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Epidemiology of VTE in GI Cancer

Venous thromboembolism (VTE) is the third leading cause of
cardiovascular death.1 The Centers for Disease Control esti-
mate that nearly 600,000 people eachyear are affected byVTE,
which includes deep vein thrombosis (DVT) and pulmonary

embolism (PE). As the leading cause of preventable hospital
death, between10and30%ofpatientsdiagnosedwithVTEwill
diewithin 1month of diagnosis, and an estimated 20 to 25% of
initial PE diagnoses present with sudden death.2

While there aremany risk factors that predispose toVTE, a
diagnosis of cancer increases the risk of VTE four to seven
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Abstract Venous thromboembolism (VTE) is a leading cause of cardiovascular death and is
associated with significant morbidity. Patients with cancer, and gastrointestinal (GI)
malignancies in particular, are at increased risk of VTE, increased risk of bleeding with
VTE treatment, and increased risk of recurrent VTE compared with the general population.
VTE has been shown to bea leading causeofdeath amongpatients with cancer. This review
will discuss special considerations in the prevention, diagnosis, andmanagement of VTE in
patients with GI malignancies. Given the increased risk of VTE observed in ambulatory
patientswithGImalignancies,multiple trials have examinedanddemonstrated the efficacy
of prophylactic anticoagulation in high-risk patients with cancer undergoing chemothera-
py, particularly in patients with gastric and pancreatic cancers. Patients with GI malignan-
cies have alsoplayeda central role in discussionsof the risks andbenefits of the use ofdirect
oral anticoagulants in patients with cancers, with first-line anticoagulation options
expanding to include low-molecular-weight heparin, rivaroxaban, edoxaban, and apixaban.
However, there continue to be concerns regarding an increased risk of bleeding with
edoxaban and rivaroxaban in patients with GImalignancies. In addition to anticoagulation,
individualized risk and benefit analysis should be undertaken for interventions including
inferior vena cava (IVC)filter placementandcatheter-directed thrombolysis in the settingof
increased risk of bleeding and recurrent VTE for patients with GI malignancies. Several
unique scenarios that may be seen with GI malignancies, including incidental VTE,
splanchnic vein thrombosis, IVC thrombosis, and iliac vein compression, require individual-
ized decision making.
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times compared with patients without malignancy. Not only
are these patients predisposed to VTE but also to VTE
recurrence.3–5 Factors that contribute to these increased
risks can be divided into those related to the malignancy
itself, cancer-directed treatments and procedures, and
patient physiology. The presence of active cancer causes
production of procoagulant factors, upregulation of tissue
factor, and release of proinflammatory cytokines. Treatment-
and procedure-related risk factors include endothelial dam-
age due to chemotherapy, radiation, and surgery, and the
presence of indwelling catheters. Patient-specific risk factors
include immobility, obesity, and advanced age.6

Several studies have shown that, compared with other
cancer types, gastrointestinal (GI)malignancies (which include
esophageal, gastroesophageal [GE], gastric, hepatobiliary, pan-
creatic, and colon cancers) are associated with a higher risk of
VTE. Multiple studies have attempted to quantify the risk of
VTE in this subset of patients. Larsen et al performed a single-
center, cross-sectional cohort study examining prevalence of
VTE upon initial diagnosis of upper GI malignancies (including
esophageal, gastric, extrahepatic cholangiocarcinoma, and
pancreatic cancers) by conducting screening and diagnostic
lower extremity Doppler ultrasound (US) and computed
tomographic pulmonary angiography (CTPA).7 In this group
of symptomatic and asymptomatic patients with no prior VTE
diagnosis, the prevalence of DVT and PE was 5.2 and 7.7%,
respectively.7Population-basedcohort studies inDenmarkand
theUnitedKingdomhavedemonstrated incidence rates of 40.9
to98per1,000person-years inpatientswithpancreaticcancer,
20.4 to 35 per 1,000 person-years in patients with liver cancer,
37 per 1,000 person-years in patients with GE cancer, and 9.5
per 1,000 person-years in patients with colon cancer.8,9 All of
these incidence rates are significantly higher compared with
the overall cancer cohorts in these studies (8–13.9 per 1,000
person-years) and to the patients without cancer (3–4.7 per
1,000 person-years).8,9 In the Danish study, the absolute inci-
dence of VTEwithin the first year of diagnosis in patients with
pancreatic cancer was 4.4% compared with 1.4% in the overall
cancer cohort.8

In patients with any cancer type, treatment for VTE is
associated with an increased incidence of major bleeding
and fatal bleeding compared with a noncancer popula-
tion.10–13 When stratified by type of malignancy, a study by
Zakai et al demonstrated a rate of major bleeding of 8.6% per
patient-year in patients with GI malignancies versus 4.4% per
patient-year in all patients with cancer undergoing antico-
agulation for VTE.14 Clinical trials of direct-acting oral anti-
coagulants (DOACs) have recently raised the question of
increased risk of bleeding when patientswith GImalignancies
and VTE are treated with DOACs.15–19 In addition to this
bleeding risk, patients with cancer and VTE have a higher
risk of VTE recurrence comparedwith patientswithout cancer
with 12-month cumulative incidence up to 20.7%.10,13,20

