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Introduction

The Randomized European Celecoxib Trial (REACT) was a phase 3, multicenter,

double-blind, placebo-controlled randomized clinical trial evaluating the selective

cyclooxygenase-2 (COX-2) inhibitor celecoxib (400 mg daily for 2 years) as adjuvant

therapy for 2,639 patients with early-stage primary breast cancer (1). Celecoxib has

shown efficacy in preclinical studies of breast cancer and also as a chemopreventive agent

in epidemiological investigations (2) and is currently under consideration as a

repurposed drug in oncology as defined by the ReDO project “that seeks to repurpose

well-known and well-characterized non-cancer drugs for new uses in oncology.” (3)

Based on their findings, the REACT investigators concluded that “patients showed no

evidence of a disease-free survival (DFS) benefit for 2 years’ treatment with celecoxib

compared with placebo as adjuvant treatment of ERBB2-negative breast cancer.” This

interpretation omits an important observed benefit of celecoxib in a subgroup of patients

who did not receive chemotherapy.
Methods and results

Though not discussed in the report, the REACT investigators did estimate that

among 655 breast cancer patients who did not receive either adjuvant or neoadjuvant

chemotherapy, treatment with celecoxib reduced the hazard ratio for recurrence over

10 years by 35% (HR = 0.65, 95% confidence interval 0.41–1.04) (Figure 1). Based on
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the P-values calculated from the confidence interval (4), this

estimate barely missed statistical significance by a two-tailed

test (P = 0.07) but did reach statistical significance by a one-

tailed test (P = 0.035), which is the more important test since

the trial was designed “to determine whether adjuvant

celecoxib could improve disease outcomes among women

with early breast cancer”.
Discussion

The use of two-sided versus one-side tests of significance

in scientific investigations, including human clinical trials, is a

topic that has come under intense debate (5). Our purpose is

not to dispel arguments on either side of using a one-sided

versus a two-sided alternative hypothesis, but rather to call

attention to the dismissal of a promising beneficial effect in

view of the evidence to the contrary. In REACT, since the

entire focus of the report is on the apparent absence of any

significant benefit of celecoxib (1), we suggest that the use of a

one-tailed test of significance is justifiable since the

investigators assume that if celecoxib performed no better

than placebo, then it would not be recommended as adjuvant

therapy for ERRB-2-negative breast cancer. In other words, if

treatment would only be altered if there is a significant benefit

as opposed to no benefit, then a one-tailed test is appropriate

in order to increase the statistical power of detecting a

beneficial effect.

Documentation of efficacy in human clinical trials is

essential to the approval of new drugs in medical oncology,

and REACT was specifically designed to examine the

potential benefit of administering celecoxib among patients

with early-stage breast cancer. Evidence from recent human

clinical trials supports the use of targeted therapies for five
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molecular subtypes of breast cancer based on the presence/

absence of estrogen receptors (ERs) and progesterone

receptors (PRs) and ERRB-2 (HER2) expression (6).

Celecoxib selectively inhibits the expression of COX-2,

thereby interrupting multiple molecular events related to

mammary carcinogenesis (7). In REACT, all patients had

tumors negative for ERRB-2 expression, and 73% of the

treated patients had tumors that were ER and PR positive.

Regarding the examination of treatment effects in

prespecified subgroups including patients who did not

receive any chemotherapy, the investigators stated that “no

evidence of differential treatment effects in any subgroup was

observed for disease-free survival (1)”.

Although randomized clinical trials are technically

experimental studies, random assignment of treatment,

together with statistical adjustment for treatment–control

differences, may not necessarily make the experimental and

control groups identical. Rather, clinical trial findings must be

interpreted in terms of the magnitude of the effect measure (HR)

and the proximity of the P-value to 0.05, as well as evidence from

the previous literature. The results of REACT are particularly

important for women whose breast tumors are not treated by

chemotherapy in that the trial “did not find any evidence that

celecoxib treatment was associated with an increase in cardiac

events compared with placebo”.

Cohesive scientific evidence frommolecular, animal, and human

investigations supports the hypothesis that overexpression of

cyclooxygenase-2 drives mammary carcinogenesis and,

reciprocally, that blockade of the inflammatory cyclooxygenase–

prostaglandin cascade has strong potential for breast

cancer prevention and therapy (2). The results of REACT are

consistent with this hypothesis and support the continued

testing of celecoxib for breast cancer patients not treated

with chemotherapy.
FIGURE 1

Hazard ratios and 95% confidence intervals for breast cancer patients stratified by chemotherapy in REACT. Adapted from Supplementary Online
Content,eFigure: (1).
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Conclusion

In REACT, celecoxib treatment (400 mg daily for 2 years) in a

subgroup of 655 breast cancer patients who did not receive

chemotherapy reduced the hazard ratio for recurrence over

10 years by 35% (HR = 0.65, 95% confidence interval 0.41–1.04,

P = 0.035 by a one-tailed test of significance). These results

underscore the importance of further testing of celecoxib in patients

with early-stage breast cancer who are not treated by chemotherapy.
Author contributions

RH wrote the initial manuscript, JS contributed to the

methods and interpretation of findings. All authors

contributed to the article and approved the submitted version.
Frontiers in Oncology 03
Conflict of interest

The 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 this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Coombs RC, Tovey H, Kilburn L, Mansi J, Palmieri C, Bartlett J, et al. For the
randomized European celecoxib trial (REACT) trial management group and
investigators. effect of celecoxib vs placebo as adjuvant therapy on disease-free
survival among patients with breast cancer, the REACT randomized clinical trial.
JAMA Oncol (2021) 7(9):1291–301. doi: 10.1001/jamaoncol.2021.2193

2. Harris RE, Casto BC, Harris ZM. Cyclooxygenase-2 (COX-2) and the
inflammogenesis of breast cancer. World J Clin Oncol (2014) 5(4):677–92.
doi: 10.5306/wjco.v5.i4.677

3. Pantziarka P, Bouche G, Meheus L, Sukhatme V, Sukhatme VP, Vikas P. The
repurposing drugs in oncology (ReDO) project. Ecancermedicalscience (2014)
2014:8:442. doi: 10.3332/ecancer.2014.442
4. Altman DG, Bland M. How to obtain the p value from a confidence interval.
Br Med J (2011) 2011:343. doi: 10.1136/bmj.d2304

5. Ludbrook J. Should we use one-sided or two-sided p values in tests of
significance? Clin Exp Pharmacol Physiol (2013) 40(6):357–61. doi: 10.1111/1440-
1681.12086

6. Tong CWS, WuM, ChoWCS, To KKW. Recent advances in the treatment of
breast cancer. Front Oncol (2018) 8:227. doi: 10.3389/fonc.2018.00227

7. Li J, Hao Q, Cao W, Vadgama JV, Wu Y. Celecoxib in breast cancer
prevention and therapy. Cancer Manag Res (2018) 2018:10:4653–67.
doi: 10.2147/CMAR.S178567
frontiersin.org

https://doi.org/10.1001/jamaoncol.2021.2193
https://doi.org/10.5306/wjco.v5.i4.677
https://doi.org/10.3332/ecancer.2014.442
https://doi.org/10.1136/bmj.d2304
https://doi.org/10.1111/1440-1681.12086
https://doi.org/10.1111/1440-1681.12086
https://doi.org/10.3389/fonc.2018.00227
https://doi.org/10.2147/CMAR.S178567
https://doi.org/10.3389/fonc.2022.958308
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Celecoxib may be a viable treatment option for breast cancer patients not treated with chemotherapy
	Introduction
	Methods and results
	Discussion
	Conclusion
	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


