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Abstract
Background Malignancy is associated with an increased risk of venous thromboembolism. Inferior vena cava filters are a 
viable alternative when anticoagulation is infeasible because of the risk of bleeding. Although the current guidelines recom-
mend that all patients with a vena cava filter be treated with anticoagulation treatment when the risk of bleeding is reduced, 
studies concerning the role of concomitant anticoagulation after vena cava filter insertion in high-risk patients are scarce. 
Since many cancer patients suffer from a high risk of hemorrhagic complications, we aimed to determine the effect of post-
filter anticoagulation on mortality in patients with a malignant solid tumor.
Methods A retrospective cohort study of patients with pulmonary embolism was performed between January 2010 and May 
2016. Patients with a solid tumor and vena cava filter inserted because of pulmonary embolism were included. Using Cox 
proportional hazards model, the prognostic effect of clinical variables was analyzed.
Results A total of 180 patients were analyzed, with 143 patients receiving and 37 patients not receiving post-filter antico-
agulation treatment. Mortality was not significantly different between the two groups. The presence of metastatic cancer and 
that of pancreatobiliary cancer were significant risk factors for mortality. However, post-filter anticoagulation did not show 
significant effect on mortality regardless of the stage of cancer.
Conclusion In patients with cancer-associated pulmonary embolism, the effect of post-filter anticoagulation on mortality 
may not be critical, especially in patients with a short life expectancy.
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Introduction

It is well known that malignancy is associated with a high 
risk of venous thromboembolism (VTE). Previous stud-
ies have reported a four–sixfold increased risk of VTE in 

patients with a cancer compared with those without [1, 2]. 
Active cancer accounts for almost 20% of new VTE events 
[3]. For the management of VTE, anticoagulation treatment 
is essential. In certain cases, however, anticoagulation treat-
ment is often contraindicated or discontinued because of 
an underlying coagulopathy or hemorrhagic complication. 
Inferior vena cava (IVC) filters play an important role when 
complications occur after the initiation of anticoagulation or 
when anticoagulation is transiently infeasible, as in a case 
of operation. The use of IVC filters is rapidly increasing, 
especially with the advent of retrievable IVC filters [4, 5].

The PREPIC (Prévention du Risque d’Embolie Pulmo-
naire par Interruption Cave) study showed that vena cava 
filters were associated with an increased risk of deep vein 
thrombosis (DVT) [6]. Currently, the American College 
of Chest Physician (ACCP) guidelines recommend that all 
patients with an IVC filter be treated with anticoagulation 
treatment when the risk of bleeding is reduced [7]. When 
considering the hypercoagulable nature of malignancy [8], 
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the additional increment of thromboembolic risk is easily 
anticipated for IVC filters in patients with cancer. However, 
such patients are also susceptible to bleeding from the cancer 
itself or from the adverse effect of chemotherapy [9]; thus, 
physicians often fall into a difficult situation regarding the 
decision of anticoagulation after IVC filter insertion.

Although IVC filters are being used more frequently with 
expanding indications [10], studies concerning the role of 
concomitant anticoagulation treatment after IVC filter inser-
tion in high-risk patients are scarce [11]. Only a few stud-
ies have examined the survival rate depending on whether 
anticoagulation treatment was given [12–14]. Greenfield 
and Proctor reported improved survival in the anticoagu-
lated group; however, it was attributed to the difference in 
the underlying diagnosis, with the no-anticoagulation group 
having more patients with cancer [12]. There has been no 
research specifically investigating the role of post-filter anti-
coagulation in patients with malignancy. Knowing whether 
concomitant anticoagulation is mandatory or not after IVC 
filter insertion in cancer patients would be valuable, as many 
of these patients experience hemorrhagic complications and 
the burden to the patients is not negligible [9]. Thus, we 
aimed to determine the effect of post-filter anticoagulation 
on mortality in this population.