Regarding mortality in patients with cancer-associated
VTE, a Dutch study found that among patients diagnosed
with cancer at the time of VTE, the rate of 1 year overall
survival (OS) was 12% comparedwith 36% inmatched cancer
controls resulting in a hazard ratio (HR) of 2.20.21 Twenty-six

percent of patients in this cohort had GI malignancies.21 In a
prospective cohort study of cancer patients undergoing
treatment, thrombosiswas the second leading cause of death
behind progression of underlying cancer.22 When looking
prospectively at cancer patientswith PE, Font et al found that
the presence of a GI malignancy, in particular, was signifi-
cantly associated with increased 30-day mortality in multi-
variate analysis.23

Prevention of VTE in Ambulatory Patients
with GI Malignancies

Given the increased risk of VTE and death associated with
malignancy, there has been much interest in investigating the
role of VTE prophylaxis in patients with cancer. Two trials of
low-molecular-weight heparin (LMWH) in patients with solid
tumors undergoing chemotherapy demonstrated a significant
reduction in symptomatic VTE (1.2–2% vs. 3.4–3.9% with
placebo) with no increased incidence of major bleeding and
no difference inmortality.24,25 In the subgroup of patientswith
pancreatic cancer in the SAVE-ONCO trial, the cumulative
incidence of VTEwas 2.4% of patients in the semuloparin group
comparedwith10.9% in theplacebogroup.25Several additional
trials specifically enrolled patients with advanced pancreatic
cancer undergoing chemotherapy and were able to reproduce
these results. Maraveyas et al used a therapeutic dose of
dalteparin (200 IU/kg subcutaneously daily for 1 month fol-
lowed by 150 IU/kg daily for 2 months) and found the 100-day
VTE incidence was 3.4% in the LMWH group and 23% in the
control group.26 The 100-day incidence of fatal VTEwas 8.3% in
the control arm and 0% in the LMWH group.26 Pelzer et al
compared prophylactic doses of enoxaparin (1mg/kg subcuta-
neously daily) versus placebo and found incidence rates of
symptomatic VTE of 9.8% in the control group and 1.3% in the
LMWH group with no increased risk of major bleeding.27

Despite significant VTE risk reduction in cancer patients
undergoing chemotherapy, the absolute risk reduction was
small, which prompted attempts to better identify the highest
risk populations.28 Khorana et al utilized a prospective cohort
design to derive and validate a scoring system identifying
outpatients with malignancy starting a new chemotherapy
regimen (►Table 1).28 Based on prior large epidemiologic
studies, the presence of gastric or pancreatic malignancy was
the strongest predictor of VTE risk incorporated into the mod-
el.8,9,28Whencombinedwithoneormoreadditional risk factors
to total a Khorana score of�3, the observed VTE incidence was
7.1 and 6.7% in the derivation and validation cohorts, respec-
tively, over a median follow-up of 2.5 months on the study. A
separate study validated this model in a cohort of patients with
cancer undergoing chemotherapyanddemonstrateda6-month
cumulative incidence of VTE of 9.6% in those with a Khorana
score of 2 and 17.7% in those who had a score of �3.29

Theadventof theKhoranascorehas allowed investigators to
examinethe roleofVTEprophylaxis in thehighest riskpatients.
Both the AVERT and CASSINI trials studied prophylactic DOAC
administration in ambulatory cancer patients who were initi-
ating chemotherapy and had aKhorana score of�2. TheAVERT
trial examinedapixaban2.5mg twicedaily for3monthsversus
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placebo in the abovepopulation. The6-month incidenceofVTE
was 4.2% in the apixaban group compared with 10.2% in the
placebogroup. Therewas an increased riskofmajor bleedingof
3.5% in the apixaban group comparedwith 1.8% in the placebo
group and no difference in OS between the groups.30 The
CASSINI trial was conducted on a similar cohort of patients,
including 32.6% with pancreatic cancer and 20.9% with gastric
or GE junction cancers.31 Unlike the AVERT trial, patients
underwent baseline screening with Doppler US and 4.5% of
patients were found to have DVT and were excluded from
participation in the trial. The treatment arm received rivarox-
aban 10mg daily for 180 days and the control arm received a
placebo. Rivaroxaban did not significantly reduce the primary
endpoint of VTE during the 6-month follow-up period (6% in
rivaroxaban group vs. 8.8% in placebo). The risk of VTE was
reduced approximately 4% (2.6% in the rivaroxaban group vs.
6.4% in theplacebogroup)during themean interventionperiod
of 4.3 months. Approximately 40% of patients in the rivarox-
aban group prematurely discontinued the treatment medica-
tion. Therewas an increased risk ofmajor bleeding (2 vs. 1%) in
the treatmentarm thatwasnot statistically significant.31There
was no difference in OS between the groups. While both of
these trials used the Khorana score as part of their eligibility
criteria, any patient with gastric or pancreatic cancer undergo-
ing a new course of chemotherapy met VTE risk inclusion
criteria for these trials. The American Society of Clinical
Oncology (ASCO) guidelines now recommend that high-risk
outpatients with cancer (Khorana score of 2 or higher prior to
starting a new systemic chemotherapy regimen) may be
offered thromboprophylaxis with apixaban, rivaroxaban, or
LMWHafterconsideringbleedingrisksanddrug interactions.32

Prophylactic anticoagulation is also recommended for hospi-
talized patients with cancer and patients with cancer under-

going major surgical intervention with data supporting these
recommendations.32,33

Clinical Presentation and Diagnosis of VTE in
Patients with GI Malignancies

The clinical signs and symptoms of DVT are familiar to
most clinicians (►Table 2) and apply to patients with and
without cancer. In patients with inferior vena cava (IVC)
thrombosis secondary to complications from an IVC filter
(IVCF), mechanical compression, or invasion of the IVC from
tumor, lower back and abdominal pain may precede typical
symptoms of DVT, in up to 48% of patients in one series.34

