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Purpose

To explore whether prostate cancer incidence trends from 2000 to 2020 in the United States differed by race and ethnicity, age and tumor stage; to explore racial differences in prostate cancer incidence change due to the impact of COVID-19 pandemic lockdown in 2020; and to determine if there is any high-risk population that can be targeted for prevention.





Methods

We identified 1,098,349 men who were diagnosed with incident prostate cancer at age ≥20 in 2000-2020 in 17 registries of the Surveillance, Epidemiology, and End Results (SEER) program in the United States; of whom, 778,437 were non-Hispanic whites, 155,111 non-Hispanic blacks, 4,200 American Indians and Alaska Natives (AIAN), 55,267 non-Hispanic Asians/Pacific Islanders, and 105,334 Hispanics.





Results

Age-adjusted incidence rate of prostate cancer was the highest in blacks (302.6 cases per 100,000 men), followed by whites (186.6), Hispanics (153.2), AIAN (108.5), and Asians (104.9). Age-adjusted prostate cancer incidence rates dramatically decreased from 2000 to 2013 for all ethnic men. However, age-adjusted prostate cancer incidence rates increased from 2014 to 2020, in which the increasing incidence trend looked sharper in blacks and whites, flatter in Asians, and leveled in AIAN and Hispanics. Among men with local or regional stages across all years, prostate cancer incidence rate was significantly higher in blacks, but significantly lower in Hispanics, AIAN, and Asians as compared to whites. Among men in 2007-2013, the risk of distant stage prostate cancer was statistically significantly elevated in blacks (rate-ratio: 2.22, 95% CI: 2.06-2.38) and Hispanics (1.16, 1.06-1.25), not significantly different in AIAN (1.30, 0.92-1.76), but still significantly lower in Asians (0.73, 0.66-0.82) as compared to whites. There was a drop of prostate cancer incidence from 2019 to 2020 likely due to the impact of COVID-19 pandemic lockdown on the access to medical care in 2020. Overall prostate cancer incidence rate decreased by 40.4 cases per 100,000 population from 277.4 in 2019 to 237.0 in 2020 for blacks, 20.9 from 164.2 to 143.3 for whites, 16.8 from 124.8 to 108.0 for Hispanics, 14.9 from 101.7 to 86.8 for AIAN, and 12.6 from 88.4 to 75.8 for Asians.





Conclusion

The decreasing trend of prostate cancer incidence from 2000 to 2013 was statistically significant for all ethnic men. There was an increasing prostate cancer incidence from 2014 to 2020. Age-adjusted incidence rate of prostate cancer was the highest in blacks, followed by whites, Hispanics, AIAN, and Asians, regardless of age groups, tumor stages, and time periods. There will also be a need to monitor and investigate the prostate cancer incidence trend during and after COVID-19 pandemic season.
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Introduction

Prostate cancer incidence in men has been increasing globally from 1990 to 2017 in 21 regions, including 195 countries and territories across Asia, Africa, Europe, Middle East, and North America (1–12). For example, the age-standardized incidence rate of prostate cancer increased from 30.5 cases per 100,000 population in 1990 to 37.9 cases per 100,000 population in 2017 (2). The highest incidence was observed in high-income countries (2, 3). The crude prostate cancer incidence increased from 115 to 137 cases per 100 000 males in Canada from 1992 to 2010 (3). However, in the United States, the incidence of prostate cancer increased sharply from 1975 to 1991 with the peak in the early 1990s due to the widespread use of prostate-specific antigen (PSA) screening through which many men with asymptomatic prostate cancer were detected (1). The incidence of prostate cancer then decreased tremendously from 1991 to 2013, but then increased again by 3% per year from 2014 to 2019, which was translated to 99,000 more prostate cancer cases than would have occurred if the incidence rates remained stable (1). About half of these additional prostate cancer cases that occurred were found at an advanced tumor stage (1). This phenomenon happened likely because the United States Preventive Services Task Force (USPSTF) recommended against screening for men aged 75 years and older in 2008 and for all men in 2012 (13–17). Good news is that prostate cancer mortality has continued to decline (1). Although several studies examined racial disparities in prostate cancer incidence, tumor stage and mortality in recent years (18–22), they did not examine the prostate cancer incidence trend over time by race and ethnicity. Therefore, this study aimed to make some unique contributions to the existing literature: 1) to utilize the latest cancer registry data released in April 2023 to study the prostate cancer incidence trends from 2000 to 2020 in the United States by race and ethnicity, age and stage, including racial disparities in unknown tumor stage; 2) to explore racial differences in prostate cancer incidence change due to the impact of COVID-19 pandemic lockdown in 2020; and 3) to determine if there is any high-risk population that can be targeted for screening, prevention and intervention in order to decrease the prostate cancer occurrence and reduce the disparities.





