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QUESTION ASKED: Can we use a network of treatment
practices and collaborative approaches during the
induction phase of acute promyelocytic leukemia
(APL) and reduce early mortality?

SUMMARY ANSWER: Our early mortality rate was
8.5% and much improved than the high induction
mortality seen in APL on the basis of population-wide
registries.

WHAT WE DID: We identified that early mortality is the
biggest problem in APL, leading to reduced long-term
survival in patients outside of clinical trials. We edu-
cated physicians who treat leukemia about the risk and
possibility of decreasing early mortality by using
a shortened two-page treatment algorithm and a co-
management strategy at the local sites. After a 6-
month education period, patients were enrolled with
no exclusion criteria in a prospective trial. Community
oncologists from the study region contacted an APL
expert at the first suspicion of APL. Five experts
managed the patients, with three experts managing at
their own centers and twomanaging at their site as well
as across the region. Regular communication was
established throughout the induction period between
the expert and treating community oncologist, with
more frequent exchanges in the first 2 weeks. Data
were collected and maintained at a central location.

WHAT WE FOUND: Between September 2013 and April
2016, we enrolled patients at 32 treating hospitals.

Thirty-nine percent of patients were . 60 years of
age, and 25% of patients had a high comorbidity
index. Most of the hospitals (27 of 32) managed fewer
than four patients during the study period, empha-
sizing the rarity of APL. Despite the challenges of this
trial and the unique approach at managing patients,
the community oncologists were cooperative and
willing to participate in the collaborative approach
to manage patients. Our early mortality rate of
8.5% in this study is comparable to that seen in
clinical trials and much improved compared with
population-based registries.

BIAS, CONFOUNDING FACTORS, DRAWBACKS: The re-
ferral and participation in the trial by a treating on-
cologist was voluntary, and it is not possible to identify
the patients who were not enrolled; not diagnosed with
APL; and if diagnosed, not willing to provide consent
for the study. In addition, we used data from the SEER
program as the baseline for outcomes in APL. While
SEER provides the best source of information as
a population-wide registry in the United States, it does
not provide detailed treatment data for the patients.

REAL-LIFE IMPLICATIONS: Our approach shows that by
using a simplified algorithm and a comanagement
strategy between an expert and a treating community
oncologist, it is possible to reduce early deaths in APL.
This model can be used to improve outcomes in other
diseases as well, even outside of clinical trials.
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abstract

PURPOSE Acute promyelocytic leukemia (APL) is a curable leukemia with . 90% survival in clinical trials.
Population-based studies from Sweden and US SEER data have shown long-term survival rates of 62% and
65.7%, with the lower rate being from a higher percentage of early deaths.

METHODS In this prospective, multicenter trial, we developed a simplified algorithm that focused on prevention
and early treatment of the three main causes of death: bleeding, differentiation syndrome, and infection. All
patients with a diagnosis of APL were included. The initial 6 months were spent educating oncologists about
early deaths in APL. At the time of suspicion of an APL, an expert was contacted. The algorithm was made
available followed by discussion of the treatment plan. Communication between expert and treating physician
was frequent in the first 2 weeks, during which time most deaths take place.

RESULTS Between September 2013 and April 2016, 120 patients enrolled in the study from 32 hospitals. The
median age was 52.5 years, with 39%. 60 years and 25%with an age-adjusted Charlson comorbidity index. 4.
Sixty-three percent of patients were managed at community centers. Two patients did not meet the criteria for
analysis, and of 118 evaluable patients, 10 died, with an early mortality rate of 8.5%. With a median follow-up of
27.3 months, the overall survival was 84.5%.

CONCLUSION Induction mortality can be decreased and population-wide survival improved in APL with the use of
standardized treatment guidelines. Support from experts who have more experience with induction therapy is
crucial and helps to improve the outcomes.

