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Simple Summary: The survival rates of prostate cancer substantially vary by race and socioeconomic
status. Compared with non-Hispanic white men, African American men tend to have a two-fold
increased risk of death. Similarly, inferior survival outcomes are found in low-income patients
compared to high-income patients. Although such disparities have been extensively investigated in
past years, there has still been a lack of studies investigating the trends in these disparities in recent
decades. Hence, we analyzed the Surveillance Epidemiology End Results (SEER) data containing
534,076 prostate cancer patients diagnosed from 2004 to 2018. Our study revealed that the racial
disparity fluctuated during 2004–2011, following which it substantially reduced. In contrast, the
socioeconomic disparity witnessed a consistent increase during 2004–2018. Our findings suggested
more efforts were needed to improve the treatment plans for patients with limited financial resources,
which may also aid in updating the existing treatment guidelines for prostate cancer.

Abstract: Prostate cancer is a cancer type associated with a high level of racial and socioeconomic
disparities as reported by many previous studies. However, the changes in these disparities in the
past two decades have not been systematically studied. In this study, we investigated the Surveillance
Epidemiology End Results (SEER) data for prostate cancer patients diagnosed during 2004–2018.
African Americans and Asians showed significantly better and worse cancer-specific survival (CSS),
respectively, compared to non-Hispanic white individuals after adjusting for confounding factors
such as age and cancer stage. Importantly, the data indicated that racial disparities fluctuated and
reached the highest level during 2009–2013, and thereafter, it showed a substantial improvement.
Such a change cannot be explained by the improvement in early diagnosis but is mainly driven by
the differential improvement in CSS between races. Compared with Asians and non-Hispanic whites,
African American patients achieved a more significant survival improvement during 2014–2018, while
no significant improvement was observed for Hispanics. In addition, the SEER data showed that
high-income patients had significantly longer CSS than low-income patients. Such a socioeconomic
disparity was continuously increasing during 2004–2018, which was caused by the increased survival
benefits of the high-income patients with respect to the low-income patients. Our study suggests
that more efforts and resources should be allocated to improve the treatment of patients with low
socioeconomic status.

Keywords: prostate cancer; racial disparity; socioeconomic disparity; prognosis

1. Introduction

Prostate cancer is the most common male cancer and the second-leading cause of male
cancer deaths in the USA, accounting for 27% of all male cancers and 11% of cancer deaths
in men in 2022 [1]. While the overall incidence remains stable, the proportion of prostate
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cancer diagnosed at an advanced stage has continued to increase by 4–6% per year in the
past decade [1].

Racial disparities in various cancer types have been extensively investigated in many
previous studies [2–11]. Compared with non-Hispanic white men, African American
males are associated with 1.6-fold-increased age-adjusted incidence and 2.1-fold-increased
mortality in prostate cancer [2,12,13]. In contrast, Asian males are associated with lower
prostate cancer incidence and decreased mortality from the disease [14–16]. Such dis-
parities among different races might be explained by many factors, including genetic
variations, environmental exposures, socioeconomic status, access to and quality of health-
care, etc. [17–20]. For example, it has been reported that African American males are less
likely to access prostate cancer screening and high-quality care, and as a consequence, are
more likely to be diagnosed at an advanced stage of prostate cancer and receive inadequate
treatment regimens [2].

In addition to racial disparities, socioeconomic status has also contributed to the inci-
dence of prostate cancer and the mortality of patients with prostate cancer [21,22]. In gen-
eral, males with higher socioeconomic status are more likely to be diagnosed with prostate
cancer [23,24], but at nonadvanced stages and low grades [25,26]. Moreover, prostate
cancer patients with favorable socioeconomic status tend to have lower mortality [25,27].
Such socioeconomic disparities can be explained by unequal access to health and screening
services, as well as other factors influenced by socioeconomic status [22]. Annual income
is one of the most impactful socioeconomic factors. In general, patients with a lower
income are less likely to have higher education and more likely to be unemployed and
uninsured/underinsured. It has been reported that low-income prostate cancer patients
tend to be diagnosed at an advanced stage and are associated with poor survival [21,28].

