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VTE risk assessment in cancer

Who needs prophylaxis and who does not?
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Summary

Venous thromboembolism (VTE) in patients
with cancer is associated with an increased
morbidity and mortality, and its prevention is
of major clinical importance. However, the
VTE rates in the cancer population vary be-
tween 0.5% - 20%, depending on cancer-,
treatment- and patient-related factors. The
most important contributors to VTE risk are
the tumor entity, stage and certain anti-
cancer treatments. Cancer surgery represents
a strong risk factor for VTE, and medical on-
cology patients are at increased risk of devel-
oping VTE, especially when receiving chemo-
therapy or immunomodulatory drugs. Also
biomarkers have been investigated for their
usefulness to predict risk of VTE (e.g. elev-
ated leukocyte and platelet counts, soluble
P-selectin, D-dimer, etc.). In order to identify
cancer patients at high risk of VTE and to im-
prove risk stratification, risk assessment
models have been developed, which contain
both clinical parameters and biomarkers.
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Venous thromboembolism (VTE) is ac-
cepted as a common and serious compli-
cation of cancer and anti-cancer therapy. In
clinical practice, approximately 20% of all
VTE events occur in patients with a malig-
nant disease and some of them may already
present prior to the final diagnosis of an
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While primary thromboprophylaxis with low-
molecular-weight-heparin (LMWH) is recom-
mended postoperatively for a period of up to 4
weeks after major cancer surgery, the evi-
dence is less clear for medical oncology pa-
tients. Thromboprophylaxis in hospitalized
medical oncology patients is advocated, and is
based on results of randomized controlled
trials which evaluated the efficacy and safety
of LMWH for prevention of VTE in hospitalized
medically ill patients. In recent trials the bene-
fit of primary thromboprophylaxis in cancer
patients receiving chemotherapy in the ambu-
latory setting has been investigated. However,
at the present stage primary thromboprophy-
laxis for prevention of VTE in these patients is
still a matter of debate and cannot be recom-
mended for all cancer outpatients.

Schliisselworter
Vendse Thromboembolie, Krebs, Hyperkoagu-
labilitat, Risikofaktor, Thromboseprophylaxe

Zusammenfassung
Venose Thromboembolien (VTE) bei Krebser-
krankungen fiihren zu einer erhohten Morbidi-

VTE-Risikobeurteilung bei Krebserkrankungen:
Wer braucht eine Thromboseprophylaxe und wer
nicht?
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occult malignancy (1-3). Thrombotic
events are a significant cause of morbidity
and mortality in these people.

In large, population-based studies the
risk of VTE was shown to be increased
four- to 7-fold in patients with cancer (2).
Other studies, which analysed hospital dis-

tat und Mortalitat. Daher ist ihre Pravention
von grofBer klinischer Bedeutung. Die VTE-Ra-
te bei Krebspatienten variiert zwischen 0.5%
bis 20% — in Abhéngigkeit von Tumor-, Be-
handlungs- und Patienten-spezifischen Risi-
kofaktoren. Auch die Rolle von verschiedenen
Laborparametern und Biomarkern (z.B. er-
hohte Thrombozyten und Leukozyten, solu-
bles P-Selektin, D-dimer, etc.) fiir die Vorher-
sage des Auftretens einer VTE wurde in re-
zenten Studien untersucht. Um Krebspatien-
ten mit dem hochsten VTE-Risiko zu identifi-
zieren und die Risikostratifizierung zu opti-
mieren, sind Risiko-Scores entwickelt wor-
den, die sowohl klinische Parameter als auch
Laborparameter beinhalten.

Wahrend eine primére Thromboseprophylaxe
mit niedermolekularen Heparinen (NMH)
postoperativ nach groBen tumorchirurgi-
schen Operationen flir eine Dauer von etwa 4
Wochen empfohlen ist, gibt es keine eindeu-
tige Evidenz fiir eine routinemaBige medika-
ment6se Thromboseprophylaxe fiir , internis-
tische” Krebspatienten. Bei stationdren
Krebspatienten mit einer akut internistischen
Erkrankung ist jedenfalls eine Thrombosepro-
phylaxe zu befiirworten. Im ambulanten Set-
ting wird die Durchfiihrung einer priméren
Thromboseprophylaxe bei Patienten disku-
tiert, die eine Chemotherapie erhalten.

charge data, have found also significantly
higher VTE incidences of 0.6-7.8% in pa-
tients with cancer, more than double the
incidence in patients without cancer (4-7).
In a recent systematic review and meta-
analysis, the annual incidence rate of VTE
was between 0.5% and 20% (8). VTE was
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also more prevalent during the course of
chemotherapy (12.6% in the cancer cohort
within 12 months after initiation of chemo-
therapy and 1.4% in the non-cancer control
group) in another analysis (9). Similarly, in
a retrospective study of patients treated
with cisplatin-based chemotherapy, 18.1%
developed VTE (10).

