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A B S T R A C T

This is a literature review of the frequency of venous thromboembolism in hospitalized patients
with cancer and of the available evidence supporting the use of thromboprophylaxis. Patients with
cancer are at particularly high risk of venous thromboembolism and account for almost 20% of
patients in the population. Hospitalization is an important risk factor in patients with cancer, with
rates reported between 0.6% and 7.8%. The incidence has been increasing over the past decade.
Three randomized controlled trials and meta-analyses indicate that prophylaxis with low molecular
weight heparin, heparin, or fondaparinux significantly reduces the rate of venous thromboembo-
lism in hospitalized medical patients who are at high risk. Patients with cancer were included in
these studies, but prospective trials specifically focused on patients with cancer are not available.
Evidence indicates that appropriate thromboprophylaxis is provided to a minority of hospitalized
patients with cancer and that targeted educational efforts and computerized prompt systems can
increase appropriate use. Guidelines developed by both oncology and thrombosis organizations
support the use of thromboprophylaxis in hospitalized patients with cancer. In conclusion, most
patients hospitalized with cancer are at high risk of venous thromboembolism, and thrombopro-
phylaxis should be provided in the absence of active bleeding or a high bleeding risk.

J Clin Oncol 27:4874-4880. © 2009 by American Society of Clinical Oncology

MAGNITUDE OF THE PROBLEM

Venous thromboembolism occurs frequently in
hospitalized medical patients and is a common
but preventable cause of morbidity and mortality.
In the general population, hospitalization for a
medical illness increases the risk of venous thro-
mboembolism by approximately eight-fold, and
approximately 25% of all cases of venous thrombo-
embolism are associated with hospitalization.1,2 Al-
though hospitalized surgical patients are thought to
be at greatest risk, 50% to 75% of venous thrombo-
embolism in hospitalized patients actually occurs on
the medical service.3-5 In prospective studies, veno-
graphic screening of high-risk hospitalized medical
patients who are not receiving prophylaxis has
shown rates of deep vein thrombosis of 10% to 15%,
whereas ultrasonography has shown a rate of 5%.6-8

Pulmonary embolism occurred in 0.3% to 1.5% of
these patients, and proximal deep vein thrombosis
occurred in 2% to 4.9%. Approximately 70% of
patients are asymptomatic.

The calf veins are most commonly affected,
and the clinical significance of asymptomatic deep
vein thrombosis that remains limited to the calf is
controversial. However, studies of the natural his-
tory of venous thrombosis demonstrate that some

such thrombi will extend proximally, increasing
the risk of causing leg symptoms and often result-
ing in pulmonary embolism.9 Pulmonary embo-
lism is associated with 5% to 10% of all deaths of
hospitalized patients, but the diagnosis is often not
suspected clinically.10-13

Patients with cancer are at particularly high risk
of venous thromboembolism and account for al-
most 20% of all patients in the population.1,14,15

In population-based studies, cancer was associated
with a 4.1-fold greater risk of thrombosis, and ad-
ministration of chemotherapy increased the risk
further to 6.5-fold.1,16 Several studies have re-
ported on the frequency of venous thromboem-
bolism specifically in hospitalized cancer patients.
Levitan et al17 reported an analysis of Medicare
claims data for patients older than age 65 hospital-
ized between 1988 and 1990 and found a rate of
venous thromboembolism of 0.6%. This rate was
significantly higher than the rate of 0.57% in a
comparison group with nonmalignant disease
(P � .001). Also, the probability of readmission or
death within 183 days was between three- and
four-fold higher among patients with cancer with
venous thromboembolism compared with patients
with nonmalignant disease. A more recent but
smaller study that included both ambulatory and
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hospitalized patients found an incidence of venous thromboembo-
lism of 7.8% over 26 months.18 In this study, the occurrence of throm-
botic events did not adversely affect overall survival. A large study of
patients with 19 selected malignancies who were hospitalized between
1979 and 1999 found a rate of deep vein thrombosis of 2% (827,000 of
40,787,000 patients) and a rate of pulmonary embolism of 1%.19 The
incidence of venous thromboembolism was twice the rate observed in
patients without cancer, and the incidence was observed to increase in
the late 1980s, a trend that continued into the 1990s.

