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Background: Recent advances in the treatment of acute promyelocytic leukemia

rapid growth in understanding often leads to uncertainty regarding superiority among
candidate treatment regimens, especially when further scrutinized from an epidemio-
logical perspective.

Aims: The aim of this systematic review with epidemiological analysis was to identify and
compare commonly utilized protocols for standard-risk APML with a particular focus on
complete remission (CR), overall/disease-free survival (DFS), and reported adverse events.
Methods and Results: Medline, Scopus, and CINAHL were interrogated to identify
studies utilizing all-trans retinoic acid (ATRA) in addition to arsenic trioxide (ATO)
and/or anthracyclines such as idarubicin (IDA) in the treatment of de-novo APML.
After collation of studies, an epidemiological analysis was subsequently performed to
compare protocols with regards to outcomes of interest using number needed to
benefit (NNB) and number needed to harm (NNH) measures.

Seventeen articles, describing 12 distinct trials, were included in the analysis. These
trials made use of three unique protocols; CR rates were 94%-100% for ATO/ATRA
regimens, 95%-96% for ATO/ATRA/anthracycline regimens, and 89%-94% for
ATRA/anthracycline regimens. Epidemiological analysis demonstrated NNB for CR
was 9.09 (ATO/ATRA vs. ATRA/IDA) and 20.00 (ATO/ATRA vs. ATO/ATRA/IDA),
NNH for neutropenia was —3.45 (ATO/ATRA vs. ATRA/IDA), and NNH for infection
was —3.13 (ATO/ATRA vs. ATRA/IDA) and —1.89 (ATO/ATRA vs. ATO/ATRA/IDA).
Conclusion: The ATO/ATRA regimen is superior to chemotherapy-containing proto-
cols at inducing remission and promoting survival in patients with APML. The regimen
is better tolerated than the proposed alternatives with fewer adverse events. Future
research opportunities include quantifying APML epidemiology and pursuing oral

arsenic as an option for simplification of therapeutic protocols.
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1 | INTRODUCTION

Acute promyelocytic leukemia (APML) is a subtype of acute mye-
loid leukemia (AML) with a global incidence estimated up to 0.42
per 100 000 people.! The disease is characterized by a transloca-
tion between chromosomes 15 and 17,2 resulting in the excessive
production of the PML-RAR« protein.® Before the 1970s, diagnosis
with this condition was a death sentence with a median survival of
less than 1 week.* However, insightful research has uncovered the
efficacy of all-trans retinoic acid (ATRA)® and arsenic trioxide
(ATO)® in APML treatment—leading to a much-improved prognosis
with 6-year disease free survival rates as high as 96%.” Studies
demonstrating non-inferiority of chemotherapy-free alternatives in
induction®? and consolidation!® have informed a recent shift in
clinical practice toward the omission of anthracycline in treatment
regimens.’* However, these treatment decisions are complicated
by the severity of the disease itself at presentation with much of
the treatment based on risk stratification. Indeed, patients with
white cell counts (WCCs) greater than 10 x 10%/L at diagnosis are
classified as high risk and typically receive more intensive
therapy.*?

Despite these general considerations for approaching the man-
agement of APML, there remains uncertainty about the role for
anthracyclines in the treatment of this hematological malignancy. This
is reflected in differences between consensus protocols for the treat-
ment of APML. Indeed, protocols such as those published by the
American National Comprehensive Cancer Network (NCCN) for low-
risk APML advocate for chemotherapy-free induction regimens, with
anthracycline-based therapy only utilized when ATO is contraindi-
cated or unavailable.'® Conversely, other protocols such as those pub-
lished by eviQ -the consensus-based protocol resource for Australia-
include the options of both ATO/ATRA/anthracycline and
chemotherapy-free protocols for patients with the same risk profile of
disease.’® Furthermore, much of the literature evaluating these dif-
ferent regimens focus primarily on survival and remission outcomes to
the exclusion of adverse events, meaning less is known about deleteri-
ous outcomes accompanying each treatment - necessitating further
elucidation.

Considering all this uncertainty, the following clinical question
will be addressed: in patients with standard-risk, de-novo APML,
how does ATO/ATRA induction and consolidation therapy com-
pare with anthracycline-based chemotherapeutic protocols in
achieving complete remission, improving overall/disease-free sur-
vival, and minimizing adverse effects. Additionally, the unique sig-
nificance of this present study is its incorporation of an
epidemiological analysis in addition to a standard outcome synthe-
sis. This approach allows for a more comprehensive examination

of the potential benefits and risks of each treatment regimen. To

achieve this end, after a brief introduction to historical and con-
temporary treatment of APML, this review will utilize a systematic
search of the literature to identify and discuss key studies that
have influenced our treatment protocols utilizing ATRA and ATO;
juxtaposing this with a comparative epidemiological analysis
between ATRA/ATO treatment and traditional anthracycline regi-
mens. Finally, we will discuss ongoing opportunities for research in
the treatment of APML.

1.1 | APML - Treatment progression and
contemporary consensus protocols

Many of the defining events in the history of APML treatment have
been incorporated into Figure 1. First identified as a disease in its own
right in 1957, APML was originally treated similarly to AML at the
time with mercaptopurine-based (6-MP) regimes until it was discov-
ered that anthracyclines had far superior efficacy in 1973.” From
there, significant research was undertaken into the genetic and molec-
ular basis for the disease with the 15:17 translocation identified in
1977,2 and the subsequent PML/RARq« fusion protein in 1990.% Dur-
ing this time period, the use of retinoids began to be trialed as a way
of inducing myeloid cellular differentiation with experimental evi-
dence in 1980, and first clinical evidence as a monotherapy in
1988.° The use of these vitamin A derivatives led to the identification
of a potentially fatal syndrome beginning with fever and respiratory
distress,'® now called differentiation syndrome.?® Thankfully, the syn-
drome is very amenable to treatment with dexamethasone.’® A more
recent major advance in the history of APML is the discovery of the
improved survival outcomes with the use of ATO. After the major
effects of ATO on APML cells were described in 1997,° numerous
studies evaluated the effects of the drug with monotherapy initially
assessed in 1999,2' and ATRA/ATO dual therapy first assessed in
2004.22 This explosion of studies led to ATO being confirmed as best
treatment for relapsed disease in 2009,2° and an effective option for
first-line treatment in 201724 causing protocols to be subsequently
updated.

