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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Therapy of Molecular Relapse in Acute Promyelocytic Leukemia

By Francesco Lo Coco, Daniela Diverio, Giuseppe Avvisati, Maria C. Petti, Giovanna Meloni,
Enrico M. Pogliani, Andrea Biondi, Giuseppe Rossi, Carmelo Carlo-Stella, Carmine Selleri,
Bruno Martino, Giorgina Specchia, and Franco Mandelli

Fourteen patients with PML/RARa-positive acute promyelo-
cytic leukemia (APL) were given salvage therapy at the time
of first molecular relapse. All patients had achieved first
molecular remission after the AIDA protocol (all-trans reti-
noic acid [ATRA] + idarubicin) and were being prospectively
monitored by reverse transcriptase-polymerase chain reac-
tion (RT-PCR). Molecular relapse was defined as reappear-
ance of RT-PCR-positivity for the PML/RAR« fusion (sensitiv-
ity 1074) in 2 successive marrow samples collected during
postconsolidation monitoring. The median duration of first
molecular remission was 7.5 months (range, 2 to 25). Sal-
vage therapy consisted of oral ATRA for 30 days followed by
4 daily courses of chemotherapy (CHT) with cytarabine 1
g/m?/d and mitoxantrone 6 mg/m2?/d. Second molecular
remission was obtained in 12 of 14 patients (86%). Seven of
these 12 attained molecular remission after ATRA alone. Of
the 2 patients who persisted PCR* after CHT, 1 died in

remission and 1 progressed to hematologic relapse. Of 12
patients PCR~, 8 received consolidation with autologous
bone marrow transplantation (ABMT), and 4 received ATRA-
containing maintenance. Ten patients in this group are in
sustained second molecular remission at a median time of
9.5+ months (range, 4 to 22+) and 2 underwent hematologic
relapse 6 and 13 months, respectively, after transient second
molecular remission. The 2-year Kaplan and Meier survival
estimate from time of relapse was 92% (95% confidence
interval [Cl]: 61% to 98%) in this series, and 44% (95% ClI: 35%
to 52%) in a previous series of 37 patients who received the
same treatment at the time of hematologic recurrence (P <
.05, by log-rank test). This study suggests that early adminis-
tration of salvage therapy is advantageous in APL and
represents the first experience on therapy of molecular
relapse in acute leukemia.

© 1999 by The American Society of Hematology.

CUTE PROMYELOCYTIC leukemia (APL) is character- every 4 months during the second and third year, and every 6 months
ized by a specific chromosome translocation t(15;17) andhereafter. Median age was 39.5 years (range, 19 to 65), median white
a unique response to the differentiating agent all-trans retinoi®lood cell (WBC) count was 5.4 1(°/L (range, 0.6 to 165.7). As to the
acid (ATRA). Although combined treatment with anthracycline- type of PML/RAR)L fusion detected at diagnosis, 9 Patlents showed a
based chemotherapy and ATRA induces long-lasting remissiofc'> a"d 5 patients a berl PML/RARSoform. According to the AIDA

d potential . to 70% of v di d patient study desigri/ after the end of consolidation, 12 patients were
and potential cure in up to o OF newly diagnosed patients, ., mized to receive some type of maintenance, and 2 patients to no

early death during induction and occurrence of relapse still o therapy. In the former group, 5 patients were assigned to
represent the major obstacles to final cure in this distése. ATRA-containing maintenance (ATRA alone in 1 case and ATRA plus

At the molecular level, the t(15;17) results in a hybrid methotrexate and 6-mercaptopurine chemotherapy in 4 cases), and 7
PML/RARa gene, which is readily identified by reverse patients to chemotherapy alone. Detailed doses and schedules of
transcriptase-polymerase chain reaction (RT-PCR). Besidemaintenance treatments are reported elsewti@fee median duration
allowing a more rapid and refined diagnosis, this test has proveff first molecular remission was 7.5 months (range, 2 to 25 months).
useful for minimal residual disease monitoring during follow- _ Criteria for molecular relapse. In patients showing no evidence of
up57 Using conventional RT-PCR assays with sensitivity disease at the morphologic analysis, molecular relapse was Qeflned as
between 18 and 1@, several investigators have shown that the conversion from F.’CR.tO PCR' for PML/RAR« detected in 2
detection of residual PML/RAR transcript during remission successive postconsolldgtlon bone marrow (BM) sarn'p'les'collected 2to

