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Abstract We analyzed the results of treating patients with
newly diagnosed acute promyelocytic leukemia (APL) with
all-transretinoic acid (ATRA) in the JALSG AML-92 study
and compared them with those of the AML-87 and AML-89
Work presented at the 12th Bristol-Myers Squibb Nagoya Internatiorgliudies, which consisted of standard chemotherapy. In the
Cancer Treatment Symposium, “New therapeutic _strategie_s_ for hightek1L-92 study, patients were scheduled to receive 45 mg/
cure rates: High-dose therapy and new therapeutic modalities,” 112 gral ATRA daily until achievement of a complete
4~5 October 1996, Nagoya, Japan remission (CR). If patients had initial leukocyte counts of
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Medicine, Nagoya, Japan achievement of a CR, patients received three courses of
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Medicine, Maebashi, Japan achieved a CR: 59 of 62 (95%) treated with ATRA alone,
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Second Department of Internal Medicine, Hyogo College of Medicing3 of 73 (86%) treated with ATRA plus initial chemother-
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i After the completion of consolidation therapy, patients received six
Introduction courses of maintenance/intensification therapy given at 6-week inter-
vals. The first course consisted of 170 mg/BHAC by 2-h infusion

It has been shown that ailans retinoic acid (ATRA) can from day 1 to day 5, 30 mg/ADNR by 30-min infusion on days 1 and

: ; - : ; and 70 mg/ra6-MP given daily p.o. between days 1 and 7. The
induce a high rate of complete remission (CR) in patleni§cond Courge consistged of BH&E and 5 m@/M|¥ by 30-min

with acute promyelocytic leukemia (APL) due to its differinfusion on days 1 and 2; the third course comprised BHAC, 80 mg/
entiating effect [4-6, 8, 15, 21, 23]. However, during ATRA ETP by 1-h infusion on days 1, 3, and 5, and 2 miyirimdesine
therapy a rapid increase in leukocytes is commonly seen(¥PS) by bolus infusion on days 1 and 8; and the fourth course
APL patients; this is often accompanied by retinoic ac)‘lé‘.flns'SteOI of BHAC, 14 mg/fACR by 30-min infusion on days 14,

d 6-MP. The fifth and sixth courses were the same as the first and
(RA) syndrome [4, 11]. The second drawback of ATRAnird courses, respectively.

therapy is the development of resistance, and the durationin the AML-87 and AML-89 studies, remission induction therapy
of remission after achievement of a CR with ATRA alone igas response-oriented, individualized intensive chemotherapy as pre-
relatively short [4, 8]. In contrast, intensive Chemotherag’usw described elsewhere [20]. In the AML-87 study, patients were

induces. lona-term survival in apbroximately 30—40% r.ndomi;ed to the.rapy.with or without 0.35 mg/.Mincristine (VCR)
g pp y 0 Qiven daily by 3-h infusion for 4 days [20]; induction therapy consisted

patients [7, 14, 17]. of 200 mg/m BHAC given daily by 3-h infusion, 70 mg/&6MP given
We conducted a prospective multicenter trial of a congaily p.o. for 7 days, 40 mg/frprednisolone (PSL) given daily by 3-h
bination of differentiation therapy with ATRA followed by infusion for 4 days, and 50 mgADNR given daily by bolus infusion

. . : . 5 days and for an additional 2 or 3 days if necessary. After
Intensive chemotherapy to obtain both a hlgh CR rate a ievement of a CR, patients received three courses of consolidation

long-term survival in newly diagnosed APL patients [16}nerapy consisting of BHAC for 7 days, DNR for 3 days, 6-MP for 7
Several groups have reported an improved treatment oddys, and PSL for 4 days (first course); 6 mgMiT by bolus infusion

come with ATRA alone or in combination with chemotherfor 3 days, Ara-C for 5 days, and PSL for 4 days (second course); and

