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Abstract: Nearly 20% of all venous thromboembolism (VTE) occurs
in cancer patients, and as many as 78% of cancer patients who
develop a thrombotic event do so as outpatients. The risk of VTE
in cancer patients is influenced by the type of cancer, its stage and
histology, the presence of thrombophilia, and the many therapeutic
interventions they receive (eg, surgery, chemotherapy, radiotherapy,
supportive care). The greatest VTE risk appears to occur early after
cancer diagnosis and in patients with late- or metastatic-stage malig-
nancy. VTE most often occurs in cancers of the pancreas, ovary,
kidney, lung, stomach, and brain, as well as in hematologic malig-
nancies such as lymphoma and myeloma. The clinical consequences
of thrombosis in cancer patients are typically more severe and more
costly than events in patients without cancer. Patient-, cancer-, and
treatment-related factors should be considered when assessing
individual patients for their risk of VTE. Primary pharmacologic VTE
prophylaxis should be given to all hospitalized medical and surgical
oncology patients at risk, and this therapy should be considered
for high-risk ambulatory outpatients (eg, myeloma patients receiv-
ing highly thrombogenic chemotherapeutic regimens, very-high-risk
solid tumor patients with Khorana scores 23) who have no contrain-

dications to anticoagulants.

Introduction

The association between venous thromboembolism (VTE) and cancer
is well established. Data from large patient registries in the United
States and Europe suggest that approximately 20% of all VTE occurs
in patients with cancer'? and that a substantial proportion (up to 78%)
of these events occur in the outpatient setting.>* Studies of hospitalized
cancer patients have noted an incidence of VTE of 0.6% to 7.8%, with
higher rates reported among patients receiving chemotherapy and those
with tumors of the pancreas, ovary, kidney, lung, stomach, and brain.>¢

The incidence of VTE is probably underestimated since, histori-
cally, most retrospective reports have focused only on objectively con-
firmed symptomatic cases.® Improvements in computed tomography
(CT) scanning have allowed a closer look at the incidence and clinical
relevance of unsuspected VTE.” A meta-analysis of 12 studies involving
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more than 10,000 patients undergoing chest CT assessed the
frequency of unsuspected pulmonary embolism (PE) and
found a mean incidence of 2.6%.” Another retrospective
study in 195 cancer patients who experienced PE found that
the clinical sequelae of unsuspected PE were similar to those
observed in cancer patients with symptomatic events.® In this
study, the cumulative incidence of VTE recurrence over 1
year was 13.3% in patients with unsuspected PE compared
with 16.9% in those with symptomatic PE (P=.77). The
1-year mortality rates were also similar, at 52.9% for unsus-
pected PE and 53.3% for symptomatic PE (P=.70).}

The risk of VTE in cancer patients and the conse-
quences of a DVT or PE in this population underscore
the need for healthcare professionals to carefully assess
patient-, cancer-, and treatment-related factors when
treating patients in the medical oncology setting. This
review article summarizes patient-, cancer-, and treat-
ment-related factors that contribute to VTE in medical
patients with cancer and highlights safety and efficacy data
from studies of pharmacologic anticoagulants for primary
prevention of VTE in medical patients with cancer. A
simple risk model developed by Khorana and colleagues’
for assessing chemotherapy-associated VTE risk levels in
outpatients with cancer is also described.

Burden of VTE in Oncology Patients

VTE and its clinical consequences (e.g., recurrent VTE,
post-thrombotic  syndrome, ~pulmonary hypertension,
treatment-related bleeding complications, risk of VTE-
related or anticoagulation-related mortality) are typically
more severe and more common among patients with cancer
than patients without cancer.”*'* Thrombosis was identified
as a leading cause of death among cancer patients as early
as 1970."" In an analysis of data from 4,466 outpatients
receiving chemotherapy reported by Khorana and colleagues
in 2007,"* thrombosis and infection were identified as the
second-leading causes of death in this patient population
(both 9.2%). A more recent retrospective analysis'? assessed
data from 17,284 commercially insured ambulatory cancer
patients on chemotherapy and a matched cohort without
cancer. In the cancer cohort, 12.6% of patients developed
VTE compared with only 1.4% in the control cohort
(P<.0001). Compared with the US general population,
patients with cancer have an annualized death rate that is
2.7-fold higher (P=.08) after arterial thrombosis and 47-fold
higher (P=.03) after VTE."? The poor prognosis associated
with VTE was more specifically quantified in a study of
Danish cancer patients with VTE (n=668) and a matched
cohort of cancer patients without VTE (n=6,668)." Only
12% of cancer patients survived beyond 1 year after a VTE
event compared with 36% of those who did not experi-
ence VTE (P<.001). Over a 17-year follow-up, the relative