. A . 4 weeks apart. The practice of confirming PCR positivity in a separate
predicts subsequent hematologic relapSeThis was con-
firmed in a recently reported study of the GIMEMA group
(Gruppo Italiano Malattie Ematologiche Maligne dell’ Adulto) ¢, the Dipartimento di Biotecnologie Cellulari ed Ematologia,
inwhich patients enrolled in the AIDA (atfansretinoic acid+ Universita‘La Sapienza,” Rome; Clinica Pediatrica and Divisione di
idarubicin) trial were prospectively monitored at preestablishedematologia, Ospedale S.Gerardo, Monza; Sezione Ematologia, Spedali
time intervals'® Civili, Brescia; Cattedra di Ematologia, Universitdi Parma; Divisi-

As a result of these findings, our group elected to anticipateone di Ematologia, Université&ederico Il, Napoli; Dipartimento di
salvage therapy in those patients who, at any time afteEmatologia, Azienda Ospedaliera di Reggio Calabria; and Cattedra di
front-line induction and consolidation, showed conversion fromEmatologia, Universitali Bari, Bari, Italy.

PCR to PCR" for PML/RAR« while remaining in hemato- ~ Submitted April 9, 1999; accepted June 1, 1999. ,
logic remission. We report here a clinical and laboratory study Supported by grants from ROMAIL (Associazione lItaliana contro le

N . . . .~ Leucemie, sez. di Roma), AIRC (Associazione Italiana per la Ricerca
on an initial series of 14 APL patients treated at the time of flrstSul Cancro), and Fondazione Tettamanti (Monza),
molecular relapse.

Address reprint requests to Francesco Lo Coco, MD, Dipartimento di
Biotecnologie Cellulari ed Ematologia, Universitha Sapienza” Via
Benevento 6, 00161 Rome, Italy; e-mail: lococo@bce.med.uniromal.it.

Patients and previous therapyFourteen patients with PML/RA&R The publication costs of this article were defrayed in part by page
positive APL who were given salvage therapy at the time of first charge payment. This article must therefore be hereby maikexer-
molecular relapse are included in this study. All cases were initially tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
enrolled for front-line therapy in the GIMEMA trial AIDA and were this fact.
prospectively monitored by RT-PCR of PML/RARat the following © 1999 by The American Society of Hematology.
preestablished time intervals: every 2 to 3 months during the first year, 0006-4971/99/9407-0003$3.00/0
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BM sample before administering salvage therapy was established by RESULTS

our group based on 2 considerations: (1) transient PCR positivity not Response to reinduction treatmenResponse to therapy
resulting in clinical recurrence had been detected, although very rarely, )

in our series (unpublished observations); (2) this practice represents was assessed by molecular analysis of BM samples collected
further cautionary step, which may allow to rule out false positivity due after ATRA alone, after chemotherapy, and at various time
to contamination of the first sample. Patients who converted to*PCR points after ABMT and/or during follow-up. All samples used
while in morphological remission in the BM, but showed simultaneous for molecular studies were blindly analyzed in parallel by light
overt disease in the central nervous system (CNS) or other extramedumijcroscopy to confirm the status of hematologic remission.
lary sites, are not included in this study. ATRA was always administered on an outpatient basis and no

RT'PC.R of PML/ RAR quue_:nnal BM Sample.s.we.re collected in relevant side effects were recorded during this treatment. After
each patient at established time intervals for identification of molecular

relapse and to assess response at the PCR level during and after salvd dnduction with ATR_A alone, 7 patlen?s (50%) tested F’G&.
treatment. Mononuclear cells from BM aspirates were prepared localiytne PML/RARx hybrid. After completing chemotherapy with

at the participating institutions in the Italian multicenter AIDA study Cytosine arabinoside and mitoxantrone, 12 of 14 (86%) tested
and suspended in a 4-mol/L guanidium thiocyanate (GTC) solution aPCR~, while 2 (14%) persisted PCRand in hematologic

reported:®!’ Cryopreserved GTC samples were sentin dry ice to 1 of 2remission. The results of serial RT-PCR analyses are shown in
referral molecular biology laboratories (Hematology, University “La Table 1.

