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abstract

PURPOSE Arsenic combined with all-trans retinoic acid (ATRA) is the standard of care for adult acute pro-
myelocytic leukemia (APL). However, the safety and effectiveness of this treatment in pediatric patients with APL
have not been reported on the basis of larger sample sizes.

METHODS We conducted a multicenter trial at 38 hospitals in China. Patients with newly diagnosed APL were
stratified into two risk groups according to baseline WBC count and FLT3-ITD mutation. ATRA plus arsenic
trioxide or oral arsenic without chemotherapy were administered to the standard-risk group, whereas ATRA,
arsenic trioxide, or oral arsenic plus reduced-dose anthracycline were administered to the high-risk group.
Primary end points were event-free survival and overall survival at 2 years.

RESULTS We enrolled 193 patients with APL. After a median follow-up of 28.9 months, the 2-year overall
survival rate was 99% (95% CI, 97 to 100) in the standard-risk group and 95% (95%CI, 90 to 100) in the high-
risk group (P5 .088). The 2-year event-free survival was 97% (95% CI, 93 to 100) in the standard-risk group
and 90% (95% CI, 83 to 96) in the high-risk group (P5 .252). The plasma levels of arsenic were significantly
elevated after treatment, with a stable effective level ranging from 42.9 to 63.2 ng/mL during treatment. In
addition, plasma, urine, hair, and nail arsenic levels rapidly decreased to normal 6 months after the end of
treatment.

CONCLUSION Arsenic combined with ATRA is effective and safe in pediatric patients with APL, although long-
term follow-up is still needed.
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INTRODUCTION

Acute promyelocytic leukemia (APL) is a subtype of
acute myeloid leukemia that is relatively less common
in the pediatric population.1 APL has become a cur-
able disease with the application of all-trans retinoic
acid (ATRA) combination chemotherapy or arsenic
trioxide (ATO),2-5 with complete remission (CR) of 90%
to 100% of patients in clinical trials and an overall
survival (OS) rate between 86% and 97% reported in
several large multicenter trials.3,6-12 However, ATO
must be infused in the hospital, whereas oral arsenic
can be administered in an outpatient context, which is
more cost-effective and convenient. The only com-
mercially available oral agent, named the Realgar-
Indigo naturalis formula (RIF), has been verified to
achieve a similar outcome to that of treatment with

intravenous (IV) ATO, with the advantage of increased
cost-effectiveness because of reduced medical costs
and shorter hospitalizations.13-16

Since randomized controlled trials13,16 have shown
that the oral RIF plus ATRA was not inferior to IV ATO
plus ATRA for the treatment of adult patients with
non–high-risk APL in China, with excellent outcomes,
and APL in children is relatively less common,17 we
designed a single-arm trial in children with APL as
recommended by experts in our clinical epidemiology
and evidence-based medicine center. Here, we re-
port the 2-year outcomes in a large cohort of 193
children with APL treated with the mainstay therapy
of arsenic plus ATRA. This study was registered at
the Chinese Clinical Trial Registry (ChiCTR-OIN-
17011227).

ASSOCIATED
CONTENT

Appendix

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on April 7,
2021 and published at
ascopubs.org/journal/
jco on June 2, 2021:
DOI https://doi.org/10.
1200/JCO.20.03096

Volume 39, Issue 28 3161

https://www.chictr.org.cn/showprojen.aspx?proj=17093
https://www.chictr.org.cn/showprojen.aspx?proj=17093
https://ascopubs.org/doi/suppl/10.1200/JCO.20.03096
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.20.03096
http://ascopubs.org/doi/full/10.1200/JCO.20.03096


METHODS

Study Design and Participants

The study was a multicenter, single-arm, clinical trial per-
formed at 38 hospitals in China. Patients with newly diag-
nosed APL, the t(15;17) and/or PML-RARA fusion gene, age
younger than 18 years, and normal cardiac function were
enrolled and treated by the Chinese Children’s Leukemia
Group (CCLG)-APL2016 Protocol (online only). Patients who
were allergic to arsenic, were unable to follow the trial
Protocol, had contraindications to anthracycline-based
chemotherapy, or were participating in other trials at the
same time were excluded. Informed consent was obtained
from all patients or legal guardians in accordance with the
principles of the Declaration of Helsinki.

