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Background: Few reports have focused on the influencing factors of localized prostate cancer (PCa)-specific 
mortality so far. This study aimed to develop a competitive risk model for identifying the factors influencing 
the localized PCa mortality rate based on 135,310 subjects in the Surveillance, Epidemiology, and End 
Results (SEER) database.
Methods: We included 135,310 localized PCa male patients from SEER database 2004–2016 in this cohort 
study, and collected the baseline information of all patients, including age of diagnosis, race, marital status, 
socioeconomic status (SES), American Joint Committee on Cancer (AJCC) stage, prostate-specific antigen 
(PSA) Gleason score, and so on. The outcome was considered as PCa-specific mortality in this study. The 
end time of follow-up was November 2018. Independent risk factors were examined by multivariate Fine-
Gray analysis. The results are shown by hazard ratio (HR) and 95% confidence interval (CI).
Results: All patients were divided into three groups: died from localized PCa (n=1,400), died from other 
causes (n=16,996), and survived (n=116,914). The diagnostic age of 119,899 patients was ≥55 years. The 
multivariate Fine-Gray analysis indicated that age of diagnosis (55–70 years: HR =1.473, 95% CI: 1.124–
1.930; >70 years: HR =2.528, 95% CI: 1.901–3.362), race (American India/Alaska Native, Asian/Pacific 
Islander: HR =0.653, 95% CI: 0.490–0.870), marital status (divorced: HR =1.433, 95% CI: 1.197–1.717; 
single: HR =1.463, 95% CI: 1.244–1.719; widowed: HR =1.485, 95% CI: 1.222–1.804), therapeutic method 
(radiotherapy: HR =1.500; 95% CI: 1.119–2.011), SES (4–10: HR =0.799, 95% CI: 0.664–0.961; ≥11: HR 
=0.670; 95% CI: 0.534–0.839), AJCC stage (HR =0.820, 95% CI: 0.715–0.940), level of PSA (HR: 1.002, 
95% CI: 1.002–1.002) and Gleason score (HR: 2.226, 95% CI: 2.108–2.350) were associated with the risk of 
localized PCa mortality. 
Conclusions: The study determined the influencing factors for mortality in patients with localized PCa 
through a competitive risk model. This finding may provide a reference for localized PCa patients: localized 
PCa patients who are older, divorced, widowed, single, have a radiotherapy, have a high PSA level, and 
Gleason score may be at high risk.
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Introduction

Prostate cancer (PCa) is the second most common cancer 
worldwide. It is the fifth leading cause of cancer-related 
deaths among men globally (1,2), and the second leading 
cause of cancer-related deaths among men in the United 
States (3). It is one of the most common malignant tumors 
in the male genitourinary system, with most patients 
diagnosed with localized tumor (4). Globally, the mortality 
rate associated with localized PCa has shown an uptrend 
in the past decade (5). Since early symptoms are often mild 
and the age at diagnosis is older, the possibility of disease 
development leading to poor prognosis increases (6). 
Therefore, it is essential to focus on the risk factors that 
affect the mortality of patients diagnosed with localized 
PCa, which could help clinicians develop personalized 
diagnostic and treatment programs.

Previous studies have mainly investigated the risk factors 
of death among PCa patients and its prevention (7,8). In 
the study by Perdana et al., they pointed out that older men 
were associated with a high risk PCa and had lower overall 
survival (9). Additionally, race and clinical stages (10) were 
also regarded as risk factors for PCa death. However, to 
date, there have been few studies exploring the influencing 
factors of death for localized PCa patients. In recent years, 
Cox model and competitive risk models have been gradually 
applied in the prediction of mortality for different cancers 
(11,12). Furthermore, it was reported that compared with 
the Cox model, the Fine-Gray proportional model for 
competing risks provides a better estimation for the risk of 

the main outcome of benefit when one or more competing 
risks exist (13). In other words, compared with the traditional 
survival analysis method, using a competitive risk model to 
assess the risk factors affect the prognosis of localized PCa 
patients is more helpful in discovering the true influencing 
variables and more accurately identifies the relevant risk 
factors (13). In the study of Zhou et al., they only reported 
that tumor sizes were associated with localized PCa by Cox 
regression analysis (14). To our knowledge, there is a paucity 
of reports to predict the influencing factors of localized PCa-
specific mortality (14). 

