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Antiphopholipid Antibodies and
Functional Activated Protein C Resistance
in Patients With Breast Cancer During
Anthracycline-Based Chemotherapy
Administered Through an Intravenous
Port-Catheter Device
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Venous thromboembolic events (VTEs) are life-threatening

complications in patients with cancer and remain the second

most common cause of death in hospitalized patients with can-

cer, after death from cancer itself.1 Patients with breast cancer,

however, are considered to be at relatively low risk of develop-

ing VTE.2 In a cohort of 108 255 patients with breast cancer,

the 1- and 2-year cumulative incidence of VTE was estimated

to be 0.9% and 1.2%, respectively.3 Both chemotherapy in gen-

eral and the agent used in particular were found to increase the

risk of developing VTE. A systematic screening for thrombosis

during anthracycline-based regimens in adjuvant settings

revealed a higher VTE (10%)4 rate when compared to the con-

ventional cyclophosphamide methotrexate fluorouracil therapy

(5.4%).5 The route of application of chemotherapeutic agents

represents another high risk factor for the development of VTE.

Catheter-related thrombosis (CRT) involves 70% to 80% of all

upper extremity thrombotic events and represents about 10% of

all cases of VTE in patients with cancer receiving chemother-

apy.6 The role of acquired thrombophilia such as the induction

of antiphospholipid antibodies (aPL-abs) and lupus anticoagu-

lant (LAC) in the pathogenesis of VTE in patients with breast

cancer has been reported but is still a matter of debate.

In a prospective, case-controlled study, we assessed the rate of

symptomatic VTE in primary nonmetastatic, patients with breast

cancer who received adjuvant anthracycline-based chemotherapy

regimens postoperatively via an intravenous port-catheter device

(Hickman port, Celsite1 Access Port venous low-profile compo-

site access ports with titanium chamber, Braun Melsungen AG,

Germany). The standard combination administered every 3

weeks and for 6-treatment cycles was as follows: cyclophospha-

mide 500 mg/m2, doxorubicin/epirubicin 15 mg/m2, and flurour-

acil 1000 mg/m.2 Prior to primary surgery and each of the 6 cycles

of chemotherapy, laboratory tests for anticardiolipin antibodies

(aCL-ab; immunoglobulin [Ig] G-, IgM-enzyme-linked immuno-

sorbent assay [ELISA] >15 U/mL), LAC (partial thromboplastin

time ratio > 1.2), resistance to activated protein C (APC, Coatest;

Chromogenix, Mölndal, Sweden; APC ratio < 2.0), and D-dimer

(ELISA > 500 mg/L) were performed. None of the patients

received anticoagulants unless thrombosis was confirmed. Con-

comitantly, clinical signs for thrombosis were assessed, namely,

increasing girth, marked edema, vague pain, and redness in the

corresponding upper limb. The collected data were tabulated and

analyzed using PSPP-project version 0.7.9, released February

2012.

Over a period of 1.5 years, 42 patients with breast cancer

(age: 60.6 + 7.5 years) were recruited; 49 age-matched healthy

women served as controls (age: 59.0 + 11.2 years; P ¼ .41).

In the study period, 7.2% of the patients with breast cancer

(n ¼ 3) developed symptomatic VTE, which were all localized

in the subclavian vein at the side of the port-catheter. All of

them occurred after the first chemotherapy cycle and were pro-

ven by contrast phlebography. Low-molecular-weight heparin

at therapeutic dose was initiated and continued until removal

of the device after the sixth cycle of chemotherapy. Sympto-

matic thrombosis of the pelvic veins, lower extremities, or in

other regions was not detected in any of the patients during the
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study period. Test results for aCL-ab (Figure 1A and B) and

LAC were negative in all of the patients, prior to surgery, prior

to the start of chemotherapy, and prior to each cycle of

chemotherapy. In one of the controls, however, aCL-ab was

elevated, but her medical history was uneventful, and there

were no clinical signs of thrombosis.

