, and three years were 75, 57,
and 50 percent, respectively, among the 190 pa-
tients assigned to chemotherapy, and 82, 72, and 67
percent, respectively, among the 188 patients as-
signed to all-trans-retinoic acid (P=0.003) (Fig. 4).

DISCUSSION

This study shows that all-¢z7ans-retinoic acid given
as induction or maintenance therapy results in im-
proved disease-free survival and overall survival, as
compared with chemotherapy alone, in patients with
newly diagnosed acute promyelocytic leukemia. All-
trans-retinoic acid given during induction did not
improve the rate of complete remission or decrease
carly mortality, but it reduced the likelihood of re-
lapse. It is not clear whether the use of all-trans-ret-
inoic acid for both induction and maintenance is su-
perior to the use of the drug only during induction,
or whether maintenance with all-trans-retinoic acid
actually prevents, rather than delays, relapse.

The rate of complete remission we found with all-
trans-retinoic acid (72 percent) is lower than the
91 percent reported in the only other randomized
study of the drug in acute promyelocytic leukemia,?®
but the two studies are not directly comparable,
since most patients assigned to all-t7ans-retinoic acid
by Fenaux and colleagues also received standard che-
motherapy along with all-¢7ans-retinoic acid to con-
trol hyperleukocytosis. Single-institution and multi-
institution phase 2 studies report rates of complete
remission of 86 to 100 percent with all-¢7ans-retino-
ic acid alone.’*1 The lower rate reported here is
partly attributable to our requirement of rigorous
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documentation of complete remission. If we includ-
ed patients believed to be in complete remission by
their treating physicians who had long survival but
inadequately confirmed complete remissions, either
because of lack of documentation (seven patients) or
failure to be assigned to maintenance treatment (six
patients), our rate of complete remission would be
about 80 to 85 percent. Furthermore, if the cross-
over patients were included among the patients giv-
en all-zrans-retinoic acid who had a complete remis-
sion, the rate of complete remission would be 78
percent (134 of 172 patients).

The disappointing outcome with chemotherapy
alone (18 percent disease-free survival at three years)
is not easily explained. Although our results are less
favorable than those reported in earlier analyses of
the effect of chemotherapy in acute promyelocytic
leukemia,”$:26.27 they are similar to the results of the
randomized study by Fenaux et al.2> The outcome
of our patients who did not receive the full dose of
daunorubicin during consolidation treatment did not
differ from that of patients who received the full
dose of the drug.

A number of questions remain. First, can retinoid
toxicity, particularly the retinoic acid syndrome, be
reduced? A major toxic effect of all-trans-retinoic
acid is the retinoic acid syndrome; eight patients
with the disorder discontinued all-#rans-retinoic acid
and crossed over to chemotherapy. The strategies of
administering prophylactic corticosteroids?® or using
a lower dose of all-trans-retinoic acid? (15 to 20 mg
per square meter per day) have not yet been evalu-
ated in randomized trials.

Second, would concurrent induction treatment
with all-trans-retinoic acid and chemotherapy im-
prove the outcome over that with all-zrans-retinoic
acid alone? Awvisati and colleagues®® had excellent
results with all-trans-retinoic acid plus idarubicin.
Their findings suggest that further investigation of
the simultaneous administration of all-zrans-retinoic
acid and chemotherapy is warranted. The combina-
tion may prevent hyperleukocytosis, reduce the inci-
dence of the retinoic acid syndrome, lead to a higher
rate of complete remission, and improve the long-
term outcome.

Third, what would be the best chemotherapy to
administer with all-tzans-retinoic acid for induction
and consolidation therapy? In one study conducted
before all-trans-retinoic acid was available, high-dose
daunorubicin for induction resulted in an excellent
outcome.3! It may even be possible to omit cytarabine
from a regimen containing all-7ans-retinoic acid.3?

Fourth, can a subgroup of patients at high risk for
relapse be identified? The reverse-transcriptase—pol-
ymerase-chain-reaction (PCR) assay can successfully
detect minimal residual disease,? and a positive PCR
result after consolidation chemotherapy may predict
relapse.3435

Finally, is there a role for bone marrow transplan-
tation in patients who are PCR-positive but in clin-
ical remission?

This study shows that all-trans-retinoic acid, when
given during induction or maintenance therapy, im-
proves disease-free survival and overall survival in
patients with newly diagnosed acute promyelocytic
leukemia over that obtained with chemotherapy
alone. Given the decrease in the duration of hospi-
talization, the use of blood products, and the cost
of care in patients treated with all-zrans-retinoic ac-
id,3637 we recommend the use of all-trans-retinoic
acid for induction therapy in all patients with acute
promyelocytic leukemia. Further follow-up is need-
ed to define its role as maintenance therapy more
precisely.

Coordinated by the Eastern Cooperative Oncology Group (Robert L.
Comis, M.D., Group Chair) and supported in part by Public Health Serv-
ice grants from the National Cancer Institute and the Department of
Health and Human Services.

Presented in part at the 36th meeting of the American Society of He-
matology, Seattle, December 1-5, 1995.
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CORRECTION

All-trans -Retinoic Acid in Acute Promyelocytic
Leukemia

All-trans-Retinoic Acid in Acute Promyelocytic Leukemia . On page
1026, in Figure 4, the y-axis label should have read, “Probability
of Overall Survival,” not “Probability of Disease-free Survival,” as
printed. We regret the error.
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