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Radiation therapy (RT) is one of the common and widely used treatment method for thyroid tumors. Considering that the thyroid is located close to the heart, the radiation generated during the treatment of thyroid tumors may have an adverse greater impact on the heart. This study is to explore the influencing factors, especially additional effects of RT, on cardiac-specific death among patients with malignant thyroid tumors. Collecting information from the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database using SEER*Stat. Patients with malignant thyroid tumors were searched, whether receiving RT or not. Ultimately, 201, 346 eligible patients were included. Propensity Score Matching (PSM) was used to minimize bias of baseline characteristics by adjusting for confounding factors. COX (proportional hazards) and fine-gray (competing risk) model regression analysis were used to explore the effects of various influencing factors on cardiac-specific death. The present analysis showed that, compared with non-RT, RT based upon radioactive implants and beam radiation were associated with lower risk of cardiac-specific death in patients with thyroid malignancy, beam radiation therapy may had a similar effect. Besides, the remaining RT methods did not significantly increase the risk of cardiac-specific death. In addition, Asian or Pacific Islander ethnicity, female sex, marital status, combined summary stage (localized, regional, and distant), high-income, and later year of diagnosis were associated with lower risk of cardiac-specific death. While older age of diagnosis, African ethnicity, non-Hispanic ancestry, and derived AJCC stage (IV) were risk factors for cardiac-specific death. These results help to identify the factors influencing cardiac-specific death among patients with thyroid malignancies. Furthermore, it may helps to improve the clinical application of RT without too much concern about adverse cardiac effects.
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Introduction

While radiation therapy (RT) can improve the condition of patients with cancer, it can also cause harmful off-target side, such as radiation-induced heart diseases, which presents a major concern in cancer therapy. Under the course of RT treatment – particularly for malignant tumors – the accumulation of high doses of radiation can lead to delayed-onset cardiac damage and, in some cases, cardiac death, which can occur years or even decades after radiation exposure (1). Current studies have demonstrated that RT significantly increases the risk of cardiac death in some tumors (2–4), as RT is widely used in the treatment of thyroid tumors (5), and considering that the thyroid is located near the heart, the present study sought to explore whether RT in the context of thyroid cancer treatment may be associated with increased rates of cardiac-specific death.

The National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database is a population-based coordinated state cancer registry that collates the demographic and clinical information of cancer patients from multiple regions of the United States. Therefore, the SEER database is a potentially useful resource for exploring the cardiac complications of RT among patients with malignant thyroid tumors (6). In this study, we explored the incidence of post-radiation cardiovascular complications in patients with malignant thyroid tumors and identify the influencing factors of cardiac-specific death by collecting data from SEER databases (7, 8).



Patients and methods


Patient selection

The “Incidence” package of SEER database was accessed using SEER*Stat (version 8.4.0.1), and the data of patients with malignant thyroid tumors, whether receiving RT or not, from 2000 to 2019 was retrieved. Cardiac-specific death was defined as all deaths due to heart disease. Those who were unsure whether to receive RT were excluded. Ethical approval and patient consent were not required since the SEER data is publicly available (9).



Statistical analysis

Patients were divided into RT and non-RT groups, according to whether or not they received radiation therapy. Firstly, we calculated the differences in baseline characteristics of the two groups, and then used regression analysis to explore the factors influencing cardiac-specific death. The missing data were filled with multiple imputation. Categorical variables were expressed as frequencies and proportions, which were compared by chi-square or Fisher’s exact test. Continuous variables were expressed as mean ± SD and compared by t-test if also homoscedastic. Otherwise, these variables were expressed as median and compared by Mann-Whitney U test. After verifying that the variables meet the equal-proportional hazards assumption, COX (proportional hazards) and Fine-Gray (competing risk) model regression analysis were used to explore the factors influencing cardiac-specific death. All statistical tests were two-sided, and P < 0.05 was considered statistically significant. SPSS (version, 27.0; SPSS, Chicago, IL, USA) and STATA (version, 17.0; STATA, TX, USA) were used for all statistical analyses.



Propensity score matching

Propensity score matching (PSM) has been widely used to improve comparability between groups in observational studies by adjusting for confounding factors (10). A propensity 1:1 matching analysis was performed using SPSS to minimize bias, followed by the statistical analyses as described above.




