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Summary

A total of 105 patients (age ≥ 18 years) with newly diagnosed low or intermediate risk acute

promyelocytic leukaemia (APL) were treated with a standard induction and consolidation regimen

including arsenic trioxide (ATO). Sixty-eight patients who were polymerase chain reaction (PCR)

negative for PML-RARA post-consolidation were randomized to either one year of maintenance
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with tretinoin, mercaptopurine and methotrexate, or observation. Enrollment in this non-inferiority

trial was stopped prematurely due to slow accrual. With a median follow up of 36.1 months, the

overall survival of the 105 patients was 93%, and there have been no relapses in the patients

randomized to maintenance or observation. These results demonstrate that cures can be expected

in >90% of patients with low and intermediate risk APL and suggest that maintenance therapy

may not be needed if patients are treated with an intensive post-remission regimen including ATO.

This trial was registered at clinicaltrials.gov as #NCT00492856.
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Introduction

The outcome of treatment of acute promyelocytic leukaemia (APL) has significantly

improved over the last two decades with the recognition of the importance of anthracyclines,

the introduction of all-trans retinoic acid (ATRA) and arsenic trioxide (ATO), and improved

supportive care measures.(Sanz and Lo-Coco, 2011; Wang and Chen, 2008) Following

anthracycline-based chemotherapy and ATRA, remission rates exceed 90%, and primary

resistance is extremely unusual.(Sanz et al., 2004) Most early mortality is due to bleeding

complications related to coagulopathy. ATO is very active in APL, both in relapsed and

newly diagnosed disease.(Shen et al., 2004; Soignet et al., 2001) The North American

Intergroup protocol C9710 recently demonstrated improved disease-free (DFS) and overall

survival (OS) when ATO was added as a first consolidation therapy after remission

induction.(Powell et al., 2010)

Unlike in the treatment of other subtypes of acute myeloid leukaemia, post-consolidation

maintenance therapy is often used in the treatment of APL. The studies demonstrating a

benefit for maintenance were conducted before the introduction of ATO as consolidation

therapy, and thus the need for maintenance in the setting of ATO consolidation is unknown.

The current randomized non-inferiority study was designed to compare DFS among patients

with previously untreated low and intermediate risk APL who were polymerase chain

reaction (PCR)-negative for PML-RARA after consolidation therapy and received

maintenance therapy versus patients who received no maintenance therapy.

Methods

Study population

Study S0521 accrued patients between June 2007 and May 2010 from three North American

Cooperative Groups (Southwest Oncology Group [SWOG], Eastern Cooperative Oncology

Group [ECOG], and Cancer and Leukemia Group B [CALGB]). It was closed to new

patients prematurely due to slow accrual after 105 of a planned 400 patients were entered.

Approval by the Institutional Review Board of each participating institution was obtained.

Written informed consent was obtained from each participant. The trial is registered at
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ClinTrial.gov (NCT00492856). Eligibility criteria included a morphologically confirmed

diagnosis of low or intermediate risk APL(Sanz et al., 2000) based on bone marrow or

peripheral blood examination performed within 14 days before registration. The initial white

blood cell (WBC) count had to be ≤10 × 109/l. ATRA was allowed at a dose of ≤ 45

mg/m2/day for ≤ 5 days before registration. No other prior therapy was allowed. Subsequent

confirmation of diagnosis by reverse transcription polymerase chain reaction (RT-PCR) for

PML-RARA was required.

Data collection and analyses were performed by the SWOG Statistical Center. The

Statistical Center staff and the principal investigator reviewed the data for each patient. An

independent Data Safety and Monitoring Committee reviewed the trial every 6 months.

