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Abstract Arsenic trioxide (ATO) is an effective therapy for
relapsed acute promyelocytic leukemia (APL) patients; how-
ever, the optimal treatment strategy remains unclear, and
knowledge of the prognostic factors is still limited. We retro-
spectively analyzed the outcomes of 64 consecutive first re-
lapsed APL patients (12 with molecular relapse and 52 with
hematologic relapse). Patients received re-induction with in-
travenous ATO-based regimens. Patients who achieved a CR2
were offered further courses of alternating ATO/conventional
chemotherapy with or without stem cell transplantation
(SCT). With a median follow-up of 27 months (range, 6–57)
in the molecular relapsed subgroup, the 3-year relapse-free
survival (RFS) and overall survival (OS) rates were 81.5 %
and 100 %, respectively. With a median follow-up of 38
months (range, 0–129) in the hematologic relapse group, the
3-year RFS and OS rates were 57.1 % and 72.1 %, respec-
tively. Furthermore, in the hematologic relapse group, we
compared the outcome between relapsed patients after previ-
ous ATO therapy (n=20) with those who did not receive prior
ATO therapy (n=32). The CR2 rate was 80 % (16/20) vs.
93.8 % (30/32), (p=0.189). However, the relapse rate was
68.8 % (11/16) vs. 33.3 % (10/30), (p=0.03). The 4-year OS
rate was 62.4 % vs. 71.2 %, (p=0.816), and the 4-year RFS
rate was 29.8 % vs. 66.2 % (p=0.023). The results indicate
that, irrespective of frontline therapy with ATO, salvage ther-
apy with an ATO-based regimen remains effective. However,
the long-term survival for those patients who received previ-
ous ATO-based treatment was inferior compared to those who

did not receive prior ATO. In addition, the alternating ATO/
chemotherapy strategy can be a post-remission treatment op-
tion in a subset of patients.
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Introduction

The incorporation of all-trans retinoic acid (ATRA) and
arsenic trioxide (ATO) into the frontline treatment regi-
mens of acute promyelocytic leukemia (APL) has led to
markedly improved cure rates that exceed 85 % in
clinical trials [1–5]. Despite these advances, early death
and disease relapse remain the two major causes of
treatment failure [6–8]. Currently, a common salvage
strategy for relapsed APL includes the administration
of ATO-based re-induction, followed by ATO and/or
stem cell transplantation (SCT) [9–11]. Several studies
demonstrated that approximately 80–85 % of relapsed
patients following initial ATRA and chemotherapy treat-
ment can achieve a second complete remission (CR2)
[12–14]. However, limited data are available on the
efficacy of ATO treatment in relapsed patients who
had prior ATO-containing therapy. In addition, the opti-
mal strategy for post-remission therapy after ATO in-
duced CR2 remains controversial. The role of repeated
courses of ATO and chemotherapy is unclear, particu-
larly on those only molecular relapsed patients.

To address this issue and define the prognostic fac-
tors for relapsed APL, we performed a retrospective
analysis over a 10-year period in first relapsed APL
patients in our institution.
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Patients and methods

Patients

We collected the data of all patients with first relapsed APL
who registered in the database of our hospital from January
2002 to December 2012. We also included a few patients who
were initially diagnosed and treated at other institutions but
were then transferred to our hospital after relapse. We
reviewed the medical records including clinical and laboratory
information both at diagnosis and after relapse. Isolated
extramedullary relapse was not included. The study was ap-
proved by the Institutional Review Board and in accordance
with the Declaration of Helsinki.

Treatment strategies of newly diagnosed APL

All newly diagnosed APL patients were initially administered
according to two protocols: ATRA plus ATO combination
regimen for remission induction [15, 16], or ATRA-based
regimen for induction [17]. In brief, the ATRA plus ATO
protocol combines ATRA with ATO for remission induction
followed by three courses of chemotherapy consolidation and
ATRA/ATO maintenance. In the ATRA-based induction
group, patients received ATRA (25 mg/m2/day) orally until
CR. After CR achievement, patients were further divided into
two subgroups according to the different regimens for post-
remission therapy: ATRA/chemotherapy; or ATO/ATRA/che-
motherapy. Details of the protocols have been described pre-
viously [16, 17].