eviQ is an evidence-based, consensus driven resource for
Australian oncology treatment protocols, partnered with the govern-
ment of New South Wales.2> After reviewing the evidence regarding
different methods of treatment in APML, the organization has pub-
lished two current protocols for the treatment of APML with minimal
guidance for which to utilize in which context. One protocol utilizes a
triple therapeutic backbone (ATO/ATRA/idarubicin [CHT Protocol])
and one utilizes a dual ATRA/ATO backbone (CHT-Free Protocol).
Additionally, the NCCN is an alliance of 33 different cancer centers
around America which also provides evidence-based, consensus

guidelines for the treatment of a range of malignant conditions.*®
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FIGURE 1 Timeline of significant events in the history of APML.
TABLE 1 Comparison of multiple consensus protocols for standard-risk APM
Phase NCCN protocol*® eviQ CHT protocol'*
Induction Up to 60 days of: 36 days of:

e ATRA (45 mg/m2, daily, divided in two
equal doses)
e ATO (0.15 mg/kg, daily)
Weekly BMAT from day 28 until hCR or
completion of cycle

Consolidation 56 days/cycle for 4 cycles:

e ATRA (45 mg/mz, daily, for days 1-14
and 29-422)

e ATO (0.15 mg/kg, daily for 5 days/
week for 4 weeks from start of each

cycle)

e ATRA (45 mg/mz, daily, divided in two
equal doses for days 1-36)

o IDA (12 mg/m? on days 2, 4, 6, and 8)

e ATO (0.15 mg/kg, daily for days 9-36)

28 days of:

e ATRA (45 mg/mz, daily, divided in two
equal doses)

e ATO (0.15 mg/kg, daily)

Followed in 3-4 weeks by:

35 days of:

o ATRA (45 mg/m?, daily, divided in two
equal doses for days 1-7, 15-21, and
29-35)

e ATO (0.15 mg/kg, daily for days 1-5,
8-12, 15-19, 22-26, and 29-33)

Eviq CHT-free protocol*’

Up to 60 days of:
e ATRA (45 mg/mz, daily, divided in two
equal doses)
e ATO (0.15 mg/kg, daily)
Weekly BMAT from day 28 until hCR or
completion of cycle

56 days/cycle for 4 cycles:

e ATRA (45 mg/mz, daily, divided in two
equal doses for days 1-14 and
29-42?)

e ATO (0.15 mg/kg, daily for days 1-5,
8-12, 15-19, and 22-26)

Abbreviations: ATO, arsenic trioxide; ATRA, all-trans retinoic acid; BMAT, bone marrow aspirate and trephine; CHT, chemotherapy; hCR, hematological

complete remission; IDA, idarubicin.
2Treatment on days 29-42 are not required in cycle 4 of 4.

s WILEY L2

While only stratifying patients into high- or low-risk based on WCC at
diagnosis (with WCC <10 x 10°/L classified as high-risk),*® the NCCN
recommends a regimen similar to eviQ's ATRA/ATO protocol (NCCN
Protocol). The protocols for induction followed by a consolidation
phase for management of APML recommended by these organiza-
tions have been summarized in Table 1.1*15 As each of these have
been recommended for low/standard-risk APML, in this paper we will
explore the benefits and adverse events associated with each protocol
in order to provide suggestions for optimization of treatment out-

comes for patients with the malignancy.

2 | METHODS

21 |
criteria

Literature search and inclusion/exclusion

This review was prepared following the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) statement

where applicable (Appendix A).2

To answer the clinical question, a
keyword and MeSH search strategy including Boolean operators

was designed of the general form: [APML] AND [ATO] AND [ATRA]
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AND [Clinical Trial] (Appendix B). This strategy was utilized to iden-
tify original journal articles in Medline, Scopus, and CINAHL,
searched from their inception to February 2023. The results were
then screened against a pre-determined list of inclusion and exclu-

sion criteria.

21.1 | Inclusion

o English publications, describing a prospective clinical trial

e Standard-risk, adult patients with de novo APML

o First-line therapy or consolidation using ATRA with ATO and/or an
anthracycline

o All years and geographical locations

2.1.2 | Exclusion

e Clinical trials where temporality of observations was not explicitly
reported

o Patients post hematopoietic stem cell transplant

e Other hematological comorbidities

e Use of non-anthracycline chemotherapy in consolidation regimens

Titles and abstracts were screened independently by two
authors (KL and SC) who subsequently undertook separate full text
reviews of the articles selected for potential inclusion. Differences
in both screening and full text review stages were resolved by dis-
cussion. The reference lists of all included studies were screened for
any further studies which fit the inclusion criteria by a single
author (KL).

2.2 | Data extraction and quality assessment

Data were extracted from text, figures, and/or tables of included
studies by a single author (KL) with results then confirmed by a sec-
ond author (SC). If the outcome measures were not reported in this
form, the digital ruler tool from Nitro Pro 927 was utilized to extract
data from included graphs. If results differed between authors, the
result in question was rechecked and a consensus was reached. Data
extracted included number of participants in the study, age range,
and Sanz risk score'?; what treatment each study group received,
complete remission (CR) percentage after induction, disease- or
event-free survival statistics (DFS/EFS), overall survival (OS) rates,
and reported rates of grade 3-4 toxicities using the Common Termi-
nology Criteria for Adverse Events scale.?® The time period for DFS,
EFS and OS data was extracted exactly as reported in the literature
with no interpolation performed. Studies were ordered chronologi-
cally with evidence synthesis carried out per treatment regimen.
Where studies assessed multiple treatment regimens with only some
meeting inclusion/exclusion criteria, characteristics of the entire

study were extracted and included in the summary table, but the

excluded regimens were not included in the textual qualitative analy-
sis. Outcome measures were extracted for all time points with miss-
ing data excluded from synthesis. Study quality was assessed using a
McMaster Critical
Form - Quantitative Studies.?’ The analysis consisted of 20 criteria

tool adapted from the Review
by which each paper was assessed, with the presence of each crite-
rion being worth one point for a total of 20 points. The criteria were:
purpose stated clearly [1], relevant literature reviewed [2], design
appropriate to question [3], no biases present [4], sample described
in detail [5], sample size justified [6], ethics approval reported [7],
informed consent gained [8], outcome measures reliable [9], outcome
measures valid [10], intervention described in detail [11], contamina-
tion avoided [12], cointervention avoided [13], statistical reporting of
results [14], appropriate statistical analysis [15], clinical importance
reported [16], drop-outs reported [17], appropriate conclusions [18],
clinical implications reported [19], study limitations acknowledged
[20]. Studies were rated as poor (<7 points), moderate (7-11 points),
good (12-15 points), very good (16-18 points), or excellent quality
(19-20 points).

