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Background: Few studies have evaluated the use and outcomes of inferior vena cava filters (IVCF) insertion in
cancer patients with deep venous thrombosis (DVT) or pulmonary embolism (PE).

Deep venous thrombosis
Pulmonary embolism
Outcomes

Methods: Hospital records of patients with a principal diagnosis of lower extremity DVT and/or PE and cancer
in California between January 1, 2005 and December 31, 2009 were analyzed. Multivariable logistic regression
analysis was used to identify variables associated with IVCF use and propensity matched methodology was
used to determine the effect of IVCF insertion on clinical outcomes.

Results: An IVCF was placed in 19.6% of 14,000 cancer patients and VTE. This varied widely across hospitals,
from 0% to 52%, and by cancer type. The strongest predictors of IVCF use were a diagnosis of brain cancer
(OR=4.6, CI: 3.7-5.6), undergoing major surgery (OR=4.9, CI: 3.9-6.1), and bleeding (OR=2.7, CI: 2.0-3.5). Only
21% of patients with IVCF had a strong contraindication to anticoagulation (bleeding or major surgery). There
was no benefit for 30-day mortality and no reduction in subsequent PE (+/- DVT). Additionally, there was 60%
increased risk of recurrent DVT and 20% increased risk of subsequent bleeding when an IVCF was placed.
Conclusions: An IVCF was placed in approximately 20% of acute VTE patients with cancer and use varied
widely between hospitals and cancer types. Most patients did not have a contraindication for anticoagulation.
There was no benefit in short-term mortality or risk of PE; there was increased risk of DVT and subsequent

bleeding.

© 2016 Elsevier Ltd. All rights reserved.

Inferior vena cava filters (IVCFs) are frequently inserted in
patients who are hospitalized for acute venous thromboembolism
(VTE). If anticoagulant treatment cannot be given, placement of an
IVCF may be the only treatment option available to reduce the risk
of pulmonary embolism (PE). However, there is no strong evidence
that use of a IVCF prevents either death or further pulmonary
embolism (PE) [1-3]. Rather, observational studies of VTE patients
treated with a IVCF in conjunction with anticoagulant therapy have
reported numerous thrombotic and embolic complications [4-9].

In a study of IVCF use in California hospitals [10], White et al.
observed wide variation in the use of IVCFs, from 0% to 39%, among
patients admitted to a wide spectrum of hospitals with a principal
diagnosis of VTE, even after adjusting for important clinical
covariates. These findings suggest that patients with similar clinical
characteristics are being treated or not treated with an IVCF based
largely on local prevalent practice pattern. The frequency of IVCF
use in the management of patients with acute VTE has expanded
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exponentially, with one study showing a 20-fold increase between
1979-1999 [11].

In two relatively small, randomized clinical trials, IVCF use was
studied in patients with acute DVT [3] and acute PE [12] who also
received standard anticoagulation therapy. Retrievable inferior vena
cava filter use provided no significant survival benefit and did not
reduce the frequency of subsequent PE in patients who presented
with PE [12]. In the study of patients who presented with acute
DVT (randomized to a permanent or no IVCF), the incidence of
pulmonary embolism was decreased in patients randomized to [VCF
use, but recurrent VTE manifested as acute DVT was increased and
the investigators did not recommend their routine use [3].

The American College of Chest Physicians 2012 guidelines
recommend against the use of IVCF in patients with acute VTE
except in patients who have a contraindication to therapeutic
anticoagulation, such as patients with active bleeding or patients
who require surgery [13].

IVCF use in patients with cancer

Acute venous thromboembolism (VTE) is a common cause of
morbidity and mortality in cancer patients [14]. Cancer patients
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have a higher risk of developing incident VTE compared to matched
non-cancer patients [15,16], they have a higher risk of recurrent VTE
[17,18], and development of VTE in cancer patients is associated
with higher mortality [19-21]. The management of acute VTE in
cancer patients is challenging because they have an increased risk
of developing major bleeding during anticoagulation therapy [17].
The use of IVCFs has emerged as a particularly common therapeutic
modality in patients with cancer in the United States although the
clinical benefit in this setting is also controversial [22,23]. In the
study by White et al. cited above, cancer patients had 70% higher
odds of IVCF use compared to patients without cancer [10].

Although IVCF placement in cancer patients appeared to be
common, there had been no studies that determined the factors
associated with more frequent use of IVCFs in patients with cancer.
Therefore our group determined the clinical, demographic and
hospital characteristics associated with IVCF use in cancer patients,
which has been reported earlier and reviewed herein [24]. There
is also little data on whether IVCF placement affects outcomes
in patients with cancer-associated acute VTE. Therefore, we also
sought to determine the effect of IVCF in cancer patients with acute
VTE admitted to hospital on four important clinical outcomes: early
death, recurrent deep venous thrombosis, recurrent pulmonary
embolism, and major bleeding. We conducted a retrospective cohort
study using a large retrospective administrative dataset.

