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Background: Previous studies have demonstrated that patients with a cancer diagnosis have an elevated risk of suicide and cardiovascular death. However, the effects of the diagnosis of multiple primary cancers (MPCs) on the risk of suicide and cardiovascular death remain unclear. This study aimed to identify the risk of suicide and cardiovascular death among patients with MPCs in the United States.

Methods: Patients with a single or MPC(s) between 1975 and 2016 were selected from the Surveillance, Epidemiology, and End Results database in a retrospective cohort study. Mortality rates and standardized mortality ratios (SMRs) of suicides and cardiovascular diseases among patients with MPCs were estimated.

Results: Of the 645,818 patients diagnosed with MPCs included in this analysis, 760 and 36,209 deaths from suicides and cardiovascular diseases were observed, respectively. The suicide and cardiovascular-disease mortality rates were 1.89- (95% CI, 1.76–2.02) and 1.65-times (95% CI, 1.63–1.67), respectively, that of the general population. The cumulative mortality rate from both suicides and cardiovascular diseases among patients with MPCs were significantly higher than those of patients with a single primary cancer (Both p < 0.001). In patients with MPCs diagnosed asynchronously, the cumulative incidence rates of suicides and cardiovascular deaths were higher than those diagnosed synchronously. Among all MPCs, cancers of the pancreas and esophagus had the highest SMRs of suicide (5.98 and 5.67, respectively), while acute myeloid leukemia and brain cancer had the highest SMRs of cardiovascular diseases (3.87 and 3.62, respectively). The SMR of suicide was highest within 1 year after diagnosis, while that of cardiovascular diseases was highest 5 years after diagnosis.

Conclusions: This study showed that the mortality rates from suicides and cardiovascular diseases among patients with MPCs were higher than those with a single primary cancer. Therefore, our results underscore the need for psychological assessment and targeted preventive interventions for suicides and cardiovascular diseases among patients with MPCs.
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INTRODUCTION

As a consequence of improved cancer screening and treatments, there is a growing and aging population of cancer survivors. The amount of Americans living with cancer is predicted to reach 20.3 million people by 2026 (1, 2). However, compared to the general population, the elder age, genetic factors, and carcinogenic effects from anti-cancer treatment in cancer survivors will significantly contribute to the risks of developing new primary cancers (2, 3), which will, in turn, become the major life-threatening in cancer survivors. It is reported that MPCs accounts for 18.4% of all incident cancer diagnoses in the USA (4), and nearly 10% of cancer survivors are estimated to be with MPCs (5). Therefore, strengthening the comprehensive cognition of MPC patients' survivorship is an important part of optimizing the care of cancer patients and consolidating the medical effect. However, the researches on the description of survivorship of patients with MPCs remain limited.

Cancer patients had perpetually increased risks of suicide and serious cardiovascular death (CVD), either from shared lifestyles or from toxicities of cancer treatment (6–8). Previous studies have demonstrated that patients with a diagnosis of cancer are at high levels of distress and psychiatric symptoms (9–11). However, these studies are limited to the group of patients with single primary cancer (SPC). The effects of the diagnosis of MPCs on the risk of suicide and cardiovascular death remain largely unclear.

In this study, we conducted a population-based analysis to characterize the patterns and risk factors of deaths from suicides and cardiovascular events among patients with MPCs in the United States. Our findings will facilitate clinicians to screen patients with MPCs who are at high risk of suicide and cardiovascular death and provide personalized psychiatric care and better decision-making for cancer treatment.



METHODS


Data Sources and Study Population

We used data from the Surveillance, Epidemiology, and End Results (SEER) program database to perform a retrospective cohort study. As a population-based cancer registry, the SEER database collects cancer data including demographics, incidence, anatomic site, morphology, stage, follow-up data, and treatment in the United States (12).

