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● Polycythemia vera (PV) is a Ph-negative myeloproliferative 
neoplasm (MPN) characterized by clonal proliferation of 
hematopoietic progenitor cells leading to elevated peripheral 
blood count1,2

● Patients with PV have an increased risk of thrombotic 
events (TEs)3

– Advanced age and a history of TEs are the components 
of the conventional risk model used to determine 
thrombosis risk and treatment strategy3

● Although the association between TEs and elevated 
hematocrit (HCT) levels is established,4-9 the association 
between TEs and white blood cell (WBC) or platelet (PLT) 
counts has not been assessed in a consistent manner

● The large, real-world, pRospective ObsErvational Study of 
Patients with Polycythemia VEra in US ClinicAL Practices 
(REVEAL; NCT02252159) is following patients with PV 
treated in both community and academic practices10

Study Design and Patients
● REVEAL is a multicenter, noninterventional, prospective 

observational study in patients with PV enrolled from US 
community practices and academic centers (Table 1)

● This analysis of REVEAL, representing the largest real-world cohort of patients with PV 
to date, demonstrated significant associations individually between elevated HCT levels, 
elevated WBC counts, and elevated PLT counts and increased TE risk

● Elevated WBC count (>12×109/L) is significantly associated with increased risk of TE 
when HCT level is controlled, indicating that TE risk may be reduced by controlling WBC 
count as well as HCT levels

● These data provide evidence to support incorporation of blood count values into risk 
stratification and treatment strategies for patients with PV in clinical practice, thus 
moving beyond the conventional risk model

● Further studies to understand the causal relationship between elevated blood counts 
and TEs are warranted
– Additional analyses of REVEAL are ongoing to understand the relationship between 

TE risk and isolated WBC elevation, as well as time-dependent risk with elevated 
blood counts 
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Table 1. Key Patient Eligibility Criteria

Inclusion 
Criteria

• ≥18 years of age
• Clinical diagnosis of PV per physician judgment
• Under physician supervision for management of PV

Exclusion 
Criteria

• Life expectancy <6 months
• History of/planning to undergo allogeneic hematopoietic cell 

transplantation
• Splenectomy

PV, polycythemia vera. 

● To evaluate the association between elevated blood counts 
and occurrence of TEs in patients with PV using data from 
the REVEAL study

Objective

Figure 1. Association Between Blood Count and TEs (Main Thresholds)

Significant values are indicated in blue font. Treatment and categorical blood counts were included as time-dependent covariates in the models. Other treatments include ruxolitinib, anagrelide, interferon, busulfan, 
and chlorambucil. 
CI, confidence interval; F, female; HCT, hematocrit; HR, hazard ratio; HU, hydroxyurea; M, male; N, no; PLT, platelet; TE, thrombotic event; WBC, white blood cell; Y, yes.

● Data collection timepoints included at diagnosis, a 6-month 
period before, and during follow-up after enrollment (up to 
3 years from last patient enrollment)
– Data were collected between July 2014 and August 2019

● Patients included in this analysis were required to have 
≥3 laboratory values (blood counts) in the post-enrollment
period

● Patients were excluded if they had a post-enrollment TE but 
did not have a laboratory value <6 months before that TE

Patient Characteristics
● Of 2510 patients enrolled, 2271 were included in this 

analysis (77.9% high-risk and 22.1% low-risk) (Table 2)
– Median age was 67 years (range, 22-95) and 1229 

(54.1%) were male
– Median disease duration was 4.1 years (range, 0-56.3)
– 456 patients (20.1%) had a TE history
– Approximately one-half of patients were on cytoreductive 

therapy with hydroxyurea

Post-enrollment Thrombotic Events
● Among all 2271 patients enrolled, 106 (4.7%) had TEs 

(Table 3)
– 30 arterial TEs; 76 venous TEs 

● Among the 456 patients with a previous TE, 38 (8.3%) 
experienced a TE during follow-up
– 10 arterial TEs; 28 venous TEs

Results

Table 2. Baseline Demographics
Variable All Patients (N=2271)

Age, median (range), years
<60 y, n (%) 
≥60 y, n (%)

67 (22-95)
621 (27.3) 
1650 (72.7)

Male, n (%) 1229 (54.1)

Disease duration, median (range), years 4.1 (0.0-56.3)

History of thrombosis, n (%) 456 (20.1)

Risk status,* n (%)
Low 
High

503 (22.1)
1768 (77.9)

