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Abstract
Intravenous arsenic trioxide (ATO) has been adopted as the first-line treatment for acute pro-

myelocytic leukemia (APL). Another arsenic compound named the Realgar-Indigo naturalis for-

mula (RIF), an oral traditional Chinese medicine containing As4S4, has been shown to be highly

effective in treating adult APL. In the treatment of pediatric APL, the safety and efficacy of RIF

remains to be confirmed. This randomized, multicenter, and noninferiority trial was conducted

to determine whether intravenous ATO can be substituted by oral RIF in the treatment of pedi-

atric APL. From September 2011 to January 2017, among 92 patients who were 16 years old or

younger with newly diagnosed PML-RARa positive APL, 82 met eligible criteria and were ran-

domly assigned to ATO (n = 42) or RIF (n = 40) group. The remaining 10 patients did not fulfilled

eligible criteria because five did not accept randomization, four died and one had hemiplegia

prior to arsenic randomization due to intracranial hemorrhage or cerebral thrombosis. Induction

and consolidation treatment contained ATO or RIF, all-trans-retinoic acid and low intensity che-

motherapy. End points included event-free survival (EFS), adverse events and hospital days.

After a median 3-year follow-up, the estimated 5-year EFS was 100% in both groups, and
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adverse events were mild. However, patients in the RIF group had significantly less hospital stay

than those in the ATO group. This interim analysis shows that oral RIF is as effective and safe as

intravenous ATO for the treatment of pediatric APL, with the advantage of reducing hospital

stay. Final trial analysis will reveal mature outcome data.

1 | INTRODUCTION

Acute promyelocytic leukemia (APL) has become a highly curable dis-

ease with contemporary treatment. With the advent of arsenic triox-

ide (ATO), the long-term survival rate of APL in all risk groups is

exceeding 90% with combination treatment with ATO, all-trans-

retinoic acid (ATRA) and anthracycline-based chemotherapy (CHT).1–9

Moreover, ATO and ATRA-based therapy can abrogate the negative

prognostic impacts of FLT3-ITD mutations and high initial white blood

cell (WBC) count.6–11

However, ATO is administered intravenously and patients need

long hospital stay. Besides ATO, another arsenic compound, As4S4,

has recently been proved highly effective in the treatment of adult

APL. The Realgar-Indigo naturalis formula (RIF), a traditional Chinese

medicine which can be taken orally, contains realgar (As4S4) as well as

Indigo naturalis, Radix salviae miltiorrhizae and Radix pseudostellariae.12

The components of RIF yield synergy anti-leukemia effects in murine

APL model in vivo and an APL cell line in vitro.12 A multicenter clinical

trial in China has confirmed the efficacy and safety of RIF in adults

with APL.13 More recently, a multicenter study conducted by the Chi-

nese APL Cooperative Group demonstrated the noninferiority of RIF

and ATO when in combination with ATRA and CHT in terms of effi-

cacy and safety in adult patients,14 and the estimated event-free sur-

vival (EFS) rates were similar between the two groups after long-term

follow-up of 7 years (93.7% vs 89.4%, P = .37).5 Moreover, oral RIF

can be administered outside the hospital, reducing the number of hos-

pital days compared to intravenous ATO.15,16

There is limited data on the role of RIF in the treatment of pediat-

ric patients. Some small retrospectively studies including ours sug-

gested that RIF is also safe and effective in children with APL,17,18

with less cardiac toxicity compared to ATO.18 These, however, remain

to be confirmed. South China Children Leukemia Group (SCCLG) con-

ducted a randomized study to compare the efficacy, safety and the

number of hospital days between RIF- and ATO-based therapies for

treating pediatric APL. The ultimate aim of the study is to determine

whether intravenous ATO can be substituted by oral RIF in the treat-

ment of pediatric APL.