Treatment strategies of relapsed APL patients

Re-induction and post-remission regimens were modi-
fied from the Shanghai protocol [14]. For remission
re-induction, ATO was administered intravenously at a
dose of 10 mg/day until bone marrow remission was
observed or up to a cumulative maximum of 60 doses
(for the molecular relapse subgroup, ATO was adminis-
tered for 28 days). At the discretion of the treating
physician, ATRA was administered at a dose of 20–
25 mg/m2/day orally during ATO administration. Pa-
tient’s complete blood count, coagulation, renal/liver
function and electrocardiography were routinely moni-
tored. Patients received mini-dose chemotherapy
(idarubicin 6 mg/m2/day for 2–5 days, or daunorubicin
40 mg/m2/day for 2–5 days, or mitoxantrone 2 mg/day
for 7–10 days) once the white blood cell (WBC) count
exceeded 10.0×109/L. After CR2 achievement, autolo-
gous (auto) or allogeneic (allo) SCT was generally rec-
ommended for patients younger than 60 years. Auto-
SCT was restricted to individuals who achieved a mo-
lecular remission. Patients who did not receive the SCT

procedure were offered consolidation with alternating
courses of ATO (10 mg/day for 28 days) and conven-
tional chemotherapy (daunorubicin 40–45 mg/m2/day on
days 1 to 3, idarubicin 8–10 mg/m2/day on days 1 to 3,
or homoharrgtonine 4 mg/m2/day, days 1 to 3; with
cytarabine 100 mg/m2/day on days 1 to 7). The sequen-
tial therapy was administrated for a total of 6–8 courses
with an interval of 4–5 weeks for each course. Central
nervous system (CNS) prophylaxis was attained by
means of intrathecal injection of methotrexate,
cytarabine, and corticosteroids. Patients with cytological
evidence of CNS leukemia received intrathecal injec-
tions twice a week and/or cranial irradiation, until com-
plete clearance of leukemic cells in the cerebrospinal
fluid (CSF). The PML-RARA transcripts were detected
by a nested qualitative or real-time quantitative reverse
transcription polymerase chain reaction (RT-PCR) anal-
ysis with a sensitivity of 10−4 [18]. Molecular monitor-
ing was carried out after each treatment course. Patients
who had a relapse again were further treated with ATO,
ATRA and chemotherapy with or without SCT.

Definitions and statistical analysis

Hematologic relapse was confirmed morphologically (>5 %
blasts or abnormal promyelocytes in the bone marrow) as well
as molecularly (PML-RARA positive). Molecular relapse was
defined as PML-RARA positivity in two subsequent consec-
utive tests and in the absence of overt hematologic relapse
[19]. A hematologic CR was defined using conventional
criteria, including bone marrow blasts and abnormal
promyelocytes ≤5 %; with an absolute neutrophil count
≥1.0×109/l and a platelet count ≥100×109/l. A molecular
CR was defined as a negative RT-PCR result from bone
marrow cells [20]. Overall survival (OS) was defined as the
time from first relapse to death or last follow-up. Relapse-free
survival (RFS) was defined as the time from second remission
to last follow-up or an event (relapse). The follow-up data
were updated in May 2013.