Methods




Data sources

This study utilized the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) Public Use Datasets that were made available for researchers in April 2023. Both prostate cancer cases (numerator) and population (denominator) from SEER areas in the United States from 2000 to 2020 are available for cancer incidence calculation (23). The SEER program supports 17 population-based tumor registries in 8 areas (San Francisco/Oakland, San Jose-Monterey, Los Angeles, Greater California, Seattle, Atlanta, Rural Georgia, and Greater Georgia) and 9 states (Alaska, Connecticut, Iowa, New Mexico, Utah, Hawaii, Louisiana, Kentucky, and New Jersey), accounting for 28% of the U.S. population. The SEER registries ascertain all newly diagnosed (incident) cancer cases from multiple reporting sources. The estimated completeness of cancer case reporting in SEER areas was 97.7% (23). This study was considered exempt for Institutional Review Board (IRB) review because it did not involve any patient contact, only had the analysis of de-identified SEER Public Use Data, and had no any health risk to study subjects.





Study population

Our study identified 1,098,349 men who were diagnosed with incident prostate cancer (International Classification of Diseases-Oncology, ICD-O-3 code C61.9) at age 20 or older between 2000 and 2020 in 17 SEER registries. The denominator of population data included all 608,686,103 men aged 20 or older in the same SEER areas that were provided in the SEER*Stat package (23). Of the 1,098,349 men with prostate cancer, 778,437 were non-Hispanic whites, 155,111 were non-Hispanic blacks, 4,200 were American Indians and Alaska Natives, 55,267 were non-Hispanic Asians/Pacific Islanders, and 105,334 were Hispanic men.





Study variables

Race and ethnicity variable was classified into non-Hispanic white (white), non-Hispanic black (black), American Indians and Alaska Natives (AIAN), non-Hispanic Asians/Pacific Islanders (Asian), and Hispanic men. Patients with unknown or missing information on race and ethnicity were included for the incidence calculation for overall population and some sup-total stratified groups, but were not presented as a separate race and ethnicity group because the SEER*Stat software did not provide the incidence information for this group. Patient age was divided into 3 broad groups as young (20-44 years), middle-age (45-54), and older age (≥55) in order to avoid small number of cases in stratified analyses by race and ethnicity, tumor stage, and year of diagnosis. The other covariates included year of diagnosis (2000 to 2020) and SEER areas by state where 17 SEER registries were located (23). Tumor factor included tumor stage (local, regional, distant stage, or unknown/missing).





Statistical analysis

We utilized the SEER*Stat software (version 8.4.0.1) that was provided by the National Cancer Institute together with the SEER Data for analyses in cancer incidence rates and trends. Incidence of prostate cancer in men was defined as a ratio of the number of men with a new prostate cancer over the number of total male population at risk in the same SEER areas by year, which was presented as the number of cases per 100,000 persons. Because age is a significant risk factor for cancer incidence, the incidence rates of prostate cancer in all comparison groups by race and ethnicity or time periods that may consist of different age compositions should be standardized by age. Therefore, in this study the incidence rates were adjusted to the year 2000 U.S. population by age. The age-adjusted incidence rates, 95% confidence intervals for incidence rates, incidence rate ratios (IRR), 95% confidence intervals for rate ratios, and annual percentage change (APC) of incidence rates were calculated from the SEER*Stat software. A p value <0.05 was considered statistically significant.