Study design

Patients aged 18 years and older were treated as per the C9710 regimen as shown in Figure

1.(Powell et al., 2010) After completion of consolidation, all patients whose bone marrow

specimen was negative for PML-RARA by RT-PCR were randomized to one year of

maintenance with ATRA (45 mg/m2/day orally given in divided doses twice daily for 7 days

every other week), 6-mercaptopurine (60 mg/m2/day orally) and methotrexate (20 mg/m2

orally once per week) or observation with no maintenance. Patients were stratified at the

time of post-consolidation randomization by age (18-60 versus >60 years), APL risk group

(low [platelet counts >40 × 109/l] versus intermediate [platelet counts ≤40 × 109/l]), and

whether or not the non-ATO consolidation was given (yes versus no). When the study was

closed to accrual, all patients were non-randomly assigned to receive the maintenance

treatment because this was the standard of care at the time. Maintenance therapy was started

no earlier than 14 days and no later than 30 days after recovery of peripheral blood counts.

Patients who were still PML-RARA positive after consolidation were eligible to receive

gemtuzumab ozogamicin (6 mg/m2/day IV) on days 1 and 15 with one additional dose if

they became PCR-negative or up to 4 additional doses if they were still PCR-positive.

Study endpoints

The primary endpoint was the 3-year DFS among patients who were PCR-negative for

PMLRARA after consolidation therapy and received maintenance therapy versus patients

who received no maintenance therapy. DFS was measured from the date of post-

consolidation randomization until relapse of any kind or death from any cause. Observation

was censored at the date of last follow-up for patients last known to be alive without report

of any relapse. Survival was measured from the time of enrollment on the study.

A secondary endpoint was the assessment of toxicities of induction, consolidation and

maintenance therapies. The study utilized the National Cancer Institute (NCI) Common

Terminology Criteria for Adverse Events (CTCAE) Version 3.0 (http://ctep.cancer.gov/

protocolDevelopment/electronic_applications/docs/ctcaev3.pdf) for toxicity and Serious

Adverse Event reporting.
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Statistical analyses

Descriptive statistics were tabulated for patient characteristics. Exact binomial confidence

intervals were calculated for the response rate. OS and DFS were estimated using the

Kaplan-Meier method. Regression analyses comparing the randomized arms were not

possible due to the small number of events. All analyses were done using R. (R Core Team

(2013).

Results

Induction

A total of 105 patients were accrued to the induction registration. All were eligible. Patient

characteristics are shown in Table I. The Consolidated Standards of Reporting Trials (Schulz

et al., 2010) flow diagram is shown in Figure 2. Two patients were taken off protocol

induction therapy due to unresolved renal failure and to pneumonia with Grade 4

neutropenia. Both achieved a complete remission. One patient withdrew consent on day 30

of induction and was not assessed for response.

All 105 patients were evaluated for induction toxicities. Three patients suffered fatal

toxicities: infection, typhlitis and arrhythmia. Grade 4 non-haematological toxicities were

reported for another 22 patients, including three with APL differentiation syndrome, one

with disseminated intravascular coagulation (DIC) and one with both APL differentiation

syndrome and DIC.

Ninety-nine of the 105 patients achieved complete response (94%, 95% confidence interval

(CI) 88-98%), one of which was with incomplete blood count recovery. Two patients

achieved partial remission. No patient had resistant disease.

Consolidation

Ninety-two patients were registered for consolidation therapy. Seven patients withdrew from

the study after induction but prior to consolidation, but only one was due to prior toxicity.

There were three consolidation deaths. One patient died from respiratory failure, one from

pneumonia and one experienced sudden death. One major protocol deviation was reported

for a patient who received extra ATRA and daunorubicin in error for the third consolidation

cycle. This patient continued on study and completed maintenance. Before starting

daunorubicin, another patient was taken off consolidation therapy by the treating physician

due to poor performance status. Two patients did not complete consolidation for unknown

reasons. Six additional patients came off consolidation therapy due to toxicity: one for

pericardial effusion with pericarditis during the first consolidation cycle, one for sepsis after

the first cycle, one each for thrombocytopenia and reduced ejection fraction after the second

cycle, one for severe headache during the third cycle and one for neuropathy after the third

cycle. Grade 4 nonhaematological toxicities were reported for five additional patients during

consolidation: one each with infection and pericardial effusion during the first consolidation

cycle, one with infection and elevated hepatic transaminases during the second cycle, one

with infection during the third cycle and one with cardiac dysfunction during the fourth

cycle.
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Maintenance

Sixty-eight patients were registered to post-consolidation therapy, 55 were randomized and

13 were non-randomly assigned to maintenance chemotherapy after the study was revised.