Materials and methods

Study design and subjects

We performed a retrospective cohort study of patients with 
pulmonary embolism (PE) at Asan Medical Center, a 2700-
bed tertiary care center in South Korea, between January 
2010 and May 2016. Patients aged 18 years or older and with 
a consultation record for IVC filter insertion were screened 
for the study. Celect filters (Cook Medical, Bloomington, 
IN, USA) and Optease filters (Cordis, Milpitas, CA, USA) 
were used at our institution and all IVC filters used during 
the study period were retrievable filters that could be left 
permanently as well. For patients expected to have a short 
survival duration, filters were inserted for a permanent pur-
pose. Other patients had their filters not retrieved for the fol-
lowing reasons: high risk of recurrence of PE, poor medical 
condition, or technical difficulties. The decision to retain a 
filter was made by each attending physician. Patients were 
included for the analysis if they had a diagnosis of a malig-
nant solid tumor and their filters were not retrieved. Patients 
with hematologic malignancy were excluded because the 
concept of metastasis could not be applied.

The decision on whether to give anticoagulants after IVC 
filter insertion was at the discretion of each physician, con-
sidering the medical condition of each patient. The survival 
time was calculated from the day of IVC filter insertion to 

death. Patients were followed up for their survival status 
until December 2016. We determined whether anticoagula-
tion therapy was given after IVC filter insertion and assessed 
the effect of anticoagulation therapy on mortality. The effect 
was further analyzed according to cancer stage, survival 
duration, and type of anticoagulant.

To quantitate the medical comorbidities into a score, we 
used a modified version of the Charlson Comorbidity Index 
(CCI). The original CCI is calculated by adding the comor-
bidity score to the age score [15]. The comorbidity score 
comprises various medical conditions including cardiac, 
cerebrovascular, and respiratory disorders, and includes 
malignancies such as leukemia and solid tumors. Because 
we intended to use age and malignancy as separate variables 
in the statistical analysis, we calculated the modified CCI by 
omitting age and malignancy. Metastatic cancer was defined 
as stage 4 according to the TNM staging system. Chronic 
lung disease included asthma, chronic bronchitis, emphy-
sema, and other chronic lung disease causing ongoing symp-
toms such as dyspnea or cough. The study was approved by 
the institutional review board (IRB) of Asan Medical Center 
(IRB no. 2015-0516). The need for informed consent was 
waived owing to the retrospective nature of the study.

Data collection

The electronic medical records of the study patients were 
reviewed for age, sex, types and stage of the malignancy, 
date of IVC filter insertion, medical comorbidities, presence 
of right ventricular dysfunction, and severity of PE. The 
severity of PE was calculated using the simplified Pulmo-
nary Embolism Severity Index [16]. The diagnosis of PE 
was made by each attending physician on the basis of the 
imaging findings from pulmonary computed tomography 
(CT) angiography or ventilation/perfusion scan. All images 
were initially read by radiologists at our institution, and each 
CT image was checked once more by the authors. The sur-
vival status of the patients was judged using data from the 
electronic medical records or the Korean National Health 
Insurance.

Statistical analysis

Descriptive statistics are provided for patient demographics. 
Categorical variables are presented as numbers (%). Age is 
presented as means and standard deviations, whereas sur-
vival time is presented as medians and ranges. The clini-
cal characteristics of the patients were analyzed using the 
Mann–Whitney U test, χ2 test, and Fisher’s exact test. After 
assessing the demographic and clinical variables through 
univariate analysis, statistically significant variables were 
chosen for multivariate analysis to evaluate their effects on 
mortality. Further analysis was carried out using a landmark 
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analysis to assess if there was difference in mortality 
depending on anticoagulation when censored at 90 days. p 
values < 0.05 were considered statistically significant. Data 
were analyzed using SPSS version 21 (IBM Corporation, 
Armonk, NY, USA) analytical software.

