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A B S T R A C T   

Objectives: To evaluate the clinical care provided to cancer patients hospitalized for acute pulmonary embolism 
(PE), as well as the association between type of cancer, in-hospital care, and clinical outcomes. 
Methods: This study examined the in-hospital care (systemic thrombolysis, catheter-directed thrombolysis, and 
surgical thrombectomy/embolectomy) and clinical outcomes (mortality, major bleeding, and hemorrhagic 
stroke) among adults hospitalized due to acute PE between October 2015 to December 2018 using the National 
Inpatient Sample (NIS). Multivariable logistic regression analysis was used to determine adjusted odds ratios 
(aOR) with 95% confidence interval (95% CI). 
Results: Of 1,090,130 hospital records included in the analysis, 216,825 (19.9%) had current cancer diagnoses, 
including lung (4.7%), hematological (2.5%), colorectal (1.6%), breast (1.3%), prostate (0.8%), and ‘other’ 
cancer (9.0%). Cancer patients had lower adjusted odds of receiving systemic thrombolysis, catheter-directed 
therapy, and surgical thrombectomy/embolectomy compared with their non-cancer counterparts (P < 0.001), 
except for systemic thrombolysis (aOR 0.96, 95% CI 0.85–1.09, P = 0.553) and catheter-directed therapy (aOR 
0.82, 95% CI 0.67–1.00, P = 0.053) for prostate cancer. Cancer patients had greater odds of mortality (P < 0.05). 
Lung cancer patients had the highest odds of mortality (aOR 2.68, 95% CI 2.61–2.76, P < 0.001) and hemor
rhagic stroke (aOR 1.75, 95% CI 1.61–1.90, P < 0.001), while colorectal cancer patients had the greatest odds of 
bleeding (aOR 2.04, 95% CI 1.94–2.15, P < 0.001). 
Conclusion: Among those hospitalized for PE, cancer diagnoses were associated with lower odds of invasive 
management and poorer in-hospital outcomes, with metastatic status being an especially important determinant. 
Appropriateness of care could not be assessed in this study.   

1. Introduction 

Cancer is a major contributor to global mortality and morbidity and 
constitutes the second leading cause of death in the United States (US) 

[1]. In addition, cancer elevates the risk for pulmonary embolism (PE), 
with the incidence of PE in patients with active cancer ranging from 
1.1% to 5.0% [2–4]. By contast, the incidence of PE in the general 
population was evaluate to be approximately 0.1% [5,6]. Our 
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understanding regarding the connection between cancer and PE has 
grown significantly over the past decades, with several mechanisms 
postulated to link malignancy with the hypercoagulable states in cancer 
patients [7]. Most notably, patients with solid organ malignancies have 
a higher risk of venous thrombosis and acute PE which sometimes pre
cede the diagnosis of malignant disease [8]. The risk is further increased 
for those with metastatic disease [9–11]. 

Different cancer- and patient-related factors have been recognized as 
risk factors for PE [12]. Therapeutic strategies for cancer may also be 
toxic and recent evidence shows the risk of venous thromboembolism 
(VTE) in cancer patients to nearly double when receiving chemotherapy 
or other targeted treatments, in particular [13]. As such, PE is an 
important complication of cancer, which has prompted physicians to 
consider primary anti-thrombotic prophylaxis, even in ambulatory 
cancer patients [14–16]. 

That said, literature examining outcomes following acute PE remains 
limited [17], and the association underlying PE-related outcomes and 
cancer remains unclear. The present study, thus, aimed to evaluate the 
clinical characteristics of cancer patients presenting for acute PE. In 
addition, we sought to investigate whether the presence and type of 
cancer are associated with clinical care and clinical outcomes among 
patients hospitalized for PE. 

2. Methods 

The National Inpatient Sample (NIS) database is the largest health
care database of routinely collected data in the US. It comprises ano
nymized discharge data from over 7 million hospitalizations yearly, 
which upon weighting correspond to over 35 million hospitalizations 
and covers approximately 20% of the discharges from community hos
pitals from all US regions using a stratified systematic random sample. It 
is designed to produce nationally representative estimates of inpatient 
utilization, access, charges, quality, and outcomes in the US, and was 
developed by the Agency for Healthcare Research and Quality (AHRQ) 
under the Healthcare Cost and Utilization Project (HCUP). Data are 
publicly available from the AHRQ to all data purchasers and collabo
rators who have completed the online HCUP Data Use Agreement 
Training and have signed the Data Use Agreement for Nationwide Da
tabases. Detailed information can be found on: https://www.hcup-us.ah 
rq.gov/nisoverview.jsp [18]. 

