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Background

Breast cancer is the most common cancer type for females and has the highest relative number of suicide cases among female-specific cancers. This study aimed to demonstrate suicide rates and changing trends and to identify risk factors for suicide among female breast cancer survivors.



Methods

Data were derived from the surveillance, epidemiology, and end results database for women diagnosed with breast cancer from 2000 to 2017. Mortality rate and standardized mortality ratios (SMRs) were calculated to describe the incidence rate and trend of suicide among female breast cancer survivors. Gray’s test and cumulative incidence function (CIF) curves were used to assess difference of cumulative suicide incidence in subgroups. Multivariate Fine-Gray competing risk model was used to identify risk factors for individual survivors and nomogram model was used to estimate the probability of suicide.



Result

There were 414 suicide cases among 638,547 female breast cancer survivors observed for 5,079,194 person-years, and the suicide rate and SMRs gradually increased with the year of diagnosis. Female breast cancer survivors had a higher risk of suicide than the general population (SMR = 1.19; 95% CI (1.08–1.31)). Based on the result of Fine-Gray competing risk models, age group (50-70 vs <50: HR=0.65, 95% CI:0.52-0.80; >70 vs <50: HR=0.22, 95% CI:0.15-0.32), race/ethnicity (black vs white: HR= 0.20, 95% CI: 0.11-0.36; other race vs white: HR= 0.67, 95% CI: 0.46-0.97), marital status (separated vs married: HR= 1.50, 95% CI: 1.16-1.94; single vs married: HR= 1.70, 95% CI: 1.31-2.20), stage (distant vs regional: HR= 0.30, 95% CI: 0.14-0.63), radiotherapy (Yes vs No/Unknown: HR= 0.62, 95% CI: 0.49-0.77), and molecular subtypes (HER-2 vs Luminal B (HR= 2.53, 95% CI: 1.10-5.82), TNBC vs Luminal B (HR= 2.11, 95% CI: 1.01-4.42)) were independent predictors of suicide among female breast cancer patients. A nomogram was constructed to predict the suicide probability for individual survivors with a C-index of 0.62 (95%CI: 0.59-0.66).



Conclusion

Female breast cancer survivors with younger age (less than 50 years old), white race, unmarried status, regional stage, HER-2 or TNBC subtype, and no radiotherapy performed were more likely to commit suicide. The clinicians and family members should pay more attention to patients with high risk factors of suicide to decrease the mortality rate.
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Introduction

Suicide, a death caused by intentional self-directed injury, is a complex global public health issue (1, 2). It is the 18th leading cause of death in the world and the 10th leading cause of death in the United States (US) (3–5). There were 817 000 suicide cases in 2016 reported by the Global Burden of Disease group, which accounted for 1.49% of the total deaths (6). While suicide rates have declined over recent decades in most countries, the rate in the US has increased by 1.5% annually since 2000 (3, 5).

Cancer is one of the leading cause of death, and there was an estimated 19.3 million new cancer cases and almost 10.0 million cancer deaths occurred in 2020 (7). Traditionally, the primary goal of cancer treatment was to prolong survival, including measures for improved screening, early diagnosis and treatment. As cancer is considered to be associated with long-term trajectory of both treatment and recovery, survivors would experience physical, financial and emotional burden (8). Despite recent improvements in rates of cancer survival, mortality from suicide among people with cancer continues to be higher than the general US population (2, 9–11). It is surprising that suicide rates among cancer survivors are generally thought to be twice as high as that of the general US population (12). A current study revealed that the cancer survivors had a suicide standardized mortality ratio (SMR) of 4.44 compared to the general population (10). Social (age, sex, economic status, and marital status) and clinical (depression, cancer site, and subtypes) risk factors are all associated with suicide among cancer survivors (13). As it’s difficult to detect suicide attempts, identifying and targeting subgroups of cancer survivors at high risk of suicide is very important. What’s more, given the difference existing in site-specific cancers, we need to focus on specific cancer survivors to estimate suicide burden and identify risk factors.