Although the racial and socioeconomic disparities in prostate cancer survival have
been well studied, there has been a lack of investigations into the trends in these disparities
in the past decades. In this study, we sought to quantify the changes in racial and socioeco-
nomic disparity in prostate cancer over time. We analyzed the Surveillance Epidemiology
End Results (SEER) prostate cancer data [29] from 2004 to 2018 to investigate the two types
of disparities in different time periods while adjusting for established prognostic factors. In
addition, to understand the underlying reasons behind such changes, we explored potential
contributing factors such as alterations in age and stage at diagnosis.

2. Materials and Methods

In this study, we analyzed the SEER data [29] (accessed on 6 March 2022) for prostate
cancer patients diagnosed between 2004 and 2018. The major patient clinical information
from SEER includes (1) the year of diagnosis, (2) the age at diagnosis, (3) the prostate cancer
stage (I, II, III, and IV), (4) the race and origin recode (NHW, NHB, NHAIAN, NHAPI, and
Hispanic), and (5) median household income inflation adj to 2019. The prostate cancer stage
of patients was defined based on the “Derived AJCC Stage Group, 6th ed (2004–2015)” [30],
“Derived SEER Cmb Stg Grp (2016–2017)” [31], and “Derived EOD 2018 Stage Group
(2018+)” [32] for patients diagnosed in 2004–2015, 2016–2017, and 2018, respectively. The
overall and prostate-cancer-specific survival information was determined based on “Vital
status recode (study cutoff used)”, “SEER cause-specific death classification”, and “Dead
(attributable to this cancer dx)” provided by the SEER data.

To ensure high data quality and robustness in the analysis, we selected prostate cancer
patients using the following criteria: (1) the “Type of Reporting Source” is from “Hospital
inpatient/outpatient or clinic”, (2) the patient is only diagnosed to have prostate cancer
(i.e., the variable “Sequence number” is labeled as “One primary only”), (3) less than
10% of the clinical variables have missing values, and (4) the age of diagnosis is between
40 and 85. The race of patients was determined based on the variable “Race and origin
recode (NHW, NHB, NHAIAN, NHAPI, Hispanic)” provided by SEER. According to this
variable, “Non-Hispanic White”, “Non-Hispanic Black”, “Non-Hispanic Asian or Pacific
Islander”, and “Hispanic (All Races)” were categorized as non-Hispanic white, Black,
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Asian, and “Hispanic”, respectively. The final data contained a total of 534,076 unique
patients (Figure S1, Table S1).

Survival Analysis

Survival analyses were performed by using the R package “survival”. Multivariate
Cox proportional hazards regression was performed to calculate the hazard ratios (HRs)
and 95% confidence intervals (CIs) of the interested variables’ association with prostate-
cancer-specific or overall survival. Known prognostic factors such as age, race, tumor
stage, lymph node involvement, distal metastasis, PSA levels, Gleason scores, and income
were selected as confounding variables. Of note, PSA levels and Gleason scores were
only available for patients diagnosed after 2009. For each multivariable analysis, we
excluded variables with missing values. To estimate the overall racial and socioeconomic
disparities, “Age at diagnosis” and “Median household income” were converted into
categorical variables in the following ways. The “Age at diagnosis” was stratified into
40–55 (Younger), 56–70 (Middle), and 71–85 (Older) groups; the “Median household income
inflation adj to 2019” was regrouped into “<USD60,000” (Low), “USD60,000–USD74,999”
(Intermediate), and “>USD75,000” (High), with comparable patient numbers. To determine
the racial disparities, non-Hispanic white patients were used as the baseline. To determine
the socioeconomic disparities, the low-income patients (adjusted income < USD 60,000)
were selected as the baseline. To determine the improvement in patient survival, the
patients diagnosed between 2004 and 2008 were used as the baseline. To determine the risk
between different cancer stages, stage I was selected as the baseline.