2 | PATIENTS AND METHODS

2.1 | Study design

The SCCLG-APL study was a prospective, randomized, multicenter,

open-label, noninferiority trial. It was designed to show that the com-

bination of RIF plus ATRA and CHT is not inferior to ATO plus ATRA

and CHT in terms of EFS at 5 years. The study was started in

September 2011 and included nine participating hospitals, and was

joined by another five hospitals thereafter until the deadline in

September 2016 for enrolling new hospital in the study. The trial was

retrospectively registered in February 2014 at www.clinicaltrials.gov

as NCT02200978.

Eligible patients were 16 years old or younger with newly diagnosed

APL with confirmation of PML-RARa by RT-PCR assay � fluorescence in

situ hybridization (FISH), and randomly assigned by computer-generated

codes to ATO or RIF group. The excluded patients were those who had

one of the following events occurring before genetic diagnosis and ran-

domization: death from any cause, or coma, convulsion, paralysis due to

intracranial hemorrhage, cerebral thrombosis or central nervous system

leukemia; or who had prolonged QT syndrome because of the risk of QT

interval prolongation during arsenic therapy; or who did not accept ran-

domization. The study received institutional review board approval.

Patients' families and/or patients provided informed consent in accor-

dance with the Declaration of Helsinki.

The primary end point was the rate of EFS at 5 years. Secondary

end points were safety and the number of accumulated hospital days

during induction and consolidation therapy.

2.2 | Treatment protocol

The details of treatment protocols are shown in Figure 1. Patients

were treated with a risk-adapted protocol. In particular, patients

received oral ATRA if they were diagnosed with APL based on mor-

phologic features according to the FAB criteria. Mitoxantrone was

administrated on day 3 (10 mg/m2) or on days 2-4 (7 mg/m2/day) of

ATRA treatment for non-high-risk (diagnostic WBC count ≤10 × 109/

L) or high-risk (diagnostic WBC count >10 × 109/L) patients respec-

tively. When the diagnosis was genetically confirmed (5-6 days later

from the day of morphological diagnosis), Patients were randomly

assigned by computer-generated codes to ATO or RIF group. For

those assigned to the ATO group, ATO was administrated at a dose of

0.16 mg/kg/day (≯10 mg/day) intravenously over 12 hours because

longer time infusion of ATO reduces differentiation and promotes

apoptosis of APL cells.19 Patients who achieved hematologic complete

remission (HCR) or HCR with incomplete platelet recovery

(HCRp)20,21 received three courses of consolidation therapy contain-

ing ATRA, ATO and low-intensity chemotherapy with mitoxantrone,

and addition of cytarabine for high-risk patients. Intrathecal injection

of cytarabine and dexamethasone was administrated on day one of

each consolidation therapy (Figure 1, Supporting Information

Table S1). Patients assigned to the RIF group received the same treat-

ment as those assigned to the ATO group, but ATO was replaced by
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RIF (270 mg per pill) which contains Realgar (30 mg per pill), Indigo

naturalis (125 mg per pill), Radix salviae miltiorrhizae (50 mg per pill),

Radix pseudostellariae (45 mg per pill), and garment film (20 mg per

pill). RIF was given at a dose of 135 mg/kg/day (≯30 pills/day) orally

three times daily.

RT-PCR for determining PML-RARa expression was performed

for genetic diagnosis of APL and monitoring of minimal residual dis-

ease after treatment (Figure 1).

2.3 | Supportive therapy

At the initiation of and during induction therapy, when patients' WBC

count was over 10 × 109/L, hydroxyurea (100 mg/kg/day) was

administered until WBC <10 × 109/L. Dexamethasone (0.3 mg/kg/

day) was given if differentiation syndrome or ATRA-associated pseu-

dotumor cerebri was suspected. The use of heparin or low-molecular

weight heparins for management of coagulopathy was not mandatory

but encouraged because ATRA might increase thrombosis risk.22,23

Heparin was given at a low dose of 0.5-1 mg/kg intravenously for

24 hours daily if indicated until the coagulopathy resolved.