JCO Oncol Pract 17:e497-e505. © 2020 by American Society of Clinical Oncology
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INTRODUCTION

Large multicenter trials in the United States and
around the world using combinations of anthracy-
clines, arsenic trioxide (ATO), and all-trans retinoic
acid (ATRA) have reported cure rates for patients with
acute promyelocytic leukemia (APL) . 85%.1-6 Early
deaths during induction in clinical trials have been
reported to occur in 5%-10% of patients. Contrary to
this excellent outcome in trials, reports from single
institutions, pooled data from multiple institutions,
and large population-based registries have reported
induction mortality rates (ie, during the first 30 days
after the start of therapy) of 17.3%-40%.7-14 In this
study, we report the implementation of a standardized
treatment algorithm for standard treatment in a net-
work of leukemia treatment centers and comanage-
ment by community oncologists and APL experts.

METHODS

Trial Design

This study was designed to comanage patients with
APL at their local/regional practices between the
community oncologists and an APL expert in an ac-
ademic institution. Patients age . 18 years with
a confirmed diagnosis of APL and receiving standard
therapy were eligible; there were no exclusion criteria.
Confirmation of promyelocytic leukemia/retinoic acid
receptor-a by fluorescence in situ hybridization was
required before enrolling the patient. Patients were
consented to collect treatment data, which were stored
at Emory University. At the lead sites, an institutional
review board (IRB)–approved consent was used, and
at community sites, an Emory IRB-approved consent
was signed after discussing the study over the phone.
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Patients diagnosed at the community centers were treated
at their local hospitals; no patient was transferred to an
academic center. Patients managed at the larger academic
centers did not initiate therapy before transfer (Fig 1).

Study Treatments and Supportive Care

The available guidelines15 for the management of APL and
its complications were simplified into a two-page treatment
algorithm. Emphasis was on prevention and early identi-
fication of disease complications and APL-directed therapy.
Standard-of-care APL therapy was recommended but not
directed by the study. Adherence to standard APL therapy
as recommended by established guidelines was encour-
aged, with modifications allowed to account for age or
comorbid conditions at the discretion of the treating phy-
sician in consultation with the APL expert. Suggested
regimens were ATRA and ATO for non–high-risk patients
and ATRA and idarubicin for high-risk patients.15 After five
instances of early death occurred in elderly patients who
had received ATRA 45 mg/m2 and developed severe

differentiation syndrome (DS), it was recommended that all
patients . 60 years of age and/or with significant comor-
bidities receive dose-reduced ATRA at 25 mg/m2,16 with
ATO added after 10-14 days of therapy.

Prednisone at 0.5 mg/kg was recommended at diagnosis in
non–high-risk patients, and dexamethasone at 10 mg twice
a day was started in high-risk patients per previously
published protocols.17 At the first sign of DS, the cortico-
steroid dose was increased, and ATRA, ATO, or both were
held. Hyperleukocytosis was managed with hydroxyurea
and rarely with chemotherapy per published studies.6

Patients were weighed at admission on a standing bed-
side scale, and aggressive diuresis was used to maintain
patients at baseline weight. (Treatment guidelines are
provided in the Data Supplement, online only.)

Network

The trial included a 6-month period of education of health
care providers in Georgia and South Carolina to increase
awareness of causes of early death in APL and the
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FIG 1. CONSORT diagram
showing 120 patients accrued
from 32 hospitals. APL, acute
promyelocytic leukemia.
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strategies being implemented to reduce mortality by
a collaborative approach. Because of increased referrals
from other neighboring states (predominantly Florida and
North Carolina) after growing awareness of the trial, the trial
was expanded to these regions. This involved sending
e-mail communications and physically visiting and pre-
senting the strategy in 15 community centers. Four large
leukemia centers were identified as lead sites, and experts
from the four expert sites were engaged in identifying and
establishing communication with leukemia treatment
centers in the four states. Cell phone numbers of APL
experts were made available 24/7 during the entire study
period for all necessary communications. Patients with APL
who presented to the lead centers were managed with
supervision by an APL expert at the site or with discussions
among APL experts. Patients who presented to community
leukemia centers were enrolled if an APL expert was
contacted at the time of diagnosis. After the initial contact,
the patient’s presentation and comorbid conditions were
discussed by the treating physician with A.P.J., V.K.K., or
both. Patient progress was discussed by phone, e-mail, or
text messaging on a daily basis in the first 2 weeks and then
every 2-3 days until discharge. In all patients, a consoli-
dation plan and follow-up plan were also recommended at
the time of completion of the induction period.