We selected age, stage at diagnosis, race, and median household income for strati-
fication analyses. These variables were selected based on (1) known prognostic values,
(2) less than 10% missing values, and (3) <95% of the most frequent values for categorical
variables. In the stratified analyses, the original variable types and values were used in the
Cox regression models to ensure the best statistical power. Namely, “Age at diagnosis” was
included as a continuous variable, while “Median household income” was included as a
variable with 10 categories (originally defined by SEER).

3. Results
3.1. Overall Racial and Socioeconomic Disparities

From the SEER database, we identified a total of 534,076 prostate cancer patients diag-
nosed between 2004 and 2018. In total, 67.5%, 5.0%, 16.2%, and 10.0% of the patients were
non-Hispanic white, Asian, African American, and Hispanic, respectively. Multivariable
analysis indicated significant racial disparities in cancer-specific survival (CSS) (Figure 1).
Compared to non-Hispanic white patients, Asians had significantly longer CSS (adjusted
HR = 0.75 with 95% CI = [0.71, 0.79]), while African Americans had significantly shorter
CSS (adjusted HR = 1.25 with 95% CI = [1.21, 1.29]). There was no significant survival
difference between Hispanic and non-Hispanic white patients. Furthermore, the analysis
also indicated significant socioeconomic disparities, with intermediate- (adjusted HR = 0.95,
95% CI = [0.92, 0.98]) and high-income (adjusted HR = 0.83, 95% CI = [0.81, 0.86]) patients
having significantly longer CSS than low-income patients. As expected, older age and later
stage of diagnosis were associated with poor CSS. These results remained valid when PSA
levels and Gleason scores were adjusted for patients diagnosed after 2009 (Figure S2A).
Similar results were obtained when the overall survival (OS) of patients was investigated
(Figure S2B,C).

3.2. Racial Disparities in Different Subgroups of Prostate Cancer Patients

We performed stratified analyses to evaluate the influence of age (at the time of
diagnosis), cancer stage, and income on the racial disparity of cancer survival. In all the
age groups, African American patients showed significantly shorter CSS compared with
non-Hispanic whites (Figures 2A and S3A). The highest disparity was observed in the
56–70 age group (adjusted HR = 1.27, 95% CI = [1.21, 1.32]), compared with adjusted
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HR = 1.18 (95% CI = [1.08, 1.29]) for the 40–55 group and HR = 1.10 (95% CI = [1.05, 1.16])
for the 71–85 group. When stratified by cancer stage, African American patients showed
significantly shorter CSS than non-Hispanic whites, with the most significant difference
in CSS being observed in stage II patients (adjusted HR = 1.54, 95% CI = [1.46, 1.61])
(Figures 2B and S3B). In all the income groups, African American patients had significantly
shorter CSS than non-Hispanic whites (Figures 2C and S3C).
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Figure 1. Hazard ratios of clinical characteristics for cancer-specific death in 2004–2018 from mul-
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Compared with non-Hispanic white patients, Asians were more likely to have longer
CSS in different age groups (except for the 40–55 group) (Figures 2A and S3A), stage groups
at the time of diagnosis (except for stage I) (Figures 2B and S3B), and income groups
(except for the low-income group) (Figures 2C and S3C). In most of the stratified groups,
Hispanic patients did not have significant CSS differences from their non-Hispanic white
counterparts, except in the stage IV group (adjusted HR = 0.93, 95% CI = [0.88, 0.99]).

