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Abstract Venous thromboembolism (VTE) is a common
complication in cancer patients and anticoagulation (AC)
remains the standard of care for treatment. Inferior vena cava
(IVC) filters may also used to reduce the risk of pulmo-
nary embolism, either alone or in addition to AC. Although
widely used, data are limited on the safety and efficacy of
IVC filters in cancer patients. We performed a retrospective
review of outcomes after IVC filter insertion in a database of
1270 consecutive patients with cancer-associated pulmonary
embolism (PE) at our institution between 2008 and 2009.
Outcomes measured included rate of all recurrent VTE,
recurrent PE, and overall survival within 12 months. 317
(25%) of the 1270 patients with PE had IVC filters placed
within 30 days of the index PE event or prior to the index
PE in the setting of prior DVT. Patients with IVC filters
had markedly lower overall survival (7.3 months) than the
non-IVC filter patients (13.2 months). Filter patients also
had a lower rate of AC use at time of initial PE. There was
a trend towards higher recurrent VTE in patients with IVC
filters (11.9%) compared to non-filter patients (7.7%), but
this was not significant (p =0.086). The risk of recurrent PE
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was similar between the IVC filter cohort (3.5%) and non-
filter group (3.5%, p=0.99). Cancer patients receiving IVC
filters had a similar risk of recurrent PE, but a trend towards
more overall recurrent VTE. The filter patients had poorer
overall survival, which may reflect a poorer cancer progno-
sis, and had greater contraindication to AC; therefore these
patients likely had a higher inherent risk for recurrent VTE.
A prospective study would be helpful for further clarification
on the partial reduction in the recurrent PE risk by IVC filter
placement in cancer patients.
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Introduction

Venous thromboembolism (VTE) is a frequent complication
in cancer patients, with a four- to seven-fold higher risk of
VTE compared to patients without cancer [1]. Active cancer
is associated with nearly 20% of newly diagnosed VTE in
the community setting [2]. The mainstay of treatment for
VTE is anticoagulation (AC). Over several decades, infe-
rior vena cava (IVC) filters have been increasingly utilized
as mechanical thromboprophylaxis to reduce the risk of
PE, either in the setting of contraindications to AC or in
conjunction with AC [3, 4]. Studies examining IVC filters
alone [5] or in addition to AC [6, 7] in primarily non-cancer
populations have demonstrated a decreased risk for recurrent
pulmonary emboli (PE), and an increased risk of deep vein
thrombosis (DVT) in the population receiving filters.
Whether IVC filters play a causal role in recurrent VTE
or their use reflects a higher VTE risk patient population is
not understood. Studies examining IVC filter use in cancer
populations are lacking. In this study, we address IVC filter
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use in patients with cancer-associated PE (active measurable
cancer and/or undergoing treatment for cancer) within our
institution. Key relevant outcomes were rates of all recurrent
VTE, recurrent PE, and overall survival (OS) in the presence
or absence of an IVC filter and AC.

Methods
Study design and participants

This is a retrospective, single institution study, which was
approved by our Institutional Review Board. The study
population comprised all adult patients (> 18 years of age)
diagnosed with a radiographically-confirmed PE at Memo-
rial Sloan Kettering Cancer Center (MSKCC) from 2008
to 2009 (N =1270). 554 (44%) of PE were asymptomatic
and 716 (56%) were symptomatic. All PE cases were ini-
tially identified by billing code, followed by manual review
of the electronic medical record by two study physicians.
Similarly, baseline patient characteristics, use of AC, and
outcomes of recurrent VTE and date of death were identified
by review of the electronic medical record by two study phy-
sicians. For patients with a new VTE event, we determined
whether patients were on AC on the date of diagnosis of
the recurrent event. Interruptions in anticoagulation during
the study period could not otherwise be reliably captured.
Analysis was at 12-months of follow-up or earlier endpoint
for patients without 12 months of follow-up. In these cases,
the date of last available relevant records was used as date
of censoring.

Statistical analysis

Statistical analyses were performed using R version 3.2.2
(cran.r-project.org). Patient characteristics are presented as
median and range for continuous variables, and frequency
and percentage for categorical variables. Wilcoxon rank
sum test and Chi-squared test were used to compare patient
characteristics in those with and without IVC filter place-
ment. The cumulative incidence for recurrent DVT/PE was
calculated from date of index PE diagnosis to date of recur-
rent DVT/PE detection radiographically, death, or last follow
up. Deaths without recurrent DVT/PE were considered a
competing event. Patients alive without any new VTE event
were censored at last follow-up. Gray’s k-test was used in
analyzing the relationship between recurrent DVT/PE and
IVC filter placement. OS was calculated from date of index
PE diagnosis to date of death or last follow up. Log-rank test
was used to compare OS between cohorts that did or did not
receive IVC filters. Multivariate modeling was performed
using Fine and Gray regression and Cox proportional hazard
model to adjust for other clinical variables in analyses for
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recurrent VTE and for OS, respectively. Fisher’s exact test
was employed to compare the use of AC at time of recurrent
VTE in patients with and without IVC filters.

