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Venous thromboembolism (VTE) includes the development of deep vein thrombosis (DVT) and pulmonary embolism
(PE).1,2 VTE is common in the general population (risk, 118 per 100,000 person-years), and PE is associated with a 30%
risk of death within 3 months.3,4 Important risk factors for VTE include increasing age, recent surgery, and malignancy.2,3
Additional VTE risk factors include trauma, institutionalization, and specific comorbidities, including myocardial infarction, congestive heart failure, chronic obstructive pulmonary disease, and certain neurologic disorders.3,5,6 Effective and
safe thromboprophylaxis and treatment exist.6,7
VTE is particularly important in the cancer population. Individuals with a diagnosis of cancer have a 4-fold increased
risk of developing VTE.1 The frequency of VTE is higher in the first year after a diagnosis of cancer.8 In addition, survival
among individuals with cancer who have a VTE is 3 times worse than that among individuals who have cancer and no
occurrence of VTE.1,9 Not only does a diagnosis of cancer increase the risk of VTE: site, stage, and treatment all appear to
influence the risk.1,8 Among cancer sites, high-risk cancer types include brain, lung, and pancreatic and other digestive
cancers.1,9 Prostate cancers (PCs), as well as breast and colorectal cancers, are considered to fall within the low-risk category compared with most other malignancies.1,9 As disease stage progresses, so too does the likelihood of VTE occurrence.8 Furthermore, treatment for the disease can also impact the risk of VTE occurrence; surgery and chemotherapy
increase the risk of VTE, whereas radiation is not typically considered a risk factor.1,10
The major risk factors for VTE in the general population and the overall cancer population hold true for men with
PC. Age and active malignancy increase the risk of VTE, and recent surgery is associated with a 5-fold to 7-fold increased
risk.11 Like all cancer types, more advanced stage is associated with an increased risk of VTE.12 Additional factors that can
increase the risk of VTE in men with PC include a previous history of VTE, blood transfusion, ABO blood type, the number of lymph nodes removed during surgery, and receipt of androgen-deprivation therapy (ADT).11,13,14 ADT in particular deserves special comment, because it is received by up to 1 in 2 men with PC15 and may increase the risk of both
arterial thromboembolism and VTE by up to 50%.13 Both treatment and duration of ADT increase an individual’s risk of
a VTE occurrence.13
There are still areas that need to be addressed to obtain a fuller understanding of the risk of VTE for men diagnosed
with PC who are undergoing various treatments (surgery, radiation, or ADT). Although some risk factors have been identified consistently across multiple studies, including increasing age, recent surgery, and active malignancy, the role of other
risk factors, such as blood type, vascular or neurologic disorders, other comorbidities, and receipt of ADT, needs to be
evaluated further. What is not so clear is how these VTE risk factors interact with one another. Risk factors (eg, PC,
comorbidity) for a given outcome (eg, VTE) can interact in 1 of 3 main ways: they may be additive, multiplicative, or partially offset one another. Although much of conventional medicine features additive risk factor models, there are important exceptions. For example, in the world of inheritable thrombophilias and VTE risk, being heterozygous for Factor
V Leiden (FVL) is associated with a 4-fold increased risk of VTE, whereas being homozygous is associated with an 11-fold
increased risk.16 Family members who are heterozygous for the FVL mutation have a 3.5-fold increased risk of VTE, but
those who are homozygous have a whopping 18-fold increased risk.17 Understanding the relation between risk factors
may have important implications for counseling, screening, and prophylaxis.
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In this issue of Cancer, a Danish group led by Ording has attempted to address the relation between PC and
comorbidity on VTE risk.18 The authors used the Danish
Cancer Registry to identify 44,035 patients with PC and
matched them on age, year, and comorbidities to noncancer controls from the general population at a 1:5 ratio.
