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Key Points

• VTE recurrence risk in
patients with cancer can be
stratified by cancer type,
stage, stage progression, and
presence of leg paresis.

• Patients with cancer at high
VTE recurrence risk should
be considered for secondary
prophylaxis.

Active cancer is themajor predictor of venous thromboembolism (VTE) recurrence, but

further stratification of recurrence risk is uncertain. In a population-based cohort study of

all Olmsted County, Minnesota, residents with active cancer-related incident VTE during the

35-year period from1966 to 2000whosurvived 1dayor longer, we estimatedVTE recurrence,

bleeding on anticoagulant therapy, and survival and tested cancer and noncancer character-

istics and secondary prophylaxis as predictors of VTE recurrence and bleeding, using Cox

proportional hazardsmodeling.Of 477patients, 139developed recurrentVTEover thecourse

of 1533 person-years of follow-up. The adjusted 10-year cumulative VTE recurrence rate was

28.6%. The adjusted 90-day cumulative incidence of major bleeding on anticoagulation was

1.9%. Survival was significantly worse for patients with cancer who had recurrent VTE

(particularly pulmonary embolism) and with bleeding on anticoagulation. In a multivariable

model, brain, lung, and ovarian cancer; myeloproliferative or myelodysplastic disorders;

stage IV pancreatic cancer; other stage IV cancer; cancer stage progression; and leg paresis

were associatedwith an increased hazard, andwarfarin therapywas associatedwith a reduced hazard, of recurrent VTE. Recurrence rates

were significantly higher for cancer patients with 1 or more vs no predictors of recurrence, suggesting these predictors may be useful for

stratifying recurrence risk. (Blood. 2014;123(25):3972-3978)

Introduction

Active cancer is associated with a two- to ninefold increased risk for
recurrent venous thromboembolism (VTE).1-8 Moreover, the hazard of
death is increased threefold among patients with cancer who have
recurrent VTE, suggesting that prevention ofVTE recurrencemay be
important for long-term survival.9,10 However, patients with cancer
alsohave ahigh risk for anticoagulant-associatedmajor bleeding,2,5,11-14

such that secondary prophylaxis for all patients with active cancer
and incident VTE may be inappropriate. Independent predictors
of VTE recurrence among patients with cancer are uncertain15;
patient sex; brain cancer among women; lung, gastrointestinal,
and genitourinary cancer; myeloproliferative disorders; tumor stage;
adenocarcinoma; metastasis; and chemotherapy all have been
suggested as predictors of VTE recurrence,1,5,7,9,15-18 but no studies
have comprehensively tested all of these characteristics. To address
this important gap in knowledge, we conducted a population-based
historical cohort study of patients with active cancer and incident
VTE to estimate VTE recurrence, estimate bleeding while receiving
anticoagulation therapy, estimate survival after VTE recurrence and
bleeding, and test baseline cancer and noncancer characteristics and
secondary prophylaxis as potential predictors of VTE recurrence
and bleeding.

Methods

Study setting, design, and population

Using the resources of theRochester Epidemiology Project (see supplemental
Appendix, available on the Blood Web site),19 we identified the inception
cohort of all Olmsted County, Minnesota, residents with incident deep vein
thrombosis (DVT), pulmonary embolism (PE), and/or chronic thromboem-
bolic pulmonary hypertension (CTEPH) during the 35-year period from 1966
to 2000, as previously described.20,21 This study was confined to residents
with active cancer-associated incident VTE during this period, defined as
the presence of active cancer (see supplemental Appendix for definition of
active cancer) within 92 days before or after the incident VTE event date. We
followed each Olmsted County resident with incident VTE and active
cancer, conditional on surviving 1 day, forward in time from the onset of
incident VTE symptoms or signs to first DVT or PE recurrence (see
supplemental Appendix for definition of VTE recurrence), using the patient’s
complete (inpatient and outpatient) medical record while residing in the
community.8,22 For deceased patients, all autopsy reports and death
certificates were reviewed regardless of the location at death. The study was
approved by the Mayo Clinic and Olmsted Medical Center Institutional
ReviewBoards. The study was conducted in accordance with the Declaration
of Helsinki.
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Measurements