Sapienza” of Rome and Clinica Pediatrica, University of Milano-

Monza). Reagents and experimental conditions for RT-PCR of PML/ Cllmllgle?ndf m0|e9u(:llar C.JUtcolme'Of]:[Zedz. %atlfnts perSI§-I
RARa, sensitivity level of the reaction, and interlaboratory quality tently after reinduction, 1 (no. 14) died of intracrania

control experiments to assess results reproducibility have been reportddemorrhage during postchemotherapy aplasia and 1 (no. 13)
elsewheré817 had hematologic relapse 10 months later, despite receiving

Therapy for molecular relapse.After confirmation of molecular — additional chemotherapy. This latter patient is presently in
relapse, all patients received as reinduction ATRA 45 niglitly mouth  second hematologic (PG remission after 1 cycle of IV
for 30 days. This was followed, after 1 week of rest, by cytosine 5 sanic trioxide (kindly supplied by PolaRx Inc, New York,
arabinoside 1 g/fhdays 1 through 4 (intravenous [1V] infusion over 6 ?Y). In the group of patients PCRafter reinduction, 2 patients

hours) and 3 hours after the end of cytosine arabinoside, mitoxantrone 5 and 8) sh d | d BM h lasi hich
mg/n? days 1 through 4 by IV bolus. Patients who converted to PCR nos. 5 and 8) showed prolonge ypoplasia, which was

were consolidated with unpurged autologous BM transplantationcOmplicated by pulmonary infection in 1 case. These 2 patients
(ABMT). BM harvest was collected at the time of second molecular as well as patients no. 6 (ABMT refusal) and 12 (on waiting list
remission. In 6 patients, the conditioning regimen was based on théor ABMT, not yet performed due to logistic problems), were
BAVC protocol (carmustine [BCNU], cytarabine [Ara-C], amsacrine given after reinduction maintenance treatment with ATRA,
[m-AMSA], and etoposide [VP16])? while patients no. 2 and 7  methotrexate and 6-mercaptopurine as repditdthe remain-
received busulfan and cyclophosphamide according to the schedulﬁ]g 8 patients who experienced no significant toxic effects after

reported by Tutschka et &.Patients not eligible for ABMT after | treat t und t d ABMT at dian ti
reinduction were given maintenance therapy with intermittent ATRA, ,Sa vage trealment underwent unpurge atamedian time

methotrexate, and 6-mercaptopurine, as repdit&iirvival was calcu-  interval of 2 months (range, 1 to 5_m0nth3) from the aghieve-
lated from the time of molecular relapse according to the Kaplan andment of second molecular remission. RT-PCR analysis con-
Meier life tables?® firmed in all cases absence of PCR-amplifiable PML/RAR

Table 1. Patients’ Outcome After Salvage Therapy

PML/RAR« PCR After Salvage Therapy

Patient Duration of 1st Duration of 2nd
No. Molecular Remission  Post-ATRA Post-CHT BM Harvest ABMT Molecular Remission Outcome
1 1 Neg Neg Neg Yes 22+ A & W in 2nd molecular remission
2 11 Pos Neg Neg Yes 17+ A & W in 2nd molecular remission
3 12 Neg Neg Neg Yes 16+ A & W in 2nd molecular remission
4 2 Neg Neg Neg Yes 13 Hematologic relapse at 13 mo; 3rd molecular
remission with ATRA/MTZ/AraC
5 1 Neg Neg ND ND 1M+ A & W in 2nd molecular remission
6 3 Neg Neg Neg ND 10+ A & W in 2nd molecular remission
7 7 Pos Neg Neg Yes 9+ A & W in 2nd molecular remission
8 9 Pos Neg ND ND 8+ A & W in 2nd molecular remission
9 3 Neg Neg Neg Yes 7+ A & W in 2nd molecular remission
10 4 Pos Neg Neg Yes 6+ A & W in 2nd molecular remission
11 3 Neg Neg Neg Yes 6 Hematologic relapse at 8 mo; patient is presently
receiving As,0; therapy
12 25 Pos Neg Neg ND 4+ A & W in 2nd hematologic remission
13 2 Pos Pos ND ND — Hematologic relapse at 10 mo; 2nd hematologic
remission after As,05
14 8 Pos Pos ND ND - Hemorrhagic death in remission

