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Summary
Background Racial/ethnic disparities in prostate cancer are reported in the United States (US). However, long-term
trends and contributors of racial/ethnic disparities in all-cause and cause-specific death among patients with prostate
cancer remain unclear. We analysed the trends and contributors of racial/ethnic disparities in prostate cancer
survivors according to the cause of death in the US over 25 years.

Methods In this retrospective, population-based longitudinal cohort study, we identified patients diagnosed with first
primary prostate cancer between 1995 and 2019, with follow-up until Dec 31, 2019, using population-based cancer
registries’ data from the Surveillance, Epidemiology, and End Results (SEER) Program. We calculated the
cumulative incidence of death for each racial/ethnic group (Black, white, Hispanic, Asian or Pacific Islander [API],
and American Indian or Alaska Native [AI/AN] people), by diagnostic period and cause of death. We quantified
absolute disparities using rate changes for the 5-year cumulative incidence of death between racial/ethnic groups
and diagnostic periods. We estimated relative (Hazard ratios [HR]) racial/ethnic disparities and the percentage of
potential factors contributed to racial/ethnic disparities using Cox regression models.

Findings Despite a decreasing trend in the cumulative risk of death across five racial/ethnic groups, AI/AN and Black
patients consistently had the highest rate of death between 1995 and 2019 with an adjusted HR of 1.48 (1.40–1.58)
and 1.40 (1.38–1.42) respectively. The disparities in all-cause mortality between AI/AN and white patients increased
over time, with adjusted HR 1.32 (1.17–1.49) in 1995–1999 and 1.95 (1.53–2.49) in 2015–2019. Adjustment of stage at
diagnosis, initial treatment, tumor grade, and household income explained 33% and 24% of the AI/AN-white and
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Black-white disparities in all-cause death among patients with prostate cancer.

Interpretation The enduring racial/ethnic disparities in patients with prostate cancer, call for new interventions to
eliminate health disparities. Our study provides important evidence and ways to address racial/ethnic inequality.
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Research in context

Evidence before this study
Though racial/ethnic disparities in prostate cancer have
received significant attention in the United States (US),
relatively few studies have assessed long-term trends and
potential causes of disparities in death among patients with
prostate cancer. We searched MEDLINE, Embase, PubMed, and
Google Scholar using the search terms (“racial disparity” or
“racial inequity” or “racial and ethnic disparities” or “racial/
ethnic disparities” or “racial and ethnic inequities” or “racial/
ethnic inequities”) and (“prostate neoplasm” or “prostate
cancer” or “prostate tumor” or “prostate tumour”) on
November 10, 2022. We found the major racial/ethnic focus
had been on disparities between Black and white people. We
found no studies reporting trends and underlying causes of
all-cause and cause-specific death over the last three decades
among white, Black, Hispanic, Asian or Pacific Islander (API),
and Indian or Alaska Native (AI/AN) patients with prostate
cancer in the US.

Added value of this study
To our knowledge, this study is the first to compare all-cause
and cause-specific death among white, Black, Hispanic, API,
and AI/AN patients with prostate cancer in the US over 25
years. These data provide the most comprehensive and
longest-running trend of racial/ethnic disparities in the causes
of death among patients with prostate cancer. We also

provide a detailed assessment of changes and potential causes
of racial/ethnic disparities. These findings underscore the
serious problem of racial/ethnic inequality in patients with
prostate cancer. Especially, stage at diagnosis, initial
treatment, and household income were potentially modifiable
causes of racial/ethnic disparities. The findings provided
valuable clues for explaining disparities in patients with
prostate cancer and may further guide precise preventive
measures to reduce racial/ethnic disparities.

Implications of all the available evidence
Our findings indicate that racial/ethnic disparities persist in
patients with prostate cancer in the US. The continued
disparity in all-cause and cause-specific mortality, particularly
among Black and AI/AN patients, as compared to white
patients, highlights the need for stronger measures to address
these inequalities. Factors such as socioeconomic status, stage
at diagnosis, and initial treatment have contributed to these
disparities. Changes in prostate specific antigen (PSA)
screening guidelines had made a big impact in the trends and
patterns of racial/ethnic disparities. However, it is also
important to acknowledge that the long history of structural
racism and social injustice have perpetuated adverse social
determinants of health, leading to persistent racial/ethnic
disparities in healthcare.
Introduction
In the United States (US), prostate cancer is the most
common cancer and the second leading cause of cancer
death among men.1 Although prostate cancer has a high
5-year survival rate, this favorable prognosis is not
observed equally in all populations.1,2 Especially, those
belonging to racial/ethnic minorities may experience
higher rates of adverse effects and a poorer quality of life
resulting from a cancer diagnosis.3 Therefore, racial/
ethnic inequity remains a serious problem that affects
the outcome of prostate cancer survivors. Identifying
trends and potential causes of racial/ethnic disparities
among patients with prostate cancer is a critical step
toward improving survival and promoting health equity
for all races/ethnicities.

Competing risk of death should be considered when
analysing the racial/ethnic disparities in patients with
prostate cancer. With survival improvement, prostate
cancer survivors face an increased risk of non-prostate-
cancer-specific death. The causes of death after a
diagnosis of prostate cancer vary greatly according to
the stage at diagnosis, patient characteristics, and
period of diagnosis.4 For example, among men diag-
nosed with local/regional disease, deaths from causes
www.thelancet.com Vol 62 August, 2023
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other than prostate cancer were more than 4-fold
compared to those who died of prostate cancer.4

Especially, Black patients with prostate cancer experi-
enced both higher prostate cancer-specific mortality
and other-cause mortality than white patients.5 The
root causes of racial/ethnic disparities in patients with
prostate cancer are multi-dimensional. A growing body
of evidence suggests that race-defining biological dif-
ferences do not fully explain prostate cancer health
disparities. Dess et al. found that, with similar access to
care and standardised treatment, Black men with
nonmetastatic prostate cancer appeared to have com-
parable prostate cancer-specific mortality to white
men.5 In addition, most studies focused on the dis-
parities between the Black and white populations,
excluding other racial/ethnic populations such as
Hispanic, Asian and Pacific Islander (API), and
American Indian or Alaska Native (AI/AN) people.
However, understanding trends and patterns in pa-
tients with prostate cancer of other races/ethnicities is
quite important for enhancing health equity for all. We
found no studies reporting trends of racial/ethnic
disparities of cause-specific mortality among white,
Hispanic, API, and AI/AN patients with prostate can-
cer over the last three decades in the US.

To identify how racial/ethnic disparities were
developing over time and their underlying causes, we
comprehensively analysed trends and patterns of
racial/ethnic disparities in patients with prostate can-
cer according to the cause of death in the US over 25
years, using up-to-date population-based data. We
further quantified potential factors that may drive
racial/ethnic disparities. Our study results will add
evidence for more appropriate interventions to bridge
the gap of racial/ethnic disparities in prostate cancer
care in the US.
Methods
Study design and data sources
This study used data from the Surveillance, Epidemi-
ology, and End Results (SEER) database. Data were
retrieved from 12 registries (San Francisco-Oakland
SMSA, Connecticut, Hawaii, Iowa, New Mexico, Seat-
tle (Puget Sound), Utah, Atlanta (Metropolitan), San
Jose-Monterey, Los Angeles, Alaska Natives, Rural
Georgia) (November 2021 submission), covering
approximately 12.24% of the US population (based on
2010 census). The cancer registries’ staff regularly
retrieved the patients’ demographic information (e.g.,
sex) from the medical records. We only included male
patients with first, primary adenocarcinoma of the
prostate (International Classification of Diseases for
Oncology, 3rd Edition ICD-O-3: C61.9; histological code:
8140) diagnosed between 1995 and 2019 using SEER*-
Stat software version 8.4.0.1. We obtained ethical
approval for this study from the institutional review
www.thelancet.com Vol 62 August, 2023
board of the Cancer Hospital, Chinese Academy of
Medical Sciences, and written informed consent was
waived given the data from a public database.

