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Background

As the survival rates of patients with renal cell carcinoma (RCC) continue to increase, noncancer causes of death cannot be ignored. The cause-specific mortality in patients with RCC is not well understood.



Objective

Our study aimed to explore the mortality patterns of contemporary RCC survivors.



Methods

We performed a retrospective cohort study involving patients with RCC from the Surveillance, Epidemiology, and End Results (SEER) database. We used standardized mortality ratios (SMRs) to compare the death rates in patients with RCC with those in the general population.



Results

A total of 106,118 patients with RCC, including 39,630 who died (27%), were included in our study. Overall, compared with the general US population, noncancer SMRs were increased 1.25-fold (95% confidence intervals [CI], 1.22 to 1.27; observed, 11,235), 1.19-fold (95% CI, 1.14 to 1.24; observed, 2,014), and 2.24-fold (95% CI, 2.11 to 2.38; observed, 1,110) for stage I/II, III, and IV RCC, respectively. The proportion of noncancer causes of death increased with the extension of survival time. A total of 4,273 men with stage I/II disease (23.13%) died of RCC; however, patients who died from other causes were 3.2 times more likely to die from RCC (n = 14,203 [76.87%]). Heart disease was the most common noncancer cause of death (n = 3,718 [20.12%]; SMR, 1.23; 95% CI, 1.19–1.27). In patients with stage III disease, 3,912 (25.98%) died from RCC, and 2,014 (13.37%) died from noncancer causes. Most patients (94.99%) with stage IV RCC died within 5 years of initial diagnosis. Although RCC was the leading cause of death (n = 12,310 [84.65%]), patients with stage IV RCC also had a higher risk of noncancer death than the general population (2.24; 95% CI, 2.11–2.38).



Conclusions

Non-RCC death causes account for more than 3/4 of RCC survivors among patients with stage I/II disease. Patients with stage IV are most likely to die of RCC; however, there is an increased risk of dying from septicemia, and suicide cannot be ignored. These data provide the latest and most comprehensive assessment of the causes of death in patients with RCC.
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Introduction

Renal cell carcinoma (RCC) is one of the top 10 most prevalent cancers and accounts for 4% of all new malignancies in the United States (U.S.) (1, 2). Approximately 1.7% of people are diagnosed with kidney cancer at some point in their lives (1, 2). As treatment has improved, the death rate from kidney cancer has decreased. It is estimated that there will be 793,530 cancer survivors in the U.S. by 2030 (1–3). Therefore, understanding the real causes of death could help prioritize death risk during survivorship and may provide a roadmap for reducing the mortality burden after RCC.

The causes of death from prostate cancer, colon cancer, testicular cancer, and other cancers have been well described (4–9). Several studies have described the causes of death in patients with RCC. However, these studies were not compared with the risk in the general population, either based on small sample studies, or limited to secondary primary tumors, and the classification of the cause of death is not detailed enough (10–12). To address these limitations, we assessed contemporary, population-based data on the causes of death during RCC survivorship. We present our results based on patient characteristics and the AJCC 6th stage, and the risk of death from each cause was compared with that of the standard population.



Materials and Methods


Data Source

This was a retrospective, observational, cohort study. We used data from the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) 18 registries, November 2020 submission (2000 to 2018) for SMRs, which covers approximately 34.6% of the U.S. population.



Patients

We included all patients diagnosed with RCC as their first malignant tumor between January 1, 2004, and December 31, 2015. Patients with an unknown follow-up time, vital status, and staging information (I, II, III, or IV) were excluded. We excluded patients diagnosed through autopsy or death certificates only. Figure 1 shows the inclusion and exclusion criteria of the present study.




Figure 1 | Flowchart of participant selection.





Exposures for Stratification

We included the following covariates: stage of disease based on the derived AJCC stage group, 6th ed (I/II vs. III vs. IV;), sex (male or female), age (<65 or ≥65 years old), race (white, black, or other), year of diagnosis (2004–2007, 2008–2011, or 2012–2015), histology type (clear cell, papillary, chromophobe, or other), surgery (yes or no), radiation (yes or no), chemotherapy (yes or no), and marital status (married, never married, or other).



Outcome Assessments

The outcome variable of interest was overall survival after RCC diagnosis. The SEER cause of death code was based on the International Statistical Classification of Diseases and Related Health Problems 10th, 1999 (ICD‐10).



Ethics Statement

We were granted permission from the National Cancer Institute USA to access the SEER dataset for research purposes only (reference number: 20025-Nov2020). All data from the SEER database were de-identified, and the extracted data did not require informed consent.



Statistical Analyses

We used standardized mortality ratios (SMRs), defined as the observed number of deaths divided by the expected number. The expected numbers of deaths were calculated based on age- and sex-specific mortality rates in a standard population. The follow-up time began from the date of first diagnosis to the date of death, loss to follow-up (date of the last visit), or December 2018, whichever came first. The 95% confidence intervals (CIs) for SMRs were estimated using exact methods. All SMRs were generated using the SEER*Stat version 8.3.9.2.




Results


Baseline Characteristics

Of the 106,118 patients with RCC, 39,630 (37.35%) died. The median follow-up duration was 68 months (Q1–Q3, 38–109 months). The number of male patients (n = 67,020 [63.16%]) was 1.71 times higher than that of female patients (n = 39,098 [36.84%]). Most patients (n = 74,733 [70.42%]) had stage I/II disease, whereas only 14.19% (n = 15,058) and 15.39% (n = 16,327) had stage III and IV disease, respectively. The majority of the patients (n = 83,132 [78.34%]) had clear cell histology type, and 87,350 (82.31%) were white. Most patients received cancer-directed surgery (n = 91,742 [86.45%]). The basic characteristics of the patients with RCC and the number of deaths at different follow-up times are shown in Table 1.


Table 1 | Patient characteristics and death by time after diagnosis.





