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Deep Venous Thrombosis

José A. Lépez, Clive Kearon, and Agnes Y.Y. Lee

Venous thromboembolism (VTE), manifested as
either deep venous thrombosis (DVT) or pulmo-
nary embolism (PE), is an extremely common
medical problem, occurring either in isolation or
as a complication of other diseases or proce-
dures. Yet, despite its frequency, much remains to
be learned regarding the pathogenic mecha-
nisms that initiate VTE, about tailoring its treat-
ment to the individual with her/his specific set of
risk factors for recurrence, and about its medical
management when associated with specific
disease entities, such as cancer. These three
topics are addressed in this chapter.

In Section |, Drs. Lépez and Conde discuss
the mechanisms by which venous thrombi may
be initiated on the vessel wall in the absence of
anatomically overt vessel wall injury. The authors
propose a model whereby tissue factor (TF)—
bearing microvesicles that arise from cells of
monocyte/macrophage lineage can fuse with
activated endothelial cells in regions of vessel
activation or inflammation and initiate blood
coagulation. Key components of this model
include docking of the microvesicles to the
stimulated endothelium through P-selectin
glycoprotein ligand—1 on their surfaces binding
to either P-selectin or E-selectin on the endothe-
lium, and the role of hypoxia during blood stasis
in initiating local endothelial activation. Eleva-
tions in the levels of TF-bearing microvesicles
associated with inflammatory conditions would
help to explain the increased risk of thrombosis
associated with infections and inflammatory
states such as inflammatory bowel disease.

In Section Il, Dr. Clive Kearon discusses the

|. PAaTHOPHYSIOLOGY oF DEep VENOUS THROMBOSIS
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risk factors for recurrent thrombosis and strate-
gies for determining length of therapy and
tailoring specific therapies through risk stratifica-
tion. Those patients who experience VTE in
association with a major reversible risk factor
such as surgery are much less likely to experi-
ence a recurrence when anticoagulation is
discontinued than are patients with a persistent
risk factor, such as thrombophilia or cancer
unresponsive to therapy. Those with a minor
reversible risk factor, such as prolonged air
travel, have an intermediate risk of recurrence
after discontinuance of anticoagulant therapy.
The author provides an algorithm for using risk
assessment as a means of determining the
length and type of therapy to be used to mini-
mize the rate of recurrence while simultaneously
diminishing the risk of bleeding associated with
anticoagulation.

In Section Ill, Dr. Agnes Lee updates the topic
of VTE associated with malignancy. Patients with
cancer make up approximately 20% of those
presenting with first time VTE, and the presence
of VTE forebodes a much poorer prognosis for
patients with cancer, likely because of the mor-
bidity associated with VTE itself and because
VTE may herald a more aggressive cancer.
Recent evidence indicates that low-molecular
weight heparins (LMWHS) improve survival in
patients with advanced cancer through mecha-
nisms beyond their effect as anticoagulants.
Because of their improved efficacy and safety
and potential anti-neoplastic effect, the LMWHs
have become the anticoagulants of choice for
treating VTE associated with cancer.

develop PE.In spite of this enormous disease burden,
surprisingly little is known about the pathophysiology
of DVT. This is in marked contrast with arterial throm-
bosis, in which the general outline of its mechanism is

Deep venous thrombosis (DVT) and pulmonary embo-

lism (PE) are major causes of morbidity and death-

This year, approximately two million Americans will  gaylor College of Medicine, Thrombosis Research Section,
suffer DVT, and more than 600,000 of them will als®CM 286, N1319, Houston TX 77030
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well understood, even to the molecular Ievel. jured vessel wall, transmembrane signaling effected by
One of the most important advances in our undeligated receptors, such as GPIb-IX-V and the collagen
standing of venous thrombosis was also one of the firseceptor GPVI, activate the platelets, leading to con-
In 1859, Rudolph Virchow deduced the major pathdormational activation of integrins, most prominently
genic determinants for DVT and PE. Based on exquis;, 3, anda,f3,. Calcium currents generated during plate-
itely detailed and insightful pathologic observationdgt activation induce-granule release, with the secre-
Virchow concluded that (1) blood stasis, (2) changes tion of various procoagulant molecules, such as factor
the vessel wall, and (3) hypercoagulability were thé) V, VWF, and fibrinogen. Activated platelets also
major factors responsible for the development of venousmdergo the so-called “flip-flop” reaction, where
thrombosis. This triad still applies, with essentially all phosphatidylserine is exposed on the outer membrane
prothrombotic factors, whether systemic or moleculaleaflet. Phosphatidylserine provides the surface for the
influencing one of these three mechanisms. assembly of coagulant enzyme complexes, which gen-
The clear clinical utility of Virchow’s triad not- erate thrombin and enable fibrin deposition. The histo-
withstanding, novel means of prevention and theragathologic structure of arterial thrombi is consistent with
of DVT will be facilitated tremendously by a more dethis model, with several studies describing the core of
tailed understanding of the mechanisms of venous throerterial thrombi as composed almost exclusively of plate-
bosis. Risk factors identified by clinical observation antkts directly overlying the site of vessel injury, with the
epidemiologic studies are useful for estimating a personi$atelet core wrapped by a thick fibrin mesh extending
risk of DVT, but they provide little insight into the both upstream and downstream with numerous trapped
mechanisms initiating venous thrombosis. erythrocytes:® This model also explains the clinical
What causes a clot to develop in a vein? The aim efficacy of antiplatelet drugs in the treatment of arte-
this short review is not to present a comprehensive oveial thrombosis.
view of information already available in medical text- The sequence of events leading to venous throm-
books, but to speculate about the pathophysiology bbsis is less clear. In contrast to arterial thrombosis,
venous thrombosis using available evidence. First, we wileep vessel wall injury does not appear to be a common
discuss an obvious yet somewhat neglected topic thafésture in DVT. For example, Sevitt found no evidence
central to understanding DVT: the mechanisms of its indf vein wall injury in 49 of 50 venous thrombi that he
tiation. We will then discuss the potential mechanisms tpbtained from the lower extremities of 41 patients dur-

which known risk factors may contribute to DVT. ing necropsy.One caveat, however, is that the resolu-
tion of the imaging techniques may have precluded ob-
Initiation of Venous Thrombosis servations of subtle vessel wall injuries. Nevertheless,

The hemostatic system is faced with the complex taghose injuries did not include endothelial denudation,
of maintaining the blood in a fluid state so that it cawhich could be observed by the techniques employed.
circulate, while simultaneously being able to convei$imilar to the earlier observations of Paterson and
the blood into an insoluble gel at sites of vascular ifMcLachlin” Sevitt found that most venous thrombi
jury. The hemostatic system is made up of two distincbnsisted of two regions: ones that were composed pre-
but interlocking systems: platelets and the coagulati@ominantly of fibrin and trapped erythrocytes (red
proteins. In the absence of vessel injury or inflammahrombi), and others that were composed mainly of
tion, platelets do not adhere to the endothelium primaggregated platelets (white thrombi). Interestingly, it
rily because unstimulated endothelium has no receptaras the fibrin-rich regions that attached the thrombi to
for unstimulated platelets and because the endotheliuhe vessel wall, while the platelet-rich regions localized
produces substances such as nitric oxide and prostacyélirther from the site of attachment. These findings sug-
that maintain the platelets in the unactivated state agdst that activation of the coagulation system precedes
impair their adhesion. When the endothelial layer iglatelet activation and aggregation during the forma-
lost, however, platelets are exposed to subendotheli@n of venous thrombi, and help to explain the limited
ligands for which they have specific receptors. The eagfficacy of antiplatelet drugs in venous thrombosis. This
liest of contacts between flowing platelets and thkeing the case, the question arises: how does coagula-
subendothelium is mediated by the platelet glycopraion initiate in an intact vein?