Incidence and risk of VTE
according to the type and
stage of cancer

The rates of VTE vary significantly accord-
ing to the type of cancer and its extent. In a
prospective cohort study, the Vienna Cancer
and Thrombosis Study (CATS), the cumu-
lative incidence of symptomatic VTE was 7.6
% in a cohort of patients with various malig-
nancies (11) (> Fig. 1). The highest inci-
dence was present in patients with malignan-
cies of the stomach, pancreas and brain (i.e.
high grade glioma) followed by colorectal
and lung cancer. The risk of VTE is also
relatively high in haematologic malignancies,
while breast and prostate cancer exhibited a
lower risk of VTE. Other studies have found
high rates of VTE also in tumors of the ovary
and patients with acute leukemia (5, 12, 13).
Furthermore, the extent of the tumor
and the presence of metastasis increase the
likelihood of developing VTE. An in-
creased risk of VTE was demonstrated

among patients with advanced and meta-
static disease in several studies (6, 13, 14).
Data from the California registry and a
Dutch study showed that metastatic disease
is the strongest risk factor for occurrence of
VTE contributing to a two- to three-fold
higher probability of VTE compared to pa-
tients without metastasis (12, 14).

Interestingly, recent studies demon-
strated similarly increased incidence rates of
VTE in solid tumors with distant stage and
regional stage (with presence of lymph node
metastasis) compared to local stage cancers.
In an analysis of CATS that comprised a co-
hort of 832 prospectively followed patients
with solid tumors over 527 days in median,
tumor stage was collected at study inclusion;
241 patients had local, 138 patients regional,
and 453 patients had distant stage cancer
(15). VTE events occurred in 2.9% of pa-
tients with local disease, 8.7% with regional
cancer (with positive lymph nodes), and
8.4% in patients with distant metastasis.
Multivariable analyses revealed a 3.7-fold
increase in VTE risk for patients with re-
gional stage and 5.4-fold increase in those
with distant metastasis compared to patients
with local stage disease.

Risk assessment

An optimized management to prevent
cancer-associated VTE would include
identification of patients with a substan-

total study population
stomach

brain (glioma)
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Fig. 1

Rates of venous
thromboembolism
(VTE) in 825 patients
with different types of
cancer during a medi-
an follow-up of 501
days [IQR 255-731]:
data from the Vienna
Cancer and Thrombo-
sis Study (CATS), a
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tially increased VTE risk and adminis-
tration of a highly effective, safe and well-
tolerated thromboprophylaxis (16). The
risk of VTE may also fluctuate during the
course of disease in a cancer patient, so
knowing about periods with increased risk
might also allow better tailoring of throm-
boprophylaxis.

The body of literature reporting on risk
factors for VTE in patients with cancer is
growing continuously. The risk of VTE can
further vary substantially according to the
clinical setting, the primary site and histo-
logical type of cancer, anti-cancer treat-
ments and depends also on an individual
background risk. These risk factors can be
categorized into cancer-, treatment- and
patient-related groups (» Fig. 2). There has
been also a great interest in identifying
biomarkers predictive of cancer-associated
VTE (17). In recent studies, also risk scor-
ing models for identifying high- and low-
risk patients have been explored.

Risk factors for VTE
Cancer-related

As outlined in the previous sections of this
review, the primary site of the tumor and
the extension of the disease in addition to
the histological type are important deter-
minants of the VTE risk. The risk of VTE is
particularly increased in patients with a
highly aggressive tumor biology as express-
ed by a high histological grading (G3 and
G4) of the tumor (18). Also a time-depend-
ent variation in the VTE risk has been ob-
served. During the first 3 and up to 6
months after cancer diagnosis, patients are
at highest risk to develop VTE (19).

The contribution of these clinicopath-
ologic parameters to risk assessment of
VTE in cancer patients is particularly valu-
able because they are readily available in
cancer patients.