Causes of Death for Patients With Stage I/II RCC

Most deaths in patients with stage I or stage II disease occurred either within 1–5 years (n = 8,116 [43.93%]) or 5–10 years (n = 6,459 [34.96%]) (Table 1). In the stage I/II patient cohort, deaths from RCC accounted for 23.13% of all deaths (n = 4,273) and the proportion decreased gradually with the extension of survival time (Table 2). Noncancer causes of death (n = 11,235 [60.81%]) and non-RCC deaths (n = 2,853 [15.44%]) were 3.94-fold more frequent (60.81% vs. 15.44%; Table 2). Heart disease was the most common noncancer cause of death (n = 3,718 [20.12% of all-cause deaths]), and the proportion increased with the extension of survival time (Figure 2A). The most common causes of non-RCC cancer deaths were respiratory system and digestive system cancers (n = 803 [4.35%] for respiratory system cancer and n = 815 [4.41%] for digestive system cancer). Over the whole follow-up period, the risk of death was greater than that in the general population (SMR, 1.54; 95% CI, 1.52–1.56), with the highest risk observed within the first year after RCC diagnosis (SMR, 1.81; 95% CI, 1.74–1.89), the risk levels gradually became stable (SMR, 1.51 for 1 to <5 years; SMR, 1.52 for 5 to <10 years; SMR, 1.51 for ≥10 years). The risk of almost all deaths increased except for breast tumors (SMR, 0.38; 95% CI, 0.28–0.5) and Alzheimer’s disease (SMR, 0.84; 95% CI, 0.75–0.93) (Table 1). Ten or more years after the diagnosis of RCC, RCC-specific mortality was still elevated (SMR, 46.01; 95% CI, 40.95–51.52).


Table 2 | Causes of death for patients with stage I/II RCC.






 Figure 2 | Causes of death by stage after the diagnosis of RCC; (A) stage I/II, (B)stage III,(C) stage RCC.





Causes of Death for Patients With Stage III RCC

Of the 15,058 patients with stage III RCC, 6,612 (43.91%) died within the follow-up period, 4,574 (30.38%) of whom died from malignant tumors, 3,912 (25.98%) died from RCC, and 2,014 (13.37%) died from noncancer causes. Heart disease was the most common noncancer cause of death (n = 708 [10.71% of all deaths]), and miscellaneous malignant cancer was the most common cause of other cancer deaths (n = 162 [2.45%]) (Figure 2B). Over the entire follow-up period, the mortality rate was greater than that of the general population (SMR, 2.93; 95% CI, 2.86–3.00). The SMR was the highest in the first year of diagnosis (SMR, 4.54; 95% CI, 4.29–4.81), and the risk levels gradually declined (SMR, 3.15, 1 to <5 years; SMR, 2.30 for 5 to <10 years; SMR, 1.88 for ≥10 years).



Causes of Death for Patients With Stage IV RCC

Most patients (94.99%) with stage IV RCC died within 5 years of the initial diagnosis (8,499 [58.44%] within the first year and 5,315 [36.55%] between 1 and 5 years; Table 1). RCC was the leading cause of death (n = 12,310 [84.65%]), with other cancers (n = 1,122 [7.72%]) and noncancer causes (n = 1,110 [7.63%]) accounting for only a small proportion (Table 4). Men with stage IV RCC were at a higher risk than the general population (SMR, 21.84; 95% CI, 21.49–22.20). The risk of death from RCC was substantial over all follow-up years (SMR, 2,889.25; 95% CI, 2,838.43–2,940.75) (Figure 2C). Heart disease was the most common noncancer cause of death (n = 328 [2.23%]). In contrast to other stages, stage IV patients also had a higher risk of suicide (SMR, 3.46; 95% CI, (2.17–5.24).


Table 3 | Causes of death for patients with stage III RCC.




Table 4 | Causes of death for patients with stage IV RCC.





Subgroup Analysis

Male and female patients had a similar risk of all-cause death, but female patients (SMR, 330.10; 95% CI, 322.25–338.08) had a higher risk of intentional deaths from RCC than male patients (SMR, 198.48; 95% CI, 195.18–201.83) (Tables S1 and S2). Compared with patients aged <65 years, the risk of death of patients aged ≥65 years was higher than that of patients aged <65 years (Tables S3 and S4). Patients of other races have a higher risk of all-cause death than black and white patients (SMR, 4.29; 95% CI, 4.12–4.47 for other races; SMR, 2.57; 95% CI, 2.54–2.59 for white; SMR, 2.85; 95% CI, 2.77–2.93 for black) (Tables S5–S7). Patients who have never been married have a higher risk of death than those who are married and in other marital statuses, regardless of whether it is a cancer or a noncancer factor (Tables S8–S10). Noncancer causes of death were lower in patients who underwent surgery than in those who did not (Tables S11 and S12). In contrast, patients who received chemotherapy or radiotherapy showed an increase in noncancer causes of death (Tables S13–S16). There was no significant difference in SMR between the different years of diagnosis (Tables S17–S19). The prognosis of patients with other histological types was the worst, and the prognosis of patients with chromophobe histological type was the best (SMR, 1.08; 95% CI, 1.01–1.16 for chromophobe histological type; SMR,4.37; 95% CI, 4.23–4.51 for other histological types) (Tables S20–S23).




Discussion

In the U.S., there are more than 320,000 RCC survivors, and the number is still increasing. It is of vital importance, during survivorship, to optimize healthcare management. We stratified our results according to patient characteristics and stage. In the patient cohort with stage I/II RCC, non-RCC causes of death were 3.32-fold more frequent (76.87% vs. 23.13%, respectively). In patients with stage III/IV disease, 59.17% (n = 3,912) and 84.65% (n = 12,310) of the patients died from RCC, respectively, and the risk of death due to most non-RCC causes was still higher than that in the general population. These results mirror those of previous studies (11).

Our study demonstrates the causes of death in RCC patients with different stages and characteristics, which may help clinicians. For example, the prevention and control of noncancer causes and screening for non-kidney cancer can be emphasized.