2.1. Study sample 

This study examined the in-hospital outcomes among adults (over 
18 years of age) hospitalized for acute PE between October 2015 to 
December 2018. The study sample was stratified according to the 
presence and type of cancer (colorectal cancer, lung cancer, breast 
cancer, prostate cancer, hematological cancers, and ‘other’ cancers). The 
International Classification of Diseases, Tenth Revision (ICD-10) was 
used to define the relevant variables, study groups, and outcomes. 
Detailed information on the ICD-10 codes utilized is presented in Sup
plementary Table 1. 

All reported data were based on the weighted analyses to provide 
national estimates as recommended by the HCUP, and cases excluded 
due to missing data represented 1.4% (N = 15,320) of the original 
dataset (Supplementary Fig. 1). 

2.2. Outcomes 

The outcomes of interest included care received for PE and clinical 
outcomes. Care received (i.e., advanced therapies) included systemic 
thrombolysis, catheter-directed therapy, and surgical thrombectomy/ 
embolectomy; clinical outcomes included all-cause mortality, major 
bleeding, and hemorrhagic stroke, with major bleeding defined as 
intracranial and gastrointestinal (GI) hemorrhages. All outcomes were 
defined according to ICD-10 codes (Supplementary Table 1). 

2.3. Statistical analysis 

Data were expressed as numbers (percentages) and medians (inter
quartile ranges) for categorical and continuous variables, respectively. 
We performed the chi-squared test for categorical variables and the 
Kruskal-Wallis test for continuous variables. Binomial multivariate lo
gistic regression was conducted to estimate the adjusted odds ratios 
(aOR) for in-hospital management and outcomes, following adjustment 
for covariates that are included in the NIS that were found to be both 
clinically relevant and directly related to our outcomes of interest. 
Sensitivity analyses were conducted according to metastatic status (i.e., 
non-metastatic and metastatic disease groups) and according to hemo
dynamic instability, identified through surrogate measure such as the 
presence of cardiogenic shock or the need for mechanical ventilation 
and vasopressors. 

These covariates included hospital-related factors: hospital bed size, 
region, location/ teaching status; as well as patient-related factors: age, 
sex, weekend admission, primary expected payer, smoking status, his
tory of myocardial infarction, coronary artery bypass graft surgery, 
percutaneous coronary intervention, cerebrovascular accident, demen
tia, dyslipidemia, thrombocytopenia, and other comorbidities (anemias, 
chronic pulmonary disease, coagulopathy, diabetes mellitus, arterial 
hypertension, liver disease, peripheral vascular disorders, and chronic 
renal failure). Statistical significance was defined at a level of P < 0.05. 
SPSS 25 software (IBM Corp, Armonk, NY) was used for the statistical 
analysis. 

3. Results 

3.1. Baseline characteristics 

A total of 1,090,130 weighted hospitalization records for acute PE 
were included in the study, with 216,825 (19.9%) patients having a 
cancer diagnosis (Supplementary Fig. 1). When evaluating specific 
cancer types, lung cancer was most frequently encountered (N = 50,905; 
4.7%), followed by hematological cancers (N = 27,245; 2.5%), colo
rectal cancer (N = 17,635; 1.6%), breast cancer (N = 14,075; 1.3%), and 
prostate cancer (N = 8980; 0.8%); ‘other’ cancer types were present in 
97,985 (9.0%) individuals (Table 1 and Fig. 1). Colorectal and lung 
cancers presented with the highest rates of metastatic disease, at 59.6% 
and 58.4% respectively (Table 1). 

Patients with a cancer diagnosis were older (65–73 years vs. 63 
years, P < 0.001), more commonly insured by Medicare (51.4–71.4% vs. 
51.4%, P < 0.001), and more likely to have comorbidities such as 
thrombocytopenia (7.6–15.8% vs. 6.5%, P < 0.001), anemia 
(31.7–42.0% vs. 22.0%, P < 0.001), and coagulopathy (13.9–23.7% vs. 
12.6%, P < 0.001) (Table 1). Cancer patients who developed PE were 
less often smokers (except for those with lung cancer) or to have de
mentia (except for those with prostate cancer), heart failure, valvular 
heart disease, and peripheral vascular disease. Considering specific 
cancer types, prostate cancer patients were oldest (median age 73 years, 
IQR 66–81) and had the highest rates of dementia (7.1%), hypertension 
(46.1%), valvular heart disease (4.5%), and chronic renal failure 
(19.2%) (Table 1). 

3.2. In-hospital management 

Out of the studied management strategies, systemic thrombolysis 
was the most common management in all patient subgroups, followed 
by catheter-directed therapy; surgical thrombectomy/embolectomy was 
the least commonly used (Table 2 and Fig. 2A). Compared with the non- 
cancer cohort, cancer patients received systemic thrombolysis 
(0.9–2.7% vs. 2.9%, P < 0.001), catheter-directed therapy (0.3–1.1% vs. 
1.2%, P < 0.001), and surgical thrombectomy/embolectomy (≤0.1% vs. 
0.2%, P < 0.001) less frequently. Among patients with cancer, those 
with prostate cancer had the highest rates of systemic thrombolysis and 
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Table 1 
Patient characteristics.  

