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All-trans retinoic acid significantly increases 5-year
survival in patients with acute promyelocytic leukemia:
long-term follow-up of the New York study

Abstract All-trans retinoic acid (ATRA) induces a high Median disease-free and overall survival rates recorded for
incidence of complete remission (CR) in patients with acutkis group are>57+ and> 58+ months, respectively; 56%
promyelocytic leukemia (APL); however, the magnitude ai¥f these patients are alive in first remission. These results
this agent’s contribution to increased rates of cure of thsggnificantly exceed those achieved using chemotherapy
disease has not yet been established. From 1990 to 1995afeme in a historical control group of 80 patients consecu-
used RA as remission induction therapy in 103 APtively treated at this center from 1975 to 1990, whose
patients (73 newly diagnosed and 30 previously treatemtedian disease-free and overall survival rates were 11
who were retinoid-naive and were treated on the basisaid 19 months, respectively; only 22% of these patients
initial morphology. Patients whose diagnosis was changegre alive in first remission at 5 years. Although a high
on the basis of the results of molecular testing:(L3) were proportion of previously treated patients also achieved a CR
withdrawn from RA treatment and given chemotherapgfter RA treatment, median disease-free and overall survi-
alone. After achieving a CR, previously untreated patiental rates noted for that group were markedly lower (i.e., 7.5
received several cycles of consolidation chemotheragynd 10.9 months, respectively). Thus, data from patients
usually with idarubicin and cytosine arabinoside. Amonghose median follow-up period is now5 years have
individuals whose diagnosis was molecularly confirmed, ®bnfirmed earlier projections and indicate that the use of
of 65 new patients (83%) and 25 of 30 previously treatd®lA for remission induction yields an approximately 2.5-
patients (83%) achieved a CR. All induction failures ifiold increase in the proportion of patients who have
molecularly diagnosed cases were due either to early deptesumably been cured of this disease.

or to premature withdrawal. Median disease-free and over-

all survival rates recorded for all newly diagnosed patienkey words All- trans retinoic acid- Promyelocytic

are currently >40+ and > 43+ months, respectively. Weleukeumia

subsequently examined a subset of 27 newly diagnosed

patients treated during the first 2 years of this program

whose actual median follow-up period is now5 years.

Introduction

Acute promyelocytic leukemia (APL) accounts for approx-
imately 10% of the acute myeloblastic leukemias in adults
[16, 21]. Until the early 1990s, conventional treatment for
Work presented at the 12th Bristol-Myers Squibb Nagoya Internationgfis disease comprised induction chemotherapy with an

Cancer Treatment Symposium, “New therapeutic strategies for hig ; : : ; _
cure rates: High-dose therapy and new therapeutic modalities,” %ﬁﬁthracydme plus cytosine arabinoside followed by con

4-5 October 1996, Nagoya, Japan solidation and/or maintenance with the same or other drugs.
This therapeutic strategy resulted in complete remission
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Table 1 Clinical characteristics and response of newly diagnosed ARStatistical analysis
patients treated with RA for remission induction

— Disease-free survival was defined as the interval from response (CR) to

Characteristic Number of relapse or death, whereas survival was defined as the interval from the
patients date of protocol entry to death. Disease-free and overall survival in

both the RA group and the historical control group was estimated by

m,eFd'a“ age (range) 35?28(1_77) year":Kaplan—Meier analysis. The molecular diagnqsis of leukemia is an
RT-PCR analvsis for PML/RAR expression: important advance that has been broadly applied only recently. There-
Positive Y p : 65 fore, the diagnosis of patients in the historical control group was based
Negative 8 solely on morphology. However, _aII patients who _entered the RA
Median time to CR (range) 43 (18-98) programs were treated presumptively on the basis of morphology
9 davs and removed later if molecular testing was negative. Therefore, the
WBC at presentation (cells/nfn y principal analysis qf our results includes estimates of all patients
<500% 46 treated on the basis of morphology at entry. To evaluate fully the
=5 000—10.000 8 results of the current treatment approach in which molecular diagnosis
~10.000—20 000 4 has become a standard of care, we performed an additional analysis of
=20.000—40.000 10 those patients whose diagnosis was molecularly confirmed.
=40,000 5

apy for consolidation [25]. However, limited informationResults

regarding actual (versus projected) long-term survival rat i
obtained with this combined sequential treatment approac%%mlssmn incidence

which was fir;t introduce_d into the United States in midBetween June 1990 and November 1995, 73 newly diag-
ﬁgggielsfrc?r\;altlﬁglilelvr\: :(Q)Ifk ps‘"’;prgs V:)?, ?ﬁslﬁzsi geRi'y%ﬁ!ﬁseq patients with APL were trea_ted using RA for remis-
treatment of APL dion induction followed by conventional chemotherapy for