Eleven patients withdrew from the study after consolidation but prior to the maintenance

randomization. One patient did not achieve molecular remission after completing

consolidation and thus was registered to post-consolidation gemtuzumab ozogamicin

therapy. Three major protocol deviations were reported for patients who were randomized to

receive maintenance therapy due to treatment refusal. A fourth patient refused after starting

maintenance therapy. Four patients discontinued maintenance therapy due to toxicity: one

due to severe headache and fatigue, one due to headache, fever, nausea, vomiting and

dyspnea, one due to headache and cardiac dysfunction, and one due to pneumonia and

sinusitis.

Of the 37 patients evaluated for toxicity on maintenance therapy, no fatal toxicities have

been reported. Grade 4 non-haematological toxicities were reported for two patients during

maintenance therapy: one had elevated hepatic transaminases and one had cardiac

dysfunction. One patient randomized to maintenance therapy died from sepsis without a

report of relapse.

Outcomes

Two additional patients have died without evidence of relapse. With a median follow up of

3.1 years, a total of 9 of the 105 patients have died, to give a 3-year OS rate of 91% (Figure

3A; 95% CI 88%-98%). One patient relapsed from complete remission after completing

consolidation therapy but before registration to maintenance. No other relapses have been

reported.

DFS by randomized post-consolidation treatment arm is shown in Figure 3B. With a median

follow-up of 2.7 years, 1 patient in the maintenance therapy arm and no patient in the

observation arm have died. The patient who died was still in remission and died of sepsis.

Three-year DFS in the maintenance therapy arm was 96% (95% CI 90%-100%).

Only one patient was not in molecular remission after receiving consolidation and no patient

received gemtuzumab ozogamicin as part of protocol treatment. Therefore, the predictive

value of pre-treatment gene expression profiling could not be determined for post-

consolidation minimal residual disease or gemtuzumab treatment. Similarly, there have been

too few relapses to correlate with such profiles.

Discussion

The early results of this study confirm the excellent DFS and OS reported in the C9710 trial

for APL patients in the low and intermediate risk groups (Powell et al 2010), and confirm

the value of post-remission induction ATO using this treatment regimen. As in C9710, ATO

was safe and well tolerated. Virtually all patients achieved a molecular complete response

following consolidation, minimizing the need for extensive and sequential molecular testing

after this point. The early death rate was also quite low, consistent with prior studies in low
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or intermediate risk groups.(de la Serna et al., 2008) Most importantly, survival with a

median follow up of 3.1 years was 91% with no late relapses.

There have been no fatal toxicities in patients treated with maintenance therapy and only

two patients have died (in continued remission). Only one patient (who was not randomized

to maintenance or observation) has relapsed. There have been no relapses among the

randomized patients. This observation argues that there is no need for APL disease

monitoring once patients have completed effective consolidation therapy. As the study

closed prior to enrolling the planned 400 patients, it will not be possible to answer the

question conclusively whether maintenance therapy is required in this group of APL

patients. However, the lack of late relapses with a median follow-up of 2.6 years together

with the expense and toxicity associated with maintenance therapy argues against this

treatment.

Although two earlier, randomized studies have reported benefit of ATRA-based

maintenance therapy(Fenaux et al., 1999; Tallman et al., 1997), the recently reported long

term follow up of the Gruppo Italiano Malattie Ematologiche dell‘Adulto (GIMEMA) AIDA

(ATRA plus idarubicin) 0493 protocol did not demonstrate a benefit in 12-year DFS from

any maintenance when compared to observation alone.(Avvisati et al., 2011) Further, the

North American Intergroup trial C9710 compared ATRA alone to ATRA plus chemotherapy

and found no advantage for the addition of chemotherapy.(Powell et al., 2011). There are

several distinctions between the two earlier studies showing a need for maintenance and the

more recent C9710 and GIMEMA AIDA trials. The GIMEMA study required PML-RARA

PCR negativity post-consolidation, prior to maintenance randomization. In addition, the

induction and consolidation therapies in the North American Intergroup C9710 and the