Khorana et al20 conducted a retrospective cohort study using a
large discharge database of the University HealthSystem Consortium
that included 66,106 adult neutropenic cancer patients with 88,074
hospitalizations between 1995 and 2002 at 115 medical centers in the
United States. Neutropenia was selected as a marker for patients most
likely to be receiving active chemotherapy. Thromboembolism oc-
curred in 8% of patients, with 5.4% developing venous thromboem-
bolism and 1.5% having arterial thrombosis. In-hospital mortality was
significantly greater in patients with venous thrombosis (odds ratio
[OR] � 2.01; 95% CI, 1.83 to 2.22) or arterial thrombosis (OR � 5.04;
95% CI, 4.38 to 5.79). Interestingly, from 1995 to 2002, there was a
significant 36% increase in venous events and a 124% increase in
arterial events (P � .0001). A second, larger retrospective cohort study
was conducted by the same group using a database that included
1,824,316 hospitalizations between 1995 and 2003 at 133 US medical
centers.21 A diagnosis of deep vein thrombosis and pulmonary embo-
lism was made in 3.4% and 1.1% of patients, respectively, with an
overall rate of venous thromboembolism of 4.1%. The rate of venous
thromboembolism increased by 28% over the study period, with a
near doubling of pulmonary embolism rates from 0.8% to 1.5%
(P � .0001). Among the patients receiving chemotherapy, the rate of
venous thromboembolism increased by 47%, from 3.9% to 5.7%
(P � .0001; Fig 1). The increasing rate of venous thromboembolism
was not uniform but was disproportionately greater in patients receiv-
ing chemotherapy. In contrast, patients with cancer undergoing se-
lected surgical procedures did not demonstrate a significant increase,
suggesting that changes in awareness or diagnostic procedures did not
account for the increase.

Overall, reported studies show a high but variable rate of venous
thromboembolism among hospitalized patients with cancer (Table
1). More recent studies have found a higher rate, and evidence indi-
cates that the frequency of venous thromboembolism among hospi-
talized patients with cancer is increasing. Important consequences in
patients with cancer include increased mortality, high rates of recur-
rence and bleeding with anticoagulant therapy,22 prolonged hospital-
ization, and increased costs.23,24

PROPHYLAXIS

Primary prophylaxis is the best strategy for reducing the burden of
venous thromboembolism among hospitalized patients with cancer.
For patients who present with signs or symptoms of deep vein throm-
bosis or pulmonary embolism, accurate diagnosis using proper labo-
ratory and imaging studies is critical, and this should be followed by
anticoagulant or other specific therapy as indicated.25 However, diag-
nosis and treatment of symptomatic disease is inadequate in the ma-
jority of hospitalized patients with cancer, in whom asymptomatic
deep vein thrombosis can lead to sudden death from pulmonary
embolism, which usually occurs rapidly before the diagnosis is sus-
pected. A large number of clinical trials provide clear evidence that
primary prophylaxis reduces both deep vein thrombosis and pul-
monary embolism, and some studies have also shown that fatal
pulmonary embolism is also prevented.26 Thromboprophylaxis is
recognized as a highly effective strategy to improve patient outcomes
in hospitals,26,27 and it also decreases costs.28,29 The practical steps
involved in providing appropriate thromboprophylaxis include the
following: awareness of the problem, assessment of risk, and choice of
a prophylaxis modality. Prophylaxis can be provided using either
mechanical or pharmacologic approaches.