' consolidation. Details of most of these patients’ clinical
characteristics have been described elsewhere [9, 24]. Other
characteristics and initial responses are detailed in Table 1.
. Overall, 59 of the 73 newly diagnosed patients (81%)
Patients and methods achieved a CR. Eight newly diagnosed and five previously
treated patients ultimately proved not to have APL accord-
ing to molecular criteria, and these patients were switched
All patients consecutively admitted to the Memorial Sloan-Ketterinfp chemotherapy. Among patients who were molecularly
Cancer Center with a morphologic diagnosis of APL from June 1990 echagnosed, 54 of 65 newly diagnosed patients (83%) and 25
November 1995 were treated on the programs described below. g§r30Q previously treated patients (83%) achieved a CR. The

comparison we analyzed the outcomes of a historical control gronﬂy molecularly diagnosed patients who failed to achieve a
consisting of 80 patients who were consecutively treated on che

therapy-containing protocols at this center in the immediately precrggR were ten patients who died early during induction and
ing period (1975 to June 1990). The clinical characteristics of ti@ne patient with leukocytosis who was switched to chemo-

control patients have previously been described [9]. therapy alone and then achieved a CR. Five of the eight
incorrectly diagnosed new patients achieved a CR with
standard chemotherapy.

Patients

Treatment

Details of the RA-containing protocols have been described elsewhere
[9, 24]. In brief, RAwas given in two divided doses totaling 45 mg/m . .

per day up to the time of clinical remission and for approximatel§urvIval comparison

another 30 days. Thereafter, consolidation chemotherapy, which gen- ) ] )

erally consisted of three cycles of idarubicin and cytosine arabinosid@yverall and disease-free survival rates were estimated for
was given. The first cycle was equivalent to a full-dose inductiofhe newly diagnosed patients treated with RA and for the

course (i.e., idarubicin given at 12 mgmer day for 3 days plus _ ; : ; _ ;
cytosine arabinoside given at 200 m@/mer day for 5 days). The 15-year historical control group. The median follow-up in

subsequent two courses used idarubicin at 12 mgénday for 2 days the control group is now>10 years as compared to 48+

and cytosine arabinoside at 100 m@/mer day for 5 days after months for all patients in the RA group. We first examined
recovery from the preceding cycle. Selected patients (after 19%e survival of all patients treated with RA. Three analyses
also received therapy with a recombinant humanized monocloRghre conducted: the first included all patients treated

antibody directed against CD33 (rHuM195) [12]. . . -
Early in the study, 12 patients experienced a large increase [|RCluding patients who were subsequently shown to be

peripheral blood leukocyte counts and were treated with either Hyegative for PML/RA receptor (RAR)- expression using
droxyurea ( = 2), low-dose cytosine arabinoside¥ 5), or leukaphe- the reverse transcriptase-polymerase chain reaction (RT-
nalysss shoed that this. approach was assocated with excesiay) 5Sayl; the second examined only RT-PCR-positive
mortality [23]. Therefore, unlike those in other studies [6, 7], moﬁYﬁ!emS; and the third examined only RT-PCR-positive
patients in the New York series received no other treatment durif@tients treated between 1990 and 1992, whose median

induction. follow-up is >5 years.
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Fig. 1A, B Kaplan-Meier anal- A)
ysis of A disease-free and

B overall survival in APL pa-
tients treated with RA for remis-
sion induction: all new patients
(n = 74) diagnosed by morphol-
ogy (solid line); newly diagnosed
patients with a confirmed molec-
ular diagnosisr{ = 66; dotted
line); and historical control pa-
tients diagnosed by morphology
and treated with conventional
chemotherapyn(= 80; dashed
line)
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As shown in Fig. 1, the median disease-free survival ratiiagnosis are 68% and 71%, respectively (Fig. 1). Median
recorded for all patients (including those who subsequentlisease-free and overall survival rates noted for patients
proved to be RT-PCR-negative) is 65%. The disease-freeated during the initial 2 years of this program (June 1990
survival rate noted for the molecularly diagnosed patientsrough May 1992, when the incidence and mortality of the
treated with the RA program is only slightly better (67%)'RA syndrome” [8] were higher) are 56% and 67%,
However, as a group the eight misdiagnosed patients hagepectively. By comparison, historical control patients
fared poorly; five of them are known to have died ofreated solely with chemotherapy during the immediately
progressive leukemia, and one patient lost to follow-up ppeceding 15-year period achieved disease-free and
presumed dead. Thus, only two known patients from tlowerall survival rates of 20% and 28%, respectively. For
misdiagnosed group are alive at 51 and 78 months aftae 30 patients who were treated with RA at the time of
diagnosis, respectively. relapse of chemotherapy-induced CR, median disease-free

