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Breast cancer screening reduces mortality from this disease through early detection. Despite its benefits, breast cancer screening presents some adverse effects, as false positive
(FP) results. The association between FP results and breast cancer detection in the subsequent screening rounds could provide new insights to a better understanding of the natural
history of breast cancer. Our aim was to evaluate the impact of previous false-positive results on the cancer detection risk over a sequence of breast cancer screening invitations.

Methods

We performed a retrospective cohort study of 702,785 women aged 45-69 years, who underwent 2,666,010 screening test in any of eight population-based screening programs in
Spain between 1990 and 2006. Multilevel discrete time hazard models were used to estimate the effect of FP results and women's characteristics on the cancer detection risk.

Results

Women with a FP result had and increased risk of cancer detection in subsequent screening tests (OR= 1.89; 95%CI: 1.77-2.01). The strongest association with the cancer
detection risk was observed among women with FP results after an invasive procedure (Table 1). A higher cancer detection risk was also observed in women with a first-degree
family history of breast cancer, having previous invasive procedures, non-participating in the previous screening invitation, and in the oldest women (Table 1). The association
between experiencing a FP result and the cancer detection risk was greater when the FP (invasive or non-invasive) was experienced in the previous screening participation
compared to FP experienced two or more screenings in advance. However, a statistically significant increased risk was observed for FP experienced two or more screenings in
advance (Figure 1). A stratified analysis showed that women with a previous FP result involving invasive procedures, and a first-degree familial history of breast cancer had an
increased cancer detection risk (Table 2).
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Women with previous false-positive results are at higher risk of cancer detection in subsequent screening participations. Understanding the factors behind this association would
allow a better tailoring of the breast cancer screening programs, improving its effectiveness and providing valuable information to outline more personalized cancer detection strategies.

Conclusion

Figure 1. Odds ratios (OR) for the adjusted cancer detection risk
depending on the elapse in the number of screening participations
between the experience of a FP and the cancer detection.

Table 1. Unadjusted and adjusted cancer detection risk (OR), from the regression models.
Total OR (95% CI) OR (95% CI)

Risk Factor (N) Non adjusted Adjusted†

False-Positive‡
Never 1,663,403 Ref Ref
Non-Invasive 278,013 1.73 (1.62-1.85) 1.81 (1.70-1.94)
Invasive 21,809 2.89 (2.48-3.37) 2.69 (2.28-3.16)

Attended previous screening invitation
Yes 1,896,407 Ref Ref
No 66,818 1.42 (1.25-1.61) 1.26 (1.11-1.43)

Age
45-49 177,671 0.83 (0.73-0.94) 0.83 (0.73-0.95)
50-54 467,619 Ref Ref
55-59 558,354 1.27 (1.18-1.38) 1.30 (1.20-1.42)
60-64 514,556 1.55 (1.43-1.68) 1.62 (1.49-1.77)
65-70 245,025 1.78 (1.63-1.95) 1.84 (1.67-2.03)

HRT
No 1,743,323 Ref Ref
Yes 219,902 0.93 (0.86-1.02) 0.96 (0.88-1.04)

Menopausal status
Menopausal 1,656,585 Ref Ref
Premenopausal 306,64 0.71 (0.65-0.77) 0.92 (0.83-1.02)

First-degree family 
history of breast cancer

No 1,817,823 Ref Ref
Yes 145,402 1.69 (1.56-1.84) 1.65 (1.52-1.79)

Previous invasive 
procedures

No 1,826,679 Ref Ref
Yes 136,546 1.38 (1.26-1.51) 1.24 (1.13-1.35)

95% CI= 95% confidence interval.
†Multivariate analysis adjusted by the women's screening number, screening period, and radiology unit (random effect).
‡At least one false-positive result in any previous screening round;
- Never: women who have never experienced a false-positive result
- Non-invasive: the first false-positive is consequence of a non-invasive procedure
- Invasive: the first false-positive is consequence of an invasive procedure
HRT: Hormone replacement therapy use at the time of the mammography or in the previous 6 months.

Table 2. Analysis to evaluate the association between experiencing a previous FP (non-invasive or invasive) and the
cancer detection risk stratified by presence of first-degree familial history of breast cancer.

†At least one false-positive result in some of the previous screening rounds;
- Never: women who have never experienced a false-positive result
- Non-invasive: the first false-positive is consequence of a non-invasive procedure
- Invasive: the first false-positive is consequence of an invasive procedure
§Multivariate regression model adjusted by women's screening number, screening period, radiology unit (random effect), attended previous invitation, age group, HRT use, menopausal
status, previous invasive procedures

Women with first-degree family Women without first-degree family
history of breast cancer history of breast cancer

False positive † Total Cancer OR (95% CI) Total Cancer OR (95% CI)
(N) (N) Adjusted § (N) (N) Adjusted §

Never 119,782 478 Ref 1,543,621 3,778 Ref
Non-invasive 23,859 170 1.82 (1.51-2.18) 254,154 1,091 1.81 (1.69-1.95)
Invasive 17,961 33 4.64 (3.23-6.66) 20,048 120 2.41 (2.00-2.89)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /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 true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFc5c5bb34c6a90020bb38c11cb97c0020ac80d1a0d558ace00020c778c1c4d558b2940020b3700020c801d569d55c00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c9002540875284e8e55464e1a65876863ff0c53ef4ee553ef9760573067e5770b548c6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef69069752865bc6aa28996548c521753705546696d65874ef63002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [2551.181 3118.110]
>> setpagedevice