Results


Patient characteristics

Ultimately, 201, 346 eligible patients were included in this study. The average age of patients at diagnosis was around 50 years old, and the patients were predominantly White ethnicity, non-Hispanic ancestry, female sex, marital status, and middle-income. About 44% of patients received various types of RT, the vast majority of patients received surgery, and very few patients were treated by chemotherapy. There were significant differences in all characteristics (Table 1).


TABLE 1    Characteristics of patients included in non-malignant tumor patients.
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After PSM (1:1), 129, 668 patients still retaining, and the distribution of baseline characteristics of the population were similar to before matching. The two groups became statistically indistinguishable in variables of race, origin, and sex, and the differences in other variables also decreased to a certain extent compared to pre-PSM (Table 1).



Effects of radiation therapy on cardiac-specific death before propensity score matching

Multivariate COX regression analysis showed that RT {yes (hazard ratio [HR] = 0.771, 95% confidence interval [CI] = 0.713–0.833, p < 0.001) vs. no} was associated with a lower risk of cardiac-specific death among patients with malignant thyroid tumors (Figure 1A). Results of group analysis by type of RT received showed that RT based upon radioisotopes (HR = 0.762, CI = 0.702–0.826, p < 0.001) and radioactive implants (HR = 0.51, CI = 0.311–0.835, p = 0.007) could reduce the risk of cardiac-specific death with statistical significance. Conversely, RT based upon combination of beam with implants or isotopes (HR = 1.003, CI = 0.636–1.581, p = 0.99), as well as RT cases where the type was NOS (not otherwise specified) method (HR = 1.094, CI = 0.604–1.981, p = 0.766), could increase the risk of cardiac-specific death – albeit not with statistical significance, while beam radiation (HR = 0.885, CI = 0.706–1.109, p = 0.288) therapy alone could reduce the risk of cardiac-specific death, although again not with statistical significance (Figure 1B). The effects of RT on cardiac-specific death were consistent between the Fine-Gray and COX models of regression analysis, with the exception of beam radiation ([HR = 0.638, CI = 0.509–0.800, p < 0.001] vs. [HR = 0.885, CI = 0.706–1.109, p = 0.288]) alone (Figure 2 and Table 2).
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FIGURE 1
Cumulative risk of cardiac-specific death related to radiation therapy (RT) before propensity score matching (PSM) (the curves of “no radiation” and “beam with implants or radioisotopes” are overlapping and may not be drawn separately). The Y-axis of each panel shows the cumulative risk of cardiac-specific death and the X-axis shows the time since diagnosis in months. Each line represents the cumulative risk of cardiac-specific death in patients after receiving a treatment. (A) Cumulative risk of cardiac-specific death in patients with receiving and not receiving radiotherapy. (B) Cumulative risk of cardiacspecific death in patients with not receiving radiotherapy and receiving different modalities of radiotherapy.
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FIGURE 2
Cumulative incidence rate of cardiac-specific death related to radiation therapy (RT) before propensity score matching (PSM) (the curves of “radioactive isotopes” and “beam with implants or isotopes” are overlapping and may not be drawn separately). The Y-axis of each panel shows the cumulative risk of cardiac-specific death and the X-axis shows the time since diagnosis in months. Each line represents the cumulative risk of cardiac-specific death in patients after receiving a treatment. (A) Cumulative risk of cardiac-specific death in patients with receiving and not receiving radiotherapy. (B) Cumulative risk of cardiacspecific death in patients with not receiving radiotherapy and receiving different modalities of radiotherapy.