Baseline parameters between groups were compared
using chi-square test or the Fisher’s exact test for cate-
gorical variables and the Mann–Whitney test for contin-
uous variables. A Kaplan–Meier survival analysis was
performed to estimate the probabilities of OS and RFS,
and differences between the curves were analyzed by
the log-rank test. Factors associated with a p<0.20 by
univariate analysis were entered into Cox proportional
hazard models for multivariate analysis. All P values
were two-sided, with a p value of <0.05 indicating
statistical significance. Statistical testing was performed
using GraphPad Prism version 5 (San Diego, CA, USA)
and SPSS statistical software version 20 (SPSS Inc.,
Chicago, IL, USA).
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Results

Characteristics of relapsed patients

A total of 70 consecutive patients with first relapsedAPLwere
identified at our institute in the study period. Six cases were
excluded in this analysis: three patients received other treat-
ment regimens that did not utilize ATO contained schemes
(chemotherapy and/or ATRA), two patients were incomplete
clinical records, and one patient died before treatment. Sixty-
four patients were enrolled for analysis. We classified patients
into two groups: patients presenting with molecular relapse
(12 patients, including three who had received prior ATO
treatment) or hematologic relapse (52 patients, including 20
who had received prior ATO treatment). Thirty-four (53.1 %)
of first relapses occurred within 2 years of CR achievement,
and 30 (46.9 %) patients relapsed after 2 years (late relapse).
Simultaneous medullary and CNS relapse occurred in two
patients. The baseline characteristics of the patients in the
two groups are depicted in Table 1.

Response to salvage therapy of molecular relapse patients

Of the 12 patients presenting with molecular relapse, salvage
induction consisted of a regimen with single-agent ATO in
eight patients, or ATO plus ATRA in the remaining four
patients. Eleven out of 12 cases obtained negative testing for
PML-RARA after the first cycle of ATO-based re-induction.
Use of ATO in this setting did not induce hyperleukocytosis
during re-induction. An autologous SCT was performed in
one patient in second molecular CR after one course of ATO
consolidation. The remaining patients received post-remission
therapy with ATO/chemotherapy courses. All patients
achieved complete molecular response after two cycles of
ATO. For the three molecular relapsed patients who had been

treated with ATO as frontline therapy. One patient got a
hematological relapse in the sixth month. The other two
patients (including one received auto-SCT) were in molecular
remission (followed by 9+, 14+ months).

Overall, after a median follow-up of 27 months (range 6–
57 months), two relapse events occurred. One patient (previ-
ous with ATO treatment) experienced a hematological relapse
in the sixth month, and the other patient experienced an
isolated CNS relapse 8 months later. The median duration of
CR2 was 24 months (5–56 months). The 3-year RFS and OS
rates were 81.5 % and 100 %, respectively.

Response to salvage therapy of hematologic relapse

For 52 patients with hematologic relapse, ATRA was added
for 18 patients during ATO re-induction. Mini-dose chemo-
therapy was added during the re-induction course for 12
patients. Following the first course of induction therapy, 46
(88.5 %) patients went into hematologic CR again. Six
(11.5 %) patients failed to achieve CR (including three early
deaths and three resistant patients). PML-RARA remained
positive in all 46 patients after ATO-induced hematologic
CR. However, 43 out of 46 patients hematologic CR patients
became PCR negative at various time points (3–6 months)
during the post-remission therapy.

Six CR2 patients received auto-SCT (n=2) or allo-SCT
(n=4). Two patients underwent allo-SCT immediately after
CR2 achievement. One patient underwent auto-SCT after one
consolidation course with ATO. The remaining three patients
underwent transplantation after two consolidation courses
with ATO and chemotherapy. One patient who received
auto-SCT relapsed at 9 months, she was given an allo-SCT
during CR3 and remained in CR3. No other patients under-
going SCT therapy during CR2 relapsed. The remaining 40
patients in CR2 received the alternating ATO/chemotherapy

Table 1 Main clinical character-
istics of the 64 patients at time of
first relapse

ATO arsenic trioxide, CR com-
plete remission

Characteristic Overall (n=64) Hematologic
relapse (n=52)

Molecular
relapse (n=12)

Age, median (range), years 38.3 (14–67) 38.5 (14–67) 37.7 (17–60)

Gender, n (%)