Using explicit criteria, trained and experienced nurse abstractors reviewed all
medical records in the community and collected data on date and type of
incident VTE, baseline characteristics (age at incident VTE, sex, body mass
index, hospitalization within the previous 3 months with or without surgery
[categorized as general, neurological, orthopedic, cardiac, or gynecologic
surgery], nursing home confinement, congestive heart failure, neurologic
disease with leg paresis), dates of heparin and warfarin initiation and
completion, inferior vena cava (IVC) filter placement, date and type of first
VTE recurrence, and vital status at last clinical contact, as previously
performed.1,8,22-24 Additional data were collected from the Mayo Clinic
Tumor Registry (continuously operational since 1972) and from medical
records on the date of diagnosis of active cancer, tumor site, tumor stage,
tumor-node-metastasis classification and grade of cancer at the time of cancer
diagnosis; presence of histology-proven biopsy; presence of venous invasion
by cancer, lymph node involvement, and metastasis to liver and/or bone;
tamoxifen therapy and chemotherapy (cytotoxic or immunosuppressive therapy
for malignancy). For cancers without stage or grade, the study oncologists
assigned stage and grade, where possible, on the basis of medical record
review and knowledge of the cancer type or site (see supplemental Appendix
for methods of assigning stage and grade). Cancer characteristics were
recorded as present only if documentedwithin the 3months before or after the
incident VTE event, and chemotherapy or radiotherapy characteristics were
recorded as present if documented within the 3 months before the incident
VTE event. All other cancer characteristics were recorded as present if doc-
umented any time before the incident VTE event. The study oncologists also
restaged the cancer or cancers at the time of the incidentVTE.All cancer stage
assignments were adjudicated by the study oncologists and based on American
Joint Committee on Cancer staging guidelines (sixth edition).25 Data also were
collectedonmajor andminorbleeding (see supplementalAppendix for definitions
of major and minor bleeding) while receiving anticoagulation therapy.

Statistical analysis

In an initial analysis of all Olmsted County residents with active cancer-
associated incident VTE during the 35-year period (1966-2000), we
compared those who died on the day of the incident VTE event (including
autopsy-discovered events) with those who survived 1 or more days, using
the Wilcoxon rank-sum test for continuous variables and the x-squared test,
Fisher’s exact test, or a logistic model for categorical variables (see sup-
plemental Appendix).

The endpoint for the primary analyses was the first recurrent VTE among
those who survived 1 or more days. Data were censored at the first occurrence
of the following: date last seen by a medical provider, death, or December 31,
2005. The cumulative incidence rates of first VTE recurrence and of survival
after PE 6 DVT vs DVT alone were estimated using the Kaplan-Meier
estimator; separate analyses of the former were done with death as a
competing risk (see supplemental Appendix).26 For the estimates of survival,
data were censored at the first occurrence of either the date of last follow-up
(vital status) or December 31, 2005.

Cancer type and stage may be confounded. For example, some cancers
(pancreatic, ovarian) are nearly always diagnosed at a very late stage. To reduce
the model dimensionality and potential confounding among covariates, we used
the Akaike Information Criteria27 to choose a combined “stage by cancer type”
variable (see supplemental Appendix). As part of this process, we separately
examined those patients whose cancer stage was assigned by study oncologists.

Baseline characteristics were first examined in Cox proportional hazard
(Cox PH) regressionmodels unadjusted for any other variables. After adjusting
for the combined cancer type and stage variable, we used a stepwise procedure
to develop a multivariable model including all relevant baseline cancer and
noncancer covariates.We then assessed the time-dependent variables of heparin
andwarfarin acute therapy and secondary prophylaxis. Finally,we examined all
relevant interactions (see supplemental Appendix).

We also calculated the observed interval-specific event rates of recurrent
VTE. The denominators were total person-years at risk in each interval
of follow-up time among thosewith 1 ormore days of follow-up. The numerators
were the total numbers of recurrent VTE in the same follow-up time intervals.