Transfusions of platelet, and fresh-frozen plasma, cryoprecipitate

and/or human fibrinogen, were given for the aims of maintaining

platelet counts greater than 30 × 109/L, and fibrinogen greater than

1.5 g/L, respectively.

2.4 | Statistical analysis

The Kaplan-Meier method was used to estimate overall survival

(OS) (time from date of randomization to death) and EFS (time from

date of randomization to last follow-up or first event including failure

to achieve HCR/HCRp, hematologic and/or molecular relapse includ-

ing extramedullary disease infiltrates, secondary malignancy or death

of any cause). Patients lost to follow-up were censored at their date

of last known contact. The significance of predictor variables was

tested by the log-rank statistic for OS and EFS. Mean � SD was used

to describe normally distributed variables, while skewed variables

were expressed as median (range). The two independent samples

t test and Mann-Whitney U test were used for normally distributed

data and skewed data to comparing between groups separately. The

comparison between categorical variables was evaluated by the Chi-

square (χ2) test. All statistical analyses were conducted using IBM

SPSS statistics 21.0.

The primary endpoint was the 5-year EFS. Assuming a 95% rate

of EFS for patients with APL treated on arsenic-ATRA-CHT

protocol,1,14 a noninferiority margin of −10%, 5% type I error (one-

sided) and 90% power, 82 evaluable patients per group (164 in total)

were required to draw a noninferiority conclusion. Noninferiority was

to be concluded if the lower limit of the 95% CI for the rate difference

of EFS was greater than −10% noninferiority margin. Analysis was per

protocol. Interim analysis of the results was to be performed after

enrolling 50% of evaluable patients treated for at least 1 year.

3 | RESULTS

3.1 | Enrollment and patient characteristics

The enrollment period of this interim study was from September

2011 to January 2017. The present analysis was performed in

February 2017. A total of 94 patients were morphologically diagnosed

with APL, of whom 12 were excluded. The excluded patients included

two who were negative for PML-RARa, five who did not accept ran-

domization, and five who met the exclusion criteria because they had

one of the following events occurring before genetic diagnosis and

randomization: death in four due to intracranial hemorrhage and left

hemiplegia in one because of cerebral thrombosis. There were 82 eligi-

ble patients, of whom 42 were assigned to ATO group and 40 assigned

to RIF group (Figure 2). The main demographic, clinical, and laboratory

features of the 82 patients are shown in Table 1. There were no sig-

nificant differences in the baseline characteristics between the two

FIGURE 1 The SCCLG-APL regimen. Abbreviations: ATRA, all-trans retinoic acid; MA, mitoxantrone; R, randomization; ATO, arsenic trioxide;

RIF, Realgar-Indigo naturalis formula; HCR, haematologic complete remission; HCRp, HCR with incomplete platelet recovery; AC, cytarabine;
MRD, minimal residual disease; IT, intrathecal injection of cytarabine and dexamethasone; MTX, methotrexate; 6MP, 6-mercaptopurine. *Patients
received ATRA if morphologically diagnosed with APL. #Bone marrow examination is considered for evaluating the achievement of HCR or HCRp
when no leukemic cell was found in peripheral blood. □Patients were randomly assigned to ATO or RIF group when the diagnosis was genetically
confirmed (5-6 days later), and then ATO or RIF was started and ATRA was continued until HCR/HCRp or for a maximum of 42 days. △The doses
of 6MP and MTX were adjusted to maintain the WBC of patients between 2 and 3.5 × 109/L
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groups except for a lower median age in the ATO group than that in

the RIF group (7.8 vs 9.9 years, P = .028).

3.2 | Response data

All of the 82 eligible patients achieved HCR/HCRp after induction

therapy. The median time to HCR/HCRp was 22.0 (range, 10.0-42.0)

days in the ATO group and 24.5 (range, 14.0-46.0) days in the RIF

group (P = .168). One patient with non-high-risk APL in the RIF group

did not comply with the medical order and came back late for bone

marrow examination on day 46 of induction therapy, and later was

withdrawn from the study in consolidation phase and lost to follow-

up. The remaining 81 patients, 42 in the ATO group and 39 in the RIF

group, achieved molecular remission (PML-RARa not detected by RT-

PCR) at the end of consolidation.