Herein, we developed a competitive risk model to identify 
the influencing factors of localized PCa mortality based on 
the Surveillance, Epidemiology, and End Results (SEER) 
database. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-818/rc).

Methods

Study population

The data for analysis were obtained from the SEER 
database, which covered approximately 27.8% of the 
United States population from 18 regions (including Los 
Angeles, New Mexico, Greater Georgia, etc.) (15). In this 
cohort study, male patients with localized PCa whose age 
of pathological diagnosis was between 25–80 years old were 
selected from the SEER database between 2004 and 2016. 
Patients with T3 stage or T4 stage cancer; had unclear T, or 
N, or M stage; had unknown prostate-specific antigen (PSA) 
or Gleason score; were loss to follow-up or who did not 
survival for more than one month; did not undergo surgery 
nor radiotherapy treatment; had unknown marital status or 
residence status; or had chemotherapy and developed cancer 
metastasis were excluded from the study. After screening, a 
total of 135,310 patients with localized PCa were eligible for 
this study (Figure 1). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Outcomes and follow-up

Localized PCa was defined as clinical or pathological tumor 
stages T1 and T2 by the American Cancer Society (16). All 
included patients were divided into the following 3 groups 
according to the survival status of patients as of November 
2018: died of localized PCa, died of other causes, and 
survived.

Highlight box

Key findings
• Age of diagnosis, race, marital status, therapeutic method, 

socioeconomic status, American Joint Committee on Cancer 
stage, level of prostate-specific antigen, and Gleason score were 
associated with the risk of localized prostate cancer mortality.

What is known and what is new? 
• The Cox model was used to identify the influencing factors.
• A competitive risk model was adopted to identify the influencing 

factors.

What is the implication, and what should change now? 
• The results may remind urologists to pay attention to patients 

with the above characteristics, and perform early interventions and 
develop personalized diagnostic and treatment programs for these 
patients.
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Data extraction 

Patient demographic information, including age of 
diagnosis (<55 years, 55–70 years, >70 years), race 
(Caucasian, African American, American India/Alaska 
Native, Asian/Pacific Islander), socioeconomic status (SES), 
American Joint Committee on Cancer (AJCC) stage (T1, 
T2), marital status (married, divorced, separated, single or 
never married, unmarried or domestic partner, widowed), 
population-scale (≥1,000,000 people, 250,000 to 999,999 
people, <250,000 people, 20,000 to 249,999 people, 2,500 to 
19,999 people, <2,500 people), therapeutic method (surgery, 
radiotherapy), PSA, and Gleason score were collated from 
the SEER database. SES was considered as the county-
level socioeconomics which was composed of the patient’s 
education level, family income level, and poverty level (17). 
The above three socioeconomic variables were equally 
weighted and added together to create the composite 
SES score, with scores ≤3 considered low SES, scores 
ranging from 4–10 considered middle SES, and scores ≥11 
considered high SES (8). 

Statistical analysis

Descriptive statistics was used to present basic demographic 
details of the included patients, and no-normal variables 
were showed by median and interquartile. The univariate 
Gray’s proportional model for competing risk was built 
to analyze the cumulative incidence of interest events and 

compare the differences among groups. Subsequently, the 
multivariate Fine-Gray proportional model for competing 
risk was used to analyze the statistically significant variables 
to screen out the competing bias to predict risk factors 
related to PCa mortality. The results are shown by hazard 
ratio (HR) and 95% confidence interval (CI). All statistical 
tests were two-sided, with statistical significance evaluated 
at the 0.05 alpha level and CI presented at the 95% level. 
Baseline information was analyzed using SPSS 20.0 software 
(version 20.0). A competing risk model was performed using 
SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Baseline information of patients with localized PCa