The cumulative incidence rates of first major and of first major or minor
bleeding event while receiving anticoagulation therapy were estimated using
the Kaplan-Meier estimator. Data were censored at the first occurrence of the
following: end of risk for anticoagulation-associated bleeding (defined as up
to 7 days after anticoagulation was stopped); recurrent VTE; last follow-up
by a medical provider; December 31, 2005; or death. We examined the re-
lationship of the time-dependent variables of heparin and warfarin therapy
and time to first bleeding event in a Cox PH model, both alone and adjusting
for a collapsed version of the combined cancer/stage multilevel variable
developed in the analysis of time to recurrent VTE (see supplemental
Appendix).

To calculate the excess number of deaths resulting from recurrent VTE,
we constructed separate univariate models in which recurrent VTE andmajor
orminor bleedwere treated as time-dependent variables in a CoxPH regression
model of time to death. For each model, predicted cumulative survival
probabilities were derived for each observed time point. Assuming
complete follow-up, we multiplied the total number with incident VTE by the
cumulative probability of death at each time point to get an estimated
number of deaths assuming no recurrent VTE. We then subtracted this
number from the actual number of deaths to calculate excess deaths
resulting from recurrent VTE with anticoagulant treatment. To estimate the
hypothetical number of recurrence-related deaths in the absence of warfarin
treatment, we multiplied this number of excess deaths by the reciprocal of the
Cox PH model-derived hazard ratio for predicting time to recurrent VTE,
reasoning that removing the protective effect of warfarin would increase deaths
due to recurrence by this proportion.

We assumed that all major orminor bleedswere preventable by not giving
anticoagulant treatment. We estimated survival probabilities both with and
without major or minor bleed, using the time-dependent bleeding variable,
and compared the difference in the 2 survival probabilities at 90 days and
multiplied this difference by the total number who had major or minor bleeds
to calculate the estimated number of preventable bleeds.

Results

During the 35-year study period, 3385 Olmsted County residents
were diagnosed with incident VTE (DVT alone, n 5 1596; PE
with or without DVT, n 5 1784; CTEPH, n 5 5), of whom 681
(20.1%) had active cancer. Of the 681 incident VTE cases with
active cancer, 204 (30%) either had their VTE diagnosed solely at
autopsy (n 5 203) or died on the day of incident VTE diagnosis
(n 5 1) and were excluded from the analyses. Among the re-
maining 477 patients with active cancer, 56 (11.7%) had their
cancer diagnosed within 3 months after the incident VTE event
date and were included in the analyses; almost 80% of these cancers
were diagnosedwithin4weeks after the incidentVTE event, and 66%
and 10.7% were stage IV/III and II, respectively, at diagnosis. For
the 477 cases, the mean (standard deviation) and median (inter-
quartile range [IQR]) patient ages at the incident VTE event date
were 66.8 (14.7) and 68.9 (58.1-76.8) years, and 46.3%werewomen.
Of these VTEs, 280 were DVT alone and 197 were PE6DVT;DVT
cases included arm (n5 22), mesenteric (n5 3), IVC (n5 3), ovarian
(n5 2), and renal (n5 4) vein thrombosis (see supplemental Table 1
for a comparison of patients with active cancer who died on the day
of the incident VTE vs survived$1 day). Of these 477 patients, 413
(87%) received at least 1 dose of heparin, and 366 (77%) received at
least 1 dose of warfarin; 352 (74%) received both heparin and
warfarin, and 45 (9%) received an IVC filter. The median duration of
heparin anticoagulation was 5 days (IQR, 4-8; range, 1-427 days);
95% of patients received heparin for 20 days or less. The median
duration of warfarin anticoagulation was 79 days (IQR, 18-166;
range, 1-4864 days).
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During 1533 person-years, 139 of 477 patients had VTE recurrence
(64 PE6 DVT and 75 DVT alone), and 303 (89.6%) of the 338 who
did not recur died. The recurrent DVT cases included arm (n5 8), IVC
(n 5 2), mesenteric (n 5 1), and renal (n 5 1) vein thrombosis. The
median of the recurrence times was 92 days (IQR, 26-751; range,
1 day to 33 years). The cumulative VTE recurrence rates at 1 week,
1 month, 3 months, 6 months, 1 year, 5 years, and 10 years were
1.6%, 10.3%, 18.0%, 21.4%, 26.7%, 45.0%, and 52.2%, respectively
(Table 1, which also shows the corresponding interval-specific recur-
rence rates); recurrence rates were significantly higher for patients with
active cancer compared to patients without active cancer (Figure 1). The
cumulative mortality at 3 months, 2 years, and 10 years were 33.8%,
66.4%, and 85.2%, respectively (Table 1). As a consequence, the
10-year cumulative VTE recurrence rate, allowing for the competing
risk for death,was 28.6%.Among thosewith recurrent PE6DVT, the
cumulative mortality at 7, 30, 60, and 90 days was 32.8%, 42.2%,
51.6%, and 67.2% (supplemental Table 2).Among thosewith recurrent
DVT alone, the corresponding cumulative mortality was 2.7%, 2.7%,
17.3%, and 30.7%. Mortality was significantly worse after recurrent
PE 6 DVT compared with recurrent DVT alone (P # .001, log-rank
test; supplemental Figure 1).