Results

Table 1 presents the number of total male population, number of incident prostate cancer cases, unadjusted and age-adjusted incidence rates by race and ethnicity in men aged 20 or older in all 17 SEER areas in 2000-2020. The overall age-adjusted incidence rate of prostate cancer was the highest in blacks (302.6 cases per 100,000 men), followed by whites (186.6), Hispanics (153.2), AIAN (108.5), and Asians (104.9). The incidence rate ratio was statistically significantly higher in blacks (rate ratio: 1.62, 95% CI: 1.61-1.63), but was significantly lower in AIAN (0.58, 0.56-0.60), Asians (0.56, 0.56-0.57), and Hispanics (0.82, 0.82-0.83) as compared to whites.


Table 1 | Number of population, number of incident prostate cancer cases, and prostate cancer incidence in men by race and ethnicity in all SEER areas, 2000-2020.



Figure 1 presents the prostate cancer incidence trend from 2000 to 2020 by race and ethnicity. The age-adjusted prostate cancer incidence rates dramatically decreased from 2000 to 2013 for all racial and ethnic groups of men. However, the age-adjusted prostate cancer incidence rates increased from 2014 to 2019, in which the increasing incidence trend looked sharper in black and white men, flatter in Asians, and leveled in AIAN and Hispanics. This figure did show that prostate cancer incidence rates dropped from 2019 to 2020 for all stages (local, regional or distant) except for unknown stage, which was likely due to COVID-19 pandemic lockdown or social distancing, leading to the underreported cancer detection or diagnosis. In addition, the decreasing age-adjusted incidence trend from 2000 to 2013 was much deeper for local stage prostate cancer than for higher stage prostate cancer (Figure 2). From 2014 to 2020, age-adjusted incidence rate appeared to increase for all stage prostate cancer, but an increasing incidence rate trend for distant stage prostate cancer was slightly higher than for regional stage prostate cancer (Figure 2).




Figure 1 | Trends in age-adjusted incidence rates (number of prostate cancer cases per 100,000 population) in men by race and ethnicity in SEER areas from 2000 to 2020.






Figure 2 | Trends in age-adjusted incidence rates (number of prostate cancer cases per 100,000 population) in men by cancer stage in SEER areas from 2000 to 2020.



Table 2 presents the prostate cancer incidence rates and annual percentage change by race and ethnicity and 2 time periods based on what was shown in Figure 1. In the decreasing period from 2000 to 2013 for prostate cancer incidence, the decreasing annual percentage change was statistically significant for all racial and ethnic groups of men. In the increasing period from 2014 to 2020 for prostate cancer incidence, the increasing annual percentage change for white, black AIAN, and Asian men and a decreasing annual percentage change for Hispanic men were not statistically significant. However, in the increasing period from 2014 to 2019, the increasing annual percentage change for prostate cancer incidence was statistically significant in white, black and Asian men, but was not statistically significant for AIAN and Hispanics (data not shown). In both time periods (2000-2013 and 2014-2020), the age-adjusted incidence rate of prostate cancer was the highest in blacks, followed by whites, Hispanics, AIAN, and Asians.


Table 2 | Annual percentage change (APC) in age-adjusted incidence rates* (number of prostate cancer cases per 100,000 population) in men by time period, race and ethnicity.



