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/ABSTRACT

Introduction. The occurrence of malignant disease increases
therisk forvenousthromboembolism (VTE). Here we evaluate
the risk for VTE in a large unselected cohort of patients with
cancer receiving chemotherapy.

Methods. The United States IMPACT health care claims data-
base was retrospectively analyzed to identify patients with a
range of solid tumors who started chemotherapy from Janu-
ary 2005 through December 2008. International Classification
of Diseases, 9th revision, Clinical Modification Codes were
used to identify cancer location, presence of VTE 3.5 months
and 12 months after starting chemotherapy, and incidence of
major bleeding complications. Health care costs were as-
sessed one year before initiation of chemotherapy and one
year after initiation of chemotherapy.

Results. The overallincidence of VTE 3.5 months after starting
chemotherapy was 7.3% (range 4.6%—11.6% across cancer lo-
cations) risingto 13.5% at 12 months (range 9.8%—-21.3%). The
highest VTE risk was identified in patients with pancreatic,
stomach, and lung cancer. Patients in whom VTE developed
had a higher risk for major bleeding at 3.5 months and at 12
months (11.0% and 19.8% vs. 3.8% and 9.6%, respectively).
Health care costs were significantly higherin patientsin whom
VTE developed.

Conclusion. Those undergoing chemotherapy as outpatients
are at increased risk for VTE and for major bleeding complica-
tions. Thromboprophylaxis may be considered for such pa-
tients after carefully assessing the risks and benefits of
treatment. The Oncologist2013;18:1321-1329

Implications for Practice: This large observational study of unselected patients receiving cancer chemotherapy demon-
strates considerably greater rates of venous thromboembolism (VTE) than commonly reported in patients accrued to clin-
ical trials. The risk of VTE appears to increase progressively over the year following initiation of treatment. Cancer patients
developing VTE also experience a greater risk of major bleeding and greater health care costs than patients without VTE.
Patients considered at high risk for VTE should be considered for thromboprophylaxis after assessing the balance of poten-

tial benefits and harms.

INTRODUCTION

Malignant disease is associated with a hypercoagulable state
that increases the risk for development of venous thrombo-
embolism (VTE) by at least 4-fold [1-3]. The risk for VTE varies
according to other factors, including age, obesity, history of
thrombosis, recent reduced mobility, or major surgery [4].
The type of cancer treatment also has an importantimpact on
the development of VTE, with chemotherapy increasing the
VTE risk by up to 6.5-fold [1, 5]. In addition, the VTE risk asso-
ciated with cancer varies throughout the course of the dis-
ease. The risk is particularly high in the first few months
following diagnosis and there is an estimated 4-fold to 13-fold
increase in risk for VTE in late-stage metastatic disease [5-7].
VTE incidences ranging from 2% to 12% have been reported in
different populations of patients with cancer [5, 7-10]. Types

of tumor associated with the highest VTE risk are hematologic
cancers, followed by lung, pancreatic, stomach, ovarian, uter-
ine, bladder, and brain tumors [3, 5-7].

It is therefore anticipated that a subset of patients with
cancer who have additional VTE risk factor(s) and are under-
going chemotherapy are at high risk for VTE. Thromboprophy-
laxis use is sporadic or not routine, and patients with cancer
are usually treated with curative doses when symptomatic
VTE events occur. Patients with cancer are more likely to have
recurrent thromboembolic complications and major bleeding
during anticoagulant treatment than those without malig-
nancy [11]. However, United States and European guidelines
do not recommend routine thromboprophylaxis for ambula-
tory patients receiving chemotherapy on an outpatient basis
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[12-15]. Recently revised guidelines on VTE prevention in on-
cology from the United States National Comprehensive Can-
cer Network [13, 14] and from the American Society of Clinical
Oncology [16] suggest that thromboprophylaxis should be
considered for high-risk ambulatory patients with cancer re-
ceiving chemotherapy.

This retrospective study aimed to evaluate the risk for
VTE in an unselected cohort of patients from the United States
IMPACT health care insurance claims database with high-risk
solid tumors who were starting chemotherapy treatment. Sec-
ondary objectives were the assessment of the risk for bleeding
and the economic burden of VTE in this patient cohort.