Initial modeling of cancer site and stage as potential predictors of
VTE recurrence identified a model that included stage IV pancreatic
cancer (only 4 [14.3%] of 28 pancreatic cancer patients were not
stage IV); other stage IV cancer; brain, ovarian, lung, and noncolorectal

gastrointestinal cancer (stomach, liver, other digestive cancer); my-
eloproliferative or myelodysplastic disorders; and a combined group
of stage III cancer, acute lymphocytic leukemia (ALL), or acute
myelocytic leukemia (AML) as the most parsimonious model of
significant site/stage predictors of recurrence (Table 2; supplemental
Appendix; supplemental Tables 3-5). In univariate analyses of other
cancer characteristics as potential predictors of VTE recurrence,
both liver and other metastases vs no metastases and multiple active
cancers were significant predictors of recurrence, whereas cancer
stage progression, cancer histology and grade, vein invasion by
cancer, chemotherapy and radiation therapy, and tamoxifen were not
univariately associated with VTE recurrence (Table 2; supplemental
Tables 6-7). In univariate analyses of noncancer baseline and time-
dependent characteristics, unadjusted for the combined malignancy
site/stage variable, neurological disease with leg paresis and neu-
rosurgery within the 3 months before the incident VTE event were
significant predictors of VTE recurrence (Table 2). The hazard of
recurrencewithwarfarin therapywas significantly reduced. Includingall
treatment information, 53 (38.1%) patients had a treatment failure at the
time of their recurrent event.

In the multivariate model, stage IV pancreatic cancer, brain can-
cer, myeloproliferative or myelodysplastic disorders, ovarian cancer,
stage IV cancer (nonpancreatic), lung cancer, neurological disease
with leg paresis, and cancer stage progression were independent,
significant, and clinically important predictors of VTE recurrence
(Table3; supplementalTable8).Multipleactivecancers,noncolorectal
gastrointestinal cancer, and the combined group of stage III cancer,
ALL, or AML were marginally predictive of recurrence, with hazard
ratios ranging from 1.9 to 1.5. Secondary prophylaxis with warfarin
was significantly protective against VTE recurrence, with a 60%
reduced hazard. In amultivariatemodel that included all independent
predictors of VTE recurrence (Table 3), tamoxifen was not a pre-
dictor of VTE recurrence (hazard ratio [HR], 1.57; 95% confidence
interval [CI], 0.71-3.45; P 5 .26). Among those with incident
cancer-associated VTE, patients with 1 or more predictors of re-
currence (from Table 3) had a significantly increased risk for
recurrent VTE compared with patients with none of these pre-
dictors (HR, 3.02; 95% CI, 2.43-3.76; P , .001; Figure 2). The
latter group had a nonsignificant higher risk for recurrent VTE
compared with those with incident noncancer secondary VTE
(HR, 1.4; 95% CI, 0.9-2.1; P5 .16; Figure 2). Of the 477 patients
with active cancer, 78% had an objectively documented incident
VTE event, and 71.2% of recurrent events were objectively
documented. The results of analyses limited to caseswithobjectively
documented recurrent events were not substantially changed (sup-
plemental Table 9). Adjusting for age, sex, and the above cancer