CCLG-APL2016 Protocol

Patients were stratified into two risk groups: those with a
WBC count , 10 3 109/L but without FLT3-ITD mutation
were classified as being in the standard-risk group (SR),
and those with a WBC count$ 103 109/L or with FLT3-ITD
mutation were classified as being in the high-risk group
(HR) (Appendix 1, online only).18,19

Chemotherapy-free treatment was administered to the SR
group, and treatment with reduced chemotherapy was
administered to the HR group (Fig 1). RIF (60mg/kg daily in
two or three divided oral doses) or ATO (one IV dose of 0.15
mg/kg daily) plus ATRA (25 mg/m2 in two or three divided
oral doses) were administered during induction in the SR
group. Additional anthracycline (idarubicin 10 mg/m2 or
daunorubicin 40mg/m2 per day every other day, 2-3 doses)
was injected into HR patients during the induction phase.
When the peripheral blood leukocyte count decreases and
the absolute number of neutrophils is , 500/ml, anthra-
cyclines should be stopped. Although oral RIF could be
prescribed for outpatient administration, all patients were
admitted to the hospital during induction therapy until the

recovery from coagulopathy and the return of the platelet
count to within normal limits.

The consolidation therapy included RIF (60 mg/kg daily in
three divided oral doses) or ATO (one IV dose of 0.15 mg/kg
daily) and ATRA (25 mg/m2 in two or three divided oral
doses) for 14 days in the SR group. In the HR group, ATRA
(25 mg/m2 in two or three divided oral doses) was ad-
ministered for 14 days, and anthracycline (idarubicin
10mg/m2 or daunorubicin 40mg/m2 daily, every other day)
was administered three times. Repeat once if molecular CR
is not achieved.

The maintenance therapy included RIF (60 mg/kg daily in
two divided oral doses) or ATO (one IV dose of 0.15 mg/kg
daily) in a 2 weeks on and 2 weeks off regimen and ATRA
(25 mg/m2 in two divided oral doses) in a 1 week on and
1 week off regimen. Eight weeks of treatment constituted
one cycle. The patients in the SR group received four cycles
(approximately 8 months), and patients in the HR group
received five cycles (approximately 10 months).

Response Evaluation During and After Treatment

The primary end points were event-free survival (EFS) and
OS at 2 years. Events were defined as follows: the lack of
complete molecular remission before maintenance ther-
apy, molecular relapse, hematologic relapse, or death from
any cause. OS was calculated from the date of study entry
to the date of death from any cause or last follow-up for
surviving patients. Secondary end points were the pro-
portion of patients achieving a complete hematologic re-
mission, the proportion of patients achieving a complete
molecular response, the incidence of early death, the
cumulative incidence of relapse, and safety. Hematologic
complete remission was defined as normally regenerating
bone marrow with , 5% blasts according to morphology.
Molecular complete remission (MCR) was defined as the
absence of PML-RARA according to bone marrow reverse
transcriptase polymerase chain reaction or quantitative

CONTEXT

Key Objective
Since acute promyelocytic leukemia (APL) has become a curable disease, clinicians have focused on simplifying the

treatment of APL. Previous studies have revealed the safety and effectiveness of arsenic trioxide and oral arsenic in
childhood APL on the basis of the addition of arsenic to all-trans retinoic acid plus anthracycline in a small sample size. To
the best of our knowledge, our study is the first to report the efficacy and safety of a chemotherapy-free and
chemotherapy-reduced Protocol in pediatric patients with APL on the basis of a large sample size.

Knowledge Generated
Arsenic combined with all-trans retinoic acid in chemotherapy-free or chemotherapy-reduced treatment are effective and

safe in pediatric patients with APL in standard-risk or high-risk groups.
Relevance
The treatment of pediatric APL could be further simplified, and oral arsenic, which is more convenient and economical,

could be an alternative to the intravenous arsenic as the prognosis is similar in pediatric patients with APL.
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reverse transcriptase polymerase chain reaction, with an
assay sensitivity of at least 1 3 1024. Toxic effects were
graded according to the NCI Common Terminology Criteria
for Adverse Events, version 4.0.