Data Source and Study Design

The IMPACT claims database is a fully de-identified, United
States Health Insurance Portability and Accountability Act-
compliant national database that includes the complete med-
ical history for >100 million individuals with managed care
health plans. The IMPACT database was used to identify pa-
tients retrospectively who had cancer of the lung, pancreas,
stomach, colon/rectum, bladder, or ovary who initiated che-
motherapy between January 1,2005, and December 31, 2008.
Because the claims data used were fully de-identified, ap-
proval from a local human investigations committee was not
required.

International Classification of Diseases, 9th revision, Clini-
cal Modification (ICD-9-CM) codes were used to identify can-
cer location and the presence of VTE (supplemental online
Table 1) and bleeding (supplemental online Table 2). To re-
duce the effects of diagnosticimprecision associated with VTE
diagnosis based on ICD-9-CM codes [17], the analyses of VTE
incidence were performed using three different definitions.
Definition Awasan all-inclusive analysis comprising allindivid-
uals with an ICD-9-CM code relating to VTE who met the inclu-
sion and exclusion criteria for the study (i.e., study period,
tumor location). This definition considered a VTE case as a pa-
tient who had =1 VTE claim. Definition B considered a VTE
case as only patients who had =2 outpatient claims =30 days
apart, or one inpatient claim, or a single outpatient claim in
which an anticoagulant was administered within 90 days, and
excluded the ICD-9-CM code 997.2 (peripheral vascular com-
plications not elsewhere classified). The most stringent defini-
tion, definition C, further excluded from definition B any VTE
events within 90 days of any major or invasive surgery. Codes
relating to esophageal, renal, and uterine cancer were ex-
cluded.

The first day of chemotherapy treatment following cancer
diagnosis was defined as the index date, and data from pa-
tients with =12 months of continuous medical coverage prior
to the index date (baseline period) and =3.5 months of medi-
cal insurance coverage during follow-up were included. Pa-
tients with a history of VTE within 12 months, major bleeding
within 3 months, or anticoagulant treatment within 2 weeks
prior to the index date were excluded.

Statistical Analysis

Patient baseline characteristics were determined during the
one year prior to the index date to determine any prior rele-
vant comorbidities or medication use. The Charlson Comor-
bidity Index score [18] was used to assess the overall burden of
comorbidity. The index assigns a weighted score of 1 to 6 to
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various comorbid conditions based on their impact on one-
year mortality, and it has been widely used and validated
across a range of major cancers [19]. The higher the overall
score, the more severe the burden of comorbidity and the
higher the risk for mortality [18]. Summary statistics are pre-
sented as percentagesinthe case of categoric variablesand as
means with standard deviations in the case of continuous
variables.

VTE incidence and the proportion of patients with deep
vein thrombosis (DVT), pulmonary embolism (PE), or both
were assessed at 3.5 and 12 months post-index. The 3.5-
month follow-up period was chosen to reflect the follow-up
period used in SAVE-ONCO, which is currently the largest trial
of VTE prophylaxis in patients with cancer receiving chemo-
therapy [20]. The 12-month follow-up was used to assess an-
nual costs both before and after the index date.

Bleeding complications were assessed using both the In-
ternational Society on Thrombosis and Haemostasis (ISTH)
definition of major bleeding and an expanded version of the
ISTH definition (supplemental online Table 2). The ISTH defini-
tion classified major bleeding in patients who did not undergo
surgery as fatal bleeding and/or symptomatic bleeding in a
criticalareaororgan (i.e., intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular or pericardial, or intramuscu-
lar bleeding with compartment syndrome) and/or any bleed-
ing resulting in a decrease in hemoglobin levels of =20 g/L or
leading to a transfusion of =2 units of whole blood or red
blood cells [21]. Confidence intervals (Cls) at 95% confidence
level were derived using Clopper-Pearson (exact) method un-
der binomial distribution for dichotomous response. The 95%
Cl for categoric variables with more than two levels was de-
rived under multinomial distribution.