tein (GP) Ib-1X-V complex binding von Willebrand

factor (VWF) in the subendotheliumThrough this Tissue Factor—Bearing Microvesicles and

interaction, platelets roll and decelerate, allowing other Venous Thrombosis

platelet receptors with slower on- and off-rates to bin@oagulation in vivo is initiated by a complex of tissue
subendothelial proteins. As platelets adhere to the ifactor (TF), a type | transmembrane protein, and the
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serine protease FVlla to convert the zymogen FX to tlad colleagues have shown that elevated levels of leu-
active enzyme, FXa. Activated FX then joins its cokocyte-derived microvesicles in plasma are associated
factor, FVa, on the phosphatidylserine-rich surface ofith greater thrombus mass@d-urther, several ani-
activated platelets to form the prothrombinase complemal studies have shown that agents that block the P-
which converts prothrombin to thrombin. Tissue factoselectin-PSGL-1 interaction dose-dependently inhibit
is expressed primarily in extravascular tissues, such esperimental venous thrombosi§? Although direct
the brain, renal glomeruli, and vessel adventitia, fornevidence that TF-bearing microvesicles induce DVT in
ing a “hemostatic envelope” surrounding the vasculdrumans is still lacking, circumstantial evidence sug-
ture. Within the vascular space, only monocytes hagests that they do. TF-bearing microvesicles may par-
been shown conclusively to express TF, and then ortigipate in thrombosis associated with malignancy. Can-
in special circumstances, such as sepsis. Whether eaf has long been known to be a major risk factor for
dothelial cells express TF in vivo has been a matter BVT, and DVT is frequently the first clinical mani-
controversy, but the weight of evidence thus far indfestation of malignancd.Many authors have found in-
cates that they generally do i8tEndothelial TF ex- creased TF antigen levels and TF-Vlla activity in the
pression has been documented, but only in rare casglasmas of patients with cancer, and the association has
such as in the splenic endothelium of a baboon injectbden made with various types of cari€éle recently
with a lethal dose of endotoxtihand in one case in analyzed the blood of a patient with giant-cell lung car-
vessels adjacent to a breast carcinénilaendothelial cinoma who suffered eleven major venous and arterial
cells do not generally express TF, then how do cloteromboembolic events over a 5-month period. The
form in veins? levels of microvesicle-associated TF in his plasma were
In recent years, evidence has accumulated indicaxtremely high (3764 pg/mL vs 90.8 pg/mL + 62.2 pg/
ing that TF circulates in normal plasiid3both asso- mL in 16 age- and sex-matched controls). We thus pos-
ciated with cell-derived membrane microvesitlend tulate that TF-bearing microvesicles are central in the
as a soluble, alternatively spliced fotimGiven that pathogenesis of DVT in disease states in which mono-
TF-bearing microvesicles express several surface pmyges are stimulated to express TF and to microvesiculate.
teins specific for cells of the monocyte/macrophage lirexamples of such diseases include inflammatory bowel
eage, such as CD14 and CD11b, the general consendisgase and chronic congestive heart failure, diseases
is that they arise from these céfiddemostatic roles that are associated not only with an increased risk of
have been proposed for both forms of TF, especial@VT but also with high levels of tumor necrosis factor-
the microvesicle-associated form. Endogenous TF-bear{TNF-a), a potent inducer of monocyte-derived TF-
ing microvesicles have been found to contribute to ekearing microvesicles. In these disorders, and others,
perimental thrombosis in vivo in the cremaster micrancreased numbers of TF-bearing microvesicles may
circulation!® and were recently shown to improve heeontribute to the associated hypercoagulability. Sup-
mostasis in hemophilic mic¢é.In these experimental porting this conjecture are autopsy studies showing that
systems, TF-bearing microvesicles appear to partidVT in the absence of vessel trauma is frequently bi-
pate in thrombosis by binding platelets at sites of idateral?® If the thrombotic trigger were truly local, one
jury, a process dependent on the interaction betweenvifauld expect thrombosis to be unilateral.
selectin glycoprotein ligand-1 (PSGL-1) on micro- How might TF-bearing microvesicles initiate co-
vesicles and P-selectin on activated platéfefthe agulation in the absence of deep vessel injury and plate-
microvesicles not only bind activated platelets, they aldet deposition? One possibility is that they interact with
fuse with them in a PSGL-1- and phosphatidylserinectivated endothelium in a manner similar to their in-
dependent manner (I Conde et al, manuscript submigraction with activated platelets. Like platelets, endo-
ted).By fusing with the platelets, the microvesicles tranghelial cells contain large amounts of P-selectin stored
fer TF and other proteins to the platelet membrane, within their intracellular granules and express it on their
the process increasing TF-Vlla activity, thrombin gensurface upon activation, providing a receptor for dock-
eration, and fibrin deposition at the site of thrombosisng the TF-bearing microvesicles. Also like platelets,
Failure of this hemostatic mechanism may explain whgctivated endothelial cells express phosphatidylserine
agents that block the PSGL-1-P-selectin interactiam their surfaces and may therefore be capable of sup-
markedly inhibit platelet-dependent arterial thromboporting both the binding and fusion of TF-bearing
sis in animalg®1® microvesicles, in the process decrypting TF and initiat-
A steadily growing body of evidence suggests thang coagulation. Importantly, Tracy has shown that ac-
TF-bearing microvesicles may also play important roles/ated endothelial cells provide a catalytic surface for
in DVT. In a mouse model of venous thrombosis, Myersoagulation that is as efficient as that provided by acti-
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vated plateletd’ Thrombin generation and fibrin depo-cant reduction in the risk of DVT afforded by anti-
sition could therefore proceed readily once the micrglatelet drugs such as aspifin.

vesicle-derived TF has been transferred to the mem- The scheme described above requires that endothe-
brane of endothelial cells. How endothelium-associatéidl cells become activated to support the development
anticoagulants, such as heparin sulfate proteoglycaw$,venous thrombi. What, then, is the activation stimu-
thrombomodulin, and tissue factor pathway inhibitolus? There are many stimuli that can activate the endo-
(TFPI), are neutralized so as to allow coagulation ihelium, among them infections, intravascular catheters,
unknown. Nevertheless, the histopathologic eviden@nd local mediators such as THKEsee below antiable

is that in DVT, coagulation occurs on (or very near) thg). Much more commonly, though, blood stasis is what
endothelial surface. Once coagulation initiates on th@ecipitates venous thrombosis. In autopsy studies, the
endothelial surface, platelets may be recruited to thmevalence of venous thrombosis was markedly increased
fibrin clot rich in thrombin via adhesive interactionsin those who had been bed-ridden for more than 1 week
involving GPIb-IX-V <’;1nd0(”b[33,28 and later contribute before their deatff.Also, venous thrombosis was found
to further thrombus growth. Consistent with this ideédo be more common in the immobilized limb of
are (1) the observations that platelet aggregates locallzemiplegic stroke patientsbut equally common in

to regions of the clot that are far away from its site dhe two legs of paraplegic patieftsThe observation
attachment, and (2) the small but statistically signifithat the incidence of DVT in hospitalized patients drops

Table 1. Potential mechanisms by which various clinical conditions may facilitate deep-vein thrombosis.