Cytoreductive therapy, n (%)
None
Hydroxyurea
Other†

920 (40.5)
1194 (52.6)
182 (8.0)

HCT status, n (%)
≤45%
>45%

1115 (52.5)
1008 (47.5)

WBC status, n (%)
WBC ≤11×109/L 
WBC >11×109/L

1457 (69.2)
648 (30.8)

Platelet count, n (%)
Platelets ≤400×109/L
Platelets >400×109/L

1335 (63.7)
762 (36.3)

*Risk status was assessed based on NCCN guidelines.15 †Other treatments: ruxolitinib (4.4%), anagrelide (2.2%), interferon (1.5%), 
busulfan (0.2%), and chlorambucil (0%).
HCT, hematocrit; NCCN, National Comprehensive Cancer Network; WBC, white blood cell.

Table 3. Post-enrollment Thrombotic Events
Thrombotic Event, n (%) All Patients (N=2271)

Any 106 (4.7)

Arterial 30 (1.3)

Acute myocardial infarction 5 (0.2)

Peripheral artery thrombosis 2 (0.1)

Transient ischemic attack 15 (0.7)

Other* 8 (0.4)

Venous 76 (3.3)

Cerebrovascular accident 2 (0.1)

Deep vein thrombosis 37 (1.6)

Intracranial venous sinus thrombosis 3 (0.1)

Pulmonary embolism 14 (0.6)

Splenic vein thrombosis 2 (0.1)

Thrombophlebitis superficial 10 (0.4)

Other† 8 (0.4)
*Other arterial events include abdominal wall hematoma, acute coronary syndrome, amaurosis fugax, arterial thrombosis, atrial
thrombosis, cerebrovascular accident, international normalized ratio increased, and pulmonary embolism (each, n=1). †Other venous 
events include aortic thrombosis, arterial thrombosis, colitis ischemic, coronary artery thrombosis, hematoma, portal vein thrombosis, 
retinal vein thrombosis, and thrombosis in device (each, n=1).

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Analysis HR (95% CI) P Value

Association between elevated HCT and TEs
Age, y 1.03 (1.010-1.046) 0.0026
Male sex (M vs F) 0.54 (0.362-0.799) 0.0021
Disease duration, y 0.98 (0.952-1.017) 0.3438
History of TE (Y vs N) 2.49 (1.667-3.717) <0.0001
Treatment (HU vs none) 0.95 (0.626-1.435) 0.8004
Treatment (any other vs none) 0.78 (0.390-1.577) 0.4951
HCT (>45% vs ≤45%) 1.84 (1.234-2.749) 0.0028

Association between elevated WBC count and TEs
Age, y 1.02 (1.007-1.042) 0.0068
Male sex (M vs F) 0.58 (0.393-0.858) 0.0063
Disease duration, y 0.98 (0.947-1.014) 0.2488
History of TE (Y vs N) 2.42 (1.623-3.619) <0.0001
Treatment (HU vs none) 0.98 (0.651-1.486) 0.9386
Treatment (any other vs none) 0.67 (0.335-1.325) 0.2468
WBC (>11 vs ≤11×109/L) 2.35 (1.598-3.465) <0.0001

Association between elevated PLT count (>400×109/L)
and TEs

Age, y 1.03 (1.010-1.046) 0.0022
Male sex (M vs F) 0.62 (0.416-0.914) 0.0162
Disease duration, y 0.99 (0.953-1.019) 0.3901
History of TE (Y vs N) 2.45 (1.640-3.654) <0.0001
Treatment (HU vs none) 0.87 (0.580-1.319) 0.5223
Treatment (any other vs none) 0.66 (0.334-1.324) 0.2456
PLT (>400 vs ≤400×109/L) 1.60 (1.088-2.359) 0.0170

Figure 2. Association Between Blood Count and TEs (Alternative Thresholds)

Significant values are indicated in blue font. Categorical blood counts were included as time-dependent covariates in the models. 
CI, confidence interval; HR, hazard ratio; PLT, platelet; TE, thrombotic event; WBC, white blood cell.

