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Abstract
Venous thromboembolism (VTE) is a common complication in cancer patients and is associated with
increased morbidity and mortality. Lung cancer is commonly associated with VTE including pulmonary
embolism. We did a retrospective analysis from the 2013 Healthcare Cost and Utilization Project data to
determine the role of age as a factor in the development of VTE in this patient group. Patients were selected
using the International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes for metastatic
lung cancer and VTE. The patients were stratified by age, sex, race/ethnicity, and site of VTE. There was a
total of 16,577 VTE events detected out of a total of 182,863 cases of metastatic lung cancer, representing
9% of the total cases. In patients under 65 years of age, there were 356.82 more cases of pulmonary
embolism per 100,000 individuals compared to those older than 65 years (p<0.0001). The same age group
also showed 374.83 more upper extremity VTE, 286.94 more non-pulmonary thoracic VTE, and 263.97 more
abdominal VTE events per 100,000 individuals (p<0.0001). In conclusion, we found that patients under the
age of 65 years had a significantly higher incidence of VTE, pulmonary embolism, upper extremity VTE as
well as abdominal and non-pulmonary VTE.
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Introduction
Venous Thromboembolism (VTE) is a common complication in cancer patients. The incidence of VTE in the
general population is about 1-3% per 1000 per year [1]. However, this risk increases significantly and is four
to seven times higher in cancer patients [2,3]. And this is associated with poor survival due to its significant
effect on mortality and morbidity. More specifically the diagnosis of VTE has been associated with a higher
risk of death within two years for non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) [1].

The incidence of VTE in lung cancer varies from 3-13.9% depending on the study [4,5]. Adenocarcinomas
have a three-fold higher risk as compared to squamous cell carcinoma for development of VTE even after
adjustment for age, sex, cancer treatment, and stage [6]. Also, patients with advanced cancer stage and
distant metastases are more likely to develop complications in the form of VTE. Chemotherapy and
radiation therapy both have been associated with an increased risk of VTE [7]. It is likely linked to direct
endothelial damage and down-regulation of the coagulation pathway. Analyses have found that the risk for
VTE increased three-folds on starting chemotherapy in presence of the already increased risk due to lung
cancer, with an increase in risk with the duration of chemotherapy [8]. Among the lung cancer patients
receiving chemotherapy, the majority of VTE occurs within six months of starting chemotherapy [7-9].

Age as a risk factor for VTE in lung cancer patients
Age per se, as a risk factor for VTE in lung cancer patients, has not been studied very extensively. Some prior
studies evaluating age as a risk factor for VTE in all cancer subtypes found that cancer-associated VTE
occurred more frequently in older age groups [10].

Based on this background, we looked at the incidence of VTE in metastatic lung cancer patients and
determine the role of age as a factor in the development of VTE in this patient group. We did a retrospective
analysis from the 2013 Healthcare Cost and Utilization Project (HCUP) data.
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Materials And Methods
The National Inpatient Sample (NIS) is a set of longitudinal hospital inpatient databases included in the
HCUP database. These databases are created by Agency for Health Research and Quality (AHRQ) through a
Federal-State-Industry partnership. It includes data from more than seven million hospital stays each year
and when weighted, it estimates more than 35 million hospitalizations nationally.

We used the HCUP dataset for the purpose of our analysis. Being a publicly available dataset, prior protocol
review and approval from the local or regional biomedical and ethical Institutional Review Board (IRB) was
not mandated for the purpose of our study and data analysis.

Patients were selected using ICD-9 diagnosis codes for metastatic lung cancer (including all possible
metastatic sites that could have been captured by the diagnosis codes, including metastases to liver, lung,
bones, brain, adrenals, skin, and soft tissue) and VTE. Diagnoses of VTE were then stratified by site,
including upper extremity, lower extremity, pulmonary, abdominal, and non-pulmonary thoracic VTE. The
patients were also stratified by age, sex, race/ethnicity. The differences in the incidence of VTE among the
groups were calculated and analyzed using the Statistical Analysis System (SAS®) software version 9.4 (SAS
Institute Inc 2013, Cary, NC) and Chi-square tests.