The overall survival rates recorded for all newly diagand overall survival times were 7.5 and 10.9 months,
nosed patients and for those with a confirmed moleculegspectively.
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ultimately experienced a clinical relapse. These patients are
therefore candidates for additional treatment during clinical

. . . _ remission.

The use of RA for induction therapy in APL patients has e standard RT-PCR test presently used to assess MRD

resulted in a high incidence of CR, and early results from actg approximately 1 PML/RARpositive cell per 10
number of international groups have shown a markefl o celis [13, 17]. This level of sensitivity is substan-

increase in disease-free and overall survival rates compa{ﬁqy lower than that commonly cited for the assay of BCR/

to contro'ls [25, 2.6]' However, g:lqe to the relatively recep|’ used in chronic myelocytic leukemia (i.e., 1 in€0
introduction of this drug, only minimal long-term follow-up(q 1] |y our series, approximately 25% of patients in clinical
data exist to confirm that these early benefits have actuaﬁ mission with at least one negative RT-PCR assay suffered

gw_creaseo: thﬁ. proportion ofhpatier:\ts vr\]/ho gae_z_cureg Fg;t]fﬁssustained clinical relapse [13]. We have recently reported
Isease. In this paper we show that the adcition o h several technical improvements that may greatly in-

remission induction in APL patients has yielded an approx:oase the sensitivity of this assay: using a “hot start’

imately 2.5-fold increase in the proportion of patients Wh@chnique; increasing the number of cycles during the

are alive 5 years later. PCR step; and using interferon to up-regulate the expres-
The bleeding diathesis of APL is often exacerbated Ry, of P?\}IL/RARO( grior to amplificalt?on 9[118]. P

thg use of cytoto>'<ic chemotherapy .dur?ng i'nductio'n, an Finally, recent reports suggest that APL may be exqui-
this factor led to high early mortality in historical series [4gj0|, sensitive to the actions of various arsenicals [2, 3]. In
.20]' It was |n|t|aI.Iy believed that the use of RA d“”ﬂga recent study, 15 of 16 patients with relapsed, resistant
induction w_ould improve overall surv!v_al by decreasing p| \vere induced into CR with A©:s [3]; As20s appeared

early mortality from hemorrhage. Surprisingly, no study hgg qoyn_regulate Bcl-2 expression and induce apoptosis.

yet sr|1_own_ ﬁ S?tirs]tically silgrr]ﬂficahnt redulct(ijon ir|1 earlimilar in vitro findings have recently been reported by our
mhorta ity (‘j"_"t IEj erapgyb(;a tdoug a pooie r?nadyf?'s Qjroup using melarsoprol, an organic arsenical [19] that is
these studies would probably demonstrate such a differente o i undergoing clinical study.

because all researchers have documented this trend). Un
expectedly, the increase in overall survival has resulted
mainly from a markedly reduced risk of relapse. With the
advent of the early use of high-dose corticosteroids to treGdnclusions

incipient symptoms of the RA syndrome [8], intracranial

hemorrhage remains the leading cause of early mortalityihe use of RA for remission induction of APL has
patients treated with either chemotherapy or RA. significantly decreased morbidity [5] and produced a

Despite the major improvement in survival documentadajor increase in overall survival and cure rates. The
by this and other reports, at least three important challenggsimal management of this disease will include refine-
remain. First, it is essential to reduce the number of patiemt®nts that decrease both early mortality due to hemorrhage
(approximately 5-15%) who die early from hemorrhagend the risk of late relapse.

Second, since 25-30% of patients ultimately relapse, im-

proved methods of detecting minimal residual diseageknowledgements This study was supported in part by grant CA-
(MRD) are required to identify those patients who are 645 from the United States National Cancer Institute and by grant
highest risk for clinical recurrence. Third, for relapsingDT'47 from the American Cancer Society.

patients who are resistant to both retinoids and chemother-

apy, alternate methods of treatment, such as bone marrow

transplantation or novel antileukemic agents, need to References

identified.
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