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Preliminary independent reports of the Ital-
ian GIMEMA and the Spanish PETHEMA
trials for newly diagnosed acute promyelo-
cytic leukemia (APL) indicated a similarly
high antileukemic efficacy in terms of com-
plete remission and disease-free survival
rates. To better investigate these studies
and the prognostic factors influencing re-
lapse risk, this study analyzed the updated
results of 217 patients with PML/RAR a-
positive APL enrolled in GIMEMA (n 5 108)
and PETHEMA (n 5 109). All patients re-
ceived identical induction (AIDA schedule)
and maintenance. For consolidation,
GIMEMApatients received 3 courses includ-
ing idarubicin/cytarabine, mitoxantrone/eto-

poside, and idarubicin/cytarabine/thiogua-
nine, whereas PETHEMA patients received
the same drugs and dose schedule of idaru-
bicin and mitoxantrone with the omission of
nonintercalating agents. Depending on
whether molecular relapses were classified
as censored or uncensored events, the
3-year Kaplan-Meier estimates of relapse-
free survival (RFS) for the combined series
were 90 6 2% and 86 6 2%, respectively.
Minor differences observed between the 2
patient cohorts were negligible. Multivariate
regression analysis of RFS showed that
initial leukocyte (WBC) and platelet counts
were the only variables with independent
prognostic value. The resulting predictive

model for RFS demonstrated its capabil-
ityof segregatingpatients into low-risk (WBC
count < 10 3 109/L, platelet count > 40 3

109/L), intermediate-risk (WBC count < 10 3

109/L, platelets < 40 3 109/L), and high-risk
(WBC count > 10 3 109/L) groups, with
distinctive RFS curves ( P < .0001). The
conclusions are that omission of nonanthra-
cycline drugs from the AIDA regimen is not
associated with reduced antileukemic effi-
cacy and a simple predictive model may be
used for risk-adapted therapy in this
disease. (Blood. 2000;96:1247-1253)

© 2000 by The American Society of Hematology

Introduction

During the past decade, clinical and laboratory research has
contributed important advances in the management of acute
promyelocytic leukemia (APL). The 2 main determinants of such
progress have been the inclusion of all-transretinoic acid (ATRA)
in front-line therapy and the cloning of the disease-specific t(15;17)
karyotypic aberration. Data from recently reported large multi-
center trials1-7 indicate that up-front ATRA combined with chemo-
therapy (CHT) results in long-lasting remission and a potential cure
in up to 70% of newly diagnosed cases. In particular, best results
have been obtained in patients with a genetically proven diagnosis
who received a simultaneous ATRA plus CHT combination.3,5-7

Furthermore, 2 randomized studies have demonstrated a substantial
benefit by including an ATRA-containing maintenance in the
treatment program for APL.2,6 Despite this progress, however,
treatment failure still occurs in approximately 30% of patients

receiving state-of-the-art therapy due to early death or, more
frequently, disease relapse.

Meanwhile, identification in the early 1990s of thePML/RARa

gene fusion underlying the t(15;17) chromosomal translocation has
permitted the development of reverse transcriptase–polymerase
chain reaction (RT-PCR) assays for the rapid detection of the
specific genetic lesion and for minimal residual disease monitor-
ing.8,9 The inclusion of such a test in prospective clinical stud-
ies3,5,7,10 has proven invaluable for diagnostic refinement and
sensitive assessment of the patient’s response to treatment. Because
the achievement of a sustained PCR-negative status forPML/
RARa has been correlated with an improved outcome,8,9 several
investigators have suggested that molecular remission should be
defined as the best therapeutic goal presently available for this
disease. In addition, given its high predictive value for hematologic
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relapse, conversion from PCR-negative to PCR-positive status
during hematologic remission has been established in some studies
as a criterion for anticipating salvage therapy.7,10,11