In patients with RCC, the most common noncancer death was heart disease. In our study, patients with stage IV disease had a higher SMR in heart disease than those with stage I/II and III (SMR, 1.92; 95% CI, 1.72–2.14 for stage IV; SMR, 1.23; 95% CI, 1.14–1.32 for stage III; SMR, 1.23; 95% CI, 1.19–1.27 for stage I/II). In the past decade, several tyrosine kinases and vascular endothelial growth factor inhibitors have been used for first-line therapies in patients with metastatic RCC (13, 14). These drugs greatly improved the survival rate of patients with metastatic RCC. However, cardiotoxicity cannot be ignored (15–17).

Hemocytopenia due to antineoplastic therapy is a common occurrence in clinic (18–21). Neutropenia is independently associated with septicemia (22, 23). In addition, the process of tumor metastasis may damage the immune system, resulting in a higher infection risk in cancer patients (24). In this study, patients with stage IV RCC had a markedly higher risk of death from septicemia, especially those who died within a year (SMR, 3.95; 95% CI, 3.05–5.04 for infections; SMR, 2.20; 95% CI, 1.83–2.62 for pneumonia and influenza). In our study, patients with stage IV disease were at a higher risk of suicide. This outcome is similar to that of Guo et al. (25).

In this study, we found that patients who underwent direct cancer surgery had a lower SMR than those who did not. It seems possible that these results are due to patients undergoing surgery having fewer comorbidity and better health conditions than those who did not.

Patients who were never married or in other marital statuses had a higher risk of all-cause death, kidney cancer-specific death, and other noncancer deaths than married patients. The fact that marriage provides social support may partly explain this finding (14, 26, 27).

However, this study has some limitations. First, our study design was retrospective, which inevitably resulted in a selection bias. We also performed our best to reduce bias. We used strict screening criteria to reduce the selection bias and use SMR to control for age, sex, and ethnic differences, rather than direct mortality to reduce confusion bias. Second, the SEER database lacks important information on treatment strategies and comorbid states, which may cause bias. Third, most of our participants were white, and whether our conclusion can be extended to other races, it still needs to be further verified. Finally, there may be potential misclassification of the cause of death in the SEER database. However, previous studies have shown that this variable is accurate in most situations (28).



Conclusions

In summary, this study provides the latest and most comprehensive assessment of the causes of death in patients with RCC. Causes of death varied according to patient demographics. Non-RCC causes of death account for more than 3/4 of RCC survivors among patients with stage I/II disease. Patients with stage IV are most likely to die of RCC; however, there is an increased risk of dying from septicemia, and suicide cannot be ignored. Therefore, attention should be paid not only to antineoplastic therapy, but also to the occurrence of other risks.
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Al maignant cancers 7,126 8857%) 2450 24-251) 844 (40.79%) 2834 (264-800) 3416 (200%) 2501 245262 2204 (34.50%) 2256 (216-234) 632 (34.50%) 2394 (221-2.58)
Oral cavity/phanymeye/endocrine 51(028% 0:84 (062-1.1) 5024%) 081(026-19) 25(031%) 089 (057-1.31) 15(0.23%) 0.72(0.4-1.18) 6(033%) 107 039-2.32)
Digestive system 815 (4.41% 1.08¢ (1.01-1.16) 80@87%) 1.04083-1.3) 327 (6.03% 093 (084-1.04) 304 (671%) 1,174 (1.04-1 31) 104 (5.68%) 1504 (1.23-1.82)
Respiratory system 803 (4.35% 097 (09-1.09 51(2.46%) 0574 (042-074) 361 (2.25% 092 (0.82-1.02) 307 (475%) 111(099-1.24) 84 (4.50%) 12 (0.96-1.49)