2.3 | Comparative epidemiological analysis

To explore the benefit of ATO/ATRA therapy compared to the com-
monly accepted alternatives (ATO/ATRA/IDA and ATRA/IDA), a
comparative epidemiological analysis was performed with focus on
CR, OS, DFS/EFS, and adverse events during induction therapy. It
was predetermined that the landmark studies for each of the key ther-
apeutic regimens would be utilized for this analysis as they provided
much of the initial evidence base for the treatment protocols. For the
comparison of CR, OS, and DFS numbers needed to benefit (based on
the numbers needed to treat statistic) was calculated using the

formula®®:

where:

e [, is the incidence of the outcome of interest in the treatment
group, and

e |, is the incidence of the same outcome in the control group.

Conversely, to compare adverse events between treatment regi-
mens the number needed to harm statistic was calculated. Indeed, this
statistic is virtually the same as NNB except the outcome in question

is negative, therefore, it was calculated using the formula®’;

1

e u

NNH:I

where:

e |, is the incidence of the adverse event in the treatment group, and

e |, is the incidence of the same event in the control group.
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Where relevant in the analysis, statistical results were reported to

two significant figures.

3 | RESULTS

3.1 | Search strategy

The results of the search strategy have been compiled into
Figure 2. Performing this search strategy resulted in the identifica-
tion of a total of 848 articles; 720 from Scopus, 121 from MED-
LINE, 7 from EMBASE and 3 from the reference list of included
studies. After duplicates were removed, 750 articles were screened
using title and abstract to identify any clinical trial evaluating the
use of ATRA and arsenic and/or anthracyclines in the context of
APML. The resulting 30 articles were assessed in full, with 13 arti-
cles excluded (including all 3 studies identified in reference list
searching) due to use of other chemotherapeutics (n = 11) and the
retrospective nature of the study (n = 2). Subsequently, 17 articles—
describing 12 distinct trials—were identified and included in the

qualitative synthesis.”~1024:31-42

3.2 | Study characteristics and quality

The key information from each of the 12 identified trials has been col-
lated into Table 2. Studies were identified as early as 2006,%7°8 and
as recently as 2022.%7 The majority of studies were performed by
international collaborative research groups with study sizes up to
581 patients.®® Patient age groups were heterogenous in these stud-
ies but typically included patients between the ages of 18 and 70. Five
studies focused on low to intermediate-risk patients,”-?43%3.37:38.40
with the remaining seven including all risk categories.®
10,31,32,34,36,39.4142 Regarding induction treatment, five papers evalu-
ated an ATRA/anthracycline regimen with CR rates from 89%-
949%,32:84:36-39.41 w0 studies evaluated an ATO/ATRA/anthracycline
regimen with CR rates from 95%-96%,'93142 and five studies evalu-
ated an ATO/ATRA regimen with CR rates from 94%-100%.”"
9:24.32.34.3540 Consolidation treatment with ATRA/anthracyclines was
assessed in six studies with DFS from 77% (2-year) to 93%
(7-year),1032-3436-39 ATO/ATRA/anthracyclines was assessed in one
study with DFS of 98% (2-year),*? and ATO/ATRA was assessed in
six studies with DFS from 91% (4-year) to 96% (7-year).””

10,24,32,34,35,40

Grade 3-4 treatment toxicity was reported in seven studies.””
10.2431,32:34354042 Typically, anthracycline-based regimens were more
likely to cause hematological or infection-related adverse events
(up to 96%™° and 55%7>* of patients, respectively). Conversely, regi-
mens containing ATO were more likely to cause liver injury and QTc
prolongation (up to 63%*° and 16%*° of patients respectively). Over-
all, all included studies were of high quality, with scores ranging from
very good to excellent quality. Most commonly, studies lost points

due to the risk of bias, lack of justification of sample size, or not

|Cancer Reports I_ 50f16
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acknowledging limitations. The full assessment of the quality of

included studies can be found in Appendix C.

3.3 | Comparative epidemiology

Identified landmark studies in the development of current APML
treatment protocols were the APML4 study for ATO/ATRA/IDA
treatment,3*? APLO406 (the subsequent expansion and further anal-
ysis of the Lo-Coco et al. cohort) for ATO/ATRA treatment,”?*4° and
AML17 for ATRA/IDA treatment (given this study was the primary
non-inferiority study comparing the two common regimens).>>%* As
determined a priori, these studies were therefore utilized for the com-
parative epidemiological analysis. The results of the analysis are pre-
sented in Table 3.

Comparing ATO/ATRA therapy to ATRA/IDA, the NNB for CR
was 9.09 patients and 4-year OS and EFS was 4.76 and 3.70 patients
respectively. Regarding adverse events, NNH for neutropenia and
thrombocytopenia were —3.45 and —4.17 patients respectively. NNH
for infection was —3.13 patients. However, NNH for QTc prolonga-
tion was 12.82 patients and liver injury was 3.85 patients.

When comparing ATO/ATRA therapy to the ATO/ATRA/IDA
regimen, the NNB for CR and 2-year survival were 20.00 and 16.67
patients respectively. Unfortunately, adverse event outcome data was
only reported for infection and QTc prolongation in the APML4
study.31*? Nonetheless, NNH for infection was —1.89 patients, for
QTc prolongation was —20.00 patients, and for liver injury was
—25.00 patients.

4 | DISCUSSION

The primary objective of this systematic review was to evaluate the
contemporary ATO/ATRA therapeutic approach against the historical
anthracycline-containing regimens. It is evident that this
chemotherapy-free protocol is superior to historical regimens (ATRA/
IDA and ATO/ATRA/IDA) in terms of both inducing CR and maintain-
ing DFS. The main reason for patients not reaching CR in the clinical
trial literature is early death.*® Studies have typically attributed this
terrible outcome to delayed time to diagnosis/specialty treatment,
inadequate supportive care, and severe infection or hemorrhage.**
Interestingly, our study has highlighted improved CR rates can be
found using the chemotherapy-free regimen with reductions also
identified in grade 3-4 neutropenia, thrombocytopenia and infection
when compared to both chemotherapy-containing regimens. As such,
a potential additional risk factor for early death (and subsequently
reduced CR rates) in patients receiving anthracycline-based regimens
may be adverse events secondary to the aggressive use of
chemotherapeutics.