For the overall population, health care costs (2008 US
S), including pharmacy, inpatient, emergency department,
and outpatient costs were assessed at one year pre-index
and post-index by VTE status. To address the skewed distri-
bution of cost that does not follow a symmetric bell-shaped
normal distribution, and to account for the potential imbal-
ance at baseline between patients with and without VTE, a
multivariate generalized linear model with a logarithmic
link function and gamma variance was used for cost com-
parison during the follow-up period. Covariates in the
model included demographics (age and gender), cancer lo-
cation, comorbidities, baseline health care utilization, and
baseline health care expenditures. Adjusted annual cost
and 95% Cls were reported by performing exponentiation
of the least-square means estimated from the generalized
linear model. The cumulative VTE risk during follow-up was
derived from one minus survival function estimated by the
Kaplan-Meier method for overall population and by cancer
location, which accounts for the timing of VTE and censor-
ing as a result of loss to follow-up.

Given the descriptive nature of this study and the large
number of potential comparisons, the analysis mainly re-
ported point estimates along with 95% Cl to reflect the vari-
ability, and p values reflecting specific hypothesis tests were
not included routinely. The analyses were based on data ob-
served and no missing data were imputed. The software used
in this study was SAS Enterprise Guide Version 4.2 (SAS Insti-
tute, Inc., Cary, NC, http://www.sas.com).
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Table 1. Patient characteristics at baseline (1-year pre-index date) in patients who developed VTE and in those who did not at
3.5 months and 12 months post-index (definition A)

3.5 Months post-index 12 Months post-index
Patients with VTE, Patients without VTE, Patients with VTE, Patients without VTE,
Characteristic n (%) (n=1,998) n (%) (n = 25,481) n(%)(n=3,711) n (%) (n = 23,768)
Patient demographics
Age, years, mean = SD 64.0 = 104 63.2 = 11.0 63.7 = 10.5 63.2 £ 11.1
Male, n (%) 1011 (50.6) 13,201 (51.8) 1883 (50.7) 12,329 (51.9)
Census region of member
East North Central 288 (14.4) 3192 (12.5) 523 (14.1) 2957 (12.4)
East South Central 90 (4.5) 1196 (4.7) 157 (4.2) 1129 (4.8)
Middle Atlantic 378 (18.9) 4492 (17.6) 724 (19.5) 4146 (17.4)
Mountain 143 (7.2) 1568 (6.2) 244 (6.6) 1467 (6.2)
New England 232 (11.6) 3318 (13.0) 436 (11.8) 3114 (13.1)
Pacific 111 (5.6) 1524 (6.0) 213 (5.7) 1422 (6.0)
South Atlantic 376 (18.8) 4831 (19.0) 675 (18.2) 4532 (19.1)
West North Central 131 (6.6) 1747 (6.9) 254 (6.8) 1624 (6.8)
West South Central 222 (11.1) 3246 (12.7) 441 (11.9) 3027 (12.7)
Other 27 (1.4) 367 (1.4) 44 (1.2) 350 (1.5)
Site of cancer
Lung 882 (44.1) 9540 (37.4) 1541 (41.5) 8381 (37.4)
Colon 573 (28.7) 9042 (35.5) 1128 (30.4) 8487 (35.7)
Ovary 135 (6.8) 2074 (8.1) 251 (6.8) 1958 (8.2)
Bladder 110 (5.5) 2283 (9.0) 234 (6.3) 2159 (9.1)
Stomach 77 (3.9) 851 (3.3) 150 (4.0) 778 (3.3)
Pancreas 221 (11.1) 1691 (6.6) 407 (11.0) 1505 (6.3)
Year of chemotherapy initiation
2005 355 (17.8) 4441 (17.4) 639 (17.2) 4157 (17.5)
2006 634 (31.7) 8184 (32.1) 1204 (32.4) 7614 (32.0)
2007 549 (27.5) 6712 (26.3) 1009 (27.2) 6252 (26.3)
2008 460 (23.0) 6144 (24.11) 859 (23.2) 5745 (24.2)
Comorbidities, n (%)
Metastatic carcinoma 1231 (61.6) 12,810 (50.3) 2206 (59.4) 11,835 (49.8)
Chronic pulmonary disease 719 (36.0) 8536 (33.5) 1302 (35.1) 7953 (33.5)
Diabetes
Without complications 379 (19.0) 4972 (19.5) 724 (19.5) 4627 (19.5)
With complications 71 (3.6) 978 (3.8) 147 (4.0) 902 (3.8)
Liver disease
Mild 389 (19.5) 4303 (16.9) 724 (19.5) 3968 (16.7)
Moderate/severe 10 (0.5) 124 (0.5) 18 (0.5) 116 (0.5)
Peripheral vascular disease 228 (11.4) 2767 (10.9) 410 (11.1) 2585 (10.9)
Cerebrovascular disease 213 (10.7) 2531 (9.9) 379 (10.2) 2365 (10.0)
Congestive heart failure 172 (8.6) 2080 (8.2) 320 (8.6) 1932 (8.1)
Renal disease® 93 (4.7) 1222 (4.8) 174 (4.7) 1141 (4.8)
Myocardial infarction 94 (4.7) 1033 (4.1) 173 (4.7) 954 (4.0)
Charlson Comorbidity Index score, mean * SD 6.97 = 3.51 6.22 = 3.51 6.84 = 3.50 6.19 = 3.51
Patients with central venous catheter at baseline, n (%) 21(1.1) 329 (1.3) 44 (1.2) 306 (1.3)
Medication®
Antiplatelet drugs 60 (3.0) 820 (3.2) 118 (3.2) 762 (3.2)
Corticosteroids 639 (32.0) 7223 (28.4) 1122 (30.2) 6740 (28.4)
Low-molecular-weight heparin 9 (0.5) 137 (0.5) 18 (0.5) 128 (0.5)
Parenteral indirect Xa inhibitor 0 4(<0.1) 0 4(<0.1)
Thrombolytics/fibrinolytics 1(0.1) 18 (0.1) 3(0.1) 16 (0.1)
Unfractionated heparin 57 (2.9) 683 (2.7) 103 (2.8) 637 (2.7)
Vitamin K antagonists 38 (1.9) 404 (1.6) 63 (1.7) 379 (1.6)
Estrogens 60 (3.0) 969 (3.8) 115 (3.1) 914 (3.9)
Estrogen receptor antagonist 0 7 (<0.1) 0 7 (<0.1)
SERMs 12 (0.6) 135 (0.5) 23 (0.6) 124 (0.5)

