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Objectives: To test the effect of racelethnicity on cancer-specific mortality after radical
prostatectomy or external beam radiotherapy in localized prostate cancer patients.
Methods: In the Surveillance, Epidemiology and End Results database 2004-2016, we
identified intermediate-risk and high-risk white (n =151 632), Asian (n =11 189),
Hispanic/Latino (n = 20 077) and African American (n = 32 550) localized prostate cancer
patients, treated with external beam radiotherapy or radical prostatectomy. Race/
ethnicity-stratified cancer-specific mortality analyses relied on competing risks regression,
after propensity score matching for patient and cancer characteristics.

Results: Compared with white patients, Asian intermediate- and high-risk external
beam radiotherapy patients showed lower cancer-specific mortality (hazard ratio 0.58
and 0.70, respectively, both P < 0.02). Additionally, Asian high-risk radical prostatectomy
patients also showed lower cancer-specific mortality than white patients (hazard ratio
0.72, P = 0.04), but not Asian intermediate-risk radical prostatectomy patients (P = 0.08).
Conversely, compared with white patients, African American intermediate-risk radical
prostatectomy patients showed higher cancer-specific mortality (hazard ratio 1.36,
P = 0.01), but not African American high-risk radical prostatectomy or intermediate- and
high-risk external beam radiotherapy patients (all P > 0.2). Finally, compared with white
people, no cancer-specific mortality differences were recorded for Hispanic/Latino
patients after external beam radiotherapy or radical prostatectomy, in both risk levels
(P>0.2.

Conclusions: Relative to white patients, an important cancer-specific mortality
advantage applies to intermediate-risk and high-risk Asian prostate cancer patients
treated with external beam radiotherapy, and to high-risk Asian patients treated with
radical prostatectomy. These observations should be considered in pretreatment risk
stratification and decision-making.

Key words: cancer-specific mortality, external beam radiotherapy, localized prostate
cancer, other-cause mortality, radical prostatectomy, Surveillance, Epidemiology and End
Results.

Introduction

African American race/ethnicity represents an adverse risk factor for less favorable pathologi-
cal stage and grade at diagnosis, as well as for higher CSM after treatment for localized
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PCa."? However, little, if any attention has been directed to
other race/ethnicity groups, including Asian and/or Hispanic/
Latino people.® > To the best of our knowledge, no dedicated
CSM analyses directly compared outcomes between Asian,
Hispanic/Latino and African American patients with the refer-
ence group of white patients, after EBRT or RP for localized
PCa, within a large-scale, contemporary, epidemiological
patient population. Existing large-scale analyses provided
fragmented data, without relying on propensity score matched
and OCM-adjusted CRR analyses, which are crucial in the
context of localized PCa comparisons, as important popula-
tion differences exist between race/ethnicity groups, and as
OCM represents an important and well-documented con-
founder.®® We addressed this knowledge gap and tested for
race/ethnicity CSM differences in RP and EBRT treated
patients, and applied further stratification according to inter-
mediate versus high-risk levels. We hypothesized that a simi-
lar disadvantage, as previously reported in African American
patients, might also apply to the two other race/ethnicity
groups (Asian and Hispanic/Latino), relative to white people.

Methods

Within the SEER database we identified white, Asian, Hispanic/
Latino and African American patients diagnosed with
intermediate- or high-risk localized PCa, treated with either RP
or EBRT, between 2004 and 2016. Survival analyses addressed
race/ethnicity CSM differences. In all analyses, white race/eth-
nicity represented the reference category. Three separate race/
ethnicity comparisons were carried out. These focused on (i)
Asian patients versus white patients; (ii) Hispanic/Latino patients
versus white patients; and (iii) African American patients versus
white patients. Within each of these comparisons, two separate
analyses, respectively, addressed: (i) EBRT, and (ii) RP patients.
Among EBRT patients, as well as RP patients, additional stratifi-
cation was made for intermediate-risk versus high-risk groups.
In consequence, a total of 12 separate models addressing CSM
were fitted. Within each of these 12 CSM comparisons accord-
ing to race/ethnicity, separate PSM was carried out for age at
diagnosis (in 1-year intervals), PSA at diagnosis (in 1-ng/mL
intervals), exact GGGs (1-5), exact cT/cN stages (for EBRT-
treated patients) and exact pT/pN stages (for RP-treated
patients). Based on sample size differences, PSM relied on three
white controls for Asian patients, two white controls for His-
panic/Latino patients and one white control for African Ameri-
can patients. After PSM for each of the 12 CSM comparisons,
cumulative incidence plots were complemented with multivari-
able CRR analyses that adjusted for OCM, in addition to further
multivariable adjustment for year of diagnosis and socioeco-
nomic status.'®!" R software environment for statistical comput-
ing and graphics (version 3.4.0 for MAC OS X; http://www.r-
project.org/) was used for all statistical analyses.'? All tests were
two-sided with a level of significance set at P < 0.05.

