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CASE 
     The patient is a 75 year-old female with a history of stage 1 
invasive ductal carcinoma of the left breast measuring 1.2 cm.  
Core biopsy of the mass demonstrated Nottingham grade 3 
invasive ductal carcinoma; ER negative, PR negative, HER-2 
negative (1+).  The patient underwent mastectomy in April 2013.  
Mastectomy confirmed Nottingham grade 3 invasive ductal 
carcinoma pT1c/pN0/pMX with peritumoral lymphovascular 
invasion and invasive tumor less than 1 mm from the 
superoanterior margin.  Due to comorbidities the patient was not 
considered a candidate for adjuvant chemotherapy. 
     In January 2014 the patient presented with a mastectomy site 
recurrence. Needle core biopsy confirmed recurrent Nottingham 
grade 3 ductal carcinoma with papillary differentiation.  ER and PR 
remained negative.  However, HER-2 immunohistochemistry 
showed clear intratumoral heterogeneity. The percentage of total 
tumor that the positive subclone represented was approximately 
1%. The biopsy was vacuum-assisted, generous, and consisted 
essentially entirely of invasive carcinoma without an in situ 
component.   

BACKGROUND 
     HER-2/neu (c-erbB-2) is a proto-oncogene located on 
chromosome 17 (17q12-21.32) that codes for a 185-kDa 
transmembrane protein of the epidermal growth factor receptor 
family of tyrosine kinases. Overexpression of HER-2 is present in 
around 25% of breast cancers.  It promotes cell growth and division 
and is associated with increased disease recurrence and poor 
prognosis.  Herceptin and related drugs are monoclonal antibodies 
that bind to the extracellular domain of the receptor altering its 
expression and effects by various mechanisms. When Herceptin 
was developed it was generally accepted that tumors either 
demonstrated HER-2 amplification or they did not.  It was during 
the continuing evolution in methodologies for assessing HER-2 
status that the issue of tumor heterogeneity arose.  

CURRENT ASCO/CAP GUIDELINES 

-  IHC: 10% complete circumferential membrane staining (3+)  

-  ISH (dual probe): HER-2:CEP17 ratio ≥ 2  

-  ISH (single probe): average HER-2 copy number ≥ 6/nucleus 

DISCUSSION 
     Most breast cancer cases are uniform in their expression and 
amplification of HER-2.  Intratumoral heterogeneity  has been 
estimated to occur in 5-30% of HER-2 positive breast cancer cases.  
Recent papers suggest it may be even more frequent, and that a 
subset of these may benefit from HER-2 targeted therapy. This 
begs the question of why a certain tumor, such as that presented in 
this case, would be considered negative and ineligible for Herceptin 
therapy despite containing HER-2 positive cells. In analyzing the 
ASCO/CAP guidelines and modalities of determining HER-2 
positivity (IHC and ISH), we discovered certain inconsistencies 
which demonstrate that neither technique is yet definitive.  
     The HER-2:CEP17 ratio method for accounting for chromosome 
17 polysomy was largely implemented before the extreme rarity of 
this condition in breast cancer was appreciated. In cases where 
ISH is conducted alone, tumors with ratios less than 2 may be the 
ruled as negative due to CEP17 co-amplification with HER-2. 
Additionally, traditional fluorescent in situ hybridization techniques  

QUESTIONS FOR FURTHER STUDY 

CONCLUSIONS 

REFERENCES 

On low magnification the 
HER-2 IHC studies 
conducted on the core 
biopsy of the mastectomy 
site recurrence show a 
largely HER-2 negative 
tumor (score: 0/1+) with 
small islands of positive 
cells highlighted. 

On higher magnification,  
it is evident that the focal 
proliferations of HER-2 
positive cells are strongly 
stained on IHC (score: 3+).  

In situ hybridization of the 
IHC positive subclones 
confirmed HER-2 
amplification (ISH amplified 
areas shown on left,  
non-amplified on right) 

HER-2 tumor heterogeneity is increasingly recognized as an 
unresolved issue in breast cancer that poses significant diagnostic 
and therapeutic challenges. Our understanding of the process is 
incomplete but continued work in this area holds promise not only 
for more effective personalization of therapy, but for increasing our 
understanding of tumor evolution in general. 

•  Do treatment guidelines for Herceptin initiation need to be 
altered in order to better account for patients with HER-2 
heterogeneity? 

•  Is treatment without Herceptin a selective pressure for HER-2 
proliferation in a heterogeneous tumor? 

•  Are there identifiable characteristics or markers which indicate 
an increased likelihood of tumor evolution from HER-2 negativity 
to positivity? 

•  Should HER-2 be re-assessed in biopsy-negative excision 
specimens to more thoroughly search for heterogeneous 
subpopulations? 

•  Would the more inclusive guidelines for HER-2 heterogeneous 
gastric tumors be applicable in certain cases of breast cancer? 

allow for good HER-2 signal discrimination but suffer from poor 
visualization of the cells themselves, thus making it difficult to 
discern tumor from non-tumor when counting amplified cells. ISH 
also requires high magnification (600x -1000x) which makes 
assessment of heterogeneity within an entire tumor prohibitively 
demanding and time consuming. The major limitation of IHC is that 
some tumors fall into the equivocal 2+ category and are 
indeterminate without reflex ISH testing. The 10% cutoff in the 
ASCO/CAP guidelines is similar to that used in most studies with 
Herceptins, so little is known about the efficacy of monoclonal 
antibody treatment against tumors with smaller HER-2 amplified 
populations.  

•  Antonio C. Wolff, M. Elizabeth H. Hammond, Jared N. Schwartz, et al. American Society of Clinical Oncology/College of American Pathologists 
Guideline Recommendations for Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer. JCO January 20, 2006:118-145; published 
online on December 11, 2006 

•  Chun Hing Tse, Harry C Hwang, Lynn C Goldstein, Patricia L Kandalaft, Jesse C Wiley, Steven J Kussick, and Allen M Gown. (2011). Determining true 
HER2 gene status in breast cancers with polysomy by using alternative chromosome 17 reference genes: implications for anti-HER2 targeted 
therapy. Journal of clinical oncology  : official journal of the American Society of Clinical Oncology. doi:10.1200/JCO.2011.36.0107 

•  Hyesil Seol, Hyun Ju Lee, Yoomi Choi, Hee Eun Lee, Yu Jung Kim, Jee Hyun Kim, Eunyoung Kang, et al. (2012). Intratumoral heterogeneity of HER2 
gene amplification in breast cancer: its clinicopathological significance. Modern Pathology. doi:10.1038/modpathol.2012.36 

•  Bang YJ, Van Cutsem E, Feyereislova A, et al. Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-
positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet 2010;376:687–697 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


