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There are physiologic ties between Von Willebrand Factor (VWF) and circulating tumor cells. VWF appears to
play a role in tumor biology, but it is unclear whether cancer behavior differs in Von Willebrand Disease. In pa-
tients presenting with venous thromboembolism (VTE), occult cancer is frequently considered as an underlying
cause. The prevalence of occult cancer after provoked VTE is low (3%); therefore, cancer screening in these pa-
tients is not routinely recommended. In those with unprovoked VTE, occult cancer is more prevalent, estimated
between 4 and 10%. Due to this elevated risk, occult cancer screening is recommended in this population. Multi-
ple studies have investigatedwhether a “limited” approach (including history and physical exam, basic labs, and
chest X-ray) versus “extensive” approach (addition of advanced imaging, such as computer tomography) ismore
effective. Current data fails to demonstrate extensive screening strategies diagnose more occult cancer, miss
fewer cancers during follow up, or improve cancer-related mortality. Furthermore, many patients may be need-
lessly exposed to unnecessary diagnostic procedureswith their associated complications and costs, aswell as sig-
nificant anxiety. Therefore, the decision to perform additional testing should be made on a case-by-case basis.
Additional studies are needed to identify subgroups of patients with unprovoked VTE at highest risk for occult
cancer.

© 2017 Elsevier Ltd. All rights reserved.
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1. Occult cancer detection among patients with hemostatic and
thrombotic complications

There is an abundance of literature supporting the relationship be-
tween hemostatic disorders or venous thrombotic complications and
underlying occult cancers.
1.1. Cancer detection in patients with von Willebrand disease

Von Willebrand Factor (VWF) is suspected to play a role in tumor
dissemination based on its known roles in angiogenesis and platelet-
endothelial interactions. VWF directly binds to various circulating
tumor cells via glycoprotein receptor Gp1b and cellmembrane integrins
aIIbb3 and aϖb3 [1–10]. Low VWF is associated with increased dysregu-
lated neoangiogenesis [11]. In animal models, VWF knock-out mice
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demonstrate higher metastatic disease burden and levels of circulating
tumor cells than wild-type animals with normal VWF levels [10].

The implication of these findings in patients with von Willebrand
Disease (VWD), a disease characterized by congenitally-reduced VWF
levels, is not yet known. Although VWD is themost common congenital
bleeding disorder in humans, cancer incidence and prevalence has not
been studied in comparison to the non-VWD population. However,
VWF modulation as a cancer therapy is already being studied.
Weinberg et al. recently reported on a phase-II dose escalation study
of perioperative desmopressin (DDAVP) infusion in patients undergo-
ing surgery for locally-invasive with breast cancer [11]. This treatment
was tolerated well and associated with a reduced number of circulating
tumor cells detected post-operatively. Long-term data is not yet avail-
able for this study, but a decrease in distant tumor metastasis and in-
creased survival were observed in preceding animal models [12–14].

1.2. Cancer detection in patients with venous thromboembolism

Venous thromboembolism (VTE), comprising bothdeep vein throm-
bosis (DVT) and pulmonary embolism (PE), can be the first manifesta-
tion of cancer [15–17]. Many cohort studies have demonstrated that
patients with VTE provoked by a transient risk factor (e.g. trauma, sur-
gery, etc.) are at significantly lower risk of occult cancer detection
cer detection in patients with hemostatic disorder and venous
res.2017.05.034

http://dx.doi.org/10.1016/j.thromres.2017.05.034
mailto:mcarrier@toh.ca
Journal logo
http://dx.doi.org/10.1016/j.thromres.2017.05.034
http://www.sciencedirect.com/science/journal/00493848
www.elsevier.com/locate/thromres
http://dx.doi.org/10.1016/j.thromres.2017.05.034


Table 1
Occult cancer screening strategies.

Limited occult cancer screening

• History
• Physical examination
• Basic blood work (Complete blood count, creatinine, liver function tests)
• Chest X-ray
• Age and gender specific screening

○ Breast, cervix
○ Prostate
○ Colon

Extensive cancer screening
• Limited occult cancer screening and:

○ Ultrasonography of the abdomen and pelvis
○ Computed tomography of the thorax or abdomen and pelvis
○ PET-CT
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compared to those with unprovoked events [18]. The prevalence of oc-
cult cancer detection in patients with provoked VTE is reported to be
b3% [18]. The risk seems to be particularly low in patients developing
a VTE complication in the post-operative period [19,20]. Given the low
burden of occult cancer detection among patients with provoked VTE,
routine cancer screening is generally not recommended in patients
with provoked VTE.