Results

Of 215 448 assessable PCa patients, 90 546 were treated
with EBRT (60 599 white patients, 16 202 African Ameri-
can patients, 8645 Hispanic/Latino patients and 5100

Asian patients) and 124 902 were treated with RP (91 033
white patients, 16 348 African American patients, 11 432
Hispanic/Latino patients and 6089 Asian patients). In gen-
eral, EBRT patients were older, and showed higher stage
and grade than their RP counterparts. These differences
also applied to each of the four examined race/ethnicity
groups.

Asians showed the most aggressive tumor characteristics of
all four race/ethnicity groups. Specifically, median PSA was
highest in Asian patients (9.6 ng/mL in EBRT and 6.9 ng/
mL in RP), followed by African American patients (9.3 mg/
mL in EBRT and 6.6 ng/mL in RP), Hispanic/Latino patients
(9.2 ng/mL in EBRT and 6.7 ng/mL in RP) and white
patients (7.9 ng/mL in EBRT and 5.9 ng/mL in RP), in that
order. Also, the highest GGG IV-V rates were recorded in
Asians, in both EBRT (32.3%) and RP (21.5%) patients.
Conversely, white, Hispanic/Latino and African American
EBRT patients showed GGG V-V of 26.6, 25.3 and 23.8%.
In RP patients, these rates were 15.0, 15.8 and 15.1% for
white, Hispanic/Latino and African American patients,
respectively. No clinically meaningful stage differences were
recorded according to race/ethnicity (Table 1). Finally, in
both EBRT and RP patients, the median age at diagnosis was
highest in Asian patients (72 years in EBRT vs 64 years in
RP), followed by white patients (71 years in EBRT wvs
62 years in RP), Hispanic/Latino patients (70 years in EBRT
vs 62 years in RP) and African American patients (66 years
in EBRT vs 59 years in RP), in that order. In RP patients,
Asian patients showed the lowest 10-year OCM rates (7.4%),
versus 8.0, 8.4 and 11.2% in Hispanic/Latino, white and Afri-
can American patients, respectively. Finally, in EBRT
patients, Asian patients showed the second lowest 10-year
OCM rates (24.1%), after Hispanic/Latino patients (23.1%),
versus 10-year OCM rates of 29.0% and 28.3% in white and
African American patients, respectively. Based on the afore-
mentioned differences in patient and PCa characteristics,
PSM was applied in all 12 comparisons and resulted in no
statistically significant residual differences in patient age or
tumor characteristics (all P > 0.6).

Propensity score matched CSM analyses
according to race/ethnicity

Asian versus white patients

In high-risk EBRT-treated Asian versus white patients
(Fig. 1), respective 10-year CSM rates were 10.4% versus
13.4%, which resulted in a multivariable CRR HR of 0.70
(P <0.001), showing a decreased risk for Asian patients
(Table 2). In intermediate-risk EBRT-treated Asian versus
white patients, 10-year CSM rates were 3.0% versus 4.9%,
which resulted in a multivariable CRR HR of 0.58
(P < 0.001), showing a decreased risk for Asian patients. In
high-risk RP-treated Asian versus white patients, 10-year
CSM rates were 4.8% versus 6.7%, which resulted in a multi-
variable CRR HR of 0.72 (P = 0.04), showing a decreased
risk for Asian patients. Conversely, no statistically significant
CSM differences were recorded between Asian and white
patients in intermediate-risk RP-treated patients (P = 0.08,
Table 2).
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Cancer-specific mortality (adjusted for Other—cause mortality)
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Cumulative incidence plots after 3:1 propensity score matching of EBRT- and RP-treated white patients versus Asian patients stratified by D’Amico risk