Female breast cancer is the most common cancer type in the world, accounting for the highest number of new cases and the fourth highest death among all cancer types in 2020 (7). Despite all of the attention being paid to breast cancer survivorship, recent years have shown a very slight improvement in quality of life (14). Previous study reported that age, race, marital status, and undergoing surgery were independent risk factors for suicide of breast cancer survivors (15). However, male and female sexes were combined in this study and breast cancer molecular subtypes were not included in the study. And the regression method for identifying risk factors used in that study could not take survival time into consideration. Therefore, the purpose of this study was to compare suicide rates among female breast cancer survivors with that in the general population as well as in survivors of other cancers, to characterize changing trends of suicide among female breast cancer survivors, and to discover risk factors of suicide relevant to survival time using data from the Surveillance, Epidemiology, and End Results (SEER) database.



Methods


Data collection

The SEER database, which includes data on roughly 28% of the US population, is the largest publicly accessible cancer database at the moment (16). Data on a patient’s demographics and clinical features, such as sex, age at diagnosis, year of diagnosis, race, marital status, tumor grade and stage, histological type, treatment, and survival time, are available in the SEER database. Data used in this study were derived from the SEER Program 17 registries using the SEER Stat software (version 8.4.0). The SEER Program 17 registries provided data on survivors diagnosed from 2000 to 2019. Population and mortality data of the general US population were gathered from the National Center for Health Statistics in 1969–2019 and acquired via the SEER Stat software. We used data on survivors diagnosed from 2000 to 2017 since different standards of clinical features, such as pathological staging and histological grading standards, were in use at different times.



Inclusion and exclusion criteria

Data were included following these criteria: 1) female patients, 2) primary site: breast (C50.0 – C50.9), 3) malignant behavior, 4) only one primary cancer, 5) histology type: 8500/3-8549/3. Patients were excluded if the diagnosis was made at autopsy or from the death certificate, and those without definite data on age at diagnosis, survival time and race information were also excluded in this study. Available data about demographic characteristics from the SEER database included age at diagnosis, race/ethnicity, year of diagnosis, marital status, and residential areas. Clinical characteristics included histologic and molecular subtype, stage, grade, treatment (surgery, chemotherapy, and radiotherapy), follow-up time, and cause of death. If the cause of death feature was recorded as “ Suicide and Self-Inflicted Injury (50220)”, the patient was assumed to have committed suicide. Age was categorized into three groups: 0-49 years old, 50-69 years old, and 70+ years old. Racial/ethnicity was categorized as white, black, and other races/ethnicity (American Indian/Alaskan Native, Asian/Pacific islanders). Year of diagnosis was categorized into four periods: 2000-2004, 2005-2009, 2010-2014, and 2015-2017. Marital status included married (married and having domestic partner), single (never married), and separated (separated, divorced, and widowed). Breast cancer was categorized into four histological subgroups according to the International Classification of Disease for Oncology third revision (ICD-O-3) codes: infiltrating duct cancer, infiltrating lobular cancer, infiltrating duct and lobular cancer, and other type. Surgery types were categorized into four groups according to SEER program surgery coding and staging manual: None surgery, breast-conserving surgery (BCS), mastectomy, and Unknown. Data after 2010 included breast cancer molecular subtypes which were clarified according to the expression of hormone receptor (HR) and HER-2 gene. Molecular subtypes included Lumina A (HR+, HER-2 (–)), Lumina B (HR(+), HER-2(+)), HER-2 (HR (–), HER-2(+)), and triple negative breast cancer (TNBC) (HR (–), HER-2 (–)).