Results

Clinical characteristics of patients

Among the 437 patients initially screened, 184 patients 
were identified as having a diagnosis of active cancer and 
an IVC filter. Four patients with hematologic malignancy 
were excluded, leaving 180 patients with solid malignancy 
for inclusion in the analyses.

A total of 143 patients received post-filter anticoagulation 
therapy. The remaining 37 patients were not given antico-
agulants. Coagulopathy and risk of bleeding were the rea-
sons for no anticoagulation in these 37 patients. The clinical 
characteristics of the study population are shown in Table 1. 
The mean age of the anticoagulation group and the no-anti-
coagulation group was 60.7 and 59.5 years, respectively. 
Gynecologic cancer was the most common malignancy in 
the anticoagulation group, followed by pancreatobiliary 
cancer. The no-anticoagulation group had an almost even 
distribution of the types of solid tumor. Metastatic cancer 
accounted for 69.2 and 83.8% in the anticoagulation and 
no-anticoagulation group, respectively. No significant differ-
ence in terms of medical comorbidities was found between 
the two groups (p = 0.824). Among patients who received 
anticoagulation treatment, warfarin was most commonly 
used (53.8%), followed by low-molecular weight heparin 
(LMWH) (27.3%). About 16.1% of patients were treated 
with direct oral anticoagulants. Overall, there was no sig-
nificant difference between anticoagulation and no-antico-
agulation group.

During the follow-up period, 114 (79.7%) and 34 (91.9%) 
patients died in the anticoagulation and no-anticoagulation 
group, respectively, showing no statistical difference in 
mortality (p = 0.084). The median survival time was 85 and 
78 days in each group. The longest survival time was 2411 
days in the anticoagulation group, whereas it was 892 days 
in the no-anticoagulation group. The most common cause 
of death was cancer progression in both anticoagulation and 
no-anticoagulation group, accounting for 63 (55.3%) and 17 
(50.0%) patients, respectively. PE-related death was found 
in 12 (10.5%) and 4 (11.8%) patients in anticoagulation and 
no-anticoagulation group, respectively. Death caused by 
bleeding was found in two (1.4%) in anticoagulation group, 
whereas none in no-anticoagulation group. In each group, 
29 (25.4%) and 10 (29.4%) patients were lost to follow-up, 
and their cause of death could not be identified.

Indications for filter insertion

We categorized the common IVC filter indications into 
six, and Table 2 shows the frequency of indications in each 
group. The anticoagulation group and the no-anticoagulation 
group had different indications for IVC filter insertion. In 
comparison with the anticoagulation group, in which exten-
sive iliofemoral DVT was the most common cause followed 
by preoperative/periprocedural insertion, contraindication 
to and complication of anticoagulation were the frequent 
causes in the no-anticoagulation group.

Risk factors for mortality

Using Cox proportional hazards model, the prognostic effect 
of clinical variables was evaluated. The presence of chronic 
lung disease, metastatic cancer, and a diagnosis of pan-
creatobiliary cancer were found as statistically significant 
risk factors for mortality in the univariate analysis (data not 
shown). In the multivariate analysis, the presence of meta-
static cancer and pancreatobiliary cancer remained predic-
tive of mortality, whereas anticoagulation did not (Table 3). 
We further analyzed the effect of anticoagulation by sepa-
rately calculating the hazard ratio (HR) according to the 
stage of cancer (Table 4). In both nonmetastatic and meta-
static cancer, anticoagulation treatment was not associated 
with improved survival (p = 0.567 and 0.799, respectively).

Landmark analysis

As shown in Fig. 1, there was no statistical significance in 
survival between the anticoagulation and no-anticoagulation 
group (p = 0.061), especially for the first few months. We 
performed a landmark analysis to evaluate if there was a 
difference in the effect of post-filter anticoagulation between 
the patients with a short survival (less than 90 days) and a 
longer survival, and the landmark point was set at 90 days 
which was close to the median survival time of the antico-
agulation group.