We identified the following variables from the SEER
database: race/ethnicity, year of diagnosis, age at
diagnosis, sex, stage at diagnosis, tumor grade, cancer-
directed surgery status, radiotherapy status, and me-
dian household income. According to the United States
Census Bureau, race and Hispanic origin (ethnicity)
are two separate concepts. People who are Hispanic
may be of any race. People in each race group may be
either Hispanic or not Hispanic. As the exposure var-
iable, we reported race/ethnicity in five mutually
exclusive categories according to the SEER original
coding standard of race/ethnicity: Non-Hispanic
White, Non-Hispanic Black, Non-Hispanic Asian/Pa-
cific Islander (API), Non-Hispanic American Indian/
Alaska Native (AI/AN), and Hispanic. We classified the
stage at diagnosis based on “SEER historic stage A
(1973–2015)” and “Combined Summary Stage
(2004+)”. We defined localised/regional stage cancer as
non-metastatic cancer and distant stage cancer as
metastatic cancer.6 Tumor grade was classified into
Grade I (well-differentiated), Grade II (moderately-
differentiated), Grade III (poorly-differentiated), Grade
IV (undifferentiated), and unknown based on Gleason
Score.7 Cancer-directed surgery status and radio-
therapy status during the first course of therapy were
determined according to the SEER coding. We
retrieved median household income at census-tract
county level.

Outcomes
The follow-up of the patients was from the date of
cancer diagnosis until death or censored on December
31, 2019, whichever came first. The causes of death were
coded according to two revisions of International Clas-
sification of Diseases editions (ICD), ninth (ICD-9) for
the years 1995–1998 and tenth (ICD-10) for 1999 to
2019, respectively. We classified the causes of death into
prostate-cancer-specific death and other-cause death.
The latter included cardiovascular disease (CVD), other
(non-prostate) cancers, chronic obstructive pulmonary
disease (COPD), diabetes, and other specific causes. The
six clusters of cause-specific death are mutually exclu-
sive and comprehensive (appendix Supplementary
Table S1).

Statistical analysis
The outcomes of interest were all-cause death and
cause-specific death. We used the Fine and Gray model
to calculate the cumulative incidence of death at 5 years
and 10 years of follow-up, overall, and by race/ethnicity,
stage, and diagnostic period, accounting for competing
risks of death.8 We categorised the year of diagnosis into
five periods: 1995–1999, 2000–2004, 2005–2009,
2010–2014, and 2015–2019. Given that the white
3
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population was the majority population in the US, and
we focused on disparities from the majority population,
we selected white patients as the reference group over
time in pairwise racial/ethnic comparisons. To retrieve a
more comprehensive picture of racial/ethnic disparities
over time, we estimated both absolute and relative
racial/ethnic disparities. We quantified absolute racial/
ethnic disparities using absolute rate difference for the
5-year cumulative incidence of death between the period
1995–1999 and the period 2010–2014 (the most recent
period for such data that are available). We quantified
the relative disparities using adjusted hazard ratios
(HRs) with the cause-specific hazard regression model
with the adjustment for age as a categorical variable
(<55, 55–64, 65–74, 75+ years), though strict propor-
tionality was not established (appendix Supplementary
Tables S1, S6–S9). To test whether relative racial/
ethnic disparities had changed over time, we added a
multiplicative interaction term between race/ethnicity
and diagnostic period in regression models. The prod-
uct term treated the diagnostic period as a continuous
variable. The diagnostic period in the main effect was
considered a continuous variable, which is the same as
that in the interaction term.

To evaluate the potential association between the
candidate covariables associated with all-cause and
cause-specific death, we used a series of multivariable
cause-specific hazard regression models. We conducted
a mediation analysis to estimate the relative contribution
of each covariable to racial/ethnic disparities in all-cause
death and cause-specific death.9 We selected the candi-
date covariables based on prior knowledge and data
availability, including stage at diagnosis, tumor grade,
the performance of cancer-directed surgery, radio-
therapy performance, and annual household income.10

The baseline model was defined as race/ethnicity plus
age. The influence of each covariable on racial/ethnic
disparities was initially tested in a baseline model: race/
ethnicity plus age plus covariable one by one. We ranked
the covariables in order of their significance of influence
on racial/ethnic disparities (how much the HR
decreased when included in the model). We then added
the covariables to the baseline model in a sequence of
multivariable models, in the order of their significance
of influence. We calculated the change in HR as a
measure of the proportion of disparity explained by the
covariable.11

To further understand the association of baseline
characteristic differences with outcomes, we conducted
several subgroup analyses by income level, stage at
diagnosis, and initial treatment modalities. We further
presented the distribution of stage at diagnosis, tumor
grade, cancer-directed surgery, radiotherapy perfor-
mance, and annual household income for each diag-
nostic period. All statistical analyses were performed
with R software (version 4.2.0). All reported P values
were 2-sided and the level of significance was set at 0.05.
This study followed the STROBE reporting guidelines
for observational studies.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors had full access to all the data
and approved the final manuscript for publication.

Results
Cohort information
We included 492,052 men diagnosed with prostate
cancer in the covering registries. The racial/ethnic dis-
tribution was as follows: white 69.3% (341,016), Black
12.0% (59,087), Hispanic 10.5% (51,614), API 7.7%
(37,866), and AI/AN patients 0.5% (2469). The median
follow-up time was 8.9 years (interquartile range:
3.6–13.2). Overall, 38.0% (187,022) of the total study
population died, including 10.3% (50,837) from prostate
cancer and 26.9% (132,131) from causes other than
prostate cancer. 4054 patients (0.8%) were present with
unknown causes of death; results for these patients were
not reported in subsequent analysis. The mean age at
diagnosis was 66.9 years (standard deviation [SD] 9.3),
with the youngest age at onset in Black patients. There
were 91.2% (448,631) of patients diagnosed with local-
ised/regional stages. White patients had the lowest
proportion of distant disease (Table 1).

The cumulative incidence of all-cause and cause-
specific death during 1995–2019 is presented in Fig. 1
(appendix Supplementary Table S2). The 5-year cumu-
lative incidence of death from prostate cancer was 5.9%,
followed by CVD at 3.9% (Table 2, Fig. 2A). With the
extension of follow-up, the 10-year cumulative incidence
of CVD death (8.5%) approached the estimates of death
from prostate cancer (9.8%) (Fig. 2B, appendix
Supplementary Table S3). AI/AN patients had the
highest 5-year cumulative incidence of death from all
causes, with estimates of 22.1%, followed by Black pa-
tients (17.1%), white patients (14.9%), API patients
(14.9%), and Hispanic patients (14.7%). Between 1995
and 2019, there were decreasing trends in the cumula-
tive risk of death across five racial/ethnic groups
(Table 2).

At each time period, the cumulative incidence of all-
cause death was highest among AI/AN patients, fol-
lowed by Black patients (Table 2, Supplementary Figs.
S1 and S2). Between Black and white patients, the ab-
solute disparity for the 5-year cumulative incidence of
all-cause death in 1995–1999 was 3.9% and it decreased
to 2.1% in 2010–2014. However, the absolute disparity
in all-cause death between AI/AN and white patients of
increased substantially (from 4.4% in 1995–1999 to
10.9% in 2010–2014). For Hispanic-white comparisons,
we found the absolute disparity in death from prostate
cancer was slightly widening (from 0.8% in 1995–1999
to 1.1% in 2010–2014) (Table 3).
www.thelancet.com Vol 62 August, 2023
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Overall white Black Hispanic API AI/AN

(N = 492,052) (N = 341,016) (N = 59,087) (N = 51,614) (N = 37,866) (N = 2469)

Median follow-up (years) (IQR) 8.9 (3.6, 13.2) 9.1 (3.8, 13.5) 8.2 (3.1, 12.3) 8.2 (3.0, 12.4) 8.3 (3.2, 12.5) 7.8 (2.8, 11.6)