Consolidation regimens and adverse event rates further demon-
strate the superiority of the ATO/ATRA protocol. DFS was clearly
higher in the ATO/ATRA regimens when compared to those utilizing
ATRA/IDA. However, there was only one study which evaluated
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Records identified through
database searching
(n =848):

Scopus: 720
Medline MeSH: 50
Medline Keyword: 71
EMBASE MeSH: 0
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(=]
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o
o
=
s
[ —
< EMBASE Keyword: 7

Screening

Full-text articles assessed
for relevance
(n=30)

Relevance

Records screened
(n=750)

Articles eligible for data
evaluation
(n=17)

Additional records identified
through other sources
(n=3)

Records after duplicates removed
(n =750)

Records excluded
(n=720)

Full-text articles excluded,
with reasons (n = 13):

Other CHT (n=11)
Retrospective (n=2)

Articles excluded from
quantitative synthesis,
with reasons
(n=0)

Articles included in
qualitative synthesis
(n=17)

Unique trials described by
included articles
(n=12)

FIGURE 2 PRISMA flow diagram for selection of included studies.

ATO/ATRA/IDA consolidation which only provided DFS and OS data
to 2 years. As such, it is difficult to make comparative statements
between DFS and OS in ATO/ATRA versus ATO/ATRA/IDA proto-
cols. Regarding adverse events, there were favorable rates of hemato-
logical, gastrointestinal and infection adverse events in the
chemotherapy-free protocol. However, inclusion of ATO into
the therapeutic regimen was associated with increased risk of liver

injury and QTc prolongation—known side effects of ATO use.*>*¢

Fortunately, significant arrythmias from ATO-induced QTc prolonga-
tion seem to be rare.** Nonetheless, these adverse events commonly
affect appropriateness of contemporary treatment regimens in
patients with significant comorbidities such as pre-existing liver dys-
function or QTc prolongation.*”

The benefit of utilizing chemotherapy-free regimens is further
demonstrated in the comparative epidemiological analysis. The

NNB/NNH statistics are a measure of how many patients need to be
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treated with ATRA/ATO rather than the comparator for a single
patient to experience an additional benefit (for NNB) or harm (for
NNH). A negative result indicates the event in question is less likely to
occur. As such, it is important to note that only nine patients need be
treated with ATO/ATRA rather than ATO/IDA for an additional
patient to reach CR. As the most common cause for not reaching CR
in our included studies is early death, this statistic becomes consider-
ably more clinically significant. Of further note is that approximately
four patients need be treated with ATO/ATRA rather than ATO/IDA
for an additional patient to reach 4 years post diagnosis without
relapse of APML. While the NNB for ATO/ATRA versus ATO/ATRA/
IDA are slightly higher, there are consistent improvements in epidemi-
ological outcomes for both CR and OS. From an NNH perspective,
only three to four patients need be treated with ATO/ATRA rather
than ATRA/IDA for a single patient to not experience an episode of
neutropenia, thrombocytopenia, or infection. Of additional note, for
every 13 and four patients treated with ATO/ATRA rather than
ATRA/IDA, one additional patient does experience QTc prolongation
and liver injury respectively. Finally, when assessing the reported data
points comparing adverse events between ATO/ATRA and ATO/A-
TRA/IDA, it is evident that the chemotherapy-free protocol is associ-
ated with favorable outcomes throughout, with a particular reduction
in the rates of infections. As such, from a long-term health-related
quality of life perspective, treatment with the ATO/ATRA regimen is
more likely to result in an improved outlook when compared to the
ATO/ATRA/IDA and ATRA/IDA regimens.

Traditionally, APML patients considered to be high-risk (white cell
count >10 x 10%/L at diagnosis via the Sanz score)*? were treated with
some form of chemotherapy in an attempt to reduce white cell counts
and minimize risk of differentiation syndrome and poorer outcomes due
to the pro-differentiation effect of ATRA*® Interestingly, the recent
APL2012° and APL15%7 trials have provided contemporary evidence for
non-inferiority of the chemotherapy-free protocol in both consolidation
and induction for all-risk patients—albeit with the initial use of gemtuzu-
mab ozogamicin or hydroxyurea to control for hyperleukocytosis.®-%°
These findings have been further supported by independent, real-world
data including from Indian centers emphasizing abbreviated courses of
anthracycline,* or high-dose hydroxyurea.>® As such, with the identified
reduced adverse event profile of the chemotherapy-free protocol it is
likely that these new findings will cause a shift in treatment paradigm
toward ATO/ATRA for high-risk patients—similar to the chemotherapy-
free treatment shift in standard-risk patients witnessed after publication
of the Lo-Coco et al. and APLO406 trials.”?*4°

Regarding the included papers as a whole, a major strength is that
the majority these studies were of very good quality from interna-
tional, multi-center, randomized controlled trials—constituting level Il
evidence on the National Health and Medical Research Council evi-
dence hierarchy.”? Indeed, much of the study space in APML is domi-
nated by international collaborative efforts between study groups
such as the Australasian Leukemia & Lymphoma Group (ALLG),31:3%42
the Gruppo Italiano Malattie EMatologiche dell'Adulto [the Italian
Adult Hematological Diseases Group] (GIMEMA), German-Austrian
Acute Myeloid Leukemia Study Group (AMLSG) and Study Alliance
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TABLE 3 Epidemiological analysis for the use of ATO/ATRA
when compared to ATO/IDA and ATO/ATRA/IDA.

ATO/ATRA
versus ATRA/IDA

ATO/ATRA versus

Outcome of interest ATO/ATRA/IDA

Number needed to benefit

Complete remission 9.09 20.00
(CR)

2-year survival (2-YS) 10.00 16.67

4-year survival 476 _b

4-year event free 3.70 b

survival

Number needed to harm (during induction)

Grade 3-4 —3.45° o
neutropenia

Grade 3-4 —-4.17? o
thrombocytopenia

Infection -3.13° -1.89

QTc prolongation 12.50° —20.00

Grade 3-4 liver injury 3.85 —25.00

2Indicates the statistic was taken from APL0O406,72* as it was not reported
in AML17.3234
PIndicates that this data point was not reported in the APML4 trial.3*

Leukemia,”?*%° and the National Cancer Research Institute Acute

Myeloid Leukemia Working Group (NCRI AMLWG).3%3* However,
studies were consistently at risk of introducing biases. Studies evalu-
ating only low/intermediate-risk patients were naturally introducing
selection bias, however, this was appropriately reflected in most dis-
cussions of clinical implications with caution warned for generalizabil-
ity to full APML cohorts. Additionally, APML has been traditionally
associated with a high numbers of early death, quoting rates of 5%-
10% of patients in the trial literature®® and up to 29% in population
studies.®® As such, it is inevitable that clinical trials on this
population have some degree of selection bias—irrespective of which
risk groups are included. As induction therapy becomes optimized
early death seems to be reducing, with CR rates of 97%-99% for
patients receiving ATO/ATRA in studies published over the last
5 years.8%3 As such, selection bias is likely to be inversely propor-
tionate to the improving rates of CR. Furthermore, while it was com-
mon for patient dropouts to be reported and intention to treat
analyses to be performed, this was not standard across all studies.
Hence, risk of attrition bias was also commonly introduced. Finally,
considering the cardiac risk profile associated with the use of ATO,
especially regarding patients diagnosed with congestive heart failure
or prolonged QTc,*” the findings of this study should be used in cau-
tion when considering these specific patient populations.