Risk factors or clinical conditions that increase the risk of DVT can be classified as either increasing the baseline propensity for
thrombosis, or precipitating the thrombotic event acutely. According to Virchow’s triad, these conditions promote thrombosis
through one (or more) of three major mechanisms: (1) inducing hypercoagulability, (2) directly injuring the vein wall, and (3)

causing blood stasis.

Increased Baseline
Propensity for Thrombosis

Acute Insult

Hypercoagulability

Direct Vessel Injury

Blood Stasis

Genetic
Increased coagulants

Prothrombin mutation G20210A
Decreased anticoagulants

AT deficiency

Protein C deficiency

Protein S deficiency

Factor V Leiden
Acquired
Malignancy
Hyperhomocysteinemia
HRT/OCT (?)
Pregnancy (hormone-related)
Nephrotic syndrome (loss of AT)
Antiphospholipid syndrome
Increased levels of clotting factors

Direct vessel injury would most often represent an
acute insult
Examples of low-grade, chronic vessel injury that
increase the baseline propensity for
thrombosis may include:
Endothelial injury secondary to chemotherapy
Hyperhomocysteinemia
Vasculitis
Antiphospholipid syndrome
More commonly functioning as an acute insult
precipitating thrombosis, rather than increasing
the baseline propensity for thrombosis:
Age
Obesity
Pregnancy (gradual immobility/stasis)
Sedentarism

Increased Coagulants

Blood-borne tissue factor
Malignancy (Trousseau’s syndrome)
Congestive heart failure (?)
Systemic infection (?)

Exogenous administration of clotting factors
rVila
rvIil

Acute Loss of Anticoagulants
Nephrotic syndrome (loss of AT)
Initial warfarin therapy without heparin

Intravascular catheters
Trauma
Surgery

Hospitalization/bed ridden

Pregnancy (stasis)

Limb paralysis (e.g., stroke, plaster casts)
Right heart failure

Long-haul flights

Vein compression (e.g., enlarged lymph node)

Abbreviations: AT, antithrombin; HRT, hormone replacement therapy; OCT, oral contraceptives
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as patients begin to wafkurther supports the idea thatvesicles to initiate coagulation and thrombosis. A sub-
immobility and stasis precipitate DVT. Consistent witlstantial amount of data supports this model. For ex-
the concept that blood stasis is important in the develmple, induced thrombi in P-selectin knock-out mice
opment of venous thrombosis, strategies that prevemere smaller and contained about 35% less fibrin than
stasis are extremely effective in preventing D¥T.  those of their wild-type counterpaftsn this case, P-

What might link venous blood stasis and endotheselectin deficiency failed to completely prevent throm-
lial cell activation? Much evidence indicates that stastsosis, but this finding has several potential explana-
can result in hemoglobin desaturation, leading to a hyiens. First, it is likely that other receptors can substi-
poxic insult to the endothelium. Hamer et al showetlite P-selectin as a receptor for monocyte microvesicles
that in a dog limb, venous oxygen tension dropped tm the endothelium. A good candidate for this function
almost undetectable levels when blood flow wams E-selectin. Like P-selectin, E-selectin binds PSGL-1
halted® Because the endothelium is primarily oxygenand is able to capture leukocytes from flowing blood
ated and perfused directly by the blood in the vesdelt, unlike P-selectin, requires de novo protein synthe-
lumen, hypoxia can result in cellular responses that rangie for expression on activated endothelfii@onsis-
from no effect at all, to cell activation, and even to cetent with a role for E-selectin as a receptor for TF-
death, depending on the degree and duration of the lpgaring microvesicles, E-selectin—deficient mice exhib-
poxia. Ischemia has been shown to rapidly activate eited significantly less fibrin deposition and lower throm-
dothelial cells to express P-selectin and is a hallmark bfis masses than their wild-type counterparts in an infe-
ischemia/reperfusion injuyEndothelial P-selectin ex- rior vena cava (IVC) thrombosis mod&lAlso sup-
pression in ischemia is essential for leukocyte infiltrggorting this model are the studies by Wakefield &t al
tion of the vessel wall and target tissues, and for thit a baboon model of IVC thrombosis, these investiga-
matter for the binding of TF-bearing microvesicles. Actors showed that soluble, recombinant PSGL-1-immu-
cordingly, post-ischemic inflammation is markedly renoglobulin (rPSGL-1-l1g) markedly inhibited throm-
duced in mice deficientin P-selectin or in animals treatdzbsis. In addition to P-selectin, rPSGL-1-1g binds and
with P-selectin—blocking
agents’ The similar require-
ments of leukocytes and TF-bear-
ing microvesicles for binding
activated endothelium may ac-
count for the frequently observed
association of thrombosis and in-
flammation, so-called “throm-
bophlebitis.”

While the experiments per-
formed by Hamer et al represent
an extreme example of stasis-in- .

S . Coagulation

duced hypoxia, it is conceivable Initiation Propagation
that similar scenarios of prolonged -—;-—
blood stasis may occur in clini-
cally relevant settings. An ex- 5 . TF-bearing Fibrinogen

. -selectin microvesicle
ample of systemic venous blood
pooling is right-sided heart fail-
ure, which is clearly associated § E-selectin
with the development of DVT. At
a more local level, venous stasis '}? PSGL-1
may occur because of immobility i
or by vein compression by a mass
such as an enlarged lymph node
or tumor.

Therefore, in venous stasis,
endothelial cells may becom%igure 1. Model for venous thrombosis.

g Tissue Factor

aCtlva_ted and eXpre_SS P'S.elecnﬂbbreviations: Factor Il, prothrombin; factor Ila, thrombin; PSGL-1, P-selectin glycoprotein
allowing TF-bearing micro-ligand-1
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blocks most if not all of the natural PSGL-1 ligandstisk for DVT would be determined by the combination
including E-selectin. Baboons that received rPSGL-1f his or her baseline propensity for thrombosis and the
Ig before induction of thrombosis averaged 50% fewenagnitude of the acute insult. This concept may be ex-
thrombi in the inferior vena cava than untreated anirapolated to arterial thrombosis, where an increased
mals?* Another reason for the failure of P-selectin debaseline propensity for thrombosis (e.g., gain-of-func-
ficiency or rPSGL-1-Ig to prevent thrombosis may intion polymorphisms of platelet receptyamay pave
volve the experimental models of venous thrombosithe way for the development of a thrombus in the set-
The techniques employed to induce venous thrombogsisg of vessel wall damage.

(e.g., ligation, clamping, or balloon-occlusion of veins) We exemplify the concept of the interaction be-
usually produce significant vein wall injury. The injurytween baseline propensity for thrombosis and magni-
is likely to expose TF in the vein wall to flowing blood,tude of the acute insult for the development of DVT in
which would diminish the role of blood-borne TF inthe following brief clinical vignettes.

initiating thrombosis.