SEER*Stat software version 8.3.6 was applied to extract information on patients who were diagnosed with cancer between 1975 and 2016. We included patients with single or MPC(s) and excluded cancer patients diagnosed only by autopsy reports or death certificates. Patients without complete follow-up information, including age at diagnosis, follow-up duration, or race, were also excluded (Figure 1). For comparison with the general population, we obtained mortality data in the general US population registered by the National Center for Health Statistics between 1975 and 2016 (13).
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FIGURE 1. Inclusion and exclusion criteria for patients included in this study.




Study Variables

To simplify the analysis for MPCs, we diagnosed the second primary cancer as the start of follow-up. We investigated patients with MPCs, and for convenience, patients were followed up between the time of diagnosing the MPCs and death, exiting the study, or at the end of the study (December 31, 2016). The following variables were evaluated: age at diagnosis, sex, race, year of diagnosis, rural/urban status, median household income, cancer stage, surgical therapy, number of primary cancers, survival months, anatomic site, cause of death, and time from diagnosis. Notably, death from suicide or cardiovascular death was selected as the event of interest.

Patients with the cause of death coded as “50220” were considered to have died due to suicide, and “50060,” “50070,” “50080,” “50090,” “50100,” and “50110” were considered to have died due to cardiovascular death (14). The cause of death variable for suicide was 950-959 in the ICD-8 (International Statistical Classification of Diseases and Related Health Problems, eighth revision) codes for cases diagnosed between 1975 to 1978, 950-959 in the ICD-9 for cases diagnosed between 1979 and 1998, and U03, X60-X84, Y87.0 in the ICD-10 for cases diagnosed between 1999 and 2016. The cause of death variable for suicide was 390-448 in the ICD-8 codes for cases diagnosed between 1975 and 1978, 390-448 in the ICD-9 for cases diagnosed between 1979 and 1998, and I00-I78 in the ICD-10 for cases diagnosed between 1999 and 2016.

Additionally, because the shortest time interval was 1 month in the SEER database, patients whose survival duration was shorter than a month were recorded as 0 months. According to standard epidemiologic conventions, we changed records of “zero month” to “one-half month” (15).



Statistical Analysis

The mortality rates from suicides or cardiovascular deaths among patients with MPCs were calculated as the number of deaths due to suicide or cardiovascular death divided by person-years of follow-up, while the standardized mortality ratios (SMRs) and corresponding 95% CIs in non-cancer deaths were calculated in accordance with previous studies (15–19). SMRs were defined as the ratio of the observed to the expected number of deaths. The expected values represented the number of deaths in the general population, which had a similar distribution of age, sex, calendar year, and race. For the standardization of age and calendar year, 5-year-categories were applied, and the values at the time of diagnosis were used. For standardization of race, white, black, and others were included. An approximation from the Poisson distribution was used to calculate the 95% CIs of the SMRs (15–17, 19). The cumulative incidence of suicide, cardiovascular diseases, heart diseases, and cerebrovascular diseases were calculated to show the difference between the number of primary cancers and the type of MPCs (20). Multivariable Cox analysis was used to compare the cumulative incidence of patients with MPCs to those with only one primary cancer. The SEER*Stat software, version 8.3.6 (US Department of Health and Human Services) and R version 3.52 (The R Project for Statistical Computing) statistical software package were used for analysis.