Bones and joints/sof tissue/skin 70(038%) 081(063-1.02) 9(043%) 104 (0.48-1.98) 26(032%) 065# (0.43-096) 25(0.29%) 083 (054-1.23) 10(055% 123(059-2.26)
Breast 51(028% 0384 (028-05) 2(0.10%) 0.14# (002-051) 13 (0.16%) 0214 0.11-035) 25(0.39%) 0554 (036-082) 11 060% 093(0.47-1.67)
Gerita systom 183 (0.99%) 061# 053.0.71) 16(077% 0554 (032-09) 81 (1.00%) 0,60 (048-0.74) 58(0.90%) 055¢ (0.42-0.71) 28(1.50%) 094 (063-1.35)
Kidney and renl pebis: 4213@23.13%)  SOTTH (57996150  584(2823%)  79.834(053-8660) 2189 (2607%) 66014 (B27-6883  1200(18.58%) 49004 (4626-5185  300(1638%) 46014 (4095-51.5)
Other urinary organs 98 (053%) 1,04 085-1.27) 70084%) 081(033-1.67) 56(069%) 1,344 (1.01-1.74) 29(0.45%) 086 (057-1.29) 6(033%) 061(022-1.39)
Brain/other nervous system 98 (053%) 1,486 (1.2-181) 70034%) 103(041-2.11) 46 (057%) 1,494 (1.09-1.99) 36(0.56%) 1614 (1.12-222) 9049%) 152 (07-289)
Lymphublood 315 (1.70% 11096129 45@.17% 1684 (1.15-2.11) 129 (1.59%) 099 (0.82-1.17) 110 (1.70%) 1.1(091-1.39) 31(1.69%) 114 (078-1.62)
Miscellanecus malignant cancer 369 (200% 1,696 (1.52-1.87) 38(1.84%) 1714 (121-2:35) 163 2.01%) 1,624 (1.38-1.89) 125 (1.94%) 1,664 (1.35-1.98) 432:35%) 2104 (1.52-2.89)
i st berign or unknown behavor neoplasm 115 (0.62%) 1514 (1:25-1.81) 14 (068% 198# (1:08-333) 51(0.63%) 1514 (1.12-1 98) 43(067%) 1674 (1.13-211) 7(0.38%) 089(036-1.83)
Noncancer 11,235 (60.81%) 1254 (1:22-1.27) 1,211 68.53%) 145H(137-150) 4649 (67.28%) 1164 (1.13-1.2) 4,182 (64.75%) 1,294 (1:25-1.33) 1,198 (65.12%) 1,274 (1.2-1.34)
fectons 446 241%) 1504 (1:36-1.64) 59 2.85%) 1,964 (1:49-253) 193 (2.38%) 1414 (1.22-1.62) 185 (2.40%) 1514 (1:28-177) 39 2.13%) 1.4 (1-1.91)
Dibetes melitus 721 (390% 1914 (1.77-2.08) 92 (4.45%) 2454 (1.98-3.01) 300 (381% 1,784 (1.69-1 99) 257 (3.98%) 1.95¢ (1.72-221) 63 3.44%) 1744 (1.34-222)
Alzheimer's (CD-9 and 10 o) 363 (1.96% 0844 (075083 20 0.97%) 0644 (039-098) 114 (1.40%) 0664 (054-0.79) 170 263%) 1(086-1.17) 59 3.22%) 101077-19
Diseases of heart 3718(20.12%) 123 (1.19-1.27) 411 (10.86%) 1.426 (1.29-1.56) 1,567 (19.31%) 1.16# (1.1-1.22) 1,350 (20.90%) 1,264 (1.19-1.33) 390 21.29%) 1264 (1.14-1.30)
Hypertension wihout heart disease 320(1.73% 2250 (201-2.52) 30(1.45%) 2,464 (166-351) 121 (1.49%) 1,974 (1.64-236) 126 (1.95%) 2404 2-2.86) 43 2:35%) 2708 (196-3.64)
Corebrovasculer diseases 710 (384%) 111# (1.08-1.19) 75@62%) 126(0.99-1.58 317391% 1.126 (1-1.25) 237 (367%) 1.08(09-1.17) 81 (4.42%) 1.18(094-1.47)
Diseases of arteries 154 (0.83%) 1214 (1.02-1.41) 25(121%) 1914 (123-282) 57 (0.70%) 097 (0.74-1.28) 590.91%) 1,354 (1.06-1.74) 13(071%) 1.08(057-1.84)
Pheumonia and infuenza 1022 (6.53%) 101 095-1.08) 94 (4.54%) 1081-122) 414(5.10% 092 (0.83-1.01) 419 (649%) 1.16# (1.05-1.28) 956.19%) 092(074-1.12)
Digestive 231 (1.25% 1,414 (1.23-1.6) 31(1.50%) 1784 (121283 110(1.36%) 1,424 (1.16-1.71) 76(1.18%) 1,394 (1.1-1.74) 14 (076% 1(055-1.68)
Nephriis/nephrofic syncrome/nephosis 716 (3.88%) 295 (274-3.18) 78@77%) 3434 271-429) 267 (354%) 2654 (235-297) 266 (4.12%) 3074 (271-3.46) 85 (4.64%) 3426 273-4.23)
Pregnancy/chidbith/puerperium 28(0.15% 2274 (151-8.28) 1(005%) 0.74(0.02-4.15) 11 (0.14%) 187 093-3.34) 12(0.19% 2948 (152-6.14) 4022%) 3834 (1.04-0)
Symptoms, signs, and il-defined conditions 150 081%) 1.16(0.98-1.36) 15(0.72% 123(0.60-2.04) 65 (0.80%) 112 086-1.43) 60(0.98%) 129 (098-1.65) 10(055%) 082 (035-1.9
Accidents/acverse eflects/homicideegal intervention 468 (253% 1,136 (1.06-1.24) 50 (2.42%) 12109159 210(250% 11(096-1.28) 159 (2.46%) 1.11(095-13) 49 67%) 124(091-1.63)
Suicide/solinficted piury 105 (0.57%) 101 082-1.22) 8039%) 068(03-135) 50(0.62%) 099 (0.73-13) 38(0.59%) 112 08-1.54) 9049%) 1.08(05-206)
Other cause of death 2083(11.27%) 1.10¢ (1.06-1.18) 222(10.73%) 1.38¢ (12-157) 824(10.15%) 101 095-1.09) 708 (1235%) 1.14% (1.06-1.22) 239(13.05%) 114 (1-1.29)