Results
There was a total of 16,577 VTE events detected out of a total number of 182,863 cases of metastatic lung
cancer, representing 9% of the total cases. Further, subgroup analyses showed that in patients under 65
years of age, there were 356.82 more cases of pulmonary embolism per 100,000 individuals compared to
those older than 65 years (p<0.0001). The same age group also showed 374.83 more upper extremity VTE,
286.94 more non-pulmonary thoracic VTE, and 263.97 more abdominal VTE events per 100,000 individuals
(p<0.0001). There was no statistically significant difference in the incidence of lower extremity VTEs
between the sub-groups (Table 1).

Characteristic           Age less than 65 years           Age more than or equal to 65 years
p-value (by Chi-square test)
 

Total number of patients (n) 77,415 105,448  

Pulmonary embolism
2928 (3782.21 events per 100,000
persons)

3612 (3425.38 events per 100,000
persons)

< 0.0001  

Upper Extremity VTE   
1064 (1178.06 events per 100,000
persons)

998 (803.23 events per 100,000 persons) <0.0001

Lower Extremity VTE
2791 (3605.24 events per 100,000
persons)

3913 (3710.83 events per 100,000
persons)

0.2352  

Non-Pulmonary Thoracic
VTE

460 (594.20 events per 100,000 persons) 324 (307.26 events per 100,000 persons) <0.0001  

Abdominal VTE 324 (418.52 events per 100,000 persons) 163 (154.57 events per 100,000 persons) < 0.0001

TABLE 1: Incidence of VTE in lung cancer patients stratified based on their age (<65 years and ≥
65 years).
VTE: Venous thromboembolism

Stratifying by ethnicity, African-Americans had 848.0 more lower extremity VTE events (p < 0.0001), 599.23
more pulmonary embolism events (p < 0.0001), 468.81 more upper extremity VTE events (p < 0.0001), 259.94
more non-pulmonary thoracic events (p < 0.0001) and 148.41 more abdominal VTE events (p < 0.0001), as
compared to Caucasians (Table 2).
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Characteristics African American Caucasian
    p-value (by Chi-square
test)

Pulmonary embolism
996 (4121.4 events per 100,000
persons)

4508 (3522.2 events per 100,000
persons)

  < 0.0001  

Upper extremity VTE
331 (1369.6 events per 100,000
persons)

1153 (900.8 events per 100,000 persons)   < 0.0001  

Lower extremity DVT    1062 (4396 events per 100,000 persons) 4541 (3548 events per 100,000 persons)   < 0.0001

Non-pulmonary Thoracic
VTE

156 (645.5 events per 100,000 persons) 494 (385.5 events per 100,000 persons)   < 0.0001  

Abdominal VTE 91 (376.5 events per 100,000 persons) 292 (228.1 events per 100,000 persons)   < 0.0001  

TABLE 2: Incidence of VTE in lung cancer patients stratified based on their ethnicity (African-
Americans and Caucasians).
VTE: Venous thromboembolism

Discussion
We analyzed the incidence of VTE in lung cancer patients stratified based on their age with one group being
less than 65 years and the other group being equal to or more than 65 years of age. We found that patients
under the age of 65 years had significantly higher incidence of VTE, pulmonary embolism, upper extremity
VTE as well as abdominal and non-pulmonary VTE.

We also found that when stratified by race/ethnicity, African-Americans were found to have a higher
incidence of VTEs as compared to Caucasians. This is consistent with other data sets and reports, indicating
racial/ethnic disparities in incidence and mortality among advanced-stage lung cancer patients [11,12]. One
possible explanation of this increased incidence of VTE in younger patients can be the biological
aggressiveness of lung cancer, leading to an increased thrombotic risk in this age group. Associations have
been observed with one-year relative mortality as a measure of biological aggressiveness of the cancer and
an associated thrombogenic potential [13].

Patients with adenocarcinoma have the highest risk for developing VTE as compared to other histological
subtypes. Blom et al. studied a cohort of 537 patients with a first diagnosis of lung cancer; adenocarcinomas
had a three-fold higher risk as compared to squamous cell carcinomas for development of VTE even after
adjustment for age, sex, cancer treatment, and stage [2]. Other datasets have also identified VTEs occurring
more frequently in adenocarcinoma as compared to squamous cell carcinoma [14]. The increased incidence
of VTE in adenocarcinomas is hypothesized to be related to mucin production and subsequent activation of
platelets and pro-coagulant factors.