Animal models that more accurately mimic theCase #1:A 24-year-old male with no significant past
pathophysiology of DVT in humans are needed not ontyedical history and no known prothrombotic risk fac-
to provide insight into the mechanisms of venous thronters sustains severe trauma to his right knee, destroying
bosis, but also to identify future therapies. In this rehe joint. He undergoes total knee arthroplasty, and a
gard, it is noteworthy that soluble rPSGL-1-1g has akight tourniquet is placed above the affected knee dur-
ready been studied in Phase | clinical studies involvirigg the surgical procedure. He receives no anticoagula-
more than 500 patients and that it appears to be%aftion. Twenty-four hours after the surgery, the patient
However, whether this agent will be clinically effectivereports pain in his right leg, which is noted to be red
in the prevention and/or treatment of DVT will dependind swollen. A Doppler ultrasound is performed and a

on the outcome of large clinical trials. large thrombus is visualized in the popliteal vein. What
Based on the preceding arguments, we proposevas the likely mechanism of DVT?
model for venous thrombosis which is depicteéiox Analysis: The tight tourniquet placed around the

ure 1. In this model, endothelial stimulation or injurypatient’s leg during surgery likely injured the leg veins
results from either blood stasis—induced hypoxia andhd also caused blood stasis. Despite the fact that the
or from direct vein wall injury (e.g., trauma). TF-bearpatient is young and probably has a low baseline pro-
ing microvesicles from monocyte/macrophage cells apensity for thrombosis, the vessel injury/stasis in this
tach to and fuse with stimulated endothelial cells. Thisetting is an acute insult of sufficient magnitude as to
interaction involves PSGL-1 on the microvesicle angrecipitate DVT. Consistent with this, approximately
P-selectin and/or E-selectin on the endothelium. Transf@®% of patients who undergo total knee arthroplasty
of TF to the endothelial cell initiates the enzymatic casnd do not receive thromboprophylaxis develop DVT.
cade of coagulation reactions, which then occur on the

endothelial surface, leading to thrombin generation ariGase #2:A 51-year-old white male with no significant

fibrin deposition. past medical history, but who is heterozygous for the
factor V Leiden mutation, takes a flight from Houston to

Potential Mechanisms of Venous Thrombosis Melbourne, Australia (approximately 9300 miles). The
in Different Clinical Scenarios patient ambulates minimally during the entire 20-hour

Deep-vein thrombosis is associated with many diverdight. One day after his arrival in Melbourne, he sud-
clinical conditions, suggesting that the inciting stimudenly becomes short of breath and tachycardic. He is taken
lus for thrombosis varies depending on the underlying an emergency room, where DVT/PE is suspected, and
clinical condition. For example, it is likely that vesselis later confirmed by a ventilation/perfusion nuclear scan.
injury contributes significantly to catheter-related DVTWhat was the likely mechanism of DVT/PE?

but is unnecessary in DVT in a patient with antithrom-  Analysis:The patient described in this case appears
bin deficiency. Using Virchow's triad as a frameworkio have developed DVT/PE as a consequence of a long
to understand venous thrombosis, we propose mecligght. The vessel injury in such cases is likely to be
nisms by which different diseases and risk factors maglatively minor. Consistent with this, the incidence of
facilitate DVT (Table 1). In this scenario, two factors DVT/PE in individuals taking long flights is only 4.8
determine the development of venous thrombi: (1) arases of 1,000,000 traveling more than 6000 rfilks.
individual’s baseline propensity for thrombosis, and (Zhe magnitude of the injury were sufficient to produce
the insult, injury, or condition that precipitates thromsignificant vein wall injury, the incidence of DVT would
bosis acutely* From this perspective, an individual'sconceivably be much higher. In this case, the patient’s
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heterozygosity for factor V Leiden renders him resistant Il. Risk FACTORS FOR RECURRENT
to the inactivating effects of activated protein C, a major VENoUs THROMBOEMBOLISM AND THEIR
endogenous anticoagulant that normally limits uncon- | MPLICATIONS FOR TREATMENT
trolled activation of coagulation. Thus, in the face of in-
creased baseline hypercoagulability (e.g., factor V. Clive Kearon, MB, MRCPI, FRCPC, PhD*
Leiden), even a relatively weak insult (e.g., blood stasis
during the flight) can be sufficient to precipitate DVT. At least 25% of episodes of acute venous thromboem-
bolism (VTE) occur in persons who have had a previ-
Case #3A previously healthy 60-year-old female withous event even though the average lifetime risk of a
no significant past medical history presents to the hospitalst VTE is only about 29%.In addition, previous
with right upper-extremity DVT. Over the next 4 monthshromboembolism is usually identified as the strongest
she develops six additional DVTs in different sites. Aingle predictor for VTE in high-risk situations, such
chest computed tomography is suggestive of lung cargis after major surgetyClearly, therefore, an episode
noma, which is later confirmed by biopsy to be of thef VTE identifies patients who have a much higher risk
small-cell variety. Analysis of the patient's blood in &f subsequent thromboembolism than the general popu-
specialized thrombosis research laboratory reveals that fgon. The clinical implications of this observation de-
patient’s blood had 45-fold higher levels of tissue factgdend on the magnitude of the increase in risk of throm-
compared to sex- and age-matched controls. What caugedis associated with an initial episode, how risk of
the multiple DVTs in this patient? thrombosis changes with interval from the initial epi-
Analysis: The precipitating factor for thrombosissode, how subsequently encountered risk factors for
in this case appears to have been the extremely elevat@@mbosis interact with this heightened risk, and if
TF levels in the patient’s blood, probably secondary tefficacy of treatment varies among patients with throm-
the lung malignancy. The normal balance between cposis Table 2). These attributes may vary systemati-

agulation and anticoagulation is lost with such high lexeally according to the circumstances that were associ-
els of TF. In this setting, DVT and other thrombotic

events are bound to occur even at the slightest vessel
wall stimulation/injury.

* McMaster University, Head Clinical Thrombosis Service,
Henderson General Hospital, Room 39, 70 Wing, 711 Conces-
sion Street, Hamilton ONT L8V 1C3, Canada

Grant Support: Dr Kearon is an Investigator of the Canadian
Institutes of Health Research.

Referencing in this section has been largely confined to

publications from the past 5 years; a more extensive reference
listis provided in a related review by the author.

Table 2. Characteristics of recurrence risk and management implications: a theoretical framework.

Characteristic of Recurrence Risk

Associated with the Risk Factor* P otential Treatment Implications

High risk acutely Higher intensity of initial treatment or use of supplemental therapies
(e.g., vena caval filter)

Delayed decline of risk Longer duration of treatment

High risk persists indefinitely Indefinite treatment

Risk factors associated with reduced treatment efficacy Use of an alternative therapy (e.g., low-molecular weight heparin)
(e.g., vitamin K antagonists [VKAS])

Risk factor is additive or multiplicative with other transient Intermittent treatment when exposed to other risk factors
risk factors (i.e., non-selective)

Risk factor is additive or multiplicative with some, but not  Intermittent treatment when exposed to specific risk factors only
other, risk factors (i.e., selectively) (avoidance may also be practical [e.g., hormonal therapy])

* Risk factors often have multiple associated characteristics (e.g., cancer is associated with high acute and long-term risk of
recurrence, and reduced efficacy of VKAS)
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ated with the initial episode of thrombosis or becaus®rer 5 years) in patients with an unprovoked (“idio-

of other differences between patients. This review stagtgathic”) episode of VTE and in those who have a per-

with a description of risk factors for recurrent episodesistent risk factor without a reversible compon&ab(e

of VTE. Subsequently, | will describe how evaluatiorB).® Patients whose thrombosis was provoked by a

of such risk factors can guide treatment decisions. minor reversible risk factor, such as leg trauma, estro-
gen therapy, or prolonged air travel (i.e., a flight over

Risk of Recurrent Venous Thromboembolism 10 hours), have an intermediate risk of recurrent VTE
after stopping anticoagulant therapy (i.e., approximately
Reversibility of risk factor for VTE 5% in the first year and 15% over 5 y&ars).

