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Abstract
Survival is reportedly worse in cancer patients concurrently diagnosed with deep venous
thrombosis. However, information on specific malignancies is limited. From a cohort study of
male U.S. veterans we identified incident cancer cases (n=412,008) and compared survival
patterns among those with versus without a history of deep venous thrombosis. Using Cox-
proportional hazard models, we estimated hazard ratios (HR) and 95% confidence intervals as
measures of the relative risk of dying. Individuals with (versus without) a concomitant deep
venous thrombosis and cancer diagnosis had a higher risk of dying (HR=1.38; 1.28–1.49). The
most prominent excess mortality (HRs=1.29–2.55) was observed among patients diagnosed with
deep venous thrombosis at the time of diagnosis of lung-, gastric-, prostate-, bladder-, or kidney
cancer. Increased risk of dying was also found among cancer patients diagnosed with deep venous
thrombosis 1 year (HR=1.14; 1.07–1.22), 1–5 years (HR=1.14; 1.10–1.19) and >5 years
(HR=1.27; 1.23–1.31) before cancer; this was true for most cancer sites (HRs=1.17–1.64). In
summary, antecedent deep venous thrombosis confers a worse prognosis upon cancer patients.
Advanced stage at diagnosis, treatment effects, lifestyle factors, and comorbidity could explain
differences by cancer site and time frame between a prior deep venous thrombosis diagnosis and
cancer outcome.
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INTRODUCTION
Deep venous thrombosis of the lower extremities (DVT) is common in the U.S., resulting in
approximately 600,000 hospitalizations per year1. Risk factors for DVT include surgery,
long periods of immobility, obesity and some medical conditions, including cancer2. Cancer
can increase the risk of thromboembolism by causing abnormalities in blood flow;
compression of blood flow or invasion of blood vessels by the tumor; activation of
coagulation through interactions with platelets, clotting factors and the fibrinolytic system;
immobility due to cancer related debility; or endothelial damage due to chemotherapeutic
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treatments. Approximately 15% of all cancer patients will develop thromboembolic
disease3, which is the second leading cause of death in these patients4. Most diagnoses occur
in the 4 months following diagnosis of metastatic disease5. In addition, it is estimated that
around 7% of patients with an unexplained (idiopathic) DVT will later be diagnosed with
cancer6–9. Consequently, screening for underlying malignancy in patients presenting with
idiopathic DVT is commonplace. Indeed, cancer diagnosis rates are highest in the first few
months following DVT7,8,10 but may remain elevated for 10 or more years8,10, indicating
the operation of some shared genetic or environmental etiology.

Using data from Denmark, Sorensen et al. found that cancer patients diagnosed with
thromboembolism, at or just preceding cancer diagnosis, had more advanced disease and
poorer overall survival than cancer patients without a history of thromboembolism11. Other
studies have also identified venous thromboembolism as a negative predictor of survival in
solid tumours11–16. However, Sorensen et al. found that a diagnosis of thromboembolism
made more than one year before cancer diagnosis was also associated with somewhat higher
mortality. Given that there is substantial biological and clinical heterogeneity among
different types of malignancies, DVT may not be associated with increased mortality for all
cancers. To our knowledge, few studies have investigated the clinical impact of antecedent
DVT on the prognosis of different types of tumors.

Using a cohort of more than 4 million white and black male U.S. veterans, we identified all
incident cancer cases (n=412,008) and evaluated overall survival patterns for specific
malignancies among veterans with versus without a concomitant/antecedent diagnosis of
DVT.

MATERIALS AND METHODS
Using the U.S. Veterans Affairs (VA) database of computerized discharge records for
inpatient visits (July 1, 1969– September 30, 1996) at U.S. VA hospitals17, we selected
patients with a diagnosis of cancer. The VA database has 26 million hospital discharge
records from 5,790,493 veterans with one or more hospital visits. Due to limited numbers,
persons aged ≤18 or >100 years (n= 2,969, 0.05%), those with a race other than black or
white (n=135,651, 2.3%) and females (n=112,527, 1.9%) were excluded from the study. In
addition, cancer patients who developed DVT (ICDA-8=451.0 for 1969–1980 data or
ICD-9-CM=453 for 1981–1996 data) after diagnosis of cancer were excluded (n=70,864).
Therefore, the current investigation includes 412,008 patients with a hospital discharge
diagnosis of cancer. Patients’ cancers were classified into larynx, lung, buccal, esophagus,
stomach, pancreas, colorectal, liver, prostate, bladder, and kidney cancers, non-Hodgkin
lymphoma, leukemia, and multiple myeloma, based on the International Classification of
Diseases, adapted for the U.S. (8th revision for 1969–1980 data)18 and ICD-9-CM for 1981–
1996 data19.