: e : : ; BHAC for 7 days, ETP for 5 days, VDS on days 1 and 10, and PSL for
apy during remission induction therapy followed by inte 4_days (third course). After the completion of consolidation therapy,

sive postremission chemotherapy in such patients [9, lgients were randomized to either 4 or 12 courses of maintenance/
16, 24]. However, as a considerable number of patientgensification therapy using the regimens used for maintenance/
achieving a CR nonetheless relapse, the outcome of cdontensification therapy courses 1-4 in the AML-92 study, except for

bination therapy consisting of ATRA and Chemothera[ye addition of PSL given for 4 days in each course. The 4 regimens

ds to b | d in detail. In thi t . \Were repeated 3 times in the groups receiving 12 courses.
needs 1o be analyzed In detail. In this report we provide |, yne AML-89 study, patients were randomized to receive either

updated clinical results, analyze outcomes of treatment WiRAC or Ara-C in induction therapy and the first and third courses of
ATRA combined with chemotherapy in newly diagnosedonsolidation therapy [19]. The induction and consolidation therapies
APL patients, and compare them with the results of otere the same as those used in the AML-87 protocol except that VDS

. ; . . . was given on days 10 and 12 of the third consolidation course.
previous studies using standard intensive ChemOthere‘pyMaintenance/intensification therapy was the same as that used in the

AML-92 protocol, except for the addition of PSL.

Statistical analyses of the clinical data and CR rates were per-
formed using the? test. Event-free survival (EFS) was measured from
Patients and methods the 1st day of therapy to relapse or death; the EFS of patients who did

not achieve a CR was defined as 0. Disease-free survival (DFS) for
tients who achieved a CR was measured from the date of CR to

A total of 45, 64, and 196 consecutive patients with newly diagnos : -
APL were registered in the AML-87 [20], AML-89 [19], and AML-92$ apse or death. Patients who underwent bone marrow transplantation

. : ; MT) were censored at the date of BMT. EFS and DFS were
studies, respectively, conducted by the Japan Adult Leukemia St‘é%lerr)nined according to the Kaplan-Meier method [18] and were
0

Group (JALSG). Eligibility criteria were morphological diagnosis an : - : ~
informed consent. Diagnosis of APL was made according to t%eAmpared using the generalized Wilcoxon test and the log-rank test.

French-American-British (FAB) classification [2, 3] and confirmed ir, |
part by the presence of t(15;17).

In the AML-92 study, patients received 45 m@/®TRA (kindly
provided by Hoffman La Roche AG, Basel, Switzerland, through the
Ministry of Health and Welfare Leukemia Study Group) orally after
meals daily until achievement of a CR as remission induction theraﬁy
if they had leukocyte counts:3x 109/ at the start of therapy. ATRA Results
given at the same dose together with daunorubicin (DNR) at 40 tng/m
per day for 3 days (30-min infusion) and behenoyl cytosine arabinosipgtients’ characteristics
(BHAC) at 200 mg/ra per day for 5 days (3-h infusion) were received
by patients who had initial leukocyte counts f3x10%1. When the . . .
patients showed peripheral blood myeloblast and promyelocyte coufid€@ characteristics of patients enrolled in the AML-87,
of >1x10% during treatment with ATRA, they were scheduled t/AML-89, and AML-92 studies are summarized in Table 1.

receive DNR and BHAC at the same doses described above in addit®arly death was not excluded, although two, one, and seven

to ATRA. i i i ithi i i
After achieving a CR, patients received three courses of consolitpef21t|ents died of bleeding within 7 days in the respective

tion chemotherapy. The first course consisted of 7 mghitoxantrone > udies. In the AML-92 study the median age was 46 years
(MIT) given daily by 30-min infusion for 3 days and 200 mgm (range 15-86 years.) The median leukocyte count was
cytarabine (Ara-C) given daily by continuous infusion for 5 day2.2x 109/ (range 0.2-356.810%1) on admission; 110 pa-
The second course consisted of 200 mBRAC for 7 days, 100 mg/ tients had leukocyte counts &f 3.0x 109/, 35 had counts