Table 1. Cumulative incidence of VTE recurrence among Olmsted County residents with active cancer-related incident DVT or PE,
1966-2000

Cumulative incidence

Days from incident VTE Years from incident VTE

7 14 31 60 91 183 1 2 5 10

VTE recurrence, %* 1.6 3.9 10.3 14.2 18.0 21.4 26.7 31.7 45.0 52.2

Mortality, %† 6.9 12.4 18.9 28.1 33.8 46.6 55.9 66.4 78.4 85.2

VTE recurrence, allowing for the

competing risk for death, %‡

1.5 3.6 8.8 11.8 14.5 16.6 19.6 21.9 26.6 28.6

Day intervals from incident VTE Year intervals from incident VTE

0-7 8-14 15-31 32-60 61-90 91-183 184-365 1-2 2-5 5-10

VTE recurrence per 100 person-years 76.8 119.0 154.0 54.0 43.5 15.1 12.8 6.1 5.8 1.7

Patients were followed-up through December 31, 2005.

*Kaplan-Meier estimate using last medical visit.

†Kaplan-Meier estimate using last vital status and Rochester Epidemiology Project-determined lost-to-follow-up.

‡Competing risk estimate using last vital status and Rochester Epidemiology Project-determined lost-to-follow-up.

Figure 1. Cumulative incidence of first VTE recurrence among Olmsted County,

Minnesota, residents with incident DVT or PE, 1966-2000, and followed-up through

December 31, 2005, by active cancer status. The “no active cancer group” includes

incident VTE cases with prior cancer that was inactive (see supplemental Appendix)

at the time of the incident VTE event.
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characteristics associatedwith recurrence, recurrent VTE increased
the hazard of death almost threefold (HR, 2.7; 95% CI, 2.1-3.4).

There were 11 first major bleeding events while receiving antico-
agulation therapy; 8 occurred within the first 30 days of treatment, 3 of
whichwere fatal (supplementalTable 10). The cumulative incidence of
major bleeding on anticoagulation at 7, 14, 30, 90, and 183 days and
1 year were 0.6%, 1.1%, 2.0%, 2.0%, 2.5%, and 4.7%, respectively
(Figure 3). Allowing for the competing risk for death, the 1-year
cumulative incidence of major bleeding was 4.0%. There were 26
major or minor bleeding events on anticoagulation; 50% occurred
within the first 7 days of treatment. The cumulative incidence of
major or minor bleeding on anticoagulation at 7, 14, 30, 90, and 183
days and 1 year were 2.8%, 3.5%, 4.7%, 5.4%, 6.4%, and 8.5%,
respectively (Figure 3). Allowing for the competing risk for death,
the 1-year cumulative incidence of major or minor bleeding was 7.5%.
Two patients developed VTE recurrence at 3 and 10 days, respectively,
after anticoagulation was stopped for major bleeding; both patients died
at 1dayand2weeks, respectively, afterVTErecurrence.Major orminor
bleeding increased the hazard of deathmore than twofold (HR, 2.3; 95%
CI, 1.5-3.5). In analyses of potential predictors of major or minor
bleeding while receiving anticoagulation therapy, the hazard was
significantly increased for heparin (HR, 3.6; P , .01), but not for
warfarin therapy.

Discussion

We found a 52% 10-year cumulative incidence of VTE recurrence
among patients with active cancer. From the perspective of the
patient (who expects to survive), these rates are most important for
counseling regarding secondary prophylaxis. However, because of
very poor survival, the cumulative recurrence rate was only about
half as much (29%) after allowing for the competing risk for death.
The latter figure may be more relevant from a health care policy
perspective. Of particular note, we found that survival was signi-
ficantly lower after recurrent PE6 DVT compared with DVT alone.
Given that incident PE is an independent predictor of reduced survival
among cancer patients,13,28-32 preventing PE recurrence among
patients with active cancer may improve survival.9,10,33