risk (RR) of death for patients with VTE was 2.20 (95%
confidence interval [CI] 2.05-2.40) compared with patients
without cancer.' Another large study, by Chew and col-
leagues,” analyzed data from 235,149 patients diagnosed
from 1993-1995 with cancer of the prostate, breast, lung,
colon/rectum, uterus, bladder, pancreas, stomach, ovary,
or kidney or with melanoma or non-Hodgkin lymphoma.
VTE was identified in 3,775 (1.6%) of these patients, and
the presence of VIE was independently associated with an
increased risk of death within 1 year of cancer diagnosis for
all stages and cancer types, with a median overall RR of 3.7
(hazard ratio [HR] range, 1.3-14.4)."> Cancer patients with
VTE may also have their chemotherapy delayed and/or may
require long-term treatment with anticoagulants,'® and they
are more likely to suffer from bleeding complications during
anticoagulation therapy with unfractionated heparin, low-
molecular-weight heparin, or warfarin."”

The risk of recurrent thrombosis is also much greater in
patients with cancer than in those without cancer. A study
of more than 130,000 patients with and without cancer
who experienced an initial VTE found that patients with
cancer had a greater than 3-fold risk of rehospitalization
for recurrent VTE within 3 months than patients without
cancer.'® These results were confirmed in a later study by
Prandoni and colleagues, who compared the risk of recur-
rent VTE in 181 patients with cancer and 661 patients
without cancer after their first episode of symptomatic
deep vein thrombosis (DVT).” The 1-year cumulative
incidence of recurrence was 20.7% in the cancer group
and 6.8% in the group without cancer (HR 3.2; 95% CI,
1.9-5.4). Finally, data from the Registro Informatizado de
la Enfermedad Trombo Embélica (RIETE) registry® from
14,391 patients with and without cancer who had an initial
VTE event showed that cancer patients had significantly
higher odds of fatal PE (odds ratio [OR] 2.0), recurrent
VTE (OR, 2.7), fatal bleeding (OR, 2.9), major bleeding
(OR, 2.6), and overall death (OR, 6.2) than patients with-
out cancer (P<.001 for all comparisons).

The financial costs of managing VTE-related com-
plications also appear to be much higher for patients with
cancer. In a retrospective analysis of 529 cancer patients
who developed DVT, the mean duration of DVT-related
hospitalizations was 11 days at a cost of $20,065 per
episode in year 2002 US dollars.® By comparison, the
Agency for Healthcare Research and Quality reported
the mean overall cost of a thromboembolic episode to
be $11,141 for the general medical population in the
United States (year 2000 dollars).® A retrospective analy-
sis of data from 30,552 patients with lung, pancreatic,
stomach, colon/rectum, bladder, or ovarian cancer receiv-
ing chemotherapy reported by Lyman and colleagues in
2011 showed that medical costs during the first year after
initiating chemotherapy were much higher for patients
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with VTE ($110,362) than for those without VTE
($77,984).%' Another recent retrospective analysis of data
from 6,732 ambulatory patients with lung cancer who
were receiving chemotherapy showed that total medical
costs were approximately 40% higher among those who
experienced VTE compared with those without VTE.?2