Probably the most important advance in assessment of

risk of recurrent VTE after anticoagulant therapy i€ancer

stopped is recognition that patients whose thrombos@ancer is associated with about a 3-fold increased risk

was provoked by a major reversible risk factor, such a$ recurrent VTE both durifig® and aftet”%12anti-

surgery, have a low risk of recurrence (i.e., about 3&oagulant therapy, and among patients with cancer, the

in the first year and 10% over 5 years), whereas thisk of recurrence is about 3-fold higher in those with

risk is high (i.e., about 10% in the first year and 30%netastatic disea¥e(Table 3). Poor mobility, associ-
ated venous obstruction, and ongoing chemotherapy may

Table 3. Risk of recurrent venous thromboembolism (VTE) further increase risk of recurrence. Conversely, risk of

after stopping anticoagulant therapy. recurrence may be less if the cancer responds to therapy
or if the initial VTE was provoked by an additional

Relative  reversible risk factor, such as surgery or chemotherapy.

Variable Risk While acknowledging that the risk of recurrent VTE
Transient risk factor <05 after stopping anticoagulant therapy differs among pa-
Persistent risk factor 22 tients with cancer (as above), on average, this risk ap-
Unprovoked VTE 22 pears to be higher than after an episode of unprovoked
Protein C, protein S and antithrombin deficiency 1-3 VTE, perhaps of the order of 20% within the next
Heterozygous for factor V Leiden 1-2 year®!2 However, as VTE tends to be associated with
Homozygous for factor V Leiden 4.1 advanced and aggressive cancers (see Section lll), av-
Heterozygous for G20210A mutation in the erage life expectancy is poor in this group of patients

prothrombin gene 1-2 (e.g., ~40% mortality at 6 months after diagnosis of
Heterozygous for both_factor V Leiden and VTE”).

G20210A prothrombin gene 2-5
Factor VIll level > 200 IU/dL - Pulmonary embolism versus deep vein thrombosis
Antiphospholipid antibodies 24 Patients who present with pulmonary embolism (PE)
Mild hyperhomocysteinemia 27 appear to have the same risk of recurrent VTE as those
D-dimer elevation after stopping therapy ~2 who present with proximal DVF74However, after a
Family history of VTE -1 PE, about 60% of recurrent episodes of VTE are also
Cancer: _ =3 PE, whereas only about 20% of recurrent episodes of

Metastatic vs non-metastatic =3 VTE are a PE after an initial DVAF8 This pattern of
Chemotherapy 2 recurrence, with about a 3-fold higher risk of PE after
Discontinuation of estrogen <1 an initial PE than after an initial DVT, appears to per-
Proximal DVT versus PE -1 sist long-termt* About 10% of symptomatic PE are
Distal DVT versus proximal DVT or PE 0.5 thought to be rapidly fatal and another 5% of those
Residual thrombosis 1-2 whose PE is diagnosed and treated also die from
Vena caval filter -18 PE>581417Thus, after 3 or more months of treatment
Second versus first episode of VTE ~15 for DVT or PE, recurrent VTE that presents as PE prob-
Age at diagnosis of VTE 21 ably has a case-fatality rate of about 15%. The risk of
Male gender ~15 dying from acute DVT, because of early subsequent PE
Asian ~0.8 or other complications (e.g., bleeding, precipitation of

myocardial infarction), appears to be 2% or &g,

For supporting references, see text and Kearon3 Based on these estimates, the case-fatality rate associ-
Abbreviations: DVT, deep venous thrombosis; PE, pulmonary ated with late recurrent VTE after a preceding PE is
embolism expected to be about 10%, whereas that after a preced-
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ing DVT is expected to be about 5%. Therefore, alwhich can be caused by hereditary or acquired condi-

though the risk of a recurrence is the same after PE aimhs, was associated with a 2.7-fold increased risk of

proximal DVT, the case-fatality rate for a recurrence igecurrent VTE in one study of patients with unpro-

expected to be 2-fold higher after PE than after DVTvoked VTE? Lowering plasma homocysteine levels
with vitamin therapy did not convincingly reduce the

| solated distal deep vein thrombosis frequency of recurrent VTE in a subsequent tfial.

Patients with DVT that is confined to the deep veins of

the calf have about half the risk of recurrent VTE ad¥ena caval filters

those who have had proximal DVT or PE. In a randomized trial that evaluated routine placement
of vena caval filters as an adjunct to anticoagulant
Multiple previous episodes of VTE therapy in patients with proximal DVT, filters were

The risk of recurrent VTE appears to be increased sthown to reduce the frequency of PE during the first
about 1.5-fold in those with a second or subsequeb® days, but to almost double the long-term risk of
episode of VTE compared to those with a first epirecurrent DVT?’ Despite increasing the risk of recur-

sodet 1920 rent DVT, filters did not appear to be associated with
more frequent PE. These findings are supported by a
Thrombophilia large epidemiological study of linked hospital discharge

Hereditary and acquired biochemical states that are aseords which found that a caval filter was an indepen-
sociated with VTE (“thrombophilia”) are heterogeneousdent risk factor for recurrent DVT (odds ratio 1.8), but
in terms of both the frequency with which they occuwas not a risk factor for PE (odds ratio 1*0he fil-
in the normal population and the strength of their asster-associated increase in DVT was largely confined to
ciation with thrombosisTable 3).! patients who initially presented with PE.
Antiphospholipid antibodie#ntiphospholipid an-
tibodies appear to be associated with an increased ri3kdimer levels after stopping treatment
of recurrent VTE during and after anticoagulant therapy;aboratory evidence of activation of coagulation after
however, the strength of this association is uncettafd. withdrawal of anticoagulants appears to stratify patients’
Factor V Leiden and the G20210A prothrombin genask of recurrent VTE. A low or negative D-dimer level
mutation: Heterozygosity for the factor V Leiden orabout 1 month after stopping anticoagulant therapy, a
the G20210A prothrombin gene mutation does not afinding that was present in one-ttitéand more than
pear to be a clinically important risk factor for recurone-half? of patients, has been reported to be associ-
rent VTE23581223However, patients who are heterozy-ated with less than half the risk of recurrent VTE. In
gous for both of these mutatiddsor homozygous for these two studies, D-dimer levels predicted risk of re-
the factor V Leiden mutatidhimay have a higher risk currence in patients with and without provoking risk
of recurrent VTE Table 3). factors for VTE or hereditary thrombophifi&e®
Deficiency of protein C, protein S, and antithrom-
bin: There is little prospective information on the riskResidual deep vein thrombosis
of recurrent VTE in patients with antithrombin, pro-lt is uncertain if residual DVT is an independent pre-
tein C, or protein S deficiency. One prospective studijictor of recurrent VTE. Piovella and colleagues found
identified a hazard ratio of 1.4 for recurrent VTE irthat residual proximal DVT on ultrasound after 3 months
patients with one of these abnormalities or a lupus antif treatment was associated with more than a 3-fold
coagulant! Another study reported relative risks forincrease in recurrent thrombosis, with three-quarters of
recurrent VTE of 1.0 for protein S, 1.8 for protein CDVT occurring in the same Iéd@randoni and colleagues
and 2.6 for antithrombin deficienéyA third prospec- reported more than a 2-fold increase in the frequency
tive study found no increase in recurrence among 1 recurrent VTE when there was persistent DVT on
patients with one of these deficiencté3herefore, al- ultrasound® However, it is unclear if this association
though there is uncertainty, these abnormalities do npeérsists after controlling for differences in the time
appear to be clinically important risk factors for recurelapsed since the initial DVT (i.e., it takes time for the
rent VTE. ultrasound to return to normal, and the risk of recur-
Elevated factor VIII levelsAlthough a markedly rence is also expected to decrease during this interval).
elevated level of factor VIl appears to be a risk factohgnelli and colleagues reported a statistically signifi-
for recurrent thrombosis, this observation requires preant 1.4-fold increase in recurrent VTE among patients
spective validation.Table 3).24 with PE who had a concomitant DVT on ultrasound
Hyperhomocysteinemiadyperhomocysteinemia, after 3 months of initial treatment compared to those