Methods

This was a retrospective cohort to analyze factors associated
with IVCF placement and outcomes of adults with acute VTE and an
active cancer diagnosis hospitalized in California between January
1, 2005 and December 31, 2009. Patients either received an IVC
filter or did not during the index hospitalization as treatment for
the acute VTE. Only the first admission for acute VTE for a unique
patient was used. Specific outcomes included 30-day mortality,
recurrent VTE (manifested as PE or DVT), and subsequent major
bleeding. The California Health and Welfare Agency Committee for
the Protection of Human Subjects, and the University of California,
Davis Institutional Review Board approved this study.

Databases

The California Patient Discharge Database (PDD) contains
information about all patients hospitalized in the state, except
patients admitted to one of 14 Federal hospitals (12 Veterans Affairs
hospitals and two military hospitals). The Emergency Department
Utilization (EDU) dataset contains information on all emergency
department visits, again with exception of the Federal facilities. Serial
records from a single person can be linked using an encrypted form
of the social-security number, called the record linkage number (RLN)
[25,26]. All PDD records include demographic information, insurance
status (e.g. self-pay, Medicare, insurance, etc.), a principal medical
diagnosis, up to 24 additional ‘secondary’ diagnoses, and a principal
and up to 20 secondary procedures coded using International
Classification of Diseases, 9™ Revision, Clinical Modification codes
(ICD-9-CM). Since 1996 all medical diagnoses in the PDD required a
present-on-admission (POA) indicator. The database also includes a
hospital identifier with the ability to link to hospital characteristics
(e.g. public, academic, for-profit, etc.) and location (rural vs. urban).

Acute VTE

All cases admitted with a principal diagnosis of either acute DVT
in the lower extremity or acute PE between Jan 1, 2005 and Dec 31,
2009 were first identified. Cases diagnosed with hospital-acquired
acute VTE only were identified by the presence of a secondary
diagnosis code for acute VTE coupled with a POA indicator of no

(POA=N). Hospital-acquired VTE cases were excluded to ensure that
VTE occurred prior to filter placement. For each linked record, we
selected only the first hospitalization for acute-VTE during the study
period.

Cancer cases

Cases were categorized as having cancer based on the presence of
a cancer diagnosis code at the time of admission or within a 6 month
time period prior to the index hospitalization. Cases with unknown
cancer primary site were excluded from the cohort. Cancer type was
categorized by “perceived” bleeding risk (high bleed risk-brain, high
bleed risk-acute leukemia, moderate bleed risk-urinary and kidney,
and low bleed risk-all others). The within-hospital frequency of IVCF
placement in cases with and without cancer was also compared.

Vena cava filter use

All cases hospitalized for acute VTE with cancer that had a IVCF
placed were identified by procedure code 38.7 (interruption of the
vena cava). Although this procedure code is also used for vena cava
plication, ligation or other interruption, these other procedures are
rarely performed [27,28]. All of the cases with acute VTE that had an
IVCF placed any time priortoJan 1,2005 were excluded. The frequency
of VCF use was calculated as the number of hospitalizations that
included VCF placement divided by the corresponding total number
of hospitalizations for acute VTE.

Hospitals

Optimally the frequency of IVCF use should be compared only
among hospitals that admitted at least a minimal number of VTE
cases. We targeted hospitals that admitted a minimum of 55 or
more acute VTE hospitalizations over the 6-year study period in our
previous analysis of non-cancer cases [10], the current study required
the same but there was no minimal number of cancer cases. This
cut-off of 55 hospitalizations was chosen in order ensure that there
were a sufficient number of chances for IVCF insertion to guarantee
that the 95% confidence limits on the calculated frequency of IVCF
use was not wider than 10%, assuming that the average frequency of
VCF use was 15%. The within hospital IVCF use correlation between
cancer and non-cancer patients was restricted to hospitals with at
least 55 acute VTE cases, and 15 or more acute VTE cancer patients
(223 hospitals) in order to improve the reliability of this calculation.

Active bleeding

Cases with bleeding were identified using ATRIA Study identified
set of ICD-9-CM codes [29,30]. Cases were classified as having
intracranial bleeding, gastrointestinal bleeding, or “other” bleeding.
Hematuria alone and epistaxis were included only if the patient
also received a blood transfusion. Bleeding was categorized as
either present at the time of admission or that developed during
the hospital stay using the POA flag (Y/W = on admission, N/U =
during the hospitalization). Having active bleeding was considered
a contraindication to anticoagulation.