This review itself also has key strengths and limitations. The main
strength of this study is that it was performed in a systematic manner
with the inclusion/exclusion criteria and planned evidence synthesis
determined a priori, minimizing risk of bias introduced through the
subsequent analysis. Furthermore, the review was carried out in

accordance with PRISMA guidelines where applicable?® and an
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adapted quality appraisal tool was utilized. Conversely, the limitations
of this study include that paper selection and extraction was per-
formed by a single author, the planned inclusion/exclusion criteria and
data synthesis was not published as a protocol prior to data extrac-
tion, and the evidence synthesis was not as robust as a complete
meta-analysis with the calculation of a standardized effect size.

4.1 | Future opportunities in APML - Research and
treatment

From a therapeutic perspective, opportunities center around confirming
and optimizing current protocols. While the APL15 trial has provided
initial evidence for non-inferiority of chemotherapy-free treatment in
all-risk APML,%? additional randomized controlled trials are required to
confirm these findings—especially in dissimilar population groups. Fur-
thermore, an oral arsenic formulation has been commercially available
for APML treatment in Chinese populations since 2009 with studies
demonstrating non-inferiority of the formulation compared to intrave-
nous ATO.>® The oral formulation has the benefit of being able to be
administered outside of hospital, with subsequently reduced adminis-
tration costs.”® Drawing on earlier studies such as the American phase
1 clinical trial by Ravandi et al. which demonstrated safety and bioavail-
ability of oral arsenic in advanced hematological disease,®* a similar
phase 1 study is currently being conducted specifically in APML by the
ALLG in Australia and New Zealand.”” If the trial is successful, the next
opportunity will be for phase 2/3 clinical trials further evaluating the
use of oral arsenic in APML.

From an epidemiological perspective, there are numerous
research opportunities in delineating APML data to assist in further
guiding research direction. As previously mentioned, CR statistics of
included studies suggest that early death rates have reduced with
optimization of therapies which is reflected in a recent population
study.”® However, there is further opportunity in confirming these
findings, particularly with regards to risk factors and frequency of
early intracranial death during induction. This could be performed in
other large cohorts, both within subpopulations of pre-existing
American groups and elsewhere around the world. Indeed, Oceania
particularly seems to have a paucity of data with Australian-specific
statistics for both APML and acute myeloid leukemia generally lacking.
Only a single study by Gangatharan et al. presenting data from 2005
has addressed Australian-based APML statistics.>” Furthermore, the
most recent study evaluating epidemiology of AML only presented
data as recently as 2016.58 Much of the treatment landscape has evi-
dently changed in this time, especially since the 2005 data. As such, it
is imperative that further data at a global level is collected from both
an AML and APML perspective.

5 | CONCLUSION

Our understanding of the optimal treatment for APML has signifi-
cantly advanced since the turn of the century with a number of major

developments. In this paper, our research question was in patients
with standard-risk, de novo APML, how does ATO/ATRA induction
and consolidation therapy compare with anthracycline-based chemo-
therapeutic protocols in achieving complete remission, improving
overall/disease-free survival, and minimizing adverse effects. Our
review has demonstrated that the use of ATO with ATRA in the treat-
ment of APML is superior to chemotherapy-containing protocols at
inducing remission and promoting survival in patients with APML. The
regimen is better tolerated than the proposed alternatives with fewer
adverse events, excepting those relating to QTc prolongation and liver
injury, which is reflected in our epidemiological analysis. Hence, the
significance of this study is its synthesis of traditional outcome mea-
sures from extensive clinical trials with the addition of a patient-
focused epidemiological perspective to highlight and explore optimal
treatment strategies for APML. The results are applicable to all
patients with the disease, especially those classified as standard-risk,
and the hematologists by whom they are treated. Indeed, due to con-
temporary treatment protocols, the diagnosis of APML has been
transformed from the equivalent of a death sentence to one of the
most treatable hematological malignancies. In the future, major
research opportunities are to further quantify the epidemiological sta-
tistics of APML given recent paradigm shifts in treatment and investi-

gate the option of oral arsenic in streamlining outpatient management.

AUTHOR CONTRIBUTIONS

Kane Langdon: Conceptualization (equal); data curation (equal); formal
analysis (equal); investigation (equal); methodology (equal); project
administration (equal); software (equal); validation (equal); visualiza-
tion (equal); writing - original draft (equal); writing - review and edit-
ing (equal). Stevie Cosentino: Data curation (equal); formal analysis
(equal); investigation (equal); methodology (equal); project administra-
tion (equal); validation (equal); writing - original draft (equal);
writing - review and editing (equal). Olivia Wawryk: Data curation
(equal); formal analysis (equal); investigation (equal); methodology
(equal); project administration (equal); supervision (lead); validation
(equal); writing - original draft (equal); writing - review and editing
(equal).

ACKNOWLEDGMENTS

The authors would like to acknowledge and thank Dr Ashish Bajel
(Peter MacCallum Cancer Centre, Melbourne, Australia) for his
insightful comments which assisted in the preparation of this manu-
script. Open access publishing facilitated by James Cook University,
as part of the Wiley - James Cook University agreement via the Coun-

cil of Australian University Librarians.

CONFLICT OF INTEREST STATEMENT
The authors have stated explicitly that there are no conflicts of inter-
est in connection with this article.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

85UB017 SUOLILLOD BA1E810 3(eal|dde ayy Aq peusenob ae sspiie YO ‘SN JO s3I 10} A%iqiT8UIIUO AB]1AN UO (SUOIIPUOD-PUR-SLLBI ALY  AB 1M AeIq Ul UO//:SdNy) SUONIpUOD puUe sW 1 841 88S *[202/20/02] Uo Ariqi]aulluo A|IM ‘YiesH puesuesnd Aq SE0Z ZIUd/Z00T OT/I0P/Wo A8 | Im Aeiqijeul|uoy/Sdny woiy pepeojumod ‘€ ‘720z ‘8rese.Se



LANGDON ET AL.