Association Between Cancer and VTE Risk

Cancer is associated with an increased risk of VTE, and
VTE is associated with an increased risk of death for
patients with all stages and types of cancer, although HRs
vary depending on the site and stage of cancer, as well as
other factors.">*% Large observational cohort studies have
shown that cancer sites associated with the highest rates
of VTE include the pancreas, brain, ovary, uterus, kidney,
stomach, colon, rectum, and lung.**?** The most recent
of these studies, by Khorana and colleagues,® assessed
discharge data from 1,015,598 cancer patients in the Uni-
versity Health System Consortium database to identify fre-
quency and trends of cancer-associated VTE during hospi-
talizations between 1995 and 2003. Overall, 41,666 cancer
patients (4.1%) experienced VTE while in the hospital. In
these patients, the cancer sites associated with the highest
incidence of VTE were the pancreas (8.1%), ovary (5.6%),
kidney (5.6%), lung (5.1%), stomach (4.9%), and brain
(4.7%). The incidence of VTE was also high in patients
with hematologic malignancies such as leukemia, Hodgkin
disease, non-Hodgkin lymphoma, and myeloma, which
had VTE rates ranging from 4.2% to 5.0%.* Another
study assessed VTE data from the National Hospital Dis-
charge Survey of 40,787,000 cancer patients hospitalized
from 1979 through 1999.% Overall, 2% of these patients
had a VTE compared with only 1% of the 662,309,000
hospitalized noncancer patients in the database. While
VTE rates were lower in this study than in the study by
Khorana and colleagues, the cancer sites associated with
the highest relative risks of VTE were generally consistent
between the 2 studies (pancreas, brain, stomach, uterus,
lung, prostate, and kidney).

The risk of VTE varies over time after a diagnosis of
cancer (Figure 1).7 The risk is highest early after diagnosis,
and there is a strong correlation between metastatic-stage
cancer and risk of VTE.>?%% A case-control study of
cancer (n=389) and noncancer (n=2,831) patients with VTE
and controls without VTE (n=2,131) found that the risk of
VTE was highest during the first 3 months after diagnosis
(adjusted OR, 53.5; 95% CI, 8.6-334.3) and diminished
after the first year of follow-up (adjusted OR for >3 months
to <1 year, 14.3; 95% CI, 5.8-35.2; adjusted OR for >1 to
<3 year, 3.6; 95% CI, 2.0-6.5).% Patients with metastatic
solid tumors had a much greater risk of VTE than those with
localized disease (adjusted OR, 19.8; 95% CI, 2.6-149.1).%
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Figure 1. Changes in the risk of VIE over the course of
cancer. VTE=venous thromboembolism.

Republished with permission of Informa Healthcare USA, from Who's at risk for
thrombosis? Approaches to risk stratifying cancer patients. Rao MV, Francis CW,
Khorana AA. In: Cancer-Associated Thrombosis: New Findings in Translational
Science, Prevention, and Treatment. Khorana AA, Francis CW, eds. 2007.2

Permission conveyed through Copyright Clearance Center, Inc.

In a retrospective study of patients with cancer of the pros-
tate, breast, lung, colon/rectum, uterus, bladder, pancreas,
stomach, ovary, or kidney; melanoma; or non-Hodgkin lym-
phoma, Chew and colleagues found that VTE incidence
was highest during the first few months after diagnosis for
patients with more advanced-stage cancer (Figure 2) and that
later stages of nearly all cancer types were strongly associated
with increased risk of VTE (Table 1).

Patients with cancer are a heterogeneous population®
and, beyond stage and type of cancer, other possible risk
factors need to be considered when assessing VTE risk
in individual patients (Table 2).2*3° Hospitalized patients,
patients undergoing surgery, and patients receiving che-
motherapy are at particularly high risk for VTE. Several
prothrombotic mechanisms are believed to be involved
with the occurrence of cancer therapy-induced VTE,
including direct vascular endothelial toxicity, platelet acti-
vation, monocyte/macrophage expression of tissue factor,
alterations in coagulation and fibrinolytic proteins, tumor
cell cytokine secretion, endothelial cell apoptosis, and
increases in tissue factor expression/activity (Figure 3).'¢

Cancer Treatment as an Additional Risk
Factor For VTE

Chemotherapy is an independent risk factor for develop-
ment of VTE, and chemotherapy-associated thrombosis risk
adds to the risk conferred by the underlying cancer. Cancer
treatments such as chemotherapy, adjuvant chemotherapy,
hormonal therapy, antiangiogenic and immunomodulatory
agents, and erythropoiesis-stimulating agents, as well as com-
binations of these pharmacologic treatments, are all known
to have prothrombotic effects in patients with cancer.’*** A
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Figure 2. Kaplan-Meier plot of the incidence of venous
thromboembolism within 2 years of diagnosis of 5 different
types of cancer with regional stage (A) or metastatic stage (B)
disease at the time of diagnosis.