Patients with prior VTE were excluded. Cancer and noncancer cohorts were followed for a median of 3.2 years
and 4.5 years, respectively, for the occurrence of inpatient
or outpatient VTE using validated algorithms. Twothirds of men with PC had no comorbidity as captured by
the Charlson Comorbidity Index. Overall, PC was associated with an approximately 1.7-fold increased risk of
VTE compared with the general population (2.2% vs
1.3%) over 5 years of follow-up. To address their main
objective, the authors reported the VTE rate ratio by year
of follow-up and level of comorbidity. The VTE rate ratio
represents the ratio of VTE incidence in the population of
interest compared with the incidence in an agestandardized, comorbidity-standardized, and calendar
time-standardized control population. To examine specifically whether the effects of PC and comorbidity were
simply additive or there was a more complex interaction,
the authors used the interaction contrast (IC), a quantitative method of examining the effects of 2 simultaneous
exposures (PC, comorbidity) on an outcome (VTE). The
approach is well detailed in statistical textbooks.19 What
the authors observed is an apparent interaction between
PC and severe comorbidity (Charlson index score 4 [IC,
4.4; 95% confidence interval, 24.5, 13) (see Ording et al,
Table 218) and the risk of VTE, whereas there was essentially no interaction between PC and lower levels of
comorbidity. The magnitude of the IC was higher in the
first year after diagnosis compared with second through
fifth years (see Ording et al, Table 218).
The study has several strengths, including a well
characterized cohort from a rigorous, inclusive national
registry; a large sample size; well validated outcomes; use
of competing risks to account for increased risk of mortality with PC; and a solid epidemiologic approach to dissecting out possible interaction. And various findings are
well supported by prior literature, including an increased
risk of VTE in men with PC,9 an increased risk of VTE in
the first year after surgery,8 and an increased risk of VTE
with specific comorbidities, such as congestive heart failure and hemiplegia.6 However, important limitations
need to be kept in mind. First, we lack information on the
use of thromboprophylaxis; lower use both in men with
PC and in those with greater comorbidity (eg, because of
the perceived increased risk of bleeding) could partly
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explain the results. Second, the highest risk population
was also the smallest (about 2% of PC patients had severe
comorbidity), leading to substantial uncertainty around
findings. Third, ICs were modestly negative in low and
moderate comorbidity settings (see Ording et al, Table
218), which is a little counterintuitive; but, again, the confidence intervals are wide. Similarly, the elevated VTE
risk in years 2 through 5 after surgery (usually reserved for
early stage, nonhigh-risk PC, and usually curative) is a
little surprising. Fourth, the median survival between PC
cases and controls differed by 1.3 years; and, although
men with PC are at slightly higher risk of dying than
matched controls, the magnitude is surprising given the
excellent 10-year survival with PC in most modern series.
These factors lead to questions about the generalizability
of the population and some of the findings reported.
Fifth, the Charlson Comorbidity Index may be a relatively
crude measure of comorbidity in this circumstance,
because peptic ulcer disease and congestive heart failure
likely do not have the same risk of VTE, yet both are given
1 point on the index. Analyses using specific comorbidities would be more interesting and clinically informative,
but sample sizes would constrain any such analyses. Moreover, to the authors’ credit, they did provide some data in
this regard in Supporting Figure 1. Sixth, it would have
been interesting to determine whether rates of fatal VTE
were greater among men with PC and comorbidity. The
outcome of fatal VTE avoids some of the workup bias
associated with a patient who has acute dyspnea and a diagnosis of cancer. Conversely, attribution bias and a much
smaller number of events would be potential problems
with this approach. Perhaps most important, all of the
confidence intervals around the reported ICs included
unity: even for the IC that demonstrated an interaction
between PC and severe comorbidity.
What are the implications of the authors’ findings?
Given the above limitations, we are cautious in our interpretation. Although severe comorbidity may interact with
PC to increase the risk of VTE, we believe these findings
need to be verified in other databases and will likely
require even larger samples. At a clinical level, the findings
remind us about the need to be vigilant in terms of providing thromboprophylaxis in settings for which there is solid
evidence, such as in the postoperative setting and in hospitalized cancer patients.6,10 Numerous studies have demonstrated that our quality of care in this arena is not
consistently meeting benchmarks (eg, see Cohen et al20).
Specific recommendations about pharmacologic and nonpharmacologic thromboprophylaxis, doses, and duration
are beyond the scope of this editorial but are well
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summarized in guidelines and reviews.6,10 Validated riskprediction models6 should be used to ensure that the highest risk individuals are appropriately identified and receive
thromboprophylaxis. Finally, if the authors’ findings are
confirmed, then they may open the door to subsequent
trials of more intense and/or longer duration thromboprophylaxis regimens in men with PC and severe comorbidity, although accruing to such studies may be
challenging given the nature of the population in question. The findings may also lead to the development of
VTE predictive models that integrate PC treatments,
comorbidities, and other risk factors. The ability to more
precisely determine an individual’s risk of VTE during
their treatment for PC will allow for better proactive
measures, including screening and thromboprophylaxis,
to reduce the occurrence and complications from VTE.
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