A total of 135,310 patients were enrolled in this study, 
including 1,400 patients who died of localized PCa, 16,996 
patients who died from other causes, and 116,914 patients 
who survived. The diagnostic age of 119,899 (88.61%) 
patients was ≥55 years. A total of 103,894 (76.78%) patients 
were married. Approximately 9.89% of patients had low 
SES, 67.26% had middle SES, and 22.84% had high 
SES. There were 54,598 (40.35%) patients with AJCC 
stage T1, and 80,712 (59.65%) patients with T2 stage. 
Moreover, 68,194 (50.40%) localized PCa patients chose 
surgery as their primary treatment, and 69,822 (51.60%) 
patients received radiotherapy. The detailed information is 
presented in Table 1.

SEER-based patients diagnosed with localized 
prostate cancer between 2004–2016 (n=597,559)

Eligible patients (n=135,310)

Patients who dead attributable to 
other cancer (n=16,996)

Patients whose death was attributable to 
localized prostate cancer (n=1,400)

Patients who are still alive 
(n=116,914)

• Exclude patients whose PSA or Gleason score unknown 
(n=299,365)

• Exclude patients whose T or N or M stage were 
unknown or T3 or T4 stage or N1 or M1 (n=86,029)

• Exclude patients who were loss to follow up, or those 
who survived less than one month (n=1,036)

• Exclude patients who did not undergo surgery or radiation 
to treat prostate cancer (n=57,690)

• Exclude patients whose marital status, rural/urban status 
were unknown (n=15,926)

• Exclude patients who underwent chemotherapy (n=2,203)

Figure 1 Flow chart of the patient selection process. SEER, Surveillance, Epidemiology, and End Results; PSA, prostate-specific antigen.
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Table 1 Baseline characteristics of the study population (n=135,310)

Description  Values

Age of prostate cancer diagnosis, years, n (%)

<55 15,411 (11.39)

55–70 85,701 (63.34)

>70 34,198 (25.27)

Race/ethnicity, n (%)

Caucasian 106,632 (78.81)

African American 22,026 (16.28)

Other (American India/Alaska Native, Asian/Pacific Islander) 6,652 (4.92)

Marital status, n (%)

Married 103,894 (76.78)

Divorced 10,129 (7.49)

Separated 1,207 (0.89)

Single (never married) 14,666 (10.84)

Unmarried or domestic partner 295 (0.22)

Widowed 5,119 (3.78)

Urban/rural residence status, n (%)

Countries in metropolitan, ≥1,000,000 people 81,575 (60.29)

Countries in metropolitan, 250,000 to 999,999 people 10,328 (7.63)

Countries in metropolitan, <250,000 people 28,347 (20.95)

Urban, 20,000 to 249,999 people 5,438 (4.02)

Urban, 2,500 to 19,999 people 7,869 (5.82)

Rural, <2,500 people 1,753 (1.30)

SES

≤3 13,388 (9.89)

4–10 91,011 (67.26)

≥11 30,911 (22.84)

AJCC, n (%)

T1 54,598 (40.35)

T2 80,712 (59.65)

Surgery, n (%)

Yes 68,194 (50.40)

No 67,116 (49.60)

Radiotherapy, n (%)

Yes 69,822 (51.60)

No 65,488 (48.40)

Table 1 (continued)
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An analysis of differences based on survival status

An analysis of the survival status showed statistical 
differences in the patient’s age (χ2=4,391.730, P<0.001), race 
(χ2=181.793, P<0.001), marital status (χ2=481.909, P<0.001), 
distribution of urban and rural residents (χ2=56.732, 
P<0.001), SES (χ2=29.498, P<0.001), AJCC tumor staging 
(χ2=946.193, P<0.001), surgery (χ2=1,233.536, P<0.001), 
radiotherapy (χ2=1,377.268, P<0.001), PSA (χ2=745.791, 
P<0.001), and Gleason score (F=1,129.662, P<0.001) among 
the 3 survival groups (Table 2). 

