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Background: COPD is a well-known risk factor for venous thromboembolism (VTE) 

development. However, recent data showed that it was not associated with VTE recurrence risk, 

which excluded cancer patients. This study investigated the association of airflow limitation 

and VTE recurrence in cancer patients with pulmonary embolism (PE).

Methods: This is a retrospective cohort study of cancer patients with newly diagnosed PE at 

a university hospital. PE was confirmed using contrast-enhanced computed tomography scan. 

Airflow limitation was defined as pre-bronchodilator forced expiratory volume in 1 second 

(FEV
1
)/forced vital capacity (FVC) ,0.7 within 2 years of PE diagnosis. VTE recurrence was 

defined as a composite of recurrence as PE or deep vein thrombosis or both.

Results: Among 401 cancer patients with newly diagnosed PE, spirometry-based airflow limita-

tion was observed in 126 (31.4%) patients. Half of the patients had lung cancer, which was more 

common in the group with airflow limitation (65.1% vs 42.9%, p , 0.001). Symptomatic PE 

was present in less than half (45.4%) of the cases, and 62.6% of patients were treated for PE. 

During the median follow-up period of 9.7 months, VTE recurred in 49 (12.2%) patients. 

Compared with patients without airflow limitation, those with airflow limitation did not have 

an increased risk of VTE recurrence in univariate or multivariate analyses (adjusted hazard 

ratio, 1.29 [95% CI 0.68, 2.45]).

Conclusion: The presence of airflow limitation did not increase the risk of VTE recurrence in 

cancer patients with PE. Prospective studies are needed to validate this finding.

Keywords: chronic obstructive pulmonary disease, cancer, pulmonary embolism, recurrence, 

venous thromboembolism

Introduction
VTE is a common cardiovascular disease with an annual incidence from 104 to 183 

per 100,000 person-years.1 It comprises DVT or PE or both. Acute PE is the most 

serious manifestation of VTE and results in high short-term mortality, chronic com-

plications, and frequent recurrence.2–4 The cumulative incidence of VTE recurrence 

has been reported to reach 13% at 1 year, 23% at 5 years, and 30% at 10 years, and 

recurrent events can be fatal.4,5

COPD is a moderate risk factor for initial VTE and its prognosis.6,7 Several 

studies have shown that COPD patients have up to five times increased risk of PE 

or VTE compared with patients without COPD, and there is a significant associa-

tion between VTE events and COPD severity.8–12 In addition, COPD patients with 

VTE have much higher mortality compared with COPD patients without VTE.13 

Likewise, several studies based on PE and VTE registries suggested that COPD 
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is an unfavorable prognostic factor for bleeding and 

mortality.2,7,14 However, VTE recurrence rates were similar 

between COPD patients and non-COPD patients during the 

3-month follow-up period.14 Recent data from a prospec-

tive cohort study indicated that COPD did not increase 

the long-term risk of recurrent VTE.15 Although this study 

considered major provoking factors such as immobiliza-

tion after surgery, use of estrogen-containing pills, or 

hormone replacement therapy, active cancer patients were 

not included.15 Cancer is a strong provoking factor of VTE 

development and outcomes,4,16–18 and the prevalence of 

cancer in COPD patients with PE was as high as 20% in a 

previous study.14 We therefore investigated the association 

of spirometry-based airflow limitation with VTE recurrence 

among cancer patients with PE.

Methods
study population
This is a retrospective cohort study conducted at Samsung 

Medical Center, Seoul, South Korea, between June 1, 2010, 

and December 31, 2013. Among patients who were diagnosed 

with PE during the study period, those who were undergoing 

treatment or follow-up for pathologically confirmed cancer 

were identified. Patients with stump thrombosis, tumor 

emboli, and a history of PE were excluded.

Measurements and data collection
PE diagnosis was confirmed by contrast-enhanced chest CT, 

and two authors (SHS and HC) reviewed the CT images 

for evaluation of initial diagnosis, burden, and recurrence. 