Although there is general agreement on the inclusion of ATRA
for remission induction in front-line therapy for APL, no consensus
presently exists as to the type and intensity of CHT to be used
during induction and consolidation. Based on the long-established
sensitivity of APL to anthracyclines, some investigators have used
idarubicin alone for induction,3,7,12 whereas others have used
conventional acute myeloid leukemia-like protocols either for
induction2,4-6 or consolidation.6 Using ATRA plus IdArubicin
(AIDA) for remission induction and 3 CHT consolidation courses,
the Italian multicenter group GIMEMA reported, in a preliminary
analysis of their study,3 a 95% response rate and a 2-year event-free
survival (EFS) of 79%. The efficacy of such a regimen was recently
confirmed by the Spanish PETHEMA group7 where an identical
induction schedule was adopted. However, different from GIMEMA,
the PETHEMA treatment omitted cytarabine and other non-
intercalating drugs also from the consolidation phase. Using
RT-PCR tests with similar sensitivity (1024), both studies reported
the achievement of molecular remission after the end of consolida-
tion in more than 90% of patients.3,7 In addition to an efficacy
comparable to that obtained by others with more intensive regi-
mens, the PETHEMA group also reported a significant reduction of
treatment-related toxicity during the consolidation phase. These
results provide additional support to previous evidence suggesting
that drugs other than anthracyclines, such as cytarabine and
etoposide, do not play a critical role in the treatment of APL.12

Based on the above considerations, we have carried out a
combined analysis of the updated results of the GIMEMA and
PETHEMA APL trials. Our aims were to perform a better adjusted
comparison between the 2 APL regimens, which differ only in the
inclusion or not of drugs other than anthracyclines during consoli-
dation; to identify prognostic factors for relapse risk; and to build a
predictive model for relapse to be used in the design of improved
risk-adapted protocols.

Patients and methods

Patients

The present analysis was performed on 217 patients with newly diagnosed
PML/RARa-positive APL who, after completion of induction and consoli-
dation treatment, were assigned consecutively to receive maintenance with
ATRA and CHT in the GIMEMA 0493 AIDA and PETHEMA LAP96
protocols (108 and 109 patients, respectively). Patients randomly allocated
to other maintenance options in the GIMEMA trial3 were not included in the
present study.

Laboratory studies

In addition to using the morphologic and cytochemical criteria defined by
the French-American-British (FAB) classification, as well as routine
immunophenotyping, the diagnosis of APL was confirmed genetically in all
cases by demonstration of thePML/RARa hybrid gene or the chromosomal
translocation t(15;17) or both. Immunophenotypic and cytogenetic analyses
were performed systematically at presentation only. For the purpose of
rapid diagnosis, we occasionally used immunohistochemical analysis of the
PML protein distribution, using the monoclonal antibody PG-M3 (kindly
provided by B. Falini) using a procedure reported elsewhere.13

RT-PCR monitoring

Details of the processing of bone marrow samples for RNA extraction and
RT-PCR protocols for PML/RAR amplification have been given in previous

reports.3,7 For the PETHEMA patients, RT-PCR tests were carried out by 12
different Spanish laboratories, involved in an external quality control
program, which included interlaboratory exchange of samples, as reported
elsewhere.19 In addition, PCR-positivity at the end of consolidation or
during clinical remission was additionally checked in a reference laboratory
(P.B., Valencia, Italy). For the GIMEMA patients, RT-PCR tests were
performed by sample centralization in 2 reference laboratories as previ-
ously reported.11An identical schedule of pre-established time intervals for
PCR monitoring was planned for each of the 2 studies. In brief, samples
were collected at diagnosis, after induction, after consolidation, every 3
months during the first 2 years, and every 4 to 6 months thereafter. In cases
of doubtful or positive PCR during hematologic complete remission (HCR)
after the end of consolidation, an extra bone marrow sample was taken 2 to
4 weeks later to confirm the result.

Treatment

As shown in Figure 1, the treatment schedule of the GIMEMA and
PETHEMA protocols was based on a common CHT backbone, including
identical induction (ATRA plus idarubicin) and maintenance therapies
(ATRA plus mercaptopurine and methotrexate), as well as the same dose
schedule of intercalating drugs (idarubicin and mitoxantrone) for consolida-
tion. The only difference was the omission of nonintercalating drugs from
consolidation in the PETHEMA protocol. Details of the treatment schedules
have been provided elsewhere.3,7

Definitions and study end points

Hematologic complete remission and hematologic relapse were defined
according to the criteria of the National Cancer Institute.14 Molecular
remission was defined as the disappearance on an ethidium bromide gel of
the PML/RARa-specific band visualized at diagnosis, using an RT-PCR
assay with a sensitivity level of 1024. Molecular relapse was defined as the
reappearance of PCR positivity in 2 consecutive bone marrow samples at

Figure 1. Treatment schedule in the GIMEMA and PETHEMA protocols.
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any time after consolidation therapy. For Kaplan-Meier actuarial estimates,
in which the event “relapse” was considered as an end point, the
relapse-free survival (RFS) was calculated in 2 ways. Firstly, hematologic
relapse was the only uncensored event considered; in such cases, patients
who were treated intensively because of a molecular relapse were cen-
sored for survival analysis at the time of salvage treatment. Secondly,
hematologic and molecular relapses were considered equally as uncen-
sored events.