Univariate Fine-Gray test

The risk factors that had a significant effect on the 
mortality of localized PCa in the Fine-Gray model were 
age at diagnosis, race, marital status, residence status, SES, 
therapeutic method, PSA, and Gleason score (P<0.05). 
It clearly showed that the HR of localized PCa increased 
with the higher older diagnostic age and higher Gleason 
score. The detailed information is listed in Table 3. The 
cumulative incidence of different age at diagnosis, different 
race, different marital status, different residence status, SES, 
different T stage, surgery and radiotherapy method are 
shown in Figure 2A-2H.

Multivariate Fine-Gray test

The results from the Fine-Gray model showed that patients 
whose diagnostic age were 55–70 years (HR: 1.473, 95% CI: 
1.124 to 1.930) or >70 years (HR: 2.528, 95% CI: 1.901 to 
3.362) had a significantly higher risk of mortality compared 
to patients whose age at diagnosis was less 55 years. Taking 
“Caucasian” race as a reference, the “African American” race 

was considered a risk factor for localized PCa death (HR: 
1.137, 95% CI: 0.985 to 1.312), and people with other races 
were associated with a decreased risk of death (HR: 0.653, 
95% CI: 0.490 to 0.870). The risk of death for localized PCa 
patients who were divorced, single, or widowed increased 
by 0.433 times (HR: 1.433, 95% CI: 1.197 to 1.717),  
0.463 times (HR: 1.463, 95% CI: 1.244 to 1.719), and  
0.485 times (HR: 1.485, 95% CI: 1.222 to 1.804), 
respectively, compared to married people. The risk of death 
for patients who had undergone radiotherapy was increased 
by 0.500 times compared to those who had not radiotherapy 
(HR: 1.500, 95% CI: 1.119 to 2.011). Using the low SES 
(score ≤3) as a reference, localized PCa patients who had 
middle SES (score 4–10; HR: 0.799, 95% CI: 0.664 to 
0.961) and those with high SES (score ≥11; HR: 0.670, 
95% CI: 0.534 to 0.839) were associated with a decreased 
risk of death, which indicated that patients with higher SES 
scores had a better outcome. Furthermore, the results also 
indicated that the higher levels of PSA (HR: 1.002, 95% CI: 
1.002 to 1.002) and higher Gleason score (HR: 2.226, 95% 
CI: 2.108 to 2.350) were associated with higher specific-
death risk for localized PCa patients. The detailed data is 
listed in Table 4.

Discussion

In this study, we developed a Fine-Gray proportional model 
to assess the influencing factors of localized PCa mortality 
based on a large sample size. The results of competitive risk 
modeling showed that age of diagnosis, race, marital status, 
SES, AJCC stage, therapeutic method, PSA, and Gleason 
score were influencing factors for death in localized PCa 
patients.

Table 1 (continued)

Description  Values

PSA, M (Q1, Q3) 61.00 (46.00, 90.00)

Gleason score, Mean ± SD 6.80±0.84

Outcome, n (%)

Died from other causes 16,996 (12.56)

Died from localized PCa 1,400 (1.03)

Alive 116,914 (86.40)

Survival months, M (Q1, Q3) 51.00 (31.00, 70.00)

SES, socioeconomic status; AJCC, American Joint Committee on Cancer; PSA, prostate-specific antigen; PCa, prostate cancer.
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Table 2 Baseline information of study population (n=135,310)

Variances

Description (n=135,310)

Died from other 
causes (n=16,996)

Died from localized 
PCa (n=1,400)

Alive  
(n=116,914)

Statistic P

Age of prostate cancer diagnoses (years), N (%) χ2=4,391.730 <0.001

<55 760 (4.47) 59 (4.21) 14,592 (12.48)

55–70 8,837 (51.99) 630 (45.00) 76,234 (65.21)

>70 7,399 (43.53) 711 (50.79) 26,088 (22.31)

Race/ethnicity, N (%) χ2=181.793 <0.001

Caucasian 14,003 (82.39) 1,093 (78.07) 91,536 (78.29)

African American 2,409 (14.17) 258 (18.43) 19,359 (16.56)

Other (American India/Alaska Native, Asian/
Pacific Islander)

584 (3.44) 49 (3.50) 6,019 (5.15)