Adverse factors increasing the risk for VTEs also include advanced stage of tumor, administration of
chemotherapy, type of chemotherapy involved, and presence of other comorbidities. Histopathological
differences also contribute to associated VTE frequency.

The clinical benefit of knowing which age group would be at an increased risk of developing VTE may further
help in risk stratifying patients for prophylactic anticoagulation. Past studies also have postulated prediction
models for chemotherapy-associated VTE, which do take into account the cancer type, being very high
(stomach or pancreas cancer) or high (lung, gynecologic, testicular, bladder cancers, or lymphoma) risk,
along with other factors such as body mass index, prechemotherapy cell counts, etc [15]. However, age per se
has not been reported to be a part of these models.

In addition to the factors postulated in the predictive models, taking into consideration other high-risk
factors such as adenocarcinoma histology, stage, and first six months of chemotherapy administration may
help in identifying patients who may benefit from prophylactic anticoagulation and, thus, reducing VTE-
associated morbidity and mortality.

The study has several limitations stemming from the utilization of an administrative inpatient database.
This database is based on diagnostic and procedural codes thus there can be variation in coding practices
among different hospitals and personnel. The NIS database does not allow us to determine the treatment
regimen that the patients were on for the malignancy and for the VTE. NIS data also cannot differentiate
between the readmission entries.
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Conclusions
In conclusion, we found that lung cancer patients under the age of 65 years had a significantly higher
incidence of VTE, pulmonary embolism, upper extremity VTE as well as abdominal and non-pulmonary VTE
and, therefore, may benefit from prophylactic anticoagulation. Also, there was a higher incidence of VTE
including pulmonary embolism, non-pulmonary thoracic VTE, abdominal VTE, upper and lower extremity
VTE in the African-American population as compared to Caucasians. 

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Nordström M, Lindblad B, Bergqvist D, Kjellström T: A prospective study of the incidence of deep-vein

thrombosis within a defined urban population. J Intern Med. 1992, 232:155-60. 10.1111/j.1365-
2796.1992.tb00565.x

2. Blom JW, Doggen CJ, Osanto S, Rosendaal FR: Malignancies, prothrombotic mutations, and the risk of
venous thrombosis. JAMA. 2005, 293:715-22. 10.1001/jama.293.6.715

3. Cronin-Fenton DP, Søndergaard F, Pedersen LA, et al.: Hospitalisation for venous thromboembolism in
cancer patients and the general population: a population-based cohort study in Denmark, 1997-2006. Br J
Cancer. 2010, 103:947-53. 10.1038/sj.bjc.6605883

4. Chew HK, Davies AM, Wun T, Harvey D, Zhou H, White RH: The incidence of venous thromboembolism
among patients with primary lung cancer. J Thromb Haemost. 2008, 6:601-8. 10.1111/j.1538-
7836.2008.02908.x

5. Connolly GC, Dalal M, Lin J, Khorana AA: Incidence and predictors of venous thromboembolism (VTE)
among ambulatory patients with lung cancer. Lung Cancer. 2012, 78:253-8. 10.1016/j.lungcan.2012.09.007

6. Blom JW, Osanto S, Rosendaal FR: The risk of a venous thrombotic event in lung cancer patients: higher
risk for adenocarcinoma than squamous cell carcinoma. J Thromb Haemost. 2004, 2:1760-5. 10.1111/j.1538-
7836.2004.00928.x

7. Haddad TC, Greeno EW: Chemotherapy-induced thrombosis. Thromb Res. 2006, 118:555-68.
10.1016/j.thromres.2005.10.015

8. Huang H, Korn JR, Mallick R, Friedman M, Nichols C, Menzin J: Incidence of venous thromboembolism
among chemotherapy-treated patients with lung cancer and its association with mortality: a retrospective
database study. J Thromb Thrombolysis. 2012, 34:446-56. 10.1007/s11239-012-0741-7