In those with unprovoked VTE, the rate of occult cancer detection
appears to be higher. The 12-month period prevalence of occult cancer
detected in this patient population has been reported to be as high as
10% (95% confidence intervals (CI): 8.6% to 11.3%) [18]. Although
more recently published studies report a much lower rate of occult can-
cer detection among patients with unprovoked VTE [7,8,9]. The Trous-
seau Study, a large prospective Dutch cohort study, reported a rate of
occult cancer detection of up to 5% over amedian of 30months of follow
up following completion of cancer screening [21]. Similarly, other re-
cently published trials assessing different strategies of occult cancer de-
tection have reported a rate of 4 to 5% of occult cancer detected within
12 months of their unprovoked VTE diagnosis [22,23]. This decrease in
the proportion of patients with unprovoked VTE being diagnosed with
occult cancer over time may require an adjustment in the clinical ap-
proach. Patients should be reassured that their risk of cancer detection
is only 1 in 25 (as compared to previous 1 in 10).

It is unclear why more recent studies have reported a lower rate of
occult cancer detection in patients with unprovoked VTE. It is possible
that changes in clinical practice in recent years have improved early
cancer detection byway of better access to primary care and implemen-
tation of cancer screening strategies. Nonetheless, this represents a 6 to
7 fold increased risk when compared to the incidence reported in the
general population with the same age [24]. Following the initial
12months after unprovoked VTE diagnosis, this heightened rate of can-
cer detection seems to decrease to similar rates reported in the general
population [25,26]. Interestingly, a large case-control study suggested
that the risk of occult cancer detection could remain increased for up
to 6 years for certain tumor types including colon cancer, pancreatic
cancer and multiple myeloma [26]. Therefore, not only might clinicians
consider occult cancer screening upon a new diagnosis of an unpro-
voked VTE, but they should also keep a long-term lower threshold of
cancer suspicion in this patient population.

1.3. Occult cancer screening in patients with unprovoked venous thrombo-
embolism: limited versus extensive cancer screening

The decision to screen patients with unprovoked VTE for occult can-
cer is controversial [27,28]. Occult cancer screening might lead to an in-
creased rate of cancer detection, which can potentially result in earlier-
stage cancer detection, increased survival, and decreased cancer-
associatedmorbidity. Simultaneously, many patientsmay be needlessly
exposed to unnecessary diagnostic procedures with their associated
complications and costs, as well as significant anxiety [29]. Therefore,
a variety of screening strategies have been investigated.

Occult cancer screening strategies for patients with unprovoked VTE
are usually defined as “limited” or more “extensive.” Although there is
variability in the different limited screening strategies described in the
literature, a limited approach generally includes a thorough history
and physical examination, basic blood work, and a chest X-ray
(Table 1). Extensive screening strategies usually combine a limited
strategy with additional diagnostic tests, usually advanced imaging
(e.g. computed tomography (CT) of the abdomen and pelvis).

Cohort studies have previously reported that limited occult cancer
screening alone can adequately detect up to 90% of occult cancers in pa-
tients with VTE, [30–32] suggesting that it might be a sensible approach
to detect the majority of occult cancers among patients with unpro-
voked VTE. However, a randomized controlled trial published in 2004
suggested that a more extensive occult cancer screening strategy
might increase the rate of detection of cancer [33]. The SOMIT trial
Please cite this article as: H. Husseinzadeh, M. Carrier, Occult can
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randomized patients with first unprovoked VTE and negative limited
occult cancer screening strategy to either no further testing or addition-
al investigations including ultrasound and CT of the abdomen and pel-
vis, gastroscopy, colonoscopy, sputum cytology, and tumor markers
[33]. Gender-specific screening tests including mammography, Pap
smear and total PSA were also performed. Unfortunately, the trial was
stopped early (N = 200) due to difficult recruitment, raising concerns
about selection bias and the generalizability of these findings. Overall,
approximately 10% of patients in the control group had cancer detected
during the 24-month follow-up period, more than the 1% detected in
the extensive-screening group (P b 0.01). Furthermore, patients who
underwent the extensive screening strategy were more likely to have
early (T1-2N0M0) cancer diagnosis compared to those in the control
group (p = 0.047). Although patients that underwent the extensive
screening strategy seemed to have a lower (1.9% risk reduction)
cancer-relatedmortality, it did not reach statistical significance. Follow-
ing the publication of the SOMIT trial, Di Nisio and colleagues performed
a decision analysis using the trial data and demonstrated that, of all the
additional testing methods, an extensive screening strategy including a
CT abdomen/pelvis had the best yield to detect occult cancers in pa-
tients with unprovoked VTE [34]. Similarly, a 2008 systematic review
and pooled analysis including 14 studies and the SOMIT trial (n =
4378 patients) also suggested that CT of the abdomen and pelvis was
the optimal diagnostic test for occult cancer screening in patients with
unprovoked VTE [18]. However, the complication rates, cost-
effectiveness and difference in morbidity and mortality afforded by
this intervention could not be determined [18].