Statistical methods

Chi-square and Fisher exact tests were used to analyze differences in the
distribution of variables among patient subsets. For univariate comparison,
unadjusted time-to-event analyses were performed using the Kaplan-Meier
estimate,15 as well as log-rank tests and their generalizations.16-18 All
survival estimates are reported6 1 SE. The median duration of follow-up
was 27 months (range, 4-68 months). To identify the most significant
independent prognostic factors, additional multivariate analysis was
performed using the Cox model.19 The variables for analysis are listed in
Table 1. Patient follow-up was updated in January 2000. Computations
were performed using 4F, 1L, and 2L programs from the BMDP statistical
library (BMDP Statistical Software, Los Angeles, CA).

Results

Patient characteristics

The distributions of the main clinical and biologic presenting
features for each series are summarized in Table 1. There were no
significant differences between the 2 groups with respect to gender,
white blood cell (WBC) and platelet counts, FAB subtype, or PML
breakpoint. With respect to age, more pediatric (younger than 16
years) and fewer elderly patients (older than 60 years) were

observed in the GIMEMA cohort; however, differences in age
distribution were not statistically significant (P 5 .07). A slightly
significant difference was observed between the 2 cohorts with
respect to hemoglobin level, with more anemic patients (hemoglo-
bin # 10 g/dL) in the GIMEMA series (P 5 .02).

Outcome

As of January 2000, a total of 27 relapses (12.4%) were recorded,
taking into account all types of disease recurrence (ie, hematologic,
extramedullary, and molecular relapses) in both series. Eleven
patients in the PETHEMA and 9 in the GIMEMA group had
clinical relapse at a median interval of 11 and 16 months from the
achievement of HCR, respectively. Four of these clinical relapses
occurred primarily in the central nervous system, in 2 patients in
the PETHEMA trial, and 2 in the GIMEMA. Seven additional
patients (4 in PETHEMA and 3 in GIMEMA) had a molecular
relapse in the bone marrow at intervals of 6 to 22 and 9 to 16
months, respectively.

Depending on the assignation of molecular relapses as censored
or uncensored events, the 3-year Kaplan-Meier estimates of RFS
for the total series were 906 2% and 866 2%, respectively.
Minor differences observed between GIMEMA and PETHEMA
were not statistically significant (Figure 2).

Prognostic factors for remission duration

Univariate analysis.Table 2 summarizes the results of univariate
analysis for each separate group, as well as for the combined
GIMEMA and PETHEMA series. For the total series, as well as
in each study group, the only factor that had a significant
prognostic influence on remission duration (considering either

Table 1. Patient characteristics

Characteristic

PETHEMA GIMEMA

PMedian (range) No. (%) Median (range) No. (%)

Age 41 (1-74) 40 (1-72)

# 15 4 (3.7) 11 (10.2)

16-40 46 (42.2) 43 (39.8)

41-60 44 (40.4) 48 (44.4) .07

61-70 11 (10.1) 5 (4.6)

. 70 4 (3.7) 1 (0.9)

Gender

Male 61 (56) 50 (46.3) ns

Female 48 (44) 58 (53.7)

WBC (3 109/L) 1.9 (0.4-162) 2.6 (0.4-165)

# 3.5 71 (65.1) 68 (63)

3.5-10 13 (11.9) 16 (14.8) ns

10-50 19 (17.4) 13 (12)

. 50 6 (5.5) 11 (10.2)

Hemoglobin (g/dL) 9.3 (4.8-13.1) 8.8 (2.3-13.2)

# 10 69 (63.3) 84 (77.8) .02

. 10 40 (36.7) 24 (22.2)

Platelets (3 109/L) 21 (1-161) 25 (3-241)

# 10 19 (17.4) 15 (13.9)

11-40 64 (58.7) 58 (53.7) ns

. 40 26 (23.9) 35 (32.4)

FAB subtype

Typical 90 (82.6) 93 (86.1) ns

Variant 19 (17.4) 15 (13.9)

PML/RARa

BCR1/BCR2 61 (57) 60 (59.4) ns

BCR3 46 (43) 41 (40.6)

ns indicates not significant.
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hematologic or hematologic plus molecular remission) was the
WBC count at presentation. Platelet count also showed a significant
influence or a trend in the total series and in each study group.
Finally, the BCR subtype showed a trend in the GIMEMA
group only.