For the total of 82 eligible patients (including the one who was

withdrawn from the study in consolidation phase), the median follow-

up was 3.0 (range, 0.5-6.4) years. The estimated 5-year OS and EFS

rates were 100% in both the two groups (Figure S1).

3.3 | Toxicity data

Treatment-related adverse effects are listed in Table 2. Toxic effects

were graded according to the National Cancer Institute's Common

Toxicity Criteria. Although mitoxantrone was given at a dose of

10 mg/m2 for 1 day to non-high-risk patients and 7 mg/m2 for 3 days

to high-risk patients during induction therapy, 22 (36.7%) of the non-

high-risk patients, 10 (35.7%) in the ATO and 12 (37.5%) in the RIF

groups (P = .886), developed leukocytosis greater than 10 × 109/L;

and 10 (45.5%) of the high-risk patients, 6 (42.9%) in the ATO and

4 (50.0%) in the RIF groups (P = .746), experienced a WBC count

increase by more than 30% as compared with that at diagnosis,

respectively. The leukocytosis was successfully managed in all patients

as per protocol recommendation, and the incidence of differentiation

syndrome, including moderate and severe forms,24 was low in our

cohort. The incidence rates of infection, fever of unknown origin and

headache were lower in the RIF group than in the ATO group. In addi-

tion, coagulopathy events newly occurring during induction phase

were not commonly seen in the enrolled patients (Table 2, Supporting

Information Table S2).

3.4 | Hospital days

The mean accumulated days required for inpatient management dur-

ing induction and consolidation therapy was 67.8 � 22.4 and

43.9 � 19.3 for non-high-risk patients in the ATO and RIF groups

(P = .000), and 68.1 � 19.6 and 48.1 � 18.6 for high-risk patients in

the ATO and RIF groups (P = .029), respectively (Supporting Informa-

tion Table S2). As expected, peripherally inserted central catheter line

was placed less frequently in patients in the RIF group than in the

ATO group (22.5% vs 92.9% (P = .000).

4 | DISCUSSION

We here present our findings from a randomized clinical trial compar-

ing the efficacy and safety of oral RIF and intravenous ATO in children

with APL in all risk groups. After a median follow-up of 3 years, this

interim analysis shows that the estimated rate of EFS and OS at

5 years is not deferent between the pediatric patients in the two

groups, when RIF/ATO is used in combination with ATRA and low-

intensity chemotherapy.

The rates of treatment-related adverse events were similar in the

two groups, except for the incidences of infection and fever of

unknown origin which were significantly lower in the RIF group. RIF

can be taken orally in an outpatient setting when the disease was sta-

ble, which decrease the risk of cross infection in hospital and iatro-

genic infection due to PICC line placement, all together resulting in

shorter hospital stays.

There is no difficulty encountered with children taking RIF. For

young children to make RIF easier to be taken, the pill is triturated

with water, and with addition of sugar if necessary because RIF tastes

bland with a little bit of bitter if triturated.

To our knowledge, only one study group (Chinese APL Coopera-

tive Group) has reported prospective studies investigating the role of

RIF in adult APL till now.5,14–16 In one of the studies, 20 adults with

non-high-risk APL were treated with a chemotherapy-free protocol

with oral RIF and ATRA and remained molecular remission after

14-month median follow-up, and half of the patients completed

induction therapy in an outpatient setting.15 This “largely home-based

treatment protocol” may be a promising new treatment approach for

non-high-risk APL, although a long-term observation in a larger num-

ber of patients is still needed. In a randomized clinical trial conducted

by the same study group,14 adults with all risk APL (except those with

WBC > 50 × 109/L) received ATRA with ATO or RIF for induction

and maintenance therapies, between which patients received three

FIGURE 2 CONSORT diagram of enrolled patients. ATO, arsenic

trioxide; RIF, Realgar-Indigo naturalis formula
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sequential courses of intensive chemotherapy containing homohar-

