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A B S T R A C T

Purpose
We examined the outcome of patients with newly diagnosed acute promyelocytic leukemia (APL)
treated with all-trans-retinoic acid (ATRA) and arsenic trioxide (ATO) with or without gemtuzumab
ozogamicin (GO) but without traditional cytotoxic chemotherapy.

Patients and Methods
From February 2002 to March 2008, 82 patients with APL were treated with a combination of
ATRA plus ATO. The first cohort of 65 patients received ATRA and ATO (beginning on day 10 of
ATRA). High-risk patients (WBCs � 10 � 109/L) received GO on the first day. From July 2007, the
second cohort of 17 patients received ATRA and ATO concomitantly on day 1. They also received
GO on day 1, if high risk, and if their WBC increased to more than 30 � 109/L during induction.
Monitoring for PML-RARA fusion gene was conducted after induction and throughout consolida-
tion and follow-up.

Results
Overall, 74 patients achieved complete remission (CR) and one achieved CR without full platelet
recovery after the induction, for a response rate of 92%. Seven patients died at a median of 4 days
(range, 1 to 24 days) after inclusion in the study from disease-related complications. The median
follow-up is 99 weeks (range, 2 to 282 weeks). Among the responding patients, three experienced
relapse at 39, 52, and 53 weeks. Three patients died after being in CR for 14, 21, and 71 weeks,
all from a second malignancy. The estimated 3-year survival rate is 85%.

Conclusion
The combination of ATRA and ATO (with or without GO) as initial therapy for APL was effective
and safe and can substitute chemotherapy-containing regimens.

J Clin Oncol 27:504-510. © 2008 by American Society of Clinical Oncology

INTRODUCTION

All-trans-retinoic acid (ATRA) has revolutionized the
treatment of acute promyelocytic leukemia (APL).
Recent trials have reported complete remission
(CR) rates of more than 90% when ATRA was used
in combination with chemotherapy.1-4 Early trials
established the importance of ATRA in induction
and postremission therapy.5-8 Subsequent studies
have shown that concomitant administration of
ATRA and chemotherapy at induction improved
disease-free survival and overall survival.9,10 Stan-
dard therapy of APL today consists of induction
therapy with ATRA and anthracycline-based chem-
otherapy. There is controversy regarding whether
systemic cytarabine is needed, particularly with re-
spect to the risk of extramedullary relapse.1,2,11,12

Reducing the extent of chemotherapy, or elimi-
nating it from both induction and consolidation,
may reduce the morbidity and mortality inherent
to intensive chemotherapy, particularly in older pa-
tients.13,14Furthermore,aneffectivenonchemother-
apy regimen may potentially benefit patients unfit to
receive intensive chemotherapy (such as those with
cardiac dysfunction).14

Arsenic trioxide (ATO) is effective for treat-
ment of patients with APL who have experienced
relapse after prior therapy with ATRA-containing
regimens.15,16 A recent large randomized study
showed that the addition of two courses of ATO
consolidation after CR significantly improved DFS
and OS.3 ATO is also active as a single agent in
front-line therapy of APL, producing high CR rates
as well as a 3-year survival rate more than 70%.17,18
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ATRA and ATO are synergistic in combination.19,20 Shen et al21 omit-
ted chemotherapy from the induction regimen and randomly as-
signed untreated patients with APL to ATRA, ATO, or ATRA plus
ATO. Although the CR rates in all three groups were high (� 90%),
the time to achieve CR was significantly shorter with the combina-
tion, which also most effectively reduced the disease burden (mea-
sured by fold-change of PML-RARA transcripts at CR) and was
associated with a lower relapse rate and similar toxicity.21 However, all
patients on this study received consolidation with anthracycline-
based chemotherapy.21

Gentuzumab ozogamicin (GO), an anti-CD33 monoclonal an-
tibody conjugated to the toxin calicheamicin, has significant activity in
APL as a result of the high level expression of the target CD33 antigen
on the APL cells.22 GO has been used successfully in combination with
ATRA for untreated APL and as a single agent in patients with molec-
ular relapse or in older adult patients with advanced disease who are
unable to receive chemotherapy.23-25

Given the positive data with ATO and ATRA in front-line APL
therapy, we explored the potential of eliminating traditional chemo-
therapy and used a combination of ATRA plus ATO, with the addition
of GO as the only cytotoxic agent for patients with high risk or molec-
ularly persistent disease.26 Here we report our long-term experience in
82 patients treated with this regimen.