Male 33 (51.6 %) 27 (51.9 %) 6 (50 %)

Female 31 (48.4 %) 25 (48.1 %) 6 (50 %)

Risk category at diagnosis, n (%)

Low risk 28 (43.8 %) 24 (46.2 %) 4 (33.3 %)

Intermediate risk 16 (25.0 %) 12 (23.1 %) 4 (33.3 %)

High risk 20 (31.2 %) 16 (30.7 %) 4 (33.3 %)

Duration of CR1, median (range), months 30.8 (5–146) 33.2 (5–146) 18.6 (7–61)

Frontline therapy, n (%)

With ATO 23 (35.9 %) 20 (38.5 %) 3 (25.0 %)

Without ATO 41 (64.1 %) 32 (61.5 %) 9 (75.0 %)
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regimens as post-remission therapy. Of these 40 patients, one
patient died at the nadir during chemotherapy, 20 (50 %)
experienced a second relapse after a median of 18 months
(range, 6–39months). Ten patients achieved CR3 by the ATO-
and chemotherapy-based re-induction regimens. Two patients
received allo-SCT in CR3, but one patient died from
treatment-related mortality, and the other survived and
remained in CR3.

Overall, a total of 21 (39.7 %) out of 46 patients relapsed
during CR2 (medullary relapse, 18 patients; molecular re-
lapse, two patients; isolated CNS relapse one patient). Twelve
patients unfortunately died in the setting of disease progres-
sion at a median survival of 27 months (range 5–60 months).
Thirty-three patients were alive at last follow-up, including 24
in continuous CR2, five in CR3, three in CR4, and 1 in CR5.
After a median follow-up of 38months (range, 0–129months),
the 3-year RFS and OS rates were 57.1 % and 72.1 %,
respectively.

Furthermore, we compared the outcome between those
relapsed after prior ATO therapy (n=20) and those who had
not previously received ATO therapy (n=32). As shown in
Table 2, there were no significant differences in the two
subgroups with respect to demographics and clinicopatholog-
ic features. The CR2 rate was 80% (16/20) vs. 93.8 % (30/32)
(p=0.189). The relapse rate was 68.8 % (11/16) vs. 33.3 %
(10/30), (p=0.030). The median duration of CR2 was 36 vs.
25 months, (p=0.038). The 4-year Kaplan–Meier estimated
OS and RFS were 62.4 % vs. 71.2 %, (p=0.816), 29.8 % vs.
66.2 % (p=0.023) in the two subgroups, respectively (Fig. 1).

Comparisons between the molecular and hematologic relapse
groups

Kaplan–Meier curves for OS and RFS for molecular vs.
hematologic relapse are shown (Fig. 2). Although there was
no significant difference between the two groups in terms of

Table 2 Clinical characteristics
and treatment outcomes of hema-
tologic relapse patients compared
between initial therapy with or
without ATO

ATO arsenic trioxide, ATRA all-
trans retinoic acid, CR complete
remission, SCT stem-cell
transplantation

Characteristic No prior treatment
with ATO (n=32)

Prior treatment
with ATO (n=20)

p value

Age, median (range), years 40 (15–67) 36 (14–63) 0.301

Sex, male/female 17/15 10/10 1.000

Risk category at diagnosis, n (%) 0.546

Low risk 14 (43.8 %) 10 (50.0 %)

Intermediate risk 9 (28.1 %) 3 (15.0 %)

High risk 9 (28.1 %) 7 (35.0 %)

Duration of CR1, median (range), months 39 (5–146) 26 (6–73) 0.251

Re-induction regimens, n (%) 0.144

ATO 23 (71.9 %) 10 (50.0 %)

ATO + ATRA 9 (28.1 %) 10 (50.0 %)

