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Background: Radiotherapy plays an important role in the treatment of lung cancer. However, radiation-related deaths from cardiovascular disease (CVD) are a concern in these patients, and few studies have examined CVD-related death associated with lung cancer. We aimed to evaluate the risk of CVD-related death after radiotherapy in patients with lung and bronchus cancer.

Methods: Data were extracted from the surveillance, epidemiology, and end results database. Propensity score matching (PSM) was applied to reduce possible bias between patients who received radiotherapy and those who did not. The Kaplan–Meier method was used to estimate cardiovascular-specific survival (CVSS), and the log-rank test was used to compare CVSS between the radiotherapy and no radiotherapy groups. Cox proportional hazards regression analysis was performed to estimate the hazard ratio (HR) of CVD-related death.

Results: A total of 225,570 patients with lung and bronchus cancer were included, and 201,282 patients remained after PSM. Radiotherapy was identified as an independent risk factor for CVSS among patients with lung and bronchus cancer before PSM (HR: 1.18, P < 0.001) and after PSM (HR: 1.18, P < 0.001). Patients treated with radiotherapy had a significantly worse CVSS than those who did not receive radiotherapy before PSM (25-year CVSS: 49.9 vs. 56.4%, P = 0.002) and after PSM (25-year CVSS: 48.4 vs. 56.7%, P < 0.001). Radiotherapy was associated with more deaths from heart disease before PSM (81.9 vs. 77.2%, P < 0.001) and after PSM (83.0 vs. 78.7%, P < 0.001).

Conclusion: Radiotherapy is associated with an increased risk of CVD-related death, especially death from heart disease, in patients with lung and bronchus cancer. More efforts are needed to monitor cardiovascular health after radiotherapy.
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1. Introduction

Cancer-related mortality is the most common cause of death in lung cancer patients (1). Lung cancer patients are usually treated with a combination of surgery, chemotherapy, and radiation (2). This high-intensity treatment strategy may increase morbidity and mortality associated with cardiovascular diseases (CVDs). However, few studies have examined CVD-related death associated with lung cancer.

Increased radiation-related cardiotoxicity has been observed in some patients with solid tumors during long-term follow-up, with an incubation period of more than 10 years (3, 4). This increased risk of CVD begins within the first 5 years after radiotherapy and increases over time, lasting more than 20 years (5, 6). As a result, radiation strategies are constantly updated, and modern radiation techniques have been improved to reduce the morbidity and mortality of CVD (7, 8). However, CVD remains the second leading cause of death in patients with lung cancer (9–11).

Current studies are limited by small sample sizes, inconsistent endpoints, and variable baseline cardiac risk assessments (12, 13). Therefore, given the improved prognosis of lung cancer and clinically significant cardiac events after radiotherapy, there is an urgent need to improve cardiac risk assessment, use valid cardiac endpoints, identify predictors, and minimize risk-reduction strategies through optimized radiotherapy. The aim of this study was to evaluate the risk of CVD-related death after radiotherapy in patients with lung and bronchus cancer.



2. Materials and methods


2.1. Patient selection

This retrospective study extracted data from the surveillance, epidemiology, and end results (SEER) database,1 which covers approximately 28% of the USA population. The cause of death was classified using the international classification of diseases-9 code, and CVD was coded as diseases of the heart, hypertension, cerebrovascular disease, atherosclerosis, aortic aneurysm/dissection, and other diseases of the arteries, arterioles, or capillaries. All procedures involving human participants were ethically conducted according to national research standards committees and the 1975 declaration of Helsinki or similar ethical standards. This study did not require ethical approval.

Lung and bronchus cancer cases diagnosed as first primary malignant tumors between 1 January 1985 and 31 December, 2014 were collected. We excluded patients with a survival time of less than 2 months, unknown race, or unknown stage.



2.2. Statistical analysis

Propensity score matching (PSM) was applied to reduce possible bias from non-randomized treatment assignments. We matched patients based on sex, age at diagnosis, and year of diagnosis. The Chi-square test was used to compare the baseline distribution of patients with lung and bronchus cancer in the radiotherapy and no radiotherapy groups. Univariate and multivariate Cox proportional regression analyses were performed to identify independent risk factors for cardiovascular-specific survival (CVSS). The Kaplan–Meier method was used to analyze CVSS, and the log-rank test was used to compare survival between the radiotherapy and no radiotherapy cohorts.




3. Results


3.1. Patient characteristics before and after PSM

A total of 225,570 patients with lung and bronchus cancer were extracted from the SEER database, of whom 11,871 died of CVD. Detailed information on the patient characteristics is presented in Table 1. A total of 112,621 patients received radiotherapy and were included in the radiotherapy group, and 112,949 patients did not receive radiotherapy and were included in the no radiotherapy group. After PSM, 201,282 patients with lung and bronchus cancer were included: 100,641 patients in the radiotherapy group and 100,641 patients in the no radiotherapy group. Among these patients, 10,795 died of CVD. Detailed information on patient characteristics after PSM is shown in Table 2.