Results

1270 patients were diagnosed with a PE during the study
period. Patients had diverse primary tumors with most
common types including lung (N =246, 19.4%), colorectal
(N=139, 10.9%), gynecologic (N=130, 10.2%), and breast
(N=103, 8.1%). Of this cohort, 1030 patients (81.1%) had a
metastatic solid tumor, 85 (6.7%) had a hematologic malig-
nancy, 46 (3.6%) had primary central nervous system (CNS)
tumors, and 109 (8.6%) had localized solid tumors (exclud-
ing CNS tumors). Cancer status was ascertained at the time
of the index PE. Median age at index PE was 64.1 years
(range 18.3-93.4), and 53% of patients were female. Ana-
tomic locations of the index PE included saddle (N =33,
2.6%), main (N=187, 14.7%), lobar (N=197, 15.5%), seg-
mental (N=583, 45.9%), subsegmental (N =224, 17.6%),
and unspecified (N =46, 3.6%). 96% of patients were placed
on therapeutic AC within 7 days of PE diagnosis.

Deaths and recurrent VTE were recorded for 12 months
following the index PE diagnosis. Follow-up information
was available for at least 12 months or reaching a primary
endpoint for all but 21 patients (1.7%). The majority of
patients (96%) were placed on therapeutic AC at time of
diagnosis of PE (within 7 days of PE diagnosis). For patients
with a new VTE event, we determined whether patients were
on AC on the date of recurrent event but otherwise inter-
ruptions in AC during the study period could not be reliably
captured. Recurrent VTE was defined as a new PE in a new
radiographically identified vascular distribution, such as in
a new lobe, or in a more proximal distribution than index
PE and/or any new, symptomatic proximal deep vein throm-
bosis. Recurrent VTE were recorded for 1 year following
initial PE diagnosis. For this analysis, a new isolated calf
thrombosis, venous catheter-associated thrombosis, upper
extremity thrombosis, superficial vein thrombosis, or vis-
ceral thrombosis were not considered a recurrent VTE event.

Of the 1270 PE cohort, 25% (N=317) had IVC filters
placed either within 30 days following the index PE event
(N=274), or prior to the index PE in the setting of prior
DVT (N =43). The indications stated for IVC filter place-
ment included contraindication to AC (39%), pre-operative
(16%), AC failure (16%), poor cardiopulmonary reserve
(6%) or indication unclear (23%).

Comparison of baseline characteristics for the 317
patients with IVC filters to the 953 patients that did not
receive IVC filters (Table 1) revealed several significant
differences. Patients who received IVC filters were more
likely to have proximal emboli within the pulmonary arterial
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Table 1 Baseline

o< . IVC filter (n=317) No IVC filter (n=953) p value
characteristics and risk for
recurrent DVT, PE, or both at Age at initial PE 64.1 years (range 20.8-93.4) 63-8 years (range 18.3-92.4) 0.49
12 months, in patients with and Sex
without IVC filter
Female 154 (49) 523 (55) 0.059
Male 163 (51) 430 (45)
Anatomy of initial PE
Saddle/main 79 (25) 141 (15) <0.001
Other 238 (75) 812 (85)
Therapeutic AC
No 43 (14) 13 (1) <0.001
Yes 274 (86) 940 (99)
Disease type
Primary CNS tumor 23 (7) 23 (2) 0.0018
Liquid tumor 17 (5) 68 (7)
Metastatic 252 (79) 778 (82)
Localized solid tumor 25 (8) 84 (9)
Recurrent DVT and/or PE 37 (11.9) 73 (7.7) 0.086"
Recurrent PE only 11 (3.5) 33 (3.5) 0.99*
Recurrent DVT only 26 (8.2) 40 (4.2) 0.033*

Values are mean and %, except for age as mean and range

p Values for outcomes are from Gray’s k-test

system (saddle embolism and main pulmonary artery)
(p<0.001), and more likely to have a primary CNS tumor
(overall comparison by disease: p=0.002). Patients receiv-
ing IVC filters were less likely to be on therapeutic AC at
time of index PE when compared to patients without filters
(86 vs. 99%, respectively, p <0.001).