When censored at 90  days, anticoagulation was not 
protective in terms of mortality (adjusted HR 0.894; 95% 
confidence interval, 0.525–1.523) as shown in Table 5. In 
patients who survived more than 90 days, there was a trend 
for reduced mortality with anticoagulation treatment in the 
univariate analysis (HR 0.602; p = 0.076), but no statistical 
significance was found in the multivariate analysis.

Effect on mortality depending on the type 
of anticoagulant

Warfarin was found most commonly used for the patients 
in this study, accounting for more than 50% (Table 1). The 
recommended type of anticoagulant in cancer-associated PE, 
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LMWH, was used in only 27.3% of patients. The reasons for 
the frequent use of warfarin were renal insufficiency, difficulty 
with subcutaneous injection, and others. To adjust a subopti-
mal effect of warfarin in cancer-associated PE, we performed 
further analysis by separating warfarin users from LMWH 
users. They were compared with the no-anticoagulation group. 
More patients with pancreatobiliary cancer and metastatic 
cancer were found in the LMWH group (online supplemen-
tary Table E1 and E2). When censored at 90 days, neither the 

warfarin nor LMWH group showed benefit in terms of mor-
tality as shown in online supplementary Table E3 (adjusted 
HR 0.663; p = 0.190 and adjusted HR 1.070; p = 0.841, 
respectively).

Table 1  Clinical characteristics 
of the study population

a Age and malignancy omitted from the original Charlson Comorbidity Index score
SD standard deviation, GI gastrointestinal, PESI Pulmonary Embolism Severity Index, RV right ventricle, 
PE pulmonary embolism

Anticoagulation group 
(n = 143)

No-anticoagulation 
group (n = 37)

p value

Age, mean ± SD 60.7 ± 11.9 59.5 ± 12.8 0.283
Female (%) 87 (60.8) 19 (51.4) 0.296
Sites of solid tumor 0.771
 Pancreatobiliary (%) 33 (23.1) 8 (21.6)
 Lung (%) 28 (19.6) 6 (16.2)
 Gynecologic (%) 39 (27.3) 8 (21.6)
 GI (%) 20 (14.0) 8 (21.6)
 Others (%) 23 (16.1) 7 (18.9)

Metastatic cancer (%) 99 (69.2) 31 (83.8) 0.078
Chronic lung disease 12 (8.4) 3 (8.1) 0.999
Stroke 6 (4.2) 4 (10.8) 0.057
Cerebral hemorrhage 3 (2.1) 1 (2.7) 0.999
Modified Charlson Comorbidity  Indexa 0.824
 0 93 (65.0) 25 (67.6)
 1 44 (30.8) 9 (24.3)
 ≥ 2 6 (4.2) 3 (8.1)

PESI 0.617
 0 1 (0.7) 0 (0.0)
 1 97 (67.8) 26 (70.3)
 2 26 (18.2) 5 (13.5)
 3 14 (9.8) 6 (16.2)
 4 5 (3.5) 0 (0.0)

RV dysfunction 33 (23.1) 4 (10.8) 0.100
Mortality (%) 114 (79.7) 34 (91.9) 0.084
Cause of death (%) 0.534
 Cancer related 63 (55.3) 17 (50.0)
 PE related 12 (10.5) 4 (11.8)
 Bleeding 2 (1.4) 0 (0.0)
 Unknown 29 (25.4) 10 (29.4)
 Others 8 (5.6) 3 (8.8)

Type of anticoagulant (%) n/a
 Warfarin 77 (53.8)
 Low molecular weight heparin 39 (27.3)
 Direct oral anticoagulant 23 (16.1)
 Heparin 4 (2.8)

Survival time, days, median (range) 85 (3–2411) 78 (1–892) 0.300
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Discussion

This is the first study to evaluate the role of post-filter 
anticoagulation in patients with malignant solid tumors. 
During the study period, 148 died among the 180 study 
patients. The presence of metastatic cancer and that of 
pancreatobiliary cancer were significant predictors of 
mortality, whereas anticoagulation was not. Importantly, 
anticoagulation treatment was not associated with a 
reduced mortality especially in patients with a short sur-
vival, regardless of stage and the type of anticoagulant. In 

addition, two patients died of bleeding in anticoagulation 
group, whereas none in no-anticoagulation group.