GIMEMA AIDA trial were probably more effective than those used in the earlier studies

where maintenance was beneficial. C9710 incorporated ATO in one consolidation arm of

the trial and in that arm there were only seven (4%) relapses among the 196 patients who

received the ATO; there were no relapses after 36 months. The GIMEMA trial did not use

ATO, but did use idarubicin rather than daunorubicin as the anthracycline. This may have

resulted in a better treatment effect with more effective eradication of minimal residual

disease after remission was achieved. A similar lack of benefit from maintenance was

reported in a Japan Adult Leukaemia Study Group protocol that also used idarubicin and

required molecular negativity for PML-RARA post-consolidation.(Asou et al., 2007) Finally,

a small study of 38 patients that did not include any maintenance therapy showed 5-year OS

and leukaemia-free survival of 82% and 78%, respectively.(Gupta et al., 2005) Thus, at least

four other studies suggest a lack of benefit for maintenance in APL. These results are

entirely consistent with those reported here.

Toxicities are associated with maintenance therapy with either ATRA or chemotherapy, as

seen in this study and others (Ades et al., 2010; Fenaux et al., 1999; Nagai et al., 2009). For

example, in a series of trials reported by the European APL Group (Ades et al., 2010), 13%

of patients who received ATRA, chemotherapy or both during maintenance stopped

treatment after less than one year of the planned two year course. Fatal infections were

observed in 2.5% of patients randomized to maintenance, and 2.5% of patients were

hospitalized for febrile neutropenia, including three non-fatal cases of Pneumocystis carinii.
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Forty-five percent of the patients experienced either hepatic and/or haematological toxicity

during maintenance, leading to dose reductions of their therapy. The omission of

maintenance would obviously eliminate these side effects.

The cure of the great majority of patients with APL has been one of the true success stories

in the treatment of adult acute myeloid leukaemia. As we try to refine treatment further by

reducing or eliminating some therapy for certain groups of APL patients, it is becoming

increasingly difficult to accrue adequate numbers of patients to non-inferiority trials, for

which large numbers of patients are required to ensure that treatment reductions do not

unacceptably impact outcomes. This is especially true in the lower risk groups where relapse

is uncommon. Despite the lower-than-anticipated enrollment in S0521, the lack of relapses

to date, along with existing data from other trials is enough to support the omission of

maintenance therapy in low or intermediate risk APL patients, provided they receive

intensive post-remission therapy with either idarubicin or ATO as used in the GIMEMA and

C9710 studies, respectively.
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Figure 1. Treatment schema
CR, complete remission; CRi, incomplete remission; CRm, molecular complete remission;

PR, partial remission; DNR, daunorubicin; Ara-C, cytarabine; ATRA, all trans retinoic acid;

AsO3, arsenic trioxide; 6-MP, 6-mercaptopurine.
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Figure 2. Consolidated Standards of Reporting Trials flow diagram.
CRm, molecular complete remission.
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Figure 3. Overall survival and disease-free surviva
A: Overall survival (OS)

B: Disease-free survival.

ATRA, all trans retinoic acid; MTX, methotrexate; 6-MP, 6-mercaptopurine
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Table I

Patient characteristics

Characteristic n (%)

Age (median 49, range 20-82 years)

    18-60 years 84 (80)

    >60 years 21 (20)

Sex

    Male 61 (58)

    Female 44 (42)

Race

    White 83 (79)

    Black 7 (7)

    Asian 7 (7)

    Hispanic 5 (5)

    Native American 1 (1)

    Unknown 2 (2)

Performance status

    0 35 (33)

    1 52 (50)

    2 15 (14)

    3 2 (2)

    4 1 (1)

Risk group
*

    Low 38 (36)

    Intermediate 67 (64)

*
Low risk group, white blood cell count ≤ 10 × 109/l and platelet count > 40 × 109/l; Intermediate, white blood cell count ≤ 10 × 109/l and platelet

count ≤ 40 × 109/l.
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