Statistical analysis

The majority of analyses were completed using data on survivors diagnosed from 2000 to 2017. Only the analyses that included molecular subtypes were performed using data on survivors diagnosed from 2010 to 2017. Suicide rate among female breast cancer patients was counted according to reported suicides per 100,000 person-years of follow-up. The chi-square test was used to compare suicide rates among patients in different groups. SMRs were calculated by comparing these suicide rates to the US population suicide rates at the National Center for Health Statistics, and adjusted according to age, race, and sex in the US population during the same period. SMRs were measured as the ratio of reported suicides in our cohort to expected suicide counts of overall population. The 95% confidence interval (CI) of the SMR was calculated using Byar’s approximation. Gray’s test and cumulative incidence function (CIF) curves were used to describe difference of suicide probability in subgroups. Multivariable Fine-Gray competing risk models had been conducted to determine crude and adjusted hazard ratios (HRs) as well as 95% CI, to identify underlying suicide-related risk factors. The resulting multivariate Cox regression model was used to calculate risk scores and build the final nomogram prediction model. The Harrell C-index was used to indicate the discrimination and the calibration plot curve was adopted to assess the calibration of the nomogram model. Survival time recorded as 0 month in the SEER database was converted to one-half of a month according to accepted epidemiologic practices. In this study, data were analyzed using SEER Stat and the R program (Version 3.6.3), and a p-value of < 0.05 was considered to be statistically significant.




Result


Incidence of suicide among female breast cancer survivors

A total of 414 suicide cases occurred among 638,547 female breast cancer survivors, followed by 5,079,193.52 person-years. The suicide rate and SMRs gradually increased from survivors diagnosed in 2000-2004 (mortality rate: 6.88 per 100,000 person-years; SMR= 1.11, 95% CI (1.08–1.31)) to survivors diagnosed in 2015-2017 (mortality rate: 10.99 per 100,000 person-years; SMR= 1.45; 95% CI (1.06-1.95)). The suicide rate was 8.15/100,000 person-years and women with breast cancer had a 19% higher risk of suicidal death (SMR=1.19; 95% CI (1.08–1.31)) compared to the general US population with the same distribution of age, sex, and race. During these four time periods, the relative frequency of suicide cases for breast cancer survivors ranked first among all female-specific cancer survivors and held an increasing trend (Figure 1).




Figure 1 | Relative frequency of suicide cases among survivors with different types of female-specific cancer diagnosed from 2000 to 2017.





Suicide incidence according to demographic characteristics

There were 162, 205, and 47 suicide cases in less than 50 years, 50 to 70 years, and over 70 years age groups, separately. The suicide rate and SMR in younger age group of less than 50 years are higher than that in the other two groups (Table 1). Compared to the general population, significantly higher incidence rate of suicide was observed in all these three groups. Mortality rate reached the peak at 30-40 years old (mortality rate: 11.57 per 100,000 person-years; SMR=1.54, 95% CI (0.97-1.96)) and gradually decreased with increasing age after 40 years old (Table S1). As for race difference, patients from white race had the highest risk of suicide (mortality rate: 8.96 per 100,000 person-years; SMR=1.17; 95% CI (1.06-1.30)). Higher suicide rates were observed in patients living in metropolitan areas (mortality rate: 8.25 per 100,000 person-years; SMR=1.21, 95% CI (1.09-1.34)) and in patients unmarried including single status (mortality rate: 12.43 per 100,000 person-years; SMR=1.80, 95% CI (1.43-2.23)) and separated status (mortality rate: 8.68 per 100,000 person-years; SMR=1.52, 95% CI (1.24-1.84)), separately.


Table 1 | Suicide rates, according to demographic and clinical characteristics, female breast cancer survivors, 2000 to 2017.





Suicide incidence according to clinical characteristics

Survivors with left sided breast cancer had a similar suicide rate and SMR compared to right sided breast cancer survivors. Survivors with high-grade breast cancer (III and IV) had higher suicide rates than survivors with low-grade (I and II) breast cancer. Survivors with regional and distant breast cancer had higher suicide rates (SMR, 1.41; 95% CI(1.21-1.65)and 1.33; 95% CI(0.61-2.52)), while the SMR for localized cancer survivors was similar to that in the general population (SMR=1.05; 95% CI(0.92-1.19)). The suicide rate of survivors who did not undergo surgery (mortality rate, 17.77 per 100,000 person-years; SMR=2.77; 95% CI(1.86-3.98)) was much higher than those of survivors after surgery. Among those who received surgical treatment, survivors undergoing mastectomy (mortality rate, 9.42 per 100,000 person-years; SMR=1.34, 95% CI(1.16-1.55)) were more likely to commit suicide than survivors who received BCS (mortality rate: 6.62 per 100000 person; SMR=0.98, 95% CI(0.85-1.13)). As for chemotherapy and radiotherapy, there was no apparent difference between survivors who received chemotherapy or not, while a much higher suicide rate was observed in survivors who did not receive radiotherapy than that in those who have received radiotherapy (mortality rate: 10.54 vs 6.09 per 100,000 person-years; SMR: 1.57(1.38-1.78)vs 0.88(0.75-1.02)) (Table 1).