?Renal disease was defined according to a specific set of International Classification of Diseases, Ninth Revision, Clinical Modification codes.
Ppatients who received anticoagulant treatment within 2 weeks from the start of chemotherapy were excluded.
Abbreviations: SD, Standard deviation; SERMs, Selective estrogen-receptor modulators; VTE, Venous thromboembolism.
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Figure 1. VTEincidence (95% confidence interval) by cancer site and VTE definition (see text) (A, B, and C) at 3.5 months and 12 months
post-index. Data labels indicate point estimates. Abbreviation: VTE, venous thromboembolism.

RESULTS

Baseline Characteristics

Atotal of 27,479 eligible patients were identified for inclusion
in this analysis (supplemental online Fig. 1). Baseline charac-
teristics of and medications used by patients undergoing che-
motherapy who did or did not have VTE at 3.5 and 12 months
according to definition A are summarized in Table 1. Baseline
characteristics of patients according to VTE definitionsBand C
were similar to those for definition A (data not shown). Mean
age was 63 years, approximately 52% of patients were male,
and half of the total population had metastatic disease. Few
patients had a central venous catheter and were receiving
thromboprophylaxis at inclusion. The most prevalent comor-
bidity was chronic pulmonary disease (>30%). Overall, the
mean Charlson Comorbidity Index score was approximately 6
to 7. Demographics and comorbidities of patients in whom
VTE developed post-index were similar to those of patients in
whom VTE did not develop. However, metastatic disease was
presentin a notably higher proportion of the patients on che-
motherapy in whom VTE developed at 3.5 months post-index
compared with patients without VTE (62% vs. 50%, respec-
tively). There were no clinically important differences in the
non-chemotherapy medications or in the number of patients
who had central venous catheters among patients in whom
VTE developed post-index and those in whom VTE did not de-
velop.