3.3. Socioeconomic Disparities in Different Subgroups of Prostate Cancer Patients

Stratified analyses were also performed to evaluate the influence of age, cancer stage, and
race on the socioeconomic disparity of cancer survival. As shown in Figures 3A,B and S4A,B,
patients with high income tended to have significantly longer CSS than those with low
income in all the age and race groups. The same trend was observed in patients with stage
II and IV prostate cancer at the time of diagnosis (Figures 3C and S4C).
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color indicates a significance level of p < 0.05.
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3.4. The Change in Racial and Socioeconomic Disparities from 2004 to 2018

Next, we investigated the changes in racial and economic disparity in each of the
3-year continuums from 2004 to 2018. Our results indicated that racial disparity fluctuated
from 2004 to 2011 and became less serious after then (Figures 4A and S5A). Specifically,
African American patients had an adjusted HR = 1.30 (95% CI = [1.22, 1.38]) in the period of
2007–2009 that was reduced until the most recent period, 2016–2018, when compared with
non-Hispanic whites. A similar trend was also observed for Asian patients. Hispanic pa-
tients showed significantly shorter CSS than non-Hispanic whites in the periods 2011–2013
and 2012–2014, but it was not significant in other periods. In contrast, the socioeconomic
disparity has continuously increased over the past 15 years, with the high-income patients
displaying significantly longer CSS compared with low-income patients in all 3-year peri-
ods (Figures 4B and S5B). In the most recent period, 2016–2018, the highest disparity was
observed, with an adjusted HR = 0.70 (95% CI = [0.63, 0.77]) for the high-income patients
compared with the low-income patients.
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Figure 4. The change in racial and socioeconomic disparity from 2004 to 2018. (A): Hazard ratio
of Asians, Blacks, and Hispanics for cancer-specific death using non-Hispanic whites as baseline.
Multivariable Cox models were adjusted for age, tumor stage, lymph mode involvement, distant
metastasis, and income. (B): Hazard ratio of intermediate-income (USD 60,000–USD 74,999) and
high-income (>USD 75,000) groups for cancer-specific death using low-income (<USD 60,000) group
as baseline. Multivariable Cox models were adjusted for age, race, and tumor stage. p values below
0.05 were considered significant.
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3.5. The Change in Age and Cancer Stage at Diagnosis in Different Race and Income Groups

To understand the potential factors that explain racial and socioeconomic disparities
in patient survival, we compared the average age and cancer stage at the time of diagnosis
between different race groups and income groups. Interestingly, compared with non-
Hispanic white patients, African Americans were more likely to be diagnosed at a younger
age, while Asians were more likely to be diagnosed at an older age (Figure S6A). In
addition, we observed no difference in the age at diagnosis among the three income groups
(Figure S6B). Compared with non-Hispanic whites, the other races (African Americans,
Asians, and Hispanics) were more likely to be diagnosed with metastatic prostate cancer
(Stage IV), which is associated with a substantially worse prognosis than earlier stages
(Stage I–III) (Figure S6C). When different income groups were compared, the intermediate-
income group showed the highest rate of stage IV diagnosis, followed by the high-income
group (Figure S6D).

3.6. The Survival of African American Patients Has Improved Rapidly in Recent Years

We further examined the CSS improvement in different races and income groups
in the past two 5-year periods (2009–2013 and 2014–2018) with respect to the period
2004–2008 (the year of diagnosis). Non-Hispanic white patients experienced a significant
CSS improvement in both 5-year periods with an adjusted HR = 0.91 (95% CI = [0.88, 0.95])
for 2009–2013 and an adjusted HR = 0.85 (95% CI = [0.81, 0.89]) for 2014–2018, respectively
(Figures 5A and S7A). In contrast, African American patients experienced a minor CSS
improvement in the period 2009–2013 (HR = 0.92, 95% CI = [0.86, 0.98]) but a dramatic
CSS improvement in the most recent period of 2014–2018 (HR = 0.81, 95% CI = [0.75, 0.88]).
For Asians and Hispanics, a minor CSS improvement was observed in the two recent
5-year periods compared with 2004–2008. Taken together, we argue that the reduced
racial disparities in prostate cancer survival can be explained by the differential survival
improvement among each race, especially the rapid CSS improvement in African American
patients in 2014–2018.
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Figure 5. Survival improvements in different race and socioeconomic groups. (A,B): Hazard
ratios of diagnosis year for cancer-specific death in patient subgroups stratified by race (A), and
income (B) using non-Hispanic white and low-income (<USD 60,000) group as baseline, respectively.
Multivariable Cox models were adjusted for age, race, tumor stage, lymph mode involvement, distant
metastasis, and income. In paratheses, 95% CIs are presented. Red color indicates a significance level
of p < 0.05.