Patients with active cancer also are reportedly at high risk for
anticoagulant-associatedbleeding,2,5,9,12-14 such that after the 3-month
acute treatment phase is completed,34,35 one would prefer to target
secondary prophylaxis to those cancer patients at high risk for
recurrence and avoid the risk for anticoagulant-associated bleeding
in low-recurrence-risk patients. We found brain, lung, and ovarian
cancer; myeloproliferative or myelodysplastic disorders; stage IV
pancreatic cancer; other stage IV cancer; cancer stage progression;
and leg paresis to be independent predictors of an increased hazard
for VTE recurrence among patients with active cancer, whereas
secondary prophylaxis with warfarin independently reduced the
hazard of recurrence. Our findings are supported by previous studies
that reported an increased risk for recurrence among patients
with brain cancer,5,9 lung cancer,5,9,15,18 and myeloproliferative or
myelodysplastic disorders.16 Although the risk for incident VTE is
increased for patientswith pancreatic36,37 and ovarian cancer,38we are
the first to identify these 2 cancer sites as independent predictors
of VTE recurrence. Most (86%) of our incident VTE cases with
pancreatic cancer had stage IV cancer, such that we could not
separate the effects of advanced cancer stage and pancreatic cancer
on the hazard of VTE recurrence. However, stage IV pancreatic
cancer had nearly a fourfold increased hazard of recurrence (HR, 3.8;
95% CI, 1.68-8.58; P 5 .001) compared with all other stage IV
cancers, suggesting that pancreatic cancer is a high-risk cancer for
VTE recurrence.

Table 2. Univariate Cox PH analysis of predictors of VTE recurrence
among Olmsted County residents with active cancer-related
incident DVT or PE, 1966-2000

Characteristic HR 95% CI P value

Baseline characteristics

Patient age at incident VTE event 0.99 0.98, 1.01 .28

Male sex 0.89 0.63, 1.24 .47

Body mass index, kg/m2 1.00 0.97, 1.02 .78

Incident VTE event type* 1.18 0.84, 1.65 .35

Incident VTE event year 0.99 0.97, 1.01 .16

Hospitalization†

Hospitalization with surgery 0.94 0.65, 1.37 .76

Hospitalization without surgery 1.16 0.73, 1.84 .53

Nursing home confinement 1.73 0.76, 3.94 .19

Congestive heart failure 1.27 0.75, 2.15 .38

Neurological disease with leg paresis 2.74 1.34, 5.62 .006

Neurosurgery 2.83 1.32, 6.08 .008

Cancer location‡

Pancreas, stage IV 5.15 2.25, 11.81 .0001

Brain 3.98 1.87, 8.47 .0003

Ovary 3.06 1.51, 6.19 .0019

Lung 2.70 1.64, 4.43 ,.0001

Gastrointestinal (not colorectal) 2.52 1.20, 5.29 .015

Myeloproliferative or myelodysplastic disorder 2.33 1.08, 4.99 .03

Nonpancreas, stage IV 2.32 1.46, 3.68 .0003

Stage III cancer, ALL or AML 1.35 0.87, 2.08 .18

Metastases

Liver metastases 1.98 1.18, 3.31 .009

Other metastases 1.50 1.03, 2.17 .03

Multiple active cancers 2.11 1.07, 4.17 .03

Time-dependent characteristics

Heparin 1.99 1.04, 3.82 .04

Warfarin 0.39 0.26, 0.60 ,.0001

IVC filter 1.50 0.83, 2.71 .18

Patients were followed-up through December 31, 2005. For all variables, the

referent group is without the risk factor, except where indicated.

*PE 6 DVT vs DVT alone.

†Compared with nonhospitalized. Hospitalized includes VTE occurring within

92 days of hospitalization.

‡The comparison group included stage I/stage II cancers of the prostate, breast,

other gynecologic, colon-rectal, kidney, bladder, other genitourinary, and other cancer, as

well as lymphoma, chronic myelocytic leukemia, and multiple myeloma.