The primary effect of mechanical methods of prophylaxis is to
improve venous flow in the legs. Patients should be encouraged to
ambulate when possible and be instructed in exercises such as foot
extension that can improve venous flow. Pneumatic compression
devices and graduated compression stockings reduce venous stasis
and have been shown to be effective in reducing postoperative venous
thromboembolism.30,31 Their effectiveness is supported by a Co-
chrane review showing that postoperative venous thrombosis is re-
duced by approximately 50%.31 Only limited data are available
regarding the effectiveness of these approaches in hospitalized medical
patients, and there is essentially no data specific for the cancer popu-
lation. An additional limitation with studies of mechanical prophy-
laxis is lack of blinding, which could introduce bias into positive trial
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Fig 1. Increase in the rate of venous thromboembolism (VTE) over time. Results
are presented as annual rates of deep venous thrombosis (DVT), pulmonary
embolism (PE) without DVT, and PE with DVT (VTE) between 1995 and 2003.
Significant trends for increasing rates were observed for all three diagnoses
(P � .0001). The rate of increase was found to be greater in the subgroup of
patients who received chemotherapy. Error bars represent 95% CIs. Reprinted
with permission.21

Table 1. Frequency of Venous Thrombosis in Hospitalized Patients
With Cancer

Study
No. of Hospitalizations

or Patients

Events

No. %

Levitan et al17� 1,211,944 7,238 0.6
Sallah et al18 1,041 81 7.8
Stein et al19 40,787,000 837,000 2.0
Khorana et al20 66,106 5,272 5.4
Khorana et al21 1,015,598 41,666 4.1

�Only includes patients age � 65 years.
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results. Also, compliance can be a problem because patients frequently
remove the devices for comfort or ambulation. Despite these limita-
tions, mechanical approaches do reduce risk of venous thrombosis
and are a particularly good choice in patients who are bleeding or at
high risk of bleeding.

Effective prophylaxis can be provided by administration of low
doses of unfractionated heparin, low molecular weight heparins, or
fondaparinux (Table 2). The most compelling data supporting the use
of anticoagulant prophylaxis come from studies of surgical patients. A
large international trial in patients after general surgery demonstrated
that administration of low-dose unfractionated heparin reduced the
incidence of pulmonary embolism and fatal pulmonary embolism.32

This seminal study was followed by numerous other trials in surgical
patients, and a large meta-analysis found reduction in the rates of
postoperative deep vein thrombosis and of total and fatal pulmonary
embolism by 67%, 47%, and 64%, respectively.33

RISK ASSESSMENT

The risk of venous thromboembolism is related to the presence of
specific risk factors. Table 3 lists factors that increase risk of venous
thromboembolism in general medical inpatients and also lists risks
that have been identified especially in patients with cancer. The total
risk increases if multiple risk factors are present, and review of these
lists reveals that most hospitalized patients with cancer have multiple
risk factors. For example, they are often older with immobility, and
many have had recent surgery in addition to having active cancer and
cancer therapy. Occasionally, young ambulatory patients with cancer
are hospitalized who may need no specific prophylaxis. Unfortu-
nately, no data are available from prospective clinical trials that have
evaluated risk specifically for patients with cancer.

However, retrospective studies of hospitalized patients with can-
cer have provided some insight into specific risk factors. Khorana et
al20 conducted a retrospective cohort study of more than 66,000 adult
neutropenic patients with cancer between 1995 and 2002. The vari-
ables that were significantly associated with venous thromboembo-
lism using a multivariate logistical regression analysis included age
� 65 years; site of cancer, including brain, stomach, lung, pancreas,
other abdominal, ovary, endometrium, and cervix; arterial thrombo-
sis; the presence of comorbidities, including pulmonary infection and
renal disease; and obesity. A subsequent larger retrospective cohort
study of similar design included more than one million patients with

cancer.21 The overall rate of venous thromboembolism was 4.1%, and
groups with the highest rate included those with black race and pa-
tients receiving chemotherapy. Sites of cancer with the highest rates of
venous thromboembolism included pancreas, kidney, ovary, lung,
and stomach. Also, patients with myeloma, non-Hodgkin’s lym-
phoma, and Hodgkin’s disease had significantly higher rates. In mul-
tivariate analysis, risk factors associated with venous thrombosis
included age � 65 years, female sex, black race, use of chemotherapy,
primary site of cancer, and presence of comorbidities. A recent study
associated central venous catheters and RBC or platelet transfusions
with increased risk of venous thromboembolism in hospitalized pa-
tients with cancer.34