Anticoagulation after IVC filter insertion has several the-
oretical advantages: it limits the propagation of DVT, pre-
vents recurrent PE, and decreases the risk of caval thrombo-
sis [17]. Likewise, Cugell stated that anticoagulants should 
always be used in conjunction with an IVC filter to minimize 
the likelihood of caval thrombosis [18]. However, Ray et al. 
pointed out the paucity of studies specifically addressing the 
need for anticoagulation after IVC filter insertion in their 
meta-analysis [11]. Research so far has shown only limited 
results about the effect of post-filter anticoagulation on mor-
tality. Chow et al. found a favorable effect on mortality of 
post-filter anticoagulation; however, the outcome was attrib-
uted to a confounding effect of patient selection for antico-
agulation [17]. In their small retrospective study, Dovrish 
et al. showed improved survival when long-term anticoagu-
lation was given after IVC filter insertion; but whether anti-
coagulation was still beneficial in high-risk patients was not 
determined [13]. Recently, Falatko et al. reported impact of 
anticoagulation after IVC filter insertion may be attenuated 

Table 2  Indications for IVC 
filter insertion

IVC inferior vena cava, DVT deep vein thrombosis
a These patients indicate those who were contraindicated to or had complication of anticoagulation treat-
ment before IVC filter insertion but were able to initiate anticoagulation treatment after filter insertion

Total Anticoagulation group 
(n = 143)

No-anticoag-
ulation group 
(n = 37)

Contraindication to anticoagulation 31 11a 20
Complication of anticoagulation 13 4a 9
Anticoagulation failure 14 14 0
Poor cardiopulmonary reserve 5 4 1
Preoperative/periprocedural 37 33 4
Extensive iliofemoral DVT 51 50 1
Unclear 29 27 2

Table 3  Cox proportional hazard ratios from multivariate analysis

HR hazard ratio, CI confidence interval, GI gastrointestinal

Parameter HR 95% CI p value

Anticoagulation 0.933 0.631–1.381 0.731
Chronic lung disease 1.651 0.944–2.887 0.079
Metastatic cancer 5.375 3.307–8.735 < 0.001
Malignancy type Pancreatobiliary 2.341 1.349–4.064 0.002

Lung 1.231 0.699–2.168 0.471
Gynecologic 1.450 0.853–2.466 0.170
GI 1
Others 0.760 0.400–1.445 0.403

Table 4  Hazard ratio according to cancer stage

HR hazard ratio, CI confidence interval

Stage Antico-
agulation

HR 95% CI p value

Nonmetastatic cancer No 1
Yes 0.699 0.206–2.375 0.567

Metastatic cancer No 1
Yes 0.948 0.631–1.425 0.799

Overall survival
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in elderly patients [19]. They pointed out the importance of 
identifying the role of post-filter anticoagulation in specific 
high-risk populations. We attempted to determine the effect 
of anticoagulation treatment after vena cava filter insertion 
in patients with solid tumors, who are susceptible to bleed-
ing complications.

In this study, pancreatobiliary cancer and the presence 
of metastasis were important factors for mortality, which 
makes sense because they are well known predictors for far 
poorer prognosis. Anticoagulation treatment, however, was 
not associated with a survival benefit. Although we were not 
able to detect a statistical significance, the Kaplan–Meier 
curve showed a trend for a favorable outcome of anticoagu-
lation in long-term survivors (Fig. 1); thus, we performed 
further analysis with a 90-day survival as a landmark point. 
In patients who survived > 90 days, we observed a trend 
for a protective effect of anticoagulation consistent with 
the previous reports [13, 17], although we were not able to 
prove the statistical significance due to the small number. In 
contrast, anticoagulation was not protective in patients with 
a short life expectancy (< 90 days), suggesting post-filter 
anticoagulation may not be critical in these patients.