ETHICS STATEMENT

This study did not require ethics approval due to its systematic review

design.

ORCID

Kane Langdon

https://orcid.org/0000-0002-0624-3981

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kumana CR, Kwong YL, Gill H. Oral arsenic trioxide for treating acute
promyelocytic leukaemia: implications for its worldwide epidemiology
and beyond. Front Oncol. 2022;12:1026478.

Rowley J, Golomb H, Dougherty C. 15/17 translocation, a consistent
chromosomal change in acute promyelocytic leukaemia. Lancet
(London, England). 1977;1(8010):549-550.

Chomienne C, Ballerini P, Balitrand N, et al. The retinoic acid receptor
alpha gene is rearranged in retinoic acid-sensitive promyelocytic leu-
kemias. Leukemia. 1990;4(12):802-807.

Coombs CC, Tavakkoli M, Tallman MS. Acute promyelocytic leukemia:
where did we start, where are we now, and the future. Blood Cancer J.
2015;5(4):e304.

Meng-Er H, Yu-Chen Y, Shu-Rong C, et al. Use of all-trans retinoic
acid in the treatment of acute promyelocytic leukemia. Blood. 1988;
72(2):567-572.

Chen G-Q, Shi X-G, Tang W, et al. Use of arsenic trioxide (As203) in the
treatment of acute promyelocytic leukemia (APL): I. As203 exerts dose-
dependent dual effects on APL cells. Blood. 1997;89(9):3345-3353.
Cicconi L, Platzbecker U, Awvisati G, et al. Long-term results of all-
trans retinoic acid and arsenic trioxide in non-high-risk acute promye-
locytic leukemia: update of the APLO406 Italian-German randomized
trial. Leukemia. 2020;34(3):914-918.

Wang HY, Gong S, Li GH, et al. An effective and chemotherapy-free
strategy of all-trans retinoic acid and arsenic trioxide for acute pro-
myelocytic leukemia in all risk groups (APL15 trial). Blood Cancer J.
2022;12(11):158.

Zhang X, Zhang H, Chen L, et al. Arsenic trioxide and all-trans retinoic
acid (ATRA) treatment for acute promyelocytic leukemia in all risk groups:
study protocol for a randomized controlled trial. Trials. 2018;19(1):476.
Chen L, Zhu HM, Li Y, et al. Arsenic trioxide replacing or reducing che-
motherapy in consolidation therapy for acute promyelocytic leukemia
(APL2012 trial). Proc Natl Acad Sci USA. 2021;118(6): €2020382118.
lyer SG, Elias L, Stanchina M, Watts J. The treatment of acute
promyelocytic leukemia in 2023: paradigm, advances, and future
directions. Front Oncol. 2023;12:1062524.

Sanz MA, Lo Coco F, Martin G, et al. Definition of relapse risk and
role of nonanthracycline drugs for consolidation in patients with
acute promyelocytic leukemia: a joint study of the PETHEMA and
GIMEMA cooperative groups. Blood. 2000;96(4):1247-1253.

National Comprehensive Cancer Network. Acute Myeloid Leukaemia.
NCCN Guidelines Web site. https://www.nccn.org/. Published 2023.
Accessed April 5, 2023

Cancer Institute NSW. Acute Promyelocytic leukaemia APML4 treat-
ment overview. eviQ Web site. https://www.evig.org.au/. Published
2020. Accessed April 30, 2021

Cancer Institute NSW. Acute promyelocytic leukaemia standard risk
(chemotherapy free) treatment overview. eviQ Web site. https://
www.evig.org.au/. Published 2020. Accessed April 30, 2021

Hillestad LK. Acute promyelocytc leukemia. Acta Med Scand. 1957,
159(3):189-194.

Bernard J, Weil M, Boiron M, Jacquillat C, Flandrin G, Gemon MF.
Acute promyelocytic leukemia: results of treatment by daunorubicin.
Blood. 1973;41(4):489-496.

Breitman TR, Selonick SE, Collins SJ. Induction of differentiation of
the human promyelocytic leukemia cell line (HL-60) by retinoic acid.
Proc Natl Acad Sci. 1980;77(5):2936-2940.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

|Cancer Reports
1

sl WILEY |12

Frankel SR, Eardley A, Lauwers G, Weiss M, Warrell RP Jr. The “reti-
noic acid syndrome” in acute promyelocytic leukemia. Ann Intern
Med. 1992;117(4):292-296.

Stahl M, Tallman MS. Differentiation syndrome in acute promyelocy-
tic leukaemia. Br J Haematol. 2019;187(2):157-162.

Niu C, Yan H, Yu T, et al. Studies on treatment of acute promyelo-
cytic leukemia with arsenic trioxide: remission induction, follow-up,
and molecular monitoring in 11 newly diagnosed and 47 relapsed
acute promyelocytic leukemia patients. Blood. 1999;94(10):3315-
3324.

Shen ZX, Shi ZZ, Fang J, et al. All-trans retinoic acid/As203 combination
yields a high quality remission and survival in newly diagnosed acute pro-
myelocytic leukemia. Proc Natl Acad Sci USA. 2004;101(15):5328-5335.
Sanz MA, Grimwade D, Tallman MS, et al. Management of acute pro-
myelocytic leukemia: recommendations from an expert panel on
behalf of the European LeukemiaNet. Blood. 2009;113(9):1875-1891.
Platzbecker U, Awvisati G, Cicconi L, et al. Improved outcomes with
retinoic acid and arsenic trioxide compared with retinoic acid and
chemotherapy in non-high-risk acute promyelocytic leukemia: final
results of the randomized Italian-German APL0406 trial. J Clin Oncol.
2017;35(6):605-612.

Cancer Institute NSW. eviQ. eviQ Web site. https://www.eviq.org.
au/. Published 2021. Accessed April 30, 2021

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
J Clin Epidemiol. 2009;62(10):1006-1012.

Nitro Pro [computer program]. Version 9. 2013.

National Cancer Institute. Common Terminology Criteria for Adverse
Events (CTCAE) v5.0. https://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.
Published 2017. Accessed February 3, 2023

Law M, Stewart D, Pollock N, et al. Critical Review Form - Quantitative
Studies. McMaster University; 1998.

Porta M. A Dictionary of Epidemiology. Oxford University Press; 2016.
lland HJ, Bradstock K, Supple SG, et al. All-trans-retinoic acid, idarubi-
cin, and IV arsenic trioxide as initial therapy in acute promyelocytic
leukemia (APML4). Blood. 2012;120(8):1570-1580. quiz 1752.
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. 2015;16(13):1295-1305.