PATIENTS AND METHODS

Patients and Eligibility

Eighty-five consecutive patients with a morphologic diagnosis of APL,
confirmed by the presence of t(15;17) by standard cytogenetic analysis or by
the presence of the PML-RARA fusion gene by reverse-transcriptase polymer-
ase chain reaction (RT-PCR), were enrolled in two studies. Three patients
received anthracyclines in induction or consolidation as a result of the treating
physician’s preference and were excluded from this analysis. The only exclu-
sion criteria were pregnancy or presence of a pretreatment QTc interval of
greater than 480 ms on a 12-lead ECG that could not be corrected with
electrolyte replacement. All patients with APL presenting in the study period
met the eligibility criteria, and no patients were excluded. The patient charac-
teristics are listed in Table 1. The study was approved by our institutional
review board; written informed consents were obtained in accordance with the
declaration of Helsinki.

Study Design and Treatment Regimen

Induction therapy. The details of the regimen have been published
previously.26 Briefly, from February 2002 to June 2007, 68 patients were treated as
follows. Low-risk patients (defined as those with presenting WBCs � 10 �
109/L) received ATRA 45 mg/m2 in two divided doses daily and, beginning 10
days later, ATO 0.15 mg/kg intravenously daily (regimen A). A bone marrow
examination was performed between days 25 and 28 of therapy and repeated
weekly, if necessary. Once there were fewer than 5% blasts and no abnormal
promyelocytes in the marrow, ATRA and ATO were discontinued, and the
patient was monitored until achievement of CR. High-risk patients (defined as
having a presentation WBC � 10 � 109/L) were treated in an identical
manner, except that they received GO 9 mg/m2 on day 1. All patients were
hospitalized at least for the first 12 days of treatment.

After the development, during induction, of hyperleukocytosis followed
by intracranial hemorrhage in one patient, the regimen was modified, and 17
patients have been treated with this modified version (regimen B). Patients
with low-risk disease received ATRA 45 mg/m2 daily in two divided doses and
ATO 0.15 mg/kg/d, both starting on day 1. GO 9 mg/m2 was given on day 1 to
patients with high-risk disease and to other patients if their WBCs increased to
more than 30 � 109/L in the first 4 weeks of the treatment. Patients were

hospitalized for the first several days of therapy. A bone marrow examination
was performed between days 25 to 28 and weekly thereafter, and treatment
with ATO and ATRA was continued until there were fewer than 5% blasts and
no abnormal promyelocytes in the marrow. The details of the regimens are
shown in Figures 1A and 1B.

Postremission therapy. Once in CR, patients received (1) ATO intrave-
nously at 0.15 mg/kg daily 5 days/wk for 4 weeks every 8 weeks for a total of
four cycles, and (2) ATRA 45 mg/m2 daily for 2 weeks every 4 weeks for a total
of seven cycles. Total duration of postremission therapy was 28 weeks after the
CR date. If either ATRA or ATO were discontinued because of toxicity, GO 9
mg/m2 was administered once every 4 to 5 weeks (depending on the recovery
of counts) until 28 weeks had elapsed from the CR date. Details of postremis-
sion treatment are shown in Figure 1C.

Supportive care. All patients received standard supportive care as per
institutional guidelines, including prophylactic and therapeutic antibiotics
and transfusion of blood products to maintain platelet counts more than 30 �
109/L, fibrinogen more than 150 mg/dL, and the international normalized
ratio for prothrombin time less than 1.5. Heparin or tranexamic acid were
only used if clinically indicated. Oral solumedrol 20 mg daily for 10 days
was administered for regimen A, and oral methylprednisone 50 mg daily
for 5 days was administered for regimen B to decrease the risk of differen-
tiation syndrome.

Monitoring and management of minimal residual disease. Monitoring
for PML-RARA was done at CR and every 3 months thereafter for 2 years. If the

Table 1. Patient Characteristics at Diagnosis

No.

Characteristic All Patients Regimen A Regimen B

No. of patients 82 65 17
Age, years

Median 47 47 49
Range 14-81 14-81 22-74

Age � 60 years
No. 23 20 3
% 28 30 18

Sex
Male 44 37 7
Female 38 28 10

Leukocyte count, � 109/L
Median 2.5 2.6 1.8
Range 0.4-195.0 0.5-195.0 0.4-88.7

Platelet count, � 109/L
Median 32 30 37
Range 7-261 7-261 8-109

Risk category
High 26 21 5
Low 56 44 12

Cytogenetics
t(15;17) 14 10 4
t(15;17) plus other 58 48 10
Other, PCR-positive 3 2 1
Not done, PCR-positive 5 5 0
Insufficient, PCR-positive 2 0 2

FAB morphology
M3 70 54 16
M3v 12 11 1

PML-RARA isoforms
Short 30 26 4
Long 33 33 0
Positive-undefined 8 2 6
Not done/suboptimal 11 4 7

Abbreviations: PCR, polymerase chain reaction; FAB, French-American-British.

