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Editorial on the Research Topic

Acute Promyelocytic Leukemia - Towards a Chemotherapy-Free Approach to Cure in
All Patients

Acute promyelocytic leukemia (APL) is a subtype of acute myeloid leukemia (AML) characterized
by t(15;17)(q24;21) and the fusion gene PML-RARA. With optimal supportive care and frontline use
of all-trans retinoic acid (ATRA) and chemotherapy, first complete remission (CR1) rates of more
than 90% and long-term survival of more 80% can be achieved. Regimens that include As2O3,
ATRA and chemotherapy result in a CR rare of 90-100% and OS between 86-97% (1–3). Frontline
treatment of APL has evolved rapidly. An emerging theme is the incorporation of As2O3 early in the
treatment algorithm, starting from induction to consolidation.

Various forms of arsenic were used in China for over 5000 years. Arsenic first appeared in
Western Medicine in the eighteenth century. In hematology, oral arsenic was first reported in the
treatment of chronic myeloid leukemia from the 1860s to 1920s in Germany and Boston City (4).
This treatment was phased out following World War II with the development of alkylating
chemotherapy and radiotherapy. Intravenous pure As2O3 solution was first used in Harbin,
China in 1973. Its mechanism of action, pharmacokinetics and clinical efficacy was extensively
published in 1996. In this Research Topic collection, Kumana et al. gave a historical account on the
development of pure oral arsenic trioxide that was invented and patented in Hong Kong. With
memories of the Fowler’s solution, an oral As2O3 formulation or the “modern” liquor arsenicalis
was revived in 1998 in Hong Kong. In Hong Kong, China, an oral preparation of As2O3 (oral-
As2O3) was developed, and was shown to be efficacious for APL in first relapse (R1), inducing
second complete remission (CR2) in more than 90% of patients (5). Further, in an effort to prevent
relapses, oral-As2O3 was used during induction and maintenance of CR1 (6, 7). This strategy
resulted in favorable overall-survival (OS) and leukemia-free-survival (LFS). This 1mg/ml oral-
As2O3 solution has a bioavailability comparable with that of i.v. As2O3 (8). Oral arsenic trioxide
(Arsenol ®) from Hong Kong was also the first oral preparation of pure arsenic trioxide produced
under the Good Manufacturing Practice (GMP) standards. On the other hand, Realgar-Indigo
naturalis formula (RIF) was developed in the 1980s entirely based on traditional Chinese Medicine
(TCM) concepts and comprises realgar, Indigo naturalis, Salvia miltiiorrhiza and Radix
pseudostellariae (9). Tetraarsenic tetrasulphide (As4S4), indirubin and tanshinone IIA are the
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active ingredients of RIF with in-vitro synergism (9). In this
Research Topic, Zhu and Lou et al. described the all oral,
chemotherapy-free model in the frontline management of APL
highlighting the applications of RIF and summarized the clinical
data and excellent outcome of patients treated with RIF-based
induction. Zhu also highlighted a major obstacle to cure in APL,
that is, early deaths. In addition, multi-centre clinical trials in
patients treated with ATRA, arsenic trioxide and anthracyclines
reported a relatively low incidence of early deaths of 3-10% (1, 2).
Xu and Huang discuss the evolution of various therapeutic
approaches from hospital-based induction and consolidation to
home-based oral As2O3-based therapy especially during
consolidation and maintenance. Other oral formulations of
As2O3 are also being investigated with the hope of eventually
developing an all oral, effective regimen in standard-risk APL (10).