Suicide incidence in breast cancer subtypes

Suicide rates varied in survivors with different histologic subtypes. While survivors with infiltrating duct and lobular cancer got the highest SMR of 1.30(0.90-1.82), the lowest SMR of 1.01 (0.68-1.45) was observed in invasive lobular cancer survivors. As molecular subtype data were available in survivors diagnosed after 2010, the difference of suicide incidence between different molecular subtypes were identified. A total of 153 suicide cases occurred in survivors diagnosed from 2010 to 2017, HER-2 subtype survivors had the highest risk of suicide (mortality rate, 16.76 per 100,000 people and SMR, 2.21; 95% CI(0.14-3.86)), followed by the TNBC subtype survivors (mortality rate, 14.33 per 100,000 people and SMR, 1.98; 95% CI(0.24-2.99)) (Table 2).


Table 2 | Suicide rates, according to breast cancer sub-types, female breast cancer survivors.





Suicide incidence after diagnose

The relative increase in suicide incidence among female breast cancer survivors was the highest within the first year after initial diagnosis and decreased with longer follow-up time. Between five to ten years after diagnosis, the suicide rate of female breast cancer survivors decreased to the level similar to that of the general population (mortality rate, 6.30 per 100,000 person-years and SMR, 0.91; 95% CI (0.74-1.12)), while it increased again over 10 years since diagnosis (mortality rate, 7.70 per 100,000 person-years and SMR, 1.15; 95% CI (0.89-1.45)) (Table 3).


Table 3 | Suicide rates, according to time since diagnosis, female breast cancer survivors, 2000 to 2017.





Risk factors for suicide in breast cancer patients

Age, race, marital status, stage, surgery type, and radiotherapy were analyzed to be significantly associated with cumulative incidence of suicide by the Gray’s test. The CIF curves were plotted according to these risk factors (Figure 2). The result of the CIF subgroup analysis illustrated that a higher risk of suicide occurred in survivors aged <50 years, being white race, unmartial status (single and separated), regional stage, without surgery, and no radiotherapy performed. The Gray’s test was also performed on molecular subtypes using data on survivors diagnosed from 2010 to 2017 and a CIF curve was plotted (Figure S1). As for the survivors who were diagnosed with HER-2 and TNBC breast cancer, their cumulative incidence of 5-year suicide was 0.0008 and 0.0007, respectively.




Figure 2 | Cumulative incidence estimates of suicide among female breast cancer survivors by different risk factors, (A) age group, (B) race/ethnicity, (C) marital status, (D) stage, (E) surgery type, (F) radiotherapy.



Further multivariable Fine-Gray competing risk model revealed older age (50-70 vs <50: HR=0.65, 95% CI:0.52-0.80; >70 vs <50: HR=0.22, 95% CI:0.15-0.32), non-white race (black vs white: HR= 0.20, 95% CI: 0.11-0.36; other race vs white: HR= 0.67, 95% CI: 0.46-0.97), and radiotherapy (Yes vs No/Unknown: HR= 0.62, 95% CI: 0.49-0.77) might be protective factors for suicide. Separated or single marital status (separated vs married: HR= 1.50, 95% CI: 1.16-1.94; single vs married: HR= 1.70, 95% CI: 1.31-2.20) and regional stage (distant vs regional: HR= 0.30, 95% CI: 0.14-0.63) were risk factors for suicide among female breast cancer survivors (Table 4).


Table 4 | Adjusted hazard risk of suicide among female breast cancer survivors assessed by the Fine and Gray model.