Statistical Analysis

The trial was designed to analyze EFS and OS at 2 years after
start of induction therapy. Patients who had major Protocol
violations were excluded from the analysis. Descriptive an-
alyses are presented as the means and standard deviations
for normally distributed variables and the medians (mini-
mum and maximum) for skewed distribution variables. The
survival curves were estimated using the Kaplan-Meier
method, and differences in the OS and EFS rates be-
tween the SR andHR groups were compared by the log-rank
test, and the cumulative incidence of relapse was compared
using Fine-Gray test, in which patients with early death was a
competing risk event to the relapse. Dichotomous variables
were compared with the corrected x2 test, and continuous
variables were compared with the Wilcoxon rank test or
pairwiseWilcoxon test. All statistical tests were two-tailedwith
a significance level of 0.05. The data were analyzed using
SPSS Statistics software, version 26 (IBM).

RESULTS

Patient Characteristics

From November 23, 2016 to November 25, 2018, a total of
193 patients were enrolled in this clinical trial. The median

follow-up time was 28.9 months (0.2-42.9 months), and
76.3% of patients have been followed for 24 months. Seven
patients who had poor compliance and failed to adhere to the
Protocol were excluded (Fig 2). The baseline characteristics of
the remaining 186 patients are shown in Table 1. Themedian
WBC and platelet counts were 3.6 (1.0-321.0) 3109/L and
28 (2-211) 3109/L, respectively. Twenty-eight patients
(15%) had FLT3-ITD gene mutations, of which 11 patients
had a lower WBC count (, 10 3 109/L). All 186 eligible
patients were evaluated for their response to induction
therapy (Table 2). The overall incidence of early death was
3% (5/186). Of the five patients who had early death, three
patients died of severe disseminated intravascular coagu-
lation (DIC) with intracranial hemorrhage (one in the SR
group and two in the HR group) and two died of severe
infections with coagulopathy and pulmonary hemorrhage.

Two-Year Outcomes

With amedian follow-up time of 28.9 months, the 2-year OS
rates were 99% (95% CI, 97 to 100) in the SR group and
95% (95% CI, 90 to 100) in the HR group (P 5 .088;
Fig 3B). The 2-year EFS rates were 97% (95% CI, 93 to
100) in the SR group and 90% (95% CI, 83 to 96) in the HR
group (P 5 .252; Fig 3D). There was no significant dif-
ference in 2-year OS and EFS between the SR group and
HR group. The 2-year cumulative incidence of relapse was
2% (95% CI, 0 to 6) in the SR group and 6% (95% CI, 2 to
11) in the HR group (P5 .921; Fig 3F). Of these six relapse
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FIG 1. CCLG-APL2016 Protocol. If patients fail to get molecular complete remission before maintenance therapy or experienced molecular relapse during
maintenance phase or after the completion of therapy, they were removed from the trial. APL, acute promyelocytic leukemia; ATO, arsenic trioxide; ATRA,
all-trans retinoic acid; DNR, daunorubicin; IDA, idarubicin; RIF, Realgar-Indigo naturalis formula.
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patients, two patients in the SR group relapsed during follow-
up (one experienced molecular relapse at 19.5 months, and
the other experienced hematologic and molecular relapse at
23.5 months after MCR). Four patients in the HR group
relapsed during follow-up (two experienced molecular re-
lapse at 10.6 months and 15.5 months after MCR and two
experienced hematologic and molecular relapse at
12.2 months and 19.0 months after MCR). ATRA and ar-
senic agents plus anthracycline were used as salvage
therapies, and all of them achieved a second CR. Only one
patient in the HR group had CNS leukemia during hema-
tologic and molecular relapse at 12.2 months after MCR.

Treatment Toxicities

During the induction phase, the incidence of DIC was 52%
(97 out of 186), and grade 2, grade 3, grade 4, and grade 5
DIC accounted for 16% (29 out of 186), 29% (54 out of
186), 6% (11 out of 186), and 2% (3 out of 186), re-
spectively. Three patients died of severe DIC with intra-
cranial hemorrhage. Thus, severe DIC was still the leading
cause of early death in patients with APL. Differentiation
syndrome, including its moderate and severe forms,20

developed in 41% (76 out of 186) of the patients. No
differentiation syndrome–related deaths occurred.