Mean D-dimer concentrations in patients with breast cancer

prior to surgery were elevated (but not above the cutoff level) com-

pared to the concentrations of the healthy volunteers (102+187 vs

37 + 21 mg/L; P < .001); however, in 1 patient the D-dimer level

crossed the cutoff of 500 mg/L (970 mg/L) prior to chemotherapy

and remained high (930 mg/L) throughout the follow-up without

evidence of thrombosis. During chemotherapy, mean D-dimer con-

centrations remained unchanged in all of the patients. We noted

elevated D-dimer concentrations up to 620 and 760 mg/L, respec-

tively, in only 2 patients, without evidence of thrombosis.

None of the patients included in the present study had

elevated aPL-absat the time of primary diagnosis of breast,

and we did not detect any increase in aCL-ab or LAC con-

centrations in the follow-up during the chemotherapy cycles.

We therefore assume that the induction of aCL-ab or LAC—in

the sense of an acquired thrombophilia—is an infrequent phe-

nomenon in patients with breast cancer receiving standard

anthracycline-based chemotherapy.

The 7.2% incidence of CRT in our cohort is comparable to

that described in 1 study6 but contrary to others.7,8 Zuckerman

et al reported that 22% of the patients presenting with malignan-

cies in their cohort showed elevated aCL-ab concentrations,

compared with 3% in the control group without malignancies.

Moreover, the aCL-ab-positive patients had a significantly

higher rate of VTE than aCL-ab-negative patients. Interestingly,

the levels of aCL-ab decreased after successful treatment in 4

patients who remained free of thrombotic events thereafter.7

In a systematic review, Gómez-Puerta et al concluded that the

increase in aCL-ab occurs in a wide range of different malignan-

cies and that they decrease in more than one-third of the patients

after cancer treatment.8 The APC resistance, either acquired or

inherited (factor V Leiden mutation), was also incriminated as

a possible cause of VTE in patients with cancer. Haim et al found

that the prevalence of acquired functional APC resistance was

significantly higher in patients with cancer who developed VTE.

They concluded that resistance to APC is a risk factor for VTE

and that acquired functional APC resistance is a common find-

ing in patients with cancer having venous thromboembolism

while the factor V Leiden mutation was unusual.9 These results

are contradictory to our findings. We observed that none of our

patients developed symptomatic VTE elsewhere apart from

CRT, and this made us to believe that most likely the mechan-

isms inducing CRT are different from those causing pelvic or

lower extremities thrombosis; therefore, the coagulation tests

as used in this study may be inappropriate to predict CRT.

Nijziel et al reported an increased resistance to APC in

56 patients with node-positive breast cancer 1 year or more

after chemotherapy in comparison with 28 healthy control par-

ticipants.10 In our cohort, we could not find any elevation in

APC resistance before and during chemotherapy both in

patients affected with VTE and those who were not. It is worth

mentioning that no other breast cancer study relating to the

course of functional acquired thrombophilia (APC resistance

and aPL-ab) during chemotherapy considering the develop-

ment of VTE has been published yet.

From our results and through comparing them to the pub-

lished relevant literature, we conclude that an increase in

aCL-ab, LAC, hence antiphospholipid syndrome, and functional

resistance to APC as well are infrequent events in patients with

breast cancer receiving adjuvant anthracycline-containing

Figure 1. A, Box plot showing the aCL-ab IgG levels before the breast operation and before each of the treatment cycles. Dots: outliers. B, A
box plot showing the aCL-ab IgM levels before the breast operation and before each of the treatment cycles. Dots: outliers. aCL-ab indicates
anticardiolipin antibody; Ig, immunoglobulin.
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chemotherapy combination, even in those patients who devel-

oped port-catheter thrombosis.
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8. Gómez-Puerta JA, Cervera R, Espinosa G, et al. Antiphospholipid

antibodies associated with malignancies: clinical and pathological

characteristics of 120 patients. Semin Arthritis Rheum. 2006;

35(5):322-332.

9. Haim N, Lanir N, Hoffman R, Haim A, Tsalik M, Brenner B.

Acquired activated protein C resistance is common in cancer

patients and is associated with venous thromboembolism. Am J

Med. 2001;110(2):91-96.

10. Nijziel MR, van Oerle R, Christella M, et al. Acquired resistance

to activated protein C in breast cancer patients. Br J Haematol.

2003;120(1):117-122.

340 Clinical and Applied Thrombosis/Hemostasis 20(3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