Patients with GI malignancies are also at risk of splanchnic
vein thromboses (SVTs), which include portal vein, mesen-
teric vein, and splenic vein thromboses. Clinical presentation
of acute SVT may include abdominal pain, ascites, hepato-
megaly, nausea, vomiting, anorexia, or diarrhea. Fever and
peritoneal signs on exam may also be present for patients
who develop intestinal infarction.35 Chronic SVT may be
asymptomaticdue to the formationof collateral veins, though
patients can present with abdominal pain, nausea, vomiting,
anorexia, edema, or splenomegaly.35 Additionally, up to 50%
of VTE in patients with cancer is discovered incidentally on
imaging performed for another reason, with one retrospec-
tive single center review in unselected patients with GI
malignancies noting a 7.3% rate of unsuspected or incidental
DVT and 2.7% rate of unsuspected or incidental PE.36,37

Notably, patientswith cancer aremore likely to present with
bilateral DVT (8.5 vs. 4.6%), iliocaval DVT (22.6 vs. 14%), and
upper limb DVT (9.9 vs. 4.8%) than patients without cancer.38

The approach to diagnosis of VTE in patients with and
without cancer involves evaluation of the clinical likelihood
of VTE followed by confirmatory testing for patients with
sufficiently high pretest probability and no further testing
for those with sufficiently low pretest probability.39 The
revisedWells criteria forDVT and PE (►Table 3) andmodified
Geneva score for PE (►Table 4) are the most common
objective criteria used to risk stratify patients suspected of
VTE, and studies have validated that they can be safely used
for cancer patients, which both scoring systems take into
account.40–42 In addition to clinical decision rules, D-dimer is
commonly utilized to risk stratify patients and to help guide
further testing for VTE. Several analyses examining patients
with active malignancy, including a meta-analysis in which
11% of patients hadGImalignancies, demonstrated the safety

Table 2 Signs and symptoms in patients with DVT

Signs and symptoms of DVT

Leg pain

Leg swelling

Redness

Bluish or whitish skin discoloration

Calf cramps/Charley horses

Positive Homan’s sign (calf pain with dorsiflexion)

Table 1 Khorana score for VTE risk in outpatients with cancer

Factor Risk score

Primary tumor site

Very high risk: stomach, pancreas 2

High risk: lung, lymphoma,
gynecologic, bladder, testicular

1

All other sites 0

Prechemotherapy platelet
count� 350� 109/L

1

Prechemotherapy WBC> 11.0� 109/L 1

Hemoglobin< 10 g/dL or use
of red cell growth factors

1

Body mass index� 35 kg/m2 1

Risk of symptomatic VTE Total score

Low (0.3–0.8% rate of
VTE at 2.5 months)

0

Intermediate (1.8–2.0% rate
of VTE at 2.5 months)

1–2

High (6.7–7.1% rate of VTE
at 2.5 months)

� 3

Abbreviations: VTE, venous thromboembolism; WBC, white blood cell.
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of employing a clinical decision rule and negative age-
adjusted D-dimer to rule out PE without further imag-
ing.42,43 Using this approach, PE could be ruled out in
12.6% of patients with cancer compared with 38% of patients
without cancer.43

For patients in whom VTE cannot be ruled out with
clinical decision rules demonstrating low probability and
negative D-dimer, confirmatory testing is required. For the
diagnosis of DVT, a negativewhole-leg compression US exam
from the iliac veins down to the deep calf veins is sufficient to
rule out DVT.44 A recent meta-analysis noted a pooled
sensitivity and specificity of whole-leg compression US of

94 and 97.3%, respectively.45 The limitation of US includes
being unable to adequately visualize the common and exter-
nal iliac veins, especially in patients with large body habitus.
Given the increased presentation of iliocaval DVT in patients
with cancer,38 additional imaging with CT or magnetic
resonance (MR) venography should be considered if there
is a high clinical suspicion for proximal DVT. For the diagno-
sis of PE, CTPA has demonstrated a sensitivity of 86% and a
specificity of 94% compared with a sensitivity of 39% and a
specificity of 97% with ventilation/perfusion (VQ) scan-
ning.46 While sensitive, a patient-level meta-analysis deter-
mined that in patients with likely probability of PE based on
the modified Wells criteria and negative CTPA, the 3-month
incidence of PEwas as high as 2% and as high as 6% in patients
withWells criteria>6 points, respectively.47 In the setting of
a high pretest probability of PE with normal CTPA findings,
additional diagnostic imaging, such as a VQ scan, may be
considered.

Management of VTE in Patients with GI
Malignancies

The mainstay of treatment for VTE is anticoagulation. In
patients in whom anticoagulation is contraindicated, an IVCF
may be appropriate.32 Additionally, catheter-directed throm-
bolysis (CDT) or pharmacomechanical CDT (PCDT) in select
patientsmay be viable options to reduce symptoms,minimize
long-term complications, and improve quality of life (QOL).48

Anticoagulation
In patients with or without malignancy, systemic anticoa-
gulation is the standard of care for the treatment of VTE.49 In
patients presenting with proximal DVT (defined as involving
the IVC, iliac veins, femoral veins, or above-knee popliteal
vein), 50% will progress to develop a PE if not anticoagu-
lated.50 While anticoagulation reduces the risk of VTE recur-
rence, treatment must be balanced with the risk of bleeding
from anticoagulation. Patients with GI cancers have a signif-
icantly higher risk of major bleeding with anticoagulation
with rates ranging from 6.5 to 21%.10,11,18