Characteristics No Malignancy 
(80.1%) 

Malignancy type P- 
Value 

Colorectal 
(1.6%) 

Lung 
(4.7%) 

Breast 
(1.3%) 

Prostate 
(0.8%) 

Hematological 
(2.5%) 

Other 
(9.0%) 

Number of weighted discharges 873,305 17,635 50,905 14,075 8980 27,245 97,985 – 
Age (years), median (IQR) 63 (49–75) 66 (57–75) 68 

(60–75) 
65 (55–74) 73 (66–81) 68 (58–77) 65 (57–74) <0.001 

Female sex, % 51.7% 47.0% 49.1% 98.9% / 44.4% 53.7% <0.001 
Ethnicity, %        <0.001 
White 71.9 70.0 74.5 67.1 68.9 73.2 71.1  
Black 18.8 19.4 16.2 22.5 23.1 15.2 16.1  
Hispanic 5.7 6.3 4.4 6.5 4.5 6.9 7.2  
Asian or Pacific Islander 0.9 1.4 2.2 1.1 1.2 1.4 2.0  
Native American 0.4 0.3 0.3 0.3 0.3 0.5 0.3  
Other 2.2 2.6 2.5 2.5 2.1 2.8 3.2  
Weekend admission, % 23.4 20.5 21.4 19.9 21.8 21.0 20.6 <0.001 
Primary expected payer, %        <0.001 
Medicare 51.4 53.2 60.8 52.9 71.4 59.1 51.4  
Medicaid 14.5 11.5 11.0 13.3 5.3 9.5 11.9  
Private Insurance 26.7 30.5 23.7 30.3 18.9 27.3 31.9  
Self-pay 4.2 2.3 1.7 1.5 1.3 1.9 2.1  
No charge 0.4 0.3 0.2 0.3 0.2 0.1 0.2  
Other 2.7 2.3 2.5 1.7 2.8 2.2 2.5  
Median Household Income 

(percentile), %        
<0.001 

0-25th 30.4 27.5 29.8 27.0 28.2 25.6 26.1  
26th–50th 26.9 25.8 26.1 25.6 24.6 25.4 24.9  
51st-75th 23.9 24.6 24.5 24.9 24.0 25.3 25.3  
76th–100th 18.9 22.1 19.6 22.6 23.1 23.8 23.7  
Homelessness, % 0.9 0.2 0.4 <0.1* 0.4 0.2 0.2 <0.001 
Do-not-resuscitate status, % 9.0 19.6 28.3 18.4 17.7 15.1 23.8 <0.001 
Metastatic disease, % <0.1* 59.6 58.4 54.6 46.3 7.5 64.5 <0.001 
Comorbidities, %         
Atrial fibrillation 12.2 10.7 15.8 7.5 15.3 14.9 10.2 <0.001 
Dyslipidemia 33.8 28.5 34.0 28.1 41.6 32.9 30.1 <0.001 
Thrombocytopenia 6.5 7.9 9.2 8.5 7.6 15.8 10.4 <0.001 
Dementia 6.8 3.0 2.9 3.4 7.1 3.9 2.7 <0.001 
Smoking 1.3 0.6 1.4 0.5 0.8 0.6 0.7 <0.001 
Previous AMI 5.2 3.8 5.0 3.1 6.7 4.1 3.7 <0.001 
History of IHD 17.8 12.0 17.8 8.4 23.2 15.1 11.6 <0.001 
Previous PCI 0.5 0.6 0.5 0.2 0.8 0.4 0.4 <0.001 
Previous CABG 3.6 2.0 3.3 1.1 5.6 2.8 2.2 <0.001 
Previous CVA 5.6 3.5 5.4 3.7 5.5 4.5 3.8 <0.001 
Anemias 22.0 42.0 31.9 32.1 31.7 32.6 36.7 <0.001 
Congestive heart failure 20.6 11.9 14.8 12.0 17.9 18.0 10.9 <0.001 
Valvular disease 4.5 2.9 2.5 3.0 4.5 3.9 2.4 <0.001 
Hypertension 40.5 41.4 43.4 43.2 46.1 38.2 42.7 <0.001 
Peripheral vascular disorders 4.0 2.5 5.3 1.9 3.8 3.3 2.3 <0.001 
Chronic pulmonary disease 26.3 16.9 49.9 21.0 18.3 21.5 17.8 <0.001 
Coagulopathy 12.6 15.6 15.7 15.1 13.9 23.7 18.4 <0.001 
Diabetes Mellitus 24.5 22.9 19.9 21.3 25.0 23.3 24.3 <0.001 
Liver disease 4.4 5.1 2.7 3.2 3.6 4.2 6.5 <0.001 
Chronic renal failure 14.7 9.9 9.0 9.1 19.2 16.8 11.0 <0.001 
Hospital factors         
Bed size of hospital, %        <0.001 
Small 19.3 17.2 16.5 18.7 19.2 16.2 14.7  
Medium 28.9 28.9 27.0 27.4 27.4 24.2 24.8  
Large 51.7 53.9 56.5 53.9 53.4 59.6 60.5  
Hospital Region, %        <0.001 
Northeast 19.8 22.3 22.9 23.3 20.3 22.8 24.2  
Midwest 26.6 26.3 27.7 25.8 27.9 28.2 25.6  
South 39.9 37.5 37.9 37.9 36.2 34.7 35.4  
West 13.8 13.8 11.6 12.9 15.6 14.3 14.7  
Location/teaching status of 