Surgery

Major operating room procedures were identified using a set of
ICD-9-CM codes used by the Centers for Medicare and Medicaid
Services. This list was modified to exclude relatively minor operating
room procedures such as cosmetic surgery, and endoscopic
procedures commonly performed outside of the operating room, such
as upper gastrointestinal endoscopy, colonoscopy and cystoscopy.
Vascular procedures commonly performed in conjunction with
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either thrombolysis, venous stenting or placements of a IVCF were
analyzed separately.

Major surgery was defined as undergoing a major operation
during the index hospitalization. Prior surgery was defined as
undergoing surgery within 7 days prior to the index hospitalization.
Undergoing surgery was also considered a contraindication to
anticoagulation.

Co-morbidity and severity-of-illness

Chronic co-morbid conditions (up to 26) were defined using the
Elixhauser co-morbidity software [31,32]. Cancer was not counted as
a co-morbidity in this analysis. Cases with cancer were classified as
having metastatic cancer (ICD-9-CM 196.0-199.9) or non-metastatic
cancer (ICD-9-CM 140.0-195.9, 200.0-209.9). Proprietary software
from 3M™ (APR-DRG grouper, V-24) was applied to every record
to determine the severity-of-illness (SOI) at the time of admission,
which was classified as mild, moderate, major or extreme [33]. Risk-
of-mortality score (1-4) is also calculated with this software.

Outcomes

The principal outcome was death less than or equal to 30 days
from index admission, recurrent VTE (manifested as PE or DVT) less
than or equal to 180 days from discharge of the index admission,
and subsequent bleed less than or equal to 180 days from discharge
of index admission. Recurrent VTE was defined as an acute VTE
re-admission to either a PDD or EDU hospital, or as a hospital
acquired VTE (POA code= No/Unknown) during a subsequent PDD
hospitalization. Subsequent bleeding was identified using specific
ICD-9-CM codes that were classified as intracranial, gastrointestinal,
and other. Bleeds in the other category had to be accompanied by a
transfusion procedure code (ICD-9-CM = 99.00, 99.03, 99.04-99.07).

Statistical methods

Propensity score

Propensity score methodology was used to balance the IVC filter
and NO IVC filter groups. A propensity score for IVC filter placement
was created using a logistic regression model that included
demographic and hospital characteristics as well as specific clinical
covariates such as active bleeding, surgery, perceived bleeding risk
cancer group, and metastatic disease. The outcome models used
inverse probability weight (IPW) [34]. The standardized mean
differences in baseline covariates between the IVC filter group and
NO IVC filter groups were used to determine the effectiveness of the
propensity score adjustment.

Immortal time bias

IVC filter placement was accompanied by a procedure date.
Because filter placement varied from early to late during the index
admission, analysis of the effect of IVC filter placement on early
mortality is subject to immortal time bias [35-37]. Patients in the
filter group had to be alive at time of insertion, whereas some in the
NO filter group might have died before having the opportunity for
IVC filter placement. To correct for this bias, IVC filter insertion was
used as a time dependent covariate in the mortality model.

Outcomes

Outcome models used cox proportional hazard methodology
after testing the proportional hazard assumption. Mortality
modeled time from index admission date to death or 30 days. For
recurrent VTE and bleeding, death was considered non-informative
censoring. Categorical data was analyzed using chi-square testing
and two-sided p-values less than 0.05 were considered statistically
significant. Analyses were performed using SAS® Version 9.4.

Results

Characteristics of cancer patients that received an IVC filter for acute
VTE

A total of 87,150 cases were identified with a principal diagnosis
code of VTE, either pulmonary embolism or lower extremity deep
venous thromboembolism. We excluded cases with no active cancer
(N=71,996) or cancer with unknown primary site (N=1090). We also
excluded cases from hospitals with less than 55 acute VTE cases
(N=64). Our final cohort included a total of 14,000 patients admitted
with acute VTE and cancer, but without any prior record of having
a IVCF placed (Figure 1). Bleeding occurred in 5.6% of all cases and
a major surgery was noted in 2.6%. An IVCF was inserted in 19.6% of
the cancer cases. The frequency of IVCF use varied widely between
hospitals with a range of 0% to 52% among 223 hospitals that had
more than 55 acute VTE hospitalizations and 15 or more of these in
patients with cancer.

There were 7,194 filters placed amongst 64,348 acute VTE cases
that did not have cancer (11.2%). Figure 2 shows the correlation
between the frequency of filter use in the cancer and non-cancer
cases. For most hospitals, the use of IVCFs was greater in cancer
patients with acute VTE compared to non-cancer patients. There
was a high correlation in the frequency of VCF use in non-cancer and
cancer patients within a hospital (r=0.71, R>=0.51).