CLINICAL TRIALS

Randomized clinical trials of prophylaxis for venous thromboembo-
lism restricted specifically to patients with cancer are not available, and
information regarding benefits and risks must be inferred from studies
in surgical or general medical patients. For example, Dentali et al35

performed a meta-analysis of anticoagulant prophylaxis in hospital-
ized medical patients that included nine studies with 19,958 patients.
Prophylaxis significantly reduced pulmonary embolism (relative risk
[RR] � 0.43; 95% CI, 0.26 to 0.71), with an absolute risk reduction of
0.29% and a number needed to treat of 345 patients. Similarly, fatal
pulmonary embolism was reduced (RR � 0.38; 95% CI, 0.21 to 0.69),
with an absolute risk reduction of 0.25% and a number to treat of 400
patients. There was a nonsignificant reduction in symptomatic deep
vein thrombosis (RR � 0.47; 95% CI, 0.22 to 1.0) and a nonsignificant
increase in major bleeding (RR � 1.32; 95% CI, 0.73 to 3.27).

Three large, randomized, double-blind, placebo-controlled trials
have demonstrated the benefits of anticoagulant prophylaxis in gen-
eral medical patients (Table 4). The Prophylaxis in Medical Patients
with Enoxaparin (MEDENOX) study randomly assigned 1,102 hos-
pitalized patients older than 40 years to receive enoxaparin 40 mg,
enoxaparin 20 mg, or placebo subcutaneously once daily for 6 to 14
days.7 Eligible patients had congestive heart failure (New York Heart
Association class III or IV), acute respiratory failure that did not
require ventilator support, acute infection, or acute rheumatic disor-
der in association with an additional risk factor including cancer. The
primary outcome was venous thromboembolism between days 1 and
14 that was either clinically symptomatic or detected by bilateral
venography or ultrasound between days 6 and 14 in asymptomatic

Table 2. Medications and Doses for Prophylaxis of Venous Thromboembolism in Hospitalized Patients With Cancer

Drug Dose Comment

Unfractionated heparin 5,000 U subcutaneously every 8 hours A dose of 5,000 U subcutaneously every 12 hours has also been used;
expert opinion favors 8-hour dosing

Low molecular weight heparins
Enoxaparin 40 mg subcutaneously once daily More expensive than heparin; 20 mg daily not effective
Dalteparin 5,000 U subcutaneously once daily More expensive than heparin

Fondaparinux 2.5 mg subcutaneously once daily More expensive than heparin; not FDA approved for prophylaxis in
medical patients

NOTE. Anticoagulant prophylaxis should not be used if there is a risk of excessive bleeding, such as in patients with active or recent GI bleeding, hemorrhagic
stroke, or hemostatic defects such as severe thrombocytopenia. Unfractionated heparin and low molecular weight heparins should not be used in patients with
current or previous heparin-induced thrombocytopenia.

Abbreviation: FDA, US Food and Drug Administration.
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patients. The incidence of venous thromboembolism was significantly
lower in the group that received 40 mg of enoxaparin (5.5%, 16 of 291
patients) than in the group that received placebo (14.9%, 43 of 288
patients; RR � 0.37; P � .001). There was no significant difference in

the incidence of venous thromboembolism between the group that
received 20 mg of enoxaparin (15.0%, 43 of 287 patients) and the
placebo group. There was also no significant difference among the
groups regarding bleeding complications.