hospital, %        
<0.001 

Rural 9.4 7.7 7.1 7.5 9.1 6.8 5.5  
Urban non-teaching 23.6 20.5 21.8 21.1 21.4 17.8 17.1  
Urban teaching 67.0 71.7 71.2 71.5 69.4 75.4 77.4  

Abbreviations: AIDS—acquired immunodeficiency syndrome; AMI—acute myocardial infarction; CABG—coronary artery bypass graft; CAD—coronary artery disease; 
CVA—cerebrovascular accident; IHD—ischemic heart disease; IQR—interquartile range; PCI—percutaneous coronary intervention. 

* Exact reporting of small numbers is discouraged by Agency for Healthcare Research and Quality/Healthcare Cost and Utilization Project. 
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catheter-directed therapy, at 2.7% and 1.1%, respectively (P < 0.001). 
Patients with cancer were generally hospitalized for a longer duration 
(4–6 vs. 4 days, P < 0.001), with colorectal cancer patients having the 
longest length of stay at a median of 6 days (IQR 3–12). 

After multivariable adjustment, cancer patients were consistently 
less likely to receive any of the advanced management strategies 
compared to their non-cancer counterparts (P < 0.001), with the 
exception of systemic thrombolysis (aOR 0.96, 95% CI 0.85–1.09, P =
0.553) and catheter-directed therapy (aOR 0.82, 95% CI 0.67–1.00, P =
0.053) in prostate cancer, with adjusted odds that were no different than 
in non-cancer patients (Table 3 and Fig. 3). 

3.3. Clinical outcomes 

Relative to patients without cancer, the unadjusted rates of mortality 
for all cancer types were higher (7.4–13.8% vs. 5.2%, P < 0.001), major 
bleeding was more frequently observed in all cancer types (5.0–10.8% 
vs. 4.0%, P < 0.001) except for breast cancer (3.5%), while the rates of 
hemorrhagic stroke were varied greatly depending on the type of cancer, 
with the highest rates in lung (4.2% and 1.2%, respectively) and ‘other’ 
cancer types (2.8% and 1.4%, respectively) (Table 2 and Fig. 2B). 

Following multivariable adjustment, odds of mortality were signifi
cantly increased among all cancer types (P < 0.05); lung cancer patients 
had the highest aOR at 2.68 (95% CI 2.61–2.76, P < 0.001), while 
prostate cancer was associated with the lowest aOR at 1.11 (95% CI 
1.02–1.21, P = 0.011), compared to patients without cancer. Patients 
with breast cancer had significantly lower odds of major bleeding (aOR 
0.76, 95% CI 0.70–0.84, P < 0.001), while patients with colorectal (aOR 
2.04, 95% CI 1.94–2.15, P < 0.001) and ‘other’ cancers (aOR 1.39, 95% 
CI 1.35–1.43, P < 0.001) had increased odds compared to their non- 
cancer counterparts, the remaining cancers were not significantly 

associated with major bleeding (Table 3 and Fig. 4). 
Compared to non-cancer patients, both patients with lung (aOR 1.75, 

95% CI 1.61–1.90, P < 0.001) and ‘other’ cancers (aOR 1.65, 95% CI 
1.55–1.75, P < 0.001) had increased odds of acute hemorrhagic stroke, 
while the remaining cancer patients (except for breast cancer) had 
significantly lower odds of an incident hemorrhagic stroke (Table 3 and 
Fig. 4). 