#0 < 0.05: SMRS, standardized mortality ratios. Cl, confidence inferval.
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Al Years <tyear 110 <5 years 50 <10 years 210years
Causo of Death No. (%) SVR (95% C) No. (%) SMR (95% C) No. () SMR (95% ) No. () SMR (95% C) No. (%) SVR (95% )
Al causes of death 14,542 (100.00%) 21844 21.49-22.2) 840(10000% 45201 (44244617  5315(10000%) 16.25¢(1582-1669)  639(10000%) 5204 (484-566 89 (100.00%) 3118 25-383)
Al maignant cancers 13,296 (92.12%) 80421 (9.07-818) 7988(0390%) 165574 (1619516024 4841 (91.08%) 58,04 (56.42-50.7) 514(8044%) 17914 (1639-1952 53 (59.55% 8544 (64-11.17)
Oral cavity/phanyreye/endocrine 12 (0.08%) 3,044 (1.73-5.84) 9(0.11%) 8924 (4.08-16.99) 2(008%) 1.1(0.13-397) 0(000% 0(0-591) 1(1.12% 7.41(0.19-41.29)
Digestive system 105 (0.72%) 2.408 (1.97-291) 59 (0.69%) 4734 (36-6.1) 3BO.71%) 1736 (1.22-237) 60094%) 079(0:29-172) 2(2.25% 123 (0.15-4.46)
Respiratory system 226.(1.55%) 4.608 (402-5.24) 142 (1.67%) 0711 (8.18-11.44) 71(1.34% 2874 (224-3.62) 10(1.56% 124(050-227) 30.37%) 183(038-5:34)
Bones and jints/sof tissue/skin 39 (027%) 7648 (543-10.45) 25(0.29%) 17.408 (11.26-25.69) 11021% 4300 215-7.7) 3(047%) 3.32(068-971) 0(0.00%) 00-17.97)
Breast 7(005%) 117 047-242) 3(0.04%) 1.64(034-48) 3(0.06%) 103 (021-3) 0(000%) 0(0-3.62) 1(1.12%) 50.13-2789
Genita system 42(029%) 2,544 (1.83-344) 25(0.29%) 5304 (3.43-7.69) 15(0.28%) 185 (1.03-305) 2(031%) 067 (0.08-249) 0(0.00%) 0(0-525)
KGdney and renal pebis: 12310(B465%) 288025 (263343-2.94075) 7308 (8599%) 6003284 (5866.42-6,14257) 4498 (84.63%) 2095364 20BA5T-2167.51) 463 (12.46%) 62807 (S72.16-687.07) 41(4607%)  257.124 (184.51-34881)
Other urinary organs 8 061%) 16,054 (1287-19.77) 59 (0.60%) 39.25% 29.88-50.64) 28(0.53%) 10394 (6.9-1501) 10.16%) 0.97(0.02-5.49) 0(0.00% 0(0-1431)
Brain/other nervous system 21 0:14%) 5454 (337-833) 11(013% 10,095 (5.06-18.05) 7(0.13%) 3564 (1.43-7.35) 3047%) 4540941328 0(000% 0(0-26.47)
Lymptublood 73 (050%) 4,456 (345-5.50) 34 0.40%) 7284 (5-10.1) 29(0.55%) 3550 (238-5.1) 7(1.10%) 242097499 3@37%) 456(0.94-13.34)
Miscellanecus malignant cancer 473 325% 37574 (34:26-41.11) 313 (368%) 86,164 (76.85-96.25) 139 2.62%) 22,134 (1861-26.19) 189T%) 808K (62-1355)  2(225% 4.11(05-14.85)
i st benign, o unknown behavor neoplasm 36 (025%) 8444 (591-11.68) 21 025%) 17.674 (10.94-27) 14(0.26% 67143671125 0(0.00%) 0(0-4.63) 1 (1.12%) 5.18(0.13-28.88)
Noncencer 1,110(7.63%) 2244 (2:11-238) 490 (577%) 3541 (3.23-3.66) 460 (8.65%) 1904 (1.73-2.08) 125(1956%) 1354 (112-161)  35(30.33%) 1,584 (1.1-2.19)
fectons 65 045%) 3,954 (305-5.08) 33(0.39%) 6984 (4.77-0.74) 250.47%) 306# (1.98-452) 6(094%) 2.08(0.76-452) 1(1.12%) 1.58 (004-8.83)
Dibetes melitus 57 (039%) 2.69% (204-3.48) 21025%) 349 2:16-539) 220.41%) 2084 (1.31-3.16) 9(1.41%) 2384 (100452 5(562% 5954 (1.93-1388)
Alzheimer's (CD-9 and 10 o) 21 0.14%) 098(061-1.5) 50.06%) 092 (0.3-2.14) 12(0.23% 121(063-2.12) 20081%) 0.43(0.05-155 22.25% 1.48 0.18-5.34)
Diseases of heart 328 (226%) 1924 (1.72-2.14) 157 (1.85%) 322¢ (2.74-3.76) 1252:35%) 1,508 (1.25-1.79) 35 (5.48%) 112078156 11(12.36%) 1,48 074-2:65)
Hypertension wihout heart disease 22 0.15%) 2,964 (1.86-4.48) 8(0.09%) 4024 (174-7.92) 18(0.24%) 3634 (1.95-6.2) 10.16%) 067 (0.02-379 0(0.00% 00-10.12)
Cerebrovasculer diseases 87 (060%) 251#(201-309) 31(0:36%) 313¢ 2,13-4.45) 400.75%) 239# (1.71-8.25) 14 2.19%) 2164(118362  2(225% 126 0.15-4.56)
Diseases of arteries 18(0.125%) 2438 (144-384) 7/0.08%) 3154 (127-65) 9017%) 2484 (1.14-4.71) 20031%) 156 (0.19-564) 0000%) 0(0-12.91)
Pheumonia and infuenza 123 085%) 2.208 (183-262) 510.60%) 3248 (2.41-4.26) 55(1.08%) 201# (151-261) 15 (2.35%) 145 081-24) 2(2.25% 08101299
Digestive 15(0.10%) 155 (0.87-2.55) 4(005%) 145 039-3.7) 11(021% 2204 (1.1-398) 0000%) 0(0-228 0(000%) 0(0-11.65)
Nephriis/nephrofic syncrome/nephosis 49(034%) 3,708 (2.74-4.89) 22(0.26%) 5904 (37-899 18(0.34%) 279% (1.65-4.41) 7(1.10%) 2834 (114-589  2(225% .44 (0.42-12.43)
Pregnancy/chidbith/puerperium 8006%) 11,54 (4.98-22.74) 3(004%) 14.90% (3.07-43.54) 5009%) 14114 (.58-32.99) 0000%) 00-32.39) 0(0.00%) 0(0-158.67)
Symptoms, signs, and il-defined condtons 33(028%) 4654 (32653 19(022% 9,434 (5.68-14.79) 13(0.24% 379% (202-6.48) 10.16%) 0.73(0.02-4.09) 0(000%) 00-13.05)
peciderts/advrse efecishomicdelegelnfenenton 50 (0.34%) 2204 (1.63-2.9) 16(0.19% 249% (1.42-4.04) 27051%) 2364 (1.56-3.44) 4(063%) 1027257 3(6.37%) 324 (067-948)
Suicide/selinficted piury 220.15%) 3,464 (2:17-5.24) 12 0.14% 6554 6.39-11.45) 90.17%) 2734 (1.25-5.18) 10.16%) 097 (0.02-549) 0(0.00%) 0(0-18.28)
Other cause of death 212(1.46%) 2,126 (184-2.43) 101(1.19%) 3774 (307-4.58) 76(1.43%) 157¢ (1:24-1.97) 28(4.38% 14(093-208) 70.87% 142 057-2.92)