Regarding choice of anticoagulation, LMWH is considered a
first-line therapy for acute VTE in cancer patients, including
patients with GI malignancies. In several meta-analyses,
LMWH reduced rates of recurrent VTE comparedwith vitamin
Kantagonistswith the relative risk (RR) ranging from0.58to0.6
with no increased risk of major bleeding (RR: 1.07–1.09).51,52

Recent trials have examined the efficacy and safety of
DOACs compared with LMWH in patients with cancer, with
GI malignancies playing a central role in the discussion. The
Hokusai VTE cancer trial randomized 1,050 patients with
active cancer and acute VTE to LMWH for 5 days followed by
edoxaban (60mg by mouth daily for 6–12 months) or
dalteparin (200 IU/kg subcutaneously daily for 1 month fol-
lowed by 150 IU/kg subcutaneously daily to complete 6–12
months) and examined the combined primary outcomes of
recurrent VTE or major bleeding within 12 months.15 Recur-
rent VTE occurred in 7.9% in the edoxaban arm and 11.3% in
the dalteparin arm (HR: 0.71, 95% confidence interval [CI]:

Table 3 ModifiedWells criteria forpredictingpulmonaryembolism

Clinical characteristic Score

Clinical signs of DVT 3

PE is #1 diagnosis or equally likely 3

Heart rate> 100 1.5

Immobilization for at least 3 days
OR surgery in the last 4 weeks

1.5

Previous PE or DVT 1.5

Hemoptysis 1

Active malignancy within
the past 6 months

1

Clinical Pretest probability of pulmonary embolism

Low 0–1

Intermediate 2–6

High �7

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.

Table 4 Modified Geneva Score for Predicting Pulmonary
Embolism

Risk factors Score

Previous DVT/PE 3

Surgery or fracture within 1 month 2

Active malignancy 2

Age> 65 1

Symptoms

Unilateral leg pain 3

Hemoptysis 2

Clinical signs

Heart rate� 95 bpm 5

Unilateral leg edema 4

Heart rate 75–94 bpm 3

Clinical probability

Low 0–3 total

Intermediate 4–10 total

High �11 total

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
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0.48–1.06), and major bleeding occurred in 6.9% in the
edoxaban arm and 4% in the dalteparin arm (HR: 1.77; 95%
CI: 1.03–3.04). In the subgroup analysis of GI cancers, major
bleeding occurred in 13.2% in the edoxaban group and 2.4% in
the LMWH group (p¼ 0.017).15 While edoxaban was non-
inferior in the combined primary endpoint of VTE recurrence
or major bleeding, it was associated with increased major
bleeding overall and there was a strong signal for increased
major bleeding with edoxaban in the subgroup of patients
with GI malignancies. The SELECT-D trial employed a similar
design and randomized 406 cancer patients with acute VTE
to dalteparin at standard dosing or rivaroxaban 15mg by
mouth twice daily for 3 weeks followed by 20mg by mouth
daily to complete 6 months.16 The primary outcome of the
rate of VTE recurrence in the 6-month study period was
observed in 4% of the rivaroxaban group and in 11% in the
dalteparin group (HR: 0.43; 95% CI: 0.19–0.99). Major bleed-
ing in the 6-month study period occurred in 6% in rivarox-
aban group versus 4% in dalteparin group (HR: 1.83; 95% CI:
0.68–4.96) and clinically relevant nonmajor bleeding oc-
curred in 13% of the rivaroxaban group versus 4% in the
dalteparin group (HR: 3.76; 95% CI: 1.63–8.69).16 During an
interim safety analysis, a nonsignificant increase in major
bleeding with rivaroxaban was observed in patients with
esophageal or GE junction cancers, and patients with these
cancers were excluded from further enrollment. At final
analysis for these patients, a higher rate of major bleeds
was observed in the rivaroxaban group compared with
dalteparin (36 vs. 11%; no statistical testing performed).16

Based on the concern for the potentially increased risk of
major bleeding with DOACs for patients with GImalignancies,
multiple retrospective studies have compared rates of major
bleeding in patients with GI malignancy treated with DOACs
versus LMWH. Lee et al examined a retrospective cohort of
patients with gastric or pancreatic cancer, and acute VTE
treated with rivaroxaban or LMWH. There was no difference
in the rate of major bleeding (5.1% with rivaroxaban vs. 8.9%
with LMWH) or rate of VTE recurrence. Kim et al and Recio-
Boiles et al compared rates of bleeding between all GI cancer
patientswith acute VTEwhowere treatedwith rivaroxaban or
LMWH. This study demonstrated a trend toward increased
major bleeding and a significant increased risk of any bleeding
event with rivaroxaban (17.4 vs. 7.6%, p¼ 0.072 for major
bleeding; 40.6 vs. 19%,p¼ 0.01 for total bleeding). Recio-Boiles
et al demonstrated increasedmajor bleedingwith rivaroxaban
compared with LMWH (21.5 vs. 5%, p¼ 0.04).18,19 These
results were consistent with the increased risk of bleeding
in the small subgroup of patients with esophageal or GE
junction cancers in the SELECT-D trial.16