Reprinted with permission from Chew HK et al.”> Copyright © 2006 American
Medical Association. All rights reserved.

population-based case-controlled study® investigated VTE
risk factors in 625 patients who had a VTE compared with
625 individuals in an age- and sex-matched control group
without VTE. Results showed that the risk of VIE was
increased 4.1-fold (95% CI, 1.93-8.52) in patients with
cancer and 6.5-fold (95% CI, 2.1-20.2) in cancer patients
receiving chemotherapy. The overall annual incidence of
VTE in patients receiving chemotherapy for various types
of malignancies is estimated at 8% to 11%,%*% and VTE
accounts for approximately 9% of deaths in chemotherapy-
treated cancer patients.'? Patients receiving chemotherapy
have a 2-fold to 3-fold increase in risk of VIE compared
with cancer patients not receiving chemotherapy.?***
Whether any chemotherapeutic agent is more pro-
thrombotic than others is unclear.® However, cisplatin,
doxorubicin, L-asparaginase, 5-fluorouracil, and cyclophos-
phamide have all been shown to increase thrombosis risk,

A Table 1. Effect of Cancer Stage on the Development of
20 Venous Thromboembolism Within 1 Year of Diagnosis
Hazard Ratio (95% CI)*
< 151 Cancer Site Regional Metastatic
E Prostate 1.3 (1.0-1.7)f 1.1 (0.7-1.6)
A Breast 1.9 (1.5-2.5)° 5.2 (3.6-73)8
g Pancreas Lung 1.9 (1.4-2.6) 3.5 (2.7-4.5)
59 Colon/rectum 2.7 (2.1-3.4)% 4.3 (3.3-5.6)%
vary __Prosiaie Melanoma 3.7 (1.1-12.8)" 21.5 (10.1-46.0)°
e Breast
0" 50 100 150 200 250 300 350 400 450 500 550 600 650 700 Lymphoma 2.0 (1.3-3.1)* 1.4 (0.9-2.1)
Days After Diagrosis Uterus 1.7 (1.0-2.9) 6.1 (3.7-9.8)°
Bladder 3.8 (2.2-6.7)° 9.6 (5.6-17.8)%
B. Pancreas 1.1 (0.6-2.1) 3.3 (1.8-6.2)°
201
Stomach 1.3 (0.8-2.2) 2.8 (1.7-4.5)°
Pancreas Ovary 2.5(0.9-7.1) 3.8 (1.7-8.8)¢
154
S Kidney 3.1 (1.8-5.1)8 3.8 (2.3-6.2)8
u';J Cl=confidence interval.
5 10 *Localized disease used as reference stage; 'P<.05; *P<.01; P<.001.
§ Adapted with permission from Chew et al.”” Copyright © 2006 American
% Medical Association. All rights reserved.
£ ]
Breast Ovary
with reported thrombosis rates of up to 18% when the agent
e Prostate is used in single or combination chemotherapeutic regimens
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 Cl t th " i . f ah n i 16,34-37
Days After Diagnosis or as adjuvant therapy in various types of malignancies.
Hormonal agents, particularly tamoxifen and anas-

trozole (Arimidex, AstraZeneca), have been studied exten-
sively in the treatment of breast cancer.”® Women with
early-stage breast cancer treated with tamoxifen had a
1.5-fold to 7.1-fold increased risk of VTE compared with
those who received placebo or observation only. In a large
study of 9,366 patients with early-stage breast cancer®”
treated for a median of 33 months, the observed incidence
of VTE was 2.1% in the anastrozole group, 3.5% in the
tamoxifen group, and 4.0% in the group that received
both agents (P=.0006 for anastrozole vs tamoxifen). Stud-
ies in women with late-stage breast cancer revealed VTE
rates up to 8.0% among those treated with tamoxifen and
up to 6.7% among those treated with anastrozole.?®
Antiangiogenic/immunomodulatory agents such as
thalidomide and its derivative lenalidomide (Revlimid,
Celgene) are used as adjuvant treatments in patients with
various hematologic malignancies, particularly multiple
myeloma and myelodysplastic syndromes.**! In a meta-
analysis of published studies involving 3,322 multiple
myeloma patients,” those who received thalidomide were
found to have a statistically significant 2.6-fold increase
in risk of VTE compared with those who did not receive
thalidomide (P<.01; 95% CI, 1.8-3.6). The risk of VTE

conferred by thalidomide was found to be additive when
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4,30