Statistical Methods

We defined early death as mortality from the time of di-
agnosis until the end of induction. Deaths after 30 days as
a result of complications from induction were also included
as early deaths for the purpose of this analysis. We esti-
mated that a sample size of 120 patients would have
98% power to detect a difference of 15% at the end of
30 days with an a of 0.05 compared with a control group
identified through the SEER database. This control group
consisted of patients from the SEER database in the 3 years
from 2010 to 2012. Secondary end points were survival at
1 year and relapse rates at 12 months.

Statistical analysis was conducted using SAS 9.4 software
(SAS Institute, Cary, NC). Descriptive statistics for each
variable were reported. For numeric covariates, the mean
and standard deviation were calculated and presented.
Frequency and percentage were shown for categorical
variables. The univariable association of each covariate on
overall survival (OS) was assessed using the Cox pro-
portional hazards regression model. A multivariable Cox
model was fit by a backward variable selection method with
an a 5 0.20 removal criterion. OS was represented in
a Kaplan-Meier plot.

RESULTS

Patient and Hospital Characteristics

Between September 2013 and April 2016, 120 patients
were enrolled. Two patients were excluded from the
analysis: one because of refusal of transfusion support for

religious reasons and a second enrolled 12 days after
initiation of therapy and already with multiorgan failure at
the time expert consultation was requested. This analysis
includes all 118 eligible patients. Median age was
52.5 years (range, 21-84 years); 46 patients (39%) were$
60 years. Sixty-eight patients (57%) were female, 23
(19.5%) were high risk,18 and 25% had an age-adjusted
Charlson comorbidity index of. 4.19 Patient characteristics
are listed in Table 1. Patients were treated at 32 hospitals;
16 hospitals treated only one patient during the observation
period, five hospitals managed two patients, four hospitals
managed three patients, and two hospitals managed four
patients. The remaining five hospitals managed five, six,
10, 12, and 39 patients. Overall, 73 patients (62%) were
treated in community centers and 45 (38%) in academic
centers.

Induction Therapy and Supportive Care

ATRA was initiated at the time of suspicion of APL in
100% of patients. Of the 23 high-risk patients, four received
ATRA alone as induction therapy. ATRA was initiated at
45 mg/m2 in two patients: one diagnosed with post-
myocardial infarction with an ejection fraction of 20% and
the other on the day of admission with a non–ST-elevation
myocardial infarction. Cytarabine was used for reducing
leukocytosis. The patients underwent consolidation therapy
with ATRA/ATO postinduction and were in molecular re-
mission at 19 and 32 months. In two patients who were
. 70 years of age and had multiple comorbid conditions,
ATRA was initiated at 25 mg/m2 and continued throughout
their hospital stay at the same dose. Both these patients
died as a result of complications from multiorgan failure
and DS on days 16 and 18, respectively. In five high-risk
patients, ATRA/ATO was initiated for induction in place of
chemotherapy because of age or comorbid conditions
precluding the use of chemotherapy (n 5 4) or patient
preference (n5 1). All five patients achieved hematological
remission. One of these five patients (age 77 years) died as
a result of recurrence of ovarian cancer 9 months after
diagnosis of APL. The other four were in molecular re-
mission at 19, 29, 38, and 40months from diagnosis. In the
remaining 14 patients, ATRA/idarubicin was the induction
regimen. Two of them died during induction (days 5 and 6),
both as a result of disease-related coagulopathy. Overall, 19
(82.6%) of the 23 high-risk patients achieved complete
hematological remission after induction, with an induction
mortality rate of 17.4%.

