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Summary

Cancer represents a well recognized risk factor for
venous thromboembolism. Patients with cancer
have a 4-7 fold higher risk for venous thromboem-
bolism than patients without the disease. Some
sites of cancer (e.g. pancreas, stomach) are asso-
ciated with a higher risk than others (e.g. breast,
prostate); advanced stage is also associated with
a higher risk. Finally, numerous chemotherapeutic
agents contribute to the development of venous
thromboembolism. Despite the high incidence of
thromboembolism, routine primary prophylaxis is
not recommended in most cancer patients. Scores
that evaluate site, stage and concomitant risk fac-
tors are being evaluated but have not gained wide-
spread acceptance to date. Screening patients
with venous thromboembolism for occult cancers
has shown little impact on survival and in general
is not recommended. The pathogenesis of throm-
bosis in cancer patients, although extremely com-
plex, involves the synthesis of proinflammatory
mediators by the host that contributes to the acti-
vation of the coagulation cascade, as well as the
synthesis of the procoagulant and proangiogenic
factor, tissue factor, by the tumor. Patients with
venous thromboembolism and active cancer are
usually treated with low molecular weight heparin
for 6 months; after that, there are no clear guide-
lines to suggest the best therapeutic approach.
The new direct oral anticoagulants are currently
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not indicated in these patients; however, clinical
studies are in progress to evaluate their promising
role in this setting.
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The association of venous thrombosis with cancer
was first reported by Jean-Baptiste Bouillaud (1796-
1881) and a few years later by Armand Trousseau
(1801-1867) (1). The observation has been confirmed
countless times and is currently a topic of great and
ever increasing interest. The interplays among cancer,
anticancer therapies, and venous thrombosis are so
complex that VTE in cancer patients might in fact be
considered a different disease that warrants different
management strategies.

Epidemiology

Numerous studies have attempted to quantify the risk
of venous thromboembolism (VTE) in cancer patients.
In a recent cohort study using linked UK databases,
for example, the incidence of VTE in cancer patients
was estimated at around 10 cases/1000 persons/year
at the beginning of the survey (1997) and increased
steadily to 18/1000 persons/year over the following
decade (2). The corresponding figure in the general
population remained steady at approximately 3 cas-
es/1000 persons/year. The increase of VTE over time
in cancer patients likely reflects the increased survival
of patients as well as the increased aggressiveness of
anticancer therapies that, as will be discussed later,
contribute to the pathogenesis of thrombosis. These
figures have proven rather consistent across different
studies in different Countries. Accordingly, in a recent
review the incidence of VTE in cancer patients was re-
ported to be approximately 4 to 7 fold higher com-
pared to subjects without the disease (3). However, it
is also evident that the risk of VTE changes with both
type and stage of cancer. The same UK survey previ-
ously cited reported an incidence of VTE of nearly
100/1000 persons/year for pan-

creas cancer compared to,
for example, 40 cases for
lung cancer and 10 for
breast and prostate cancer
(2). While the association of
some types of cancer (e.g.
pancreas, brain, lung) with
a particularly high risk of

The incidence of VTE
in cancer patients
was reported to be

approximately 4 to 7
fold higher compa-
red to subjects wi-
thout the disease.
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VTE is well established, in other cases there is no
agreement in the literature; Walker et al., for example,
report a particularly low incidence of VTE associated
with testicular cancer (3 cases/1000 persons/year, the
same value reported for the general population), while in
a study specifically aimed at the identification of risk fac-
tors for the development of VTE in cancer patients, tes-
ticular cancer was classified among the “high risk” types
of cancer, together, for example, with lung cancer (4). Fi-
nally, not surprisingly, more advanced cancers tend to
be associated with higher risks of VTE (5).