ringtonine, cytarabine, daunorubicin, and mitoxantrone for consolida-

tion. Both the rates of adverse events and estimated EFS at 7 years

(93.7% vs 89.4%, P = .37) were similar between the two groups.5

Although APL in children shares many features with APL in

adults, there are important distinctions between these age groups,

and the efficacy and safety data from clinical trial restricted to adult

patients needs to be proven in children.25 There have been two

reports including ours, which are small retrospective studies,17,18

demonstrating the treatment role of RIF in children with APL and

suggesting RIF was effective with mild toxicity or possibly less car-

diac toxicity compared to ATO. The present prospective and ran-

domized study demonstrates that RIF and ATO have similar

efficacy in the treatment of childhood APL, with less infections in

the RIF group.

The Chinese APL Cooperative Group mentioned above used a

uniform protocol containing ATO or RIF for all risk groups of adult

patients and achieved outstanding outcomes.5,14 However, that treat-

ment protocol also contains three sequential courses of post-

remission consolidation with intensive chemotherapy. It is concerned

that the non-high-risk patients, especially the elderly, may received

excessive chemotherapy when treated with a non-risk-adapted proto-

col. In the present study, we used a risk-adapted protocol for the

treatment of childhood APL. Both the non-high-risk and high-risk chil-

dren received low cumulative doses of mitoxantrone (40 mg/m2 vs

51 mg/m2; in terms of daunorubicin,26 200 mg/m2 vs 255 mg/m2).

Only the high-risk children received additional short course of

intermediate-dose cytarabine (1 g/m2, q12h for 2 days) during consoli-

dations 2 and 3, respectively. We also obtained an excellent survival

rate in our cohort.

TABLE 1 Patient characteristics

Characteristic
Total ATO group RIF group

Pn = 83 n = 42 n = 40

Median age, years (range) 9.4 (1-16) 7.8 (1-13) 9.9 (2.1-16) .028

Sex, n (%)

Male 51 (62.2) 29 (69.0) 22(55.0) .190

Female 31 (37.8) 13 (31.0) 18 (45.0)

Median WBC, ×109/L (range) 5.0 (0.3-227.9) 5.6 (0.3-227.9) 3.6 (1.4-48.0) .180

Median platelets, ×109/L (range) 19 (4-226) 23 (4-82) 17 (4-226) .989

Sanz risk, n (%)

Non-high-risk 60 (73.2) 28 (66.7) 32 (80.0) .173

High-risk 22 (26.8) 14 (33.3) 8 (20.0)

Abbreviations: ATO, arsenic trioxide; ATRA, all-trans-retinoic acid.

TABLE 2 Toxicity profile

High-risk, n = 22 Non-high-risk, n = 60a

ATO group RIF group ATO group RIF group

Toxicity n = 14 n = 8 P n = 28 n = 32a P

During induction, n (%)

Liver (grade 3-4) 0 (0) 0 (0) 1 (3.6) 2 (6.3) .635

Renal (grade 3-4) 0 (0) 0 (0) 0 (0) 0 (0)

Cardiac (grade 3-4) 1 (7.1) 0 (0) .439 0 (0) 0 (0)

Infection and FUO 14 (100) 7 (87.5) .176 17 (60.7) 19 (59.4) .916

Headache 3 (21.4) 3 (37.5) .416 12 (42.9) 13 (40.6) .816

Differentiation syndrome

Moderate 2 (14.3) 1 (12.5 .907 1 (3.6) 0 (0) .218

Severe 1 (7.1) 0 (0) .493 0 (0) 0 (0)

Coagulopathy events

Hemorrhage 1 (7.1) 0 (0) .412 1 (3.6) 4 (12.9) .199

Thrombosis 0 (0) 0 (0) 0 (0) 0 (0)

During consolidation, n (%)