Induction death 2 (6.3 %) 1 (5.0 %) 1.000

Resistant disease 0 (0.0) 3 (15.0 %) 0.052

CR rate 93.8 % (30/32) 80 % (16/20) 0.189

SCT in CR2 3 (9.4 %) 3 (15.0 %) 0.406

Median follow-up, median (range), months 41 (0–121) 35 (0–129) 0.214

Duration of CR2, median (range), months 36 (3–121) 25 (6–124) 0.038

Relapse rate 33.3 % (10/30) 68.8 % (11/16) 0.030

Fig. 1 Kaplan–Meier survival
curves of hematologic relapsed
patients according to prior
treatment with ATO or without
ATO therapy: aoverall survival; b
relapse-free survival. OS overall
survival, RFS relapse-free
survival
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OS and RFS, as expected, there was a trend toward favorable
outcomes for the molecular group in terms of OS.

Analyses of prognostic factors

Clinically important variables, including gender, age, risk
category, frontline therapy (ATO vs. without ATO), duration
of CR1, type of relapse (molecular vs. hematologic), and
salvage induction therapy (ATO vs. ATO plus ATRA) were
analyzed on survival after relapse. Table 3 shows the results of
univariate and multivariate analyses for OS and RFS after
relapse. Multivariate analysis demonstrated the favorable im-
pact on survival after relapse of younger age (≤40 years) and
no prior ATO therapy. Moreover, the prior ATO treatment was
shown to be independently associated with worse RFS.

Discussion

Although APL has a favorable prognosis with current treat-
ment regimens, the treatment of relapsed APL remains chal-
lenging. Recently, several clinical trials have established the
benefit of ATO in the frontline management of APL [2–4].

However, the salvage treatment of relapsed patients following
previous ATO therapy remains to be determined. In this study,
for hematologic relapsed patients with previous ATO treat-
ment, the 80 % CR rate is particularly encouraging. These
results suggest ATO-based re-induction regimens remain ef-
fective despite prior therapy with ATO. Thirugnanam et al.
[21] reported that 13 out of 14 patients in the ATO-based
primary treatment group achieved CR2. Similar findings have
been noted by Au et al. [22, 23]. Thus, these studies demon-
strate that initial ATO being first line therapy, is unlikely to
prevent a successful ATO re-induction after relapse.

However, the 4-year RFS rate of 29.8 % was unsatisfactory
for those with prior ATO treatment. In addition, the prior ATO
therapy was shown to be an independent unfavorable factor in
term of RFS and OS in multivariate analysis. It is possible that
relapsed patients acquire additional molecular defects that
account for this worsened survival rate [24]. Therefore, sub-
sequent SCT procedures should be strongly recommended
after the ATO induced CR2 for relapsing patients with prior
treatment with ATO. Interestingly, the median duration of
CR2 was up to 25 months suggesting that ATO and conven-
tional chemotherapy being salvage therapy did win time for
these patients to receive SCT.

Fig. 2 Kaplan–Meier survival
curves of patients according to
molecular relapse and
hematologic relapse groups: a
overall survival; b relapse-free
survival. OS overall survival, RFS
relapse-free survival

Table 3 Univariate and multivariate survival analysis by the Cox proportional hazards model

Variable Overall survival Relapse-free survival

Univariate Multivariate Univariate Multivariate
p value HR (95 % CI) p value p value HR (95%CI) p value

Gender, Male vs. female 0.955 0.419

Age (years), ≤40 vs. >40 0.083 2.96 (1.09–8.05) 0.033 0.614

Type of relapse, molecular vs. hematologic 0.219 0.232

Risk category, low and intermediate vs. high 0.585 0.157 0.96 (0.37–2.47) 0.931

PML-RARA isoforms, long vs. short 0.381 0.212

Frontline therapy, without ATO vs. ATO 0.139 2.56 (1.01–6.52) 0.048 0.000 4.74 (1.99–11.22) <0.0005