Hematology 2004 447



without DVT® However, three studies by our own grougive cancer}:* Second, that patients do not find anti-
did not find that residual proximal DVT was predictivecoagulation a major burden and, therefore, do not have
of recurrent VTE during anticoagulant therapy (hazard strong preference to stop therapy.

ratio 0.9; target International Normalized Ratio [INR]  During the following discussion of how risk fac-
1.5 to 1.9 for half of the patiefdtsor after treatment tors for recurrence influence treatment decisions, pri-
was stopped (hazard ratio £.and 1.6%). Similarly, ority is given to factors that can be assessed clinically
abnormal impedance plethysmography after 1 monte.g., from the patient’s history) and that have the stron-
of treatment (suggesting persistent proximal vein olgest predictive value.

struction) was not found to be predictive of recurrence

after treatment was stopped at 3 months (relative rigkrst level of assessment: Reversibility of risk factor

1.3)% Furthermore, with the exception of early recurBecause the presence of a reversible risk factor for VTE,
rences that are associated with inadequate initial treéek of a provoking factor, or cancer at the time of
ment (e.g., for only 6 week, recurrent DVT is equally thrombosis is the strongest predictor of risk of recur-
distributed between the initially affected and unaffectedence, this assessment carries most welggtcte 2).
legs!?2°3Current evidence, therefore, suggests that re- Major transient risk factorFor patients whose VTE
sidual DVT may be weakly associated with recurreris associated with a major transient risk factor, such as
VTE (less than a 2-fold increase), but venous obstrurecent surgery, stopping anticoagulant therapy after 3

tion is not the underlying mechanism. months of treatment is expected to be associated with a
subsequent risk of recurrent VTE of only about 3% in
Age and gender the first year and 10% over 5 yeé&ps! 152022323 hjg

Current evidence suggests that occurrence of VTE rate is not high enough to justify treatment for longer

an older age may be associated with somewhat higtiean 3 months.

risk of recurrencé>7.1423.34 Unprovoked VTEFor patients with unprovoked
Two recent studies reported a substantially high&TE, stopping anticoagulant therapy after 6 or more

risk of recurrence among mai€¥, however, this asso- months of treatment is expected to be associated with a

ciation was either weak or absent in previous studubsequent risk of recurrent VTE of about 10% in the

ies#>71423Cyrrent evidence, therefore, suggests that thiest year and about 30% over 5 ye&ats®3"This rate

risk of recurrent VTE is mildly elevated in males. is high enough to justify long-term anticoagulation in

the majority of such patients®s!

Other factors Active cancerPatients with active cancer generally
The influence of a number of other factors on the riskhould remain on long-term anticoagulant therapy be-
of recurrent VTE is summarized Trable 3. cause the risk of recurrent VTE is expected to be higher
than 10% within a year of stopping treatmefiti1 12 As
How Risk Factors for Recurrent VTE cancer is a risk factor for recurrent VTE while on a VKA,
Influence Treatment and as randomized trials support superiority of long-term

In order to consider how risk of recurrence may influtreatment with LMWH compared to use of a VKA, LMWH
ence or change management, it is first necessary to identhe preferred approach to treatméfit.

tify “usual treatment” of an undifferentiated (“average”)  Minor transient risk factor:Patients who do not
episode of VTE. In this context, “usual treatment” otlearly fall into one of these three categories (i.e., VTE
VTE is considered to be therapeutic-dose unfractionatpdovoked by a minor reversible risk factor) are expected
or low-molecular-weight heparin (LMWH) for at leastto have a risk of recurrence that is higher than that in
5 days, overlapped with and followed by treatment withatients with a major reversible risk factor and lower
a vitamin K antagonist (VKA) targeted to an INR ofthan that in patients with an unprovoked VTE after
2.5 for 6 months. In addition, assumptions will be madanticoagulant therapy is stopp&d:2My preference is
about two other variables that strongly influence marie treat such patients with proximal DVT or PE for 6
agement decisions. First, that risk of major bleeding months, although 3 months may be adequate in these
2% per year while on long-term anticoagulant therapgjrcumstance¥.

corresponding to that which is expected in the absence

of risk factors for bleeding (e.g., previous stroke oBecond level of assessment: Mode of presentation
gastrointestinal bleeding; active peptic ulcer disease;

renal impairment; anemia; thrombocytopenia; liver digsolated distal DVTAS these patients have about half
ease; diabetes mellitus; use of antiplatelet therapy; pdbe risk of recurrence as those with proximal DVT or
patient compliance; poor control of anticoagulation; ad?E, 6 months of treatment is adequate for patients with
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1%t Assessment 27 Assessment treatment between preceding
Risk Factor Reversibility Mode of Presentation episodes of thrombosis de-
creases. If the current and all
preceding episodes of VTE
were associated with a major

~P] Major transient risk factor

3 months VKA transient risk factor such as sur-
Teoated calt DVT gery, | do not routinely extend
. — 3 monthe VKA treatment beyond 3 months.
1 Minor transient risk factor Instead | emphasize the impor-
0 months VA W™ Proximai v orpe tance of using aggressive pro-
6 months VKA i I
Undifferentiated DVT or PE phyIaXIS durmg_ sub;equgntly
encountered high-risk situa-
6 months VKA .
r Isolated calf DVT tions.
X 6 months VKA
1 Unprovoked thrombos| - .
proYoTer T Role of thrombophilia testing
Lo 7 W™ Prosimarovr or e as a guide to duration of
Longterm VKA treatment

As there is little evidence to
suggest that (1) patients with
Longterm LMH VTE provoked by a major risk
factor who have thrombophilia
should be treated with antico-
agulant therapy for longer than

2 .

Abbreviations: DVT, deep-vein thrombosis; PE, pulmonary embolism; VKA, vitamin K 3 ,monthsz’ or (2) that patients

antagonist; LMWH, low-molecular-weight heparin. with unprovoked VTE who
have thrombophilia should be

treated with a higher than usual
intensity of long-term anti-
an unprovoked episode of isolated calf DVT, and 8oagulantior?;* | generally do not perform testing for
months is adequate for those with a minor transient riskrombophilia to guide the duration of anticoagulant
factor for VTE and isolated distal DVT. While it is therapy.
reasonable to reduce the duration of treatment of iso-
lated calf DVT that was provoked by a major transierualifying Remarks
risk factor to 6 week®;*" that is not my practice as (1) This discussion focuses on how risk of recurrent VTE
the shorter duration of treatment may be associated wittiluences choice of duration of anticoagulant therapy.
a higher risk of recurren&e (2) the associated gain in However, risk of bleeding while on anticoagulant therapy,
convenience and reduced bleeding is likely to be smadind patient preference, also strongly influences this de-
and (3) advocating a separate category of treatment aision. Furthermore, it is acknowledged that interpre-
ration exclusively for such a small segment of patientation of the importance of initial steps in the risk strati-
with VTE makes treatment recommendations for VTHcation process influences whether subsequent risk fac-
more complex. tor evaluation will change management decisions. For
Pulmonary embolism versus deep vein thrombosiexample, | have proposed that most patients with a first
As a recurrent episode of VTE is estimated to be twiapisode of unprovoked proximal DVT should remain
as likely to be a fatal PE after an initial PE than after@n anticoagulant therapy long term. If this is accepted,
DVT, | encourage long-term anticoagulant therapy moiidentifying additional risk factors for recurrence (e.qg.,
strongly after a first unprovoked PE than after a firsin antiphospholipid antibody) will not change manage-
unprovoked proximal DVT. ment of such patients. However, if 6 months of antico-
Second versus first episode of VTS recurrent agulation is judged to be adequate treatment for most
VTE is more likely when there has been more than offiest episodes of unprovoked proximal DVT, a search
preceding episode, | strongly encourage patients to fer additional risk factors that predict recurrence may
main on long-term anticoagulant therapy after a secortiange this decision.
episode of unprovoked VTE. The rationale for long-
term therapy probably increases as the interval without