TABLE 2    Multivariate regression analyses before propensity score matching.
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Other influencing factors for cardiac-specific death before propensity score matching

Multivariate COX model regression analysis showed that race (Asian or Pacific Islander ethnicity [HR = 0.653, CI = 0.562–0.758, p < 0.001] vs. White ethnicity), sex (female [HR = 0.482, CI = 0.448–0.520, p < 0.001] vs. male), marital status (married [HR = 0.558, CI = 0.503–0.619, p < 0.001], DSW (divorced, separated, and widowed) [HR = 0.866, CI = 0.772–0.971, p = 0.014] vs. single), combined summary stage (localized [HR = 0.707, CI = 0.606–0.825, p < 0.001], regional [HR = 0.764, CI = 0.630–0.926, p = 0.006] vs. in situ), surgery (yes [HR = 0.462, CI = 0.407–0.523, p < 0.001] vs. no), income (≥75,000 [HR = 0.662, CI = 0.496–0.885, p = 0.005] vs. ≤35,000), and histologic type (8000–8009 [HR = 0.692, CI = 0.5316–0.903, p = 0.007] vs. 8260–8269) were associated with lower risk of cardiac-specific death, while older age of diagnosis (HR = 1.097, CI = 1.094–1.101, p < 0.001), race (African ethnicity [HR = 1.4, CI = 1.237–1.585, p < 0.001] vs. White ethnicity), Origin (non-Hispanic ancestry [HR = 1.19, CI = 1.055–1.343, p = 0.005] vs. Hispanic ancestry), derived AJCC stage (IV [HR = 1.339, CI = 1.143–1.569, p < 0.001] vs. I), and histologic type (8330–8339 [HR = 1.159, CI = 1.008–1.331, p = 0.038] and 8050–8059 [HR = 1.215, CI = 1.072–1.377, p = 0.002] vs. 8260–8269) were risk factors for cardiac-specific death.

All variables tested for their impact on cardiac-specific death–with the exception of the year of diagnosis, derived AJCC stage group (II), combined summary stage (distant), histologic type (8330–8339, 8020–8029, 8010–8019)–were in agreement between the Fine-Gray and COX models of regression analysis (Table 2).



Effects of radiation therapy on cardiac-specific death after propensity score matching

Multivariate COX model regression analysis showed that RT {yes (HR = 0.770, 95%, CI = 0.704–0.843, p < 0.001) vs. no} was associated with a lower risk of cardiac-specific death among patients with malignant thyroid tumors (Figure 3A). Results of group analysis by the types of RT received showed that RT based upon radioisotopes (HR = 0.764, CI = 0.696–0.839, p < 0.001) and radioactive implants (HR = 0.596, CI = 0.357–0.992, p = 0.047) could reduce the risk of cardiac-specific death with statistical significance. Conversely, RT based upon combination of beam with implants or isotopes (HR = 1.033, CI = 0.597–1.788, p = 0.908) therapy, as well as RT cases where the type was NOS (not otherwise specified) method (HR = 1.079, CI = 0.559–2.083, p = 0.821), could increase the risk of cardiac-specific death – albeit not with statistical significance, while beam radiation (HR = 0.829, CI = 0.631–1.089, p = 0.179) therapy alone could reduce the risk of cardiac-specific death, although again not with statistical significance (Figure 3B). The effects of RT on cardiac-specific death were consistent between the Fine-Gray and COX model of regression analysis, with the exception of beam radiation ([HR = 0.619, CI = 0.471–0.815, p = 0.001] vs. [HR = 0.829, CI = 0.631–1.089, p = 0.179]) and radioactive implants ([HR = 0.634, CI = 0.385–1.044, p = 0.073] vs. [HR = 0.596, CI = 0.357–0.992, p = 0.047]; Figure 4 and Table 3).
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FIGURE 3
Cumulative risk of cardiac-specific death related to radiation therapy (RT) after propensity score matching (PSM). The Y-axis of each panel shows the cumulative risk of cardiac-specific death and the X-axis shows the time since diagnosis in months. Each line represents the cumulative risk of cardiac-specific death in patients after receiving a treatment. (A) Cumulative risk of cardiac-specific death in patients with receiving and not receiving radiotherapy. (B) Cumulative risk of cardiacspecific death in patients with not receiving radiotherapy and receiving different modalities of radiotherapy.
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FIGURE 4
Cumulative incidence rate of cardiac-specific death related to radiation therapy (RT) after propensity score matching (PSM) (the curves of “radioactive isotopes” and “beam with implants or isotopes” are overlapping and may not be drawn separately, as was the curves of “beam” and “radioactive implants”). The Y-axis of each panel shows the cumulative risk of cardiac-specific death and the X-axis shows the time since diagnosis in months. Each line represents the cumulative risk of cardiac-specific death in patients after receiving a treatment. (A) Cumulative risk of cardiac-specific death in patients with receiving and not receiving radiotherapy. (B) Cumulative risk of cardiacspecific death in patients with not receiving radiotherapy and receiving different modalities of radiotherapy.