VA cancer patients with a DVT diagnosis, as defined above, on the same discharge
summary as their cancer diagnosis or on an earlier discharge summary were eligible to be
cases. We compared survival between cancer patients with a DVT and cancer patients
without a DVT diagnosis. Patients diagnosed with DVT in the 3-month period before cancer
diagnosis are classified as having DVT “at cancer diagnosis”. Patients diagnosed with DVT
3 months to 1 year before cancer diagnosis are classified as having DVT “1 year” before
cancer diagnosis. Patients diagnosed with DVT 1 to 5 years or more than 5 years before
cancer diagnosis are classified as having DVT “1–5 years” or “>5 years” before cancer
diagnosis, respectively.
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Dates of death were obtained from VA hospital records and by linkage to Social Security
Administration Death Master File20. Follow-up started at the date of cancer diagnosis and
ended at either death or end of follow-up (October 1st 1996), whichever occurred first.

An exemption from institutional review board review was obtained from the National
Institutes of Health Office of Human Subjects Research because these data were analyzed
without the use of personal identifiers. Since no patients were contacted in this study,
informed patient consent was not required.

Statistical Methods
Cox proportional hazard models (PROC PHREG, SAS version 9.1; SAS Institute, Cary,
NC) were used to compare mortality in cancer patients with and without a concomitant or an
antecedent diagnosis of DVT. Adjusted hazard ratios (HRs) and 95% confidence intervals
(CIs) were estimated. Adjustment variables included in the models were race (white
Caucasian, African American), age (as a continuous variable), calendar period of cancer
diagnosis (<1985, ≥1985) and the number of hospital visits (as a continuous variable).

Survival curves were estimated with the Kaplan-Meier method, using direct adjustment for
the covariates in our multivariate Cox models21. Survival curves are presented for all
cancers combined and for the most common cancers, i.e., lung, colorectal, and prostate
cancers. The proportional hazards assumption was upheld for lung, colorectal and prostate
cancer. For total cancer, the proportional hazards assumption was not met for one of the
exposure groups (1–5 years). However, the degree of non-proportionality was modest (i.e.,
the relative risks for this group remained greater than 1.0 for the duration of the study
period) and thus did not materially affect our conclusions. We also observed that hazards
were not proportional for the potential confounders over follow-up time. However,
modelling the non-proportionality did not impact the estimated associations between DVT
and mortality. As the choice of models with or without modelling for non proportionality did
not affect our conclusions, we report the results from models without modelling for non-
proportionality.

RESULTS
We identified a total of 412,008 veterans with an incident diagnosis of cancer. Among these,
10,461 (2.5%) had a hospital discharge diagnosis of DVT at or before the diagnosis of
cancer: DVT was reported in 845 (0.2%) patients at cancer diagnosis, 1,250 (0.3%) at one
year before diagnosis, 3,347 (0.8%) at 1–5 years before cancer diagnosis and 5,019 (1.2%)
at more than 5 years before the diagnosis of cancer. The characteristics of the patients are
given in Table 1.

Overall, cancer patients who were diagnosed with DVT at cancer diagnosis had a poorer
outcome compared with cancer patients without a diagnosis of DVT (Table 2). More
specifically, patients with lung (HR=1.29), gastric (HR=2.35), prostate (HR=1.34), bladder
(HR=2.55), and kidney cancer (HR= 1.95) and with a concomitant DVT diagnosis had
significantly higher mortality than those with the same cancer without a DVT diagnosis.