The multivariable Fine-Gray competing risk model was also performed on patients diagnosed after 2010 and molecular subtypes were included in the model. The result revealed that older age (50-70 vs <50: HR=0.61, 95% CI: 0.43-0.86; >70 vs <50: HR=0.13, 95% CI: 0.06-0.27), non-white race (black vs white: HR= 0.21, 95% CI: 0.094-0.49; other race vs white: HR= 0.56, 95% CI: 0.30-1.04), and radiotherapy (Yes vs No/Unknown: HR= 0.56, 95% CI: 0.39-0.81) were protective factors for suicide, while single marital status (single vs married: HR= 2.34, 95% CI: 1.58-3.46), regional stage (distant vs regional: HR= 0.32, 95% CI: 0.11-0.94; localized vs regional: HR= 0.68, 95% CI: 0.46-0.99), and HER-2 or TNBC breast cancer (HER-2 vs Luminal B (HR= 2.53, 95% CI: 1.10-5.82), TNBC vs Luminal B (HR= 2.11, 95% CI: 1.01-4.42)) were risk factors for suicide among female breast cancer survivors (Table 4).



Nomogram to evaluate suicide probability

A nomogram was generated on the basis of result from the multivariate Fine-Gray model using data on survivors diagnosed from 2000 to 2017 (Figure 3). The nomogram was used to show the corresponding score on the points row above the graph for each variable included in the model. All the single score of the variables were added to calculate the total score, and then straight lines were drawn to the bottom of the graph to estimate the probability of suicide at different time. The C-index of the nomogram prediction model was 0.62 (95%CI: 0.59-0.66). The calibration plot showed a high consistency between the predicted and the observed suicide events evaluating 1-year, 3-year, and 5-year probability of suicide (Figure S2).




Figure 3 | Nomogram to predict first-, three- and five-year probabilities of suicide for female breast cancer survivors.






Discussion

In this population-based study, we presented a comprehensive analysis of suicide incidence and risk factors for female breast cancer survivors. The result indicated that the suicide rate of female breast cancer survivors was 8.15 per 100,000 person-years, and total SMR was 1.19 (95% CI: 1.08-1.31). Over time, the suicide rate among female breast cancer survivors increased, which could just be a reflection of the US population’s overall tendency (5). And female breast cancer survivors with younger age (less than 50 years old), white race, unmarried status, regional stage, no radiotherapy performed, and HER-2 or TNBC subtype were more likely to commit suicide according to the result of multivariable Fine-Gray competing risk model.

Several studies found sex differences in suicide rate in cancer survivors, in which suicide rate for females was much lower. Zaorsky et al. made a pan-cancer analysis of suicide and found a female to male mortality rate ratio of 9.22/50.28 per 100,000 person-years in cancer survivors (10). As for suicide rate in site-specific cancers, Yu et al. reported a mortality rate of 8.63 per 100,000 person-years in female leukemia patients, Guo et al. reported a mortality rate of 7.84 per 100,000 person-years in female kidney cancer patients, Chen et al. reported a mortality rate of 7.05 per 100,000 person-years in female liver cancer patients; the suicide mortality rates were all lower compared to male (17–19). What’s more, the incidence cases of male breast cancer is small and less than 1% of all breast cancers occurred in males, so we here only focused on female breast cancer (20). Compared to a previous study on suicide in breast cancer of both sexes, we here analyzed more clinical factors especially molecular subtypes (15). In addition, the method used in this study has considered survival time, making it possible to evaluate suicide at a specific time after diagnosis. Moreover, although both used data from the SEER database, data selection and study period were also different from the previous study. Thus, the findings of the two studies differed in some areas. For instance, the results of the previous study demonstrated that the nonwhite-nonblack race and earlier stage were risk factors, whereas the findings of our study showed that the white race was a risk factor in comparison to other races and the regional stage had a higher risk of suicide than the localized stage. The disparity can have been impacted by all the aforementioned reasons.

