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Background: The utility of screening for venous thromboembolism (VTE) in cancer patients is unknown. We
evaluated this in a prospective cohort study of cancer patients initiating a new chemotherapy regimen and
deemed high-risk (score >3) based on a validated Risk Score.

Methods: Patients were evaluated with baseline and Q4 (+ 1) week serial ultrasonography for up to 16 weeks;
additionally, computed tomography scans for restaging were also evaluated for VTE.

Results: The study population comprised 35 patients. Pancreatic and gastro-esophageal cancers were the most

sgvgzgdfljmmbo embolism common diagnoses. Of these, 8 (23%) developed a VTE. This included 5 patients with DVT alone (14%), 1 patient

Prevention with PE alone (3%) and 2 (6%) with both. Ultrasound examinations identified asymptomatic DVT in 9.3% of

Risk factors patients at baseline; 0% at weeks 4 and 8 and 5.6% at week 12. Restaging CT scans identified asymptomatic PE

Cancer in one patient at week 6 and in one patient at week 9 with subsequent DVT at week 10.

Screening Conclusions: Screening for asymptomatic VTE has not been previously used as a clinical strategy in ambulatory
cancer patients. We report that one-tenth of patients at baseline had occult DVT and in this high-risk population,
screening at baseline may be of value.

© 2014 Elsevier Ltd. All rights reserved.
Introduction unselected ambulatory lung cancer and lymphoma patients, 0 of 62

Venous thromboembolism (VTE) is an important contributor to
morbidity and mortality amongst patients with cancer. Traditionally,
VTE in this population has been diagnosed based on symptoms. Howev-
er, this approach can potentially underestimate the burden, since VTE
may be minimally symptomatic or masked by symptoms of the under-
lying disease. Indeed, older reports based on autopsies show a much
greater prevalence of VTE than observed in clinical studies [1]. In recent
years, improvements in computed tomography (CT) technology have
led to incidental diagnoses of VTE on staging scans again confirming a
greater prevalence than appreciated clinically. It should be noted that
the consequences of incidental VTE including risk of recurrence and
survival are no different than observed with symptomatic VTE [2].

Screening for VTE in the absence of symptoms is an approach
utilized in various clinical settings to better understand the prevalence
of this illness. There is a strong association between asymptomatic
deep venous thrombosis (DVT) and development of symptomatic VTE
[3-5], and even an association of asymptomatic DVT with mortality
[6]. In the cancer population, screening studies have met with mixed
success, owing to known variation in underlying risk. In a study of
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patients (0%; 1-sided 95% confidence intervals [CI] 0-4.8%) were
found to have DVT [7]. In contrast, in a study of 44 non-ambulatory
patients with advanced cancer and a poor performance status, asymp-
tomatic DVT was detected in 34% (95% Cl, 0.21-0.49) [8]. Similarly,
when 37 patients with endometrial cancer and elevated D-dimer were
screened, 9.9% displayed DVT by venous ultrasonography [9].

These reports suggest that screening high-risk cancer patients could
help identify asymptomatic VTE, with potential benefits to patients
from early institution of treatment. Members of our group have previ-
ously developed a Risk Score to identify high-risk patients [10], and
this has subsequently been externally validated in multiple populations
[11,12]. Although the Risk Score is effective at predicting symptomatic
VTE, it is unknown whether screening high-risk patients will help iden-
tify asymptomatic VTE. We therefore conducted a single-institution
prospective cohort study of high-risk cancer patients (defined as a
score of 3 or higher) initiating chemotherapy to identify rates of symp-
tomatic and screen-detected asymptomatic VTE.

Methods
All patients aged 18 or older with a newly diagnosed cancer sched-

uled to be treated with a minimum of 3 cycles of outpatient chemother-
apy at the James P. Wilmot Cancer Center of the University of Rochester
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and deemed high-risk for development of VTE (score > 3) based on a
previously validated Risk Score [10] were considered eligible. Patient
selection was based strictly on Risk Score, and all sites of cancer were
considered. The protocol was approved by the University’s Institutional
Review Board. Patients were enrolled after providing written, informed
consent. Patients with a prior history of VTE or currently receiving
anticoagulation were excluded. The study originally intended to enroll
63 patients as a single-institution validation of the Risk Score; subse-
quent external validation studies [13-15] rendered this objective
moot and the study was closed to accrual in March 2012. Baseline
ultrasonography of bilateral lower extremities was performed after
enrollment but before initiation of chemotherapy. Additional ultraso-
nography of bilateral lower extremities was performed at the end of
cycles 1, 2 and 3 (4 7 working days, at approximately 4-week intervals).
The common femoral vein and popliteal vein down through the trifur-
cation and including the paired calf veins to the level of the ankle
were examined. The compressibility of these veins was assessed in the
transverse plane. Additional longitudinal color Doppler and spectral
Doppler images were obtained with Intersocietal Commission for the
Accreditation of Vascular Laboratories protocol. Doppler waveforms
were used to assess for indirect evidence of more proximal obstruction.
Ultrasonography findings were interpreted interpreted by board-
certified body imaging radiologists with subspecialty fellowship train-
ing in ultrasound. Asymptomatic events identified on staging CT scans
conducted for staging or restaging purposes and symptomatic VTE
that occurred during the course of the study and confirmed by imaging
studies were also recorded. The primary endpoint was the rate of total
VTE, defined as the sum of asymptomatic DVT and symptomatic VTE
that developed during the course of study.