Grade 3-4 neutropenia occurred in 80% (149 out of 186) of
patients, and in 29% (43 out of 149) of them, it lasted for
more than 14 days during induction treatment (Appendix
Table A1, online only). Grade 3-4 thrombocytopenia oc-
curred in 89% (166 out of 186) of patients, and in 52%
(87 out of 186), it lasted for more than 14 days (Appendix
Table A1).

For the toxicity in liver and heart, 3% (5 out of 186) of
patients had grade 3 elevated serum ALT or AST levels and
8% (15 out of 186) of patients had grade 1-2 hyper-
bilirubinemia. Only 1% (1/-186) of patients had decreased
left ventricular ejection fraction, and no patients had a
prolonged corrected QT interval (Appendix Table A1). These
adverse events could be recovered after receiving supportive
treatment.

In addition, 73% (135 out of 186) of patients developed
infections, of which 35% (65 out of 186) were pneumonia,
19% (35 out of 186) upper respiratory tract infections, and
18% (34 out of 186) septicemia.
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FIG 2. CONSORT diagram.
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Arsenic Retention on Follow-Up

The plasma, urine, hair, and nail arsenic concentrations
were measured in 34 patients at different time points
(Appendix 2, online only). The plasma arsenic level was
significantly elevated after 7 days of arsenic administration
compared with the level before the administration of ar-
senic (median, 42.9 ng/ml [range, 27.3-82.8 ng/mL] v
0.7 ng/mL [range, 0.2-8.4 ng/mL]; P, .0001). The median
plasma arsenic level was maintained at a stable effective
range of levels (10-100 ng/mL),13 ranging from 42.9 to
63.2 ng/mL on the seventh, 14th, and 28th day of arsenic
administration and the 10 weeks of maintenance therapy.
Furthermore, the plasma arsenic levels rapidly decreased
to within normal limits after 6 months without arsenic
administration compared with the level before the ad-
ministration of arsenic (median, 0.9 ng/mL [range, 0.4-
2.5 ng/mL] v 0.7 ng/mL [range, 0.2-8.4 ng/mL]; P 5 .333)
(Fig 4A).The urine arsenic level was significantly elevated
after arsenic administration, ranging from 1506.1 to
2,166.9 ng/mL on the seventh, 14th, and 28th day of

arsenic administration and the 10 weeks of maintenance
therapy (Fig 4B).

Hair arsenic (median, 7,004.0 ng/g [range, 650.8-
14,683.7 ng/g]) and nail arsenic levels (median, 18,556.1 ng/g
[range, 400.0-30,334.0 ng/g]) peaked at the time of the
cessation of therapy and rapidly decreased to within normal
limits after 6 months without arsenic administration com-
pared with the levels before the administration of arsenic
(hair: 268.4 ng/g v 115.6 ng/g, P 5 .214; nail: 487.6 ng/g v
165.7 ng/g, P 5 .110) (Figs 4C and 4D, respectively). The
common signs of chronic arseniasis, such as cardiovascular
events, chronic renal insufficiency, diabetes, or neurologic
dysfunction, were not observed so far.

DISCUSSION

Previous studies have shown the safety and effectiveness of
ATO21,22 and oral RIF in childhood APL,23 which were
based on the addition of arsenic to ATRA combined with
anthracycline in a small sample size. Here, our study re-
ports the safety and effectiveness of a chemotherapy-free
and chemotherapy-reduced Protocol in pediatric patients
with APL on the basis of a larger sample size, which has
been identified in adult APL.13,16 In addition, since the
literature has reported that the oral arsenic agent RIF
showed the same potency but is more convenient and
economical than IV infusion with ATO,13,15,16 our study did
not design a comparison of the effectiveness of oral and IV
arsenic agent. The doctors prescribed the oral or IV arsenic
agent depending on the agents’ availability in their local
hospitals.