TABLE 1    Baseline characteristics before PSM.
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TABLE 2    Baseline characteristics after PSM.
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3.2. Association between radiotherapy and CVSS

In univariate and multivariable Cox proportional hazards regression analyses before PSM, radiotherapy was an independent risk factor for CVSS among patients with lung and bronchus cancer [hazard ratio (HR): 1.18, 95% confidence interval (CI): 1.13–1.23, P < 0.001] after adjusting for race, sex, age at diagnosis, year of diagnosis, stage, and administration of chemotherapy (Table 3). After PSM, radiotherapy was still an independent risk factor for CVSS among patients with lung and bronchus cancer (HR: 1.18, 95% CI: 1.13–1.23, P < 0.001) (Table 4).


TABLE 3    Cox proportional hazards regression analyses for CVSS before PSM.
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TABLE 4    Cox proportional hazards regression analyses for CVSS after PSM.
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Furthermore, univariate Cox proportional hazards regression analyses were conducted for subgroup analyses. The forest plots summarize the HRs and 95% CIs comparing radiotherapy with no radiotherapy before PSM (Figure 1) and after PSM (Figure 2). Radiotherapy was associated with worse CVSS in most subgroups, except in patients aged > 80 years (before PSM, HR: 0.91, 95% CI: 0.83–0.99, P = 0.037; after PSM, HR: 0.85, 95% CI: 0.77–0.94, P = 0.001) and those with distant stage (before PSM, HR: 0.67, 95% CI: 0.62–0.72, P < 0.001; after PSM, HR: 0.71, 95% CI: 0.66–0.77, P < 0.001).
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FIGURE 1
Cox proportional hazards regression analyses for subgroups before PSM. PSM, propensity score matching.
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FIGURE 2
Cox proportional hazards regression analyses for subgroups after PSM. PSM, propensity score matching.




3.3. CVSS comparison in patients who did and did not receive radiotherapy

The Kaplan–Meier method was used to estimate the long-term CVSS in patients with lung and bronchus cancer (Figure 3). Patients receiving radiotherapy had significantly worse CVSS than those not receiving radiotherapy (before PSM, 25-year CVSS: 49.9 vs. 56.4%, P = 0.002; after PSM, 25-year CVSS: 48.4 vs. 56.7%, P < 0.001). Subgroup analyses showed similar results (Supplementary Figures 1–12); patients who underwent radiotherapy had significantly worse CVSS in most subgroups, except for patients > 80 years (before PSM, 20-year CVSS: 20.0 vs. 13.4%, P = 0.037; after PSM, 20-year CVSS: 20.0 vs. 13.0%, P = 0.001) and those with distant metastasis (before PSM, 29-year CVSS: 57.4 vs. 51.8%, P < 0.001; after PSM, 29-year CVSS: 54.4 vs. 52.8%, P < 0.001).
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FIGURE 3
Cardiovascular-specific survival between the radiotherapy and no radiotherapy groups. (A) Before PSM; (B) after PSM. PSM, propensity score matching.




3.4. Different causes of CVD-related death

We used the Chi-square test to compare different causes of CVD-related death in patients with lung and bronchus cancer who did and did not receive radiotherapy (Figure 4). The results demonstrated that deaths from heart disease were more common in the radiotherapy group than in the no radiotherapy group (before PSM: 81.9 vs. 77.2%, P < 0.001; after PSM: 83.0 vs. 78.7%, P < 0.001). However, fewer patients who underwent radiotherapy died of other types of CVD before and after PSM.
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FIGURE 4
The proportions of different causes of CVD-related death between the radiotherapy and no radiotherapy groups. (A) Before PSM; (B) after PSM. CVD, cardiovascular disease; PSM, propensity score matching.





4. Discussion

In this large population-based study, there was a significant association between radiotherapy and CVD-related death, and radiotherapy increased the risk of CVD-related death in patients with lung and bronchus cancer. Most stratified analyses found that radiotherapy was associated with a worse CVSS, and radiotherapy was associated with an increased risk of death from heart disease. We then performed PSM to reduce possible bias from non-randomized treatment assignments, and similar results were found after PSM.

Cardiovascular disease is the leading cause of non-cancer death among patients with various solid tumors (14, 15) and the highest cause of non-tumor death in lung cancer, even surpassing tumors as the leading cause of death in patients with early stage disease (16–18). Radiotherapy might play an important role in promoting CVD by increasing cardiotoxicity (19). Time-dependent cardiotoxicity usually appears in the second year after radiotherapy, with a typical incubation period of more than 10 years, and the incidence increases with the cardiac dose (20, 21). However, previous studies may have overlooked the risk of CVD deaths in lung and bronchus cancer patients who underwent radiotherapy because of small sample sizes and short time spans. To address these limitations, this study enrolled more than 200,000 patients with lung and bronchus cancer between 1985 and 2014, of whom nearly 50% underwent radiotherapy. The longer time span allowed for the inclusion of more patients, which facilitated a comprehensive analysis of the risk of CVD-related death in patients with lung and bronchus cancer. Consistent with the results of previous studies, we observed that radiotherapy increased the risk of CVD-related death in patients with lung and bronchus cancer. Furthermore, the application of PSM reduced possible bias and confounding variables, and a more accurate comparison yielded the same results, which proves the credibility of this study.