The frequency distribution of IVCF use, and proportions of
patients with IVCF placement that had bleeding and surgery, by
cancer type is shown in Figure 3. Cases with brain cancer had the
highest frequency of VCF use (43%) whereas it was much lower in
patients with lymphoma (13%), leukemia (13%), breast (12%) and lip/
oral cancer (8%). Of note, in the cases with brain cancer and VTE that
had an IVCF placed, only 9% had bleeding and 9% surgery (some had
both). As shown in Figure 3, the proportion of patients within each
tumor type with contraindication to anticoagulation (bleeding or
surgery) also greatly varied.

The bivariate frequency of IVCF use based on clinical/demo-
graphic, socioeconomic, and hospital-characteristics is shown in
Table 1. There was no significant difference in IVCF use based on
race/ethnicity, insurance status or type of facility. Among these
cases with acute VTE, the frequency of IVCF placement was higher
in the cases with active bleeding (47.0%), brain cancer (43.0%), major
surgery (58.4%), cases with metastatic cancer (22.0%) and cases with
a greater number of comorbid conditions or increasing severity of
illness at the time of admission. The use of IVCFs was low in hospitals
with fewer than 100 beds (7.5%) but similar in hospitals with 100-
200 beds (17.4%) and those with over 200 beds (20.8%). Use of IVCFs
was only 14.1% in Kaiser hospitals (a large vertically integrated health
maintenance organization that cares for a significant proportion of
the population in California) compared to 19% in teaching hospitals
and 21.1% in private hospitals. Use in rural hospitals was quite low,
6.5% compared to urban hospitals (20.2%).

The multivariable logistic regression model analyzing predictors
of IVCF use is shown in Table 2. The strongest predictors of IVCF use
were having brain cancer (OR=4.6, 95% CI: 3.7-5.6), major surgery
during the hospitalization (OR = 4.9, 95% CI: 3.9-6.1), bleeding at
the time of admission (OR=2.7, 95% CI: 2.1-3.5), bleeding during the
hospitalization (OR=2.7, 95% CI: 1.9-3.9); major severity-of-illness
(OR=1.9, 95% CI: 1.5-2.4), extreme severity-of-illness (OR=1.8, 95%
CI: 1.4-2.4) and metastatic cancer (OR=1.5, 95% CI: 1.3-1.6).

Differences by hospital characteristics found on univariate
analysis were confirmed in the adjusted multivariable model.
Smaller and rural hospitals were less likely to place IVCF in patients
with cancer and acute VTE: fewer than 100 licensed beds (OR=
0.4; 95% CI 0.3-0.5; 100-199 licensed beds (OR= 0.9, 95% CI: 0.8-
1.0); and rural location versus urban (OR= 0.4; 95% CI: 0.3-0.5).
Private hospitals had significantly greater odds of using an IVCF
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Acute VTE Cases N=87,150
First admission with a principal diagnosis of pulmonary
embolismor venous thromboembolism (POA Y) in the
study period: 2005 through 2009

Exclude cases with NO
active cancer: N=71,996.

Exclude cases from hospitals with <
55 acute VTE case in 6 year study
period: N=64.

Exclude cases with unknown
primary site: N=1,090.

Acute-VTE, Active Cancer:
N= 14,000
*Active Cancer is definied as a cancer code at
Acute VTE index admission or within 6 mos
prior
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Fig. 1. Cohort diagram. Reprinted with permission [24].
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Fig. 2. Correlation of VCF placement for acute VTE in cancer versus non-cancer patients
in California hospitals. Excludes hospitals with <15 cancer/acute VTE cases. Reprinted
with permission [24].

compared to non-teaching Kaiser Foundation hospitals. There was
no significant difference in the odds of IVCF use when profit and
not-for-profit hospitals were compared. This logistic model had a
c-statistic of 0.702.

Effect of IVCF on outcomes in patients with cancer and thrombosis

Using an adjusted propensity score model, standardized mean
differences are shown in Figure 4. These figures illustrate that [PW
reduces the differences at the baseline characteristics for the IVCF
treatment group vs. the no [VCF treatment group.