m?2 etoposide (ETP) by 1-h infusion for 5 days, 50 mg/M®NR for 3 -
days, and 70 mg/&6-mercaptopurine (6-MP) p.o. for 7 days. The third 319'NG between 3201091 and 9.9<10%/I, and 51 had

course consisted of BHAC for 7 days and 14 mg#ularubicin (ACR) Counts of >10.0x109/1. For _remiSSion induction therapy,
by 30-min infusion for 7 days. 62 patients were treated with ATRA alone; chemotherapy

S programs (SAS Institute, Inc., Cary, N.C., USA) were used for the
alysis.
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was added to ATRA later in the course of treatment due k. 1 DFS estimated by the Kaplan-Meier method in patients
increased peripheral blood blast and promyelocyte couﬂﬁie;iglg( CR i{l7§;1e tAl(\j/l_L-87§(_ =_f_36), AMLf-SdQﬁ(n = 45),batr\1,3
in 49 patients, 73 patients received both ATRA and chéM-%- (n = studies. significance of diiierences between
motherapy from the beginning of therapy, and 12 receiv t:g; ?Sd: g_ w‘ig? (= 0.0687) and between AML-92 and
both initial and later chemotherapy together with ATRA.

The median age of patients in the AML-87 and AML-89
studies was 46 years (range 15-68 years) and 42 yeHigatment outcome

(range 15-74 years), respectively. Median leukocyte counts

were 1.5<1091 (range 0.36-89.810%1) and 3.6 109/l
(range 0.4-129.81(%/1), respectively, in these studies.

Table 1 Patients’ characteristics in AML-87, AML-89, and AML-9

In the AML-92 study, 173 (88%) of 196 evaluable patients
achieved a CR at a median of 38 days (range 15-84) days
after the initiation of therapy (Table 2): 59 (95%) of 62
patients achieved a CR with ATRA alone; 41 (84%) of 49

, with ATRA plus later chemotherapy; 63 (86%) of 73 with

ATRA plus initial chemotherapy; and 10 (83%) of 12 with

Characteristic AML-87  AML-89  AML-92 ATRA plus both initial and later chemotherapy € 0.222).
Number of evaluable cases 45 64 196 All of the 37 patients aged 30 years, 108 (86%) of 125
MIF 22/23 34/30 87/109 aged 30-59 years, and 28 (82%) of 34 age@0 years

Median age (range, years) 46 (15-68) 42 (15-74)
7 16 3

46 (15-8gchieved a CR. Of the 110 patients with initial leukocyte

;03_059 a4 36 1275 counts of <3.0x 109/, 99 (90%) achieved a CR, as did 32
=60 4 12 34 (91%) of 35 with leukocyte counts of 3.0—%920%/ and 42
Initial leukocyte count 1.5 3.62 2.2 (82%) of 51 with counts of>10.0x10%I. No patient had

(0.36—-89.6) (0.4—129.3) (0.2—356.0)
Median (range x 109/1):

resistant leukemia.
In the AML-87 study, 36/45 (80%) patients achieved a

3.0x10% 29 30 110 -
<3_0i9_9<109/| 5 11 35 CR at a median of 36 (range 23.—74) days after the
=10.0x 109/l 14 23 51 initiation of therapy; the CR rates in the AML-92 and

AML-87 studies were not significantly different
(P = 0.141). As determined by age, 5/7 (71%) patients

Table 2 Comparison of the results of chemotherapy and combinati@ged < 30 years, 32/34 (94%) aged 30-59 years, and 2/4

therapy consisting of ATRA and chemotherapy in APL patients

(50%) aged=60 years achieved a CR. In the AML-89
study, 45/64 (70%) patients attained a CR at a median of 32