RESULTS


Demographic Characteristics

Of the 645,818 cancer patients with MPCs included in the analysis (Figure 1), 760 deaths from suicides and 36,209 deaths from cardiovascular diseases were observed (Table 1). The suicide mortality rate was 32.8/100,000 person-years with an SMR of 1.89 (95% CI 1.76–2.02), while the cardiovascular mortality rate was 1,561.4/100,000 person-years with an SMR of 1.65 (95% CI 1.63–1.67). Cardiovascular deaths were mainly attributed to fatal heart diseases (77.7%) and cerebrovascular diseases (15.1%). Table 1 shows the baseline characteristics of the patients diagnosed with MPCs between 1975 and 2016. For patients with MPCs who committed suicide, a higher SMR was associated with age at diagnosis between 60 and 79 (2.10, 95% CI 1.92–2.29), male sex (1.94, 95% CI 1.80–2.10), black race (1.96, 95% CI 1.29–2.97), year of diagnosis between 2010 and 2018 (2.00, 95% CI 1.81–2.20), living in rural areas (2.53, 95% CI 2.12–3.02), low income (3.04, 95% CI 1.80–5.13), and distant stage of cancer (2.88, 95% CI 2.34–3.56). For patients with MPCs who died from cardiovascular diseases, a higher SMR was correlated with the American Indian or Alaska Native population (2.34, 95% CI 1.92–2.85), year of diagnosis between 2000 and 2004 (1.72, 95% CI 1.68–1.76), living in rural areas (1.85, 95% CI 1.79–1.90), low income (2.23, 95% CI 2.04–2.44), distant stage of disease (2.25, 95% CI 2.18–2.33), and receiving no surgery (2.05, 95% CI 2.02–2.08). Additionally, rates of death from cardiovascular diseases showed an increasing trend with age at diagnosis, and in those aged >80 years, the mortality rate was highest (SMR: 1.37, 95% CI 1.35–1.39).


Table 1. Suicide and cardiovascular death among patients with multiple primary cancers by baseline characteristics.
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Comparison Between MPCs and SPC

To reveal the differences in risk of suicide and CVD between patients with SPC and those with MPCs, we calculated the cumulative mortality of suicide and CVD for the distinct populations. The cumulative mortality of suicide in patients with MPCs was found significantly higher than that in those with an SPC (5-year cumulative mortality rate: 0.16% vs. 0.12%; p < 0.001) (Figure 2A). It remained true in the cumulative mortality of CVD (5-year cumulative mortality rate: 6.57% vs. 4.89%; p < 0.001) (Figure 2B), both in heart diseases (5-year cumulative mortality rate: 5.18% vs. 3.81%; p < 0.001) and cerebrovascular diseases (5-year cumulative mortality rate: 0.99% vs. 0.77%; p < 0.001) (Figures 2C,D). Univariable COX analysis demonstrated that patients with MPCs was found to had significantly higher risks of suicide (HR, 1.20; 95% CI, 1.12–1.3; p < 0.001) and cardiovascular deaths (HR, 1.35; 95% CI, 1.34–1.37; p < 0.001) than that in those with an SPC (Supplementary Table 1).
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FIGURE 2. Cumulative incidence of suicide and cardiovascular diseases for patients with multiple primary cancers (MPCs) or single primary cancer (SPC). (A) Cumulative incidence of suicide for patients with MPCs or SPC. (B) Cumulative incidence of cardiovascular diseases for patients with MPCs or SPC. (C) Cumulative incidence of heart diseases for patients with MPCs or SPC. (D) Cumulative incidence of cerebrovascular diseases for patients with MPCs or SPC.


Multivariable Cox analysis further validated the above results (Table 2). Diagnosis with MPCs was proved as an independent risk factor for a higher risk of suicide without statistical significance (HR, 1.07; 95% CI, 1.00–1.16; p = 0.06). Male sex (HR, 4.77; 95% CI, 4.49–5.06; p < 0.001), older age at diagnosis (40–59: HR, 1.44, p < 0.001; 60–79: HR, 1.56, p < 0.001; 80+: HR, 2.00, p < 0.001), low income (HR, 1.34; 95% CI, 1.10–1.63; p < 0.001), distant stage (HR, 1.72; 95% CI, 1.60–1.85; p < 0.001), and not undergoing surgery (HR, 1.38; 95% CI, 1.31–1.45; p < 0.001) were positively related with suicide commitment.