The results were similar in the Prospective Evaluation of Dalte-
parin Efficacy for Prevention of VTE in Immobilized Patients Trial
(PREVENT).8 This study included 3,706 patients older than age 40
who were admitted to the hospital with an acute medical condition
requiring hospitalization for more than 4 days. Patients had acute
congestive heart failure, acute respiratory failure, infection and acute
rheumatologic disease, or inflammatory bowel disease. Most patients
had one or more additional risk factors for venous thromboembolism
including cancer. Eligible patients were randomly assigned to receive
once-daily subcutaneous injections of either dalteparin 5,000 U or
placebo for 14 days. The primary end point was venous thromboem-
bolism, which included symptomatic deep vein thrombosis or pulmo-
nary embolism and asymptomatic proximal deep vein thrombosis
detected by compression ultrasound at day 21. The incidence of ve-
nous thromboembolism was reduced from 4.96% (73 of 1,473 pa-
tients) in the placebo group to 2.77% (42 of 1,518 patients) in the
dalteparin group, an absolute risk reduction of 2.19% or a relative risk
reduction of 45% (95% CI, 38% to 80%; P � .0015). There were no
significant differences in mortality up to 90 days or in major bleeding
complications between the two groups.

The Arixtra for Thromboembolism Prevention in a Medical In-
dication Study (ARTEMIS) had a similar design and involved 849
hospitalized patients older than age 60 who were admitted to hospital
for congestive heart failure, acute respiratory illness in the presence of
chronic lung disease, or acute infectious or inflammatory disease
and who were expected to remain for at least 4 days.6 They were
randomly allocated to receive either fondaparinux 2.5 mg or placebo
subcutaneously once daily for 6 to 14 days. The primary outcome was
symptomatic venous thromboembolism or asymptomatic deep vein
thrombosis detected by routine bilateral venography up to day 15.
Venous thromboembolism was detected in 5.6% of patients (18 of 321
patients) treated with fondaparinux and 10.5% of patients (34 of 323
patients) administered placebo, a relative risk reduction of 46.7%
(95% CI, 7.7% to 69.3%). At 1 month, the mortality was 3.3% in
patients in the fondaparinux group compared with 6.0% in the pla-
cebo group (P � .06). Major bleeding was low and not significantly
different in the two groups.

Taken together, the results of the meta-analysis and three pro-
spective trials clearly demonstrate that primary prophylaxis using
heparin, low molecular weight heparins, or fondaparinux reduces

Table 3. Risk Factors for Venous Thromboembolism in Hospitalized Patients

Risk Factor

General medical patients
Active cancer
Cancer therapy
Congestive heart failure�

Acute myocardial infarction
Acute respiratory disease
Stroke
Rheumatic disease (eg, acute arthritis)
Inflammatory bowel disease
Previous venous thromboembolism
Older age
Recent surgery or trauma
Immobility or paresis
Obesity (BMI � 30 kg/m2)
Central venous catheterization
Inherited or acquired thrombophilic states
Varicose veins
Estrogen therapy
Erythropoiesis-stimulating agents

Patients with cancer
Age � 65 years
Black
Female
Site of cancer

Pancreas
Stomach
Other abdominal
Rectal
Ovary
Lung

Chemotherapy
Comorbidities

Arterial thrombosis
Pulmonary disease
Renal disease
Infection
Anemia

Transfusion

Abbreviation: BMI, body mass index.
�Congestive heart failure is defined as New York Heart Association class III

or IV disease.

Table 4. Trials of Anticoagulant Prophylaxis for Venous Thromboembolism in Hospitalized Medical Patients

Study Total No. of Patients

Patients With
Cancer Placebo Events Treatment Events

Relative Risk 95% CI PNo. % No./Total No. % No./Total No. %

MEDENOX 579� 72 12.4 43/288 14.9 16/291 5.5 0.37 0.22 to 0.63 � .001
PREVENT 3,706 190 5.1 73/1,473 4.96 42/1,518 2.77 0.55 0.38 to 0.8 .0015
ARTEMIS 849† 131 15.4 34/323 10.5 18/321 5.6 0.47 0.08 to 0.69 .029

Abbreviations: MEDENOX, Prophylaxis in Medical Patients with Enoxaparin; PREVENT, Prospective Evaluation of Dalteparin Efficacy for Prevention of VTE in
Immobilized Patients Trial; ARTEMIS, Arixtra for Thromboembolism Prevention in a Medical Indications Study.