Composite 12-month rate of all recurrent VTE was non-
significantly higher with IVC filters (11.9%) than patients
without filters (7.7%), (p=0.086, Table 1). Risk of recur-
rent PE was similar between the IVC filter cohort (3.5%)
and non-IVC filter cohort (3.5%), (p=0.99). The incidence
of recurrent DVT was significantly higher in the IVC fil-
ter group, 8.2 vs. 4.2% (p=0.03) (Table 1). As we were
unable to account for all subsequent interruptions in AC,
we explored the use of AC in the patients who experi-
enced a recurrent VTE at time of the recurrent event. Of
the patients with recurrent VTE, fewer patients (62%) with
IVC filters had been on therapeutic AC at the time of the
recurrent event, compared to 74% of those without IVC fil-
ters, though this was not statistically significant (p=0.27
by Fisher’s exact test). All patients were on Low Molecular
Weight Heparin (enoxaparin, dalteparin, or tinzaparin), or
fondaparinux. No patients with recurrent VTE were anti-
coagulated with warfarin. There were 51 recurrent PE. The
majority of the recurrent PE were located in a new anatomi-
cal location compared to the index PE (42, 82.4%); however,
9 (17.6%) were considered to be possible propagation of the
index PE based on a more proximal location within the same
pulmonary artery (all nine in patients without IVC filters).

Given the presence of other clinical variables that may
influence rate of recurrent VTE, a multivariate analysis was
performed, adjusting for age, sex, index PE location (main/
saddle vs. other), use of therapeutic AC at time of index PE
diagnosis, and disease type (Table 2). Following multivariate
analysis, there was a trend toward recurrent DVT in patients
with IVC filters though this did not reach statistical signifi-
cance (p=0.087).

Median OS for IVC filter patients was 7.2 vs. 13.2 months
in non-IVC filter patients, (p <0.001 by log-rank testing).
On multivariate analysis, presence of IVC filter (HR 1.26
[CI 1.09-1.47], p=0.002), was significantly associated with
poorer OS (data not shown). Sex, anatomy of initial PE, and
administration of therapeutic AC at time of initial PE were
not associated with OS. Median time from IVC filter place-
ment to death was 3.6 months (range 0.07-88.4 months)
with 62 IVC filters placed within 1 month before death
(14%).

Discussion

IVC filter placement has become a widely used tool for the
prevention of PE, but the relative benefits and risks remain
unclear, particularly in cancer patients. The objective of fil-
ter placement is to reduce the risk of PE in patients with a
temporary or ongoing contraindication to AC, or who are at
particularly high risk of a PE for other reasons.
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Table 2 Univariate and

R . DVT and/or PE (124 events)
multivariate models for risk of

recurrent VTE at 12 months Variable

UVA MVA

HR pvalue HR p value

Filter (yes vs. no)
Age
Sex (male vs. female)
Anatomy (main/saddle vs. other)
AC (yes vs. no)
Disease type
Liquid vs. primary CNS

Metastatic solid tumor vs. primary CNS

Localized solid tumor vs. primary CNS

1.40 (0.95-2.05)  0.086
0.99 (0.98-1.00)  0.19
1.08 (0.76-1.53)  0.68
1.35(0.88-2.07)  0.17
0.91 (0.40-2.07)  0.82

1.37 (0.92-2.04)  0.12
0.99 (0.98-1.00)  0.21
1.07 (0.75-1.53)  0.71
1.28 (0.83-1.97)  0.27
1.05 (0.45-2.46)  0.92

0.86 (0.28-2.63)  0.79
0.98 (0.40-2.41)  0.96
0.17 (0.03-0.87)  0.030

0.99 (0.32-3.09) 0.98
1.31 (0.46-2.77)  0.80
0.20 (0.04-1.06)  0.059

UVA univariate analysis, MVA multivariate analysis

Few randomized studies have been conducted to evalu-
ate the risk to benefit ratio of IVC filters, and no prospec-
tive studies have been conducted specifically in cancer
populations. The role for IVC filter placement in the set-
ting of a new PE diagnosis has recently been examined in
a randomized study, The Prévention du Risque d’Embolie
Pulmonaire par Interruption Cave 2 (PREPIC2) Study [8].
PREPIC2 examined the effect of retrievable IVC filters in
addition to anticoagulation in patients with a severe PE in
presence of a lower extremity DVT. They concluded that
the addition of an IVC filter to AC did not reduce the risk of
recurrent, symptomatic PE at 3 months time, and therefore
routine IVC filters should not be recommended in patients
who can be treated with AC [8]. PREPIC2 was in a primar-
ily non-cancer population as only 62 of the 399 patients in
the study had active cancer [8]. Two recent reports retro-
spectively reported complications from I'VC filters in cancer
patients, however, these reports did not compare the out-
comes of patients with and without IVC filters [9, 10].