Abbreviations: ABMT, autologous bone marrow transplantation; ND, not done; A & W, alive and well; CHT, chemotherapy.
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transcripts in the BM harvest. No major toxic effects were DISCUSSION

recorded during and after ABMT procedures. The availability of a disease-specific and PCR-detectable

Ten patients (no. 1, 2, 3,5, 6,7, 8,9, 10, and 12 in Table Ljmolecular marker has recently allowed a more refined assess-
have remained in sustained second molecular remission for gent of response to treatment and relapse risk in patients with
median time of 9.5 months (range, 4 to 22). This group  APL. As a consequence, several investigators have adopted the
included 6 of the 8 autografted and all the 4 nonautograftecterm molecular remission, corresponding to therapy-induced
patients. Two patients (no. 4 and 11), both in the ABMT group, conversion to PCR for the PML/RARx in the BM, as a more
had hematologic relapse at 13 and 8 months from the achievexdvanced therapeutic goal in this diseds8:24On the other
ment of second molecular remission. In case no. 4, overt diseasgand, a number of monitoring studies have shown that reappear-
recurrence was not predicted by RT-PCR monitoring, whichance during hematologic remission of PCRells almost
yielded persistently negative results up to 2 months befordnvariably predicts recurrence of overt dise&$eAfter confir-
relapse. This patient underwent second hematologic remissiomation of this in a prospective monitoring studywe started
with oral ATRA and third molecular remission after cytosine considering as having molecular relapse those patients who
arabinoside and mitoxantrone chemotherapy. In case no. 1ktonverted from PCRto PCR" during hematologic remission
hematologic relapse was preceded by a P@#st performed 2  and decided to early administer salvage treatment in such cases.
months earlier (Table 1). This patient was resistant to further It must be emphasized that such clinical correlations have
therapy with ATRA and is currently receiving arsenic trioxide. been established using relatively insensitive PML/RARCR

The 2-year Kaplan-Meier estimate of survival from the time assays (capable of detecting beweern®1@nd 104 positive
of first molecular relapse was 92% (95% confidence intervalcells). By contrast, the use of techniques characterized by
[CI]: 61% to 98%). This was compared with survival of 37 greater sensitivity, including amplification of the reciprocal
patients enrolled in the AIDA study who were treated with the RARa/PML hybrid, have yielded prognostically less informa-
same reinduction approach at the time of hematologic recurtive results, due to the detection of residual transcripts in some
rence (historical controls). In this latter group, median age wagatients in long-term remissicf.
35.3 years (rangey 95to 73.8)7 median WBC count at presenta_ The present study has 2 main weaknesses, which prevent us
tion was 2.3 107/L (range, 0.3 to 85.5) and median duration of from drawing firm conclusions on the advantage of anticipating
first hematologic remission was 12.2 months (range, 5.2 tcsalvage treatment in APL. First, our series includes a small
29.1). The median duration of first molecular remission was enumber of patients whose follow-up is relatively short. In
months (range, 2 to 23) in 23 patients of the historical groupaddition, it was quite difficult for us to find an adequate control
who were adequately monitored during follow-up; hematologic 9roup, such that a historical series of patients treated with the
relapse was preceded by a positive PML/RARSt in 20 of ~ Same approach had to be used to compare survival. Indeed,
these 23 cases. The 2-year estimate survival from the time ggiven the high risk of early mortality in APL patients with overt

hematologic relapse for the historical series was 44% (95% cidisease, we cor}siQered ungthigal Comparing early versus de-
35% to 52%). The difference with survival of the 14 patients @yed therapeutic intervention in a randomized study, even

treated for molecular relapse was statistically significants( ~ though we realize that this would be the best methodologic
.05, Fig 1). approach to test this issue. Despite the above limitations, this

study represents, to the best of our knowledge, the first report on
the treatment of molecular recurrence in acute leukemia, and we
believe that it contains some interesting preliminary observa-
tions.