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Analysis HR (95% CI) P Value

Association between elevated WBC count and TEs 
(4 WBC levels: <7, ≥7 to <8.5, ≥8.5 to <11, and ≥11×109/L)

WBC (≥7 to <8.5 vs <7×109/L) 1.01 (0.504-2.022) 0.9778
WBC (≤8.5 to <11 vs <7×109/L) 1.40 (0.760-2.595) 0.2790
WBC (≥11 vs <7×109/L) 2.61 (1.594-4.262) 0.0001

Association between elevated PLT count (>600×109/L)
and TEs 1.37 (0.763-2.468) 0.2913

Figure 3. Association Between Elevated WBC Count and TEs at HCT Levels ≤45% (WBC >11 and >12×109/L)

The model included WBC, HCT, and the interaction term for WBC and HCT; the association between WBC elevation (>11 and >12 × 109/L) and TEs was tested using separate models.  
Significant values are indicated in blue font. Categorical blood counts were included as time-dependent covariates in the models.
CI, confidence interval; HCT, hematocrit; HR, hazard ratio; TE, thrombotic event; WBC, white blood cell.

● Elevated WBC count (>12×109/L) is significantly associated with increased risk of TE when HCT 
is controlled at ≤45% (Figure 3)
– Trends in associations between other covariates and TEs in this analysis (ie, age, male sex, 

disease duration, TE, and treatment history; not shown) were the same as shown previously 
for the main and alternative thresholds

HR (95% CI)

HR (95% CI)

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Analysis HR (95% CI) P Value
Association between elevated WBC and TEs at 
HCT ≤45% (WBC ≤11×109/L vs >11×109/L)

WBC >11×109/L vs WBC ≤11×109/L 2.57 (1.559-4.248) 0.0002
HCT >45% vs HCT ≤45% 2.01 (1.152-3.521) 0.0140
WBC >11×109/L vs WBC ≤11×109/L at HCT ≤45% 1.81 (0.993-3.301) 0.0526

Association between elevated WBC and TEs at 
HCT ≤45% (WBC ≤12×109/L vs >12×109/L)

WBC >12×109/L vs WBC ≤12×109/L 2.35 (1.410-3.925) 0.0011
HCT >45% vs HCT ≤45% 1.85 (1.092-3.148) 0.0222
WBC >12×109/L vs WBC ≤12×109/L at HCT ≤45% 1.95 (1.066-3.554) 0.0300

HR (95% CI)

Associations Between Blood Count and TEs
● Significant associations were identified between blood counts and TEs based on the main 

thresholds of hematocrit >45%, WBC count >11×109/L or PLT count >400×109/L (Figure 1) 

Model
● The association between blood count levels and TEs was 

assessed using a time-dependent covariate Cox 
proportional hazards model

● Time to first post-enrollment TE was modeled with follow-up 
time censored at last known visit for patients without a TE

Covariates
● Each laboratory parameter was individually modeled with 

sex, age, disease duration, and TE history at enrollment
included as baseline covariates and treatment (hydroxyurea, 
other PV treatment) as a time-dependent covariate

● Blood counts at the last laboratory test prior to TE or end of 
follow-up were included as binary time-dependent 
covariates using the following thresholds11,12 

– HCT >45%, WBC >11×109/L, PLT >400×109/L
● Linear interpolation was used to determine laboratory 

values between observed laboratory values 
● Alternative thresholds were also evaluated12-14

– WBC: <7×109/L, ≥7 to <8.5×109/L, ≥8.5 to <11×109/L, 
≥11×109/L 

– PLT: >600×109/L
● An analysis of the associations between WBC elevation 

(>11 and >12×109/L) and TEs at HCT ≤45% were also 
performed using separate interaction models to investigate 
if risk could be reduced by controlling WBC count alone

Statistical Analysis11-14

● Hazard ratios and P values were calculated from the Cox 
proportional hazards model

● All covariates were taken at baseline, except for WBC, PLT, 
and HCT, which were measured throughout the study

● P values <0.05 were considered statistically significant

● Of the alternative thresholds assessed, only WBC count ≥11×109/L versus <7×109/L was 
significantly associated with TE risk (Figure 2)
– Trends in associations between other covariates and TEs in this analysis (ie, age, male sex, 

disease duration, TE, and treatment history; not shown) were the same as shown previously 
for the main thresholds


	A Real-World Evaluation of the Association Between Elevated Blood Counts and Thrombotic Events in Polycythemia Vera: Analysis of Data From the REVEAL Study


<<

  /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 /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /sRGB

  /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 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 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /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 false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /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 false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.00000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly true

  /PDFXNoTrimBoxError false

  /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 /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on 'EPG UPLOAD'] [Based on 'EPG UPLOAD'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops\\0501\\051'] [Based on 'HighResolution_WithCrops'] [Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /HighResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 0

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /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

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