Duration of CR1 (months), ≤24 vs. >24 0.982 0.504

Salvage induction, ATO vs. ATO plus ATRA 0.218 0.121 1.30 (0.55–3.07) 0.551

HR (95% CI) hazard ratio (95 % confidence interval), ATO arsenic trioxide, ATRA all-trans retinoic acid
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On the other hand, the CR rate was 93.8% for patients with
hematologic relapse who never received prior ATO therapy.
The CR rate was comparable with newly diagnosed APL
patients. However, the 4-year RFS rate of 66.2 % was inferior
compared to previous studies for newly diagnosed patients
who were treated with ATO as the frontline therapy [3, 4].
This observation suggests that patients with relapsed APL
with no previous ATO treatment are probably biologically
different from newly diagnosed APL [25]. Similar findings
have been reported previously by Thirugnanam et al. [21].
Further basic scientific studies are needed to address this issue.

Previous reports indicated that molecular monitoring of the
PML-RARA transcript is useful to anticipate overt hemato-
logical relapse [19, 26, 27]. However, the optimal treatment
protocol for APL patients with molecular relapse remains
unclear. Grimwade et al. [28] reported the regimen of delivery
of pre-emptive therapy with ATO re-induction followed by
transplantation consolidation. This regimen prevented pro-
gression to frank hematologic relapse in ten out of 14 patients.
The RFS rate at 1 year was 73% [28]. Interestingly, the Italian
group reported nine relapsed APL patients (eight in molecular
relapse) who received prolonged therapy with combined ATO
and ATRAwithout receiving a transplant. They showed 88 %
of patients remained in prolonged molecular CR2 [29]. In our
series, patients treated with ATO and chemotherapy (one with
auto-SCT) achieved a 3-year RFS rate of 81.5 %. This sug-
gests that ATO and chemotherapy could be an optimal ap-
proach for treating APL relapsed cases with early molecular
relapse, particularly for those with no prior ATO therapy.

SCT remains a widely adopted strategy as a part of the
salvage therapy for relapsed APL patients [6, 9, 11, 30, 31].
Recently, Pemmaraju et al. [32] reported retrospectively eval-
uated 40 patients with relapsed APL. The investigators found
that treatment with auto-SCT demonstrates a trend toward
better outcomes, however, no significant difference in clinical
outcomes is seen in the three treatment approaches (auto-SCT,
allo-SCT, and chemotherapy only) [32]. Fujita et al. [33]
reported that the 5-year OS was significantly better in the
non-SCT group than in the SCT group among older patients
(age ≥40 years). It was suggested ATO in combination with
conventional chemotherapy has previously shown to be an
effective regimen for post-remission therapy in CR2 of APL
[14]. However, the role of this regimen has not yet been
determined. In our series, due to financial constraints, ineligi-
bility for SCT, mobilization failure, or early relapse before
planned SCT, only a small proportion of patients received
SCT during CR2. Thus, we were able to perform this retro-
spective analysis of patients with relapsed APL who
underwent post-remission therapy consisting of ATO and
chemotherapy. This protocol results in the 4-year RFS of
66.2 % in patients with hematologic relapse who never had
previous ATO treatment. The survival rate is in comparable
with previous SCT data [9, 30]. Therefore, ATO and

chemotherapy together can be a treatment alternative in se-
lected patients with a second molecular remission and no prior
ATO therapy who are not candidates for transplant.

Themajor limitation of this study is the retrospective nature
in a single institution. The post-remission therapy consisted of
ATO and chemotherapy with or without SCT, but no uniform
treatment guidelines were available. Further prospective stud-
ies with larger patient numbers are required to confirm the
impact of the combination of ATO and chemotherapy regi-
mens on outcomes for patients with APL in CR2.

In summary, the results of this study suggest ATO-based
regiments could be a feasible therapeutic option for patients
with relapsed APL despite prior therapy with ATO. In selected
patients who have a better prognosis (no previous ATO ther-
apy or molecular relapse) or who are not candidates for
transplant, treatment options like ATO in combination with
conventional chemotherapy can be an alternative to
transplantation.
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