Early therapy of relapse, ie, intervening on a minimal tumor
burden, minimizes the most serious disease- and treatment-
related risks of APL, such as hemorrhagic death and the

P <0.05 life-threatening ATRA syndrome. All patients in the present
study could be treated on an outpatient setting for ATRA
administration with no toxic effects being recorded. Subsequent
chemotherapy, however, was associated with important toxicity
in 3 cases, including 1 death in remission, which occurred
25 1 during marrow aplasia.
Second, most patients in this series had aggressive disease, as
indicated by the initial median WBC count (5x4 10°/L), and
0 T T T T T T T T T 1 by first molecular remission duration, which wad2 months
0 12 24 36 48 60 in 13 of 14 and extremely shorts6 months) in 6 of 14 cases
(Table 1). In addition, they all relapsed at the molecular level
mos. after relapse after having received optimal front-line therapy including
Fia 1. Kaolan-Meier estimates of overall survival from relanse in simultaneous ATRA and anthracycline-containing chemother-
patignt.s trea':ed at :hi t?;e of :;IZ::EI; relaspse (dott:d Iin(:) ::ce! in apy, the only exception bel_ng pa_tlent no. 2 who could not
the historical series of patients treated for hematologic relapse complete the programmed induction schedule due to ATRA
(continuous line). toxicity. This notwithstanding, a status of second molecular

probability
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remission could be achieved in 86% of patients. Furthermore, 5. Miller WH Jr, Kakizuka A, Frankel SR, Warrell RP Jr, De Blasio
half of the patients showed conversion to PC&fter ATRA A, Levine K, Evans RM, Dmitrovsky E: Reverse transcription polymer-
alone, a phenomenon that is only occasionally observed ise chain reaction for the rearranged retinoic acid receptarifies
patients receiving ATRA for clinically overt disea%& Re- Idiagnos_,is 2”‘1 dﬁte;:/:s ”:jirgm"i" éf;dgtfgggfefggezi” acute promyelocytic
cently, Grimwade et & also reported the achievement of '€ukemia. Proc NatlAcad Sci -£094,

molecular remission in 2 patients who received ATRA as 6. Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T,
. . p, Dube I, Winfield DA, Kingston J, Hagemejier A, Rees JKH, Lister TA,
therapy for minimal residual disease.

. L e _Solomon E: Diagnosis of acute promyelocytic leukemia by RT-PCR
Given the relative insensitivity of the RT-PCR assay used, ityataction of PML/RAR and RARJVPML fusion transcripts. Br J

is presumable that the molecular remissions observed aftgizematol 82:529, 1992

ATRA alone reflect the reduction of tumor burden below the 7. Diverio D, Riccioni R, Mandelli F, Lo Coco F: The PML/RAR
PCR detection threshold, rather than eradication of leukemiafusion gene in the diagnosis and monitoring of acute promyelocytic
For that reason, we decided to adopt as treatment for molecueukemia. Haematologica 80:155, 1995

larly relapsed APL the same intensive approach used by our 8. Lo Coco F, Diverio D, Pandolfi PP, Biondi A, Rossi V, Awvisati G,
group for patients in hematologic relapse. In this latter subsetRambaldi A, Arcese W, Petti MC, Meloni G, Mandelli F, Grignani F,
we recently reported the achievement of prolonged Sec:Omlj/.lasera G, Barbui .T, Pelicci PG: Molecular evaluation Qf residua}
molecular remission with ATRA followed by chemotherapy and disease as a predictor of relapse in acute promyelocytic leukemia.
ABMT for patients with PCR BM.2” However, all 4 patients Lancet 340:1437, 1992

. . 9. Chang KS, Lu J, Wang G, Trujillo JM, Estey E, Cork A, Chu DT,
who could not receive ABMT in the present study had Freireich EJ, Stass SA: The t(15;17) breakpoint in acute promyelocytic

prqlonged sepond ’_“_O'ecu'ar remission; thus, the advantage %ukemia cluster within two different sites of the myl gene. Targets for
using ABMT in addition to ATRA and chemotherapy remains the detection of minimal residual disease by polymerase chain reaction.
unclear. Blood 79:554, 1992