9. Alexander M, Kirsa S, Wolfe R, MacManus M, Ball D, Solomon B, Burbury K: Thromboembolism in lung
cancer - an area of urgent unmet need. Lung Cancer. 2014, 84:275-80. 10.1016/j.lungcan.2014.02.009

10. Khorana AA, Connolly GC: Assessing risk of venous thromboembolism in the patient with cancer . J Clin
Oncol. 2009, 27:4839-47. 10.1200/JCO.2009.22.3271

11. O'Keefe EB, Meltzer JP, Bethea TN: Health disparities and cancer: racial disparities in cancer mortality in
the United States, 2000-2010. Front Public Health. 2015, 3:51. 10.3389/fpubh.2015.00051

12. Patel MI, Wang A, Kapphahn K, et al.: Racial and ethnic variations in lung cancer incidence and mortality:
results from the Women's Health Initiative. J Clin Oncol. 2016, 34:360-8. 10.1200/JCO.2015.63.5789

13. Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC: Epidemiology of cancer-associated venous thrombosis .
Blood. 2013, 122:1712-23. 10.1182/blood-2013-04-460121

14. Zhang Y, Yang Y, Chen W, Guo L, Liang L, Zhai Z, Wang C: Prevalence and associations of VTE in patients
with newly diagnosed lung cancer. Chest. 2014, 146:650-8. 10.1378/chest.13-2379

15. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW: Development and validation of a predictive
model for chemotherapy-associated thrombosis. Blood. 2008, 111:4902-7. 10.1182/blood-2007-10-116327

2021 Bagchi et al. Cureus 13(9): e17769. DOI 10.7759/cureus.17769 4 of 4

https://dx.doi.org/10.1111/j.1365-2796.1992.tb00565.x
https://dx.doi.org/10.1111/j.1365-2796.1992.tb00565.x
https://dx.doi.org/10.1001/jama.293.6.715
https://dx.doi.org/10.1001/jama.293.6.715
https://dx.doi.org/10.1038/sj.bjc.6605883
https://dx.doi.org/10.1038/sj.bjc.6605883
https://dx.doi.org/10.1111/j.1538-7836.2008.02908.x
https://dx.doi.org/10.1111/j.1538-7836.2008.02908.x
https://dx.doi.org/10.1016/j.lungcan.2012.09.007
https://dx.doi.org/10.1016/j.lungcan.2012.09.007
https://dx.doi.org/10.1111/j.1538-7836.2004.00928.x
https://dx.doi.org/10.1111/j.1538-7836.2004.00928.x
https://dx.doi.org/10.1016/j.thromres.2005.10.015
https://dx.doi.org/10.1016/j.thromres.2005.10.015
https://dx.doi.org/10.1007/s11239-012-0741-7
https://dx.doi.org/10.1007/s11239-012-0741-7
https://dx.doi.org/10.1016/j.lungcan.2014.02.009
https://dx.doi.org/10.1016/j.lungcan.2014.02.009
https://dx.doi.org/10.1200/JCO.2009.22.3271
https://dx.doi.org/10.1200/JCO.2009.22.3271
https://dx.doi.org/10.3389/fpubh.2015.00051
https://dx.doi.org/10.3389/fpubh.2015.00051
https://dx.doi.org/10.1200/JCO.2015.63.5789
https://dx.doi.org/10.1200/JCO.2015.63.5789
https://dx.doi.org/10.1182/blood-2013-04-460121
https://dx.doi.org/10.1182/blood-2013-04-460121
https://dx.doi.org/10.1378/chest.13-2379
https://dx.doi.org/10.1378/chest.13-2379
https://dx.doi.org/10.1182/blood-2007-10-116327
https://dx.doi.org/10.1182/blood-2007-10-116327

	Increased Incidence of Thrombotic Complications With Non-small Cell Lung Cancer Necessitates Consideration of Prophylactic Anticoagulation in Young Individuals
	Abstract
	Introduction
	Age as a risk factor for VTE in lung cancer patients

	Materials And Methods
	Results
	TABLE 1: Incidence of VTE in lung cancer patients stratified based on their age (<65 years and ≥ 65 years).
	TABLE 2: Incidence of VTE in lung cancer patients stratified based on their ethnicity (African-Americans and Caucasians).

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