Table 2. Multivariable Cox analysis to compare the cumulative mortality rate of suicide and cardiovascular deaths among patients with multiple primary cancers to those with only one primary cancer.
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Moreover, the risk of cardiovascular death was also observed to be significantly higher in patients with MPCs, compared with those with SPC in the multivariable analyses (HR, 1.02; 95% CI, 1.01–1.03; p = 0.004). Other risk factors of cardiovascular death included older age (40–59: HR, 5.85, p < 0.001; 60–79: HR, 27.8, p < 0.001; 80+: HR, 128.6, p < 0.001), male sex (HR, 1.25; 95% CI, 1.25–1.26; p < 0.001), black race (HR, 1.33; 95% CI, 1.32–1.35; p < 0.001), low income (HR, 1.43; 95% CI, 1.39–1.48; p < 0.001), distant stage of cancer (HR, 1.42; 95% CI, 1.41–1.44; p < 0.001), and receiving no surgery (HR, 1.50; 95% CI, 1.49–1.51, p < 0.001).

We further performed multivariable Cox analysis adjusted by baseline characteristics of age, sex, race, and year of diagnosis (Supplementary Table 2). The results showed that there was no significant difference in the risk of suicide (HR, 1.07; 95% CI, 0.99–1.16; p = 0.07) and cardiovascular deaths (HR, 1.00; 95% CI, 0.99–1.01; p = 0.5) between patients with MPCs and SPC, indicating the underlying impacts from confounding factors.



Comparison of Synchronous and Asynchronous MPCs

According to the interval from the first primary cancer, the MPCs were classified as synchronous or asynchronous subtypes. Synchronous cancers refer to MPCs diagnosed within 1 year following the first primary cancer, while those beyond 1 year from the first primary belong to the asynchronous group. To be more precise, asynchronous MPC with a diagnosis interval <5 years from the first primary tumor was included in this analysis. Higher cumulative incidence of both suicide (p = 0.003) and CVD (p < 0.001), including heart diseases (p < 0.001) and cerebrovascular diseases (p < 0.001), were significantly associated with synchronous MPCs (Figure 3).
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FIGURE 3. Cumulative incidence of suicide and cardiovascular diseases for patients with synchronous multiple primary cancers (MPCs) or asynchronous MPCs. (A) Cumulative incidence of suicide for patients with synchronous MPCs or asynchronous MPCs. (B) Cumulative incidence of cardiovascular diseases for patients with synchronous MPCs or asynchronous MPCs. (C) Cumulative incidence of heart diseases for patients with synchronous MPCs or asynchronous MPCs. (D) Cumulative incidence of cerebrovascular diseases for patients with synchronous MPCs or asynchronous MPCs.




Suicide and Cardiovascular Death of Patients With MPCs by Cancer Type

In the subgroup analyses stratified by cancer types, the majority of deaths from suicide occurred in patients with MPCs of the lung and bronchus (14.2%), prostate (13.0%), colon and rectum (12.1%), urinary bladder (7.9%), and non-basal skin (7.6%), which accounted for more than half of the total suicidal deaths. Among all types of MPCs, the SMR for suicide was observed greatest in the cancers of the pancreas (5. 98, 95% CI 3.81–9.37), followed by cancers of the esophagus (5.67, 95% CI 3.42–9.41), acute myeloid leukemia (4.72, 95% CI 2.46–9.07), larynx (4.16, 95% CI 2.58–6.68), and oral cavity and pharynx (3.68, 95% CI 2.76–4.92) (Table 3).


Table 3. Suicide and cardiovascular deaths among patients with multiple primary cancers by cancer types.
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In the terms of CVD mortality risk (Table 3), the plurality of CVD death occurred in patients with cancers of the colon and rectum (14.1%), lung and bronchus (11.7%), breast (11.3%), urinary bladder (10.3%), and prostate (9.7%). Certain MPC patients have relatively high SMR from CVD. For instance, patients with acute myeloid leukemia had an SMR of 3.87 (95% CI 3.42–4.37), and those with brain cancer had an SMR of 3.62 (95% CI 3.05–4.30).