Data regarding basic demographics, cancer diagnosis and 

treatment, symptoms and signs of PE, treatment for PE, date 

of VTE recurrence, last follow-up, or death were collected 

from electronic medical records. Regarding airflow limita-

tion, spirometry performed within 2 years of PE diagnosis 

was considered. Spirometry was performed as recommended 

by the American Thoracic Society/European Respiratory 

Society using Vmax 22 (SensorMedics, Yorba Linda, CA, 

USA).19 Airflow limitation was defined as pre-bronchodilator 

FEV
1
/FVC , 70%.

The primary outcome was recurrence of VTE, defined as 

a composite of recurrence of PE or DVT or both. Diagnosis of  

recurrent PE was based on the CT scan,  and the diagnosis  

of recurrent DVT was based on the duplex ultrasonogra-

phy or CT venography. The institutional review board of 

Samsung Medical Center approved this study. Informed 

consent was waived due to the retrospective nature, and 

patient information was anonymized and de-identified prior 

to analysis.

statistical analysis
Categorical variables were compared using the Chi-square test 

or Fisher’s exact test, and continuous variables were compared 

using Student’s t-test or Mann–Whitney U test. Cox propor-

tional hazard models were used to evaluate the impact of air-

flow limitation on VTE recurrence. For multivariate analyses, 

we used three models. The first model was adjusted for age, 

sex, BMI, and smoking status. The second model was further 

adjusted for metastatic disease and recent surgery. The third 

model was further adjusted for PE treatment. All tests were two 

sided, and p-value ,0.05 was considered statistically signifi-

cant. All analyses were performed using Stata (version 13.0; 

Stata Corporation, College Station, TX, USA).

Results
Patient characteristics
Among cancer patients with newly diagnosed PE during 

the study period, we identified 401 patients who underwent 

spirometry within 2 years (Figure 1); median time between 

spirometry and PE diagnosis was 92 days (IQR 47–231). 

Of the 401 patients, 126 (31.4%) had airflow limitation. 

Patients with airflow limitation were older (66.3 years vs 

62.0 years, p , 0.001), more likely to be male (82.5% vs 

52.4%, p , 0.001), and more likely to be a current smoker 

(66.7% vs 33.1%, p , 0.001) as compared with those without 

airflow limitation. History of DVT and comorbidities were 

not different between the groups. Among cancer patients, 

about half (49.9%) had lung cancer, which was significantly 

more common in patients with airflow limitation (65.1% 

vs 42.9%, p , 0.001). Although there were slightly more 

patients with metastatic disease in the group without airflow 

limitation, there were no differences between the two groups 

regarding recent surgery, ongoing chemotherapy, or radio-

therapy (Table 1).

Figure 1 a consort diagram of the study population.
Abbreviations: Pe, pulmonary embolism; PFT, pulmonary function test.
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Clinical presentation, CT findings, and 
treatment of Pe
At the time of PE diagnosis, only 45.4% (182/401) of patients 

were symptomatic. Patients with airflow limitation were 

more likely to report dyspnea (37.3% vs 26.6%, p = 0.029) 

as compared with those without airflow limitation. Signs 

at PE diagnosis, such as tachycardia, hypoxia, and shock, 

and the burden of PE on chest CT were not found to be sig-

nificantly different according to airflow limitation (Table 2). 

Of the 251 (62.6%) patients who were treated for PE, only 

few were treated with embolectomy or thrombolysis along 

with anticoagulation treatment. Type and duration of anti-

coagulation did not differ significantly between the two 

groups (Table 3).

VTE recurrence according to airflow 
limitation
During the median follow-up period of 9.7 months (IQR 

2.8–26.6), 49 (12.2%) patients experienced VTE recurrence 

(14% of patients with airflow limitation and 11% of those 

without airflow limitation). Among the patients with recur-

rent VTE, all (18/18) those with airflow limitation had PE 

(with or without DVT), whereas 19.4% (6/31) without airflow 

limitation had isolated DVT (p = 0.073).