The ACCP guideline and the European Society of 
Medical Oncology guideline recommend that anticoagu-
lation treatment should be given once the risk of bleeding 
is reduced in the presence of an IVC filter [7, 20]. How-
ever, even in cases in which bleeding discontinue, there is 
always a risk of rebleeding. Physicians often face difficul-
ties in weighing the risks and benefits of anticoagulation: 
anticoagulation treatment prevents recurrent VTE but the 
consequence can sometimes be catastrophic (e.g., cerebral 
hemorrhage). In our study, two patients died of bleeding 
while receiving anticoagulation treatment for PE: one 
from gastrointestinal bleeding and the other from cerebral 
hemorrhage. In this context, the National Comprehensive 
Cancer Network guideline states that there are factors to 
consider before implementing anticoagulation treatment, 
including the lack of a therapeutic advantage such as lim-
ited survival, high risk of anticoagulation therapy, and no 
planned oncologic intervention [21]. This recommendation 
is based on common sense, however. The result of our 
study which showed that anticoagulation did not convey an 

advantage in terms of reducing mortality in patients with 
a short life expectancy (< 90 days), can add evidence to 
such a recommendation.

Our study has several limitations. First, owing to the 
retrospective nature of the study, there may be biases. 
Second, we were not able to specify the cause of death in 
about a quarter of the patients. Some of the patients were 
lost to follow-up, and only the survival status was obtained 
from the National Health Insurance database. However, in 
a previous report involving 9000 patients with malignancy, 
the cause of death also could not be determined in > 80%. 
This report demonstrated that among patients in whom 
the cause of death was determined, about 50% died of dis-
ease progression and about 14% died of VTE [22], and the 
result was similar in our study. Finally, more than a half of 
the patients in this study were treated with warfarin instead 
of LMWH, which is the first choice in patients with malig-
nancy, unless otherwise contraindicated. However, when 
we analyzed the hazard ratios for the mortality in warfarin 
users and LMWH users, LMWH was not associated with 
improved survival. Regardless of the type of anticoagu-
lant, statistically significant difference was not found in 
patients with a short life expectancy (< 90 days).

Despite the limitations, this study has a value in that 
it is the first study to investigate the effect of post-filter 
anticoagulation on mortality in patients with solid tumors. 
No study has evaluated this issue in high-risk patients. Our 
finding suggests that concomitant anticoagulation after 
IVC filter insertion in patients with cancer-associated PE 
may not be required, especially for those with a short life 
expectancy. Cancer patients are vulnerable to hemorrhagic 
complications by the tumor itself, or the adverse effects of 
chemotherapy such as thrombocytopenia. Moreover, given 
the fact that the currently recommended anticoagulation 
treatment accompanies the discomfort of subcutaneous 
injection as well as economic burden, this finding is espe-
cially beneficial for patients with a short life expectancy. 
For patients with a longer life expectancy (> 90 days), we 
found a tendency of reduced mortality; however, further 
studies are needed to determine the role of post-filter anti-
coagulation in those patients.

Table 5  Landmark analysis

AC anticoagulation, HR hazard ratio, CI confidence interval
a Adjusted for chronic lung disease, stage, and malignancy type

AC No. Death Univariate Multivariatea

HR 95% CI p value HR 95% CI p value

Censored at 90 days No 37 18 1
Yes 143 61 0.748 0.442–1.265 0.278 0.894 0.525–1.523 0.681

Survival time > 90 days No 19 16 1
Yes 82 53 0.602 0.343–1.055 0.076 0.993 0.546–1.808 0.982
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Conclusion

In patients with cancer-associated pulmonary embolism, the 
effect of post-filter anticoagulation may not be critical, espe-
cially in patients with a short life expectancy.
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