Another critical issue in the development of VTE in
cancer patients is represented by therapy. In the Olm-
sted County population study the relative risk of devel-
oping VTE was 4.1 in patients not treated with
chemotherapy and 6.5 in patients treated with
chemotherapy (6). In patients with node-positive, op-
erable breast cancer, the addition of a 6-month course
of cyclophosphamide, methotrexate and fluorouracil to
the standard regimen including only tamoxifen in-
creased the cumulative incidence of VTE at 2 years
from 2.6 to 13.6% (7). Numerous anticancer drugs
have specifically been associated with an increased
risk of VTE. The list includes cisplatin, thalidomide,
vinca alkaloids, fluorouracil, tamoxifen (8). Besides
chemotherapeutic agents, other molecules widely
used in cancer patients are responsible for an in-
creased risk of VTE. The antivascular endothelial
growth factor monoclonal antibody, bevacizumab, is
associated with a 33% increase in the risk of VTE. The
figure, albeit small, is statistically significant. However,
it is important to note that the well documented pro-
thrombotic effect of the molecule is mainly related to
arterial thrombosis (relative risk 2) (9). In contrast, the
oral anti tyrosine kinase agents, erlotinib and sunitinib,
while associated with an even larger increase in the
risk for arterial thrombosis (relative risk 3), have not
been involved in the pathogenesis of VTE (9). Finally,
a 67% increase in the relative risk for VTE has been
attributed to erythropoietin (10). Surgery and radio-
therapy must also be included among the risk factors
for VTE in cancer patients (9). Table 1 summarizes the

Table 1 - Highlights on the principal epidemiologic data re-
garding VTE in cancer patients.

Patients with cancer have a 4-7 fold higher risk of ve-
nous thromboembolism compared to the general po-
pulation.
Some cancer sites (e.g. pancreas, stomach) are as-
sociated with a higher risk than others (e.g. prostate,
breast).
More advanced stages are associated with a higher
risk.
Drugs used to treat cancer patients that contribute to
the risk of venous thromboembolism include cisplatin,
thalidomide, vinca alkaloids, fluorouracil, tamoxifen,
bevacizumab, erithropoietin.

+ Patients with a recent episode of VTE have a higher
probability to be diagnosed with cancer within the first
6 months from such episode.
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principal highlights about the principal epidemiologic
data regarding VTE in cancer patients.

Primary prophylaxis

Based on the epidemiological data reported above, it
has been hypothesized that primary antithrombotic
prophylaxis is warranted in most ambulatory cancer
patients (the issue of prophylaxis in hospitalized pa-
tients and in patients undergoing surgery will not be
discussed). However, the presence of cancer is also
associated with an increased bleeding risk (11). Fur-
thermore, these patients are often treated with agents
that contribute to the bleeding risk (e.g. drugs that re-
duce platelet count); finally, they may require diagnos-
tic and therapeutic invasive procedures. The issue
has been addressed by a number of studies, usually
comparing a low molecular weight heparin to placebo.
Among the most recent studies, PROTECHT (12) and
SAVE-ONCO (13) showed a statistically significant re-
duction of VTE (HR 0.51 and 0.36 in patients treated
with dalterparin, and semuloparin, respectively). In-
creased risk of bleeding and relatively low rates of
clinically relevant events have reduced the impact of
such observations. Costs and individual patients’ ac-
ceptance of daily subcutaneous injections are also el-
ements that must be taken into account when assess-
ing the need for prophylaxis. Attempts have been
made to develop risk scores in order to recognize
those patients most likely to benefit from thrombopro-
phylaxis. Khorana et al. have developed what is cur-
rently the most widely recognized score. The score
assigns 2 points to very high risk cancers (pancreas
and stomach), 1 point to high risk cancers (lung, lym-
phoma, gynecologic, bladder, testicular) and 1 point
each to increased platelet count (= 350000/mms3),
anemia (hemoglobin < 10 g/dL) or use of red cell
growth factors, increased leukocyte count (>
11,000/mm3) and body mass index = 35 (4). Other bio-
markers currently under investigation include circulat-
ing tissue factor (TF), P-selectin, microparticles, factor
VIIl, prothrombin fragment F1+2, D-dimer (14). While
it is likely that this approach will allow physicians to
tailor thromboprophylaxis to the individual cancer pa-
tient based on the individual risk, most scientific soci-
eties currently do not recommend routine prophylaxis
in ambulatory cancer patients. The lack of a general
agreement is evident when
recommendations from in-
dividual societies are ana-
lyzed. The American Col-
lege of Chest Physicians
suggests prophylaxis for
patients with adjunctive risk
factors and recommends
against it in the absence of such factors, irrespective
of the type and site of cancer (15). In contrast, the
American Society of Clinical Oncology recommends to
“consider” prophylaxis in all patients on an individual
basis independent of type and site, and of the pres-

Most scientific socie-
ties currently do not
recommend routine

prophylaxis for VTE
in ambulatory cancer
patients.
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ence or absence of risk factors (16). Finally, the Na-
tional Comprehensive Cancer Network recommends
to “consider” prophylaxis only in patients with high risk
tumors and to avoid prophylaxis in all other patients,
regardless of the presence of adjunctive risk factors
(17). Clearly, more research is needed in order to take
into account all the recently developed epidemiologi-
cal data and the new candidate biomarkers described
above.