Most of the female breast cancer survivors were between 50 to 70 years old, while suicide rate gradually decreased with age (20). The higher suicide rate was observed in younger survivors, which was consistent with previous study of suicide in breast cancer survivors (15). And younger age was also identified as an independent risk factor for suicide through multivariate Fine-Gray model. The higher suicide rate and risk for younger survivors might be related to their outlook about life and death, and psychological condition such as the presence of depression (21, 22). As reported, younger women with breast cancer may fare worse in both physical and psychosocial dimensions after breast cancer diagnosis, when compared to older women who felt more familiarized with disease and death (21). Race differences in suicide also existed in female breast cancer survivors. Although SMR for white race patients was lower which may be influenced by the total population number, the mortality rate of white race patients was higher and white race was recognized as a risk factor compared to black race. These results might be related to differences in genes, religious beliefs, and economic and social conditions (23–25). Higher suicide rate and risk were observed in survivors who never married and survivors who were alone compared to married survivors. And unmarried status was an independent risk factor for suicide in individuals with breast cancer (separated vs married: HR= 1.50, CI: 1.16-1.94; single vs married: HR= 1.70, CI: 1.31-2.20). These results were consistent with findings in other cancer types and may be explained by the situation of lower socioeconomic status, less emotional support and less social attention of the unmarried survivors (18, 26–29).

With regard to specific clinical features of breast cancer, several findings should be noteworthy. As reported by several studies that histologic subtype was not significantly associated with suicide risks among non-small cell lung cancer patients and colorectal cancer patients, we here got a similar finding from multivariate analysis although a lower mortality rate was observed in ILC patients (30, 31). However, significant differences existed in molecular subtypes. Breast cancer could be divided into four molecular subtypes which provide insights into new treatment strategies and influenced the recovery management of patients (32). Based on our study, suicide mortality rate and risk were also different for patients stratified by molecular subtypes. Among them, suicide rates of HER2 and TNBC survivors were significantly higher than Luminal A and B breast cancer survivors; the suicide risk for HER2 and TNBC subtypes was significantly higher than Luminal A and B. The higher suicide rate and risk for these two subtypes may be due to the malignancy degree and insensitive to adjuvant therapy. HER-2 and TNBC subtypes were more likely to relapse and metastasis, which would bring physical disability and economic burden to survivors (33–35). Distant stage was demonstrated as a protective factor compared with regional stage. We hypothesized that this may be explained by the worse prognosis and higher mortality in survivors with distant stage, who anticipated dying from their disease rather than from alternative reasons of death like suicide. Radiotherapy was performed to ensure that all of the cancerous cells were destroyed, minimizing the possibility of breast cancer recurrence especially for metastatic or unresectable breast cancer patients (36). The result here demonstrated that radiotherapy was a protective factor against suicide, which may emphasize the use of radiotherapy in improving survival and life quality.

Our study provided a nomogram evaluating the probability of suicide deaths for female breast cancer survivors. The nomogram model is a promising tool that could be easily used and interpreted by clinicians to assess suicide risks in female breast cancer patients. And for individual patients with high risk factors, the suicide probability at specific time was shown in the nomogram. In comparison with other cancer studies involving nomogram models of suicide, our study here generated the model from competing risk model, while other models were built on the basis of Cox regression model which ignored the influence of other cause of death (37, 38).

This study has some limitations. First, information about other important risk factors for suicide, such as complications of cancer and treatment, quality of life, social support, were not available. Second, incomplete information on psychological status, depression and previous suicide attempts, made it impossible to assess the association between these factors with suicide. Recurrence information was not accessible, which was a crucial clinical feature and may affect the final suicide choice. Third, data used in this study was limited to the US population. Further, with the use of public available data in this study, the prediction nomogram model should be validated in outer dataset to test the effectiveness.



Conclusion

In conclusion, younger age, white race, unmarried status, regional stage, no radiotherapy performed, and HER-2 or TNBC subtypes were independent indicator of suicide in female breast cancer survivors. The nomogram prediction model would help to evaluate suicide probability for high-risk survivors. More measures should be taken on survivors with high risk factors by the clinicians and family members to prevent suicide.
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