Diagnostic year

1995–1999 89,348 (18.2) 66,187 (19.4) 9530 (16.1) 7496 (14.5) 5781 (15.3) 354 (14.3)

2000–2004 101,942 (20.7) 72,753 (21.3) 11,052 (18.7) 10,007 (19.4) 7669 (20.3) 461 (18.7)

2005–2009 108,777 (22.1) 75,284 (22.1) 13,053 (22.1) 11,450 (22.2) 8428 (22.3) 562 (22.8)

2010–2014 94,840 (19.3) 63,174 (18.5) 12,220 (20.7) 11,289 (21.9) 7634 (20.2) 523 (21.2)

2015–2019 97,145 (19.7) 63,618 (18.7) 13,232 (22.4) 11,372 (22.0) 8354 (22.0) 569 (23.0)

Vital status, n (%)

Alive 305,030 (62.0) 208,440 (61.1) 37,038 (62.7) 34,130 (66.1) 24,015 (63.4) 1407 (57.0)

Dead from prostate cancer 50,837 (10.3) 34,823 (10.2) 6921 (11.7) 5389 (10.4) 3340 (8.8) 364 (14.7)

Dead from causes other than prostate cancer 132,131 (26.9) 96,012 (28.2) 14,740 (25.0) 11,090 (21.5) 9606 (25.4) 684 (27.7)

CVD 51,701 (10.5) 37,278 (10.9) 6054 (10.2) 4269 (8.3) 3865 (10.2) 235 (9.5)

Other cancers 25,036 (5.1) 18,064 (5.3) 2815 (4.8) 2136 (4.1) 1916 (5.1) 105 (4.3)

COPD 4114 (0.8) 2476 (0.7) 684 (1.2) 617 (1.2) 306 (0.8) 31 (1.3)

Diabetes 8051 (1.6) 6139 (1.8) 854 (1.4) 543 (1.1) 471 (1.2) 44 (1.8)

Other specific causes 43,229 (8.8) 32,055 (9.4) 4333 (7.3) 3524 (6.8) 3048 (8.0) 269 (10.9)

Dead with unknown causes 4054 (0.8) 1741 (0.5) 388 (0.7) 1006 (1.9) 905 (2.4) 14 (0.6)

Age at diagnosis (years), n (%)

Mean (SD) 66.88 (9.3) 67.22 (9.3) 63.80 (9.2) 66.48 (9.3) 69.21 (9.0) 66.67 (9.3)

<55 45,359 (9.2) 28,690 (8.4) 9284 (15.7) 5166 (10.0) 1989 (5.3) 230 (9.3)

55–64 152,933 (31.1) 104,317 (30.6) 22,403 (37.9) 16,095 (31.2) 9313 (24.6) 805 (32.6)

65–74 190,648 (38.7) 133,597 (39.2) 20,025 (33.9) 20,263 (39.3) 15,808 (41.7) 955 (38.7)

75+ 103,112 (21.0) 74,412 (21.8) 7375 (12.5) 10,090 (19.5) 10,756 (28.4) 479 (19.4)

Stage, n (%)

Localised/regional 448,631 (91.2) 315,040 (92.4) 52,816 (89.4) 44,798 (86.8) 33,866 (89.4) 2111 (85.5)

Distant 25,133 (5.1) 15,607 (4.6) 3756 (6.4) 3215 (6.2) 2320 (6.1) 235 (9.5)

Unknown 18,288 (3.7) 10,369 (3.0) 2515 (4.3) 3601 (7.0) 1680 (4.4) 123 (5.0)

Tumor grade, n (%)

Well 45,654 (9.3) 31,241 (9.2) 5298 (9.0) 5609 (10.9) 3244 (8.6) 262 (10.6)

Moderate 248,150 (50.4) 176,144 (51.7) 29,211 (49.4) 25,045 (48.5) 16,670 (44.0) 1080 (43.7)

Poorly 177,537 (36.1) 120,113 (35.2) 21,718 (36.8) 18,395 (35.6) 16,415 (43.4) 896 (36.3)

Undifferentiated 994 (0.2) 679 (0.2) 133 (0.2) 105 (0.2) 74 (0.2) 3 (0.1)

Unknown 19,717 (4.0) 12,839 (3.8) 2727 (4.6) 2460 (4.8) 1463 (3.9) 228 (9.2)

Surgery, n (%)

Yes 193,930 (39.4) 139,563 (40.9) 19,405 (32.8) 20,813 (40.3) 13,302 (35.1) 847 (34.3)

No 292,298 (59.4) 197,946 (58.0) 38,965 (65.9) 30,101 (58.3) 23,704 (62.6) 1582 (64.1)

Unknown 5824 (1.2) 3507 (1.0) 717 (1.2) 700 (1.4) 860 (2.3) 40 (1.6)

Radiotherapy, n (%)

Yes 160,115 (32.5) 110,599 (32.4) 20,728 (35.1) 14,139 (27.4) 13,912 (36.7) 737 (29.9)

No/unknown 331,937 (67.5) 230,417 (67.6) 38,359 (64.9) 37,475 (72.6) 23,954 (63.3) 1732 (70.1)

Surgery/radiotherapy, n (%)

Yes 339,565 (69.0) 240,119 (70.4) 38,627 (65.4) 33,455 (64.8) 25,857 (68.3) 1507 (61.0)

No/unknown 152,487 (31.0) 100,897 (29.6) 20,460 (34.6) 18,159 (35.2) 12,009 (31.7) 962 (39.0)

Median household income, n (%)

<$59999 70,143 (14.3) 56,220 (16.5) 5281 (8.9) 7238 (14.0) 466 (1.2) 938 (38.0)

$60000–$74999 233,864 (47.5) 152,108 (44.6) 35,766 (60.5) 32,081 (62.2) 13,295 (35.1) 614 (24.9)

$75000+ 187,778 (38.2) 132,503 (38.9) 18,031 (30.5) 12,226 (23.7) 24,103 (63.7) 915 (37.1)

Unknown 267 (0.1) 185 (0.1) 9 (0.0) 69 (0.1) 2 (0.0) 2 (0.1)

API = Asian or Pacific Islander; AI/AN = American Indian/Alaska Native; IQR = interquartile range; SD = standard deviation; CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease.

Table 1: Characteristics of the study population.
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Fig. 1: Cumulative incidence of all-cause and cause-specific death in
patients with prostate cancer. Abbreviations: CVD = cardiovascular
disease. COPD = chronic obstructive pulmonary disease.

Articles

6

For relative disparities, AI/AN and Black patients
consistently had the highest risk of death between 1995
and 2019, with adjusted HR of 1.48 (1.40–1.58) and 1.40
(1.38–1.42), respectively. Furthermore, both the crude
and the adjusted HRs for all-cause death, death from
causes other than prostate cancer, and death from CVD
in Black patients increased from 1995–1999 to
2015–2019 (appendix Supplementary Table S4, Table 3).
Similarly, we found the adjusted HR of AI/AN-white
disparities for all-cause mortality increased from 1.32
(1.17–1.49) in 1995–1999 to 1.95 (1.53–2.49) in
2015–2019, indicating a widening disparity. In addition,
we observed a widening relative disparity between AI/
AN and white patients both in outcomes of death from
prostate cancer and death from causes other than
prostate cancer. However, in comparisons between
Hispanic and white patients, the relative disparities only
increased in death from prostate cancer.

Given that stage at diagnosis, tumor grade, receipt of
cancer-directed surgery, receipt of radiotherapy, and
household income were associated with the risk of death
from all causes or specific causes (appendix
Supplementary Table S5), we further quantified the rela-
tive contributions of these factors to racial/ethnic dispar-
ities between white patients and Black and AI/AN
patients, for all-cause and cause-specific mortality
(Table 4). The stage at diagnosis had the largest effect on
Black-white and AI/AN-white disparities in prostate
cancer-specific death, which explained 35% and 39% of
disparities. Household income explained 21% of AI/AN
disparities in CVD death. Initial treatment contributed to
both Black-white and AI/AN-white disparities in death
from prostate cancer and other causes. Adjustment for all
covariables explained 24% of the Black-white disparities
and 33% of the AI/AN-white disparities in all-cause death.