Screening for occult cancer after an episode of
VTE

Due to the high incidence of VTE in cancer patients,
the probability of being diagnosed with cancer in-
creases after an episode of VTE. Using population-
based health registries available in Denmark, Soren-
sen et al. have analyzed data regarding over 77,000
patients with a diagnosis of VTE. The standardized in-
cidence ratio for a diagnosis of cancer was approxi-
mately 5 for pulmonary embolism and 4 for deep vein
thrombosis in the first six months after the episode of
VTE. The figure dropped to 1.5 (for both deep vein
thrombosis and pulmonary embolism) between six
months and one year. After one year, the standardized
incidence ratio was barely above one, and at most
time points did not reach statistical significance. Of in-
terest, patients with isolated superficial vein thrombo-
sis showed similar standardized risks than VTE pa-
tients (18). Based on these, and other similar observa-
tions, the hypothesis that patients with VTE should be
screened for incident cancer has been tested. A multi-
center European study (19) assigned patients with a
first episode of “unprovoked” VTE, i.e. an episode for
which a predisposing factor such as trauma, surgery,
acute disease, immobilization etc. is not immediately
recognized, to a control group or to an “extensive
screening” group. Patients in the extensive screening
group underwent a complete set of diagnostic tests
that included ultrasound and CT scanning of the ab-
domen-pelvis, gastroscopy or double contrast barium
swallow, flexible sigmoidoscopy, serum tumor mark-
ers, haemoccult, sputum cytology, and gender specif-
ic tests (PSA, transabdominal ultrasound of the
prostate, mammography, gynecological examination,
PAP smear). Patients in the control group were man-
aged by their primary care physicians per usual. Of in-
terest, the study was hampered by difficulties with
some local ethics committees that found it inappropri-
ate to test only the patients in the experimental group,
in the assumption that extensive screening would be
beneficial even if costly. Even if underpowered for the
reasons described, the study
showed a significant de-
crease in the time to first di-
agnosis in the few patients
that were eventually diag-
nosed with cancer; howev-
er, in most cases, the dis-
ease was diagnosed at sim-
ilar stages compared to pa-

Controlled studies
evaluating the benefit
of extensive scree-
ning for occult cancer

after an episode of
VTE failed to improve
survival.
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tients in the control group so that the delayed diagno-
sis in the latter likely had little or no impact on survival.
To overcome the limitations of the study, the same Au-
thors carried out a similar study a few years later to in-
crease statistical power (20). When combined, the da-
ta from the two studies show a trend toward a reduc-
tion in cancer related mortality in the extensive
screening group (HR 0.49; 95% CI 0.15-1.67) (21).
The difference did not reach statistical significance;
furthermore, the number of cancer related deaths was
very small (8/199 in the control group and 4/197 in the
screening group); these data, together with the physi-
cal and emotional discomfort for the patients related to
the very demanding screening program, and with the
cost of the program, suggest that extensive screening
for cancer is not routinely warranted in patients with
VTE. An approach based on individual characteristics
that emerge after the initial history, physical examina-
tion, routine blood tests, and chest X-ray is for exam-
ple what we recommend in patients admitted to our
ward (22).