Treatment of APL Without Cytotoxic Chemotherapy

www.jco.org © 2008 by American Society of Clinical Oncology 505



PCR test was still positive 3 months after the CR date or at any later point, a
repeat test was done 2 to 4 weeks later. If the repeat PCR was also positive, a
diagnosis of molecular relapse (or molecular failure if the test never be-
came negative) was made, and patients received GO 9 mg/m2 once every 4 to
5 weeks (depending on the recovery of counts) for 3 months while continuing
ATO plus ATRA (or resuming it if relapse occurred after discontinuation of
therapy). The same approach was to be used in the event of simultaneous
molecular and clinical (hematologic or extramedullary) relapse. If the subse-
quent PCR became negative, 3 more months of GO with ATRA plus ATO
were prescribed.

Definitions and Study End Points

The initial WBC count was used to define the disease risk.10,27 Patients
with WBCs less than 10.0 � 109/L, which includes low- and intermediate-risk
groups in the Sanz’s score, were labeled low risk, and patients with WBCs
� 10.0 � 109/L were considered as high risk.

CR was defined as presence of fewer than 5% blasts and promyelocytes
with normal hematopoiesis in the bone marrow as well as neutrophil count
more than 1.0 � 109/L and platelet count more than 100 � 109/L in the
peripheral blood. Hematologic relapse was defined as the presence of more
than 10% blasts plus abnormal promyelocytes in the marrow or the presence
of extramedullary disease. A confirmed molecular relapse detected by the
RT-PCR analysis of PML-RARA was also considered as a relapse event.

Survival was calculated from the first day of therapy to death or last visit.
Event-free survival was measured from the date of CR until relapse or death
from any cause or last visit.

Statistical Analysis

Survival curves were plotted by the Kaplan-Meier method and compared
using the log-rank test. Differences in subgroups by different covariates were
evaluated using the �2 test for nominal values and the Mann-Whitney U test
for continuous variables.

PCR

PML-RARA transcripts were analyzed by qualitative RT-PCR until April
25, 2005, and thereafter by quantitative RT-PCR. The switch to the quantita-
tive test was because it was faster to perform, cheaper, and provided quantifi-
cation. RNA was extracted from blood or bone marrow after RBC lysis using
the Trizol method, with reverse transcription (RT) using random hexamers
and SuperScript RT (Invitrogen, Carlsbad, CA). The qualitative PML-RARA
assay used PML exon 3 and RAR� exon 3 primers to amplify both short form
(SF) and long form (LF) transcripts. Detection of product was done by gel
electrophoresis followed by hybridization to a biotin-labeled RAR� probe and
a colorimetric detection method. The quantitative PCR assay was performed
using TaqMan RT-PCR using a kit from Ipsogen (Marseille, France), with
separate primers and probes for LF and SF transcripts and normalization to
ABL transcript level. The sensitivity of the qualitative and quantitative assays
were equivalent, both at least 1 in 10,000 as established by dilution of an
LF-expressing cell line (NB4, ATCC) and an SF-expressing line (UF1; gift of
Robert Gallagher, Montefiore Medical Center) into HL-60 (details in online-
only Appendix).

RESULTS

Overall Response

Overall, 74 patients achieved CR and one achieved CR without
full platelet recovery (CRi) after the induction course for an overall
response rate of 92%. Seven patients died after a median of 4 days
(range, 1 to 24 days) after inclusion in the study from disease-related
complications, including hemorrhage, disseminated intravascular co-
agulation, and multiorgan failure (Appendix Table A1, online only).
Twenty-five patients with high-risk disease received GO with induc-
tion; one patient with a WBC of 11.3 � 109/L did not receive GO
despite having high-risk disease. By design, no patients on regimen A
and four patients on regimen B received GO for increasing WBCs. The
peak WBC of 30 � 109/L was reached 7 to 10 days after the start of
treatment in these four patients, and the WBC count rapidly decreased
after the administration of GO.