In 2012, the National Institute for Health Care Excellence (NICE -
United Kingdom) clinical practice guidelines recommended all unpro-
voked VTE patients over the age of 40 years undergo further investiga-
tion for cancer with CT scan of the abdomen and pelvis and
mammography for women [35]. A Cochrane review published in 2015
evaluating the benefits of extensive occult cancer screening concluded
that, although extensive testing led to earlier diagnosis of cancer at an
earlier stage of disease, there was insufficient evidence that additional
testing effectively reduced morbidity or mortality. Furthermore, results
could be consistent with either harm or benefit of the intervention [36].
As it currently stands, evidence indicates uncertainty as opposed to no
benefit regarding screening extensively for cancer in this patient
population.

1.4. Extensive occult cancer screening including CT of the abdomen/pelvis

Between 2011 and 2016, three studies directly comparing limited
and extensive occult cancer screening strategies have been published
[21,22,37]. The Trousseau study [7] assessed the added value of
performing mammography in women and CT of the thorax, abdomen
cer detection in patients with hemostatic disorder and venous
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and pelvis to limited cancer screening (history and physical, basic labs,
and chest X-ray) in all patients presenting with unprovoked VTE [21].
Occult cancer was detected at enrolment in 2.4% and 3.5% of patients re-
ceiving limited and extensive screening, respectively. There was no dif-
ference in the number of occult cancers missed during follow-up or in
the overall mortality. A recent large Canadian randomized controlled
trial also failed to demonstrate any benefit of extensive occult cancer
screening with the addition of CT of the abdomen and pelvis in patients
with a first unprovoked VTE [22]. This trial randomized 854 patients
with an unprovoked VTE to limited occult cancer screening (here in-
cluding basic blood tests, chest X-ray, mammography, cervical smear
test, and PSA) with or without comprehensive CT of the abdomen and
pelvis. There was no statistically significant difference between the
two groups in the number of occult cancers missed during follow up
(4/14 versus 5/19, absolute difference 0.25% (95% CI −1.12% to
1.63%)), in time to cancer diagnosis, or in cancer-associated or overall
mortality [22]. Similarly, a recently published Italian trial randomizing
195 patients to a limited occult cancer screening strategy alone or in
combination with CT of the thorax, abdomen, and pelvis with faecal oc-
cult blood testing did not demonstrate a significant difference in the
total number of occult cancers detected by screening or missed during
follow up [37]. Finally a cost-effectiveness analysis has shown that the
addition of a CT abdomen and pelvis to a limited screening strategy
for occult cancer detection in patients with unprovoked VTE was more
costly and not more effective [38]. The results of these studies empha-
size that performing an extensive occult cancer screening strategy
using a CT of the abdomen/pelvis in all patients with unprovoked VTE
does not seem to be beneficial or cost effective.

1.5. Extensive occult cancer screening including FDG PET/CT

Other diagnostic imagingmodalities may bemore effective as an oc-
cult cancer screening strategy. A total of four studies have assessed the
role of positron emission tomography (PET) for occult cancer detection
among patients with unprovoked VTE [23,39–41]. The largest trial ran-
domized 494 patients to a limited occult cancer screening alone or in
combination with fludeoxyglucose (FDG) PET/CT [23]. The FDG PET/CT
did not significantly detectmore occult cancers compared to the limited
screening strategy alone. However, a strategy using FDG PET/CT might
detect earlier stage tumors and be associated with a lower number of
missed occult cancers during follow up. Nonetheless, it remains unclear
if these findings translate into a decrease in morbidity or an increase in
survival in this patient population.

2. Current recommendation and next steps

Recent studies have failed to show that different extensive occult
cancer screening strategies diagnose more occult cancer, miss fewer
cancers during follow up, or improve cancer-related mortality. An ex-
tensive screening strategy using a CT abdomen and pelvis was shown
not to be cost effective. This data suggests routine extensive occult can-
cer screening should not be performed on all patients and that a deci-
sion to perform additional testing should be made on a case-by-case
basis. The Anticoagulation Forum clinical practice guidelines suggest
that patients with unprovoked VTE should only undergo a thorough
medical history and physical examination, basic laboratory investiga-
tions, and chest X-ray aswell as age- and gender- specific cancer screen-
ing (i.e. cervical, breast, prostate and colon) [42]. Clinicians should also
maintain a low index of suspicion for cancer in this patient population.

Future studies should focus on identifying sub-groups of patients
with unprovoked VTE at highest risk of occult cancer detection. Clinical
prediction rules aimed at stratifying patients according to their underly-
ing risk of occult cancer detection have recently been derived but await
external validation [19,43]. Older age and previous VTE seem to be im-
portant predictors of recurrentVTE andmight help clinicians identifying
a particularly high subgroup. However, clinical trials are required to
Please cite this article as: H. Husseinzadeh, M. Carrier, Occult can
thromboembolism, Thromb Res (2017), http://dx.doi.org/10.1016/j.throm
assess the risks and benefits of occult cancer screening strategies using
these clinical prediction rules before they can be applied in clinical
practice.
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