Treatment-related

Many surgical and non-surgical treatment
strategies of cancers have been found to in-
crease the risk of VTE. Surgery in general
and cancer surgery in particular represents
a strong risk factor for VTE (20). Medical
oncology patients are at increased risk of
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developing VTE especially when receiving
chemotherapy. Specifically, platinum-based
therapy regimens are associated with an in-
creased risk of VTE (21). Thalidomide (22)
and lenalidomide (23) containing regimens
as well as bevacizumab (24, 25) have been
associated with high incidence rates of
VTE. Furthermore, central-venous ca-
theters (26), erythropoiesis-stimulating
agents, erythrocyte and platelet trans-
fusions and prolonged hospitalization itself
are all additional risk factors for occurrence
of VTE in cancer patients (27).

Patient-related

Previous studies investigated the impact of
patient characteristics and in the majority
of these studies, gender and age could not
be shown to be independently associated
with VTE in cancer patients (reviewed in
28). While in a study from the United
States obesity (BMI >35 km/m?) was found
to increase risk of VTE (4), this could not
be reproduced in a cohort of European
cancer patients (16). Reduced performance
status is universally recognized as a predic-
tor of VTE, especially if it leads to immo-
bility in cancer patients (29).

In the general population, the history of
VTE is a strong predictor of future VTE
events. Also in patients with cancer, the
history of VTE was a risk factor for occur-
rence of new VTE events; reviewed in (28).
In a more recent report, however, a signifi-
cant association of a previous history of
VTE and occurrence of new VTE during
the course of cancer could not be shown
(30). The latter study investigated other ve-
nous conditions such as the history of
superficial vein thrombosis (also called
thrombophlebitis) and the presence of
varicose veins as risk factors for cancer-as-
sociated VTE, and identified that varicose
veins in cancer patients independently in-
crease the propensity to develop VTE
(2-fold higher risk).

Biomarkers for cancer-associated
VTE

There are emerging data from studies that
investigated biomarkers for their capacity
of predicting VTE in patients with cancer
(17, 31). Parameters of blood count analy-
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e advanced tumor stage
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o leucocyte count
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Fig. 2 Risk factors for venous thromboembolism (VTE) in patients with cancer. The risk of cancer-as-
sociated VTE is multifactorial. Several cancer-, treatment- and patient-related risk factors may contribute
to occurrence of VTE. Also biomarkers and laboratory tests have been associated with risk of VTE. Not all
risk factors could be confirmed in independent studies (indicated in italic).

sis such as elevated leukocyte and platelet
counts have turned out to be useful in risk
prediction. Soluble P-selectin (sP-selectin),
a cell adhesion molecule and biomarker of
platelet and endothelial activation, and
D-dimer, reflecting global activation of the
haemostatic system, were both associated
with occurrence of VTE in the general
population and have been subsequently
demonstrated to be predictors of VTE in
cancer patients (11, 32). Furthermore, as-
sociations between elevated levels and fu-
ture VTE have been found for clotting fac-
tor VIII and also for prothrombin fragment
1+2 and the in-vitro thrombin generation
potential (11, 33, 34). Thrombin plays a
central role in coagulation and the
measurement of the in-vitro thrombin gen-
eration potential is a method that allows, at
least to some extent, the global measure-
ment of the haemostatic potential.

Results on the role of tissue factor (TF)-
bearing microparticles (MP) for cancer-as-
sociated VTE are discordant: an associ-
ation with occurrence of VTE in pancreatic
cancer might be present, whereas in other
cancer entities, such as glioblastoma, colo-
rectal, or gastric carcinoma, this could not
be confirmed (35, 36). Interestingly, high
levels of MP-associated TF (MP-TF) activ-
ity significantly correlated with poor over-

all survival in patients with pancreatic
cancer (35). Elevated MP-TF activity levels
were shown to correspond to poor differ-
entiation of non-resectable, metastatic,
pancreatic tumor and invasiveness of blood
vessels (37). This indicates that MP-TF
may be involved in cancer invasion, angio-
genesis and metastatic spread (38). Simi-
larly, increased C-reactive protein (CRP)
levels were suspected of raising VTE risk.
In multivariable analysis, this association
was not independent (39).

Recently, the association of mean pla-
telet volume (MPV) with cancer-associated
VTE was investigated and - unexpectedly
- an increase in MPV correlated with a de-
creased risk of VTE in cancer patients (40).
This finding is in contradiction to previous
investigations in the general population,
which suggested high MPV to be associ-
ated with increased risk of venous and ar-
terial thromboembolic events (41).