Marital status, N (%) χ2=481.909 <0.001

Married 12,610 (74.19) 936 (66.86) 90,348 (77.28)

Divorced 1,431 (8.42) 140 (10.00) 8,558 (7.32)

Separated 174 (1.02) 16 (1.14) 1,017 (0.87)

Single (never married) 1,693 (9.96) 184 (13.14) 12,789 (10.94)

Unmarried or domestic partner 14 (0.08) 2 (0.14) 279 (0.24)

Widowed 1,074 (6.32) 122 (8.71) 3,923 (3.36)

Urban/rural residence status, N (%) χ2=56.732 <0.001

Countries in metropolitan, ≥1,000,000 people 9,977 (58.70) 816 (58.29) 70,782 (60.54)

Countries in metropolitan, 250,000 to 999,999 
people

1,356 (7.98) 118 (8.43) 8,854 (7.57)

Countries in metropolitan, <250,000 people 3,553 (20.90) 281 (20.07) 24,513 (20.97)

Urban, 20,000 to 249,999 people 737 (4.34) 69 (4.93) 4,632 (3.96)

Urban, 2,500 to 19,999 people 1,105 (6.50) 88 (6.29) 6,676 (5.71)

Rural, <2,500 people 268 (1.58) 28 (2.00) 1,457 (1.25)

SES, N (%) χ2=29.498 <0.001

≤3 1,785 (10.50) 172 (12.29) 11,431 (9.78)

4–10 11,441 (67.32) 961 (68.64) 78,609 (67.24)

≥11 3,770 (22.18) 267 (19.07) 26,874 (22.99)

AJCC, N (%) χ2=946.193 <0.001

T1 8,586 (50.52) 737 (52.64) 45,275 (38.73)

T2 8,410 (49.48) 663 (47.36) 71,639 (61.27)

Surgery, N (%) χ2=1,233.536 <0.001

Yes 6,637 (39.05) 445 (31.79) 61,112 (52.27)

No 10,359 (60.95) 955 (68.21) 55,802 (47.73)

Table 2 (continued)
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Table 2 (continued)

Variances

Description (n=135,310)

Died from other 
causes (n=16,996)

Died from localized 
PCa (n=1,400)

Alive  
(n=116,914)

Statistic P

Radiotherapy, N (%) χ2=1,377.268 <0.001

Yes 10,776 (63.40) 1,007 (71.93) 58,029 (49.63)

No 6,220 (36.60) 393 (28.07) 58,885 (50.37)

PSA, M (Q1, Q3) 66.00 (48.00,101.00) 88.50 (57.00,175.50) 60.00 (46.00,88.00) χ2=745.791 <0.001

Gleason score, Mean ± SD 6.93±0.92 7.71±1.18 6.77±0.81 F=1,129.662 <0.001

PCa, prostate cancer; SES, socioeconomic status; AJCC, American Joint Committee on Cancer; PSA, prostate-specific antigen.

Table 3 Univariate Fine-Gray proportional model for competing risks 

Variances
Univariable Fine-Gray test

HR 95% CI P

Age of prostate cancer diagnoses (years)

<55 Ref

55–70 1.919 (1.470, 2.505) <0.001

>70 5.270 (4.040, 6.873) <0.001

Race/ethnicity

Caucasian Ref

African American 1.228 (1.072, 1.406) 0.003

Other (American India/Alaska Native, Asian/Pacific Islander) 0.782 (0.587, 1.041) 0.092