With regard to the therapeutic application of intravenous
arsenic trioxide, Russell and Dillon summarize the United
Kingdom’s NCRI AML17 experience using the attenuated
arsenic trioxide regimen in newly diagnosed APL. The
treatment of “high-risk” APL remains a topic of contention as
As2O3 is not yet approved for this indication. An important
exploratory study by the MD Anderson Cancer Center using
ATRA-As2O3 with or without gemtuzumab ozogamacin (GO)
suggested that an essentially chemotherapy-free regimen might
be feasible for the upfront treatment of APL (11). The NCRI
AML17 trial built on these findings to investigate the de-
intensification of treatment by randomizing patients
irrespective of their risk status between As2O3-ATRA and the
ATRA-idarubicin (AIDA) regimen. The AML17 trial included a
total of 57 high-risk patients and their overall survival at 4 years
was not significantly different from standard risk patients, being
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95% in standard-risk compared with 87% in high-risk patients.
Of the 28 high-risk patients in the As2O3 arm of AML17 who
received the planned induction of ATRA, As2O3 and GO, the 4-
year survival was 89% (12).

Last, but not least, Sanz et al. reappraised the role of
hematopoietic stem cell transplantation (HSCT) in the current
era of arsenic trioxide. As2O3-based regimens are currently
regarded as the first option for relapsed APL. The selection of
the most appropriate post-remission treatment option for
patients in second CR (CR2), including the use of HSCT,
depends on several variables, such as pre-transplant molecular
status, duration of first remission, age, and donor availability.
Despite modest evidence from retrospective studies, autologous
HSCT has been the preferred option for consolidation in patients
achieving molecularly negative CR2. The suitability of HSCT as
compared with other non-HSCT alternatives has recently
engendered much interest, thereby necessitating prospective
controlled studies to define the role of HSCT in APL.

With the above backdrop, this special Research Topic
provides an overview on the biology of APL and highlights
perspectives on the past, present, and future treatment
approaches in APL. This topic plays an important role in
addressing the development of As2O3 –based therapy in
improving the outcome of APL, from once the most fatal to
currently the most curable leukemia.
AUTHOR CONTRIBUTIONS

HG wrote and approved the manuscript. All authors contributed
to the article and approved the submitted version.
REFERENCES

1. Lo-Coco F, Avvisati G, Vignetti M, Thiede C, Orlando SM, Iacobelli S, et al.
Retinoic Acid and Arsenic Trioxide for Acute Promyelocytic Leukemia.
N Engl J Med (2013) 369(2):111–21. doi: 10.1056/NEJMoa1300874

2. Iland HJ, Bradstock K, Supple SG, Catalano A, Collins M, Hertzberg M, et al.
All-Trans-Retinoic Acid, Idarubicin, and IV Arsenic Trioxide as Initial
Therapy in Acute Promyelocytic Leukemia (APML4). Blood (2012) 120
(8):1570–80; quiz 1752. doi: 10.1182/blood-2012-02-410746

3. Abaza Y, Kantarjian H, Garcia-Manero G, Estey E, Borthakur G, Jabbour E,
et al. Long-Term Outcome of Acute Promyelocytic Leukemia Treated With
All-Trans-Retinoic Acid, Arsenic Trioxide, and Gemtuzumab. Blood (2017)
129(10):1275–83. doi: 10.1182/blood-2016-09-736686

4. Kwong YL, Todd D. Delicious Poison: Arsenic Trioxide for the Treatment of
Leukemia. Blood (1997) 89(9):3487–8. doi: 10.1182/blood.V89.9.3487

5. Gill H, Yim R, Lee HKK, Mak V, Lin SY, Kho B, et al. Long-Term Outcome of
Relapsed Acute Promyelocytic Leukemia Treated With Oral Arsenic
Trioxide-Based Reinduction and Maintenance Regimens: A 15-Year
Prospective Study. Cancer (2018) 124(11):2316–26. doi: 10.1002/cncr.31327

6. Gill H, Kumana CR, Yim R, Hwang YY, Chan TSY, Yip SF, et al. Oral Arsenic
Trioxide Incorporation Into Frontline Treatment With All-Trans Retinoic Acid
and Chemotherapy in Newly Diagnosed Acute Promyelocytic Leukemia: A
5-Year Prospective Study. Cancer (2019) 125(17):3001–12. doi: 10.1002/cncr.
32180