In our current study of cancer patients with a diagnosed
PE, IVC filters were placed in 25% of the patients. Inter-
pretation of the key findings must be considered in the
context that the choice of IVC filter was at the judgment
and discretion of the managing physicians and the popula-
tions with and without IVC filter were not matched. The
patients receiving IVC filters were of poorer overall sta-
tus, as reflected by the difference in overall survival: OS
7.2 months in the IVC filter patients vs. 13.2 months in
non-filter patients. Patients with CNS tumors were more
likely to have IVC filters placed, which may be related to an
increased perceived risk of intracranial hemorrhage [11-13].
Patients with larger PEs including saddle and main PEs were
more likely to undergo I'VC filter placement as well, perhaps
because a relative indication for IVC filter per the Society for
Interventional Radiology guidelines is a “massive PE treated
with thrombectomy/thrombolysis [14].” The IVC filter
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patients also were more likely to have a contraindication to
AC at the time of index PE and at time of filter placement.
We observed that patients receiving IVC filters had a trend
towards a higher rate of all recurrent VTE, although not sta-
tistically significant. The trend towards increased recurrent
VTE event rate observed in patients receiving filters may
relate to increased DVT risk from more advanced cancer
and inability to anticoagulate.

Further, of the recurrent VTE events, fewer were PE in
the IVC filter cohort (29%) vs. the non-filter cohort (45%).
This is interpreted as a potential reduction in embolization
rates with the use of IVC filters, though filters did not pro-
vide complete protection from recurrent PE in our study. A
putative partial protective effect of IVC filter on PE rates
may have been counterbalanced by a higher VTE risk associ-
ated with poorer performance status, more significant acute
illnesses/hospitalizations, and resulting immobilization in
those receiving the IVC filter. Future research is warranted
to evaluate the partial risk reduction of an existing DVT
becoming a clinically detected PE with IVC filter placement.

Patients with more advanced disease may also undergo
more imaging studies in both outpatient and inpatient set-
tings. It is plausible that this could create a detection bias in
which patients with IVC filters undergo more imaging, and
thus more DVT or PE events were detected.

Barginear and colleagues retrospectively reviewed out-
comes of 206 consecutive cancer patients with VTE, and
also found that the need for IVC filter predicted marked
reduced survival, similar to our observation [15]. Multivari-
ate survival analysis did not demonstrate that performance
status or type of thrombus were confounders [15]. Ho et al.
analyzed IVC filter use in a large series of cancer patients
with acute VTE, noting that IVC filters were placed in 2747
(19.6%) of 14,000 cancer patients, with filter usage varying
significantly based upon type of hospital and primary tumor
type [16]. Our series demonstrated a slightly higher rate of
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IVC filter placement (25%) reflective of institutional varia-
tion in practice and patient population.

Barginear and colleagues also performed a small, rand-
omized study of cancer patients with VTE (N =64) to com-
pare fondaparinux vs .fondaparinux plus IVC filter and did
not find any differences in recurrent VTE, resolution of index
VTE, or survival between groups, though comparisons were
limited by small numbers [17]. There are insufficient rand-
omized, prospective data in oncology populations addressing
the utility of IVC filters, and considering the nature of com-
plexity and heterogeneity of cancer-associated thrombosis,
it is unlikely to be available in the foreseeable future.

Limitations to our study include the retrospective, non-
randomized nature of this study, although patients who
underwent filter placement compared to those who did not
were reasonably similar demographically. For other differ-
ences such as PE location, cancer type, we accounted for
these differences using multivariate modeling. We adjusted
for use of AC at time of PE diagnosis, but we unable to
adjust for subsequent interruptions in AC in our multivariate
models. Of note, the risk for VTE was adjusted for baseline
characteristics (such as PE location, cancer type) but not for
clinical complications that may have occurred during the
follow-up (surgery, infections, immobilization, chemothera-
peutic agent used or radiotherapy).

In patients where a contraindication to AC is no longer
present, consideration should be made to remove IVC filters
as IVC filtration is no longer indicated. Further prospective
research is required to establish safety and efficacy of IVC
filters in cancer patients.
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