The CR rates for low-risk and high-risk patients were 95% and
81%, respectively. Nineteen (83%) of the 23 patients aged 60 years and
older compared with 56 (95%) of 59 patients younger than 60 years
achieved CR/CRi (P � .17). Among 75 patients who achieved a re-
sponse, three patients with high-risk disease experienced relapse at 39,
52, and 53 weeks (median follow-up, 99 weeks; range, 2 to 282�
weeks). One patient, an 81-year old man with a presenting WBC count
of 47.4 � 109/L, had cytogenetic relapse which was treated with GO
and achieved a cytogenetic but not a molecular remission; he then had
an isolated CNS relapse treated unsuccessfully with intrathecal chem-
otherapy. The second patient, a 42-year-old man, was treated for
molecular and then hematologic relapse with a combination of ATRA
and an anthracycline and achieved a second CR, but eventually died
from the complications of an unrelated donor stem-cell transplanta-
tion performed in third CR. The third patient, a 70-year-old woman,
was treated for hematologic relapse occurring after 53 weeks with a
regimen identical to her induction and achieved a second CR, which is
ongoing at 74� weeks. The overall incidence of relapse was 4%.

Hematologic and Molecular Responses After

Induction and Consolidation

The median time to achieving CR was similar for the two regi-
mens (29 and 30 days, respectively). Overall, 60 patients had a con-
firmed molecular remission after the completion of consolidation

A

ATRA
ATO
GO

ATRA
ATO

B

C

Day 1 Day 10

Bone Marrow
Complete
Remission

Complete
Remission

Day 1

Bone Marrow
Complete
Remission

WBC <
10 × 109/L

WBC ≥
10 × 109/L

WBC <
10 × 109/L

WBC ≥
10 × 109/L

PCR*PCR*

Complete
Remission

Time After Complete Remission (weeks)

Complete
Remission

4 8 12 16 20 24 28

Fig 1. (A) Details of induction course, regimen A. (B) Details of induction course,
regimen B. (C) Details of postremission therapy. (*) If PCR is positive, it is
repeated 2 to 4 weeks later and if positive again, start GO once every 4 to 5
weeks. CR, complete remission; ATRA, all-trans-retinoic acid; ATO, arsenic
trioxide; GO, gemtuzumab ozogamicin; PCR, polymerase chain reaction.
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therapy; no patients required the addition of GO for molecularly
persistent disease. Among the other 15 patients achieving CR/CRi, two
patients with CR and the patient with CRi did not have molecular
testing, and 12 patients, all treated with regimen B, are too early for
assessment. The median time to CR was 28 days (range, 19 to 70 days)
and the median time to molecular CR was 116 days (range, 20 to 323
days; Appendix Table A2, online only). The mean time to molecular
remission was 118 days (95% CI, � 13 days) for regimen A versus 107
days (95% CI, � 185 days) for regimen B. However, fewer patients on
regimen B were available for this assessment, and this difference did
not reach statistical significance. With continued follow-up, with the
exception of patients experiencing relapse described above, all other
patients have remained in molecular remission (Table 2). In addition
to the three patients who experienced relapse who had a positive PCR
at 7 to 12 months after CR, four other patients had a positive PCR test
at 7 to 9 months after CR (two patients), 19 months after CR (one
patient), and 28 months after CR (one patient). In all four patients,
the PCR was weakly positive, the confirmatory repeat test per-
formed within a month was negative, and all follow-up PCR tests have
remained negative without evidence of relapse (Table 2).

Toxicity

Most severe adverse events occurred at induction and were re-
lated to the disease and its complications. Treatment-related grade 3
and 4 adverse events are shown in Table 3. In five patients, GO was
substituted for ATO in consolidation because of adverse cardiac
events.28 Differentiation syndrome occurred in 13 patients (11 of 65
patients on regimen A and two of 17 patients on regimen B; P � not
significant) and was successfully managed in all patients by withhold-
ing ATRA and administering corticosteroids according to standard
practice; ATO was not discontinued. Presenting WBCs did not predict
the development of differentiation syndrome (eight [14%] of 56 low-
risk patients v five [19%] of 26 high-risk patients; P � .57).

Outcome and Survival

The median follow-up is 99 weeks (range, 2 to 282�). As men-
tioned, three responding patients have experienced relapse 39 to 53
weeks after achieving CR/CRi. Four patients (all treated with regimen

A) died in CR/CRi, three as a result of a second, preexisting malig-
nancy (one patient from metastatic breast cancer at 14 weeks, one
patient from metastatic prostate cancer at 21 weeks, and one patient
from metastatic melanoma at 71 weeks) and one from an unknown
cause (170 weeks after CR). The median survival has not been reached
(89� weeks; range, 0 to 282�); 13 patients have died (seven during
induction, three from unrelated causes, one from an unknown cause,
and two after relapse). One patient who had experienced relapse
remains alive in continuous second CR for 74� weeks. Event-free
survival and survival for the entire group are shown in Figure 2.
Survival censoring for the three patients who died of other cancers is
shown in Appendix Figure A1 (online only). Event-free survival and
survival by age are shown in Figures 3A and 3B. Event-free survival
and survival by risk group are shown in Figures 3C and 3D. Overall,
two, nine, and 11 patients have remained in CR for more than 5, 4, and
3 years, respectively, indicating that the responses are durable. Among
the patients aged � 60 years, 74% remain alive and disease-free at a
median follow-up of 108� weeks (range, 2 to 282�; Fig 3).