The underlying mechanism of radiation-induced CVD may be related to early microvascular changes and late macrovascular atherosclerosis induced by direct cardiac irradiation and radiotherapy (22, 23). Typical characteristics include fibrosis and calcification of the aortic root and wall, stenosis of the coronary orifice, myocardial atrophy, and extensive pericardial adhesion (24).

Radiation strategies have changed over the past few decades, which might influence the risk of CVD-related death in cancer patients (25, 26). Modern radiation techniques and doses have been modified to reduce the incidence and mortality of CVD (27, 28). Therefore, it is believed that patients with lung and bronchus cancer who were diagnosed more recently will have a decreased risk of CVD-related death following radiotherapy. However, our results demonstrated that radiotherapy was associated with a worse CVSS after PSM in patients treated between 2005 and 2014. In line with the results of previous studies, we showed that radiotherapy increased the risk of CVD-related death in patients with lung cancer who were diagnosed more recently (19, 29, 30). Hence, cardiovascular health should be monitored for a long time after radiotherapy for lung and bronchus cancer. The European Society for Medical Oncology also recommends screening before anticancer therapy, such as baseline cardiac biomarker measurement, electrocardiography, and left ventricular ejection fraction tests (26).

Aging has profound effects on the structure and function of blood vessels (31, 32). As people age, there are usually changes in the cardiovascular system that can lead to CVD (32). Therefore, advanced age might contribute to increased morbidity and mortality associated with CVD. Radiotherapy may further increase the burden on the heart and blood vessels. However, our results suggested that radiotherapy was associated with better CVSS among lung and bronchus cancer patients over 80 years of age, whereas it was associated with worse CVSS in younger patients. Previous studies have also demonstrated that older patients with lung cancer have better CVSS after radiotherapy (33, 34). One possible explanation for this phenomenon is that older patients are more likely to forgo radiotherapy in consideration of adverse events, which might increase the number of CVD deaths in patients without radiotherapy. Another explanation could be a loss to follow-up or an incorrect cause of death. Previous studies have suggested that a subset of cancer patients die without disease progression or distant metastasis, which cannot be attributed to death from cancer (35). Nearly one-third of the causes of death may be incorrect, and half are determined from autopsy reports (35, 36). In addition, advanced age is often accompanied by preexisting CVD (37, 38), which is associated with an increased risk of CVD-related death. Therefore, the results regarding the effect of radiotherapy on CVD-related death in older patients should be carefully interpreted.

After stratifying by stage at diagnosis, we observed that radiotherapy improved CVSS in patients with distant metastasis, which is consistent with the results of previous studies (39, 40). Tumors are the leading cause of death in cancer patients with distant metastasis (41). Because radiation-related cardiovascular death often occurs 10 years after radiotherapy, the short survival time in patients with distant metastasis might misjudge the effect of radiotherapy on CVD-related death (25, 42, 43). In addition, treatment is complicated in patients with advanced cancer and depends on the metastatic organs, extent of invasion, and genetic or protein changes (44, 45). Targeted therapy and immunotherapy may also affect the survival outcomes of patients with advanced cancer, but information on treatment could not be obtained from the SEER database. Because of the heterogeneity of advanced cancer and the disunity of the treatment strategy, more studies are needed to determine the true effect of radiotherapy on lung and bronchus cancer patients with distant metastasis.

This study had some limitations. First, previous studies have demonstrated that cardiotoxicity in lung cancer patients receiving radiotherapy was independently associated with cardiac dose, including total cardiac dose, average cardiac dose, fractionation schedule, and percentage of heart-received radiation (46). In order to reduce the occurrence of cardiac adverse events in thoracic neoplasms, the national comprehensive cancer network clinical practice guidelines in oncology for esophageal and esophagogastric junction cancer set the average cardiac dose at 30 Gy. Still, the latest study suggests that an average cardiac dose of less than 15 Gy can reduce severe cardiac events (47). Hence, radiation dose was critical to CVD-related death. But detailed information on radiation techniques and doses, which can influence the incidence of CVD-related death, was not provided in the SEER database. And this limitation restricted the further exploration of the association between radiation dose and risk of CVD-related death, which need prospective studies to verify the results. Second, the SEER database did not provide information on comorbidities and preexisting CVD, which are independent risk factors for CVD-related death. Third, this was a retrospective study with possible biases and confounding variables. Although PSM was performed, prospective randomized controlled studies are required to validate our results.



5. Conclusion

This study suggests that radiotherapy is associated with worse CVSS in patients with lung and bronchus cancer, which emphasizes the importance of long-term monitoring of cardiovascular health in patients after radiotherapy.
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