Table 3. Multivariate Cox PH analysis (see supplemental Appendix)
of predictors of VTE recurrence among Olmsted County residents
with active cancer-related incident DVT or PE, 1966-2000

Characteristic HR 95% CI P value

Stage IV pancreatic cancer* 6.38 2.69, 15.13 ,.0001

Brain cancer* 4.57 2.07, 10.09 .0002

Myeloproliferative or myelodysplastic disorder* 3.49 1.59, 7.68 .002

Ovarian cancer* 3.22 1.57, 6.59 .001

Stage IV cancer (non pancreas)* 2.85 1.74, 4.67 ,.0001

Lung cancer* 2.73 1.63, 4.55 .0001

Neurological disease with leg paresis 2.38 1.14, 4.97 .02

Cancer stage progression 2.14 1.30, 3.52 .003

Multiple active cancers 1.78 0.87, 3.63 .12

Gastrointestinal (noncolorectal) cancer* 1.94 0.90, 4.17 .09

Stage III cancer, ALL or AML* 1.47 0.95, 2.27 .09

Warfarin therapy 0.43 0.28, 0.66 ,.0001

The patients were followed-up through December 31, 2005. For all variables, the

referent group is without the risk factor, except where indicated.

*The comparison group included stage I/stage II cancers of the prostate, breast,

other gynecologic, colon-rectal, kidney, bladder, other genitourinary, and other

cancer, as well as lymphoma, chronic myelocytic leukemia, and multiple myeloma.
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Among other active cancers, stage IV cancer was an independent
predictor of VTE recurrence. This finding is supported by a post hoc
analysis of a clinical trial and a systematic review that found an
increased recurrence risk among cancer patients with metastatic
cancer compared with localized disease.15,39 A systematic review
that included 2 evaluable studies found a 1.4-fold increased risk for
recurrence for metastasis compared with no metastasis, but available
data were insufficient to control for cancer site or stage.15 Although
most of our patients with stage IV cancer had metastatic disease, we
also categorized acute leukemias and brain cancer as “stage IV”
cancer for the purposes of analyses (see supplemental Appendix),
which likely accounts for our identification of stage IV cancer
rather than “metastases” or “metastases location” as independent
predictors of recurrence. To our knowledge, we are the first to
identify cancer stage progression and neurological disease with leg
paresis as independent predictors of VTE recurrence among
patients with active cancer; leg paresis is a known risk factor for
incident VTE.1 Although recent neurosurgery before the incident
VTE event was a univariate predictor of recurrence, 40% of patients
with brain cancer had recent neurosurgery before their incident
VTE such that, after adjusting for brain cancer, neurosurgery was
not a predictor of recurrence.

Secondary prophylaxis with warfarin significantly reduced the
hazard of VTE recurrence by about 60%. The low median dura-
tion of warfarin anticoagulation (79 days) was a result of poor
patient survival. Because prothrombin time/international nor-
malized ratio data were not available on all patients receiving
warfarin, we could not adjust for time in therapeutic range. However,
adjustment for time in therapeutic range could only affect the
magnitude of the hazard of VTE recurrence associated with warfarin
anticoagulation. The seminal study demonstrating the superior
efficacy of low-molecular-weight heparin (LMWH) over vitamin K
antagonists in preventingVTE recurrence among patientswith active
cancer was published in 2003.40 Thus, essentially none of our VTE
cases received acute treatment or secondary prophylaxis with
LMWH. Although LMWH secondary prophylaxis is recommended
over warfarin,41 many patients are unable to afford or tolerate paren-
teral LMWH. Our findings show that warfarin secondary prophylaxis
is an effective (albeit, secondary) alternative to LMWH.

Cancer grade and histology, chemotherapy and type of chemo-
therapy, central venous catheter, radiation therapy, and venous

invasion were not independent predictors of VTE recurrence. A
population-based prospective cohort study of 147 patients with
active cancer with VTE found a nonsignificant higher rate of
recurrence among patients with adenocarcinoma (22%) compared
with other cancer histologies (17%).7 We previously reported a
higher hazard for recurrence among patients with cancer-associated
incident VTE who were receiving cytotoxic or immunosuppressive
chemotherapy (HR, 4.24) compared with a similar patient who was
not receiving chemotherapy (HR, 2.21), but we did not control for
cancer site or stage in that analysis.1

Our finding of an age- and sex-adjusted 1-year major or minor
bleeding rate of 8.5% is similar to previously reported rates of 12.4%
to 13.3%;2,5 allowing for the competing risk for death, this incidence
was about 12% lower (7.5%). Our adjusted 90-day major bleeding
incidence (1.9%) was similar to the 1.6% incidence considered as
“low risk” by recent ACCP guidelines.41 We found the hazard of
major or minor bleeding was significantly increased for heparin
anticoagulation early in the acute treatment phase. Given that 50% of
all major or minor bleeding events occurred within the first 7 days of
treatment, heparin therapy may unmask an underlying predistribu-
tion to bleeding. In additional modeling (data not shown), brain
cancer, noncolon gastrointestinal cancer, andmultiple active cancers
had hazards of bleeding more than threefold higher than the
comparison group but were not statistically significant (P. .20).