Table 3. Grade 3 and 4 Adverse Events

Adverse Event Grade 3 Grade 4

Esophagitis 1
Rash 1
Headache 5
Atrial arrhythmia 3
Elevated liver enzymes 2
Back pain 1
MI 1 1
SAH 1
Constipation 1
Renal failure 4
Respiratory failure 1
GI bleed 1
Muscle weakness 1
Cerebral infarct 2 1
Bone pain 1
Nausea 1

Abbreviations: MI, myocardial infarction; SAH, subarachnoid hemorrhage.

Table 2. Molecular Status With Follow-Up

Month No. of Patients

PCR-Negative

No. %

At CR 13 5 38
1-3 50 47 94
4-6 49 49 100
7-9 49 46 94�

10-12 43 41 95�

13-18 53 53 100
19-24 37 36 97�

25-36 36 35 97�

37-48 17 17 100
49-63 5 5 100

Abbreviations: PCR, polymerase chain reaction; CR, complete remission.
�Late PCR positive tests were seen in three patients with relapse as well as

in four patients who had a transient weak-positive PCR result.
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Fig 2. Kaplan-Meier curve of event-free survival and survival for the
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DISCUSSION

Progress in the treatment of APL has changed its course from a
highly fatal to a highly curable disease.1,3,4,8,29 With ATRA-based
regimens the, 5-year disease-free survival rate is 75%.8 Further-
more, the ability to monitor the molecular marker of the disease,
the PML-RARA fusion transcripts, has further enhanced our ability
to detect early relapse.16,30,31

Minimizing the toxicities of cytotoxic chemotherapy may further
improve the outcome in APL, particularly for older adult patients,
who account for 15% to 20% of patients with APL.8,9 In general, the
CR rate for patients older than 60 years is significantly lower than that
of younger patients.14 This is typically due to a higher incidence of
early death owing to infection and bleeding. The outcome for this
population can be improved by taking advantage of high sensitivity of
the disease to anthracyclines and omitting cytarabine.32-34 A recent
study showed that compared with the Medical Research Council (MRC)
regimen, the less intensive Programa de Estudio y Tratamiento de las
Hemopatías Malignas (PETHMA) regimen yielded similar CR and
relapse rates and equivalent 4-year survival but a lower incidence of
death in CR and a better quality of life.13 The use of anthracyclines has
a significant risk of cardiotoxicity and contributes to induction mor-
tality.35 Therefore, an effective regimen with reduced risk of myelo-
suppression and limited or no anthracycline exposure would be
particularly desirable. Such a regimen would also be preferable in

younger patients who were historically not included in clinical trials
because they were “unfit for chemotherapy.”

Omission of anthracyclines and cytarabine may also improve on
long-term consequences of therapy. Although the risk of secondary
myelodysplastic syndrome and acute myeloid leukemia is low in the
published series, omission of cytotoxic chemotherapy will also reduce
the incidence of this complication.36-38 The risk of development of
second cancers resulting from ATO exposure is not known.

An argument in favor of the more intensive approaches, in par-
ticular those containing cytarabine, is to reduce the likelihood of
extramedullary relapse, particularly in the sanctuary sites like the
CNS.2,11 However, the incidence of extramedullary relapse in patients
with APL who have achieved a CR has been extremely low.11,12 Only
one patient in our series had a CNS relapse.

We have demonstrated that a regimen of ATRA plus ATO, with
or without GO, is safe and effective in patients with newly diagnosed
APL. In contrast to the study by Shen et al,15 we showed that chemo-
therapy can be eliminated in consolidation, with responses that seem
to be durable and with few late relapses. The main advantage of this
regimen is in patients who are unlikely to tolerate cytotoxic chemo-
therapy (eg, older patients or patients with cardiac dysfunction or
multiple comorbidities). Furthermore, the high CR rate, the tolerabil-
ity of the regimen, and its efficacy provide an argument for its use in all
patients with newly diagnosed APL. This strategy is currently under
investigation in large trials in the United States and Europe.
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