Two large randomized trials showed that the effect of
treatment with the combination of ATO and ATRA
without chemotherapy was at least equal to and, with
long-term follow-up, even superior to the effects of ATRA-
chemotherapy combinations in patients with SR APL.3,9,12

The combination of ATO and ATRA without chemotherapy
therefore became the standard therapy for newly diagnosed
non–high-risk APL recommended by the NCCN,24 Euro-
pean LeukemiaNet,25 and Chinese Hematological Associ-
ation.26 ATO and ATRA combinations with reduced
chemotherapy also appear very promising in patients with
HR APL.9,27 Meanwhile, the therapeutic effects of oral
arsenic RIF plus ATRA are not inferior to those of IV ATO
plus ATRA, which means that a completely oral,
chemotherapy-free model is an alternative to the standard
IV treatment of patients with APL.12,15,16,27 However, few
studies of the combination of ATO and ATRA have been
reported in the treatment of pediatric patients with APL with
the continuous measurement of arsenic concentrations.
Our single-arm trial showed that arsenic plus ATRA without
chemotherapy in the SR group and arsenic plus ATRA with
reduced chemotherapy (240 mg/m2) in the HR group
achieved similarly excellent outcomes in pediatric patients
with APL, with a 98% 2-year EFS rate in the SR group, a
90% 2-year EFS rate in the HR group, a 99% 2-year OS rate

TABLE 1. Baseline Characteristics of the Study Population
Characteristic SR (n 5 107) HR (n 5 79) Total (N 5 186)

Age, years

Median 9.3 7.9 8.7

Range 1.9-16.1 1.2-18.0 1.2-18.0

Sex, No. (%)

Male 58 (54) 51 (65) 109 (59)

Female 49 (46) 28 (35) 77 (41)

WBC count, 3109/La

Median 2.4 17.2 3.6

Range 1.0-8.0 1.0-321.0 1.0-321.0

Platelet count, 3109/Lb

Median 31 27 28

Range 2-211 2-189 2-211

Hemoglobin, g/Lb

Median 79 75 78

Range 7-123 23-123 7-123

Bone marrow blast, %

Median 85 87 86

Range 28-97 25-98 25-98

PML/RARA isoform, No. (%)

Long 64 (60) 35 (44) 99 (53)

Short 17 (16) 18 (23) 35 (19)

Variant 4 (4) 4 (5) 8 (4)

Missing 22 (20) 22 (28) 44 (24)

FLT3-ITD, No./total No. (%) 0 28/79 (35) 28/186 (15)

Abbreviations: HR, high-risk group; SR, standard-risk group.
aMaximum WBC count before treatment.
bMinimum platelet count and hemoglobin level before treatment.
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in the SR group, and a 95% OS rate in the HR group. An
important study18 by Zhu et al showed an estimated 3-year
OS rate of 100% in the RIF-ATRA group. The higher OS rate
in their study may have been because of the exclusion of
patients with HR APL and more active measures taken to
reduce the tumor burden in patients with WBC
counts, 103 109/L there than in our study. Furthermore,
38 hospitals participated in the CCLG-APL2016 Protocol,
some of which are in resource-limited provinces with
fewer medical resources, which may also have contrib-
uted to a slightly worse prognosis. However, APL is a
malignancy that can be definitively cured by targeted
therapies, namely retinoic acid and/or arsenic regimens,
both of which trigger PML-RARA degradation through
nonoverlapping pathways,28 explaining the excellent
outcome in patients with APL treated with ATRA com-
bined with arsenic (IV ATO or oral RIF). The use of oral RIF
in China results in better safety outcomes, better quality of
life, and lower medical costs for patients than other
treatments.15 The numbers of patients using ATO and RIF
during induction and maintenance in our study are shown
in Appendix Figure A1 (online only). Approximately 73%
(136 out of 186) of patients were administered RIF during
maintenance therapy, resulting in improved quality of life
and lower medical costs.14 Since our study does not have
enough power to compare the outcome of patients with
ATO or oral arsenic RIF, the outcomes are simply de-
scribed in Appendix Figure A2 (online only).

Patients with APL frequently presenting with consumptive
coagulopathy can cause a life-threatening hemorrhage.29

Our previous study showed severe DIC is the primary cause

of early death.30 In this study, five (3%) patients died early,
and three of them had severe coagulopathy, which means
early awareness and urgent intervention for life-threatening
bleeding are critical factors for reducing early death. In
addition to supportive measures, the prompt administration
of ATRA can also improve abnormal coagulation. ATRA can
downregulate APL cell tissue factor, which can prevent and
treat DIC and secondary fibrinolysis.31 Thus, it is necessary
to start retinoic acid–induced differentiation as soon as
possible in patients with clinically highly suspected APL,
even if PML-RARA has not been confirmed.