In the univariate analysis, airflow limitation was not 

associated with the risk of VTE recurrence (HR 1.31 [95% CI 

0.73, 2.34]) (Table 4 and Figure 2). The impact of airflow lim-

itation on the risk of VTE recurrence remained insignificant 

after adjustment for patient-related characteristics (aHR 1.20 

[95% CI 0.64, 2.26]), for cancer-related characteristics  

Table 1 Distribution of baseline characteristics in 401 cancer 
patients with PE according to airflow limitation

Characteristics No airflow 
limitation 
(n = 275)

Airflow 
limitation 
(n = 126)

p-value

age (years) 62.0 (11.7) 66.3 (9.4) ,0.001
sex, male 144 (52.4) 104 (82.5) ,0.001
Body mass index (kg/m2) 23.5 (3.6) 23.4 (3.1) 0.712
smoking ,0.001

never 170 (61.8) 32 (25.4)
Former 14 (5.1) 10 (7.9)
Current 91 (33.1) 84 (66.7)

Comorbidity
hypertension 102 (37.1) 46 (36.5) 0.911
Diabetes 53 (19.3) 16 (12.7) 0.105
Chronic kidney disease 15 (5.5) 9 (7.1) 0.508

Previous DVT 7 (2.6) 4 (3.2) 0.720
Cancer type

lung 118 (42.9) 82 (65.1) ,0.001
Colon 38 (13.8) 10 (7.9) 0.092
stomach 20 (7.3) 3 (2.4) 0.051
gynecologic 19 (6.9) 1 (0.8) 0.009
esophagus 8 (2.9) 7 (5.6) 0.195
Others 72 (26.2) 23 (18.3) 0.083

Metastatic disease 182 (66.2) 69 (54.8) 0.054
surgery within 2 months# 53 (19.3) 26 (20.6) 0.750
Ongoing chemotherapy‡ 159 (57.8) 67 (53.2) 0.507
Ongoing/recent radiotherapy§ 25 (9.1) 10 (7.9) 0.663
Pulmonary function

FeV1/FVC (%) 78.2 (5.5) 61.7 (7.6) ,0.001
FeV1 (% predicted) 84.8 (18.3) 68.1 (15.5) ,0.001

Notes: Values are the mean (sD) or number (%). #More than 30 minutes of surgery 
time under general anesthesia. ‡Pe developed during the chemotherapy or within 
one cycle of time after the last chemotherapy. §Pe developed during the radiotherapy 
or within 13 weeks after the radiotherapy.
Abbreviations: DVT, deep vein thrombosis; FeV1, forced expiratory volume in 1 
second; FVC, forced vital capacity; Pe, pulmonary embolism.

Table 2 Clinical presentation and CT findings of PE in 401 cancer 
patients according to airflow limitation

Clinical features No airflow 
limitation 
(n = 275)

Airflow 
limitation 
(n = 126)

p-value

symptoms at Pe 
diagnosis

121 (44.0) 61 (48.4) 0.225

Dyspnea 73 (26.6) 47 (37.3) 0.029
leg swelling/pain 27 (9.8) 9 (7.1) 0.384
Chest pain 14 (5.1) 3 (2.4) 0.211

signs at Pe diagnosis 94 (34.2) 52 (41.3) 0.171
Tachycardia 75 (27.3) 49 (38.9) 0.065
hypoxia 53 (19.3) 29 (23.0) 0.668
shock 11 (4.0) 6 (4.8) 0.892

CT finding
Bilateral Pe 119 (43.3) 54 (42.9) 0.938
location 0.276

Central 53 (19.3) 33 (26.2)
lobar 105 (38.2) 46 (36.5)
Distal segmental/
subsegmental

117 (42.6) 47 (37.3)

Note: Values are the number (%).
Abbreviations: CT, computed tomography; Pe, pulmonary embolism.