Suicide and Cardiovascular Death of Patients With MPCs by Combination of First Primary Cancer and Second Primary Cancer

We further explored which combination of first primary cancer and second primary cancer was related with the highest risk of suicide and cardiovascular death (Supplementary Tables S3, S4). Combination of oral cavity and pharynx cancer and lung cancer had highest risk of suicide (SMR: 9.40; 95% CI, 5.76–15.3), followed by combination of prostate cancer and pancreas cancer (SMR: 9.30; 95% CI, 5.15–16.8), combination of two different oral cavity and pharynx cancer (SMR: 5.64; 95% CI, 3.64–8.74), and combination of prostate cancer and esophagus cancer (SMR: 5.26; 95% CI, 2.19–12.6). Combination of breast cancer and acute lymphocytic leukemia had highest risk of cardiovascular deaths (SMR: 9.40; 95% CI, 5.76–15.3), combination of two different brain cancer (SMR: 8.48; 95% CI, 4.24–17.0), and combination of oral cavity and pharynx cancer and acute myeloid leukemia (SMR: 8.05; 95% CI, 3.35–19.3). More cancer combinations can be found in Supplementary Tables S1, S2.



Suicide and Cardiovascular Death by Time After MPCs Diagnosis

Overall, the SMR of suicide and CVD among MPCs patients remained significantly elevated throughout all follow-up times despite fluctuations. Compared with the general population, the risk of suicide was immediately elevated within 1 year following diagnosis (SMR, 3.48, 95% CI 3.11–3.89), which gradually subsided with a longer follow-up time. Similarly, the SMR of CVD prominently declined during 1–5 years after diagnosis, compared to that within the first year following diagnosis. However, this SMR peaked at over 5 years after diagnosis (Table 4).


Table 4. Suicide and cardiovascular death among patients with multiple primary cancers by time from diagnosis.
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DISCUSSION

We present a contemporary population-based analysis of the risk of suicide and CVD among over 640,000 MPCs patients and revealed that risks of suicide and CVD death varied as a function of age, gender, race, cancer type, time since initial cancer diagnosis, and follow-up time. The mortality rates from suicide and CVD in MPCs patients were significantly higher than those with SPC. Diagnosis with MPCs represents a great challenge not only in cancer management but also in the psychological construction of patients. The participants in healthcare should be aware of this underlying risk and implement timely targeted interventions for subpopulations at elevated risk.

The relative risk of suicide among cancer patients was nearly 2-folds that of the general population, and MPCs patients exhibited apparently higher cumulative mortality of suicide than those with SPC. The results of the current work suggested that suicide-prevention strategies should be aimed at patients with the MPCs of the pancreas, esophagus, and larynx, as well as acute myeloid leukemia. Our finding was supported by the work by Henson et al., who reported that patients with primary cancer of the pancreas and esophagus have the highest risk of suicide in England (21). This was associated with the psychological stress caused by the negative prognosis, which could be attributed to limited treatment options and severely impaired quality of life (22, 23). Poor physical health was also a driver of suicide, even after adjusting for depression and other covariates (24). Patients with esophageal and laryngeal cancers have a strong association with alcohol consumption and tobacco use, which are demonstrated risk factors contributing to suicide in the general population (25, 26).

MPCs survivors, when compared to single cancer survivors, had a lower global quality of life, poorer emotional role function, greater and more frequent distress, and greater sub-clinical anxiety (3, 27), all of which would facilitate the suicide ideation and commitment. Additionally, we found SMR of suicide was highest within the first year after diagnosis during the follow-up period, consistent with previous studies (22, 28). This may be ascribed to the immediate blow of the diagnosis to patients' psychology.

