NI 1
NOYIR ON

Karni T'

ASSAF HAROFEH
MEDICAL CENTER|

Background

The primary objective of breast conservation surgery is to achieve local control by removal of the tumor
with a rim of healthy tissue. Postoperatively, the gold standard for margin assessment is permanent
section histology. Since margin status is a prognostic factor for local recurrence and survival, positive
margins trigger a second surgical procedure. Had the knowledge of unsatisfactory margin status been
available intraoperatively, corrective measures such as additional tissue removal could have been taken
by the surgeon, possibly preventing the need for a second, corrective, re-excision procedure. Methods
available today (such as frozen section, ultrasound, specimen radiography) do not fully provide
intraoperative margin assessment. A margin assessment device, designed to be intraoperatively used by
surgeons was developed by Dune Medical Devices (Caesarea, Israel). The device is based on Radio
Frequency (RF) spectroscopy, includes a console and a sterile disposable probe, and is sensitive to the
presence of malignant tissue at the resected specimen surface, up to a depth of 1 mm. This study was
designed to assess the potential of the device for intraoperative detection of positive margins and the
subsequent minimization of postoperative positive margins.

Patients pre-diagnosed with carcinoma of the breast were enrolled. The device was applied to freshly
excised partial mastectomy specimens in the operating room. Surgeons were blinded to device output,
which was logged in the system but not displayed in real-time.

As breast surgeons usually orient partial mastectomy specimens relative to the body by margins (lateral,
medial, superior, inferior, superficial, and deep), and pathologists, likewise, report margin status by this
same convention, the study was designed to comply with this convention. The specimens were oriented by
the surgeon and placed in a transparent, thin, frame apparatus (Figure 1), uniquely defining the
boundaries of up to six margins. Each margin was sampled by the probe in multiple dime-like points,
yielding a positive or negative output for each point. Each measurement output was logged in the system
with its margin orientation, thus yielding a specific data set per margin. At the pathology lab, the specimen
was inked in 6 colors (one for each margin) according to the frame apparatus (Figure 2), followed by
removal of the frames. This procedure insured a well-defined correlation between the margin contour
measured by the device and the histological assessment of the same margin contour, which was identified
by the color visible on the slide. Gross handling and sectioning of the specimen were performed according
to the centers’ routine methods.
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Data analysis was based on comparison of device output per margin, as compiled from all points oriented

in that margin, to pathological margin data per each margin, as identified by its color. A margin was labeled

positive by the device if 22% or more points on that margin gave a positive outcome. A margin was
considered positive by histology if tumor cells were seen 1 mm or less from the inked surface.

To yield the final patient level output a two-step data analysis was performed: compilation of individual
point data to obtain per-margin positivity status, and compilation of all margin data per patient.

68 patients were enrolled in two medical centers from February 2005 through December 2005. Data from
57 patients was analyzed, while 11 patients did not meet the exclusion/inclusion criteria. Data was
analyzed per patient and per margin.

Per patient: 31 out of 57 patients were positive after
the initial excision. 9 of them were suspected as such
by the surgeon and were re-shaved intraoperatively.
The remaining 22 were positive in permanent
pathology, thus the positive outcome rate in this set
was 39%. In order to assess patient outcome, surgical
reaction had to be assumed. Accordingly, it was
assumed that any margin detected as positive would
have been reshaved and if three or more positive
margins were detected, the surgeon would have 1 o negative
reshaved all margins. Thus, assuming the above 2| atients
reaction, the device enabled intraoperative correction i
of margin status in 19 out of 22 positive patients,
yielding a potential reduced positive outcome rate of
only 5%. Figure 3 presents a flowchart of patient
outcome without vs. with device utilization. i
Thus, re-excision reduction potential was found to be: f
19/22=86%. Four out of twenty six (15%) pathology i
negative patients would have had excess tissue
removed in margins which were falsely detected as
positive.

]
‘Outcome without [k}
Device use '

[}

‘

= - =

P
Potential outcome [l

device use I
]

- s
Figure 3 : Patient outcome as observed without device use
vs. potential outcome with device use

Per-margin agreement with pathology : 314 margins
were evaluated from 57 patients, with overall ~3600 Device

measurement points. The average number of points Positive | Negative

which were sampled per margin is 11.5+8. Overall l Positive 30 12 42
margin classification performance (Table 1) is : Hi l Negati 88 184 272
Sensitivity = 0.71 (95% Cl: 0.55 - 0.84) and specificity e SRRl

=0.68 (95% Cl: 0.61 - 0.73). Confidence interval (Cl)
is 0.95.

Table 1 : Per-margin results for all patients
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Stratification of patients by margin status yields a per-margin specificity of 0.54(95% ClI: 0.445 - 0.63) for
pathology positive patients (Table 2), and 0.79(95% Cl: 0.71 - 0.85) for pathology negative patients (Table
3).

Device Device
Positive | Negative Positive | Negative
Hismlogy[ Positive | 30 12 42 Hismlogy[ Positive [ 0 []
[ Negative 57 67 124 [ Negative 31 117 148
87 79 166 31 117 148

Table 3 : Per-margin results
for pathology-negative patients

Table 2 : Per-margin results
for pathology-positive patients

Number of patients

Postoperative positive

outcome rate B2 )

Device positive patient detection 86% (19/22)

Postoperative potential positive

outcome rate with device use 5% (3/57)

Table 4 : Summary of results

Conclusions

The intraoperative surgical device used in this study has potential for drastic reduction of postoperative
positive margin rate in breast conservation surgery. The device is simple to use and allows, within a few
minutes, ample sampling and margin assessment of the oriented specimen. Surgical reaction to device
positive output will include additional shaving of the relevant margins.

Results indicate that while some additional margins will be unduly shaved due to false positive output, a
significant majority of positive device readings will occur in positive specimens. These cases can be
intraoperatively corrected and converted to the desired negative margin outcome. The device does not
preclude use of any other intraoperative or postoperative modality.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1000
  /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 300
  /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

  /SyntheticBoldness 1.000000
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1008.000 612.000]
>> setpagedevice