Adeés L, Thomas X, Bresler AG, et al. Arsenic trioxide is required in the
treatment of newly diagnosed acute promyelocytic leukemia. Analysis
of a randomized trial (APL 2006) by the French Belgian Swiss APL
group. Haematologica. 2018;103(12):2033-2039.

Russell N, Burnett A, Hills R, et al. Attenuated arsenic trioxide
plus ATRA therapy for newly diagnosed and relapsed APL: long-
term follow-up of the AML17 trial. Blood. 2018;132(13):1452-
1454,

Kayser S, Schlenk RF, Lebon D, et al. Characteristics and outcome of
patients with low-/intermediate-risk acute promyelocytic leukemia
treated with arsenic trioxide: an international collaborative study.
Haematologica. 2021;106(12):3100-3106.

Aljurf M, Al Qurashi F, Al Mohareb F, et al. High efficacy and low tox-
icity of APL induction with concurrent idarubicin/ATRA followed by a
novel and simplified outpatient post-remission therapy using single
doses of idarubicin and intermittent ATRA. Med Oncol. 2010;27(3):
702-707.

Adés L, Chevret S, Raffoux E, et al. Is cytarabine useful in the treat-
ment of acute promyelocytic leukemia? Results of a randomized trial
from the European Acute Promyelocytic Leukemia Group. J Clin
Oncol. 2006;24(36):5703-5710.

Adeés L, Chevret S, Raffoux E, et al. Long-term follow-up of European
APL 2000 trial, evaluating the role of cytarabine combined with ATRA
and Daunorubicin in the treatment of nonelderly APL patients.
Am J Hematol. 2013;88(7):556-559.

85US017 SUOWWIOD BA 81D 3(deat|dde 3y} Aq peusenob a/e 9P VO ‘SN 0 SaINJ 10} A%eiqIT 8UIUO /BIW UO (SUOPUOD-PLE-SWBHALID A8 | WA I 1[BUUO//StIY) SUORIPUOD PUe W 1 38U 89S *[7202/c0/02] U0 ARiqIT8uluo AB|IM ‘UieeH pueisusend Aq SE0Z ZU9/200T OT/I0p/W00" A3 1M Afeiq 1Bul|UO//SANY WOy papeojumoq ‘€ ‘Y202 ‘8rE8eLSe


https://orcid.org/0000-0002-0624-3981
https://orcid.org/0000-0002-0624-3981
https://www.nccn.org/
https://www.eviq.org.au/
https://www.eviq.org.au/
https://www.eviq.org.au/
https://www.eviq.org.au/
https://www.eviq.org.au/
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf

20t16 | \W/] LEY—I Cancer Reports ;!

39.

40.

41.

42.

43.
44.
45.
46.
47.

48.

49.

50.

LANGDON T AL.

lland H, Bradstock K, Seymour J, et al. Results of the APML3 trial
incorporating all-trans-retinoic acid and idarubicin in both induction
and consolidation as initial therapy for patients with acute promyelo-
cytic leukemia. Haematologica. 2012;97(2):227-234.

Lo-Coco F, Awvisati G, Vignetti M, et al. Retinoic acid and arsenic tri-
oxide for acute promyelocytic leukemia. N Engl J Med. 2013;369(2):
111-121.

Rollig C, Schafer-Eckardt K, Hanel M, et al. Two cycles of risk-adapted
consolidation therapy in patients with acute promyelocytic leukemia.
Results from the SAL-AIDA2000 trial. Ann Hematol. 2014;94(4):
557-563.

lland HJ, Collins M, Bradstock K, et al. Use of arsenic trioxide in
remission induction and consolidation therapy for acute promyelocy-
tic leukaemia in the Australasian Leukaemia and Lymphoma Group
(ALLG) APML4 study: a non-randomised phase 2 trial. Lancet Haema-
tol. 2015;2(9):e357-e366.

Park JH, Qiao B, Panageas KS, et al. Early death rate in acute promye-
locytic leukemia remains high despite all-trans retinoic acid. Blood.
2011;118(5):1248-1254.

Jillella AP, Kota VK. The global problem of early deaths in acute pro-
myelocytic leukemia: a strategy to decrease induction mortality in the
most curable leukemia. Blood Rev. 2018;32(2):89-95.

Renu K, Saravanan A, Elangovan A, et al. An appraisal on molecular
and biochemical signalling cascades during arsenic-induced hepato-
toxicity. Life Sci. 2020;260:118438.

Roboz GJ, Ritchie EK, Carlin RF, et al. Prevalence, management, and
clinical consequences of QT interval prolongation during treatment
with arsenic trioxide. J Clin Oncol. 2014;32(33):3723-3728.

Ofran Y, Tallman MS, Rowe JM. How | treat acute myeloid leukemia
presenting with preexisting comorbidities. Blood. 2016;128(4):
488-496.

Osman AEG, Anderson J, Churpek JE, et al. Treatment of acute pro-
myelocytic leukemia in adults. J Oncol Pract. 2018;14(11):649-657.
Kulkarni UP, Selvarajan S, Lionel S, et al. Real world data with concur-
rent retinoic acid and arsenic trioxide for the treatment of acute pro-
myelocytic leukemia. Blood Cancer J. 2022;12(1):22.

Singh C, Yanamandra U, Karunakaran P, et al. Long-term real-world
outcomes of patients with acute promyelocytic leukaemia treated with
arsenic trioxide and all-trans retinoic acid without chemotherapy—a

51.

52.

53.

54.

55.

56.

58.

retrospective, single-centre study. Br J Haematol. 2023;201(2):
249-255.

National Health Medical Research Council. NHMRC additional levels
of evidence and grades for recommendations for developers of guide-
lines. Canberra. 2009.

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. 2011;25(7):1128-
1134.

Zhu H-H, Hu J, Lo-Coco F, Jin J. The simpler, the better: oral arsenic
for acute promyelocytic leukemia. Blood. 2019;134(7):597-605.
Ravandi F, Koumenis |, Johri A, et al. Oral arsenic trioxide ORH-2014
pharmacokinetic and safety profile in patients with advanced hemato-
logic disorders. Haematologica. 2020;105(6):1567-1574.

lland H. A phase | pharmacokinetic evaluation of oral arsenic trioxide
in previously untreated patients with acute promyelocytic leukaemia.
Australian New Zealand Clinical Trials Registry. https://anzctr.org.au/
Trial/Registration/TrialReview.aspx?ACTRN=12616001022459.
Published 2016. Accessed February 2, 2023

Li G, Wu J, Li R, et al. Improvement of early death in acute promyelo-
cytic leukemia: a population-based analysis. Clin Lymphoma Myeloma
Leuk. 2023;23(2):e78-e84.