TABLE 3    Multivariate regression analyses after propensity score matching.
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Other influencing factors for cardiac-specific death after propensity score matching

Multivariate COX model regression analysis showed that race (Asian or Pacific Islander ethnicity [HR = 0.654, CI = 0.545–0.785, p < 0.001] vs. White ethnicity), sex (female [HR = 0.462, CI = 0.421–0.507, p < 0.001] vs. male), marital status (married [HR = 0.533, CI = 0.468–0.607, p < 0.001] vs. single), combined summary stage (localized [HR = 0.697, CI = 0.575–0.846, p < 0.001], regional [HR = 0.689, CI = 0.542–0.877, p = 0.002], distant [HR = 0.690, CI = 0.501–0.951, p = 0.023] vs. in situ), surgery (yes [HR = 0.508, CI = 0.401–0.645, p < 0.001] vs. no), and income (≥75,000 [HR = 0.592, CI = 0.398–0.880, p = 0.01] vs. ≤35,000) were associated with lower risk of cardiac-specific death, while older age of diagnosis (HR = 1.101, CI = 1.096–1.105, p < 0.001), race (African ethnicity [HR = 1.351, CI = 1.145–1.593, p < 0.001] vs. White ethnicity), Origin (non-Hispanic ancestry [HR = 1.228, CI = 1.059–1.425, p = 0.007] vs. Hispanic ancestry), derived AJCC stage (IV [HR = 1.673, CI = 1.369–2.045, p < 0.001] vs. I), and histologic type (8050–8059 [HR = 1.259, CI = 1.08–1.467, p = 0.003] vs. 8260–8269) were risk factors for cardiac-specific death.

All variables tested for their impact on cardiac-specific death – with the exception of the year of diagnosis, surgery, income, histologic type (8020–8029) – were in agreement between the Fine-Gray and COX models of regression analysis (Table 3).




Discussion

Previous studies have reported that patients with thyroid cancer have no increased risk of dying from cardiovascular disease relative to the general population, but differences have been shown depending on the year, and the highest rates of heart disease-specific survival across various cancer types is observed in patients with thyroid cancer (11–13). Of course, there are also studies with opposite results showing a significant increase in cardiovascular as well as all-cause mortality in patients with thyroid cancer (14). These discrepancies may in part be due to variable patient baseline characteristics as some studies did not fully consider the effect of use or type of RT. Additionally, histological variations can also lead to different survival outcomes as the results of our study showed. Although previous studies have shown that patients with thyroid cancer may not have an increased risk of cardiovascular death as same as other cancers, the exact cause of this has not been clarified. Our study unexpectedly found that RT based upon beam radiation, radioisotopes and radioactive implant may be associated with lower risk of cardiac-specific death in patients with malignant thyroid tumors. Considering that 43.7% of patients received above three types of RT, we speculate that perhaps the low risk of cardiac-specific death in patients with thyroid cancer was associated with RT. Additionally, before PSM, the incidence of cardiac-specific death was lower in the RT group than in the non-RT group (1.2 vs. 1.8%, p < 0.001), with the incidence of cardiac death being lower in the groups of beam radiation (2.1%) and combination of beam with implants or isotopes (2.8%), NOS method or source not specified (2.0%) had higher incidences of cardiac death than the non-RT group, and the incidences of cardiac-specific death in groups receiving radioactive implants (1.1%) and radioisotopes (1.2%) were lower than that in the non-RT group (1.8%), but only the group receiving radioisotopes therapy reached statistical difference. The situation after PSM was similar to that before PSM, except for groups receiving NOS method or source not specified or combination of beam with implants or isotopes, RT based upon beam radiation, radioactive implants and radioisotopes reduced the risk of cardiac-specific death compared to non-RT. These results reflect the role of RT in decreasing the cardiac-specific deaths of patients with malignant thyroid tumors in a side-by-side manner, contradicting previous concept that RT generally increases cardiac-specific death. We know that everything has two sides, the overall effect is reflected in the offset of the positive and negative effects, and RT is no exception. RT can lead to direct toxic and negative effects on the heart, of course, it can also bring positive effects on the heart. The effect of radiation on the heart may be caused in a variety of ways, of course, the exact mechanism still needs further research. In addition, our study found some differences in the effects of different modalities of RT on the heart, after adjusting for multivariate confounding variables, i.e., RT based upon radioisotopes and radioactive implants were associated with lower risk of cardiac-specific death, beam radiation may had a similar effect, and the remaining RT methods did not significantly increase the risk of cardiac-specific death after comprehensive consideration. We think the result of radioisotopes is more credible as far more people (92.4%) receive this form of treatment than any others. In addition to effective treatment, internal RT can produce a better killing effect on cancer cells while minimizing non-targeted irradiation to surrounding healthy tissue (15).