3.4. Sensitivity analysis by metastatic status 

When considering metastatic status, patients with non-metastatic 
cancer were consistently less likely to receive systemic thrombolysis, 
catheter-directed therapy, and surgical thrombectomy/embolectomy 
compared to non-cancer patients (P < 0.05), except for prostate cancer. 
Patients with prostate cancer but no metastases did not show any dif
ference, when compared with the non-cancer cohort, in the utilization of 
systemic thrombolysis (aOR 1.13, 95% CI 0.96–1.34, P = 0.134) and 
surgical thrombectomy/embolectomy (aOR 1.07, 95% CI 0.57–2.01, P 
= 0.833) (Supplementary Table 2 and Supplementary Fig. 2A). 

The aOR for patients with metastatic cancers for all three in
terventions were significantly lower relative to cancer-free patients 
across all cancer types (Supplementary Table 3 and Supplementary 
Fig. 3A). 

Patients with non-metastatic cancer generally had increased odds of 
all-cause mortality compared with the non-cancer group, except for 
breast (aOR 0.75, 95% CI 0.66–0.85, P < 0.001) and prostate cancers 
(aOR 0.63, 95% CI 0.55–0.72, P < 0.001) that had lower odds of mor
tality (Supplementary Table 2 and Supplementary Fig. 2B). 

Upon assessing patients with metastatic malignancies, the direction 
of effects for all four clinical outcomes was consistent with those ob
tained in all cancer patients. However, the strength of association be
tween all-cause mortality and all cancer types were increased 
(Supplementary Table 3 and Supplementary Fig. 3B). 

3.5. Sensitivity analysis by hemodynamic stability 

An additional sensitivity analysis was conducted in hemodynami
cally unstable patients, which were assessed as having cardiogenic shock 
(Supplementary Table 4). Significantly reduced odds in the utilization of 
systemic thrombolysis was observed in patients with lung cancer (aOR 
0.49, 95% CI 0.35–0.68, P < 0.001), and ‘other’ cancers (aOR 0.61, 95% 
CI 0.50–0.75, P < 0.001), compared to non-cancer group. The utilization 
of catheter-directed therapy was lower only in ‘other’ cancer patients 
(aOR 0.62, 95% CI 0.44–0.88, P = 0.008), while surgical embolectomy/ 
thrombectomy was less frequently used in lung (aOR 0.20, 95% CI 
0.08–0.49, P < 0.001), hematological (aOR 0.25, 95% CI 0.10–0.61, P =
0.002), and ‘other’ cancer patients (aOR 0.69, 95% CI 0.50–0.97, P =

8%

23%

7%
4%13%

45%

Colorectal Lung Breast Prostate Hematological Other

Fig. 1. Overview of malignancy types.  

Table 2 
In-hospital management and clinical outcomes based on malignancy.  

Characteristics No malignancy 
(N = 873,305) 

Malignancy type P- 
Value 

Colorectal 
(N = 17,635) 

Lung 
(N = 50,905) 

Breast 
(N = 14,075) 

Prostate 
(N = 8980) 

Hematological 
(N = 27,245) 

Other 
(N = 97,985) 

Management, %         
Systemic thrombolysis 2.9 1.5 0.9 1.3 2.7 1.5 1.7 <0.001 
Catheter-directed therapy 1.2 0.6 0.3 0.7 1.1 0.7 0.5 <0.001 
Surgical embolectomy/ 

thrombectomy 
0.2 <0.1* <0.1* <0.1* 0.1 0.1 0.1 <0.001 

Clinical outcomes, %         
All-cause mortality 5.2 8.9 13.8 7.8 7.4 9.2 11.4 <0.001 
Major bleeding 4.0 10.8 5.0 3.5 5.6 5.6 7.4 <0.001 
Hemorrhagic stroke 0.7 0.3 1.2 0.6 0.3 0.7 1.4 <0.001 
Length of stay, median (IQR) 4 (2–8) 6 (3–12) 5 (3–9) 4 (2–7) 5 (2–8) 5 (3–11) 5 (3–10) <0.001 
Total charges (USD1,000), 

median (IQR) 
37.5 
(20.1–78.9) 

50.6 
(24.4–112.3) 

46.5 
(24.3–89.3) 

36.1 
(20.0–70.7) 

40.7 
(21.1–80.3) 

52.0 
(25.5–119.1) 

46.8 
(24.3–95.4) 

<0.001 

Abbreviations: IQR—interquartile range; USD – United States Dollar. 
* Exact reporting of small numbers is discouraged by Agency for Healthcare Research and Quality/Healthcare Cost and Utilization Project. 
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0.032), compared with non-cancer patients. 
We also assessed management outcomes in patients requiring me

chanical ventilation and vasopressors (Supplementary Table 5). Our 
findings are consistent, with the utilization of all 3 advanced therapies 
significantly decreased in most cancer patients relative to non-cancer 
patients. However, the use of catheter-directed therapy (P = 0.534) 
and surgical embolectomy (P = 0.082) were not significantly different 
when comparing colorectal and non-cancer patients. As for prostate 
cancer patients, there were also no significant difference compared with 
non-cancer patients (P = 0.143). 