�MEDENOX included a 20-mg enoxaparin arm of 287 patients with event rates equivalent to placebo. No. includes only patients receiving enoxaparin 40 mg or placebo.
†Total patients assessable for safety analysis; only 644 patients were assessable for the primary end point.
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venous thromboembolism in hospitalized medical patients. Limited
information is available comparing different anticoagulant regimens
for prophylaxis. However, a meta-analysis that included nine trials
(4,669 patients) compared low molecular weight heparins with un-
fractionated heparin for prophylaxis in medical patients, excluding
those with acute myocardial infarction or stroke.36 There was no
significant difference between low molecular weight heparins and
unfractionated heparin concerning the incidence of deep vein throm-
bosis (RR � 0.083; 95% CI, 0.56 to 1.2), symptomatic pulmonary
embolism (RR � 0.74; 95% CI, 0.29 to 1.88), or mortality. However,
low molecular weight heparins reduced the risk of major hemorrhagic
complications compared with unfractionated heparin (RR � 0.48;
95% CI, 0.23 to 1.00; P � .049). There are no direct comparisons of
fondaparinux with heparin or low molecular weight heparins for
prophylaxis, and there are no comparisons of anticoagulant regimens
specifically in patients with cancer.

It should be noted that all of the studies cited include a
heterogeneous population of medical patients in whom those with
cancer represent a minority. Thus, in the PREVENT, MEDENOX,
and ARTEMIS studies, patients with cancer represented 5.1%, 12.4%,
and 15.4% of the total study groups, respectively. No studies are
available in which prophylaxis has been evaluated in a population
limited to patients with cancer. However, a subgroup analysis of the
MEDENOX study showed that patients with cancer had an elevated
risk of venous thromboembolism37 and that the relative risk reduction
for venous thromboembolism in patients with cancer treated with
enoxaparin 40 mg/d was 0.50 (95% CI, 0.14 to 1.72), which was similar
to the benefits observed in the whole group and in other predefined
risk factor subgroups. However, patients with cancer have an in-
creased risk for bleeding, resulting from factors such as thrombocyto-
penia and the performance of invasive procedures that occurs more
commonly than in other medical patients. Thus, care should be exer-
cised in administering anticoagulant prophylaxis in patients with a
high bleeding risk, such as those with severe thrombocytopenia or
recent GI bleeding.

Despite the limitations of the available data, it is clear that hospi-
talized patients with cancer are at high risk of venous thromboembo-
lism and that this contributes significantly to morbidity and mortality.
Evidence is strong that mechanical or pharmacologic prophylaxis
reduces venous thromboembolism in hospitalized surgical and gen-
eral medicine patients and in patients with cancer by inference. Over-
all, the bleeding risk seems small, and the benefit-to-risk ratio strongly
favors providing prophylaxis.

GUIDELINES

Several groups have provided guidelines for the use of thrombopro-
phylaxis in cancer patients. The American Society of Clinical Oncol-
ogy performed a comprehensive systematic review of the literature on
the prevention of venous thromboembolism in patients with cancer
and recommended that hospitalized patients with cancer should be
considered candidates for venous thromboembolism prophylaxis
with anticoagulants in the absence of bleeding or other contraindica-
tions to anticoagulation.24 The American College of Chest Physicians
issued guidelines in 2008 and recommended that routine prophylaxis
be provided for patients with cancer who are bedridden with acute
medical illness as for other high-risk medical patients (grade 1A).26

The National Comprehensive Cancer Network recommends that
hospitalized patients with a diagnosis of cancer or a clinical suspicion
of cancer who have no contraindication to anticoagulation receive
prophylactic pharmacologic prophylaxis with or without sequential
compression devices. Those with a contraindication to anticoagula-
tion should receive mechanical prophylaxis with either sequential
compression devices or graduated compression stockings.38

UTILIZATION OF PROPHYLAXIS

Evidence indicates that prophylaxis for venous thromboembolism is
underused in hospitalized patients.3-5,39-41 A community-wide study
of 16 hospitals in Massachusetts indicated that prophylaxis was pro-
vided for only 32% of patients at high risk.3 A prospective study of
patients in the intensive care unit showed that only 33% received
prophylaxis, which was administered after an average delay of 2 days.41