VTE Rate at 3.5 Months and 12 Months Post-Index

The incidence of VTE by cancer site and by VTE definition at
3.5 months and 12 months post-index for definitions Ato C
are shown in Figure 1. The overall incidence of VTE in pa-
tients with cancer 3.5 months after chemotherapy initia-
tion according to definition A was 7.3% (range 4.6%—-11.6%
across cancer locations). According to definition A, the
highestincidence of VTE was observed in patients with pan-
creatic (11.6%), lung (8.5%), and stomach cancers (8.3%).
The incidence of VTE in patients on chemotherapy contin-
ued to increase over time, with an overall incidence of
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13.5% at 12 months post-index (range 9.8%—21.3% across
cancer locations) in patients identified using definition A.
Similar VTE rates were observed for definitions B and C
(which were both lower than definition A) at 3.5 months
(ranges 3.4%—9.6% and 3.2%—8.7%, respectively) and at 12
months (ranges 7.1%-17.7% and 6.7%—16.6%, respec-
tively) post-index (Fig. 1). The majority of cases of VTE ob-
served were deep vein thrombosis (DVT), with a smaller
proportion of pulmonary embolism (PE). For definition A,
the proportion of VTE cases that were DVT or PE only at 3.5
months post-index was 65.9% and 17.6%, respectively
(16.5% of patients had both PE and DVT). Across the cancer
locations at 3.5 months, within the definition A cohort, the
proportion of patients with VTE patients who had DVT only
varied from 58% to 74% (highest in colon cancer); for PE
only, the figures were 12% to 24% of patients (highest in
lung cancer), and for both DVT and PE, the proportions var-
ied from 12% to 21% (highest in stomach cancer) (Fig. 2).
The pattern of distribution of DVT and PE remained similar
12 months post-index. A similar pattern of distribution of
DVT and PE was also observed for definitions B and C (data
not shown).

Interms of the cumulative risk for VTE in patients with can-
cer undergoing chemotherapy, for definition A, no plateau or
reduction in VTE risk was seen within 12 months of starting
chemotherapy (Fig. 3). The cumulative risk for VTE in the sen-
sitivity analyses (definitions B and C) and across all definitions
is shown in supplemental online Fig. 2.

Bleeding Analysis

Across all three definitions, patients with VTE had a higher risk
for major bleeding within 12 months after starting chemo-
therapy compared with patients without VTE. Those receiving
chemotherapy as outpatientsin whom VTE developed (defini-
tion A) at 3.5 months had a higher risk for major bleeding com-
plications within 3.5 months than those who were not
receiving chemotherapy on an outpatient basis (11.0% vs.
3.8%, respectively). According to definition A, at 3.5 months,
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Figure 2. Proportions of VTE cases (95% confidence interval) that were DVT only, PE only, or both DVT and PE according to definition A
at 3.5 months and 12 months post-index. Abbreviations: DVT, deep-vein thrombosis; PE, pulmonary embolism; VTE, venous

thromboembolism.
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Figure 3. Cumulative risk for VTE using definition A in patients with cancer undergoing chemotherapy. Abbreviation: VTE, venous

thromboembolism.

the incidence of major bleeding (using the expanded ISTH def-
inition) within 12 months post-index was 19.8% in patients
with VTE and 9.6% in patients without VTE complications (Fig.
4). The risk for major bleeding varied across the tumor loca-
tions studied; in patients with VTE at 3.5 months, the inci-
dence of major bleeding within 12 months of starting
chemotherapy ranged from 17.3% (colon cancer) to 27.3%
(stomach cancer).