3.6. Sensitivity analysis by do-not-resuscitate (DNR) status 

An additional sensitivity analysis was conducted by restricting the 
analysis to patients without a DNR order (Supplementary Table 6). The 
findings of this analysis were generally consistent with the main anal
ysis. However, the mortality odds in lung cancer patients without DNR 
(aOR 2.38, 95% CI 2.28–2.48, P < 0.001) was lower than in the main 
analysis (aOR 2.68, 95% CI 2.61–2.76, P < 0.001). The odds of hem
orrhagic stroke was interestingly higher in patients without DNR (aOR 
2.08, 95% CI 1.88–2.30, P < 0.001) compared to the overall analysis 
(aOR 1.75, 95% CI 1.61–1.90, P < 0.001). 

When compared with the main analysis (aOR 1.49, 95% CI 
1.42–1.55, P < 0.001), the odds for mortality in hematological cancer 

patients without DNR were markedly reduced (aOR 1.29, 95% CI 
1.21–1.37, P < 0.001). ‘Other’ cancer patients also experience lower 
odds of mortality following the exclusion of patients with DNR status 
(aOR 1.75, 95% CI 1.69–1.81, P < 0.001) as compared with the main 
analysis (aOR 2.07, 95% CI 2.03–2.12, P < 0.001). 

4. Discussion 

In this large-scale nation-wide study, we systematically evaluated 
data on patients hospitalized for acute PE according to the presence and 
type of cancer in the US. There are several key findings of the present 
study. First, cancer is highly prevalent among patients hospitalized for 
PE. Second, we demonstrate that cancer patients are significantly less 
likely to be treated with systemic thrombolysis, catheter-directed ther
apy and surgical thrombectomy/embolectomy compared to patients 
without cancer, with patients with hematological malignancies the least 
likely to receive these treatments, even among those with evidence of 
hemodynamic instability. Third, the presence of cancer, regardless of 
type, is associated with an increased risk of mortality following admis
sion for an acute PE, with the greatest risk observed in patients with lung 
cancer. Fourth, metastatic status in cancer patients is a key determinant 
of adverse clinical outcomes following admission for PE. 

VTE, including acute PE, is the second most common cause of mor
tality in outpatient cancer patients [19]. Compared with patients 

Fig. 2. (A) In-hospital management and (B) clinical outcomes.  
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without cancer, there is a 4-fold increase in VTE risk [20–22]; when 
considering patients with metastatic cancer, the risk increases up to 58- 
fold [9,21]. Similarly, while the incidence of PE in the general popula
tion is 0.11% [23], a meta-analysis by Reynolds et al. found the inci
dence of PE in cancer patients to be significantly elevated, ranging from 
0.13% to 8.65% [24]. Thromboprophylaxis is also rarely used during 
treatment, which could potentiate the increased risk of PE in cancer 
[25]. Nonetheless, the risk of VTE can be reduced significantly through 
primary thromboprophylaxis with direct oral anticoagulants, as 

demonstrated by two randomized controlled trials [26–28]. 
This increased risk can be attributed to the hypercoagulable state and 

thromboses induced by the presence of malignancy [7]. Progression of 
cancer, thus, is commonly associated with procoagulant effects, and 
thromboembolic disease has been known to occur in advanced cancer 
and is predictive of a poor prognosis [29]. Indeed, patients with active 
cancer constitute one-fifth of all patients presenting with VTE [30]. The 
coagulation system, as such, contributes greatly to tumour biology, and 
may even play a role in tumour angiogenesis and metastasis [31]. 

Table 3 
Adjusted odds ratios of in-hospital management and clinical outcomes in different malignancy types.*  

Characteristics aOR (95% CI) 

Malignancy type 

Colorectal Lung Breast Prostate Hematological Other 

Management 
Systemic thrombolysis 0.45 (0.40–0.51) 

P < 0.001 
0.31 (0.28–0.34) 
P < 0.001 

0.43 (0.38–0.50) 
P < 0.001 

0.96 (0.85–1.09) 
P = 0.553 

0.44 (0.39–0.48) 
P < 0.001 

0.48 (0.45–0.50) 
P < 0.001 

Catheter-directed therapy 0.46 (0.38–0.56) 
P < 0.001 

0.23 (0.20–0.27) 
P < 0.001 

0.59 (0.49–0.72) 
P < 0.001 

0.82 (0.67–1.00) 
P = 0.053 

0.47 (0.41–0.54) 
P < 0.001 

0.38 (0.34–0.41) 
P < 0.001 

Surgical thrombectomy/ embolectomy 0.08 (0.03–0.20) 
P < 0.001 

0.11 (0.06–0.17) 
P < 0.001 

NA† 0.47 (0.25–0.87) 
P < 0.001 

0.14 (0.08–0.23) 
P < 0.001 

0.28 (0.23–0.34) 
P < 0.001  

Clinical outcomes 
All-cause mortality 1.58 (1.50–1.67) 