Most recently, the Caravaggio trial randomized 1,155
patients with cancer and acute DVT to dalteparin at standard
dosing or apixaban 10mg by mouth twice daily for 7 days
followed by 5mg by mouth twice daily, both to complete
6 months of treatment. Recurrent VTE in the 6-month treat-
ment period occurred in 5.6% of patients in the apixaban arm
compared with 7.9% in the dalteparin arm (HR: 0.36; 95% CI:
0.37–1.07). Major bleeding occurred during the 6-month
treatment period occurred in 3.8% in the apixaban arm com-

paredwith4%withdalteparin (HR:0.82;95%CI: 0.4–1.69), and
clinically relevant nonmajor bleeding occurred in 12.2% in the
apixaban group and 9.7% in the dalteparin group (HR: 1.16;
95% CI: 0.77–1.75).53 One-third of patients on the trial had GI
cancers, including 4.7% of patients with upper GI cancers.
While results were not stratified by cancer type, there was
no difference in major GI bleeding between the apixaban and
dalteparin groups.53Overall, this demonstrated noninferiority
of apixaban to dalteparin without a propensity for increased
major bleeding or major GI bleeding in a study that included
32.5% patients with GI malignancies. A retrospective analysis
of patients with GI cancers and VTE corroborates this result
with apixaban, demonstrating a similar risk of recurrent VTE
compared with LMWHwith no increased risk of major bleed-
ing.18 Updated National Comprehensive Cancer Network
(NCCN) guidelines for cancer-associated VTE recommend
DOACs, with apixaban and edoxaban listed as category 1
recommendations, as thepreferredagents forpatientswithout
gastric or GE tumors, but LMWH remains the preferred option
for patientswith gastric orGE tumors due to the increased risk
of bleeding with DOACs in these patients.54

Incidental VTE represents up 50% of VTE in patients with
malignancy.36 Several retrospective cohort studies in
patients with cancer, including one examining patients
with pancreatic cancer, have noted no difference in OS
between patients with suspected and incidentally discov-
ered VTE55,56 and ASCO guidelines recommend treating
incidental VTE in the same manner as symptomatic VTE
given similar clinical outcomes.57

Inferior Vena Cava Filters
There are few randomized trials examining the benefit of
IVCF placement in patientswith VTE, and none specifically in
patients with GI cancers. The PREPIC trial randomized 400
patients to permanent IVC filter plus anticoagulation versus
anticoagulation alone and included patients with cancer
(16% in the IVCF plus anticoagulation arm and 12% in the
anticoagulation alone arm).58 The IVCF plus anticoagulation
arm had a reduced rate of PE at 12 days (1.1 vs. 4.8%, odds
ratio [OR]: 0.22; 95% CI: 0.05–0.90), but had an increased rate
of recurrent DVT at 2 years (20.8 vs. 11.6%; OR: 1.87: 95% CI:
1.10–3.20) with no difference in OS.58

Additional large retrospective studies have attempted to
evaluate IVCF for patients with DVT or PE in whom anti-
coagulation is contraindicated, as no randomized trials have
been performed in this clinical setting. A cohort study evalu-
ated 371 patients with DVT who underwent IVC filter place-
ment due to known significant bleeding risk and compared
outcomes with 344 propensity-score-matched patients who
did not undergo IVCF placement. This study found no differ-
ence in all-cause death, a lower risk-adjusted PEmortality rate
with IVCF (1.7 vs. 4.9%, p¼ 0.03), and an increased risk-
adjusted rate of recurrent VTE with filter insertion (6.1 vs.
0.6%, p< 0.001).59Notably, 39.5% of patients in the IVCF group
had active cancer comparedwith 21% in the nonfilter group.59

Among 2,747 cancer patients with IVCF placed and propensi-
ty-score-matched controls, IVCF use was associated with no
difference in 30-day mortality (HR: 1.12; 95% CI: 0.99–1.26,
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p¼ 0.08) or risk of PE at 180 days (HR: 0.81; 0.52–1.27;
p¼ 0.36), but was associated with an increased adjusted risk
of recurrent DVT (HR: 2.10; 1.53–2.89; p< 0.0001).60 Unfor-
tunately, dataonhowmanypatients in the IVCFgroupreceived
anticoagulation were not available and the percentage of
patients with GI malignancies was not reported.60 Based on
these limited data, ASCO guidelines note that IVCF may be
offered to patients with absolute contraindication to antico-
agulant therapy in the setting of acute VTE (within the past 4
weeks) if the thrombus burden is life-threatening.32 While
patients with GI malignancies were not specifically addressed
in these studies, high rates ofVTEcomparedwithpatientswith
other cancers and high risk of bleeding with anticoagulation
compared with patients with other cancers suggest that the
decision regarding placement of an IVCF for acute VTE would
occur more commonly in this subgroup of patients.8,9,14

In patients with an absolute contraindication to antico-
agulation, a retrievable IVCF rather than a permanent filter
should be considered. This is due to the potential long-term
complications from IVCF that may occur, including recurrent
DVT (30–40%), IVC thrombosis (3–30%), and filter fracture
(1–2%).61,62 Once the risk of VTE has resolved and/or the
patient can receive anticoagulation, the IVCF should be
removed (►Table 5).63

Catheter-Directed Thrombolysis
Inanypatientwith aproximalDVT, the riskofpost-thrombotic
syndrome (PTS) is as high as 50%with symptoms including leg
pain, swelling, heaviness, and legulcers.64PTShas a significant
negative impact on health-related QOL.64 In addition to anti-
coagulation, strategies for the treatment of acute DVT such as
systemic thrombolysis, CDT, and PCDT aim to improve short-
termpain and swelling and reduce the long-termdevelopment
of PTS. The ATTRACT trial enrolled 692 patients (excluding
patients with active cancer) and randomized to PCDT plus
anticoagulation or to anticoagulation alone. The primary
outcome measures was incidence of PTS between 6 and
24 months of follow-up.65 There was no difference in the
incidence of PTS between the groups (47 vs. 48%, p¼ 0.56) and
PCDT increased major bleeding events within 10 days (1.7 vs.
0.3%, p¼ 0.049) but significantly reduced the incidence of
moderate-to-severe PTS (18 vs. 24%, p¼ 0.04).65 Subsequent
analyses demonstrated that within the groupwith iliofemoral
DVT, PCDT improved disease-specificQOL at all timepoints up
to 24months,66 improved PTS severity at all time points up to
24 months, and led to a greater reduction in leg pain and
swelling at 10 and 30 days.67