Table 3 Treatment for Pe in 401 cancer patients according to 
airflow limitation

Treatment features No airflow 
limitation 
(n = 275)

Airflow 
limitation 
(n = 126)

p-value

Observation without treatment 103 (37.5) 47 (37.3) 0.977
Treatment#

embolectomy 3 (1.1) 0 0.555
Thrombolysis 1 (0.4) 2 (1.6) 0.234
anticoagulation 171 (62.2) 79 (62.7) 0.921

Type of anticoagulation‡ 0.096
Warfarin 105 (61.4) 59 (74.7)
lMWh 60 (35.1) 17 (21.5)
nOaC 6 (3.5) 3 (3.8)

anticoagulation duration (months)‡ 4.0 (1.8–6.5) 4.2 (1.3–7.0) 0.638

Notes: Values are the number (%) or median (interquartile range). #Data were 
overlapped. ‡analysis was done in 250 patients who received anticoagulation 
treatment.
Abbreviations: lMWh, low-molecular-weight heparin; nOaC, non-vitamin 
K-dependent new oral anticoagulant; Pe, pulmonary embolism.
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(aHR 1.26 [95% CI 0.66, 2.41]), and for PE treatment (aHR 

1.29 [95% CI 0.68, 2.45]). The hazard remained unchanged 

in subgroup analysis with lung cancer patients (Table S1). 

Furthermore, recurrent VTE was not different according to 

the severity of airflow limitation (17.2%, 14.5%, and 7.1% 

in FEV
1
 $ 80% predicted, 50% # FEV

1
 , 80% predicted, 

and FEV
1
 , 50% predicted, respectively) (p = 0.737).

Discussion
In our study of 401 cancer patients with PE, about one-third 

of the patients had spirometry-based airflow limitation. 

During the median follow-up of 9.7 months, VTE recurred 

in 12.2% of patients. However, coexisting airflow limita-

tion did not increase the risk of VTE recurrence in patients 

with cancer.

There have been few studies investigating VTE recur-

rence in COPD patients. One study was a post hoc analysis 

of a prospective management study in 673 hemodynamically 

stable PE patients. The study found that COPD was associ-

ated with increased bleeding and mortality, but not recurrent 

VTE over 3 months.20 Another study was performed using the 

RIETE registry with 28,920 symptomatic VTE patients.14 In 

that study, COPD patients experienced higher PE recurrence, 

minor bleeding, and higher rates of death by 3 months. How-

ever, recurrence of overall VTE was not different between 

patients with and without COPD. In both the studies, the 

results of the lung function tests were not available for all 

COPD patients, and patients could have been misclassified as 

COPD or non-COPD. A recent prospective cohort study of a 

large number of patients with long-term follow-up showed 

that patients with objectively measured COPD did not have 

an increased risk of VTE recurrence.15 However, this study 

did not include active cancer patients, probably to minimize 

confounding factors.

Our study was restricted to cancer patients to explore 

the association between COPD and VTE recurrence, and 

we also confirmed that airflow limitation was not associ-

ated with the risk of VTE recurrence in cancer patients. 

Several factors should be considered in interpreting this 

finding. First, cancer patients undergo chest CT scan more 

frequently, which leads to more frequent findings of inci-

dental PE.21 Indeed, in our study, only 45.4% of cancer 

patients had symptomatic PE, indicating a high proportion 

of incidental PE among cancer patients. This might mask 

the effect of airflow limitation on VTE recurrence. Second, 

subtherapeutic anticoagulation treatment for PE is associ-

ated with the increment of VTE recurrence.22 Approximately 

38% of cancer patients did not receive anticoagulation in our 

study, which was at the discretion of the treating physicians. 

Among them, 85% had incidentally detected PE and 57% 

had PE in segmental or subsegmental pulmonary arteries. 

Although current guidelines recommend treating all cancer 

patients with PE,23,24 there is still debate over the use of 

anticoagulation in cancer patients with incidental PE.25 In 

addition, treatment risk (ie, bleeding) over benefits could 

be considered, especially in patients with asymptomatic PE 

in segmental or subsegmental pulmonary arteries or those 

with short expected survival. Nevertheless, we performed 

subgroup analysis in patients with anticoagulation, which 

revealed the same result.