P < 0.001 
2.68 (2.61–2.76) 
P < 0.001 

1.55 (1.45–1.65) 
P < 0.001 

1.11 (1.02–1.21) 
P = 0.011 

1.49 (1.42–1.55) 
P < 0.001 

2.07 (2.03–2.12) 
P < 0.001 

Major bleeding 2.04 (1.94–2.15) 
P < 0.001 

1.00 (0.96–1.04) 
P = 0.998 

0.76 (0.70–0.84) 
P < 0.001 

0.95 (0.87–1.05) 
P = 0.316 

1.04 (0.98–1.09) 
P = 0.202 

1.39 (1.35–1.43) 
P < 0.001 

Hemorrhagic stroke 0.36 (0.27–0.47) 
P < 0.001 

1.75 (1.61–1.90) 
P < 0.001 

0.92 (0.75–1.14) 
P = 0.439 

0.40 (0.28–0.57) 
P < 0.001 

0.80 (0.69–0.92) 
P = 0.003 

1.65 (1.55–1.75) 
P < 0.001 

Note: Binomial multivariable logistic regression analysis. 
Multivariable model: Multivariable logistic regression model adjusted for: bed size of hospital, region of hospital, location/teaching status of hospital, age, sex, 
weekend admission, primary expected payer, smoking status, previous myocardial infarction, previous coronary artery bypass graft surgery, previous percutaneous 
coronary intervention, previous cerebrovascular accident, dementia, dyslipidemia, thrombocytopenia, and other comorbidities (anemias, chronic pulmonary disease, 
coagulopathy, diabetes mellitus, hypertension, liver disease, peripheral vascular disorders, chronic renal failure). 
Abbreviations: aOR—adjusted odds ratios; CI—confidence interval. 

* Reference group is the group without any malignancy. 
† Unable to be evaluated due to zero cases. 

Fig. 3. Forest plot of adjusted odds ratios for in-hospital management.  
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Furthermore, oncological treatments also increase the risk of thrombo
embolism; suggested mechanisms include the toxicity of these treat
ments on the vascular endothelium, as well as the reduction in the 
concentrations of natural anticoagulants [32]. 

The present study found the prevalence of hospitalized PE patients 
with a cancer diagnosis to be 19.9%, a finding that is comparable to 
those of Heit et al. [30] In addition, the most frequently encountered 
cancers in PE patients were lung and hematological cancers. As for the 
management of VTE in hemodynamically stable cancer patients, the 
European Society of Cardiology (ESC) and the American Society of 
Clinical Oncology recommend the use of low molecular weight heparin 
or direct oral anticoagulants [33,34]. However, which high-risk cancer 
patients may benefit from specific treatment in the form of systemic 
thrombolysis, catheter-based therapy or surgical thrombectomy has not 
been well established. 

The latest ESC guidelines recommend systemic thrombolysis for PE 
patients who deteriorate hemodynamically, while catheter-based ther
apy and surgical thrombectomy should be alternatively considered [33]. 
Yet, it is a matter of debate whether these recommendations are appli
cable to cancer patients, given the lack of specific data for cancer pa
tients in this setting [35]. Until novel data, systemic and catheter-direct 
thrombolysis, and surgical embolectomy, continue to be used on a case- 
by-case basis, mostly for hemodynamically unstable patients with low 
risk of bleeding [36]. 

This study confirms that cancer patients are less likely to be offered 
these treatments, with worse in-hospital mortality. This could be due to 
different reasons including the increased propensity towards bleeding 
complications in these patients, medical bias, comorbidity burden, 
unfavourable short- or long-term prognosis, and patient preference. It is 
also possible that PE in advanced cancer stages may lead to physician’s 
reluctance to offer invasive management. Bleeding risk, of note, is a 
major determinant of patients not receiving invasive therapy, as sup
ported by the fact that patients with hematological malignancies are 
amongst the least likely to receive such treatments. The bleeding 
diathesis, arising from physiological effects of the underlying cancer 
type, can be further compounded by the presence of thrombocytopenia, 

anaemia, and coagulopathy. 
Nevertheless, we cannot exclude the possibility that patients with 

cancer were less likely to have PE that caused hemodynamic compro
mise (due to smaller PEs) or RV failure, and that lower rates of invasive 
treatments may have been appropriate. In our sensitivity analyses 
restricted to patients with hemodynamic instability, some cancer groups 
such as patients with lung and ‘other’ cancer, were consistently less 
likely to receive invasive treatment, though it may have been indicated 
in this patient subgroup. We similarly could not exclude that the less 
frequent use of thrombolysis was due to less severe episodes of PE, as the 
NIS database lacks the data on PE severity. However, given the high 
mortality and morbidity rates in PE patients with cancer, a more 
aggressive treatment method may be indicated even in less severe epi
sodes of PE. The decision to utilize more invasive interventions requires 
a careful evaluation of the risks and benefits, taking into account the risk 
of mortality, the presence of hemodynamic instability, and other factors. 