Compared with patients diagnosed in 2004–2008, all three income groups experienced
a significant improvement in CSS survival. However, the high-income group experienced
more survival improvement than the other two income groups (Figures 5B and S7B). Specif-
ically, in 2014–2018, the high-income group experienced a substantial CSS improvement,
with an adjusted HR = 0.77 (95% CI = [0.72, 0.83]) with respect to the period 2004–2008,
compared with an adjusted HR = 0.86 (95% CI = [0.80, 0.91]) for the low-income group and
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an HR = 0.90 (95% CI = [0.85, 0.96]) for the intermediate-income group. Such a difference
might explain the increased socioeconomic disparities observed in recent years.

4. Discussion

Using the SEER prostate cancer data for patients diagnosed between 2004 and 2018,
we investigated the changes in racial and socioeconomic disparities in survival during the
past 15 years. Consistent with previous reports, African Americans and Asians were, re-
spectively, associated with significantly worse and better CSS compared with non-Hispanic
whites after adjusting for age, cancer stage, and income. More importantly, we observed
an interesting trend: the racial disparities fluctuated in the period of 2004–2011. In the
period of 2014–2018, racial disparities in survival were continuously reduced, which was
largely driven by the differential survival improvement in prostate cancer patients between
different races. A significant survival improvement was observed in non-Hispanic whites,
African Americans, and Asians but not in Hispanics during the period of 2014–2018 com-
pared with 2004–2008. Compared with non-Hispanic whites, African Americans achieved
a greater survival improvement, while Asians showed less survival improvement. These
results can potentially be attributed to a variety of factors, such as improved healthcare
access, enhanced early-screening practices, and advancements in treatment approaches.
However, this information is limited in the SEER database. Further investigations will be
needed to comprehensively analyze the underlying reasons for this trend. Such efforts will
also be helpful in reducing the racial disparity in prostate cancer.

The SEER data also confirmed previously reported socioeconomic disparities: prostate
cancer patients with high income tend to have better CSS than those with low income.
We observed that socioeconomic disparities in survival continuously increased during
2004–2018, indicating the increased benefit for prostate cancer patients with higher income.
In fact, the CSS improvement in high-income patients from the period of 2004 to 2008 to
the period of 2014 to 2018 was much greater than low-income patients.

Compared with other races, African American patients were more likely to be diag-
nosed with prostate cancer at a younger age. In addition, African American patients were
more likely to be diagnosed with metastatic cancer (stage IV) than non-Hispanic white pa-
tients. However, the proportion of patients diagnosed with stage IV cancer was even higher
in Asians and Hispanics. Therefore, the poor survival of African American patients and the
more favorable survival of Asian patients cannot be explained by their cancer stage at the
time of diagnosis, nor can it explain the more substantial survival improvement in African
American patients from 2014 to 2018. In all likelihood, the rapid survival improvement in
African American in recent years was caused by improved treatment efficacy.

A major limitation of this study is the lack of treatment regimens in the SEER
18 registries’ data. Therefore, our analysis was unable to adjust the influence of treat-
ments on patients’ prognosis. Moreover, some known important prognostic factors are
also limited in the SEER data. For example, PSA levels and Gleason scores were known
for associations with inferior clinical outcomes and were often considered for treatment
decisions. These factors were only available in patients diagnosed after 2009. In addition,
SEER data do not include lifestyle variables such as alcohol consumption and smoking, so
potential confounding effects of these variables on our results cannot be ruled out.

5. Conclusions

In conclusion, SEER analysis revealed significant racial and socioeconomic disparities
in prostate cancer diagnosis and survival. While racial disparities dramatically narrowed
in the period of 2014–2018, the disparities between high- and low-income patients widened
substantially. To further improve prostate cancer survival, more efforts should be imple-
mented to improve the treatment regimens for low-income patients.
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