Active Cancer

Figure 2. A staged approach to selecting duration of anticoagulant therapy based
on assessment of risk factors for recurrent venous thromboembolism (VTE).
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I1l. V ENous THROMBOEMBOLISM AND CANCER: year of cancer diagnosisthe poor prognosis may in-

NEW INSIGHTS AND THERAPY dicate that patients are dying prematurely of VTE, that
VTE is a harbinger of aggressive malignancies, or both.
Agnes Y. Y. Lee, MD, MSc, FRCP(C)* VTE often presents late in the course of malignancy

but it can also be the first manifestation of occult can-

It has long been recognized that venous thromboemies'- Approximately 10% of patients with unprovoked
lic events are common in patients with cancer. VTE' idiopathic VTE are diagnosed with cancer within
can also complicate and potentially compromise theif€ first year after their diagnosis of VFHhe stan-
cancer treatment, and it also predicts for a worse procé)ardized incidence ratio during this first year has been
nosis. Furthermore, the morbidity of acute thrombotigStimated at 2.2-44.This risk is about 3-fold higher
events, the limitations of standard anticoagulant theragan that in patients without VTE and about 4- to 8-
and the high frequency of treatment failure in this popdold higher than in patients who have VTE secondary
lation make VTE an important quality-of-life issue int0 @ known risk factor.However, performing exten-
cancer patients. However, despite these sobering obsdYe investigations routinely to look for underlying can-
vations, most oncologists still underestimate the prevger in patients with idiopathic VTE is not recommended
lence of VTE and its negative impact on their patient§iven the lack of evidence that shows screening im-
and few advances in the clinical management of VTEroves cancer-related survival.

have been made in the past decades. Recent studies thatVhile the risk of VTE by tumor type remains un-
suggest low-molecular weight heparins (LMWH) may:ertain for the majority of cancers, the risk appears to
improve survival in cancer patients have renewed i€ highest for patients with malignant brain tumors and
terest and stimulated new research in studying the peancer of the ovary, pancreas, and [u@n the other
tential antineoplastic properties of this class of anticé@nd, the most common tumor types found in patients
agulants. This section will describe briefly the epiWith VTE are cancers of the lung, colon, breast, and
demiology of VTE in cancer and provide a mordrostate, which largely reflects the prevalence of these

detailed discussion of the recent clinical studies ifncers in the general population. After surgery, cancer
the primary prevention and treatment of VTE irPatients have twice the risk of DVT and over 3 times

patients with malignancy. the risk of fatal pulmonary embolism (PE) compared
with patients free of cance&ihe risk of thrombosis is
VTE in Patients with Cancer increased with the use of chemotherapy or hormonal

Patients with cancer represent approximately 15%—20herapy, as well as indwelling central venous cathéters.
of all new cases of venous thromboembolism occurrifgecent clinical trials also report a high incidence of
in the community. This is reflective of the prevalenceVTE associated with the use of antiangiogenic agents,
of cancer in the general population and that active mauch as thalidomide and inhibitors of the vascular en-
lignancy, with or without chemotherapy, increases thi@gothelial growth factor/receptor pathway.

risk for VTE by 4- to 6-fold. Cancer is also an inde- Multiple and interdependent mechanisms are re-
pendent risk factor for death within 7 days after vTESPonsible for the hypercoagulable state in patients with
with up to an 8-fold increase risk of death in patientg@ncer. Tumor procoagulant activity, host inflamma-
receiving chemotherapy. Moreover, cancer patients witry responses and extrinsic factors, which are frequently
VTE have worse survival than cancer patients free gitrogenic, are involved. Furthermore, recent evidence
this complication. In a population-based study, the Has shown that tumor-induced coagulation activation is
year survival of patients diagnosed with cancer and vTitrinsically involved with tumor cell growth, angio-
at the same time was 12%, as compared with 36% $§nesis and metastasis.

cancer patients without VTE, who were matched for

gender, age at the time of the diagnosis of cancer, aRtpphylaxis of VTE

General surgery

Anticoagulant prophylaxis is recommended routinely
*McMaster University, Hamilton Health Sciences Henderson  for patients undergoing major surgery because the risk
General Hospital, Dept. of Medicine, 711 Concession Street, of postoperative thrombosis is substantial. Many trials
Hamilton ONT L8V 1C3, Canada have been done to compare unfractionated heparin
Acknowledgement: Dr. Lee is a recipient of a New Investigator(UFH) and LMWH in this setting but few have studied