We observed that MPCs patients are perpetually at elevated risk of death from CVD compared to the general population, as well as comparison with SPC patients. Consistent with previous reports, younger age of diagnosis is associated with higher SMR (29), and the first year of cancer diagnosis represents the period with extended risks for both SMR and mortality rate of CVD (30, 31). These findings might also be partially explained by the negative psychological stress, as well as the aggressive treatment shortly after cancer discovery and long-time at risk until the death of the general population (32, 33). It could also be modulated from the fact that patients who die early are those with severe co-existing CVDs (34). Patients with co-existing CVDs at cancer diagnosis are also at high risk of cardiotoxicity from cancer treatment (35, 36). Additionally, MPCs patients are reported more likely to indulge in alcohol and smoke than those with SPC (37). Although this study could not fully confirm the causal relationship between smoking and drinking and MPC, perhaps they are reciprocal causation, tobacco and alcohol have been proved considerable risk factors for serious CVD. Consistently, a cohort study reported that patients with MPCs have a greater risk of developing stroke, coronary artery disease, arrhythmia, pericarditis, and valvular heart disease (37).

When stratified by cancer site, the relative risk of CVD was found higher in MPCs patients with acute myeloid leukemia, brain cancer, and chronic myeloid leukemia. Several pathways for increased risk of stroke in cancer patients have been proposed, and there are several cancer-specific types and causes of stroke in cancer patients (38, 39). First, certain cancers cause occlusive disease from emboli, compression, or meningeal extension of tumor. Patients with leukemia and elevated leukocyte counts may develop intravascular leukostasis, leading to hemorrhagic infarct, and brain tumor metastases may also cause hemorrhage. Second, coagulopathies, including non-bacterial thrombotic endocarditis, could cause serious CVD. Brain tumor metastases may cause venous thromboembolism (40), and studies have shown that brain cancer patients have a dramatically elevated SMR from stroke of 7.63 in the first 5 years after diagnosis (41). Third, CVD may occur from cancer treatment. Tyrosine kinase inhibitors (TKIs) are widely used for the treatment of chronic myeloid leukemia. Studies have found that TKIs can increase the risk of acute coronary syndromes, heart failure, arrhythmias, and venous thrombosis (42, 43). Cyclophosphamide, commonly used in the treatment of leukemia, is known to have considerable cardiotoxicity. These studies greatly provided evidence and explanations for our results.


Limitations

This study has several limitations. First, the risk of bias on reporting death certificates may exist, which may result in incorrect classification of the causes of death (44, 45). However, the National Vital Statistics System and National Center for Health Statistics are responsible for collecting the SEER mortality data, which ensures that the data collection procedures are standardized and accurate (46). Previous studies also confirmed that death certificates in SEER are acceptable and have high validity and reliability (47). Secondly, the SEER database does not provide information on comorbidities, psychiatric conditions, quality of life, social support, tobacco consumption, dependence on alcohol, and previous cardiovascular diseases. Thus, it is difficult to perform further analysis on the association between these factors and the risk of death from suicide and cardiovascular death. Nonetheless, the SEER database collects an extensive amount of data, and is still a useful and powerful tool in clinical research and exploration (45). Finally, we only compared the mortality rate of patients with second primary cancer and those with single primary cancer. It is more complicated when there are three or more cancers in the same patients; thus, we did not analyze this proportion of patients independently in the study. Further studies are warranted to address this problem.




CONCLUSION

This study demonstrated, for the first time, that the mortality rates from suicide and cardiovascular diseases among patients with MPCs were significantly higher than those of patients with SPC in the United States. The mortality rates from suicide and cardiovascular diseases among patients with MPCs were 1.89 times and 1.65 times those of the general population, respectively. In addition, patients with asynchronous MPCs had a higher risk of suicide and cardiovascular death than those with synchronous MPCs. The highest SMR of suicide was observed in MPCs of the pancreas and was within the first year after diagnosis of the MPCs, while the highest SMR of cardiovascular death was found in MPCs of acute myeloid leukemia and after 5 years after diagnosis of the MPCs. Diagnosis with MPCs represents a great challenge not only in cancer management but also in the psychological construction of patients. The participants in healthcare should be aware of this underlying risk and implement timely targeted interventions for subpopulations at elevated risk.
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2The SMRs were estimated as the ratios of observed to expected number of deaths. The observed values represented the number of deaths in cancer patients, whereas the expected values represented the number of indviduals who
died of the same causes in the general population, with a similar distribution of age, sex, race, and calendar year.
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