#0 < 0.05: SMRS, standardized mortality ratios. Cl, confidence inferval.
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Al Years <year 110 <5 years 510 <10 years. 210years

Cause of Death No. (%) SMR (95% C) No. () SMR (95% C) No. 5) SMR (85% C) No. (36) SMR (95% C) No. (%) SMR (95% C)
Al causes of death 6612 (100.00%) 2934 (286-3) 1174(10000%) 4544 (429-481)  3400(10000%)  3.154(305-326) 1672(10000%) 2304 (219-241) 366 (100.00%) 1,884 (1.60-208)
Al maignant cancers 4574(00.18%) 8314807855 88(7564%)  1307#(122-1396 2500 7441%) 9331 (897-9.) 968 (57.89%) 5704 (535-6.07) 188 (51.37%) 4524 (389-5.21)
Oral cavity/phanyreye/endocrine 8(0.12%) 069(0.3-1.36) 2(047%) 142 (017-6.13) 0(0.00%) 0.004 (0-0.65) 40.24%) 112 03-2.96) 2(055%) 225(027-813)
Digestive system 142 2.15%) 1(084-1.18) 18(1.53%) 1,03 061-163 203%) 098(0.77-1.25) 46(275%) 1.0 0.77-1.39) 92.46%) 083 (036-1.58)
Respiratory system 176 (2.66%) 11094-1.28) 11094%) 0534 (026-094) 8 259%) 1.1 (0:88-1.35) 60(359%) 1.26 (096-162) 17 (4.64%) 154 (09-247)
Bones and joints/sof tissue/skin 17026% 099 (0.57-158) 3(026%) 146 (03426 9(026%) 1.07 (049-2.09) 40.24%) 074(02-1.89) 1027% 0.74 (0.02-4.1)
Broast 13(020%) 065 (0.35-1.12) 1(009%) 039(001-22) 2(0.06%) 0.204002-074) 7/0.42%) 116 (047-2.4) 3(082%) 202 (0.42-591)
Gerita systom 26(0.39%) 0474 (03068 1(0.09%) 0.15¢ 0-0.86) 10029%) 0.37#(0.18-069) 14(084%) 078 (0.43-1.32) 1027%) 021 001-1.2)
KGdney and renal pebis: 3912(50.17%) 279284 (2706-28817) 806 (B865%) 468314 (436.54-50179)  221(6503%) 820,156 (306.94-03878)  758(4530%) 175324 (16306-18826) 137 (37.43%  129.654 (108.85-156.27
Other urinary organs 44067% 2284 (1.65-805) 2(017%) 098(0.11-337) 28(082% 3.06# (203-4.42) 13(0.78%) 2064 (1.09-35) 1027% 050(001-327)
Brain/other nervous system 22(030%) 1764 (1.1-2.66) 0(000%) 00-237 14041% 2.244(123-376) 7/0.42%) 1.63(0.74-8.78) 1027% 1.09(003-6.08)
Lymphublood 52(0.79%) 093(0.60-1.22) 8068%) 1.2 (0.52-236) 27 079% 099 (0.66-1.45) 13(0.78%) 074 (039-1.26) 4(1.09%) 09024-23)
Miscellanecus malignant cancer 162 (2.45%) 3864 (3.29-4.51) 363.07%) 7.05% (4.94-9.76) 72@212% 3514275442 42@251%) 3224 (2.32-436) 12 (3.28%) 3664 (1.89-6.4)
i sy, berign or unknown behavior neoplasm 24 (036%) 1.60¢ (1.06-2.38) 3(026%) 18 (0.37-5.26) 9(026%) 127 (058-241) 90.54%) 1.83 (084-3.48) 3(082%) 228 (0.47-6.66)
Noncancer 2,014 (30.46%) 1,198 (1.14-1.24) 283(24.11%) 1506 (1.33-1.68) 861 (25.32%) 1,084 (1.01-1.15) 695(41.57%) 1,264 (1.17-1.35) 175 (47.81%) 1.1 099-1.33)
rections 95 (1.44%) 1784 (1.44-217) 252.13%) 389 252-5.74) 32 (0.94%) 123 (084-1.79) 28(1.67%) 11674 (1:11-241) 102.73%) 2344 (1.12-4.31)
Dibetes melitus 130 (1.97%) 1874 (1.57-2.22) 13(1.11%) 157 084-2.69 81 (1.79%) 1814 (138-232) 43257%) 1.974 (1.42-265) 13 (355%) 2334 (1.24-0.99)
Alzheimer's (CD-9 and 10 o) 61(0.92%) 0754 (0.58-097) 3(0.26%) 042 (000-1.23) 26 076% 074 (0.49-1.09) 25 (1.50%) 086 (056-1.27) 7(191%) 0.72(029-1.48)
Diseases of heart 708 (10.71%) 1,234 (1.14-1.32) 108 (9.28%) 1,644 (1.35-1.98) 298 (8.76%) 100 (097122 249(14,89%) 1,344 (1.18-152) 52(1421% 1,08 (077-1.35)
Hypertension wihout heart disease 41 062% 1634 (1.17-22) 4(034%) 1.54(042-3.93) 13 (038% 112(06-1.92) 20(1.20%) 2344 (1.43-361) 4(1.09%) 1,63 044-4.16)
Cerebrovasculer diseases 146 (2.21%) 1,234 (1.04-1.44) 20(1.70%) 15092-232) 65(191%) 1.16(09-1.48) 50(299%) 1.20 0.95-1.69) 11301%) 1(05-179)
Diseases of arteries 22(033% 089(0.56-1.35 1(0.09%) 033(001-1.89) 12(035% 1(052-1.75) 710.42%) 092 037-19) 2(055%) 102 (0.12-3.69)
Pheumonia and infuenza 191 (2:89%) 097 (0:84-1.12) 19(1.62%) 086 (052-1.34) 812.38%) 087 (069-1.08) 73(437%) 115 09-1.44) 18 (4.92%) 1,06 (063-167)
Digestive 48 0.73%) 1,608 (1.18-2.13) 5(043%) 13(0.42-804) 21 062% 139 (086-2.12) 17(1.02%) 1924 (1.12-3.07) 5(137%) 243(0.79-567)
Nephriis/nephrofic syncrome/nephosis 94 (1.42%) 2104 (1.69-257) 6(051%) 119 044-26) 43(1.26%) 2,026 (1.46-272) 33(1.97%) 2264 (1.55-8.17) 12 (3.28%) 3074 (1.50-5.36)
Pregnancy/chidbith/puerperium 60.09%) 2844 (1.04-6.17) 2(017%) 726 (0.88-26:23) 3(0.09%) 28(058-8.19) 10.06% 161 (0.04-8.95) 0(0.00%) 0(0-25.11)
Symptoms, signs, and il-defined condtons 3505%) 1.474 (1:06-205) 8(068%) 3014 (1.3-592) 19 (0.56%) 1,684 (1.01-263) 80.48%) 1.02 (0.44-2.01) 0(0.00%) 0(0-187)
Accidents/adherse eflcts/homicideflegal ntenvention 64 (0.97%) 086 (0.66-1.1) 8(068%) 091 (039-1.8) 34 (1.00%) 094 (065-1.32) 20(1.20%) 086 (053-1.33) 2(055%) 033(004-1.18)
Suicide/selrinficted biury 13 (0:20%) 067 (0.36-1.15) 1(0.09%) 039(001-217) 10 (029%) 101 (046-188) 20.12%) 036(004-1.29) 0(0.00%) 0(0-293
Other cause of death 360 (5.44%) 102(091-1.13) 59(5.00%) 1.62¢ (123-209) 143 (421%) 088 (0.74-1.09) 119 7.12%) 099 (082-1.18) 39 (1066%) 114 081-1.56)