Data from a registry showed that only 42% of 2,726 patients with
symptomatic deep vein thrombosis that developed during hospitaliza-
tion had received prophylaxis,5 and in a survey of 106 oncologists,
approximately 80% indicated that they did not routinely provide
prophylaxis for inpatients undergoing active treatment for cancer.42 A
chart audit of 29 Canadian hospitals examined 4,124 medical admis-
sions and found that thromboprophylaxis was indicated in 90% of
patients but was administered to only 23% of these patients and only
16% received appropriate thromboprophylaxis.43 In this study, pa-
tients with cancer had a significantly reduced likelihood of receiving
prophylaxis (OR � 0.40; 95% CI, 0.24 to 0.68).

Analysis of a prospective registry of 5,451 patients with
ultrasound-confirmed deep vein thrombosis from 183 hospitals in the
United States found that 1,096 patients (20%) had active cancer.44

Patients with cancer received prophylaxis for venous thromboembo-
lism less often before development of deep vein thrombosis compared
with patients with no cancer (28.2% v 34.6%, respectively; P � .0001).
The Frontline Survey collected information regarding perceived risks
and patterns of practice with regard to venous thromboembolism in
cancer patients from 3,891 respondents primarily in Europe and
North America.45 More than 50% of surgeons reported that they
provided thromboprophylaxis routinely, whereas medical oncologists
reported using prophylaxis in less than 5% of patients. Much of the
data were collected before recent guidelines were publicized. How-
ever, it seems clear that thromboprophylaxis is underused in cancer
inpatients and that strategies to improve prophylaxis are indicated.

Evidence-based educational programs that provide hospital-
specific data demonstrating the problem of venous thromboembo-
lism can be successful in increasing use of prophylaxis by clinicians, as
shown in a study that evaluated the use of prophylaxis in 15 commu-
nity hospitals before and after a targeted continuing medical educa-
tional program was conducted.46 In large randomized trials, computer
prompts that remind physicians to consider the appropriate use of
prophylaxis have been shown to increase its use.47,48 In a trial that
assessed the effects of a computerized reminder system on the use of
heparin and outcomes among 2,501 inpatients identified by the com-
puter to be at high risk, the intervention group received prophylactic
treatment at a higher rate than the control group (34% v 15%, respec-
tively; P � .001).48 Patients judged to be at high risk were those
admitted with cancer, previous venous thromboembolism, hyperco-
agulability, major surgery, advanced age, obesity, on bed rest, or using
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postmenopausal hormone therapy or oral contraceptives. The inter-
vention group that received computerized prompts also had a lower
incidence of symptomatic confirmed deep vein thrombosis or pulmo-
nary embolism at 90 days compared with the control group (4.9% v
8.2%, respectively; P � .001).

AREAS OF UNCERTAINTY

Although the evidence is clear that administration of prophylaxis can
reduce venous thromboembolism in hospitalized surgical and medi-
cal patients, areas of uncertainty remain, and additional information is
needed. For example, recommendations for hospitalized cancer pa-
tients are inferential and derived from studies of medical inpatients
with a variety of high-risk conditions, with cancer representing a
minority. Therefore, data from clinical trials of prophylaxis focused on
inpatients with cancer would be of considerable interest, particularly
because patients with cancer often have increased risks of bleeding.
Additional information regarding the value of mechanical prophy-
laxis in patients with cancer is also needed. Furthermore, no data are
available regarding the comparative efficacy of fondaparinux with low
molecular weight heparins or unfractionated heparin for prophylaxis,
and additional comparisons with more anticoagulants in late-phase
clinical development will also be needed.

Finally, greater awareness of oncologists is needed to increase the
use of prophylaxis for venous thromboembolism in hospitalized pa-
tients with cancer. Evidence from chart reviews and surveys clearly
shows that only a minority of hospitalized patients with cancer are
receiving appropriate thromboprophylaxis. The use of continuing
medical education programs and especially computer-based prompts
should be strongly considered to increase compliance with cur-
rent guidelines.
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