Since stage at diagnosis, tumor grade, initial treat-
ment modalities, and annual household income were
related to racial/ethnic disparities, we further presented
the distribution of these factors by race/ethnicity and
diagnostic period (appendix Supplementary Figs. S3–
S8). Among all races/ethnicities, AI/AN patients
consistently had the highest proportion of metastatic
disease, whereas Hispanic and Black patients presented
with a lower household income. Table 5 lists the
adjusted HRs for death in patients with prostate cancer
according to the stage at diagnosis, initial treatment, and
household income. The adjusted HRs for Black-white
and AI/AN-white disparities were higher in patients
with localised/regional disease than in those with
distant disease. By income level, we found the relative
Black-white and AI/AN-white disparities still existed
across different income categories.
Discussion
To our knowledge, this study is the first to compare
trends in all-cause and cause-specific death among
white, Black, Hispanic, API, and AI/AN patients with
prostate cancer in the US over 25 years. These data
provide the most comprehensive, and longest-running
trend of racial/ethnic disparities in the cause of death
among patients with prostate cancer in the US. We
identified the perpetuation of poorer outcomes in pa-
tients with prostate cancer, particularly among Black
and AI/AN patients as compared to white patients. We
further demonstrated that the stage at diagnosis, initial
treatment, and household income as significantly
modifiable contributors to racial/ethnic disparities. Our
study may provide important scientific evidence to
address racial/ethnic inequalities in prostate cancer and
promote health equity.

Previous studies had uncovered racial/ethnic in-
equalities of death in patients with prostate cancer.3,12,13

Similarly, we found AI/AN and Black patients had
worse all-cause and cause-specific death than the white
patients. For the first time to our knowledge, we found
that the benefits of a gradual decline in all-cause mor-
tality among patients with prostate cancer have not been
equitably benefited by all races/ethnicities, resulting in
increasingly severe inequalities between AI/AN and
white patients. In particular, larger reductions in all-
cause mortality in white than in AI/AN patients be-
tween 1995 and 2019, resulted in widening AI/AN-white
disparities both on an absolute scale and relative scale.
With regard to Black-white disparities, we found Black
patients experienced a larger decline in the absolute rate
of all-cause mortality during 1995–2019 compared to
white patients, resulting in a narrowing of absolute
disparities, but a slight increase in relative disparities.
These findings underscore the methodological impor-
tance of reporting both absolute and relative measures
of disparities to provide a clear picture of health
disparity change across races/ethnicities.14,15 To be
noted, even though the absolute Black-white disparities
www.thelancet.com Vol 62 August, 2023
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5-year cumulative incidence of death (95%CI), %

Overall Prostate cancer Causes other than prostate cancer CVD Other cancers COPD Diabetes

All patients

1995–2014 15.2 (15.2–15.2) 5.9 (5.9–5.9) 9.3 (9.3–9.3) 3.9 (3.9–3.9) 1.9 (1.9–1.9) 0.3 (0.3–0.3) 0.6 (0.6–0.6)

1995–1999 19.8 (19.8–19.8) 7.0 (7.0–7.0) 12.7 (12.7–12.7) 6.2 (6.2–6.2) 2.3 (2.3–2.3) 0.4 (0.4–0.4) 0.9 (0.9–0.9)

2000–2004 16.1 (16.1–16.1) 5.5 (5.5–5.5) 10.5 (10.5–10.5) 4.5 (4.5–4.5) 2.1 (2.1–2.1) 0.3 (0.3–0.3) 0.7 (0.7–0.7)

2005–2009 13.4 (13.4–13.4) 5.0 (5.0–5.0) 8.4 (8.4–8.4) 3.2 (3.2–3.2) 1.8 (1.8–1.8) 0.3 (0.3–0.3) 0.5 (0.5–0.5)

2010–2014 12.6 (12.6–12.6) 5.6 (5.6–5.6) 7.0 (7.0–7.0) 2.6 (2.6–2.6) 1.5 (1.5–1.5) 0.2 (0.2–0.2) 0.4 (0.4–0.4)

Absolute change (%)a −7.2 −1.4 −5.7 −3.6 −0.8 −0.2 −0.5

white

1995–2014 14.9 (14.9–14.9) 5.6 (5.6–5.6) 9.4 (9.4–9.4) 3.9 (3.9–3.9) 1.9 (1.9–1.9) 0.2 (0.2–0.2) 0.6 (0.6–0.6)

1995–1999 19.3 (19.3–19.3) 6.7 (6.7–6.7) 12.6 (12.6–12.6) 6.1 (6.1–6.1) 2.2 (2.2–2.2) 0.3 (0.3–0.3) 0.9 (0.9–0.9)

2000–2004 15.7 (15.7–15.7) 5.2 (5.2–5.2) 10.4 (10.4–10.4) 4.5 (4.5–4.5) 2.1 (2.1–2.1) 0.3 (0.3–0.3) 0.7 (0.7–0.7)

2005–2009 13.0 (13.0–13.0) 4.7 (4.7–4.7) 8.3 (8.3–8.3) 3.1 (3.1–3.1) 1.8 (1.8–1.8) 0.2 (0.2–0.2) 0.6 (0.6–0.6)

2010–2014 12.3 (12.3–12.3) 5.3 (5.3–5.3) 7.0 (7.0–7.0) 2.6 (2.6–2.6) 1.5 (1.5–1.5) 0.2 (0.2–0.2) 0.4 (0.4–0.4)

Absolute change (%)a −7.0 −1.4 −5.6 −3.5 −0.7 −0.1 −0.5

Black

1995–2014 17.1 (17.1–17.1) 7.1 (7.1–7.1) 10.1 (10.1–10.1) 4.3 (4.3–4.3) 2.0 (2.0–2.0) 0.4 (0.4–0.4) 0.6 (0.6–0.6)

1995–1999 23.2 (23.2–23.2) 9.1 (9.1–9.1) 14.1 (14.1–14.1) 6.8 (6.8–6.8) 2.6 (2.6–2.6) 0.6 (0.6–0.6) 0.9 (0.9–0.9)

2000–2004 18.4 (18.4–18.4) 6.9 (6.9–6.9) 11.6 (11.6–11.6) 5.1 (5.1–5.1) 2.3 (2.3–2.3) 0.5 (0.5–0.5) 0.7 (0.7–0.7)

2005–2009 15.2 (15.2–15.2) 6.0 (6.0–6.0) 9.2 (9.2–9.2) 3.7 (3.7–3.7) 2.0 (2.0–2.0) 0.4 (0.4–0.4) 0.5 (0.5–0.5)

2010–2014 14.5 (14.5–14.5) 6.6 (6.6–6.6) 7.9 (7.9–7.9) 3.1 (3.1–3.1) 1.4 (1.4–1.4) 0.3 (0.3–0.3) 0.5 (0.5–0.5)

Absolute change (%)a −8.7 −2.5 −6.2 −3.7 −1.2 −0.3 −0.4

Hispanic

1995–2014 14.7 (14.7–14.7) 6.6 (6.6–6.6) 8.1 (8.1–8.1) 3.3 (3.3–3.3) 1.6 (1.6–1.6) 0.5 (0.5–0.5) 0.4 (0.4–0.4)

1995–1999 19.4 (19.4–19.4) 7.5 (7.5–7.5) 11.8 (11.8–11.8) 5.9 (5.9–5.9) 1.9 (1.9–1.9) 0.7 (0.7–0.7) 0.6 (0.6–0.6)

2000–2004 15.5 (15.5–15.6) 6.2 (6.2–6.2) 9.4 (9.4–9.4) 3.8 (3.8–3.8) 1.8 (1.8–1.8) 0.6 (0.6–0.6) 0.5 (0.5–0.5)