7. Gill HS, Yim R, Kumana CR, Tse E, Kwong YL. Oral Arsenic Trioxide, All-
Trans Retinoic Acid, and Ascorbic Acid Maintenance After First Complete
Remission in Acute Promyelocytic Leukemia: Long-Term Results and Unique
Prognostic Indicators. Cancer (2020) 126(14):3244–54. doi: 10.1002/cncr.
32937

8. Kumana CR, Au WY, Lee NS, Kou M, Mak RW, Lam CW, et al. Systemic
Availability of Arsenic From Oral Arsenic-Trioxide Used to Treat Patients
With Hematological Malignancies. Eur J Clin Pharmacol (2002) 58(8):521–6.
doi: 10.1007/s00228-002-0514-x

9. Wang L, Zhou GB, Liu P, Song JH, Liang Y, Yan XJ, et al. Dissection of
Mechanisms of Chinese Medicinal Formula Realgar-Indigo Naturalis as an
Effective Treatment for Promyelocytic Leukemia. Proc Natl Acad Sci USA
(2008) 105(12):4826–31. doi: 10.1073/pnas.0712365105

10. Ravandi F, Koumenis I, Johri A, Tallman M, Roboz GJ, Strickland S, et al. Oral
Arsenic Trioxide ORH-2014 Pharmacokinetic and Safety Profile in Patients
With Advanced Hematologic Disorders. Haematologica (2020) 105(6):1567–
74. doi: 10.3324/haematol.2019.229583

11. Ravandi F, Estey E, Jones D, Faderl S, O'Brien S, Fiorentino J, et al. Effective
Treatment of Acute Promyelocytic Leukemia With All-Trans-Retinoic Acid,
Arsenic Trioxide, and Gemtuzumab Ozogamicin. J Clin Oncol (2009) 27
(4):504–10. doi: 10.1200/JCO.2008.18.6130

12. Burnett AK, Russell NH, Hills RK, Bowen D, Kell J, Knapper S, 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):1295–305. doi: 10.1016/S1470-2045
(15)00193-X

Conflict of Interest: The University of Hong Kong currently holds two United
States (US) patents (7,521,071 B2 and 8,906,422 B2), one Japanese patent
(4786341) and one European patent (EP 1562616 B1) for the use of oral arsenic
January 2022 | Volume 11 | Article 831308

https://doi.org/10.3389/fonc.2020.592996
https://doi.org/10.3389/fonc.2020.597601
https://doi.org/10.3389/fonc.2020.586004
https://doi.org/10.3389/fonc.2020.594129
https://doi.org/10.3389/fonc.2021.614215
https://doi.org/10.1056/NEJMoa1300874
https://doi.org/10.1182/blood-2012-02-410746
https://doi.org/10.1182/blood-2016-09-736686
https://doi.org/10.1182/blood.V89.9.3487
https://doi.org/10.1002/cncr.31327
https://doi.org/10.1002/cncr.32180
https://doi.org/10.1002/cncr.32180
https://doi.org/10.1002/cncr.32937
https://doi.org/10.1002/cncr.32937
https://doi.org/10.1007/s00228-002-0514-x
https://doi.org/10.1073/pnas.0712365105
https://doi.org/10.3324/haematol.2019.229583
https://doi.org/10.1200/JCO.2008.18.6130
https://doi.org/10.1016/S1470-2045(15)00193-X
https://doi.org/10.1016/S1470-2045(15)00193-X
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gill et al. Editorial: Chemotherapy-Free Approach for APL
trioxide in the treatment of leukemias and lymphomas. HG is employed by the
University of Hong Kong.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
Frontiers in Oncology | www.frontiersin.org 3
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gill, Kwong and Ravandi. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
January 2022 | Volume 11 | Article 831308

http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Editorial: Acute Promyelocytic Leukemia — Towards A Chemotherapy-Free Approach to Cure in All Patients
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