Multivariate analysis. Because several cut-off points of platelet
and WBC count had shown discriminant value in the univariate
analysis, we created by transformation several categorized vari-
ables of platelet and WBC count. Then, in addition to the remaining
presenting features, all these variables were simultaneously intro-

duced in the multivariate analysis (proportional hazards regression
model). After selecting WBC count with the cut-off point of
103 109/L in step 1 as the first variable to enter into regression, the
categorized platelet count with the cut-off point of 403 109/L was
selected in step 2. Table 3 shows the principal results of the
multivariate analysis, where the variables are listed in the order
entered by the forward stepwise modeling procedure. The only 2
characteristics selected were presenting WBC and platelet counts.
Figures 3 and 4 show the actuarial RFS according to the different
discriminating cut-offs for WBC and platelet counts, respectively.
The classification of molecular relapse as a censored or uncensored
event did not change these results, except for theP value limit
when entering platelet count into the model (.05 and .07,
respectively).

Development of a simplified predictive model for RFS.Based on
the above results, a simple predictive model was constructed for
defining the diagnosis risk groups of RFS. This permitted the
identification of the following patient categories: (1) low-risk
group: presenting WBC count below or equal to 103 109/L and
platelet count above 403 109/L; (2) intermediate-risk group:

Table 2. Univariate analysis of hematologic and molecular remission duration

Characteristic

PETHEMA GIMEMA PETHEMA plus GIMEMA

No. patients/
relapses*

Remission
duration at
3 y (%)† P

No. patients/
relapses*

Remission
duration at
3 y (%)† P

No. patients/
relapses*

Remission
duration at
3 y (%)† P

Total series 109/11/4 89/85 108/9/3 91/89 217/20/7 90/86 ns

Age

# 15 4/0/0 100 11/0/0 100 15/0/0 100

16-40 46/5/1 88/86 43/4/1 90/88 89/9/2 89/87

41-60 44/5/2 87/82 ns 48/5/2 89/85 ns 92/10/4 87/83 ns

61-70 11/1/1 91/82 5/0/0 100 16/1/1 94/87

. 70 4/0/0 100 1/0/0 100 5/0/0 100

Gender

Male 61/6/2 89/84 ns 50/6/2 87/83 ns 111/12/4 87/83 ns

Female 48/5/2 89/85 58/3/1 95/93 106/8/3 92/89

WBC (3 109/L)

# 3.5 71/6/1 91/88 68/2/1 97/95 139/8/2 93/92

3.5-10 13/0/1 100/92 .01 16/1/0 94 , .0001 29/1/1 96/93 , .0001

10-50 19/3/2 82/73 13/3/1 75/68 32/6/3 77/69

. 50 6/2/0 67 11/3/1 72/64 17/5/1 69/64

Hemoglobin (g/dL)

# 10 69/6/2 91/88 ns 84/8/2 90/88 ns 153/14/4 90/87 ns

. 10 40/5/2 85/78 24/1/1 96/92 64/6/3 89/84

Platelets (3 109/L)

# 10 19/1/1 94/86 15/3/0 78 34/4/1 85/81

11-40 64/9/3 84/79 .08 58/6/1 89/87 .01 122/15/4 86/83 .05

. 40 26/1/0 96 35/0/2 94 61/1/2 95

FAB subtype

Typical 90/7/3 91/87 .04 93/8/2 91/89 ns 183/15/5 91/88 .05

Variant 19/4/1 78/73 15/1/1 93/87 34/5/2 85/79

PML/RARa

BCR1/BCR2 61/5/3 91/85 ns 60/4/0 93 ns 121/9/3 91/89 ns

BCR3 46/6/1 85/83 41/4/3 90/83 87/10/4 87/82

ns, not significant.
*Number of patients/hematologic relapses/molecular relapses.
†Uncensored event is hematologic relapse/hematologic and molecular relapses.

Figure 2. Kaplan-Meier product-limit estimate of RFS in the GIMEMA and
PETHEMA series.

Table 3. Multivariate analysis of DFS

Characteristic
Favorable
prognosis

Unfavorable
prognosis RR P

WBC (3 109/L) # 10 . 10 4.5 , .0001

Platelets (3 109/L) . 40 # 40 0.2 , .0001
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presenting WBC and platelet counts below or equal to 103 109/L
and 403 109/L, respectively; and (3) high-risk group: presenting
WBC greater than 103 109/L. The numerical distribution of
patients in the 3 above groups was as follows: low-risk 53 (24%),
intermediate 115 (53%), and high-risk 49 (23%). The differences in
RFS curves of the 3 risk groups (Figure 5) were highly significant
(P , .0001).