2005–2009 13.2 (13.2–13.2) 5.8 (5.8–5.8) 7.3 (7.3–7.4) 2.8 (2.8–2.8) 1.5 (1.5–1.5) 0.4 (0.4–0.4) 0.3 (0.3–0.3)

2010–2014 12.3 (12.3–12.3) 6.4 (6.4–6.4) 6.0 (6.0–6.0) 2.0 (2.0–2.0) 1.5 (1.5–1.5) 0.3 (0.3–0.3) 0.2 (0.2–0.2)

Absolute change (%)a −7.1 −1.1 −5.8 −3.9 −0.4 −0.4 −0.4

API

1995–2014 14.9 (14.9–14.9) 5.4 (5.4–5.4) 9.5 (9.5–9.5) 4.0 (4.0–4.0) 2.1 (2.1–2.1) 0.3 (0.3–0.3) 0.6 (0.6–0.6)

1995–1999 19.8 (19.8–19.8) 6.5 (6.5–6.5) 13.3 (13.3–13.3) 7.0 (7.0–7.0) 2.4 (2.4–2.4) 0.3 (0.3–0.3) 0.9 (0.9–0.9)

2000–2004 16.9 (16.9–16.9) 5.3 (5.3–5.3) 11.6 (11.6–11.6) 5.1 (5.1–5.1) 2.3 (2.3–2.3) 0.4 (0.4–0.4) 0.7 (0.7–0.7)

2005–2009 13.4 (13.4–13.4) 4.6 (4.6–4.6) 8.8 (8.8–8.8) 3.3 (3.3–3.3) 2.1 (2.1–2.1) 0.4 (0.4–0.4) 0.4 (0.4–0.4)

2010–2014 11.5 (11.5–11.5) 4.8 (4.8–4.8) 6.7 (6.7–6.7) 2.3 (2.3–2.3) 1.6 (1.6–1.6) 0.4 (0.4–0.4) 0.5 (0.5–0.5)

Absolute change (%)a −8.3 −1.7 −6.6 −4.7 −0.8 0.1 −0.4

AI/AN

1995–2014 22.1 (22.1–22.1) 9.7 (9.7–9.7) 12.4 (12.4–12.4) 4.4 (4.4–4.4) 1.9 (1.9–1.9) 0.5 (0.5–0.5) 0.9 (0.9–0.9)

1995–1999 23.7 (23.6–23.8) 9.7 (9.7–9.8) 14.0 (13.9–14.1) 6.0 (6.0–6.0) 1.7 (1.7–1.7) 0.6 (0.6–0.6) 1.1 (1.1–1.1)

2000–2004 19.8 (19.7–19.8) 8.7 (8.6–8.7) 11.1 (11.1–11.2) 4.9 (4.9–4.9) 1.3 (1.3–1.3) 0.4 (0.4–0.4) 1.3 (1.3–1.3)

2005–2009 20.7 (20.6–20.8) 7.6 (7.6–7.6) 13.1 (13.0–13.1) 4.4 (4.3–4.4) 2.7 (2.7–2.7) 0.4 (0.4–0.4) 1.1 (1.1–1.1)

2010–2014 23.2 (23.1–23.3) 12.3 (12.2–12.3) 10.9 (10.9–11.0) 4.1 (4.1–4.1) 2.0 (1.9–2.0) 0.2 (0.2–0.2) 0.2 (0.2–0.2)

Absolute change (%)a −0.5 2.6 −3.1 −1.9 0.3 −0.4 −0.9

CI = confidence interval; API = Asian or Pacific Islander; AI/AN = American Indian/Alaska Native; CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease. aThe absolute changes for the
5-year cumulative incidence of death were calculated between the period 1995–1999 and the period 2010–2014 (the most recent data for such data available).

Table 2: 5-year cumulative incidence of all-cause and cause-specific death in patients with prostate cancer overall, by race/ethnicity and diagnostic period, 1995–2019.

Articles
in patients with prostate cancer decreased over the study
period, much remains to be done. Black patients still
had a 1.4-fold increased risk of all-cause death compared
with white patients with prostate cancer during
2015–2019, the most recent years for which such data
are available.
www.thelancet.com Vol 62 August, 2023
It is noteworthy that a significant number of patients
with prostate cancer died of noncancer causes.16 Mea-
sures of racial/ethnic disparities in all-cause death may
mask substantial disparities in death from some specific
causes. For example, though we observed similar 5-year
cumulative incidence of all-cause death between
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Fig. 2: 5-year and 10-year cumulative incidence of all-cause and cause-specific death in patients with prostate cancer overall, and by race/
ethnicity and diagnostic period. (A) 5-year cumulative incidence of all-cause and cause-specific death and (B) 10-year cumulative incidence of all-
cause and cause-specific death. Abbreviations: API = Asian or Pacific Islander. AI/AN = American Indian/Alaska Native. CVD = cardiovascular
disease. COPD = chronic obstructive pulmonary disease.

Articles

8

Hispanic and white patients, for the first time, we
identified widening Hispanic-white disparities of
prostate-cancer-specific death both in absolute and
relative terms. Disentangling the racial/ethnic dispar-
ities by cause of death may also provide more precise
information which may further mitigate the gaps. We
especially observed widening disparities in death both
from prostate cancer and from other causes in AI/AN
patients. This finding means anticancer efforts cannot
be made in isolation and need to consider other
www.thelancet.com Vol 62 August, 2023

www.thelancet.com/digital-health


Overalla Prostate cancera Causes other than prostate
cancera

CVDa

Hazard ratio
(95%CI)

Absolute
disparity (%)b

Hazard ratio
(95%CI)

Absolute
disparity (%)b

Hazard ratio
(95%CI)

Absolute
disparity (%)b

Hazard ratio
(95%CI)

Absolute
disparity (%)b

Black vs white

1995–2019 1.40 (1.38–1.42) 2.18 1.54 (1.50–1.58) 1.49 1.34 (1.32–1.36) 0.70 1.46 (1.42–1.50) 0.42

1995–1999 1.36 (1.32–1.39) 3.91 1.54 (1.47–1.61) 2.41 1.29 (1.25–1.33) 1.51 1.38 (1.32–1.44) 0.71

2000–2004 1.40 (1.37–1.44) 2.78 1.58 (1.50–1.66) 1.62 1.35 (1.30–1.39) 1.17 1.50 (1.42–1.57) 0.62

2005–2009 1.43 (1.39–1.47) 2.13 1.52 (1.44–1.61) 1.23 1.39 (1.34–1.44) 0.89 1.56 (1.47–1.66) 0.58

2010–2014 1.51 (1.44–1.57) 2.11 1.57 (1.47–1.68) 1.30 1.47 (1.39–1.55) 0.80 1.67 (1.53–1.83) 0.54

2015–2019 1.43 (1.33–1.54) 1.45 (1.32–1.60) 1.41 (1.27–1.57) 1.64 (1.38–1.94)

P for trendc <0.0001 0.52 <0.0001 <0.0001

Hispanic vs white

1995–2019 0.98 (0.96–1.00) −0.28 1.18 (1.15–1.21) 0.98 0.90 (0.89–0.92) −1.25 0.90 (0.87–0.93) −0.60

1995–1999 1.01 (0.98–1.04) 0.06 1.17 (1.11–1.24) 0.83 0.95 (0.92–0.99) −0.76 0.96 (0.91–1.01) −0.18

2000–2004 0.98 (0.95–1.01) −0.11 1.17 (1.11–1.24) 0.94 0.92 (0.89–0.95) −1.05 0.94 (0.89–1.00) −0.67

2005–2009 0.96 (0.93–0.99) 0.13 1.19 (1.12–1.26) 1.09 0.88 (0.84–0.91) −0.97 0.98 (0.85–1.14) −0.30

2010–2014 0.99 (0.94–1.04) −0.01 1.20 (1.12–1.29) 1.08 0.86 (0.81–0.92) −1.09 0.78 (0.70–0.88) −0.64

2015–2019 1.17 (1.08–1.27) 1.29 (1.16–1.43) 1.04 (0.92–1.18) 1.17 (0.97–1.42)