Table 2. Risk Factors for Cancer-Associated Thrombosis®

Patient-Specific Factors
Older age

Ethnicity (higher in African Americans; lower in Asian-
Pacific Islanders)

Comorbid conditions (neutropenia, infection, obesity, renal
disease, pulmonary disease)

Female sex

Immobilization

Heritable prothrombotic mutations (Factor V Leiden,
prothrombin gene mutation)

Prior history of thromboembolism

Cancer-Specific Factors

Primary tumor site (pancreatic, ovarian, kidney, lung, gastric,
brain, and hematologic)

Histologic subtype (adenocarcinoma > squamous cell
carcinoma)

Locally advanced tumors/presence of distant metastases

Time from diagnosis

Treatment-Specific Risk Factors

Recent major surgery

Current hospitalization

Central venous catheters

Chemotherapy

Antiangiogenic therapy (thalidomide, lenalidomide,
bevacizumab [?])

Hormonal therapy (tamoxifen)

Erythropoiesis-stimulating agents

Transfusions

this agent was used in combination chemotherapy or with
dexamethasone. Multiple myeloma patients treated with
lenalidomide in combination with high-dose dexametha-
sone experienced VTE rates that were 3—4 times higher
than rates in patients receiving high-dose dexamethasone
without lenalidomide.*** However, data from post hoc
analyses of these studies suggest that concomitant use of
erythropoiesis-stimulating agents may have contributed
to the risk attributed to lenalidomide.*

Bevacizumab (Avastin; Genentech, A Member of the
Roche Group), another antiangiogenic agent that is well
studied in various malignancies, has also been associated
with an increased risk of VTE (P<.001).” A meta-analysis
of data from 15 randomized controlled studies involving
4,292 cancer patients treated with bevacizumab and 3,664
cancer patients not treated with bevacizumab found the RR
of VTE was 1.33 (95% CI, 1.13-1.56; P<.001) with bevaci-
zumab; risk was significant with both high-dose (P<.04) and

low-dose (P=.007) regimens. Studies in this meta-analysis
included patients with renal, lung, colorectal, pancreatic, and
breast cancer, as well as mesothelioma. In contrast, another
recent meta-analysis of 6,055 patients from 10 randomized,
controlled studies did not note a significant risk of VTE
associated with bevacizumab therapy (OR, 1.14; 95% CI,
0.96-1.35; P=.13).%

Supportive treatments such as erythropoiesis-stimu-
lating agents, blood or platelet transfusions, and high doses
of corticosteroids (eg, 280 mg dexamethasone per cycle of
chemotherapy) are also known to increase thrombosis risk
in patients with cancer. In a meta-analysis of 38 phase III
studies including more than 8,100 cancer patients,” the
RR of VTE was increased by 57% in patients receiving
epoetin alfa or darbepoetin alfa compared with a control
group that did not receive an erythropoiesis-stimulating
agent (RR, 1.57; 95% CI, 1.31-1.87). Similarly, in a ret-
rospective analysis of discharge data from approximately
504,000 cancer patients,* the observed incidence of VTE
was 7.2% in those who received red blood cell (RBC)
transfusion and/or platelet transfusion compared with
3.7% in hospitalized cancer patients who did not receive
transfusions (P<.001). In this population, RBC transfu-
sion was independently associated with a 60% increase in
risk of VTE (OR, 1.60; 95% CI, 1.53-1.67), and platelet
transfusion was associated with a 20% increase in risk
(OR, 1.20; 95%, CI, 1.11-1.29). A retrospective review
of 179 germ-cell cancer patients on chemotherapy also
found that use of high-dose dexamethasone (280 mg per
cycle) was an independent risk factor for thromboembolic

complications (OR, 3.5; 95% CI, 1.2-10.3).%

Guideline Recommendations and Evidence
Supporting Pharmacologic VTE Prophylaxis
in Medical Oncology Patients