Event AML-87 AML-89 AML-92 (range 27-86) days after the initiation of therapy; the CR
Number of evaluable cases 45 64 196 rate was significantly lower in the AML-89 study than in
(E:Erlg/%d)eath (within 4 weeks) 362(%2)) 4?{3(7(%) 13 ((g)? the AML-92 study P = 0.001). As determined by age,
Relapse (%) 12 (33) 21(4) 42 (24p 12116 (75%) patients ageet 30 years, 25/36 (69%) aged
Death in CR (%) 822 1(2 13 (8% 30-59 years , and 8/12 (67%) agetb0 years achieved
DFS (%) 40.2 45.3 61.6 a CR.

EFS (%) 92.8 3l.% 4.5 During induction therapy with ATRA, 11 patients (6%)

a Significant difference B <0.05) as compared to ATRA therapyin the AML-92 study developed RA syndrome; 7 of these

followed by chemotherapy (AML-92)

received ATRA plus later chemotherapy. Only one patient
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died of RA syndrome. Early death within 4 weeks of th&ig. 2 EFShesgmﬁtgg by E{f]se l;ﬁll_agéMeiGVGTethogAif?\/lﬁ"ggvaluable
start of th_erapy_was observed in 2 (4%), 13 (20%), and jI)Zg)ansttsulir;ets.eSignificarr?ce of)’dif'ference(;1 betvv)(;,:rrl1 AML-92 a(r11d both
(9%) patients in the AML-87, AML-89, and AML-92 /' o9 (P = 0.005) and AML-87 P = 0.0129)

studies, respectively. As compared with the AML-89

study, the early mortality rate in the AML-92 study was

significantly different.

At a median follow-up of 36 (range 24-52) months, 42/ The differences in CR and early mortality rates observed
173 (24%) patients had relapsed and 14 had died in thetween the AML-92 and AML-89 studies, but not those
AML-92 study. Another 13 patients died in CR and 11 (6%geen between the AML-92 and AML-87 studies, were
of them died of infection while undergoing consolidatiosignificant. However, as the numbers of patients in the
therapy. In the AML-87 and AML-89 studies, respectivelyAML-87 and AML-89 studies were relatively small, it is
12 (33%) and 21 (47%) patients relapsed; in addition, li&ely that the discrepancies between the AML-87 and
(22%) patients and 1 (2%) patient died in CR in the AMLAML-89 studies resulted from the patients’ characteristics,
87 and AML-89 studies, respectively. The predicted 4-yercluding their age and initial leukocyte counts; the group
EFS of all 196 ATRA-treated patients was 54.3% [95%f patients aged>60 years and/or showing high initial
confidence limit (CL) 45-63%], and the DFS of those whieukocyte counts was larger in the AML-89 study than in
achieved a CR was 61.6% (95% CL 52-71%). In the AMlthe AML-87 study. Nevertheless, the trend in favor of
87 study the predicted 4-year EFS and DFS were 32.2% aXtRA therapy may be attributed to the absence of resistant
40.2%, respectively; in the AML-89 study these valudgukemia as reported by Fenaux et al. [10] because therapy-
were 31.9% and 45.3%, respectively. There was a signifesistant leukemia was found in 3 (7%) and 5 (8%) patients
cant difference in DFS between the AML-92 and AML-87n the AML-87 and AML-89 studies, respectively.
studies P = 0.0418), but not between the AML-92 and With conventional chemotherapy, failure to achieve a
AML-89 studies P = 0.0687; Fig. 1). In contrast, signifi- CR was partly due to fatal bleeding resulting from exacer-
cant differences in EFS between the AML-92 and both thmation of coagulopathy by rapid cell death [7, 17]. Through
AML-87 (P = 0.0129) and AML-89 studiesP(= 0.005) its differentiating effect, ATRA can eliminate leukemic
were observed (Fig. 2). cells; this could rapidly resolve the life-threatening com-
plication of coagulopathy during the treatment of APL,
resulting in a significantly shorter duration of coagulopathy.
However, hemorrhage was a major cause of death during
Discussion remission induction therapy with ATRA in AML-92. War-