In the 95 non–high-risk patients, two received ATRA/
chemotherapy per physician preference. One patient died
on day 24 as a result of gram-negative sepsis and the other
achieved complete hematological remission. In eight pa-
tients, ATRA was used as a single agent because of age
and/or multiple comorbidities. One of them (age 32 years)
presented with intracranial bleed and despite aggressive
supportive measures, died on day 6 after initiating ATRA.
Among the other seven patients receiving single-agent
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ATRA, one died on day 19 as a result of DS, and the other
six are in molecular remission after dose-reduced ATRA/
ATO consolidation. The other 85 patients received in-
duction with ATRA/ATO. This included three patients who
were pregnant with 10, 16, and 32 weeks gestation at the
time of diagnosis. Two patients in their first trimester opted
for termination and initiated therapy with dose-reduced
ATRA at 25 mg/m2 to correct the coagulopathy, and
ATO was added post-termination. The patient in her third

trimester started ATRA alone but required a caesarean
section for toxemia of pregnancy and then received ATO
postsurgery. At 18 months of follow-up, the baby is in good
health. All three patients achieved complete hematological
remission after induction and molecular remission after
ATRA/ATO consolidation. Thus, of the 95 low-risk patients,
89 (93.6%) achieved remission after induction, with an
induction mortality rate of 6.4%. Despite adherence to
transfusion guidelines, the targets could not be achieved in
a few patients, especially during the initial period, because
of florid coagulopathy, but there were no early deaths as
a result of inadequate transfusion support.

Early Deaths

Ten patients (six non–high risk and four high risk) died, for
an early death rate of 8.5%. Median age in the patients with
early death was 67 years (range, 21-84 years). The cause of
death was DS in five, coagulopathy in three, DS and in-
fection in one, and infection in one. The median time to
death in these 10 patients was 17 days (range, 1-36 days).
In the three patients with early death as a result of coa-
gulopathy, two (ages 32 and 40 years) died as a result of
intracranial bleeding on days 1 and 6. One patient (age
21 years) presented with brain infarcts and died on day 5.
All patients who died as a result of DS and/or infection were
older, with a median age of 67 years (range, 61-84 years).
Two patients (ages 76 and 72 years) died as a result of
gram-negative sepsis (one also had DS) on days 16 and 24.

Consolidation Therapy

At the end of induction therapy, recommendations were
given to the treating physicians on the best choice of
consolidation therapy. Patients were managed per pub-
lished regimens.1,6

Relapse and Late Deaths

Of the 108 patients who achieved a remission, seven
(6.4%) experienced a relapsed (three of whom were high
risk). The three high-risk patients experienced relapse at
12, 29, and 32 months while on maintenance therapy per
established protocol1 at the time of relapse. Two of them
died at the time of relapse, one as a result of intracranial
bleed on day 4 of re-induction and the other after refusal of
therapy. The patient who experienced relapse at 32months
underwent re-induction followed by an autologous hema-
topoietic stem-cell transplantation (HSCT) but had a mo-
lecular relapse 4 months after HSCT. ATO was given for
disease control followed by a haploidentical HSCT, and the
patient was in remission at 4 months after HSCT.

Three of the four non–high-risk patients who experienced
relapse received inadequate consolidation with ATO be-
cause of social issues and nonadherence to therapy. All
four patients received re-induction therapy with ATRA/ATO/
chemotherapy and achieved a second remission. Two
underwent autologous HSCT and are in remission at 6 and
7 months after transplantation. The other two patients

TABLE 1. Patient Characteristics
Characteristic No. (%)

No. of patients 118

Age, years

Median (range) 52.5 (21-84)

No. $ 60 46

Sex

Female 68 (57.6)

Male 50 (42.4)

Race

Other 9 (7.8)

Black 30 (25.9)

White 77 (66.4)

Missing 2

Median WBCs at presentation, 3 1,000/mL (range) 2.50 (0.3-170)

Low risk 95 (80.5)

High WBC count , v $ 10,000/mL 23 (19.5)

CNS bleed at presentation

No 110 (93.2)

Yes 8 (6.8)

Fever at presentation

No 70 (59.3)

Yes 48 (40.7)

Treatment location

Community 73 (61.9)

Academic 45 (38.1)

Induction therapy, No.