Frequent coexistence of multiple VTE risk factors in can-
cer patients and clinical trial data supporting use of phar-
macologic thromboprophylaxis in the cancer setting have
led to current guidelines recommending that primary
pharmacologic VTE prophylaxis be considered for all
hospitalized patients with active cancer, those undergoing
major cancer surgery, and in select high-risk outpatients
including those receiving thalidomide or lenalidomide
with chemotherapy or dexamethasone.>**% Providers
should consider the risks and benefits of pharmacologic
VTE prophylaxis in patients with high-risk solid tumors
receiving chemotherapy.’'-?

A search of the PubMed database was conducted
in January 2012 using the Medical Subject Heading
Terms venous thromboembolism and neoplasms to iden-
tify English-language articles summarizing data from
comparative studies of pharmacologic prophylaxis for
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Cancer Treatment and Research.

thrombosis not related to use of central venous catheters
in medical patients with cancer. Of the 15 studies iden-
tified,**® 3 focused specifically on acutely ill inpatient
populations that included a relatively small number of
patients with cancer.”>*** Two of the 3 studies reported
significant reductions (P=.042 and P<.05) in VTE risk
associated with enoxaparin treatment in hospitalized
62 while the third, a single-center
study, found no significant treatment effect associated
with nadroparin, although this study included only 10

56

cancer patients,

Six studies focused
57-60

patients in each treatment group.
on cancer patients with multiple myeloma’% or solid
576364 without specifying whether the study

populations were inpatients or outpatients. In 5 of these
58 63

tumors

studies, warfarin,””®* low-dose aspirin,
and dalteparin®
VTE risk compared with placebo or no prophylaxis

enoxaparin,
were all shown to significantly reduce

without increasing risk of clinically significant or major
bleeding. The sixth study, reported by Palumbo and
colleagues® showed low-dose aspirin, warfarin, and

enoxaparin to have similar efficacy for reducing risk of

354 Clinical Advances in Hematology & Oncology Volume 11,

Chemotherapy-associated thrombosis. Volume 148, 2009, 181-206, Ashrani AA, Rajkumar SV.'®

VTE in multiple myeloma patients on thalidomide. In
this study, major bleeding occurred in 1.4% of patients
in the aspirin group; no major bleeding events were
reported in the warfarin and enoxaparin groups.”

The use of anticoagulants for thrombosis prophylaxis
in ambulatory cancer patients is an active area of research,
and results from several studies suggest a potential ben-
efit associated with prophylaxis for outpatients receiving
chemotherapy. Six reports focusing specifically on ambu-
latory patients receiving chemotherapy for various solid-
tumor malignancies were identified.’*¢!6>¢¢686 n 5 of
these studies, prophylaxis with warfarin,** the low-molec-

61,65,66 or

ular-weight heparins nadroparin and certoparin,
the ultra-low-molecular-weight heparin semuloparin®
significantly reduced the incidence of VTE. Clinical
development of semuloparin was suspended by the man-
ufacturer in July 2012. The report from the 1 phase II
placebo-controlled dose-finding study®® of the factor Xa
inhibitor apixaban (Eliquis, Bristol-Myers Squibb/Pfizer)
in patients with metastatic cancer who were receiving
chemotherapy did not include between-group statistical

Issue 6 June 2013
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Table 3. Khorana Score: A Predictive Model for
Chemotherapy-Associated Venous Thromboembolism

Patient Characteristic Risk Score
Risk associated with site of cancer

Very high risk (stomach, pancreas) 2

High risk (lung, lymphoma, gynecologic, 1

bladder, testicular)

Prechemotherapy platelet count 2350 x 109/L | 1

Hemoglobin level <100 g/L or use of RBC 1

growth factors

Prechemotherapy leukocyte count >11 x 109/L | 1

BMI 235 kg/m? 1

BMI=body mass index; RBC=red blood cell.