The pathogenesis of thrombosis in cancer

The basis of cancer associated thrombosis are ex-
tremely complex and only partially understood. Al-
though a thorough analysis of this topic is clearly be-
yond the scope of this review, we will describe some
of the known mechanisms potentially relevant to the
clinical issues described above. TF is an integral
membrane protein expressed by tissues underneath
the vessel wall; it is, therefore, extrinsic to blood. TF is
an essential cofactor for coagulation factor (F) Vlla in
the initiation of the so called extrinsic pathway of
blood coagulation (Figure 1). The integrity of the en-
dothelial vessel wall prevents the contact between TF
and FVlla so that the process of blood coagulation is
activated only when the vessel wall is damaged (23).
However, it has become clear over the last decades
that TF can also be expressed by cells normally in
contact with blood, including endothelial cells and
leukocytes. The proinflammatory mediator tumor
necrosis factor-alpha (24) and the platelet and en-
dothelial cell associated adhesion molecule, P-se-
lectin (25) are among the agonists known to induce TF
synthesis in vascular cells. Thus, it would appear that
a chronic “inflammatory” reaction mounted by the host
as a non specific response to cancer contributes to
the pathogenesis of VTE, similar to what happens for
short periods of time during
acute inflammatory and/or /ﬁ
infectious diseases. These [ €ancer enhances
observations lend mecha- | Proinflammatory me-
nistic support to the clinical Al (?'g' TI\_lFa an(_:l
observation described abo- | [ -selectin) which acti-
ve that increased leukocyte vate the synthesis of
procoagulant factors
coulnt and soluple P-s.e- (e.g. tissue factor)
lectin are associated with

! : with proangiogenic
an increased risk of VTE properties, thus favo-

and represent potentially | ring thrombosis.
relevant biomarkers. How- \_ /
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Wound repair

Tissue Factor (TF)

Figure 1 - Physiologic actions of tissue factor (TF).

ever, cancer cells themselves can express functional-
ly active TF, directly contributing to the development of
venous thrombosis. Cancers are considered “darwin-
ian systems” exposed to selective pressures for au-
tonomous proliferation and ultimately survival in the
host. Due to their genetic instability, cancer cells have
a very high rate of mutations and those that acquire
favorable characteristics are more likely to survive
(26). Thus, the question arises what advantage might
be represented by TF expression by cancer cells.
Seminal studies carried out over 20 years ago have
shown that besides its role in the initiation of blood co-
agulation, TF has also a proangiogenic activity (27). It
is not surprising that evolution has put the same mol-
ecule at the crossroad between two strictly related
processes, i.e. blood coagulation and wound repair.
Considering the well known importance of newly
formed blood vessels for cancer growth, the evolution-
ary advantage represented by the synthesis of TF can
be clearly recognized. These data contribute to ex-
plain the role of circulating TF, often associated with
cell derived microparticles (28), as a biomarker for
VTE risk.

Therapy
The standard therapeutic approach in VTE is based
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on an initial course of heparin or fondaparinux fol-
lowed by vitamin K antagonists. The optimal duration
of therapy is not established in all patients. While
three months of vitamin K antagonists are usually rec-
ommended over shorter therapies, extended dura-
tions are considered when it is deemed that the risk of
late recurrence exceeds the risk of bleeding events.
This is usually the case after a second episode of VTE
and might be the case after a first “unprovoked” epi-
sode of pulmonary embolism when the patient does
not have a high bleeding risk (15).

Cancer patients might require different therapeutic
strategies. As discussed, patients with cancer have in-
creased risk of both recurrent thrombosis and bleed-
ing. Furthermore, drug interactions and eating disor-
ders (vomiting, hyporexia) make vitamin K antagonists
titration particularly difficult; finally, the need for fre-
quent invasive procedures that require discontinuation
of oral therapy potentially con-

tribute to the reduced per-
formance of this therapy.
Based on these considera-
tions, the CLOT study com-
pared a six month course of
vitamin K antagonists (INR
range 2-3) with the low mo-
lecular weight heparin, dal-
teparin (therapeutic, weight-

The first choice treat-
ment for VTE in can-
cer patients remains
low molecular weight