ATRA alone 12

High risk 4

Non–high risk 8

ATRA/ATO 90

High risk 5

Non–high risk 85

ATRA/chemotherapy 16

High risk 14

Non–high risk 2

Abbreviations: ATO, arsenic trioxide; ATRA, all-trans retinoic acid; WBC, white
blood cell.
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refused HSCT and are in remission after consolidation with
ATRA/ATO 4 and 30 months after achieving remission. The
causes of late deaths were APL relapse (n 5 2), relapse of
ovarian cancer (n 5 1), relapsed bladder cancer (n 5 1),
and complications from preexisting chronic medical
problems and unrelated to APL or therapy (n 5 4).

Survival

The 1-year survival probability for the entire cohort was
87.3%. After 18 months from last patient first visit and
amedian follow-up of 27.3 months, the OS rate was 84.5%,
with an early death rate of 8.5% (Fig 2). In addition to the
risk classification at diagnosis (by WBC count), age-
adjusted comorbidity index and the presence of moder-
ate to severe DS during induction were statistically signif-
icant independent predictors of OS on multivariable
analysis (Table 2).

Outcomes in Community Versus Academic Centers

Seventy-three patients (61.8%) were managed at the
community centers. Patients were registered under an
academic center if they were transferred for management
at the time of diagnosis. The median age (52 v 52.5 years)
and comorbidity index (3 v 3) were similar at the academic
and community centers, respectively. There was no dif-
ference in induction mortality, irrespective of where the
patient was managed. Of the 73 managed at community
centers, there were six deaths (three in low-risk patients
and three in high-risk patients), with an induction mortality

rate of 8.2%. This was similar to the 8.8% (four of 45
patients, with one high-risk patient) mortality rate seen in
the academic centers. Similarly, there was no difference in
survival at 1 year depending on location of therapy.

DISCUSSION

Our study shows that a high proportion of patients with APL
are managed in the community similar to what is observed
with other cancers. Recent population-based studies have
shown that outcomes in acute myeloid leukemia were
worse when managed in community centers compared
with academic centers.20 In this study, we show that it is
possible to improve 1-year survival in patients treated in
community clinics when comanaged by an APL expert and
the local treating physician. The outcomes in 29 com-
munity centers were similar to the three academic centers
both at the end of induction (early death rate, 8.2% v 8.8%,
respectively) and at 1 year. Overall, the 1-year survival rate
in this study of 87.3% is superior to the US SEER data that
showed a relative survival rate of 70.7%.8 The overall long-
term survival of 84.5% with a median follow-up of
27.3 months is higher than what is seen in published
population-based studies.8,9,12

APL is an uncommon disease, with approximately 3,000
cases diagnosed annually in the United States.21 The high
incidence of complications, such as bleeding, thrombosis,
and DS, has resulted in a recommendation that patients
with APL should be referred to specialized centers. During
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FIG 2. Kaplan-Meier graph of
overall survival (OS), with 118 pa-
tients included in the survival
analysis. The 1-month mortality
rate was 7.6%. There were eight
late deaths as a result of relapse
(n 5 2), ovarian cancer (n 5 1),
relapsed bladder cancer (n 5 1),
and other chronic medical condi-
tions (n 5 4). Data in parentheses
are the rate (CI, %).
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the course of this study, 16 hospitals managed only one
patient each over 3 years. Published data suggest that most
large cancer centers may only see three to four patients per
year.22,23 The Swedish and Canadian registry data showed
that the outcomes were superior in academic centers.11,24

With our approach, using a simple algorithm along with
frequent expert advice, revealed an excellent outcome
overall and with no difference between community centers
and academic institutions. The early death rate was similar
at 8.8% in academic institutions and 8.2% in nonacademic
community centers.