Table 3 presents the age-adjusted incidence rates by race and ethnicity that was stratified by 3 time periods and 3 age groups. In all 3 time periods (2000-2006, 2007-2013, and 2014-2020) and in all age groups regardless of young (20-44 years), middle age (45-54), or older age (≥55 years), prostate cancer incidence rate was significantly higher in blacks, but significantly lower in Hispanics, AIAN, and Asians as compared to whites. For instance, in men aged ≥55 years in 2000-2006, the incidence rate ratio of prostate cancer was significantly higher in blacks (1.57, 95% CI: 1.55-1.59), but significantly lower in Hispanics (0.92, 0.91-0.93), AIAN (0.59, 0.55-0.62), and Asians (0.65, 0.64-0.66) as compared to whites. Similarly, in men aged ≥55 years in 2014-2020, the incidence rate ratio of prostate cancer was 1.61 (95% CI: 1.60-1.63) for blacks, 0.82 (0.81-0.83) for Hispanics, 0.61 (0.57-0.64) for AIAN, and 0.56 (0.56-0.57) for Asians as compared to whites.


Table 3 | Age-adjusted incidence rates (number of prostate cancer cases per 100,000 men) by age groups, race and ethnicity, and time period.



Table 4 presents the age-adjusted prostate cancer incidence rates by race and ethnicity, which were stratified by tumor stages and time periods. Among men with lower tumor stages (local or regional stages) across 3 different time periods, prostate cancer incidence rate was significantly higher in blacks, but significantly lower in Hispanics, AIAN, and Asians as compared to whites. For example, among men with regional stage prostate cancer in 2014-2020, the incidence rate ratio of regional stage prostate cancer was significantly higher in blacks (1.22, 95% CI: 1.19-1.26), but significantly lower in Hispanics (0.73, 0.71-0.76), AIAN (0.56, 0.49-0.65), and Asians (0.59, 0.57-0.61) as compared to whites. However, among men with higher (distant) stage prostate cancer, not just blacks but Hispanic men had significantly higher incidence rate of distant stage prostate cancer than whites in 2000-2006 and 2007-2013, while AIANs did not have significant different incidence and Asians had significantly lower distant prostate cancer incidence in 3 time periods. For instance, among men in 2007-2013, the risk of distant stage prostate cancer was statistically significantly elevated in blacks (2.22, 2.06-2.38) and Hispanics (1.16, 1.06-1.25), not significantly different in AIAN (1.30, 0.92-1.76), but still significantly lower in Asians (0.73, 0.66-0.82) as compared to whites. By comparing the incidence rates of distant stage prostate cancer in 2014-2020 with those in 2007-1013 by race and ethnicity, the incidence ratio was 1.42 times higher in whites, 1.28 times higher in Asians, 1.22 time higher in Hispanics, 1.21 times higher in blacks, and 1.13 times higher in AIAN (Table 4).


Table 4 | Age-adjusted incidence rates (number of prostate cancer cases per 100,000 population) in men by tumor stage, race and ethnicity, and time period.



Among those with unknown stage prostate cancer, the incidence rates by race and ethnicity had similar patterns to those of distant stage prostate cancer. For example, among men in 2007-2013, the risk of unknown stage prostate cancer was significantly higher in blacks (2.23, 2.06-2.40) and Hispanics (1.70, 1.58-1.83), not significantly different in AIAN (1.06, 0.71-1.51), but significantly lower in Asians (0.90, 0.82-1.00) as compared to whites. In addition, both Figures 1 and 2 showed a drop of prostate cancer incidence from 2019 to 2020 likely due to the impact of COVID-19 pandemic lockdown on the access to medical care in 2020. There were some differences in the decreasing incidence rates by race and ethnicity from 2019 to 2020. For example, overall age-adjusted prostate cancer incidence rate decreased by 40.4 cases per 100,000 population from 277.4 in 2019 to 237.0 in 2020 for blacks, 20.9 from 164.2 to 143.3 for whites, 16.8 from 124.8 to 108.0 for Hispanics, 14.9 from 101.7 to 86.8 for AIAN, and 12.6 from 88.4 to 75.8 for Asians.