Short-term mortality (death < 30 days) from the index admission
date showed no benefit for IVCF treatment (HR: 1.12, CI: 0.99-1.26).
Metastatic disease (HR: 1.79, CI: 1.52-2.10) and risk of mortality
were strong predictors of short-term mortality. There was no
reduction in the risk of a recurrent PE (+/- DVT) at 180 days or less
from index admission discharge (HR: 0.81, CI: 0.60-1.08). Patients
with a diagnosis of brain cancer were 1.9-fold more likely to have
a recurrent PE compared to most solid tumors with a perceived
low risk of bleeding. There was a 56% increase in recurrent VTE
manifested as DVT at 180 days or less for patients treated with an
IVCF compared to those not treated with an IVCF (HR: 1.56, CI: 1.26-
1.92). Hispanic race was the only other independent significant

Fig. 3. Frequency of VCF placement, bleeding and surgery by cancer type. Bleeding
includes those that had bleeding at the time of admission and/or during the index
hospitalization. Surgery includes those that underwent a major operation during
hospitalization or 7 days prior. Reprinted with permission [24].

predictor for recurrent DVT. Additionally, IVCF treated patients were
1.2-fold more likely to have a bleeding occur at 180 days or less from
index admission discharge (HR: 1.20, CI: 1.04-1.38). These results are
shown in Figures 5-8.

Discussion

There is wide variation in frequency of IVCF use in cancer patients
among California hospitals with significant variation depending
on the underlying type, metastatic status, and perceived bleeding
risk of the cancer. The frequency of IVCF use in cancer patients also
differed depending on hospital and clinical characteristics. There
appears to be no benefit to IVCF filter placement in terms of 30-day
mortality and recurrent PE. Consistent with results of randomized
studies in non-cancer patients, there was increased hazard of
recurrent DVT [3]. IVCF placement was also associated with a higher
risk of bleeding.

In a previous study, the frequency of IVCF placement for all
patients with acute VTE varied among 263 California hospitals from
0 to 39%. We found an even wider variation in the frequency of IVCF
use in the cancer patients with acute VTE, from 0-52%. Even after
adjusting for important factors that might influence the decision
to use an IVCF, such as bleeding, undergoing surgery, metastases,
and the number of chronic comorbidities, hospital characteristics
were still significantly predictive of IVCF use. Admission to a larger,
urban and private hospital was associated with greater odds of
having a vena cava filter placed. There was also a strong correlation
between IVCF placement between cancer and non-cancer patients.
This finding suggests that local practice pattern within a hospital
affects the use of IVCFs. We also speculate that larger private and
teaching hospitals may have greater availability of specialists who
place IVCFs.

The variation in the frequency of IVCF placement between cancer
types was quite striking, with a very high percentage of cases with
brain cancer receiving an IVCF, but also frequent use in patients
with melanoma and cancer involving the pancreas, female genital
tract, colon and urinary tract. However, variable proportions of cases
had a clear contraindication for anticoagulation (surgery, active
bleeding), despite the high frequency of IVCF placement (Figure 3).
In certain malignancies the use of IVCFs occurred primarily in those
patients undergoing surgery or having active bleeding. However,
in other cancers including melanoma, leukemia and brain, IVCF
placement occurred despite the lack of a clear contraindication to
anticoagulation.
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Table 1
Characteristics of Cancer Patients Hospitalized for Acute VTE
All Filter

Variables N N % P value

Total 14,000 2,747 19.6%

Age Age <50 1,539 259 16.8% 0.0423
50-59 2,334 456 19.5%
60-69 3,500 694 19.8%
70-79 3,811 755 19.8%
80+ 2,816 583 20.7%

Gender Male 6,903 1,438 20.8% 0.0004
Female 7,097 1,309 18.4%

Cancer Type - Perceived Bleed Risk High- Brain 530 228 43.0% <0.0001
High- Acute Leukemia 89 12 13.5%
Mid- Bladder, Kidney 738 164 22.2%
Low- everything else 12,643 2,343 18.5%

Metastatic Yes 6,100 1,344 22.0% <0.0001
No 7,900 1,403 17.8%

Bleeding POA Yes 575 265 46.1% <0.0001
POA No 215 106 49.3%
No Bleeding 13,210 2,376 18.0%

Bleeding Category ICH 43 27 62.8% 0.0047
GI 424 212 50.0%
Other/Transfusion 323 132 40.9%

Thrombolytic RX Yes 253 82 32.4% <0.0001
No 13,747 2,665 19.4%

Major Surgery Yes 361 211 58.4% <0.0001
No 13,639 2,536 18.6%

Vascular Surgery Yes 193 73 37.8% <0.0001
No 13,807 2,674 19.4%

Comorbidities None 1,919 258 13.4% <0.0001
1-2 6,291 1,124 17.9%
3+ 5,790 1,365 23.6%

VTE Type PE (£ DVT) 7,999 1,380 17.3% <0.0001
Proximal DVT 3,967 886 22.3%
Distal DVT 2,034 481 23.6%

Severity of Illness SOI-Minor 1,194 119 10.0% <0.0001
SOI-Moderate 6,508 1,081 16.6%
SOI-Major 5,429 1,316 24.2%
SOI-Extreme 869 231 26.6%

Facility Size 0-99 Beds 589 44 7.5% <0.0001
100-199 Beds 2,545 444 17.4%
200+ Beds 10,866 2,259 20.8%

Facility Type Kaiser 2,275 321 14.1% <0.0001
Teaching 2,021 383 19.0%
Private 9,704 2,043 21.1%

Facility Location Rural 582 38 6.5% <0.0001
Urban 13,418 2,709 20.2%

Kind of Facility Non-Profit 10,660 2,123 19.9% 0.1174
For-Profit 3,340 624 18.7%

PE = Pulmonary Embolism; DVT = Deep Vein Thrombosis; POA = Present on admission

Reprinted with permission [24].