We also found patients with lung, esophageal, gastric, colorectal, prostate, and kidney
cancer with (versus without) a diagnosis of DVT 1 year prior to their cancer diagnosis to
have a poorer outcome. Among patients diagnosed with a DVT 1–5 years before a diagnosis
of laryngeal, lung, colorectal, liver, prostate, or kidney cancer or leukemia, we observed a
significantly higher mortality rate than patients with those cancers but without a history of
DVT. Mortality was also elevated for esophageal, gastric and bladder cancer patients with
(versus without) a diagnosis of DVT 1–5 years before their cancer diagnosis. For virtually
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all cancer types, patients with (versus without) a diagnosis of DVT more than 5 years before
the diagnosis of their cancer had a worse prognosis.

Figure 1 illustrates the survival curves for all cancers combined and for lung, colorectal and
prostate cancer in relation to the time period of DVT diagnosis before cancer. Antecedent
DVT increased the risk of death for each cancer type.

DISCUSSION
In this nationwide study including over 400,000 male U.S. veterans with a diagnosis of
cancer, we found that patients with a concomitant or an antecedent diagnosis of DVT had
poorer survival than cancer patients without a history of DVT. The most prominent excess
mortality patterns were found among patients diagnosed with DVT concomitantly with lung,
gastric, prostate, bladder, or kidney cancer. However, significantly increased mortality was
also found among cancer patients diagnosed with (versus without) DVT more than 5 years
prior to cancer diagnosis.

Previous studies have consistently found that DVT risk is increased in patients with
cancer7,8,10 and that DVT is associated with increased mortality among cancer patients4.
Our findings are in keeping with some12,13, but not all16, studies reporting poorer survival in
cancer patients who are diagnosed with a DVT at or shortly after diagnosis. We found
mortality to be significantly higher for cancer patients with concomitant DVT who had
specific malignancies, including lung, gastric, prostate, bladder, and kidney cancers. Prior
studies have reported concomitant DVT and cancer diagnoses to reflect a more advanced
cancer stage5,22. However, it is also possible that there is an influence of underlying co-
morbidity and adverse lifestyle factors. Unfortunately, we did not have access to detailed
clinical information for individual patients, so we were unable to obtain information about
cancer stage from the dataset to confirm whether or not the poorer prognosis is due to
advanced cancer stage. In contrast to prior findings11, we did not find survival to be
‘particularly poor’ in all cancer patients with concomitant DVT. In fact, mortality was not
significantly higher in patients with colorectal, laryngeal, esophageal, or pancreatic cancer;
leukemia; or multiple myeloma who had a concomitant DVT although this could have been
due to the small number of patients in some categories.

We observed poorer survival for lung, esophageal, gastric, colorectal, prostate, and kidney
cancer patients diagnosed with a DVT in the year before cancer diagnosis. It is accepted that
idiopathic DVT may be a marker of undetected cancer. In a large cohort study of 17,475
patients with acute venous thromboembolism 1.2% had underlying malignancy. The most
common cancers detected were lung, colorectal, prostate and hematologic cancers23. It has
been suggested that an in-depth clinical examination of patients presenting with an
unexplained DVT might reduce mortality from some cancers24. However, it is important to
take into consideration the fact that the absolute increase in mortality for specific
malignancies is low, thus, cancer screening procedures would need to be tailored and aimed
to provide optimal medical risk-benefit for individuals, while being cost-effective.

In keeping with the findings of Sorensen et al.11, we found mortality to be significantly
higher among cancer patients who were diagnosed with DVT several years before a
diagnosis of cancer (versus those without a history of DVT), irrespective of the cancer site.
Several potential explanations arise. There could be similar genetic or environmental risk
factors associated with risk of DVT and with poorer cancer survival. For example, smoking
is a recognized risk factor for DVT25, and smoking intensity is correlated with poorer
survival in lung cancer patients26. Another potential explanation for the decreased survival
among cancer patients with a prior DVT might be that co-morbidity, such as cardiovascular
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disease, influences clinical decision making for cancer patients or that these conditions could
have a direct or indirect impact upon cancer survival. Unfortunately, we were unable to
adjust for co-morbidity in the analyses.