Marital status

Married Ref

Divorced 1.559 (1.305, 1.862) <0.001

Separated 1.465 (0.893, 2.404) 0.131

Single (never married) 1.496 (1.277, 1.752) <0.001

Unmarried or domestic partner 1.191 (0.297, 4.785) 0.805

Widowed 2.629 (2.177, 3.175) <0.001

Urban/rural residence status

Countries in metropolitan, ≥1,000,000 people Ref

Countries in metropolitan, 250,000 to 999,999 people 0.953 (0.832, 1.091) 0.483

Countries in metropolitan, <250,000 people 1.178 (0.971, 1.429) 0.096

Urban, 20,000 to 249,999 people 1.136 (0.912, 1.416) 0.254

Urban, 2,500 to 19,999 people 1.255 (0.982, 1.604) 0.070

Rural, <2,500 people 1.643 (1.128, 2.392) 0.010

Table 3 (continued)
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It is well known that Cox model commonly considers only 
a single endpoint. Nevertheless, when there are competitive 
risk events, the endpoint analysis method might cause bias 
for the estimated probabilities of endpoint events (18). In 
the present study, we adopted a competitive risk model 
which considered not only deaths from localized PCa, but 
also deaths from other causes, to determine the risk factors 
that influenced mortality in localized PCa patients. We 
speculate that the Cox model also may misestimate the 
direction between risk factors and outcome correlation. The 
competitive risk model was more beneficial to accurately 
determine the risk factors that influence death in localized 
PCa patients.

 Our results showed that age at diagnosis was an 
influencing factor for mortality in patients with localized 
PCa. A similar result was reported in a previous competing 
risk regression analyze on mortality data (19,20). An 
increased risk of it with an elevated age at the time of 
diagnosis for older adults. The higher risk of mortality 
might be influenced by poor health status and less early 
detection. Moon et al. investigated the influence of marital 

intimacy on localized PCa patients and reached a conclusion 
that mortality was higher for patients with marriage issues 
than those with a happy marriage (21), because patients in 
a good marriage received higher quality life-care and less 
mental pressure, which could encourage them to receive 
treatment positively and effectively (21,22). This latter 
finding was consistent with our research showing that the 
risk of death among divorced, single, and widowed patients 
with localized PCa was increased compared with married 
people.

The results herein also suggested that African Americans 
had a poorer prognosis than Caucasians. Some studies 
have noted that the racial disparities in accessing health 
insurance and health care may be an important factor for 
survival in the United States (23,24). Whites tend to have 
greater access to health insurance and treatment, and more 
frequent early screening can help improve outcomes (23). 
As to therapeutic method, the risk of death for people who 
underwent radiotherapy was significantly increased than 
those without radiotherapy, which maybe because these 
patients were at higher risk of dying from cancer-specific 

Table 3 (continued)

Variances
Univariable Fine-Gray test

HR 95% CI P

SES

≤3 Ref

4–10 0.800 (0.680, 0.940) 0.007

≥11 0.636 (0.525, 0.770) <0.001

AJCC

T1 Ref

T2 0.603 (0.543, 0.670) <0.001

Surgery

No Ref

Yes 0.468 (0.418, 0.524) <0.001

Radiotherapy

No Ref

Yes 2.435 (2.165, 2.738) <0.001

PSA 1.004 (1.003, 1.004) <0.001

Gleason score 2.601 (2.480, 2.728) <0.001

HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; AJCC, American Joint Committee on Cancer; PSA, prostate-specific 
antigen.
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Figure 2 Cumulative incidence function (CIF). (A) Age; (B) race; (C) marital status; (D) rural residence status; (E) AJCC stage; (F) surgery; (G) 
radiotherapy; (H) SES. AJCC, American Joint Committee on Cancer; SES, socioeconomic status.
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Table 4 Multivariate Fine-Gray proportional model for competing risks

Variances
Multivariable Gray-test

HR 95% CI P 

Age of prostate cancer diagnoses (years)

<55 Ref

55–70 1.473 (1.124, 1.930) 0.005 

>70 2.528 (1.901, 3.362) <0.0001

Race/ethnicity

Caucasian Ref

African American 1.137 (0.985, 1.312) 0.079 

Other (American India/Alaska Native, Asian/Pacific Islander) 0.653 (0.490, 0.870) 0.004 