Unfortunately, most trials of CDT or PCDT have excluded
patientswith cancer or have not stratified patients by type of
cancer, and no prospective or retrospective studies have
focused on CDT or PCDT in patients with GI cancers, specifi-

cally. In a small, single-center retrospective review of
patients undergoing PCDT for iliofemoral DVT, no episodes
of recurrent DVT,major bleeding, or PTSwere observed in six
patients with cancer and 12 patients without cancer with
3.42month and 4.5 monthmean follow-up, respectively.68 It
was noted that stenting was employed more frequently in
cancer patients compared with noncancer patients in this
study.68 A larger retrospective propensity-score-matched
cohort study evaluated safety of CDT plus anticoagulation
versus anticoagulation alone in patients with cancer.69 No
differencewas noted in in-hospital mortality (2.6% in CDTvs.
1.9% in anticoagulation alone, p¼ 0.23), but CDTwas associ-
ated with increased rates of intracranial hemorrhage (1.3 vs.
0.4%, p¼ 0.017) and increased blood transfusion rates (18.6
vs. 13.1%, p< 0.001).69 This observed rate of intracranial
hemorrhage compared unfavorably to a rate of 0.9% in a
similar retrospective study of CDT in patients without can-
cer.70 Kim et al employed a distinct study design which
retrospectively compared outcomes of patients treated
with CDT between patients with and without cancer and
found no difference in rates of complete clot lysis (66.7 vs.
64.6%, p¼ 0.76) or major bleeding (4.9 vs. 3.4%, p¼ 0.69).71

Based on the existing data, the Society of Interventional
Radiology guidelines note that patients most likely to benefit
from CDT include those with iliofemoral DVT, symptoms
present for less than 14 days, good functional status, and life
expectancyover 1 year with low riskof bleedingwith the goals
of treatment being early symptomatic benefit and reduction in
the severity of PTS symptoms in the long term.48 In patients
with cancer, it is also recommended that patients undergo
evaluation for brain metastases prior to CDT if there is a
propensity for their cancer to spread to the central nervous
system. However, the incidence of brain metastases in GI
malignancies is low, ranging from0.33%withpancreatic cancer
to 4% in colorectal cancer and imaging for brain metastases is
primarily guided by clinical suspicion and symptoms.72–74

Although there is a lack of prospective or retrospective
data evaluating CDT and PCDTspecifically in GImalignancies,
several factors are important to consider when evaluating a
patient for CDTor PCDT. Patients with GI malignancies are at
higher risk of bleeding with anticoagulation,14 thus, careful
consideration and patient selection is warranted to prevent
significant bleeding complications that can occur with over-
night infusion of thrombolytics. Fortunately with newer
advanced thrombectomy devices, it may be unnecessary to
perform overnight thrombolysis and acute DVT can be
treated with single-session thrombectomy, sometimes
even without the use of thrombolytics (►Fig. 1).75 Addition-
ally, patients with cancer are more likely to present with
iliofemoral DVT thanpatientswithout cancer,38whichplaces
them among a group that is more likely to benefit from CDT
or PCDT.65 These competing factors highlight the importance
of an individualized approach to risk and benefit analysis for
CDT and PCDT in patients with GI malignancies.

Compression Stockings
Elastic compression stockings (ECSs) have been examined as
an adjunctive treatment to reduce PTS. The SOX trial was a

Table 5 Indications for inferior vena cava filter insertion

Indications • Contraindication to anticoagulation

• Failure of therapeutic anticoagulation

• Complication of anticoagulation
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multicenter randomized placebo-controlled trial of 410
patients assigned to use active ECS or placebo ECS for 2 years
to prevent DVT after a first proximal DVT. Although the study
showed that there was no benefit of ECS in preventing PTS,
several meta-analyses have suggested a reduction in the risk
of PTS with the application of ECS compared with sham
stockings or no stockings.76–78 Based on these data, the
American College of Chest Physicians guidelines recommend
against routine use of ECS for the prevention of PTS, but note
that a trial of ECS for acute or chronic symptoms associated
with DVT is often justified and may provide symptomatic
relief to patients.49 Patients with GI malignancies who may
have additional factors contributing to lower extremity
edema including hypoalbuminemia, ascites, and venous
compression by tumor may especially benefit from
stockings.

Special Considerations

There are some unique and challenging VTE presentations
that require distinct management. These include May–
Thurner syndrome (MTS) and extrinsic iliac vein compres-
sion, IVC thrombosis, and SVT.