Discussion

This study examined the most recent prostate cancer incidence trends among men in SEER areas of the United States from 2000 to 2020 by time periods, race and ethnicity, age groups and tumor stages, and explored racial disparities in the incidence of developing prostate cancer. In the decreasing period from 2000 to 2013 for prostate cancer incidence, the decreasing annual percentage change was statistically significant for all racial and ethnic groups of men. In the increasing period from 2014 to 2020 for prostate cancer incidence, the increasing annual percentage change was statistically significant in white, black and Asian men, but was not statistically significant for AIAN and Hispanics. The increasing annual percentage change for prostate cancer incidence was statistically significant in white, black and Asian men, but was not statistically significant for AIAN and Hispanics in the increasing period from 2014 to 2019. However, if counting the substantial drop of cancer cases in 2020 due to COVID-19 pandemic infection, there was no significant annual percentage change in prostate cancer incidence for all racial and ethnic men from 2014 to 2020. In both time periods (2000-2013 and 2014-2020), age-adjusted incidence rate of prostate cancer was the highest in blacks, followed by whites, Hispanics, AIAN, and Asians, regardless of age groups, tumor stages, and time periods. There were some racial/ethnic differences in the prostate cancer incidence drop from 2019 to 2020 due to the impact of COVID-19 pandemic lockdown on the access to medical care in 2020.

Although a number of studies examined the global and national incidence trend of prostate cancer in men over the past 2 or 3 decades, two major issues are still not clearly understood without in-depth exploration. The first issue is the observed differences in the incidence trend of prostate cancer incidence between the United States and other countries. In a report that combined cancer incidence data from many countries, the age-standardized incidence rate of prostate cancer increased from 1990 (30.5 cases per 100,000 population) to 2017 (37.9 cases per 100,000 population), including high-income countries such as Canada (2, 3). However, in the United States, the age-adjusted incidence rate of prostate cancer increased sharply from 1975 to 1991, decreased tremendously from 1991 to 2013, and increased again from 2014 to 2019 (1). While the increasing trend in prostate cancer incidence in the early 1990s was most likely due to widespread use of prostate-specific antigen screening that led to case surge in detecting men with asymptomatic prostate cancer, the decreasing trend in 1991-2013 was most likely due to the reduced number of early (local) stage prostate cancer through PSA screening (1). However, the incidence of prostate cancer increased from 2014 to 2019, which was most likely due to the screening guideline in which the United States Preventive Services Task Force (USPSTF) recommended against screening for men aged 75 years and older in 2008 and for all men in 2012 (13–17). The drop in 2020 for the incidence of prostate cancer was observed in the most recent data, which was most likely due to the impact of COVID-19 pandemic lockdown or restriction to medical facilities that substantially reduced the number of people going for regular cancer screening or medical visits for suspicious symptoms related to prostate diseases (23–26). Indeed, we observed the incidence drops from 2019 to 2020 by race and ethnicity with the highest drop in blacks, followed by whites, Hispanics, AIAN, and Asians. Although our study cannot directly address why there were racial differences in the decreased incidence during the COVID-19 pandemic season, other studies demonstrated that the pandemics disproportionally affected blacks who had larger declines in prostate cancer screening and biopsies than other ethnic populations (25, 26). The continued effects of COVID-19 infection and incidence trend after it will need to be monitored in the next few years.