Health Care Costs

Patients in whom VTE developed within 3.5 months post-
index had baseline health care costs (i.e., overall costs one
year pre-index) comparable to those without VTE (defini-
tion A: US $35,476 vs. $33,618, respectively) (Fig. 5). During
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the first 12 months post-index, costs in patients with VTE
were significantly higher than in those without VTE (defini-
tion A: US $110,719 vs. $76,804, respectively) (p < .0001),
primarily driven by higher inpatient and outpatient costs
(Fig. 5A). The overall cost of US $110,719 was made up of
VTE-related inpatient, outpatient, and emergency depart-
ment costs (US $7,964; $3,415; and $149, respectively).
Similar results were observed for the VTE definitions B and
C for patients in whom VTE developed within 12 months
post-index (Fig. 5A). Adjusted annual costs during one-year
follow-up were also higher in patients in whom VTE devel-
oped compared with those without VTE, and were similar
for all definitions (Fig. 5B).
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DiscussioN

In this large unselected cohort of patients with cancer, the
overall risk for VTE 3.5 months after chemotherapy initiation
was 7.3% (range 4.6%—-11.6% across cancer locations). The cu-
mulative risk for VTE continued to increase, with an estimated
risk of 13.5% (range 9.8%—21.3%) at 12 months after starting
chemotherapy. Those receiving chemotherapy on an outpa-
tient basis in whom VTE developed also had a higher risk for
major bleeding complications than those who did not, and
this risk increased during the 12 months after starting chemo-
therapy. Patients with cancer in whom VTE developed experi-
enced a significant economic burden for health care
expenditure.

The highest VTE risk was observed in those patients receiv-
ing chemotherapy for tumors of the pancreas, stomach, and
lung. Although this analysis did not include all cancer types,
the solid tumorsin thisanalysis are those previously identified
ascarrying anincreased riskfor VTE [3, 5, 7]. These tumors are
responsible for millions of cancer diagnoses each year world-
wide [22], and lung cancer remains a leading cause of cancer-
related death in both men and women in the United States
[22]. Therefore, theincrease in VTE rates associated with chemo-
therapy in these solid tumors provides an important indicator of
theincreased thromboticrisk faced by many patients with cancer
who are ambulatory and receive outpatient therapy.

In this cohort of patients with solid tumors, the observed
risk for VTE was 7.3%, which is higher than that reported for
placebo arms in randomized clinical trials [20, 23]. In the Pro-
phylaxis of Thromboembolism during Chemotherapy
(PROTECHT) trial, the incidence of VTE in the placebo arm was
3.9% (15/381 patients) [23]. Similarly, in the SAVE-ONCO
study, VTE occurred in 3.4% of patients who received placebo
[20]. This could be the result of the selection of lower-risk pa-
tients for inclusion in clinical trials. Moreover, incidences of
VTE observed in cancer studies [20, 23] are higher than those
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observed after orthopedic surgery or in medical patients reg-
istries— clinical settings where thromboprophylaxis is rou-
tinely used (GLORY, 1.7% following major hip surgeryand 2.3%
following knee surgery; IMPROVE, 1.0%) [24, 25].

One factor that could partially explain the higher rate of VTE
in our cohort compared with that of clinical trials is the identifica-
tion of asymptomatic incidental VTE events. The duration of fol-
low-up in our analysis was up to 12 months, allowing time for
incidental VTE events to become clinically apparent. Incidental
VTE events are often detected in patients with cancer through
routine cancer staging scans [26]. These asymptomatic VTE
events have been shown to develop in unusual and clinically im-
portant sites (e.g., mesenteric veins, cava inferior vein) [26], and
they are associated with similar mortality and morbidity rates
comparable to symptomatic VTE [27]. In the PROTECHT study,
1% of the 381 patientsin the placebo group were diagnosed with
incidental thrombi [23]. The burden of VTE is, therefore, likely to
be underestimated in patients receiving chemotherapy because
of the presence of unsuspected incidental thrombi, which may
embolize, causing fatal PE.