heparin, but the new
direct oral anticoagu-
lants are currently
being studied.
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adjusted dose for the first 4 weeks followed by a re-
duction to approximately 75% of the initial dose for the
following 5 months). The study showed a significant
reduction in VTE recurrence in the dalteparin group
during the 6-month study period (HR 0.48; 95% CI
0.30-0.77). There were no statistically significant dif-
ferences in bleeding complications although the only
fatal event was a massive hemoptysis in a patient with
lung cancer treated with heparin (29). Of interest, a
post-hoc analysis of the same data showed that in the
subgroup of patients with limited disease dalteparin
was associated with increased survival compared to
vitamin K antagonists (30). The hypothesis that low
molecular weight heparin might offer a survival advan-
tage in patients with cancer has prompted numerous
studies that have yielded as yet inconclusive results,
although a meta-analysis suggests that patients with
limited disease benefit from this therapy (31). In vitro
studies have shown that low molecular weigh heparin
exerts antiproliferative effects through the modulation
of the cell cycle in cancer cells (32) thus supporting
the hypothesis that these molecules have pharmaco-
logical effects that go beyond their direct antithrom-
botic properties. Despite these potentially interesting
observations the use of low molecular weight heparin
as an anticancer drug in patients without VTE is not
recommended, even though the level of evidence is
considered low to moderate (16). Current guidelines
recommend a 6-month course of low molecular weight
heparin at the dosage used in the CLOT study over vi-
tamin K antagonists in cancer patients with VTE (15).
Considering the well known risk of recurrent VTE in
patients with active cancer, extended therapy is often
preferable in such patients. No studies have formally
addressed the issue whether low molecular weight he-
parin can be safely continued beyond the 6-month pe-
riod analyzed in the CLOT study. Cost, need for ex-
tended chemotherapy, eating or absorption disorders
and patients’ preferences in terms of daily injections
versus regular blood tests must be taken into consid-
eration when deciding whether to switch from low mo-
lecular weight heparin to vitamin K antagonists after 6
months.

A new class of anticoagulants has been recently de-
veloped. The class comprises orally administered, di-
rect inhibitors of either Flla (dabigatran) or FXa (ri-
varoxaban and apixaban); a third direct FXa inhibitor,
edoxaban, will likely be available in the near future.
These molecules have the advantage of a predictable
bioavailability and do not require monitoring. Drug in-
teractions are also very limited compared to vitamin K
antagonists. Data from the registration studies indi-
cate that, as a class, these molecules are at least as
effective as vitamin K antagonists in VTE and signifi-
cantly safer, with some differences for individual mol-
ecules (33). Thus, it is expected that these so called
direct oral anticoagulants (DOAC) will progressively
replace vitamin K antagonists in the therapy of VTE.
However, only few (approximately 4-5%) patients with
active cancer were enrolled in the registration studies
and therefore the data cannot be directly extended to
this special population. A recent meta-analysis pooled
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Table 2 - Principles of therapy for cancer-associated VTE.

Low molecular weight heparin is superior to vitamin K
antagonists in patients with cancer in terms of preven-
tion of recurring episodes.

The standard therapy in patients with cancer consists
of a 4-week course of low molecular weight heparin at
full therapeutic dose, followed by 5 months at approxi-
mately 75-80% of the initial dose.

In patients with active cancer undergoing chemothe-
rapy, heparin is often preferred over vitamin K antago-
nists even after 6 months, but this approach is not
supported by clear experimental data.

The new direct oral anticoagulants have not been te-
sted in cancer patients and are currently not indicated.
New studies are underway to define their use in this
population.

data from a total of 1132 patients with cancer treated
with a DOAC. No statistically significant differences
were found in terms of recurrent VTE and bleeding
events between patients treated with a DOAC and pa-
tients receiving conventional therapy (34). Of note, the
data provide information about the comparison be-
tween DOAC and vitamin K antagonists, while the first
choice treatment in cancer patients remains low mo-
lecular weight heparin. Furthermore, patients enrolled
in these trials tended to have less severe forms of
cancer and were less likely to be on active chemother-
apy then, for example, the patients enrolled in the
CLOT study. To date, DOAC are not registered for pa-
tients with active cancer. However, given the previous-
ly discussed lack of data for extended anticoagulant
therapy beyond the 6-month period covered by the
CLOT study even with low molecular weight heparin,
DOAC are currently being used by some groups for
extended therapy, at least in patients with less severe
forms of cancer and presumably with no eating or ab-
sorption disorders. Both registry studies and ongoing
controlled randomized clinical trials comparing DOAC
with low molecular weight heparin are likely to provide
in the near future much needed information about the
best way to manage extended treatment in cancer pa-
tients after an episode of VTE. Table 2 summarizes
the current principles of therapy in cancer-associated
VTE.
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