The toxicity of arsenic is a major concern, especially in
growing children. Our study demonstrated that the reten-
tion of arsenic did not result in significant arsenic accu-
mulation in the plasma, urine, hair, or nails at 6 months
after the cessation of treatment, and the concentrations of
arsenic in those tissues declined faster in the children than
in adults as reported in previous studies.13,32 The most
common adverse event was hepatic damage, and the in-
cidence of hepatic damage was lower than that reported by
Zhu et al.16

One limitation of our study is that this is a single-arm trial,
and therefore, the grade of evidence is not as high as that
obtained from a randomized controlled trial33; however,
childhood APL is very rare,34 and the excellent efficacy of
arsenic plus ATRA for adult patients with APL has been
well-confirmed. This is why our study was designed to be
a single-arm trial in children with APL as recommended
by experts in our clinical epidemiology and evidence-
based medicine center. In addition, because of the

TABLE 2. Clinical Outcomes of 186 Patients With Pediatric APL
Outcome SR (n 5 107) HR (n 5 79) P

HCR, No. (%) 106 (99) 75 (95) .207a

Time to achieve HCR, days

Median 32 33 .250b

Range 17-94 23-85

MCR achieved before maintenance therapy, No. (%) 106 (99) 75 (95) .201a

Time to achieve MCR, days

Median 63 64 .715b

Range 25-112 31-103

Early death, No. (%) 1 (1) 4 (5) .207a

2-Year EFS, No. (%) 105 (98) 71 (90) .252c

2-Year OS, No. (%) 106 (99) 75 (95) .088c

2-Year cumulative incidence of relapse, No. (%) 2 (2) 4 (5) .921d

Abbreviations: APL, acute promyelocytic leukemia; EFS, event-free survival; HCR, hematologic complete remission; HR, high risk; MCR, molecular
complete remission; OS, overall survival; SR, standard risk.

aCompared with the corrected x2 test.
bContinuous variables were compared with the Wilcoxon rank test.
cKaplan-Meier survival analysis was performed and differences were assessed using the log-rank test.
dFine-Gray test was performed.
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impact of the COVID-19 pandemic, specimens at some
time points have not yet been tested for arsenic con-
centrations, resulting in only a few tested samples at
some points, such as 12 months after the cessation of
arsenic therapy. We will test these samples as soon as
possible to ensure that there are sufficient samples at
each monitoring time point.

In summary, our results show that excellent outcomes can
be achieved in pediatric SR APL using arsenic plus ATRA in
a chemotherapy-free treatment regimen and in patients
with HR APL treated with arsenic plus ATRA with reduced
chemotherapy. The use of arsenic in pediatric patients with
APL is safe. However, long-term follow-up is still needed
since the median follow-up time was only 2 years.
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FIG 4. Arsenic retention in 34 patients during follow-up. The kinetics of arsenic concentrations in the (A)
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APPENDIX 1. TREATMENT
Standard-Risk Group

1. Induction: (a) Realgar-Indigo naturalis formula (RIF) 60mg/kg/d
or arsenic trioxide (ATO) 0.15mg/kg/d, days 1 approximately 28
and (b) all-trans retinoic acid (ATRA) 25 mg/m2/d, days 1
approximately 28.

2. Consolidation: (a) RIF 60 mg/kg/d or ATO 0.15 mg/kg/d, days
1 approximately 14 and (b) ATRA 25 mg/m2/d, days 1 ap-
proximately 14.

3. Maintenance: (a) RIF 60 mg/kg/d or ATO 0.15 mg/kg/d,
2 weeks on and 2 weeks off, 4 weeks per cycle, for four
cycles in total and (b) ATRA 25 mg/m2/d, 1 week on and
1 week off, 4 weeks per cycle, for four cycles in total.

High-Risk Group

1. Induction: (a) RIF 60 mg/kg/d or ATO 0.15 mg/kg/d, days 1
approximately 28, (b) ATRA 25 mg/m2/d, days 1 approximately
28, and (c) anthracycline: idarubicin 10mg/m2/d or daunorubicin
40 mg/m2/d, once every other day for 2 approximately 3 days.

2. Consolidation: (a) anthracycline: idarubicin 10 mg/m2/d or
daunorubicin 40 mg/m2/d, once every other day, for 3 days
and (b) ATRA 25 mg/m2/d, days 1 approximately 14.