In this unselected cohort of patients undergoing chemo-
therapy, the rate of VTE (7.3%) was higher than that reported
for similar populationsin clinical trials [20, 23, 28], and the ma-
jor bleeding complications were also high (11.0% and 19.8%in
patients in whom VTE developed 3.5 months and 12 months
post-index, respectively). Higher bleeding rates were ob-
served in patients with VTE compared with those without VTE.
In patients with cancer, the cumulative 12-month risk for
bleeding during anticoagulant treatment has previously been
reported to be more than twice as high as in patients without
cancer (12.4% vs. 4.9%, respectively) [11]. The use of preven-
tive anticoagulant treatment was very low in our patient co-
hort, ranging from approximately 5% to 6% in patients with or
without VTE 3.5 months post-index. Although there is concern
regarding the risk for bleeding with anticoagulants, studies
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Figure5. One-year pre-and post-index health care costs according to definitions A, B, and C of VTE. (A): One-year pre- and post-index health
care costs (meanvalues [interquartile range]) within 3.5 months post-indexin patients with and without VTE, using definitions A, B,and Cof VTE.
Adjusted annual cost during one-year follow-up post-index according to definitions A, B, and C of VTE. (B): Adjusted annual cost (95% confi-
dence interval) during one-year follow-up post-indexin patients with and without VTE, using definitions A, B, and C of VTE (multivariate gener-
alized linear model). Abbreviations: ER, emergency room; Rx, prescription medication; VTE, venous thromboembolism.

of VTE prophylaxis with low-molecular-weight heparins bleeding rates compared with placebo [20, 23—-30]. Indeed, in
(LMWHSs) and most recently with the ultra-LMWH (ULMWH), the FRAGEM study, the incidence of major bleeding was lower
semuloparin, have not shown a significant increase in major in the dalteparin group than in the control (gemcitabine)
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group (4.0%vs. 7.5%, respectively) [28]. Importantly, random-
ized clinical trials have shown that anticoagulant prophylaxis
with LMWHs or a ULMWH significantly reduces the risk for
symptomatic DVT and PE in patients with advanced solid tu-
mors receiving chemotherapy [20, 23, 28, 31]. In line with
these findings, a more recent meta-analysis of randomized
clinical trials assessing parenteral anticoagulation in patients
with cancer found that parenteral therapy was associated
with a significant reduction in the risk for VTE in these patients
without having an impact on bleeding or quality of life [32].

The health-economic findings of this real-world analysis
highlight that patients with cancer in whom VTE develops ex-
perience a significant burden for health care expenditure. De-
spite similar pre-index health care costs, overall health care
costs were significantly higher in patients in whom VTE devel-
oped, afinding that has been reported previously for patients
with cancer [33]. In addition, in this analysis, metastatic dis-
ease was present in a higher proportion of patients in whom
VTE developed. The presence of metastatic disease is associ-
ated with higher treatment and management costs, and may
in part explain the increase in health care spending compared
with patients without VTE. Interestingly, although the VTE in-
cidence was approximately 20% lower using the more strin-
gent VTE definitions, health care costs in patients with VTE
were similar regardless of VTE definition. The 20% lower VTE
rates translate into an approximate difference of 300 patients
among the various VTE definitions used, which may not drasti-
cally change the mean total cost for a patient population of
17,500 patients. This finding may also imply that definition A cap-
tures most of the true VTE cases. Another factor contributing to
theincreased costs in definitions B and C relative to expectations
is the capture of costs resulting from bleeding and other comor-
bidities as a consequence of the specificity of the definitions.

In terms of limitations, this was a retrospective analysis of
a managed care database and therefore the data available
were limited by the preset fields included in the IMPACT
claims database, and overestimation of VTE events in the
IMPACT claims database cannot be entirely excluded. Simi-
larly, the absence of any mortality data with adjudication of
cause of death may also have contributed to an underestima-
tion of VTE risk, as VTE can manifest as fatal PE. A further limi-
tation of the study is that patients who died or who changed
health insurance plans during the study were not included in
the analysis, which may have resulted in the exclusion of some
patients with severe disease. In addition, the ICD-9-CM codes
foresophageal, kidney, and uterine cancer surgery were miss-
ing. These tumors require surgery and represent approxi-
mately 20% of all cancer surgeries, which may have an impact
on the interpretation of these results. Our cohort of patients
was unselected within the limits of the study, not all cancers
were included, and those patients not starting chemotherapy
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