Elderly patients and patients with comorbidities are gen-
erally excluded from clinical trials. These patients have
a significantly higher risk and early mortality than those
eligible for clinical trials. In a review of patients not enrolled
in trials from Germany, the early death rate in noneligible
patients was 48%.14 Similarly, population-based data have
shown that older age is a high-risk factor.7,9,18 These
patients frequently have to be managed differently because
this is a vulnerable population. The superiority of ATO-
containing regimens over chemotherapy6 offers the chance
of cure if early death can be reduced in most patients,
including those ineligible for chemotherapy and who are

elderly. In our study, there was no age- or comorbidity-
based exclusion criteria. In fact, while the median age of
patients in most clinical trials is in the low- to mid-40s,1,6 the
median age in our study was 52.5 years, which is similar to
the Swedish registry data (54 years). Forty-six patients
(39%) were . 60 years of age with a median age-adjusted
Charlson comorbidity index19 score of 5 in this group. There
were 24 patients age . 70 years, including six who were
age $ 80 years.

Our study does have limitations. Our comparator arm being
SEER is a limitation. Our study primary end point was to
compare our outcomes to SEER data. The data from SEER
cover only 27% of the US population. In addition, patient
and treatment data are not clearly available. Despite these
issues, we wanted to include all patients who we were
called about and attempted to improve outcomes in this
heterogeneous group. SEER data provided us the only
source of outcomes in such a heterogeneous group of
patients. We did exclude two patients in our analysis: one
for not being involved in the care from the diagnosis and the
other who refused treatment for religious reasons. Even with
including these two patients, our results are comparable to
that of selected populations of clinical trials, which was our

TABLE 2. Univariable and Multivariable Analyses
Univariable Analysis Multivariable Analysis

Covariate No. of Patients HR (95% CI) HR P Log-Rank P HR (95% CI) HR P Type III P

Sex

Male 50 2.09 (0.81 to 5.39) .126 .106

Female 68 — —

Race

White 77 4.05 (0.22 to 75.70) .350 .094

Black 30 1.47 (0.06 to 34.60) .812

Other 9 — —

Disease risk

High 23 3.05 (1.18 to 7.84) .021 .018 4.76 (1.74 to 12.99) .002 .002

Low 95 — — — —

CNS bleed at presentation

Yes 8 2.50 (0.64 to 9.80) .190 .325

No 110 — —

DS

Moderate/severe 22 4.95 (1.78 to 13.80) .002 .003 5.61 (1.92 to 16.40) .002 .007

Mild 19 1.90 (0.51 to 7.12) .341 2.30 (0.58 to 9.17) .239

None 77 — — — —

Treatment location

Community 73 0.74 (0.29 to 1.86) .517 .532

Academic 45 — —

Age-adjusted comorbidity
index

118 1.21 (1.04 to 1.40) .012 — 1.19 (1.02 to 1.38) .022 .022

Abbreviations: DS, differentiation syndrome; HR, hazard ratio.
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main aim of the study. Another major limitation is the lack of
data on the total number of patients diagnosed with APL in
the same hospitals during the study period. The majority of
the patients enrolled came from Georgia and South Car-
olina. SEER data themselves are not accurate, and review of
SEER data in the same years actually shows that the total
number of patients with APL diagnosed was less than what
we enrolled. Our accrual did go up in the last part of the
study as many referring physicians called us with patients.
This also means that we were not called for patients with
APL in the earlier part of the trial.

Our algorithm by itself would not be expected to completely
eliminate early deaths. Consultation with an APL expert is
equally important. Accrual was lower in the first year, but with
increased awareness, recruitment improved (two or fewer
patients v four patients per month in the first 6 months v last
6 months). This suggests that ongoing communication and
education were essential. The significance of networking
and its effects on improving APL outcomes was shown by
Rego et al25 in Latin America. Across six countries, patients
were enrolled up to age 75 years and treated with a standard
protocol, with weekly discussion by a centralized group of
experts. The early death rate of 32% was decreased to
15% with this approach.