Due to heterogeneity of potentially relevant prognostic 10. Miller WH, Levine K, DeBlasio A, Frankel SR, Dmitrovsky E,
factors (eg, age, WBC count, PML/RARIisoform, type of  Warrell RP Jr: Detection of minimal residual disease in acute promyelo-
maintenance and first molecular remission duration), we weréytic leukemia by a reverse transcription polymerase chain reaction
unable to do a pair-matched comparative analysis betwee@ssay for the PML/RARa fusion mRNA. Blood 82:1689, 1993
patients treated for molecular and hematologic relapse. How-_11- Huang W, Sun G-L, LiX-S, Cao Q, Lu Y, Jang G-S, Zhang F-Q,
ever, patients in the historical control group had a significemtlyChf"lI IR, W"?m,g Z-Y, Waxman S, Chen Z, Chen S-J: Acute promyelo-

. . cytic leukemia: Clinical relevance of two major PML-RARsoforms

worse survival compared with those treated for molecular

. . L and detection of minimal residual disease by retrotranscriptase-
relapse. In particular, 16 of 37 (43%) patients have died in thepolymerase chain reaction. Blood 82:1264. 1993

former group, compared with 1 of 14 (7%) in the molecular 12 Koringer L, Knobl P, Laczika K, Mustafa S, Quehenberger P,
relapse category (Fig 1). Our results in patients treated for firsschwarzinger I, Lechner K, Jaeger U, Mannhalter C: PML/RAFCR
hematologic relapse are in line with those of the MRC group,positivity in the bone marrow of patients with APL precedes haemato-
who recently reported a remission rate of 65% and 50% andogical relapse by 2-3 months. Br J Haematol 88:427, 1994

2-year survival rates of 44% and 43% for patients relapsing at 13. Fukutani H, Naoe T, Ohno R, Yoshida H, Kiyoi H, Miyawaki S,

the hematologic level after chemotherapy plus short or extendelfiorishita H, Sano F, Kamibayashi H, Matsue K, Miyake T, Hasegawa
ATRA, respectively2 S, Ueda Y, Kato Y, Kobayashi H, Shimazaki C, Kobayashi M, Kurane

R, Sakota H, Masaki K, Wakayama T, Tohyama K, Nonaka Y, Natori H:

\t/.\lhllet.our plrellmlrtf]lry ob§erxa;)tlLoqts . st:jgf?esltt ? be?eg:.t ;]n Prognostic significance of the RT-PCR assay of PML/RARnscripts
anticipating salvage therapy in » LIS difficult to establish ;o e promyelocytic leukemia. Leukemia 9:588, 1995

which is the best treatment approach for minimal disease 14 Perego RA, Marenco P, Bianchi C, Cairoli R, Urbano M, Nosari

recurrence. Recent observations with arsenic trioxide@4s  am, Muti G, Morra E, Del Monte U: PML/RAR transcripts monitored
indicate that this agent is more potent than ATRA for inducing by polymerase chain reaction in acute promyelocytic leukemia during
molecular remissioft Although long-term results of A®s; are  complete remission, relapse and after bone marrow transplantation.
not yet available, its use in the particular setting of molecularLeukemia 10:207, 1996

re|apse m|ght be encouraged_ However, due to the relative 15. Roman J, Martin C, Torres A, Jimenez MA, Andres O, Flores R,
infrequency of relapses in this disease, comparative (ie, phas@e la Torre MJ,_Sanchez J‘, Ser_rano J, Falcon M:_At?sence pf detectable
I1) studies aimed at evaluating different approaches will mostPML/RARO‘ fusion transcripts in long-term remission patients after

likely require collaborative efforts at the multiinstitutional or bone marrow transpla.ntatlon for acute promyelocytic leukemia. Bone
L Marrow Transplant 17:679, 1997
even multinational level.

16. Diverio D, Rossi V, Awisati G, De Santis S, Pistilli A, Pane F,

Saglio G, Martinelli G, Petti MC, Santoro A, Pelicci PG, Mandelli F,
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