#0 < 0.05: SMRS, standardized mortality ratios. Cl, confidence inferval.
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45,641 (61.07%)
28,859 (38.62%)

45,874 (61.38%)
28,859 (38.62%)

60,931 (81.53%)
9,421 (12.61%)
4,381 (5.86%)

45,378 (60.72%)
11,458 (15.33%)
17,897 (23.95%)

69,766 (93.35%)
4,967 (6.65%)

197 (0.26%)
74,536 (99.74%)

586 (0.78%)
74,147 (99.22%)

20,681 (27.67%)
25,486 (34.10%)
28,566 (38.22%)

57,395 (76.80%)
9,492 (12.70%)
4,608 (6.17%)
3,238 (4.33%)

10,315 (68.50%)
4,743 (31.50%)

8,139 (54.05%)
6,919 (45.95%)

12,919 (85.79%)
1,180 (7.84%)
959 (6.37%)

9,495 (63.06%)
2,099 (13.94%)
3,464 (23.00%)

14,567 (96.74%)
491 (3.26%)

231 (1.53%)
14,827 (98.47%)

1,002 (6.65%)
14,086 (93.35%)

4,310 (28.62%)
4,974 (33.03%)
5,774 (38.35%)

12,400 (82.35%)
1,072 (7.12%)
697 (4.63%)
889 (5.90%)

11,084 (67.77%)
5,263 (32.23%)

8,846 (54.18%)
7,481 (45.82%)

13,500 (82.69%)
1,709 (10.47 %)
1,118 (6.85%)

9,495 (58.16%)
2,580 (15.80%)
4,252 (26.04%)

7,409 (45.38%)
8,918 (54.62%)

4,529 (27.74%)
11,798 (72.26%)

8,572 (52.50%)
7,755 (47.50%)

4,960 (30.38%)
5,383 (32.97%)
5,984 (36.65%)

13,337 (81.69%)
698 (4.28%)
145 (0.89%)

2,147 (13.15%)

Timing of Death After Diagnosis, No. (%)

All Years

18,476 (46.62%)
6,612 (16.68%)
14,542 (36.69%)

11,676 (63.20%)
6,800 (36.80%)

6,766 (36.62%)
11,710 (63.38%)

15,005 (81.21%)
2,570 (13.91%)
901 (4.88%)

9,864 (53.39%)
2,505 (13.56%)
6,107 (33.06%)

15,433 (83.53%)
3,043 (16.47%)

125 (0.68%)
18,351 (99.32%)

308 (1.64%)
18,173 (98.36%)

8,079 (43.73%)
6,544 (35.42%)
3,853 (20.85%)

14,477 (78.36%)
2,220 (12.02%)
641 (3.47%)
1,138 (6.16%)

4,519 (68.35%)
2,093 (31.65%)

2,805 (42.42%)
3,807 (57.58%)

5,641 (85.31%)
591 (8.94%)
380 (5.75%)

3,944 (59.65%)
904 (13.67%)
1,764 (26.68%)

6,190 (93.62%)
422 (6.38%)

183 (2.77%)
6,429 (97.23%)

634 (9.59%)
5,978 (90.41%)

2,697 (40.79%)
2,303 (34.83%)
1,612 (24.38%)

5,457 (82.53%)
442 (6.68%)
161 (2.43%)
552 (8.35%)

9,822 (67.54%)
4,720 (32.46%)

7,679 (62.81%)
6,863 (47.19%)

12,008 (82.54%)
1,563 (10.75%)
976 (6.71%)

8,374 (57.58%)
2,282 (15.69%)
3,886 (26.72%)

8,504 (68.48%)
6,038 (41.52%)

4,273 (29.38%)
10,269 (70.62%)

7,039 (48.40%)
7,503 (561.60%)

4,678 (32.17%)
4,940 (33.97%)
4,924 (33.86%)

11,875 (81.66%)
612 (4.21%)
112 (0.77%)

1,943 (13.36%)

<1 year

2,164 (17.87%)
1,224 (10.11%)
8,724 (72.03%)

1,352 (62.48%)
812 (37.52%)

629 (29.07%)
1,635 (70.93%)

1,711 (79.07%)
344 (15.90%)
109 (5.04%)

985 (45.52%)
332 (15.34%)
847 (39.14%)

1,274 (68.87%)
890 (41.13%)

20 (0.92%)
2,144 (99.08%)

62 (2.87%)
2,102 (97.13%)

688 (31.79%)
720 (33.27%)
756 (34.94%)

1,671 (77.22%)
233 (10.77%)
52 (2.40%)
208 (9.61%)

790 (64.54%)
434 (35.46%)

485 (39.62%)
739 (60.38%)

981 (80.15%)
164 (13.40%)
79 (6.45%)

667 (54.49%)
172 (14.06%)
385 (31.45%)

1,008 (82.35%)
216 (17.65%)

47 (3.84%)
1,177 (96.16%)

167 (13.64%)
1,057 (86.36%)

414 (33.82%)
418 (34.15%)
392 (32.03%)