We hypothesized that part of this variation would be due to a
perceived higher risk of bleeding in certain cancer types. Indeed
in the adjusted model, having brain cancer was associated > 4-fold
odds of IVCF placement. However, having other malignancies often
perceived to be associated with higher risk of bleeding such as acute
leukemia, bladder and kidney cancer were not significant predictors
of IVCF placement when adjusted for other covariates. The high
rate of IVCF placement in melanoma patients was also unexpected,

but may be due to a perception that melanoma has a high bleeding
risk as a highly vascular malignancy and/or the presence of brain
metastases.

Literature on the use of IVCFs in patients with brain cancer is
inconclusive. In this study, we found that almost half of all brain
cancer patients had a IVCF placed but only 9% of these patients
had active bleeding and 9% had major surgery at the time of the
index hospitalization or prior 7 days. The high frequency of IVCF
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Table 2
Multi-variable model to predict use of VCF among cancer patients with acute VTE
Variables OR (95% CI) P value
Gender (vs. Male)

Female 0.9 (0.79, 0.95) 0.0020
Race/Ethnicity (vs. NH White)

African American 1.0 (0.85, 1.16) 0.9654

Hispanic 0.9 (0.82, 1.09) 0.4208

Asian/PI 1.0 (0.81, 1.22) 0.9279

Other/Unknown 0.9 (0.67,1.21) 0.4726
Age (continuous, 10 year increase) 11 (1.01, 1.11) 0.0107
Insurance Coverage (vs. Medicare)

Medi-Cal 0.9 (0.77,1.11) 0.4071

Private 12 (1.03, 1.33) 0.0130

Self-Pay 0.6 (0.32,1.14) 01224

Other/Unknown 0.9 (0.27,2.72) 0.7960
Cancer Type-Perceived Bleeding Risk

High Bleed Risk-Brain 4.6 (3.74,5.55)  <0.0001

High Bleed Risk-Acute Leukemia 0.9 (0.46, 1.61) 0.6401

Mid Bleed Risk-Kidney/Bladder 1.0 (0.85, 1.26) 0.7449
Metastatic Disease (vs. No) 1.5 (1.34,1.62)  <0.0001
Severity of Illness (vs. Minor)

Moderate 14 (1.13,1.72) 0.0020

Major 19 (1.53,2.37)  <0.0001

Extreme 1.8 (1.41,2.41)  <0.0001
Bleeding (vs. None)

Present on Admission 2.7 (2.09,3.50) <0.0001

Hospital Acquired 2.7 (1.94,3.88) <0.0001
Bleeding Type (vs. Other/Transfusion)

ICH 2.2 (1.09, 4.51) 0.0285

GI 15 (1.09, 2.03) 0.0123
Thrombolytic Agent (vs. None) 14 (1.01, 2.02) 0.0452
Major Surgery (vs. None) 4.9 (3.89,6.14)  <0.0001
Prior Surgery (vs. None)

Prior Surgery- <7 days 0.8 (0.52,1.26) 0.3587

Prior Surgery- 8-60 days 1.0 (0.87,1.12) 0.8248
Vascular Surgery (vs None) 1.5 (1.00, 2.15) 0.0524
Comorbidities (vs. None)

1-2 Comorbidity 12 (1.04, 1.42) 0.0126

3+ Comorbidities 1.5 (1.25,1.74)  <0.0001
VTE Type (vs. PE)

Proximal DVT 14 (1.28,1.57)  <0.0001

Distal DVT 15 (1.33,1.71)  <0.0001
Facility Size (vs. 200+ beds)

0-99 beds 0.4 (0.26,0.50)  <0.0001

100-199 beds 0.9 (0.76, 0.98) 0.0280
Type of Facility (vs. Kaiser)

Private 1.8 (1.59,2.10)  <0.0001

Teaching 1.5 (1.24,1.76)  <0.0001
Location of Facility (vs. Urban)

Rural 04 (0.25,0.52)  <0.0001
Kind of Facility (vs Non-Profit)