Risk scoring models

The use of risk scoring models for the strat-
ification of cancer patients according to
their probability of developing VTE is a
promising approach. In 2008 Khorana et al.
developed a risk model for prediction of
VTE in ambulatory cancer patients sched-
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Tab. 1
of those at high or low risk of VTE

Risk scoring models for stratification of cancer patients into risk categories and identification

risk score parameter points
Khorana et al. (42) site of very high risk* stomach, pancreas 2
cancer high risk lung, lymphoma, gynecologic, 1

platelet count

hemoglobin and/or use of ery-

bladder, testicular

thropoiesis-stimulating agents

leukocyte count
body mass index

Ay et al. (Vienna D-dimer

#
CATS* score) (43) sP-selectin

=350 x 10 1
<10 g/dl 1
>11 x 10%1 1
>35 kg/m? 1
>1.44 pg/ml 1
>53.1 ng/ml 1

“ In the Vienna Cancer and Thrombosis Study (CATS) also brain tumors (high-grade glioma) were
included. They were allocated to the very high risk sites of cancer.
# Vienna CATS risk score adds two further biomarkers to the Khorana-score.

uled for chemotherapy (42), which is until
today the single validated model (43). The
Khorana-score and studies that validated
this risk assessment model were discussed
in detail in a previous review article (44).
Parameters, determined prior to initiation
of chemotherapy, that are included in the
Khorana-score, are listed (»Tab. 1). Nu-
merical values (0-2) are assigned to each
variable, and patients are stratified into 3
discrete categories according to the total
score. Patients assigned to the
o low-risk group (score 0) had a VTE risk
of 0.3% during 2.5 months of follow-up,
o those in the intermediate-risk group
(score 1-2) had a risk of 2%, and
o those in the high-risk group (score >3)
had a risk of 6.7%.

This risk scoring model was validated in
the cohort of patients included in the Vien-
na Cancer and Thrombosis Study (CATS)
(43). An expanded risk scoring model
(Vienna CATS score), incorporating addi-
tional biomarkers, namely sP-selectin
and D-dimer (»Tab. 1), was developed by
our group (43). With this expanded model,
it was possible to considerably improve the
risk stratification of VTE. For instance, pa-
tients with a high score of 4 had a cumu-
lative probability of developing VTE of
20.4% and those with a score 25 had a 35%
probability, as opposed to 1% probability of
VTE in patients with a score of 0 (lowest

Hamostaseologie 4/2015

risk category). However, future interven-
tional trials have to be performed to inves-
tigate whether ambulatory cancer patients
assigned to high-risk groups based on risk
scoring models might benefit from pri-
mary thromboprophylaxis.

Thromboprophylaxis in
patients with cancer
After cancer surgery

Since it was observed that the majority of
postoperative VTE events occur after dis-
charge from hospital and VTE represented
the major postoperative cause of mortality
within the first 30 days after surgery (8),
randomized controlled trials were con-
ducted to investigate short-term (7-10
days) versus extended (4 weeks) postoper-
ative thromboprophylaxis with low-molec-
ular-weight-heparin (LMWH) after major
abdominal and pelvic cancer surgery
(45-47). These studies demonstrated that
extended postoperative thromboprophyla-
xis is effective in reducing the rates of VTE
after major cancer surgery, and provide the
evidence for recommending thrombopro-
phylaxis with LMWH for the postoperative
period up to 4 weeks after major cancer
surgery, given the bleeding risk is not in-
creased (48, 49).

The risk of postoperative VTE might
also be increased in other clinical settings

(e.g. after major thoracic surgery or
neuro-surgery of brain tumors). However,
specific randomized controlled trials
evaluating extended postoperative throm-
boprophylaxis for these types of surgeries
are lacking. A special situation includes
patients with brain tumors. As thrombo-
prophylaxis reduces the risk of postoper-
ative VTE without an excess of major
bleeding, recent guidelines clearly recom-
mend thromboprophylaxis in cancer pa-
tients undergoing neurosurgery which
should be commenced postoperatively
(48).

In hospitalized medical oncology
patients

In contrast to surgical cancer patients, the
evidence for primary thromboprophylaxis
is less clear for medical oncology patients
(50, 51). Thromboprophylaxis in hospital-
ized medical oncology patients is advo-
cated in guidelines for VTE management
published by major scientific societies, and
is based on results from randomized con-
trolled trials which evaluated the efficacy
and safety of LMWH of fondaparinux for
prevention of VTE in the general popu-
lation of hospitalized medical ill patients
(48-50,52). These trials, however, included
only 5% - 15% patients with cancer. Con-
sequently, pharmacologic thromboprophy-
laxis is only warranted in patients with ac-
tive cancer who are admitted with an acute
medical illness or reduced mobility.