P for trendc 0.20 0.025 0.013 0.060

API vs white

1995–2019 0.85 (0.83–0.86) −0.01 0.84 (0.81–0.87) −0.18 0.85 (0.83–0.87) 0.18 0.86 (0.83–0.89) 0.13

1995–1999 0.88 (0.85–0.91) 0.52 0.87 (0.81–0.93) −0.18 0.88 (0.85–0.91) 0.71 0.92 (0.87–0.97) 0.98

2000–2004 0.86 (0.83–0.89) 1.20 0.84 (0.78–0.90) 0.03 0.87 (0.84–0.90) 1.17 0.88 (0.83–0.94) 0.69

2005–2009 0.85 (0.82–0.89) 0.36 0.87 (0.80–0.94) −0.09 0.85 (0.81–0.89) 0.44 0.85 (0.79–0.91) 0.23

2010–2014 0.81 (0.76–0.85) −0.83 0.81 (0.73–0.89) −0.49 0.81 (0.75–0.87) −0.34 0.78 (0.69–0.88) −0.31

2015–2019 0.90 (0.82–0.98) 0.90 (0.80–1.02) 0.89 (0.78–1.02) 0.85 (0.68–1.07)

P for trendc 0.42 0.18 0.15 0.019

AI/AN vs white

1995–2019 1.48 (1.40–1.58) 7.14 1.78 (1.60–1.97) 4.12 1.37 (1.27–1.48) 3.03 1.22 (1.08–1.39) 0.49

1995–1999 1.32 (1.17–1.49) 4.41 1.58 (1.27–1.96) 3.01 1.23 (1.07–1.42) 1.41 1.15 (0.92–1.45) −0.06

2000–2004 1.46 (1.30–1.64) 4.12 1.81 (1.46–2.23) 3.43 1.34 (1.17–1.55) 0.69 1.39 (1.11–1.74) 0.44

2005–2009 1.59 (1.41–1.80) 7.65 1.66 (1.32–2.09) 2.89 1.57 (1.36–1.82) 4.76 1.26 (0.95–1.65) 1.25

2010–2014 1.71 (1.46–2.00) 10.86 2.19 (1.75–2.75) 6.97 1.41 (1.13–1.76) 3.88 1.43 (0.99–2.07) 1.50

2015–2019 1.95 (1.53–2.49) 1.79 (1.27–2.52) 2.15 (1.53–3.01) 0.86 (0.36–2.08)

P for trendc <0.0001 0.041 0.0059 0.70

CI = confidence interval; API = Asian or Pacific Islander; AI/AN = American Indian/Alaska Native; CVD = cardiovascular disease. aAll cause-specific Cox regression models were adjusted for age as a categorical
variable (<55, 55–64, 65–74, 75+ years). bThe absolute disparities for the 5-year cumulative incidence of death were calculated using white patients as the reference category. cP for trend values were
calculated by the interaction term between race/ethnicity and diagnostic period in regression models.

Table 3: Adjusted hazard ratios (HR) and absolute disparities for all-cause and cause specific death in Black, Hispanic, API, and AI/AN patients with prostate cancer compared with
White patients with prostate cancer in the US, 1995–2019.

Articles
comorbidities/disorders. Cancer health equality cannot
be achieved without significant efforts to control CVD,
diabetes, and other diseases across all races/
ethnicities.17

Disparities in early detection of cancer can lead to
increased cancer diagnoses at advanced stage when
cancer is harder to treat and thus substantially contrib-
utes to the disproportionate burden of death in racial/
ethnic minorities.18,19 A previous study found that the
stage at diagnosis had the largest effect in explaining
Black-white cancer-specific survival disparities of pros-
tate cancer. Another study also reported AI/AN men had
the highest proportion of distant-stage disease,
www.thelancet.com Vol 62 August, 2023
contributing to 31% higher prostate cancer mortality
among AI/AN men than among white men.1 Similarly,
we found the stage at diagnosis had the largest effect on
Black-white and AI/AN-white disparities in death from
prostate cancer, which explained 35% and 39% of dis-
parities. Stage is itself influenced by a myriad of factors,
which include socioeconomic status, cancer awareness,
health insurance, uptake of prostate specific antigen
(PSA) screening, access to health care, cultural attitudes
towards screening, healthcare provider biases, and bio-
logical factors.20 Lower PSA screening prevalence
among AI/AN men and Black men than among white
men likely contributes to the lower proportion of
9

www.thelancet.com/digital-health


A
ll
ca
us
es

Pr
os
ta
te

ca
nc
er

Ca
us
es

ot
he
r
th
an

pr
os
ta
te

ca
nc
er

CV
D

Co
va
ria
bl
e

H
az
ar
d
ra
ti
os

(9
5%

CI
)

Co
nt
rib

ut
io
n,

%
Co
va
ria
bl
e

H
az
ar
d
ra
ti
os

(9
5%

CI
)

Co
nt
rib

ut
io
n,

%
Co
va
ria
bl
e

H
az
ar
d
ra
ti
os

(9
5%

CI
)

Co
nt
rib

ut
io
n,

%
Co
va
ria
bl
e

H
az
ar
d
ra
ti
os

(9
5%

CI
)

Co
nt
rib

ut
io
n,

%

Bl
ac
k
vs

w
hi
te

Ba
se
lin
ea

1.
37

(1
.3
5–
1.
39

)
Ba
se
lin
ea

1.
48

(1
.4
4–
1.
52
)

Ba
se
lin
ea

1.
33

(1
.3
1–
1.
36

)
Ba
se
lin
ea

1.
45

(1
.4
1–
1.
49

)

St
ag
e
at

di
ag
no

si
s

1.
32

(1
.3
0–
1.
34
)

14
St
ag
e
at

di
ag
no

si
s

1.
31

(1
.2
8
–1
.3
5)

35
In
it
ia
l
tr
ea
tm

en
t

1.
30

(1
.2
7–
1.
32
)

9
In
it
ia
l
tr
ea
tm

en
t

1.
40

(1
.3
6
–1
.4
5)

9

In
it
ia
l
tr
ea
tm

en
t

1.
29

(1
.2
7–
1.
31
)

8
In
it
ia
l
tr
ea
tm

en
t

1.
27

(1
.2
3–
1.
31
)

8
St
ag
e
at

di
ag
no

si
s
1.
29

(1
.2
7–
1.
32
)

3
St
ag
e
at

di
ag
no

si
s
1.
40

(1
.3
6
–1
.4
4)

0

G
ra
de

1.
28

(1
.2
6
–1
.3
0)

3
G
ra
de

1.
24

(1
.2
1–
1.
28

)
6

G
ra
de

1.
29

(1
.2
7–
1.
31
)

0
G
ra
de

1.
40

(1
.3
6
–1
.4
4)

0

In
co
m
e

1.
28

(1
.2
6
–1
.3
0)

0
In
co
m
e

1.
24

(1
.2
1–
1.
28

)
0

in
co
m
e

1.
29

(1
.2
7–
1.
31
)

0
In
co
m
e

1.
40

(1
.3
6
–1
.4
4)

0

A
ll
ad
ju
st
m
en
ts

24
A
ll
ad
ju
st
m
en
ts

50
A
ll
ad
ju
st
m
en
ts

12
A
ll
ad
ju
st
m
en
ts

9

A
I/
A
N
vs

w
hi
te

Ba
se
lin
ea

1.
43

(1
.3
4–
1.
53
)

Ba
se
lin
ea

1.
6
2
(1
.4
3–
1.
8
3)

Ba
se
lin
ea

1.
33

(1
.3
1–
1.
36

)
Ba
se
lin
ea

1.
24

(1
.0
8
–1
.4
2)

St
ag
e
at

di
ag
no

si
s

1.
37

(1
.2
8
–1
.4
6
)
14

St
ag
e
at

di
ag
no

si
s
1.
38

(1
.2
2–
1.
56

)
39

In
co
m
e

1.
32

(1
.2
2–
1.
43
)