. Gangatharan SA, Grove CS, P'ng S, et al. Acute myeloid leukaemia in

Western Australia 1991-2005: a retrospective population-based
study of 898 patients regarding epidemiology, cytogenetics, treat-
ment and outcome. Intern Med J. 2013;43(8):903-911.

Beckmann K, Kearney BJA, Yeung D, et al. Changes in five-year sur-
vival for people with acute leukaemia in South Australia, 1980-2016.
Med J Aust. 2022;216(6):296-302.

How to cite this article: Langdon K, Cosentino S, Wawryk O.
Superiority of anthracycline-free treatment in standard-risk
acute promyelocytic leukemia: A systematic review and
comparative epidemiological analysis. Cancer Reports. 2024;
7(3):e2035. doi:10.1002/cnr2.2035

85US017 SUOWWIOD BA 81D 3(deat|dde 3y} Aq peusenob a/e 9P VO ‘SN 0 SaINJ 10} A%eiqIT 8UIUO /BIW UO (SUOPUOD-PLE-SWBHALID A8 | WA I 1[BUUO//StIY) SUORIPUOD PUe W 1 38U 89S *[7202/c0/02] U0 ARiqIT8uluo AB|IM ‘UieeH pueisusend Aq SE0Z ZU9/200T OT/I0p/W00" A3 1M Afeiq 1Bul|UO//SANY WOy papeojumoq ‘€ ‘Y202 ‘8rE8eLSe


https://anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12616001022459
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12616001022459
info:doi/10.1002/cnr2.2035

LANGDON ET AL.

Section and topic
TITLE

Title

ABSTRACT
Abstract
INTRODUCTION
Rationale
Objectives
METHODS
Eligibility criteria

Information sources

Search strategy

Selection process

Data collection process

Data items

Study risk of bias
assessment

Effect measures

Synthesis methods

APPENDIX A: PRISMA CHECKLIST

Item

10a

10b

11

12

13a

13b

13c

13d

13e

13f

|Cancer Reports
1

Checklist item

Identify the report as a systematic review.
See the PRISMA 2020 for Abstracts checklist.

Describe the rationale for the review in the context of existing knowledge.

Provide an explicit statement of the objective(s) or question(s) the review addresses.

Specify the inclusion and exclusion criteria for the review and how studies were
grouped for the syntheses.

Specify all databases, registers, websites, organisations, reference lists and other sources
searched or consulted to identify studies. Specify the date when each source was last
searched or consulted.

Present the full search strategies for all databases, registers and websites, including any
filters and limits used.

Specify the methods used to decide whether a study met the inclusion criteria of the
review, including how many reviewers screened each record and each report
retrieved, whether they worked independently, and if applicable, details of
automation tools used in the process.

Specify the methods used to collect data from reports, including how many reviewers
collected data from each report, whether they worked independently, any processes
for obtaining or confirming data from study investigators, and if applicable, details of
automation tools used in the process.

List and define all outcomes for which data were sought. Specify whether all results that
were compatible with each outcome domain in each study were sought (e.g. for all
measures, time points, analyses), and if not, the methods used to decide which results
to collect.

List and define all other variables for which data were sought (e.g. participant and
intervention characteristics, funding sources). Describe any assumptions made about
any missing or unclear information.

Specify the methods used to assess risk of bias in the included studies, including details
of the tool(s) used, how many reviewers assessed each study and whether they
worked independently, and if applicable, details of automation tools used in the
process.

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in
the synthesis or presentation of results.

Describe the processes used to decide which studies were eligible for each synthesis
(e.g. tabulating the study intervention characteristics and comparing against the
planned groups for each synthesis (item #5)).

Describe any methods required to prepare the data for presentation or synthesis, such
as handling of missing summary statistics, or data conversions.

Describe any methods used to tabulate or visually display results of individual studies
and syntheses.

Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify
the presence and extent of statistical heterogeneity, and software package(s) used.

Describe any methods used to explore possible causes of heterogeneity among study
results (e.g. subgroup analysis, meta-regression).

Describe any sensitivity analyses conducted to assess robustness of the synthesized
results.
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Present results of all investigations of possible causes of heterogeneity among study
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synthesized results.
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Discuss any limitations of the evidence included in the review.
Discuss any limitations of the review processes used.

Discuss implications of the results for practice, policy, and future research.
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prepared.
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APPENDIX B: SEARCH STRATEGY

MeSH Search (performed in all databases where MeSH terms were
applicable)

exp/[Leukemia, Promyelocytic, Acute] AND exp/[Arsenic Triox-
ide] AND exp/[Tretinoin] AND exp/[Clinical Trial]

Keyword Search (performed in all databases irrespective of
option for use of MeSH terms)

(APML OR “aml m3” OR “m3 aml” OR “anll m3” OR “m3 anll” OR
“acute promyelocytic leukemia” OR “acute promyelocytic leukemia”
OR “acute promyelocytic leukemias” OR “acute promyelocytic leuke-
mias” OR “progranulocytic leukemia” OR “progranulocytic leukemia”)

AND

(“1327-53-3” OR *“arsenic oxide” OR *“arsenic trioxide” OR
arsenolite  OR “arsenous anhydride” OR as203 OR as406 OR
“diarsenic trioxide” OR naonobin OR s7v92p67ho OR “tetra arsenic
hexaoxide” OR “tetra arsenic oxide” OR “tetra-arsenic hexaoxide” OR
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“tetra-arsenic oxide” OR “tetraarsenic hexaoxide” OR “tetraarsenic
oxide” OR trisenox OR trixenox)

AND

(13497-05-7 OR 22232-80-0 OR 302-79-4 OR 5688utcO1r OR
75980-27-7 OR “retinoic acid” OR “vitamin a acid” OR tretinoin
OR tretinoin OR ATRA OR “retinoic acid” OR “retin a” OR retin-a OR
vesanoid OR “all trans retinoic acid” OR “all-trans-retinoic acid” OR
“beta all trans retinoic acid” OR “beta-all-trans-retinoic acid” OR
“trans retinoic acid” OR “trans-retinoic acid”)

AND

(“clinical trial” OR “intervention study” OR “intervention studies”
OR RCT OR “randomized controlled clinical trial” OR “randomized
controlled clinical trial” OR “randomized clinical trial” OR
“randomized clinical trial”)

Results limited to published articles in English, no publication date
or geographical restriction. Literature search performed February
11, 2023.
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