rell et al. [24] observed fatal hemorrhage in 6 of 87 patients
Our prospective multicenter study revealed a higher QR%) treated with ATRA alone for induction therapy. These
rate and superior survival rate in newly diagnosed ARtbservations suggest that hemorrhagic diathesis at presen-
patients who were initially treated with ATRA alone otation is a critical sign and that adequate antihemorrhagic
combined with chemotherapy followed by intensive cortherapy, as well as early detection of leukemia and early
solidation and maintenance/intensification chemotherajyitation of therapy, is of importance in achievment of a CR,
These results confirm those reported by other groups Een in ATRA therapy.
12, 24].
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ATRA could also decrease the incidence of infections myelocytic leukemia: a Gruppo Italiano Malattie Ematologiche

i 04) Maligne dell’Adulto (GIMEMA) pilot study. Blood 88:1390
due to myelosuppression. We observed that 28/34 (82 /8) Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA,

patients aged> 60 years and 8/12 (67%) pajuenps aged0 Gralnick HR, Sultan C (1976) Proposals for the classification of

years achieved a CR. Therefore ATRA might improve the the acute leukaemias. Br J Haematol 33:451

CR and long-term survival rates in elderly APL patients. 3. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA,
ATRA is safe and well tolerated if RA syndrome can be Gralnick HR, Sultan C (1990) A variant form of hypergranular

: : promyelocytic leukemia (M3). Ann Intern Med 92:280
prevented or managed. In this study, 11 of 196 patlentf Castaigne S, Chomienne C, Daniel MT, Ballerini P, Berger R,

(6%) developed RA syndrome, and only 1 died of it. This' Fenaux P, Degos L (1990) Aftans retinoic acid as a differentia-
relatively low RA-syndrome incidence may be attributable tion therapy for acute promyelocytic leukemia. I. Clinical results.
to the combination of ATRA and relatively mild chemo—5 |(3:|rc]>0dz7§21;04YQ Jhana R. Tao RE. Xia XM. Li C. Wang W. 2
P . Chen ZX, Xue YQ, Zhang R, Tao RF, Xia XM, Li C, Wang W, Zu
therapy used_ In thls. study. . WY, Yao XZ, Ling BJ (1931) A clinical and experimental s%udy on
In comparison with the standard chemotherapy regimen ;) rans retinoic acid treated acute promyelocytic leukemia pa-
used in the AML-87 and AML-89 studies, ATRA followed tients. Blood 78:1413
by intensive chemotherapy in newly diagnosed APL paé. Chomienne C, Ballerini P, Balitrand N, Daniel MT, Fenaux P,

tients induces significant improvements in EFS as pre- C"’;_St?igrl‘(e S, Deﬁols L_§199t0) dA“a”Stre“t“OicfaCidt.i” pr‘?”t‘.ye"’;].
. . _ Cyluc leukemias. Il. In vIlro studies: structure runction relationsnip.
viously reported [16]. The predicted 4-year EFS for the g\ 04 76:1710

AML-92 study indicates that>50% of adults with newly 7. cunningham 1, Gee TS, Reich LM, Kempin SJ, Naval AN,
diagnosed APL will be cured by combination therapy Clarkson BD (1989) Acute promyelocytic leukemia: treatment
consisting of ATRA and chemotherapy. A European trial fgzugz E'Ufci?]% gigﬁﬁg‘? gta'r\:'igmgaggrf’zeig'-D%ngobde;ﬁliﬁaux
comparing chemotherapy .alone .and ATRA fpllowed by thé' P, gastai’gne S (1990) ‘i’reatment c;f firsgtJ reIaiose in acuté promye-
same chemotherapy regimen in newly diagnosed APL |gcytic leukaemia with all trans retinoic acid. Lancet ii:1440
patients was prematurely stopped after 18 months becauseFenaux P, Castaigne S, Dombret H, Archimbaud E, Duarte M,

the EFS was significantly better in the ATRA group [10]. Morel P, Lamy T, Tilly H, Guerci A, Maloisel F, Bordessoule D,