Liver (grade 3–4) 0 (0) 0 (0) 0 (0) 0 (0)

Renal (grade 3–4) 0 (0) 0 (0) 0 (0) 0 (0)

Cardiac (grade 3-4) 0 (0) 0 (0) 1 (3.6) 0 (0) .289

Infection and FUO 11 (78.6) 3 (37.5) .054 14 (50.0) 7 (22.6) .028

Headache 8 (57.1) 1 (12.5 0.040 7 (25.0) 5 (16.1) .398

Abbreviations: ATO, arsenic trioxide; ATRA, all-trans-retinoic acid; FUO, fever of unknown origin.
a One non-high-risk patient in the RIF group was withdrawn from the study in consolidation phase and lost to follow-up.
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The issue of how best to treat patients with APL remains to be

answered. Non-high-risk APL in adults has been recently reported to

be successful treated by a chemotherapy-free combination of ATRA

and arsenic compound (RIF or ATO).2,15,27 However, there is concern

that the use of the two differentiating agents without chemotherapy

may result in an increasing risk of leukocytosis and differentiation syn-

drome.28 In fact, 35%-47% of non-high-risk adult patients treated on

that chemotherapy-free induction therapy developed leukocytosis

(>10 × 109/L),15,27,29 compared with 24% of those on ATRA-

idarubicin induction.28 In pediatric counterpart, the risk of leukocyto-

sis may be much higher and the incidence was 84%-100%.9,30 In the

present study, although there was an addition of low-dose mitoxan-

trone to induction therapy with ATRA plus RIF or ATO, 36.7% of the

non-high-risk children experienced leukocytosis, and 45.5% of the

high-risk children experienced WBC count increase by more than

30%, respectively. Therefore, it is likely that conventional use of cyto-

toxic drug is rational in induction therapy for pediatric APL, including

non-high-risk APL. The role of cytarabine in treating APL has

remained controversial.31,32 There have been evidences showing that

with the addition of cytarabine, ATRA and anthracycline-based ther-

apy yielded better outcomes for adult patients with high-risk

APL.33–35 Using cytarabine during consolidation therapy for high-risk

APL has been generally recommended.31,32 Nevertheless, when the

combination of ATRA and arsenic compound is used for first-line ther-

apy of APL, there are grounds for testing a chemotherapy-free treat-

ment in post-remission induction phase for non-high-risk children, and

a treatment with further reduction of chemotherapy for high-risk

children.

Although molecular remission after consolidation therapy has

been considered a therapeutic objective in APL treatment, our study

support that prolonged molecular monitoring may be unnecessary in

view of the cost-benefit ratio, because of the extremely low risk of

relapse in patients with APL receiving arsenic-based regimens.36 This

is important in resource-limited countries.

There are limitations of this interim study. A longer follow-up time

is needed to reveal if the treatment efficacy is maintained over time,

as well as to evaluate if there are long-term negative effects of ATO

and RIF on cardiac function and childhood growth and development.

Moreover, there were five PML-RARa positive patents in our cohort

excluded from our study according to the eligibility criteria, because

they had severe intracranial hemorrhage or cerebral thrombosis

before randomization. Of the five patients, four with intracranial hem-

orrhage died and one with cerebral thrombosis remained in continu-

ous CR with left hemiplegia for 3 years on our ATO protocol. The risk

of hemorrhagic death during the induction period remains at about

5% in the clinical trial setting,37 and the mortality rate before diagnosis

is still unknown. If the survival rate including those patients who die

early, it will be lower.

In conclusion, this interim analysis shows that oral RIF is effective

and safe and might not be inferior to intravenous ATO as first-line

treatment of pediatric APL, at least when combined with ATRA and

low intensity chemotherapy. Final trial analysis will reveal mature out-

come data. When combined with previous studies on adult APL, this

data indicates that substitution of RIF for ATO has the advantage of

significantly reducing hospital days and may be a new standard future

strategy for treatment of APL patients in all age groups including

children.
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