In clinical practice the population of
cancer patients admitted to hospital is het-
erogeneous and an improved strategy for
thromboprophylaxis and validated risk as-
sessment tools for estimating the overall
risk of VTE in hospitalized patients with
cancer are clearly needed.

In cancer outpatients

A majority of cancer-associated VTE oc-
curs in the outpatient setting. Several ran-
domized controlled trials have focused on
thromboprophylaxis with LMWH in
cancer patients who received chemother-
apy for advanced disease in the ambula-
tory setting. In two large studies, the
PROTECHT and SAVE-ONCO study, pa-
tients with selected solid tumors were in-
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cluded (53, 54). Although both trials
showed and statistically significant

relative risk reduction for VTE in patients
receiving pharmacological thrombopro-
phylaxis, the absolute event rates in the
placebo group were relatively low (3.9%
and 3.4%). Other studies focused on
single cancer entities, such as malignant
glioma in PRODIGE (55), pancreatic
cancer in FRAGEM and CONKO-004 (56,
57) or multiple myeloma treated with
thalidomide or lenalidomide-based
regimens in other studies (58, 59). The
latter should receive thromboprophylaxis
with either LMWH or low-dose aspirin
when thalidomide or lenalidomide is
given in combination with chemotherapy
and/or dexamethasone (reviewed in 44).

Interestingly, in the CONKO-004 and
FRAGEM studies much higher doses than
standard thromboprophylaxis dose were
used in patients in the LMWH arm (enox-
aparin 1 mg/kg per day for 3 months, fol-
lowed by 40 mg per day for an additional 3
months in CONKO-004, and dalteparin
200 TU/kg per day for the first 4 weeks fol-
lowed by 150 TU/kg per day for 8 additional
weeks). With enoxaparin VTE rates at 12
months were 5% versus 15.3% in the con-
trol group (p < 0.01), and with dalteparin
VTE rates were 12% versus 28% for the
control group during the whole follow-up
period of 19 months in median (p=0.039).
In both studies the VTE risk reduction did
not result in significant improvement of
survival. It is important to state that higher
doses of LMWH than standard thrombo-
prophylaxis dose are not approved for rou-
tine use.

However, at the current stage primary
thromboprophylaxis for prevention of VTE
is still a matter of debate and cannot be rec-
ommended for all cancer outpatients (60).
Only, high-risk patients might be candi-
dates for thromboprophylaxis with LMWH
during chemotherapy. In clinical practice,
the definition of a high risk population for
primary thromboprophylaxis in the out-
patient setting is a challenging issue. A risk
stratification scheme such as the Khorana-
Score might be useful and needs to be
evaluated in interventional trials. Other
guideline authors again define patients
with pancreatic or lung cancer as potential
subjects for primary thromboprophylaxis

© Schattauer 2015

(48). In the ACCP guidelines cancer pa-
tients with additional risk factors are sug-
gested as candidates for thromboprophyla-
xis (52). According to the authors of the
ACCP guidelines, additional risk factors
for VTE in cancer outpatients include pre-
vious VTE, immobilization, hormonal
therapy, angiogenesis inhibitors, thalido-
mide, and lenalidomide.

Conclusions

Patients with cancer are at high risk of de-
veloping VTE. The risk of VTE depends on
the

e tumor type,

o extension of the disease and

e clinical setting.

Individual patient-, cancer- and treatment-
related risk factors contribute to the risk of
VTE. Over the past years candidate bio-
markers predictive of VTE in patients with
cancer have been investigated. Conse-
quently, new risk stratification approaches
have been adopted to identify patients at
high-risk of VTE. The most promising risk
assessment models incorporate both clini-
cal parameters and biomarkers. However,
theses risk stratification tools need to be
validated in interventional and random-
ized controlled trials selecting ambulatory
cancer patients for thromboprophylaxis,
until they can be introduced into clinical
practice for routine use.

While primary thromboprophylaxis
with LMWH is recommended postoper-
atively for an extended period of up to
four weeks after major (abdominal and
pelvic) cancer surgery, the evidence is less
clear for medical oncology patients, and
should be targeted at those with addi-
tional risk factors such as acute medical
illness or immobilization. In cancer out-
patients, the efficacy and safety of primary
thromboprophylaxis with LMWH in
those with advanced disease receiving
chemotherapy in the ambulatory setting
has been confirmed. However, at the cur-
rent stage primary thromboprophylaxis
for prevention of VTE cannot be recom-
mended for all cancer outpatients due to
some (methodological) limitations of
these studies.
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