‘e cinnif ; ; ; Sadoun A, Tiberghien P, Fegueux N, Daniel MT, Chomienne C,
This significant difference can be attributed to the high CR Degos L (1992) All-trans retinoic acid followed by intensive

rate and low relapsg ra:te Obtained_ with the ATRA and chemotherapy gives a high complete remission rate and may
chemotherapy combination. There is no cross-resistance prolong remissions in newly diagnosed acute promyelocytic leu-
between ATRA and chemotherapy, as ATRA has been kemia: a pilot study on 26 cases. Blood 80:2176

i i i _regi _ 0. Fenaux P, Le Deley MC, Castaigne S, Archimbaud E,
effective in treating chemotherapy-resistant APL [4-6, & Chomienne C, Link H, Guerci A, Duarte M, Daniel MT, Bowen

21, 23]. Therefore,. it is likely that nqn—cross—resstant D, Huebner G. Bauters F, Fegueux C, Fey M, Sanz M, Lowenberg

therapy combined with ATRA and intensive chemotherapy B, Maloisel F, Auzanneau G, Sadoun A, Gardin N, Bastion Y,

contributes synergistically to the significant improvement Ganser A, Jacky E, Dombret H, Chastang C, Degos L, the

in EFS. European APL 91 Group (1993) Effect of all-trans retinoic acid
: ; i in newly diagnosed acute promyelocytic leukemia. Results of a

High Igukocyte counts at. presentatlon ar'e.a significant multicenter randomized trial. Blood 82:3241
prognostic f_aCtor for DFS in patients receiving CONVEm1. Frankel SR, Eardley A, Lauwers G, Weiss M, Warrell RP Jr (1992)
tional intensive chemotherapy [7, 14, 17], suggesting that The “retinoic acid syndrome” in acute promyelocytic leukemia.

more intensive chemotherapy, including allogeneic BMT, Ann Intern Med 117:292

; ; Frankel SR, Eardley A, Heller G, Berman E, Miller WH Jr,
should be added to treatment regimens for such paﬂents@zi’[ Dmitrovsky E, Warrell RP Jr (1994) Alans refinoic acid for

is also useful to, detect minimal rESidual disea,se using the acute promyelocytic leukemia. Result of the New York study. Ann
reverse transcrlptase—polymerase chain reaction to detectlntern Med 120:278
PML/RARa fusion transcripts at the completion of cond3. Fukutani H, Naoe T, Ohno R, Yoshida H, Kiyoi H, Miyawaki S,

solidation therapy [1, 13]. Moreover, the medical costs Morishita H, Sano F, Kamibayashi H, Matsue K, Miyake T,
Py | ] Hasegawa S, Ueda Y, Kato Y, Kobayashi H, Shimazaki C,

incurred during t_he AML-.92 .study were significantly Kobayashi M. Kurane R, Sakota H, Masaki K. Wakayama T,
lower than those involved in either the AML-87 study or Tohyama K, Nonaka Y, Natori H, the Leukemia Study Group of

the AML-89 study [22]. the Ministry of Health and Welfare (Kouseisho) (1995) Prognostic
The results of this and other studies suggest that ATRA significance of the RT-PCR assay of PML-RARA transcripts in

- : acute promyelocytic leukemia. Leukemia 9:588
followed by chemotherapy should be used as first-ling ¢ pD, K%pecf(’y KD, Weick J. Files JC. Ryan D, Foucar K,

therapy for newly diagnosed APL. Montiel M, Bickers J, Fishleder A, Miller M, Spier C, Hanson C,
Bitter M, Braziel R, Mills G, Welborn J, Williams W, Hewlett J,
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