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Supplementary Material 
 

Supplemental Methods 

Study subjects and data collection 

All consecutive patients who visited the emergency department (ED) of The University of 

Texas MD Anderson Cancer Center, Houston, Texas, between January 1, 2009, and 

December 31, 2012, with a laboratory request for measurements of D-dimer were 

identified by querying billing and laboratory databases. Exclusion criteria were 1) non-

cancer patients, 2) lost to follow-up before determining the presence or absence of VTE, 

3) incomplete data, and 4) duplicate cases (e.g., multiple D-dimer measurements within 

two days of the diagnostic imaging). Patients lacking appropriate diagnostic imaging 

studies (upper or lower extremity Doppler ultrasound, chest computed tomography with 

contrast, or ventilation/perfusion (V/Q) scans) within 2 days of the visit and those who had 

arterial thrombosis were also not included in the analysis. 

Potential study subjects were identified using an electronic medical record system. 

Patient demographic, clinical, and laboratory data, including D-dimer levels were 

collected. D-dimer is on the diagnostic panels for the evaluation of chest pain, shortness 

of breath or limb swelling. The majority of the ED patients had D-dimer ordered for the 

evaluation of these symptoms. The presence or absence of VTE was determined by 

reviewing the imaging reports by investigators not aware of the D-dimer results. 

Questionable imaging results were further reviewed by a board-certified thoracic 

radiologist and classified as either positive or negative. VTE was defined as venous 

thromboembolism excluding superficial venous thrombosis and thrombophlebitis with 

evidence from imaging studies. This includes pulmonary embolism (PE) as evidenced by 



at least one PE identified anywhere in the pulmonary arterial system on CT scan or a 

high-probability V/Q scan. Lower limb deep vein thrombosis (LL-DVT) is considered 

positive if proximal or distal venous thrombus was identified in the lower limb, and “other 

VTE” includes upper limb DVT, inferior vena cava thrombosis … etc.). 

To validate the results, we analyzed data from a second cohort of patients who 

presented to the emergency department of King Hussein Cancer Center, Amman, Jordan, 

between January 1, 2009, and December 31, 2015. Our collaborators at the King Hussain 

Cancer Center used a similar work flow. Institutional Review Boards of MD Anderson and 

King Hussein Cancer Center approved the study and granted waivers of informed 

consent. 

 

Sample size 

We estimated the minimum sample size required based on the prevalence of VTE in 

cancer patients presented to the ED and 0.90 as the lowest tolerable sensitivity for D-

dimer in excluding VTE. To detect a sensitivity of 0.96 with a power of 0.80 and a 

significance level of 0.05, at least 106 patients in each cancer type were needed. 

Therefore, our final sample size of 5238 was needed such that there were >106 patients 

for the top 10 cancer types presented to the ED. 

 

D-dimer analysis  

D-dimer for all patients in the MD Anderson cohort was detected using the Liatest(r) D-Di 

immuno-turbidimetric assay (Diagnostica Stago). For patients in the King Hussain cohort, 

D-dimer was detected using Liatest(r) D-Di Plus immunoassay (Diagnostica Stago). Both 



assays have a 0.5 µg/mL cutoff value and a range of 0.27-20 µg/mL. D-dimer levels were 

analyzed for each cancer type to determine the difference in mean D-dimer levels 

between VTE and non-VTE groups. The sensitivity, specificity, NPV, and positive 

predictive value (PPV) of D-dimer for a range of D-dimer values were determined for each 

cancer type, and cancer types with similar results were grouped together. Receiver 

operating characteristic (ROC) analysis of each group was performed, and the area under 

the curve (AUC) was calculated. These AUC values were compared with each other. The 

Delong test was used to evaluate the statistical significance of differences between ROC 

curves. A two-tailed P value of <0.05 was considered statistically significant.   

 

Analysis of different D-dimer cutoff point determination methods 

The performance of the current conventional cutoff point (0.5 µg/mL) specified by most of 

the commercially available D-dimer assays, the age-adjusted cutoff point, and the 

seventy-fifth percentile level of the study population as a cutoff point were analyzed for 

their usefulness in detecting VTE. The sensitivity, specificity, NPV, and the PPV of each 

method was calculated and compared for different cancer groups. The McNemar test and 

generalized score statistic test were used to evaluate the statistical significance of 

differences between the sensitivity and NPV for each method. 

All statistical analyses were performed using R software (version 3.4.1, The R 

Foundation, http://www.r-project.org). 

  



Supplemental Figures 

Supplemental Figure S1: Flow chart of exclusion criteria for the MD Anderson and King 

Hussein cohorts. VTE, venous thromboembolism; LL-DVT, lower limb deep venous 

thrombosis. 



Supplemental Figure S2: Sensitivity, specificity, negative predictive value (NPV), and 

positive predictive value (PPV) of D-dimer for each cancer type. Low-prevalence solid 

cancers were grouped into a miscellaneous category of “other solid cancer types.” 



Supplemental Figure S3: Receiver operating characteristic curve analysis of D-dimer for 

the prediction of venous thromboembolism in all solid cancers, multiple myeloma, 

leukemia, and lymphoma. AUC, area under the curve. 


	Supplemental Methods
	All consecutive patients who visited the emergency department (ED) of The University of Texas MD Anderson Cancer Center, Houston, Texas, between January 1, 2009, and December 31, 2012, with a laboratory request for measurements of D-dimer were identified by querying billing and laboratory databases. Exclusion criteria were 1) non-cancer patients, 2) lost to follow-up before determining the presence or absence of VTE, 3) incomplete data, and 4) duplicate cases (e.g., multiple D-dimer measurements within two days of the diagnostic imaging). Patients lacking appropriate diagnostic imaging studies (upper or lower extremity Doppler ultrasound, chest computed tomography with contrast, or ventilation/perfusion (V/Q) scans) within 2 days of the visit and those who had arterial thrombosis were also not included in the analysis.
	Potential study subjects were identified using an electronic medical record system. Patient demographic, clinical, and laboratory data, including D-dimer levels were collected. D-dimer is on the diagnostic panels for the evaluation of chest pain, shortness of breath or limb swelling. The majority of the ED patients had D-dimer ordered for the evaluation of these symptoms. The presence or absence of VTE was determined by reviewing the imaging reports by investigators not aware of the D-dimer results. Questionable imaging results were further reviewed by a board-certified thoracic radiologist and classified as either positive or negative. VTE was defined as venous thromboembolism excluding superficial venous thrombosis and thrombophlebitis with evidence from imaging studies. This includes pulmonary embolism (PE) as evidenced by at least one PE identified anywhere in the pulmonary arterial system on CT scan or a high-probability V/Q scan. Lower limb deep vein thrombosis (LL-DVT) is considered positive if proximal or distal venous thrombus was identified in the lower limb, and “other VTE” includes upper limb DVT, inferior vena cava thrombosis … etc.).
	To validate the results, we analyzed data from a second cohort of patients who presented to the emergency department of King Hussein Cancer Center, Amman, Jordan, between January 1, 2009, and December 31, 2015. Our collaborators at the King Hussain Cancer Center used a similar work flow. Institutional Review Boards of MD Anderson and King Hussein Cancer Center approved the study and granted waivers of informed consent.


<<

  /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 300

  /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



  /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