Our study has several strengths, including its large population size, enabling detection of
small increases in risk of death amongst cancer patients with antecedent or concomitant
DVT, a long follow-up period in which to assess outcome and the use of hospitalization data
to define DVT clinically, eliminating recall bias. In addition, the study represents
approximately 10% of the U.S. population, and access to health care is not dependent on
income. However, the study also has limitations. Since only hospitalization data were
utilized and since DVT can be treated with low-molecular weight heparin in an outpatient
setting27, DVT may have been underascertained in the dataset. However, treatment for DVT
was predominantly carried out in an inpatient setting during the study period (1969–1996),
and thus it is unlikely that a large proportion of cases received treatment in an outpatient
setting. In addition, it is possible that patients were investigated or treated in non-VA
hospitals potentially leading to underascertainment of DVT, cancer, or both. Comorbidity
has been shown to be higher in male veterans than in the general population28, which may
limit the generalizability of our data. Another limitation was the lack of information in the
dataset about the cause of death and potential confounders, such as smoking, physical
activity or anthropometry, that could affect DVT risk and possibly cancer survival. In
addition, our study was limited to male U.S. veterans which limit the generalizability of this
data.

In conclusion, we evaluated patterns of survival in cancer patients with and without DVT.
We observed poorer survival for cancer patients with concomitant DVT. For certain cancers
(lung, esophagus, gastric, colorectal, prostate, or kidney cancer), patients diagnosed with a
DVT in the year before cancer diagnosis had a worse prognosis. Outcome was also worse
for cancer patients with a diagnosis of DVT more than 5 years before cancer diagnosis,
suggesting that these patients may have had poor health or other comorbid conditions. Our
findings need to be assessed in future studies. If confirmed, efforts aimed at uncovering
underlying mechanisms might provide novel clues on cancer pathogenesis with potential
impact on clinical management and therapy.
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Figure 1.
A: Survival curves for all cancer patients with and without a history of deep venous
thrombosis of the lower extremities (DVT). Adjusted survival curves are presented. The
solid line represents cancer patients with no history of DVT. The dashed lines represent
cancer patients with: DVT more than 5 years prior to cancer diagnosis ( ), DVT 1–5 years
before cancer diagnosis ( ), DVT 1 year before cancer diagnosis ( ) and DVT at cancer
diagnosis ( ). The lines for DVT 1–5 years before cancer diagnosis and DVT 1 year
before cancer diagnosis are superimposed. P-value (likelihood ratio test) for difference in
survival according to pre-existing DVT status: P<0.0001.
B: Survival curves for lung cancer patients with, and without, a history of deep venous
thrombosis (DVT). Adjusted survival curves are presented. The solid line represents lung
cancer patients with no history of DVT. The dashed lines represent lung cancer patients
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with: DVT more than 5 years prior to cancer diagnosis ( ), DVT 1–5 years before cancer
diagnosis ( ), DVT 1 year before cancer diagnosis ( ) and DVT at cancer diagnosis
( ). P-value (likelihood ratio test) for difference in survival according to pre-existing
DVT status: P<0.0001.
C: Survival curves for colorectal cancer patients with, and without, a history of deep
venous thrombosis (DVT). Adjusted survival curves are presented. The solid line
represents colorectal cancer patients with no history of DVT. The dashed lines represent
colorectal cancer patients with: DVT more than 5 years prior to cancer diagnosis ( ), DVT
1–5 years before cancer diagnosis ( ), DVT 1 year before cancer diagnosis ( ) and DVT
at cancer diagnosis ( ). P-value (likelihood ratio test) for difference in survival
according to pre-existing DVT status: P<0.0001.
D: Survival curves for prostate cancer patients with, and without, a history of deep
venous thrombosis (DVT). Adjusted survival curves are presented. The solid line
represents prostate cancer patients with no family of DVT. The dashed lines represent
prostate cancer patients with: DVT more than 5 years prior to cancer diagnosis ( ), DVT
1–5 years before cancer diagnosis ( ), DVT 1 year before cancer diagnosis ( ) and DVT
at cancer diagnosis ( P-value (likelihood ratio test) for difference in survival according
to pre-existing DVT status: P<0.0001.
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