Award from the Canadian Institutes of Health Research/Rx & oProphylaxis specifically in patients undergoing surgery
Research Program. for cancer. The ENOXACAN investigators conducted
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the first randomized trial that compared LMWH withday 10, a difference in thromboembolic events was not
UFH in patients undergoing general surgery for colmbserved (4.6% vs 6.1%, respectivétys= 0.14). Ma-
rectal cancet.No difference in efficacy was detectedjor bleeding was also comparable between the groups.
between enoxaparin 40 mg injected once a day and UHgéwever, in the subgroup of 1408 patients with cancer,
5000 U administered 3 times daily in preventindondaparinux was associated with a statistically signifi-
venographically detected DVT and symptomatic VTEcant reduction in VTE, with 4.7% of patients having
Differences in major bleeding and mortality were noV TE, as compared with 7.7% of patients in the
observed. Subgroup analyses of other trials are congisdteparin groupH = 0.02). Given the potential for
tent with these findings. bias in subgroup analyses, any conclusion regarding the
More recently, the same investigators conducted thelative efficacy of fondaparinux and dalteparin in can-
ENOXACAN Il trial to examine the efficacy and safetycer surgery prophylaxis is premature.
of extending prophylaxis with LMWH beyond hospi-
talization in cancer patientdn this multicenter, double- Central venous catheters
blind, placebo-controlled trial, patients undergoing eledzarly studies indicated that the risk of thrombosis with
tive, curative colorectal surgery for cancer receivelbng-term central venous catheters (CVCs) was as high
enoxaparin 40 mg once daily for the first 6-10 dayas 60%, or 1 event per 1000 device days. Consequently,
after surgery and then were randomized to continyggophylaxis with either low-dose warfarin or LMWH
with enoxaparin 40 mg once daily or placebo injectionsas recommended based on two small, open-label ran-
until mandatory bilateral venography was performedomized trials that used venography to screen for cath-
25-31 days after surgery. During the treatment perioeter-related thrombosis. However, recent studies have
12.0% (20/167) of the placebo patients compared witleported discrepant results. In a study of 425 cancer
4.8% (8/165) of the enoxaparin patients had a confirmeeatients receiving chemotherapy through a CVC who
thrombotic event® = 0.02). Therefore, extended pro-were randomized to LMWH prophylaxis or placebo,
phylaxis with enoxaparin significantly reduced the ratéhe incidence of symptomatic catheter-related throm-
of VTE by 60% (95% CI, 10%—-82%) and this benefibosis was 3.7% and 3.4%, respectivéln a similarly
was maintained at 3 months. The absolute risk redutgesigned study, a difference in symptomatic events was
tion of 7% found in this trial means that 14 patientaot detected between patients randomized to warfarin 1
must be treated to avoid 1 case of venographic DVing daily and those assigned to plac&do. addition,
Overall, there was no detectable difference in any @sw-dose warfarin can produce supratherapeutic anti-
major bleeding during the treatment period and no di€oagulant levels in patients receiving fluorouracil-based
ference in mortality up to 1 year of follow-up. chemotherap$? Therefore, based on recent data, the
Rasmussen also reported on extended prophylaxigerall thrombotic risk of catheter-related thrombosis
after cancer surgePyn this open-label randomized trial, is low and probably insufficient to warrant routine pro-
117 patients received dalteparin 5000 U once daily fghylaxis® Moreover, these trials suggest that prophy-
the first 7 days after abdominal surgery for cancer aralxis with low-dose LMWH or low-dose warfarin is
then were randomized to continue dalteparin at the samat effective in reducing symptomatic events.
dose or no further treatment for the next 21 days. All
patients used graduated compression stockings throudheatment of VTE
out the study period. Preliminary results showed th&inticoagulants are the mainstay therapy for the pre-
prolonging prophylaxis with dalteparin significantlyvention and treatment of acute VTE. Although these
reduced the incidence of proximal DVT, from 15.9%agents are highly efficacious and have an acceptable
to none P < 0.005). Accordingly, 6 patients must besafety profile in most patients, cancer patients have a
treated to avoid 1 episode of proximal DVT. higher risk of recurrent VTE and anticoagulant-related
Fondaparinux, a selective inhibitor of activated fackleeding compared with patients without caddrese
tor X that was recently approved for prophylaxis irtomplications likely reflect the heightened hypercoagu-
orthopedic surgery, has been evaluated in a Phase ldble state associated with malignant diseases and the
double-blind, double-dummy trial (PEGASUS trial) inmultiple co-morbidities in cancer patients that may al-
patients undergoing high-risk abdominal surgéBa- ter their response to anticoagulant therapy and their risk
tients with and without cancer were randomized to ref bleeding. LMWHSs are convenient, efficacious and
ceive once daily injections of fondaparinux 2.5 mg osafe compared with UFH and coumarin derivatives and
dalteparin 5000 U. Based on a composite outcome aife becoming the anticoagulant class of choice in surgi-
DVT detected with bilateral venography performed oral and medical oncology patients.
day 5-10 after surgery and symptomatic VTE up to
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Initial therapy with a high bleeding risk in cancer patients with VTE
To date, multiple randomized trials and meta-analysesd that prolonged treatment with LMWH may be as
of these trials have confirmed that for initial therapgffective and safer than warfarin therapy.
LMWHs are at least as efficacious as UFH in reducing In a similar patient population, the CLOT trial
recurrent thrombosis and are likely to be associated witlvaluated the use of long-term daltepdfin this
a lower risk of major bleeding. Furthermore, LMWHsmulticenter, randomized, open-label study, 676 cancer
can be given safely in an outpatient setting without theatients with proximal DVT, PE or both were random-
need for laboratory monitoring and have a lower risk afed to usual treatment with dalteparin initially followed
heparin-induced thrombocytopenia. However, whethdry 6 months of oral anticoagulant therapy or dalteparin
LMWHSs and UFH perform comparably in patients withalone for 6 months. In the dalteparin group, patients
cancer and acute VTE has not been formally investigatedceived therapeutic doses at 200 U/kg once daily for
the first month and then 75%-80% of the full dose for
Long-term therapy the next 5 months. The cumulative risk of recurrent
Despite their pharmacological and practical limitationsy TE at 6 months was reduced from 17% in the oral
coumarin derivatives have been the mainstay of longnticoagulant group to 9% in the dalteparin group, re-
term anticoagulant treatment for VTE. Although vitasulting in a statistically significant risk reduction of 52%
min K antagonists are highly effective in reducing refP = 0.002). Accordingly, 1 episode of recurrent VTE
current thrombosis in the general population, treatmeist prevented for every 13 patients treated with dalte-
failures, serious bleeding and difficulties with mainparin. Overall, there were no differences in major or
taining the international normalized ratio (INR) withinany bleeding between the groups. By 6 months, 39% of
the therapeutic range are common problems in patietit® patients had died in each group; 90% of the deaths
with cancer. A prospective cohort study reported thatere due to progressive cancer.
the 12-month cumulative incidence of recurrent VTE
in cancer patients was 20.7% versus 6.8% in patierAstineoplastic Effects of LMWH
without cancer, while the corresponding estimate fokccumulating experimental and indirect clinical evi-
major bleeding was 12.4% versus 4.9%, respectitelydence have suggested that anticoagulants, particularly
Based on the available literature, the risk of recurrebMWHS, may have antineoplastic effects. The FA-
VTE is 2- to 3-fold higher and the risk of major bleedMOUS study is the first randomized, placebo-controlled
ing is 3- to 6-fold higher in cancer patients than itrial to examine the influence of LMWH on survival in
patients without cancérPatients with cancer also ex-patients with advanced solid tumétdn this trial, 385
perience recurrent VTE despite having therapeutic INRatients were randomly assigned to dalteparin 5000 U
levels and suffer serious bleeding complications wittence daily or placebo for 1 year. Overall, 64% of the
out receiving excessive anticoagulatién. patients had stage 1V disease and the groups were bal-
To date, two published clinical trials have examanced in other prognostic markers of survival. Accord-
ined the use of long-term LMWH as an alternative ting to an intention-to-treat analysis, the survival esti-
warfarin therapy in cancer patients with acute VTE. Anates for patients receiving placebo at 1, 2 and 3 years
number of other randomized studies also have corafter randomization were 41%, 18%, and 12%, respec-
pared LMWH with oral anticoagulant therapy for long-ively, while the corresponding rates for patients in the
term treatment but they included primarily patientslalteparin group were 46%, 27%, and 21%. The trend
without cancer. The CANTHANOX trial compared 3for survival benefit, however, was not statistically sig-
months of standard warfarin therapy with enoxaparinificant (P = 0.19). A post-hoc analysis suggested that
therapy in cancer patients with proximal DVT, PE odalteparin was associated with improved survival in those
both8 All patients were treated initially for at least 4patients who lived beyond 17 months. This unexpected
days with therapeutic doses of enoxaparin at 1.5 mg/k@pservation that LMWH may have a greater impact on
once daily and were randomized to either continue wisurvival in patients with better prognosis or early dis-
enoxaparin at the same dose or warfarin therapy. Byease is consistent with the findings of another post-hoc
months, 15 of 75 patients had recurrent VTE or maj@nalysis of from the CLOT trial. In this study of cancer
bleeding in the warfarin group compared with 7 of 7patients with VTE, dalteparin was associated with a
patients assigned to enoxaparin. The difference was rsvatistically significant 50% reduction in mortality in
statistically significant® = 0.09). Major bleeding was patients who did not have metastatic disease at the time
reported in 17 patients; of these, 6 patients in the waf randomizatiort? Lastly, the MALT trial recently re-
farin group died of bleeding. Based on these resuligorted that cancer patients without VTE who were ran-
the investigators concluded that warfarin is associateldmized to nadroparin for 6 weeks had an improve-
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