May–Thurner Syndrome and Extrinsic Iliac Vein
Compression
MTS, often referred to as iliac vein compression syndrome, is
an anatomic condition affecting over 20% of the population.
In this syndrome, the left common iliac vein is compressed by
the overlying right common iliac artery and predisposes to
the formation of venous thrombosis. Of all lower extremity
DVT cases, approximately 2 to 3% are attributable to MTS.
This low occurrence rate likely reflects that only a portion of
patients with the anatomic MTS develop a DVT as well as the
underdiagnosis of MTS.79 Individuals that present with left
lower extremity iliofemoral DVT should be considered for
evaluation of MTS as treatment involves stent placement in
the left common iliac vein rather than monotherapy with
anticoagulation.79 Due to anatomic compression of the iliac
vein occurring in the pelvis, US may not reliably visualize
MTS and catheter venography or CT/MR venography is
recommended based on clinical suspicion.79

In addition to the possibility of classic MTS, patients with
GI malignancies, and other cancers with intra-abdominal
presentations, are at risk for an analogous situation: me-
chanical compression of the iliac vein by extrinsic compres-
sion or invasion by tumor. In a case series of patients with
iliac vein obstruction (including nine patients with extrinsic
compression of the iliac vein by tumor and five patients with
MTS), iliac vein stenting led to clinical patency and reduced
swelling in 85% of patients at follow-up.80 In a separate case
series including 36 patients with 42% having MTS and 20%
having extrinsic compression related tomalignancy, patients
with extrinsic compression were more likely to experience
in-stent thrombosis or rethrombosis than patients with MTS
in multivariate analysis.81 A third case series corroborates
this risk for stent failure. Nineteen patients with cancer and
iliocaval obstructive disease with painful swelling in the
lower extremities underwent iliac vein (84%) or IVC (16%)
stenting with immediate technical success in 100% and
immediate clinical success in 94.7%.82 During follow-up,
however, 36.8% of patients presented with recurrent limb
swelling.82 As data are derived primarily from clinical expe-
rience and case series, expert consultation should be sought
when extrinsic compression of the iliac vein is identified.

Thrombosis of the Inferior Vena Cava
Acute thrombosis of the IVC occurs in 1.5% of patients
hospitalized for VTE, with 37.5% of those patients having a
malignancy.83 IVC thrombosis can be secondary to congeni-
tal anomalies of the IVC, coagulopathy, pregnancy, radiation
fibrosis, and malignancy.84 In addition, patients with IVC
filters are particularly prone to IVC thrombosis with a
reported incidence of 2 to 30%.61 Hepatocellular carcinoma
(HCC), in particular, is among the most common malignant

Fig. 1 Sixty-two year-old woman with metastatic colon cancer
presents with acute DVTof the right common iliac vein and distal IVC.
(a) Photograph of the right leg at presentation shows significant
swelling. (b) Initial venogram shows occlusive thrombus in the right
common iliac vein extending into the distal IVC. (c) CDT with
mechanical thrombectomy is performed along with stent placement
in the right common iliac vein. (d) 48 hours after the procedure, pain
and swelling have nearly resolved. CDT, catheter-directed thrombol-
ysis; DVT, deep vein thrombosis; IVC, inferior vena cava.
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causes of IVC thrombosis with one single-center series
noting the presence of IVC invasion in 4% of patients with
HCC undergoing chemoembolization.85,86 In the acute set-
ting, patients with IVC thrombosis can present with severe
back pain, shortness of breath, severe bilateral leg swelling,
abdominal distention, and dilation of superficial abdominal
vessels.84,87 Imaging evaluation commonly includes duplex
US with confirmation by CT or MR venography.84,87

Management is guided by case reports and case series, but
endovascular approaches with IVC stenting have been used
in malignant and nonmalignant IVC thromboses with imme-
diate symptomatic improvement in up to 93% of patients in
one series of patients.87–89 For IVC thrombosis secondary to
IVC invasion by HCC in particular, local therapeutic options
include surgical resection, transcatheter arterial chemoem-
bolization, and external beam radiation therapy. These deci-
sions are guided primarily by individual clinical scenarios,
including cancer stage and multidisciplinary discussion giv-
en the paucity of comparative studies to guide
management.90,91

Splanchnic Vein Thrombosis
SVT is defined as thrombosis of mesenteric, portal, and/or
splenic veins.92 SVT comprises up to 49.4% of VTE in patients
with pancreatic cancer.55 In addition, portal vein thrombosis
occurs in up to 31% of patients with HCC.93 In several
retrospective cohort studies in patients with pancreatic
cancer, SVTwas discovered incidentally on abdominal imag-
ing in 96 to 100% of cases.55,94 Furthermore, multiple retro-
spective studies have established that the presence of SVT in
patients with pancreatic and HCC is associated with worse
OS in multivariate analysis.55,92,93,95,96

Decisions regarding management of SVT in patients with
GI malignancy are based on the acuity of SVT.54 Factors
suggesting acute thrombosis include symptoms less than
8 weeks, lack of cavernous transformation of the portal vein,
lack of collateral vein development, and lack of evidence of
portal hypertension.54 The management of acute SVT in
patients with GI malignancies is based on limited retrospec-
tive analyses. One analysis based on a registry of 604
consecutive patients with SVT (22.7%with solidmalignancy)
found rates of major bleeding of 3.9 per 100 patient-years
and rates of thrombosis of 5.6 per 100 patient-years for those
on anticoagulant therapy. This is in comparison to rates of
major bleeding of 1 per 100 patient-years and rates of
thrombosis of 10.5 per 100 patient-years after treatment
discontinuation with the highest rates of bleeding and
thrombotic events occurring in patients with cirrhosis.97

There was no difference in thrombotic outcomes in this
study between patients with symptomatic SVT and inciden-
tally discovered SVT.97