In the present era of targeted therapies in the management
of diseases, a decentralized approach might offer better
care over a large area and reduce disparities on the basis of
geographical location. A similar approach showed re-
markable improvements in the management of hepatitis C
by primary care physicians under guidance from experts at
the University of New Mexico.26 In our opinion, a similar
approach to comanaging patients will be valuable in many
other oncological conditions. Multiple targeted therapies
have been approved in the past decade for various on-
cology indications, each with peculiar adverse effects. We
are exploring the same concept in myeloma and chronic
myeloid leukemia.

In summary, we show that a simplified algorithm and
partnership between experts and treating community on-
cologists can significantly decrease early death as a result
of APL in both academic and community centers. Our
model is presently being implemented as an ECOG-ACRIN
study (ClinicalTrials.gov identifier: NCT03253848) across
the country. This model also paves the way for use in other
conditions where education and academic-community
partnerships could lead to better care for patients, even
outside a clinical trial.
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1. Sanz MA, Martı́n G, González M, et al: Risk-adapted treatment of acute promyelocytic leukemia with all-trans-retinoic acid and anthracycline mono-

chemotherapy: A multicenter study by the PETHEMA group. Blood 103:1237-1243, 2004

2. Burnett AK, Russell NH, Hills RK, et al: Arsenic trioxide and all-trans retinoic acid treatment for acute promyelocytic leukaemia in all risk groups (AML17):
Results of a randomised, controlled, phase 3 trial. Lancet Oncol 16:1295-1305, 2015

3. Iland HJ, Bradstock K, Supple SG, et al: All-trans-retinoic acid, idarubicin, and IV arsenic trioxide as initial therapy in acute promyelocytic leukemia (APML4).
Blood 120:1570-1580, 2012; quiz 1752

4. Zhu HH,WuDP, Du X, et al: Oral arsenic plus retinoic acid versus intravenous arsenic plus retinoic acid for non-high-risk acute promyelocytic leukaemia: A non-
inferiority, randomised phase 3 trial. Lancet Oncol 19:871-879, 2018

5. Asou N, Kishimoto Y, Kiyoi H, et al: A randomized study with or without intensified maintenance chemotherapy in patients with acute promyelocytic leukemia
who have become negative for PML-RARalpha transcript after consolidation therapy: The Japan Adult Leukemia Study Group (JALSG) APL97 study. Blood 110:
59-66, 2007

6. Lo-Coco F, Avvisati G, Vignetti M, et al: Retinoic acid and arsenic trioxide for acute promyelocytic leukemia. N Engl J Med 369:111-121, 2013

7. McClellan JS, Kohrt HE, Coutre S, et al: Treatment advances have not improved the early death rate in acute promyelocytic leukemia. Haematologica 97:
133-136, 2012

8. Park JH, Qiao B, Panageas KS, et al: Early death rate in acute promyelocytic leukemia remains high despite all-trans retinoic acid. Blood 118:1248-1254, 2011

9. Chen Y, Kantarjian H, Wang H, et al: Acute promyelocytic leukemia: A population-based study on incidence and survival in the United States, 1975-2008.
Cancer 118:5811-5818, 2012

10. Serefhanoglu S, Buyukasik Y, Goker H, et al: Clinical features and outcomes of 49 Turkish patients with acute promyelocytic leukemia who received ATRA and
anthracyclines (PETHEMA protocol) therapy. Leuk Res 34:e317-e319, 2010

11. Lehmann S, Ravn A, Carlsson L, et al: Continuing high early death rate in acute promyelocytic leukemia: A population-based report from the Swedish Adult
Acute Leukemia Registry. Leukemia 25:1128-1134, 2011
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