3. Maintenance: (a) RIF 60 mg/kg/d or ATO 0.15 mg/kg/d,
2 weeks on and 2 weeks off, 4 weeks per cycle, for five cy-
cles and (b) ATRA 25 mg/m2/d, 1 week on and 1 week off,
4 weeks per cycle, for five cycles.

Cytoreductive Therapy During Induction

If the WBC count was. 103 109/L before or during induction, one of
the following drugs was added:

1. Hydroxyurea: 10-40 mg/kg/d in two or three divided oral doses
for , 2 weeks;

2. Cytarabine: 40-100mg/m2, IV, once daily or every 12 hours for
less than 1 week;

3. Homoharringtonine: 1mg/m2, IV, once daily for fewer than5days;

4. High-risk group: anthracycline added; and
5. Maintain platelet count. 503 109/L and fibrinogen. 1.5 g/L.

PML-RARA Fusion Gene Detection

1. Induction: day 0, day 28, and day 15 if necessary.
2. Consolidation: day 28.
3. Maintenance (two times): week 11 and week 21.
4. After the cessation of therapy: at the cessation of therapy, then

every 6 months for 2 years.

Multicenter Data Quality Control and Management

In this open-label trial, eligible participants were centrally registered
and assigned a unique number. Case report forms were used to record
the treatment response, and the main outcome indicators were also
collected from multiple centers before each annual collaboration
working group meeting. An access database was established for the
entry of the data from the case report forms. Two persons trained by the
project manager were responsible for all data input, and another
person corrected any mismatched data and updated the outcomes
from multiple centers every 6 months.

APPENDIX 2. ARSENIC RETENTION EVALUATION
Arsenic concentration was detected in plasma, urine, hair, and nail
samples during and after the cessation of arsenic treatment in 34
patients. The arsenic concentrations in the plasma and urine were
measured at nine time points: before the administration of arsenic
(D0); on the seventh, 14th, and 28th day of arsenic administration (D7,
D14, and D28, respectively); during the 10 weeks of maintenance
therapy (W10); at the time of the cessation of therapy; at 6 months after
the cessation of therapy; and at 1 year after the cessation of therapy.
The arsenic concentrations in the hair and nail samples were mea-
sured before the administration of arsenic (D0), on the 28th day of
arsenic administration (D28), at the cessation of therapy, at 6 months
after the cessation of therapy, and at 1 year after the cessation of
therapy.
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TABLE A1. Incidence of Hematologic and Nonhematologic Toxic Effects During Induction Treatment

Toxic Effect

Standard-Risk Group (n 5 107), No. (%) High-Risk Group (n 5 79), No. (%)

Grades 1-2 Grade 3 Grade 4 Grades 1-2 Grade 3 Grade 4

Hematologic toxicity

Neutropenia 12 (11) 15 (14) 72 (67) 10 (13) 14 (18) 48 (61)

Anemia 12 (11) 83 (78) 7 (7) 6 (8) 63 (80) 8 (10)

Thrombocytopenia 8 (8) 31 (29) 59 (55) 2 (3) 15 (19) 61 (77)

Nonhematologic toxicity

Nausea 27 (25) 0 0 14 (18) 2 (3) 0

Vomiting 16 (15) 3 (3) 0 17 (22) 2 (3) 0

Diarrhea 6 (6) 0 0 8 (10) 0 0

Mucositis 7 (7) 0 0 12 (15.2) 0 0

DIC 16 (15) 27 (25) 5 (5) 13 (17) 27 (34) 6 (8)

Thrombosis or embolism 1 (1) 0 0 0 0 0

Cardiac (decreased EF) 0 0 0 1 (1) 0 0

Prolonged QTc interval 0 0 0 0 0 0

Increased serum ALT or AST 53 (50) 3 (3) 0 42 (53) 2 (3) 0

Hyperbilirubinemia 5 (5) 0 0 10 (13) 0 0

Raised creatinine 1 (1) 1 (1) 0 1 (1) 1 (1) 0

NOTE. Three patients died of severe DIC with intracranial hemorrhage (one in the standard-risk group and two in the high-risk group).
Abbreviations: DIC, disseminated intravascular coagulation; EF, left ventricular ejection fraction.
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