There is always a tension between preventing VTE recurrence and
causing bleeding with anticoagulation therapy. We estimated that in
the absence of anticoagulation therapy, 35 additional deaths from
recurrent VTE and 6 fewer deaths from bleeding would have occurred
(see supplemental Appendix). Given that LMWH is more efficacious
than warfarin, with no significant difference in bleeding,38 the number
of deaths averted by LMWH therapymight be greater. These analyses
may help to inform decisions regarding anticoagulation therapy.

Our results are likely to be valid. Because of our large cohort
sample size and long follow-up duration, it is unlikely that we failed
to identify important predictors of recurrence because of inadequate
power. We also avoided the potential distortions associated with
referral bias and an incomplete spectrum of disease by performing
a population-based study that included all residents from a well-
defined geographic area with active cancer-associated incident VTE.
We accurately separated incident from recurrent VTE events and used
an unambiguous definition of VTE recurrence. For deceased patients,

Figure 2. Cumulative incidence of first VTE recurrence among Olmsted

County, Minnesota, residents with incident DVT or PE, 1966-2000, associated with

active cancer and 1 or more predictor of venous thromboembolism recurrence

(from Table 3), active cancer and no predictor of venous thromboembolism

recurrence, and noncancer secondary VTE (see supplemental Appendix).

Figure 3. Cumulative incidence of first major bleeding event and first major or

minor bleeding event while receiving anticoagulation therapy among Olmsted

County, Minnesota, residents with incident active cancer-associated VTE,

1966-2000, and followed-up through December 31, 2005.
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all death certificates and autopsy reports were reviewed regardless of
the location at death. Although cancer chemotherapy has changed
during the 35-year period of our study, cancer chemotherapies, both
overall and by chemotherapy category (ie, alkylators and antimetab-
olites, anthracyclines, plant alkaloids and platinums, and hormone,
immunomodulators, and others; supplemental Table 7) were not
independent predictors of VTE recurrence. We estimated VTE
recurrence over 2 time frames, which represented milestones in the
introduction of new chemotherapy agents (1966-1985 [introduc-
tion of anthracycline] and 1986-2000 [introduction of hematopoi-
etic growth factors and targeted therapies, suchas rituximab, trastuzumab,
imatinib]) and found no significant difference in recurrence between
these 2 timeframes (P 5 .39; supplemental Figure 2). Finally, VTE
event year was not a univariate predictor of VTE recurrence (HR,
0.99; 95% CI, 0.97-1.01; P 5 .16). However, although our results
likely are relevant to current care, there may be additional patients
with cancer at high risk for VTE recurrence (eg, patients with
multiple myeloma receiving immunomodulatory therapy), and
VTE recurrence rates may differ with LMWH therapy and newer
cancer therapies.

It is also important to address potential limitations of our study.
Because the racial and ethnic demography of Olmsted County is
predominantly white of non-Hispanic ancestry and LMWH and
novel oral anticoagulants were not yet available, our findings may
not be generalizable to populations of other races or ethnicities or to
other treatments.

In conclusion, tumor site, stage, and stage progression are in-
dependent predictors ofVTE recurrence. In particular, patientswith
brain, lung, stage IV pancreatic, or ovarian cancer;myeloproliferative
or myelodysplastic disorders; stage IV cancer; cancer stage progres-
sion; or leg paresis have the highest risk for recurrence and should be
considered for secondary prophylaxis. Although secondary pro-
phylaxis with LMWH is preferred, warfarin prophylaxis does sig-
nificantly reduce the hazard of VTE recurrence by about 60%.
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