Marital status

Married Ref

Divorced 1.433 (1.197, 1.717) <0.0001

Separated 1.317 (0.796, 2.179) 0.284 

Single (never married) 1.463 (1.244, 1.719) <0.0001

Unmarried or domestic partner 1.461 (0.360, 5.929) 0.596 

Widowed 1.485 (1.222, 1.804) <0.0001

Urban/rural residence status

Countries in metropolitan, ≥1,000,000 people Ref

Countries in metropolitan, 250,000 to 999,999 people 0.899 (0.782, 1.033) 0.134 

Countries in metropolitan, <250,000 people 0.976 (0.793, 1.201) 0.819 

Urban, 20,000 to 249,999 people 1.051 (0.816, 1.352) 0.702 

Urban, 2,500 to 19,999 people 0.887 (0.697, 1.129) 0.331 

Rural, <2,500 people 1.163 (0.785, 1.724) 0.451 

SES

≤3 Ref

4–10 0.799 (0.664, 0.961) 0.017 

≥11 0.670 (0.534, 0.839) 0.001 

AJCC

T1 Ref

T2 0.820 (0.715, 0.940) 0.004 

Surgery

No Ref

Yes 1.297 (0.996, 1.690) 0.054 

Radiotherapy

No Ref

Yes 1.500 (1.119, 2.011) 0.007 

PSA 1.002 (1.002, 1.002) <0.0001

Gleason score 2.226 (2.108, 2.350) <0.0001

HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; AJCC, American Joint Committee on Cancer; PSA, prostate-specific 
antigen.
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mortality (worst stage in PCa) or other-cause mortality 
(localized PCa patients who cannot undergo surgery because 
they are too old or too frail, or have too many comorbidities) 
(25,26). This was also consistent with research by Antonelli 
et al. showing that localized PCa patients who were 
younger, married, working, and had better physical and 
sexual function were more likely to undergo surgery than 
radiotherapy (27). More comprehensive and in-depth 
research related to this are warranted in the future. A 
previous study indicated that the PSA levels and Gleason 
scores are powerful predictors of PCa prognosis (20), and its 
prognostic role in localized PCa should not be overlooked. 
Indeed, our study demonstrated that higher PSA levels and 
Gleason scores in localized PCa patients were associated 
with an increased risk of death. Additionally, T2 stage 
patients had better prognosis compared to T1 patients, and 
this may be due to the heterogeneity of PCa, with some 
T1 patients showing a worse outcome than those with T2 
stage (28). In the present study, patients with higher SES 
scores were associated with a better outcome, which was 
consistent with the result of previous studies (20,29). A 
higher SES score suggests a better socio-economic status. In 
general, localized PCa patients with lower SES have a higher 
comorbidity burden and poorer lifestyle (such as smoking, 
lack of exercise, obesity), which might affect the outcome of 
the patients (20). Furthermore, high SES may provide timely 
and high-quality cancer care (30).

In summary, this study identified some risk factors 
related localized PCa mortality. PCa patients who were 
aged above 55 years at the time of diagnosis, were African 
American or other (American India/Alaska Native, Asian/
Pacific Islander), were divorced, single, and widowed, had 
lower SES, had T2 stage, underwent radiotherapy, and had 
a higher PSA level and Gleason score, were associated with 
an increased risk of mortality. These results may remind 
urologists to pay attention to patients with the above 
characteristics, and conduct early interventions and develop 
personalized diagnostic and treatment programs for such 
patients.

This investigation used a large sample size and applied 
the Fine-Gray proportional model for competing risks to 
predict the influencing factors of mortality in patients with 
localized PCa. However, there were some limitations. First, 
this study was conducted based on the SEER database, 
which might contain information bias, such as potential 
coding errors. Second, the SEER database did not provide 
detailed information linked to mortality, such as family 
cancer history, life-style, causes of death, and comorbidities. 

Moreover, detailed cancer-related parameters, such as 
PSA or Gleason score, have only been available from 
2004 onwards. Finally, we also were unable to account 
for selection biases associated with primary treatment 
assignment. Stricter selection criteria are needed in future 
studies.

Conclusions

The present study was based on a large sample size in the 
SEER database, and through competitive risk modeling, the 
factors influencing mortality in patients with localized PCa 
were identified. These findings may provide a reference 
for early interventions of localized PCa patients and help 
clinicians to develop personalized diagnostic and treatment 
programs for these patients.
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