For Profit 0.9 (0.81,1.01) 0.0791

NH = Non-Hispanic; PE = Pulmonary Embolism; DVT = Deep Vein Thrombosis;
ICH = Intracranial hemorrhage.
Reprinted with permission [24].

placement in these patients, despite lack of contraindication to
anticoagulation in most, may reflect an overall perception that
brain tumors have a higher propensity for intracranial hemorrhage
while on anticoagulation. While brain tumors are highly vascular,
retrospective studies have suggested the actual risk of intracranial

bleeding while on anticoagulation in patients with primary brain
tumors is not significantly increased [38-40]. Several studies have
also revealed high rates of complications with IVCF use in brain
tumor patients [41,42]. One study found that in 42 patients treated
with IVCFs, 62% developed complications including recurrent PE
and DVT, filter thrombosis and post-thrombophlebitis syndrome.
Interestingly, none of the patients who received both anticoagulation
and IVCF had hemorrhagic complications in this report [43]. In
addition, a recent retrospective study showed that anticoagulation
with low molecular weight heparin in patients with metastatic brain
tumors was not associated with increased risk of central nervous
system hemorrhage [44]. Despite the overall evidence showing a
low rate of intracranial hemorrhage and a high risk of complications
related to IVCF use, the present study reveals IVCFs are frequently
used in brain cancer patients.

The use of IVCFs to treat VTE in patients, both in those with cancer
and without cancer, continues to be controversial. A few single
center studies have found that IVCFs are safe and highly effective in
preventing PE-related deaths in patients with both hematological
and solid tumors [23,27]. However, other studies found increased
rates of [IVCF-related complications in cancer patients including new
vena cava thrombosis, retroperitoneal hemorrhage, recurrent VTE
and mal-deployed filters, and have questioned the benefit of IVCF
placement in patients with advanced malignancy [22,23,40,45].
Several studies have also reported that in patients with stage IIl and
IV malignant disease, IVCF placement conferred no survival benefit
compared to treatment with anticoagulation therapy [45,46].
The cost-effectiveness of IVCFs in cancer patients has also been
questioned [47,48].

In this large cohort of hospitalized patients with acute VTE and
an active cancer, IVCF treatment showed no benefit for short-term
mortality and no reduction in recurrent VTE manifested as PE (+/-
DVT). Additionally, we found a 60% increased risk of recurrent VTE
manifested as DVT and 20% increased risk of subsequent bleeding
when an IVCF was placed. It should be noted these findings were
in models adjusted for the presence of significant clinical bleeding.

In contrast to our findings, a recent retrospective study showed
a decreased case-fatality rate in a subset of cancer patients
hospitalized for pulmonary embolism [49]. Stable patients (without
shock, ventilatory support, thrombolytic therapy, or pulmonary
embolectomy) with pulmonary embolism and cancer at discharge
from short-stay hospitals in the United States from were identified
from the Nationwide Inpatient Sample. In-hospital all-cause case
fatality rate was lower with vena cava filters in stable patients with
pulmonary embolism and solid malignant tumors providing they
were aged >30 years, but there was variability according to type of
tumor and age of patient. On average, case fatality rate among those
>30 years with filters was 7070 of 69,350 (10.2%) (95% confidence
interval, 10.0-10.4) versus 36,875 of 247,125 (14.9%) (95% confidence
interval, 14.8-15.1) without filters (P<0.0001) (relative risk 0.68).
Interestingly, in stable patients with hematological malignancies,
case fatality rate, except in the elderly, was higher among those with
vena cava filters than those without filters. They speculated that this
might be due to overall poorer condition of these patients, but they
were unable to adjust for severity of illness. The analysis also did not
adjust for potential confounders for mortality using multivariable
models nor propensity scoring to adjust for the differences in the
group receiving IVCF versus those that did not.

Despite the lack of demonstrated benefit, cancer patients
hospitalized with acute VTE are almost two times more likely to
have a IVCF placed in comparison to non-cancer patients [10]. The
clinical variables most strongly associated with IVCF placement in
cancer patients were active bleeding, undergoing a major operation,
presence of metastatic disease, greater severity-of-illness at the
time of admission, and presence of comorbidities. However, overall
only 21% of those who had an IVCF placed had active bleeding or
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Fig. 4. Effect of inverse propensity weighting on standardized mean differences. HBR, MBR, LBR = high-, mid-, low-bleed risk group; SOI = severity of illness.