11
In
co
m
e

1.
19

(1
.0
3–
1.
36

)
21

In
co
m
e

1.
33

(1
.2
4–
1.
42
)

9
In
it
ia
l
tr
ea
tm

en
t

1.
35

(1
.2
0–
1.
52
)

5
In
it
ia
l
tr
ea
tm

en
t

1.
30

(1
.2
0–
1.
41
)

6
In
it
ia
l
tr
ea
tm

en
t

1.
17

(1
.0
2–
1.
34
)

8

In
it
ia
l
tr
ea
tm

en
t

1.
31

(1
.2
2–
1.
40

)
5

G
ra
de

1.
33

(1
.1
7–
1.
50
)

3
St
ag
e
at

di
ag
no

si
s
1.
30

(1
.2
0–
1.
40

)
0

St
ag
e
at

di
ag
no

si
s
1.
16

(1
.0
1–
1.
33
)

4

G
ra
de

1.
29

(1
.2
1–
1.
38

)
5

In
co
m
e

1.
29

(1
.1
5–
1.
46

)
7

G
ra
de

1.
29

(1
.1
9
–1
.4
0)

3
G
ra
de

1.
16

(1
.0
1–
1.
33
)

0

A
ll
ad
ju
st
m
en
ts

33
A
ll
ad
ju
st
m
en
ts

53
A
ll
ad
ju
st
m
en
ts

19
A
ll
ad
ju
st
m
en
ts

33

CI
=
co
nfi
de
nc
e
in
te
rv
al
;
A
I/
A
N
=
A
m
er
ic
an

In
di
an
/A
la
sk
a
N
at
iv
e;
CV

D
=
ca
rd
io
va
sc
ul
ar

di
se
as
e.

a T
he

ba
se
lin
e
m
od
el
is
ad
ju
st
ed

fo
r
ag
e
as

a
ca
te
go
ric
al
va
ria
bl
e
(<
55
,
55
–6
4,

6
5–
74
,
75
+
ye
ar
s)
.

Ta
bl
e
4:

Pe
rc
en
ta
ge

co
nt
ri
bu

ti
on

of
co
va
ri
ab
le
s
to

ov
er
al
l
B
la
ck
-w

hi
te

an
d
A
I/
A
N
-w

hi
te

di
sp
ar
it
ie
s
in

al
l-
ca
us
e
an
d
ca
us
e-
sp
ec
ifi
c
de
at
h
19

9
5–
20

19
.

Articles

10
localised disease diagnosis, which subsequently con-
tributes to racial/ethnic disparities in death among pa-
tients with prostate cancer.21,22 In 2012, the US
Preventive Services Taskforce (USPSTF) recommended
against screening for prostate cancer in men of all ages.
In 2018, USPSTF recommended PSA screening for ages
55–69 based on a share-decision making.23 The magni-
tude of the impact of changes in screening recom-
mendation differed across racial/ethnic groups, with the
steepest decline of PSA screening in AI/AN, followed by
Black, white, Hispanic, and API men during
2012–2018.22 The heterogeneity of its impact by race/
ethnicity was likely associated with the changing trends
of racial/ethnic disparities in death among patients with
prostate cancer.24 As an example, we observed a fast rise
in prostate cancer-specific death during 2010–2014 after
changes in screening recommendations, which exacer-
bated the AI/AN-white disparities in patients with
prostate cancer. Given that men with metastasized dis-
ease had similar mortality risks among race/ethnicity,
and effective and curable treatment options are still
lacking for metastatic prostate cancer, therefore, closing
gaps in PSA screening, early detection, and follow-up
care is of key importance in addressing racial/ethnic
disparities in patients with prostate cancer.

Racial/ethnic minorities continue to experience
more frequent and higher severity of multiple barriers
to quality cancer care including treatment delays, lack of
access to guideline-concordant treatment, and implicit
bias.25 Definitive treatment with radical prostatectomy or
radiation improves high-risk prostate cancer survival,
especially in those without metastasis.26 In our study, we
persistently found racial/ethnic minorities experienced
a lower proportion of qualitative cancer treatment up-
take, which may at least partly contribute to disparities
between white patients and Black and AI/AN patients.
Similarly, Kratzer et al. found that lower treatment ac-
cess contributed to AI/AN men having an 86% 5-year
relative survival rate for regional-stage disease, which
approaches 100% among white.27 Several recent studies
have also shown that in the situation with equitable
access to standard treatment, racial/ethnic disparities in
outcomes of prostate cancer can be eliminated.5,28,29

Therefore, providing all people with the quality medi-
cal care that they need will help to improve health
equity.

Evidence has shown that structural racism is a root
cause of racial health inequities.25 Structural racism re-
fers to the totality of ways in which societies foster racial
discrimination, through mutually reinforcing inequi-
table systems (education, employment, income, health
care, and so on) that in turn reinforce discriminatory
beliefs, values, and distribution of resources, which
together affect the risk of adverse health outcomes and
perpetuate racial group inequity.30 American Cancer
Society recently published a framework for under-
standing and addressing social determinants to advance
www.thelancet.com Vol 62 August, 2023
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Hazard ratio (95%CI)

Overalla Prostate cancera Causes other than
prostate cancera

CVDa

Black vs white

Stage at diagnosis

Localised/regional 1.34 (1.31–1.37) 1.42 (1.37–1.48) 1.31 (1.28–1.34) 1.45 (1.40–1.50)

Distant 1.08 (1.03–1.12) 1.05 (1.00–1.10) 1.19 (1.09–1.31) 1.18 (1.03–1.35)

Initial treatment

Surgery/radiotherapy 1.34 (1.31–1.36) 1.43 (1.37–1.48) 1.31 (1.28–1.34) 1.44 (1.39–1.50)

No/unknown 1.33 (1.30–1.36) 1.42 (1.37–1.47) 1.28 (1.25–1.32) 1.37 (1.31–1.43)

Median household income

<$59999 1.33 (1.26–1.40) 1.41 (1.29–1.55) 1.28 (1.20–1.37) 1.33 (1.19–1.48)

$60000–$74999 1.42 (1.39–1.44) 1.60 (1.54–1.65) 1.35 (1.32–1.38) 1.48 (1.43–1.54)

$75000+ 1.40 (1.37–1.44) 1.51 (1.44–1.58) 1.36 (1.32–1.40) 1.44 (1.37–1.52)

Hispanic vs white

Stage at diagnosis

Localised/regional 0.97 (0.95–0.99) 1.13 (1.09–1.18) 0.91 (0.89–0.94) 0.91 (0.88–0.95)

Distant 0.94 (0.90–0.99) 0.96 (0.91–1.01) 0.87 (0.78–0.96) 0.87 (0.74–1.02)

Initial treatment

Surgery/radiotherapy 0.97 (0.95–0.99) 1.13 (1.09–1.18) 0.92 (0.89–0.94) 0.91 (0.88–0.95)

No/unknown 0.93 (0.91–0.96) 1.10 (1.06–1.15) 0.84 (0.82–0.87) 0.83 (0.79–0.87)

Median household income

<$59999 1.04 (1.00–1.08) 1.20 (1.12–1.29) 0.97 (0.93–1.02) 0.89 (0.82–0.96)

$60000–$74999 0.95 (0.93–0.97) 1.17 (1.13–1.22) 0.87 (0.85–0.89) 0.91 (0.87–0.94)

$75000+ 0.97 (0.94–1.00) 1.15 (1.08–1.22) 0.90 (0.87–0.94) 0.82 (0.77–0.88)

API vs white

Stage at diagnosis

Localised/regional 0.83 (0.81–0.85) 0.79 (0.75–0.83) 0.84 (0.81–0.86) 0.86 (0.83–0.90)

Distant 0.75 (0.71–0.79) 0.71 (0.67–0.76) 0.85 (0.77–0.95) 0.92 (0.79–1.06)

Initial treatment

Surgery/radiotherapy 0.83 (0.81–0.85) 0.79 (0.75–0.83) 0.84 (0.82–0.87) 0.87 (0.83–0.91)