Our study demonstrated that cancer patients constitute a significant 
portion of hospitalized PE patients and are at greater risk of adverse in- 
hospital outcomes. Previous studies also indicate mortality rates 
following PE were greatly elevated in cancer patients, relative to non- 
cancer patients [37–39], a finding that is echoed by the present study. 
Okushi et al., similarly noted an increase in mortality risk across 11 
cancer types, including lung, breast, and colon cancer [38]. Prostate 
cancer patients with acute PE appear to have the lowest risk of death in 
both our study and that by Okushi et al., compared to patients suffering 
from other cancer types [38]. 

An unusual finding of the present study merits discussion. First is that 
while patients with colorectal cancer had the highest odds of developing 
major bleeding, they also had the lowest risk of hemorrhagic stroke. 
While there has been no prior literature describing this observation, we 
offer a potential hypothesis. Given the increased risk of VTE in patients 
with cancer, most patients with colorectal cancer would be placed on 
antiplatelet or anticoagulation therapy, especially post-surgery. Previ
ous studies have also demonstrated that the most common hemorrhagic 
complication of such therapies is extracranial major bleeding, for which 
GI bleeding is an important source [40]. Patients with colorectal cancer 

Fig. 4. Forest plot of adjusted odds ratios for in-hospital outcomes.  
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are predisposed to GI bleeding owing to tumor biology and other con
ditions relating to advancing age (diverticulosis, ischemic colitis) [40]. 
As such, the disproportionate increase in risk of GI bleeding relative to 
hemorrhagic stroke could have accounted for such a finding. 

The differences between the various cancer types could inform our 
clinical decision-making. For example, patients with breast cancer 
experienced significantly lower odds of major bleeding, while patients 
with colorectal and ‘other’ cancers were at greater odds of developing 
major hemorrhages. These differences could eventually guide therapy 
implementation and possibly allow for risk- and cancer type-based 
recommendations in the management of PE. 

This paper, nonetheless, has several limitations. First, as is with all 
data extracted using the ICD-10 codes, the data presented in this study is 
subject to over- or under-coding, while the granularity of data was 
limited by the ICD-10 codes as well. Second, the NIS neither captures the 
medications prescribed such as anticoagulants, nor does it record if the 
patients were recently on chemotherapy, which may significantly 
impact clinical outcomes. Third, the NIS does not have data on the he
matologic profiles of the patients, such as platelet and white cell counts, 
or coagulation biomarkers that are relevant to our analysis. Fourth, data 
on the stage of cancer, time since diagnosis, ceilings of care that limit the 
invasiveness of management strategies, and cause of death, are not 
available as well. Fifthly, a very important factor for the therapeutic 
approach to PE patients is their hemodynamic status, RV/LV function 
and underlying coronary disease which could not be directly assessed in 
this patient group, although we performed a sensitivity analysis in pa
tients with cardiogenic shock with similar findings to our main analysis. 
Sixth, only in-hospital events are recorded in the NIS, and follow-up data 
for longer-term outcomes are unavailable. Finally, we could not account 
for patient preference and informed decision-making around treatment 
options. Longitudinal analyses, such as survival analysis and competing 
risk analysis, hence, cannot be undertaken. 

5. Conclusion 

This study demonstrated that cancer patients were less likely to 
receive systemic thrombolysis, catheter-directed therapy, and surgical 
interventions, with overall significantly higher in-hospital mortality 
compared with patients without cancer, irrespective of the cancer type. 
The risk of major bleeding varied according to cancer type, with colo
rectal cancer having the worst bleeding outcomes and lung cancer 
having the highest odds of hemorrhagic stroke. The metastatic status of 
the disease is especially important, as these patients have particularly 
lower rates of invasive management, higher rates of mortality, and 
major bleeding. Future treatment pathways should consider cancer type 
and stage, and future work should focus on the barriers to receipt of 
invasive treatment strategies in this patient group. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcard.2022.09.049. 
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M. Galderisi, et al., 2016 ESC Position Paper on cancer treatments and 
cardiovascular toxicity developed under the auspices of the ESC Committee for 
Practice Guidelines: The Task Force for cancer treatments and cardiovascular 
toxicity of the European Society of Cardiology (ESC), Eur. Heart J. 37 (36) (2016 
Sep 21) 2768–2801. 
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