Results

The study population comprised 35 patients. Pancreatic and gastro-
esophageal cancers were leading diagnoses. Characteristics of the study
population are described in Table 1. A majority of patients had a Risk
Score of 3 (N = 27, 77%); one-fifth had a Risk Score of 4 (N = 7) and
one patient had a Risk Score of 5. Patients received multiple types of
systemic therapy regimens including the agents gemcitabine
(N = 13), cisplatin or carboplatin (N = 10), erlotinib (N = 9), capecit-
abine or 5-fluorouracil (N = 9), epirubicin (N = 7), taxanes (N = 6),
oxaliplatin (N = 5) and bevacizumab (N = 2).

Eight patients (23%) were found to have VTE. This included 5
patients with DVT alone (14%), 1 patient with PE alone (3%) and 2
(6%) with both. Thirty-two patients underwent a baseline ultrasound
examination. Of these, 3 asymptomatic DVTs were identified (9.3%).
Subsequent ultrasound examinations were performed in 23 patients
at week 4 (0 DVT), 21 patients at week 8 (0 DVT) and 18 patients at
week 12 (1 DVT, 5.6%). An additional two patients developed symptom-
atic DVT between weeks 1 and 4 and an additional patient developed

Table 1
Patient Characteristics.
Characteristic N (%)
All 35(100)
Gender Female 16 (45.7)
Male 19 (54.3)
Ethnicity White 31(88.6)
Black 3(8.6)
Asian 1(2.9)
Primary Site of Cancer Esophageal 1(29)
Gastric/GE] 12 (34.3)
Pancreas 12 (34.3)
Lung 4(11.4)
Lymphoma 3(8.6)
Bladder 2(5.7)
Breast 1(2.9)
Stage IV disease 24 (69%)

symptomatic PE at baseline. Restaging CT scans identified asymptomat-
ic PE in one patient at week 6 and in one patient at week 9 with subse-
quent DVT at week 10. The timing of VTE events over the 16-week study
period is shown in Fig. 1.

Discussion

This report demonstrates that approximately one in ten high-risk
cancer patients, selected based on a previously validated Risk Score,
had a screen-detected VTE prior to initiating chemotherapy. Although
this is the first report of screening in this population, our results are
consistent with a validation study of the Risk Score in 1,415 patients
wherein time to first symptomatic VTE event was only 23 days in
high-risk patients as compared to a median of 1.3 months for the entire
study population; conceivably, the high-risk patients could have had
asymptomatic VTE at baseline which subsequently and quickly became
symptomatic [14]. These findings are also consistent with observations
in high-risk patients (defined by elevated D-dimer) with endometrial
cancer [9]. This report does not answer the question of whether such
screen-detected events should receive therapeutic anticoagulation
since in our study all patients without contraindications were
anticoagulated after discovery of VTE. A critique of this approach could
be that occult VTE would not become symptomatic and that patients
are being over-treated. However, reports of incidental VTE have demon-
strated that rates of recurrence and association with survival, are iden-
tical to symptomatically discovered VTE and anticoagulation is
potentially beneficial and indeed recommended [2,16,17]. Since
screen-detected VTE are similar to incidental VTE in that they are iden-
tified based on scans and not based on symptoms, one could extrapolate
that therapeutic anticoagulation would benefit patients in this setting as
well.

We note that although our study adopted a serial screening strategy,
the yield on screening studies conducted after the baseline examination
was low. Therefore, if a clinical approach to screening is adopted it
should focus on high-risk patients and at the time of initiating a new
systemic therapy regimen. Larger cohort studies with patient-centered
quality of life and pharmacoeconomic endpoints are necessary to
further understand the benefit of screening in this setting. Our findings
further confirm that the previously described Risk Score is effective at
identifying high-risk patients; in our study, nearly one-fourth of
patients developed VTE over a 16-week study period. Recent subgroup
analyses of prospective clinical trials have suggested that these high-
risk patients could derive substantial benefit from outpatient
thromboprophylaxis [18,19]. An NIH-sponsored prospective random-
ized trial is currently evaluating this approach.
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Fig. 1. Incidence of screen-detected VTE in high-risk cancer patients. Rates and timing
of screen-detected DVT and PE are shown. An additional two symptomatic DVTs occurred

between weeks 1 and 4 and an additional symptomatic PE occurred at baseline.
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In summary, a screening approach found that approximately one-
tenth of high-risk cancer patients, defined based on a previously validat-
ed Risk Score, had a DVT. Screening for asymptomatic VTE has not been
previously used as a clinical strategy in ambulatory cancer patients. Our
findings suggest that in this high-risk population, screening may be of
value in detecting VTE and providing patients with the option of early
treatment to reduce the often-devastating consequences of cancer-
associated thrombosis.
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