938 (76.63%)
82 (6.70%)
17 (1.39%)

187 (16.28%)

5,721 (65.58%)
3,008 (34.42%)

4,351 (49.87%)
4,373 (50.13%)

7,137 (81.81%)
1,034 (11.85%)
553 (6.34%)

4,845 (55.54%)
1,433 (16.43%)
2,446 (28.04%)

2,549 (29.22%)
6,175 (70.78%)

2,678 (30.70%)
6,046 (69.30%)

3,935 (45.11%)
4,789 (54.89%)

2,742 (31.43%)
2,916 (33.43%)
3,066 (35.14%)

6,988 (80.10%)
304 (3.48%)
46 (0.53%)

1,386 (15.89%)

1 to <5 years

8,106 (48.86%)
3,378 (20.36%)
5,105 (30.77%)

51,89 (64.01%)
2,917 (35.99%)

2,976 (36.71%)
5,130 (63.29%)

6,547 (80.77%)
1,173 (14.47%)
386 (4.76%)

4,191 (61.70%)
1,172 (14.46%)
2,743 (33.84%)

6,544 (80.73%)
1,662 (19.27%)

62 (0.76%)
8,044 (99.24%)

169 (2.08%)
7,937 (97.92%)

2,528 (31.19%)
2,841 (35.05%)
2,737 (33.77%)

6,320 (77.97%)
1,006 (12.41%)
245 (3.02%)
535 (6.60%)

2,331 (69.01%)
1,047 (30.99%)

1,450 (42.92%)
1,928 (57.08%)

2,890 (85.55%)
289 (8.56%)
199 (5.89%)

1,998 (59.00%)
481 (14.24%)
904 (26.76%)

3,209 (95.00%)
169 (5.00%)

105 (3.11%)
3,273 (96.89%)

360 (10.66%)
3,018 (89.34%)

1,110 (32.86%)
1,151 (34.07%)
1,117 (33.07%)

2,785 (82.45%)
241 (7.13%)
78 (2.31%)
274 (8.11%)

3,598 (70.48%)
1,507 (29.52%)

2,893 (56.67%)
2,212 (43.33%)

4,255 (83.35%)
483 (9.46%)
367 (7.19%)

3,074 (60.22%)
761 (14.91%)
1,270 (24.88%)

2,926 (57.32%)
2,179 (42.68%)

1,471 (28.81%)
3,634 (71.19%)

2,857 (55.96%)
2,248 (44.04%)

1,637 (30.11%)
1,753 (34.34%)
1,815 (35.55%)

4,297 (84.17%)
264 (5.17%)
47 (0.92%)
497 (9.74%)

5 to <10 years

6,402 (73.80%)
1,648 (19.00%)
625 (7.20%)

4,017 (62.75%)
2,385 (37.25%)

2,402 (37.52%)
4,000 (62.48%)

5,281 (82.49%)
820 (12.81%)
301 (4.70%)

3,611 (56.40%)
773 (12.07%)
2,018 (31.52%)

5,884 (91.91%)
518 (8.09%)

35 (0.55%)
6367, (99.45%)

63 (0.98%)
6,339 (99.02%)

3,129 (48.88%)
2,913 (45.50%)
360 (5.62%)

5,054 (78.94%)
773 (12.07%)
254 (3.97%)
321 (5.01%)

1,145 (69.48%)
503 (30.52%)

717 (43.51%)
931 (56.49%)

1,442 (87.50%)
121 (7.34%)
85 (5.16%)

1,041 (63.17%)
207 (12.56%)
400 (24.27%)

1,615 (98.00%)
33 (2.00%)

26 (1.58%)
1,622 (98.42%)

95 (5.76%)
1,553 (94.24%)

830 (50.36%)
715 (43.39%)
103 (6.25%)

1,429 (86.71%)
90 (5.46%)
52 (3.16%)
77 (4.67%)

437 (69.92%)
188 (30.08%)

380 (60.80%)
245 (39.20%)

538 (86.08%)
36 (5.76%)
51 (8.16%)

396 (63.36%)
81 (12.96%)
148 (23.68%)

489 (78.24%)
136 (21.76%)

112 (17.92%)
513 (82.08%)

221 (35.36%)
404 (64.64%)

313 (50.08%)
269 (43.04%)
43 (6.88%)

522 (83.52%)
37 (5.92%)
14 (2.24%)
52 (8.32%)

>10 years

1,804 (80.04%)
362 (16.06%)
88 (3.90%)

1,118 (61.97%)
686 (38.03%)

759 (42.07%)
1,045 (57.93%)

1,466 (81.26%)
233 (12.92%)
105 (5.82%)

1,077 (59.70%)
228 (12.64%)
499 (27.66%)

1,731 (95.95%)
73 (4.05%)

8 (0.44%)
1,796 (99.56%)

9 (0.50%)
1,795 (99.50%)

1,734 (96.12%)
70 (3.88%)
0 (0.00%)

1,432 (79.38%)
208 (11.53%)
90 (4.99%)
74 (4.10%)

253 (69.89%)
109 (30.11%)

153 (42.27%)
209 (57.73%)

328 (90.61%)
17 (4.70%)
17 (4.70%)

243 (67.13%)
44 (12.15%)
75 (20.72%)

358 (98.90%)
4 (1.10%)

5 (1.38%)
357 (98.62%)

12 (3.31%)
350 (96.69%)

343 (94.75%)
19 (5.25%)
0 (0.00%)

305 (84.25%)
29 (8.01%)
14 (3.87%)
14 (3.87%)

66 (75.00%)
22 (25.00%)

55 (62.50%)
33 (37.50%)

73 (82.95%)
10 (11.36%)
5 (5.68%)

59 (67.05%)
7 (7.95%)
22 (25.00%)

74 (84.09%)
14 (15.91%)

12 (13.64%)
76 (86.36%)

26 (29.55%)
62 (70.45%)

86 (97.73%)
2 (2.27%)
0 (0.00%)

68 (77.27%)
7 (7.95%)
5 (5.68%)
8 (9.09%)

Other' includes divorced, separated, widowed, and unmarried or domestic partner.