There are some limitations in our study. First, because this 

is a retrospective cohort study in a single referral hospital with 

a large volume of lung cancer patients, the result of our study 

Table 4 Impact of airflow limitation on VTE recurrence among 
Pe patients with cancer

VTE recurrence No airflow 
limitation 
(n = 275)

Airflow 
limitation 
(n = 126)

no of cases (%) 31 (11.3) 18 (14.3)
Incidence rate (cases/1,000  
person-years)

6.8 9.5

Unadjusted hr (95% CI) reference 1.31 (0.73, 2.34)
Model 1 reference 1.20 (0.64, 2.26)
Model 2 reference 1.26 (0.66, 2.41)
Model 3 reference 1.29 (0.68, 2.45)

Notes: Model 1 adjusted for age, sex, body mass index, and smoking (never/ever). 
Model 2 further adjusted for metastatic disease and recent surgery. Model 3 further 
adjusted for Pe treatment.
Abbreviations: CI, confidence interval; HR, hazard ratio; PE, pulmonary embolism; 
VTe, venous thromboembolism.

Figure 2 Cumulative VTE recurrence in cancer patients with PE according to airflow 
limitation.
Abbreviations: AL, airflow limitation; PE, pulmonary embolism; VTE, venous 
thromboembolism.
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may not be generalized to patients in other settings. Second, 

compared with a recent study of noncancer patients,15 the 

follow-up duration was relatively short. This is largely attrib-

utable to high number of cancer-related deaths, which also 

contributed to the limited duration of anticoagulation in our 

study with a median duration of 4 months. However, analysis 

in which death was included as a competing risk of recurrence 

did not show a difference. Last, inclusion of patients with 

valid spirometry test results would have introduced selection 

bias. It is possible that PE patients in our study were more 

likely to have preexisting respiratory symptoms than PE 

patients who were not included in this study. Further pro-

spective study with a larger and more heterogeneous cancer 

population is necessary to assess the generalizability of our 

results. Despite these limitations, our study used validated 

and standardized measurements to define airflow limitation 

and the diagnosis of PE and included cancer-related factors 

as well as treatment in the analyses.

Conclusion
Airflow limitation did not increase the risk of VTE recur-

rence in cancer patients with PE. Taken together with the 

result from patients without cancer,15 there seems to be no 

evidence at present to support different management of PE 

in patients with COPD. Prospective studies are necessary 

to confirm whether the coexistence of airflow limitation 

deserves attention in the management of cancer patients 

with PE.

Abbreviations
aHR, adjusted hazard ratio; CI, confidence interval; CT, 

computed tomography; DVT, deep vein thrombosis; FEV
1
, 

forced expiratory volume in 1 second; FVC, forced vital 

capacity; HR, hazard ratio; IQR, interquartile range; PE, 

pulmonary embolism; RIETE, Registro Informatizado de 

la Enfermedad Thomboembolica venosa; VTE, venous 

thromboembolism.
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Table S1 Impact of airflow limitation on VTE recurrence among 
Pe patients with lung cancer

VTE recurrence No airflow 
limitation 
(n = 118)

Airflow 
limitation 
(n = 82)

no of cases (%) 13 (11.0) 13 (15.9)
Incidence rate (cases/1,000  
person-years)

6.2 11.7

Unadjusted hr (95% CI) reference 1.70 (0.78, 3.69)
Model 1 reference 1.78 (0.74, 4.30)
Model 2 reference 1.74 (0.70, 4.33)
Model 3 reference 1.72 (0.70, 4.22)

Notes: Model 1 adjusted for age, sex, body mass index, and smoking (never/ever). 
Model 2 further adjusted for metastatic disease and recent surgery. Model 3 further 
adjusted for Pe treatment.
Abbreviations: CI, confidence interval; HR, hazard ratio; PE, pulmonary embolism; 
VTe, venous thromboembolism.
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