Cancer patients have a consistently higher risk of death due to cardiovascular diseases compared to the general United States population, and this risk is inversely related to the age at diagnosis (11). Our study found that this trend also applies to patients with thyroid cancer. Previous studies have also shown that cardiovascular mortality is usually higher among patients with African ancestry, and lower among patients with Caucasian, Asian and Hispanic ancestry (16). Consistent with this, we found that Caucasian, Asian or Pacific Islander, and Hispanic ancestry were protective factors in reducing post-radiation cardiac-specific death in patients with malignant thyroid tumors, while African ancestry was a risk factor. Previous studies have shown that women have lower risk factors for most causes of death (17), a self-reported “good marital status” is a protective factor for reducing cardiovascular events, and being single, experiencing marital stress, or experiencing a divorce all increase risk of cardiovascular death (18, 19). Our results also showed that female sex and marital status were protective factors of radiation-induced cardiac-specific death in our cohort. Lower socioeconomic status may also continue to contribute to increased cancer rates and increased risk of death from cardiovascular disease in cancer survivors (20). Our study showed that higher income could reduce the risk of cardiac-specific death in patients with malignant thyroid tumors, but without statistical significance after PSM. It is possible that this may be due to bias before the PSM, as PSM could correct for some deviations in baseline characteristics of the two groups. In addition, hypofractionated or dedifferentiated cancer (histological type 8020–8029) was associated with a lower risk of cardiac-specific death in our study. Except for higher age (average age about 50 years old), patients included were predominantly Caucasian, female sex, non-Hispanic ancestry, marital status, Derived AJCC Stage Group I, non-chemotherapy, and moderate to high income, all of which were associated with a lower risk of cardiovascular mortality. Thus, the population included in this study was considered to have a lower risk of cardiovascular mortality, and the influence of confounding factors on the effect of RT action was small.

The primary differences between the results of the COX and Fine-Gray model analyses were that the statistical difference between the effect of surgery and radioactive implant treatments on cardiac-specific death were lost, Additionally, later year of diagnosis and receipt of beam radiation therapy became significant protective factors in reducing cardiac-specific death in the Fine-Gray model analysis, unlike in the COX model analysis. This may be caused by the different effects of the models, as the Fine-Gray model has the advantages of analysis and the results are more reliable in the presence of competitive death.



Limitation

Although this is the first study analyzing the effect of different types of RT on the risks of cardiac-specific death in patients with malignant thyroid tumors, it has a very severe limitation that ought to be considered. The SEER database is not allowing to evaluate any kind of clinical characteristics, like cardiovascular risk factors, type of cardiac deaths, comorbidities and so on. This limitation prevent us from analysing the results according to cardiovascular risk factors and clarifying the causes of death. Hence, our results only suggest (not demonstrating) that RT may not be dangerous or may be protective for the heart.



Conclusion

This study showed the factors influencing cardiac-specific death in patients with thyroid malignancies, and found a phenomenon whereby radioisotopes and radioactive implant therapies were associated with reduced risks of cardiac-specific death in patients with thyroid malignancy. Thus, our results may suggest additional effects of radiation on the heart that differ across different types of RT. These results lay the foundation for identification of the risk factors of cardiac-specific death among patients with thyroid malignancies after undergoing RT, and may allowing improvement of the clinical application of RT in thyroid malignancies without as much concern regarding adverse cardiac effects. Importantly, however, these findings should be confirmed by special randomized controlled trials.
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