No/unknown 0.90 (0.87–0.92) 0.91 (0.87–0.96) 0.88 (0.85–0.92) 0.86 (0.82–0.91)

Median household income

<$59999 0.77 (0.64–0.94) 1.14 (0.85–1.51) 0.61 (0.47–0.79) 0.59 (0.39–0.91)

$60000–$74999 0.84 (0.81–0.86) 0.88 (0.83–0.94) 0.82 (0.79–0.85) 0.84 (0.80–0.89)

$75000+ 0.90 (0.88–0.92) 0.87 (0.83–0.91) 0.91 (0.89–0.94) 0.92 (0.88–0.96)

AI/AN vs white

Stage at diagnosis

Localised/regional 1.45 (1.34–1.58) 1.69 (1.45–1.98) 1.38 (1.25–1.51) 1.31 (1.11–1.54)

Distant 1.09 (0.94–1.27) 1.01 (0.85–1.21) 1.43 (1.06–1.92) 1.05 (0.63–1.75)

Initial treatment

Surgery/radiotherapy 1.46 (1.35–1.59) 1.70 (1.45–1.98) 1.39 (1.26–1.53) 1.33 (1.13–1.57)

No/unknown 1.37 (1.25–1.51) 1.60 (1.39–1.84) 1.26 (1.11–1.42) 1.01 (0.82–1.25)

Median household income

<$59999 1.46 (1.33–1.60) 2.00 (1.73–2.32) 1.24 (1.10–1.40) 1.08 (0.88–1.33)

$60000–$74999 1.30 (1.14–1.49) 1.30 (1.01–1.68) 1.30 (1.11–1.53) 1.30 (1.01–1.67)

$75000+ 1.50 (1.35–1.66) 1.58 (1.30–1.91) 1.47 (1.29–1.66) 1.29 (1.04–1.60)

CI = confidence interval; API = Asian or Pacific Islander; AI/AN = American Indian/Alaska Native; CVD = cardiovascular disease. aAll cause-specific Cox regression models were
adjusted for age as a categorical variable (<55, 55–64, 65–74, 75+ years).

Table 5: Adjusted hazard ratios (HRs) for all-cause and cause-specific death among Black, Hispanic, API, and AI/AN compared with white patients by
stage at diagnosis, initial treatment, and median household income, 1995–2019.
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cancer health equity. And it also showed that health-
related disparities stem from social-structural factors.31

Especially, Black and AI/AN populations living in
www.thelancet.com Vol 62 August, 2023
rural areas, experience greater poverty, have lower
educational attainment, and lack access to quality care,
which adversely impacts personal lifestyle factors,
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screening, diagnosis, treatment, and survivorship.32,33

Similarly, we found Black and AI/AN patients with
prostate cancer consistently had lower household in-
come, lower attainment of education, and lack of
standardised treatment than white patients in our study.
We did not find that area-level income made a signifi-
cant difference in disparities between Black and white
patients. It may well be that area-level income alone
does not pick up all of the socioeconomic-related issues
at the individual level. However, we still observed
contextual, area-level effects of income on AI/AN-white
disparities. Taken together, it is undeniable that a long
history of structural racism and other social and insti-
tutional injustice have contributed to the adverse social
determinant of health, which in turn perpetuates cancer
disparities in racial/ethnic minorities. Our findings
highlight the urgent need to address the structural,
intersectional, and internalised barriers faced by these
minorities over such a long period of time.

Prostate cancer health disparities are a complex and
multifaced problem. The observation that Black men
are more likely to develop prostate cancer at a younger
age, and their tumours are more likely to progress to a
metastatic state suggest that biological determinant
may at least play a part in racial/ethnic disparities.
Though we cannot rule out biologic differences in
explaining some of the racial/ethnic disparities, a ge-
netic predisposition for prostate cancer is not deter-
ministic for poorer cancer outcomes. Studies have
found that adhering to a healthy lifestyle was associated
with a decreased rate of lethal prostate cancer among
men at increased genetic risk for prostate cancer
risk.34,35 The modifiable lifestyle risk factors include
smoking, alcohol consumption, diet, and limited
physical activity, and are often shaped by a person’s
socioeconomic status as well as the social environment.
It is noteworthy that these modifiable risk factors also
contribute to other chronic diseases, such as CVD and
diabetes. Notably, the influences of environmental,
dietary, and social influences affect races/ethnicities
differently. Therefore, evidence-based and population-
specific intervention strategies that remove adverse
behaviroural, environmental and social risks which are
preventable may provide effective approaches for
improving outcomes and health equity in patients with
prostate cancer.

The analysis covered more than two decades and
preceded the COVID-19 pandemic. All kinds of health
inequalities have been especially apparent during the
COVID-19 pandemic, which has disproportionately
affected racial/ethnic minorities owing to the underly-
ing social, structural, and environmental factors.36,37

Although the impact of the COVID-19 pandemic on
prostate cancer is unknown, based on the current situ-
ation, it is therefore likely that the adverse impact of
COVID-19 may further exacerbate the racial/ethnic
disparities in patients with prostate cancer.
Our study has several strengths. First, our study was
the first one, to our knowledge, to quantify trends of
racial/ethnic disparities in the all-cause and cause-
specific death among white, Black, Hispanic, API, and
AI/AN patients with prostate cancer in the US over
time. The cohort we used in our study had diverse
races/ethnicities with a follow-up of up to 25 years,
which allows us to capture a more comprehensive pic-
ture of the relationship between races/ethnicities and
prostate cancer outcomes. We used both absolute and
relative measures to quantify trends and the magnitude
of racial/ethnic disparities. Our in-depth analyses pro-
vide a clear picture to monitor racial/ethnic disparity
trends by using the most updated data within the US.
Second, we quantified the contributors that drive the
racial/ethnic disparities, which provide strong evidence
that disparities can be eliminated through modifiable
factors such as stage at diagnosis and qualitative treat-
ment access, and interventions should be an important
public health imperative in prostate cancer survivors.
For example, given that Black men are at increased risk
of developing the disease at a younger age, and more
likely than others to be presented with advanced stage at
diagnosis, our findings should motivate considering
more intensive screening among Black men than
others. It is important that people consult with their
health care providers to develop a personalised prostate
cancer screening plan that considers their risk of
developing prostate cancer and their tolerance for the
potential harms of PSA screening, especially for Black
and AI/AN populations.

Our study has some limitations. First, we were un-
able to obtain socioeconomic data at the individual level
such as insurance status, household income, and
attainment of education, which limited us to further
exploring socioeconomic factors that influence racial/
ethnic disparities. Second, confounders such as biolog-
ical factors, lifestyle factors, comorbid conditions, and
more specific treatment regimens may partially explain
the racial/ethnic disparities. However, these detailed
data were not available. Therefore, a large proportion of
disparities remained unexplained. We were not able to
estimate the relative contribution of biological factors.
Third, we did not explore the temporal differences in
each racial/ethnic group regarding the characteristics of
PSA screening uptake, which would be an important
factor in explaining the racial/ethnic disparities. Fourth,
potential misclassification of the cause of death, and
race/ethnicity by population-based cancer registries
cannot be ruled out. However, we did not include pa-
tients with unknown causes of death to minimise this
misclassification. Fifth, we only quantified racial/ethnic
disparities in prostate cancer outcomes in the US.
Prostate cancer is a global disease with rising epidemi-
ological significance.2 Characterising a global outlook of
the magnitude of the association between race/ethnicity
and prostate cancer outcomes is needed. And this study
www.thelancet.com Vol 62 August, 2023
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is an important step for future studies to understand the
effect of race/ethnicity on prostate cancer outcomes
globally.

In conclusion, population-level racial/ethnic dispar-
ities in prostate cancer outcomes are a major and
persistent public health challenge in the US. The worse
outcomes of prostate cancer in underserved racial/
ethnic groups over time highlight the urgent need for
multifaceted interventions to reduce racial/ethnic
inequalities.
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