Methodology: IPW and Time Dependent IVC Filter

Hazard Ratio and 95% CL

Hazard Ratio 95% CL

IVC Filter* ) 1.12 (0.99, 1.26)
Female L] 0.97 (0.85, 1.09)
AA (vs NH White) HH 0.97 (0.81, 1.18)
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Asian/P| - 1.22 (0.95, 1.56)
Other/Unknown =l 1.1 (0.79, 1.58)
Age [ ] 1.00 (1.00, 1.01)
Brain (vs. Low®) = 1.39 (1.02, 1.89)
Acute leukemia | — 0.97 (0.28, 3.32)
Mid Bleed Risk Cancers HH 0.92 (0.73, 1.18)
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1-2 Comorbidity (vs. None) HH 1.07 (0.83, 1.37)
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Proximal DVT (vs. PE) ] 0.62 (0.54, 0.71)
Distal DVT HH 0.81 (0.67, 0.97)
ROM 2 (vs ROM 1) - 275  (1.38,5.48)
ROM 3 —a— 7.88  (3.94,15.77)
ROM 4 —a— 16.11 (7.96, 32.63)
r T T T
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Fig. 5. Death <30 days. * Time dependent IVC filter placement; ~ Cancer category is based on bleed risk. ROM = risk of mortality score.

underwent major surgery. Therefore, only a minority of the cancer
patients with IVCF had a clear contraindication to anticoagulation.
There are a number of limitations to these observational data.
There was minimal information on cancer stage (other than
metastatic cancer) or cancer therapy. Future studies may determine
the effect of these clinical variables on the frequency of IVCF
placement. There was not reliable data on whether retrievable

IVCFs were used, and if so whether the filter was retrieved. While
it is possible that hospitals that place IVCFs in a large proportion of
cancer patients with acute VTE do actually remove the I[VCF within
a short period of time, current literature suggests that only a small
proportion of retrievable VCFs are actually retrieved [9,50].

Due to the retrospective nature of the study, itis possible that more
patients may have had a contraindication to anticoagulation than
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Methodology: IPW
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T T T T
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Fig. 6. Subsequent PE (+/- DVT) at <180 days. * Cancer category is based on bleed risk.
Methodology: IPW
Hazard Ratio and 95% CL Hazard Ratio 95% CL
IVC Filter HH 1.56 (1.26, 1.92)
Female HH 0.97 (0.77, 1.24)
AA (vs NH White) —m— 1.32 (0.90, 1.94)
Hispanic = ! 1:55 (1.13,2.12)
Asian/P| - 1.14 (0.72, 1.81)
Other/Unknown —a— 0.67 (0.29, 1.53)
Age i 0.99 (0.99, 1.00)
Brain (vs. Low") - 1512 (0.72,1.73)
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Mid Bleed Risk Cancers - 1.16 (0.72, 1.88)
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Prior Surgery (< 60 days) = 0.84 (0.62, 1.15)
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Prior DVT [ 1.14 (0.77, 1.70)
Obese - 0.83 (053, 1.28)
CHF - 0.78 (0.49, 1.27)
T T T T
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Fig. 7. Subsequent DVT at <180 days. * Cancer category is based on bleed risk.
Methodology: IPW
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Fig. 8. Subsequent bleed at <180 days. ~ Cancer category is based on bleed risk.

observed. While we could not identify the specific clinical indication
for placement of each IVCF, we did adjust for contraindications to
anticoagulation, such as bleeding and undergoing surgery during
the hospitalization. While we could not directly determine whether
bleeding occurred prior to filter placement, we included both those

with bleeding on admission and during the hospitalization in our
study cohort. This may mean that even fewer patients actually
had active bleeding and a true contraindication to anticoagulation
requiring filter placement when initially diagnosed with VTE. We
could not identify specific attending physicians or their specialty.
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There may be as much between-physician variation in VCF use
within each hospital as there is variation between hospitals. Thus,
the observed degree of variation in IVCF use among hospitals may
underestimate even larger variations among physician-groups both
within and between hospitals.

Despite the limitations, this work has several strengths. The
database used includes all inpatient and emergency department
admissions to all non-federal hospitals in California and results likely
reflect the “real-world”. We used propensity score methodology
to balance our treatment groups to the extent possible in an
observational study. IVCF was treated as a time dependent covariate
to help eliminate the immortal time bias in the IVCF treatment
group.

Conclusions

We observed large variation between hospitals and cancer
types in the frequency of IVCF use in patients with cancer. Most
patients with cancer that had VCF placement did not have clear
contraindications to anticoagulation.

In this large retrospective observational study that adjusted
for immortal time bias and propensity weighted methodology
to adjust for differences between those that received and did not
receive an IVCF, there was no benefit to filter insertion. We found no
improvement in short-term mortality and no reduction in recurrent
PE (within 180 days). Our results demonstrated more harm than
benefit, with a 56% increase in recurrent DVT as well as a 20%
increase in subsequent bleeding among patients treated with an
IVCE. Our study results do not support the systematic use of IVCF
treatment in cancer patients with acute VTE.
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