Additional studies have focused specifically on patients
with incidentally discovered SVT. One recent retrospective
cohort study identified 122 patients with pancreatic cancer
and SVT and found that anticoagulant therapy did not affect
mortality, but increased the risk of hemorrhage (HR: 2.7; 95%
CI: 1.02–7.07). In this series, 19% of patients receiving anti-
coagulation experienced a major bleed compared with 8% of

patients who did not receive anticoagulation.95 The ability to
fully assess the risk versus benefit ratio of anticoagulation for
SVT in this cohort was difficult as recurrent thrombosis was
not one of the measured outcomes.95 In contrast, a prospec-
tive multicenter cohort study that enrolled patients (35%
with malignancies) with incidentally discovered SVT found
that anticoagulant treatment reduced the incidence of
thrombotic events (HR: 0.85; 95% CI: 0.76–0.96) without
increasing the risk of major bleeding.98 Given the paucity of
data regarding the benefit of anticoagulation in SVT, ASCO
and NCCN guidelines currently recommend offering anti-
coagulation on a case-by-case basis after carefully consider-
ing the risks and benefits for acute SVT with the goals of
preventing the development and sequelae of portal hyper-
tension and reducing the risk of recurrent VTE.32,54 In
addition to anticoagulation, thrombectomy and/or throm-
bolysis is considered a rescue measure in patients who,
despite anticoagulation, develop worsening abdominal
pain and extension of SVT or impending/ongoing intestinal
necrosis.99

Chronic SVT is suggested by the symptoms or presence on
imaging for >8 weeks of venous collaterals and cavernous
transformation of the portal vein and signs of portal hyper-
tension.54 Several retrospective studies have found that the
presence of esophageal varices, in patients with or without
cirrhosis, is independently associated with bleeding events
in patients with SVT.100,101 Based upon the increased risk of
bleeding in patients with chronic SVT and portal hyperten-
sion, the NCCN guidelines recommend measures to reduce
risk of esophageal variceal bleeding including prescribing a β
blocker and considering esophageal variceal banding or
sclerosis.54 Anticoagulation should be considered after indi-
vidualized risk and benefit assessment, understanding the
increased risk of bleeding in this population.54

In addition to the acuity of SVT in patients with GI
malignancy, attempts are also made to distinguish between
bland thrombus and tumor thrombus, which represents
direct extension of tumor into splanchnic veins and may or
may not be accompanied by thrombosis. Recently a set of
criteria including four factors assessable fromMR imaging or
contrast-enhanced CT and alpha-fetoprotein level were vali-
dated and demonstrated sensitivity of 100% with 94% speci-
ficity for tumor thrombus in a large retrospective cohort of
patients with HCC who underwent liver transplant.102 Pres-
ence of tumor thrombus has implications for risk and benefit
assessment of anticoagulation, as lack of bland thrombus
might reduce the potential benefits of anticoagulation. Pres-
ence of tumor thrombus also impacts liver transplant candi-
dacy in patients with HCC, as macroscopic tumor invasion
into the portal vein is an absolute contraindication to liver
transplant due to high rates of recurrence posttransplant.102

Reflecting the lack of randomized data, there is significant
variation in clinical practice over time and between centers
regarding anticoagulation in SVT in patients with GI malig-
nancies. One single-center retrospective study of patients
with pancreatic cancer reported 10.6% of SVT events were
treated with anticoagulation, while another noted 47% of
events were treated with anticoagulation.55,103
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Key Learning Points

• In comparison to noncancer patients, VTE prevalence,
recurrence, and mortality rates are higher in cancer
patients, and specifically, in patients with GI
malignancies.8–10,13,20,21,23

• Ambulatory cancer patients undergoing chemotherapy
who are at high risk of VTE, including patients with
pancreatic and gastric cancer, can be offered prophylaxis
with LMWH, rivaroxaban, or apixaban after discussing the
risks and benefits.32

• For cancer-associated DVT, recommended anticoagulants
include LMWH, rivaroxaban, edoxaban, and apixaban,
though there is an increased risk of bleeding with rivar-
oxaban and edoxaban in patients with GI malignancies.
Apixaban recently demonstrated noninferiority for recur-
rent VTE and major bleeding in a trial in which one-third
of the patients had GI malignancies.15,16,53,54

• Catheter-directed thrombolysis (CDT) or pharmacome-
chanical CDT (PCDT) should be considered for cancer
patients in which DVT is demonstrating a significant
negative impact on quality of life given the observed
short-term symptomatic improvement in clinical trials.
The best candidates for CDT or PCDT include those with
iliofemoral DVT, good performance status, presence of
symptoms for less than 14 days, life expectancy greater
than 1 year, and low bleeding risk.48

• IVC filters should not be inserted prophylactically for
cancer patients unless there is a clear contraindication
to systemic anticoagulation. If bleeding risk changes and
patients are able to be anticoagulated, the IVCfilter should
be removed to avoid future complications including re-
current DVT, IVC thrombosis, and filter fracture or
migration.32,63

• While compression stockings have not prevented post-
thrombotic syndrome in patients with DVT, a trial of
compression stockings should be considered to improve
pain and swelling. Factors associated with GI malignan-
cies that contribute to pain and swelling can include
hypoalbuminemia, ascites, iliofemoral compression, and
IVC thrombosis.49

• Hepatocellular carcinoma is a risk factor for IVC thrombo-
sis. Management with endovascular approaches and
stenting can provide symptomatic benefit, though data
are limited.85–89

• Up to 50% of VTE in pancreatic cancer involves the
splanchnic veins and is incidental. Due to lack of clear
data, anticoagulation should be offered on a case-by-case
basis.32,54,55
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