Discussion

This study shows that, in patients with newly diagnosed APL
receiving up-front AIDA, the use of an anthracycline-based consoli-
dation omitting cytarabine and other nonintercalating agents seems
to be equally effective as a more intensive regimen including these
drugs. In addition, in this study we have defined a simple model
that permits the easy identification at diagnosis of 3 distinct
prognostic groups among patients receiving AIDA-derived treat-
ments. This, in turn, provides a rationale for the design of
risk-adapted protocols aimed at further improving treatment out-
come for this type of leukemia.

With regard to the first issue, our findings extend and strengthen
a recently reported preliminary observation from the PETHEMA
group.7 The comparison of updated results of that study with those
obtained from the GIMEMA trial for patients receiving more
intensive consolidation indicates that similarly high RFS rates are
obtained with either regimen. Our results are also in line with the
study of Estey and colleagues12 who reported a disease-free
survival (DFS) at 1 year of 87% using an AIDA-like regimen for

induction, followed by a postremission therapy including idarubi-
cin and alternating cycles of mercaptopurine, vincristine, methotrex-
ate, and prednisone. Taken together, these findings open new
important perspectives in the treatment of APL; with respect to the
risk of relapse, they strongly suggest that omission of cytarabine
from consolidation might permit better adaptation to the ATRA/
anthracycline combination.

The remarkable similarity in patient characteristics, protocol
design, and response to therapy between the PETHEMA and
GIMEMA studies prompted us to analyze prognostic factors
influencing RFS in the 2 groups combined. Minor differences in the
2 series, such as age and hemoglobin levels, appeared irrelevant for
the purpose of our study. In fact, these 2 variables were not
associated with an increased relapse risk in the present study, or in
previous ones.4-7

Although prognostic factors have been analyzed in only a
marginal way in the majority of recent studies on APL, there is
general agreement on the prognostic impact of WBC count in
remission response,5-7,20 EFS,3,5,7 DFS, and relapse risk.3,7 To the
best of our knowledge, no other clinical presenting factors, except
for platelet count, correlate consistently with relapse risk. In fact, a
long-term follow-up report of the APL 1991 trial from the
European APL Group found a significantly higher incidence of
relapse for patients who had fewer than 503 109/L platelets at
presentation.21 Importantly, in our study, this factor retained its
prognostic value in the multivariate analysis. Although the signifi-
cance of such a finding is presently unclear, it may be speculated
that platelet number at diagnosis somehow reflects a level of
residual polyclonal hematopoiesis spared by the leukemic process.
PCR positivity after consolidation deserves a separate mention as
an index with predictive value for relapse; however, this biologic
parameter is not available at the time of diagnosis.5,11

Interestingly, our prognostic model that includes only WBC
and platelet counts permits the identification of a patient subset
with an extremely low relapse risk, in which the use of the less
intensive postinduction regimen adopted by the PETHEMA trial
seems most appropriate. On the other hand, patients assigned to
intermediate-risk and especially to high-risk categories would
potentially benefit from intensification of postremission therapy
aimed at obtaining greater efficacy in eradicating minimal
residual leukemia.

The use of combined ATRA and CHT has led to striking
improvements in the outlook for APL, as reported by a number of
recently published studies conducted at the multi-institutional
level.1-7 Therefore, it is important that our proposed prognostic
model be validated in an independent patient series, in particular

Figure 3. Kaplan-Meier product-limit estimate of RFS according to WBC count
at presentation.

Figure 5. Kaplan-Meier product-limit estimate of RFS according to the risk
groups defined by the predictive model.

Figure 4. Kaplan-Meier product-limit estimate of RFS according to platelet
count at presentation.
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for those patients where the ATRA plus CHT combination indicates
a greater therapeutic efficacy. In the meantime, we firmly believe
that such a model should be reproducible for PML/RARa-positive
APL patients receiving approaches similar to ours, that is, simulta-
neous ATRA and anthracycline-based induction followed by inten-

sive consolidation and maintenance containing ATRA. In this
respect, we note that randomized studies have recommended both
the up-front combination of simultaneous ATRA and CHT and the
inclusion of ATRA maintenance (as used in the present study), as a
standard therapy for the management of APL.
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