Republished with permission from the American Hematology Society, from
Development and validation of a predictive model for chemotherapy-associated
thrombosis. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. Blood.

2008;111:4902-4907. Permission conveyed r]n‘nugh (j(\p_\'righr Clearance Center, Inc.

analysis. In addition, a randomized open-label study of
dalteparin (Fragmin, Eisai) versus no anticoagulation
treatment for primary prevention of VTE in ambulatory
cancer patients receiving chemotherapy is ongoing.”
Despite  well-established consensus guidelines,
the appropriate use of guideline-recommended VTE
prophylaxis is particularly low in medical patients with
cancer—only an estimated 37% of patients with active
malignancy receive prophylaxis.”' Reasons for the under-
use of prophylaxis in medical cancer patients are unclear
but may be related to unawareness of the risk in medi-
cal patients, difficulty in identifying patients who are
at high risk, concerns regarding bleeding risk in cancer
patients, or perceptions that pharmacologic prophylaxis
is unnecessary or may not benefit medical patients with
cancer.”? Khorana and colleagues’ developed a simple
risk assessment model to aid clinicians in identifying
high-risk cancer outpatients on chemotherapy who
might be appropriate candidates for thromboprophylaxis
(Table 3). The model assigns scores for the site of cancer
(stomach or pancreas, 2 points [very high risk]; lung,
lymphoma, gynecologic, bladder, or testicular cancer, 1
point [high risk]), prechemotherapy platelet count 2350
x 10°/L (1 point); hemoglobin level <100 g/L or use of
red blood cell growth factors (1 point); prechemotherapy
leukocyte count >11 x 10°/L (1 point); and body mass
index 235 kg/m? (1 point). A cumulative score of 1-2
connotes an intermediate risk of VTE, and a score of 3
or higher connotes a high risk. In the cohort of patients
used to validate the model, the incidence of VTE over a
2.5-month follow-up period was 2% for intermediate-risk
patients and 7% for high-risk patients, suggesting that
patients in the latter category may benefit from throm-

boprophylaxis.” The Khorana VTE risk score has been
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subsequently validated by multiple independent investi-
gative groups including Ay and colleagues.”>’* Other bio-
markers of thrombosis risk that may prove useful in iden-
tifying cancer patients at increased risk for VTE include
D-dimer and prothrombin fragment 1+2,7> P selectin,”
tumor-derived tissue factor microparticles,”” and endog-
enous thrombin generation.”® Except for D-dimer, each
of these other biomarkers have the distinct disadvantage
of requiring specialized laboratory equipment and exper-
tise that may not be available in many clinical settings.
Khorana and colleagues from the University of Rochester
and Duke University are currently testing the value of
risk-guided VTE prophylaxis in high-risk ambulatory
oncology patients receiving chemotherapy.” The results
of this study should help to clarify the risks and benefits
of pharmacologic VTE prophylaxis in ambulatory oncol-
ogy patients receiving chemotherapy. Until these results
are available, VTE prophylaxis for ambulatory cancer
patients receiving chemotherapy should be discussed with
patients on a case-by-case basis, weighing the risks and
benefits of this treatment.>>'%3 Risk assessment models
such as the Khorana score should provide useful data for
these discussions, and prophylaxis could be considered in
high-risk patients (Khorana score 23).

Conclusions

The burden of thrombosis is high in patients with cancer,
with up to 78% of VTE events occurring in the ambulatory
setting. Chemotherapeutic and supportive therapies inde-
pendently increase this risk further. Thrombosis risk also
varies according to the site and stage of cancer. Thus, it is
important to take into consideration all relevant patient-,
cancer-, and treatment-related factors when assessing
VTE risk for an individual patient. Appropriate use of
pharmacologic VTE prophylaxis should be considered for
all high-risk cancer patients, including those undergoing
major cancer surgery, those who are hospitalized, and
those who are outpatients receiving highly thrombogenic
cancer therapies. In the future, risk-assessment models
such as the Khorana score may help identify ambulatory
cancer patients who may benefit from outpatient VTE
prophylaxis. Broad implementation of VTE prophylaxis
among ambulatory medical oncology patients awaits data
from randomized trials testing the utility of the Khorana
score in guiding prophylaxis decisions.
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