The second major issue is how much prostate cancer incidence trends differed by race and ethnicity. Disparities in cancer incidence have been observed over the past few decades for prostate cancer and many other cancers (18–22, 24–28). Numerous studies have consistently found substantial racial disparities in prostate cancer incidence with a higher rate in blacks and a lower rate in Asians and AIANs (1–3, 18, 19, 27–32). Our study also found significant differences in prostate cancer incidence by race and ethnicity in the most recent data from SEER areas in the United States. We additionally found that these racial disparities differed by tumor stage and time periods. Specifically, among men with local or regional stages across all time periods, prostate cancer incidence rate was significantly higher in blacks, but significantly lower in Hispanics, AIAN, and Asians as compared to whites. However, among men with distant stage prostate cancer, both blacks and Hispanic men were significantly more likely to develop distant stage prostate cancer than whites, while AIANs did not have a significant different incidence in all 3 time periods (2000-2006, 2007-2013 and 2014-2020), but Asians were still significantly less likely to develop distant stage prostate cancer. A previous study by Kratzer and colleagues specifically compared the prostate cancer incidence rates in 2014-2018 between AIAN and white men, and found a significantly lower overall age-adjusted prostate incidence rate in AIAN (89.1 per 100,000 population) than in whites (104.9 per 100,000 population) with a rate ratio of 0.85 (P<0.05) (32). This study also presented some unique and interesting findings on prostate cancer incidence rates between AIAN and white men by geographic areas. For example, they found that AIAN men had significantly lower prostate cancer incidence rates than whites in Alaska, East, Pacific Coast, and Southwest regions, but had significantly higher prostate cancer incidence rates than whites in Northern and Southern Plains (32). These persistent racial disparities in prostate cancer incidence rates have been attributed to differences in genetics, environmental hazards or exposures, access to health care, screening behavior and acceptance, and population health knowledge (18, 19, 27–32). There are still challenges for the research community to more clearly determine the factors responsible for racial disparities and to reduce or eliminate racial disparities in cancer incidence rates.

There are some limitations to be noted in this study. First, ethnic differences in cancer incidence among the subgroups of Hispanic men such as Mexican or Cuban Americans, or among the subgroups of Asian/Pacific Islanders such as Chinese, Korean, Japanese or Pilipino Americans have been reported (2, 20–22, 31), but these subgroup differences in prostate cancer incidence cannot be addressed because of no information on population denominators in SEER*Stats data. Second, place of birth and time of migration were reported to affect the cancer incidence rates by race and ethnicity (33–35), but because of lack of data for population denominators and prostate cancer cases by place of birth and time of migration, our study cannot address the prostate cancer incidence disparities by U.S.-born or foreign-born men or by the timing of migration for those men who immigrated from other countries. Third, prostate cancer cases dropped substantially in the year of 2020. This decrease in incident cancer cases might not be a true phenomenon, but rather a result of underreporting because COVID-19 pandemic lockdown or social distancing requirements significantly affected the access to medical facilities for cancer screening and treatment (23–26). Hence, the incidence rate drop from 2019 to 2020 should be interpreted with great caution. Finally, because the SEER data do not have information or variables on genetic factors, environmental exposures, health insurance, access to health care, screening patterns, and people’s health knowledge or acceptance, the effects of these factors on racial disparities in prostate cancer incidence cannot be addressed.

In conclusion, the decreasing annual percentage change for prostate cancer incidence from 2000 to 2013 was statistically significant for all racial and ethnic groups of men. In the increasing period from 2014 to 2020 for prostate cancer incidence, the increasing annual percentage change was statistically significant in white, black and Asian men, but was not statistically significant for AIAN and Hispanics. The increasing annual percentage change for prostate cancer incidence was statistically significant in white, black and Asian men, but was not statistically significant for AIAN and Hispanics in the increasing period from 2014 to 2019. The largest incidence drop from 2019 to 2020 was observed in blacks, followed by whites, Hispanics, AIAN, and Asians. Age-adjusted incidence rate of prostate cancer was the highest in blacks, followed by whites, Hispanics, AIAN, and Asians, regardless of age groups, tumor stages, and time periods. There will be more challenges ahead for the research community to identify specific risk factors related to race and ethnicity in order to decrease or even eliminate racial disparities for cancer burden. There will also be a need to monitor and investigate the prostate cancer incidence trend during and after COVID-19 pandemic season.
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