Table 2 Results of multivariable CRR analyses regarding CSM, according to race/ethnicity within PSM populations of Asian, African American and Hispanic/
Latino patients versus white patients in EBRT or RP groups of intermediate- and high-risk levels

Treatment type Sample size PSM  Sample size
Race/ethnicity (risk group) (before PSM) ratio  (after PSM) CSM at 10 years HR 95% Cl P-value
Asian vs white patients EBRT (high-risk) 2318 vs 23 820 1:3 2318 vs 6950 10.4% vs 13.4% 0.70 0.57-0.85 <0.001
EBRT (intermediate-risk) 2782 vs 36 779 1:3 2782 vs 8346 3.0% vs 4.9% 0.58 0.43-0.80 <0.001
RP (high-risk) 2083 vs 25 916 1:3 2083 vs 6241 4.8% vs 6.7% 0.72 0.53-0.98 0.04
RP (intermediate-risk) 4006 vs 65 117 1:3 4006 vs 12 016 1.4% vs 1.9% 0.70 0.47-1.04 0.08
African American vs white patients  EBRT (high-risk) 6547 vs 23 820 1:1 6494 vs 6494 12.6% vs 12.8% 1.05 0.93-1.17 0.4
EBRT (intermediate-risk) 9655 vs 36 779 1:1 9602 vs 9602 4.5% vs 4.4% 1.09 0.93-1.27 0.3
RP (high-risk) 5082 vs 25 916 1:1 5080 vs 5080 5.6% vs 4.8% 113 0.94-1.35 0.2
RP (intermediate-risk) 11 266 vs 65 117 11 11 255 vs 11 255 1.6% vs 1.3% 136 1.09-1.70 0.01
Hispanic/Latino vs white patients EBRT (high-risk) 3489 vs 23 820 1:2 3488 vs 6967 12.9% vs 11.9% 096 0.84-1.13 0.7
EBRT (intermediate-risk) 5156 vs 36 779 1:2 5155 vs 10 304 4.5% vs 4.7% 098 0.79-1.18 0.8
RP (high-risk) 3602 vs 25 916 1:2 3600 vs 7198 6.7% vs 5.2% 1.08 0.88-1.33 0.5
RP (intermediate-risk) 7830 vs 65 117 1:2 7830 vs 15 656 1.2% vs 1.5% 0.82 0.62-1.11 0.2

African American versus white patients

In intermediate-risk RP-treated African American versus
white patients (Fig. 2), respective 10-year CSM rates were
1.3% versus 1.6%, which resulted in a multivariable CRR
HR of 1.36 (P = 0.01), showing a decreased risk for white
patients. Conversely, no statistically significant CSM

differences were recorded for all three remaining comparisons
between African American and white patients: high-risk RP,
intermediate-risk EBRT and high-risk EBRT (Table 2).

Hispanic/Latino versus white patients

In all comparisons between Hispanic/Latino versus white
patients (Fig. 3), no statistically significant CSM differences
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Fig. 2 Cumulative incidence plots after 1:1 propensity score matching of EBRT- and RP-treated white patients versus African American patients stratified by

D’Amico risk groups (intermediate/high risk).

were recorded (P > 0.2), regardless of treatment type (EBRT
and RP) or risk level (intermediate- or high-risk, Table 2).

Discussion

We hypothesized that CSM of EBRT and RP-treated Asian,
Hispanic/Latino and African American patients is higher than
that of white patients, even after matching for patient and
cancer characteristics. Our hypothesis was derived from pre-
vious large-scale data that focused on comparisons between
African American and white patients. However, comparisons
between Asian and white patients, as well as between His-
panics/Latino and white patients, using the same amount of
detail and equally robust sample sizes, were never carried
out.!?>%!13 We addressed this void and tested the study
hypothesis within a large contemporary SEER database sam-
ple."* Our analyses showed several noteworthy findings.

First, the present data validated previously established dif-
ferences between EBRT and RP patients regarding age, stage
and grade.'>'® In consequence, the SEER database is consis-
tent with other large- and small-scaled databases, in that
regard.

Second, important differences in patient and tumor charac-
teristics were recorded according to race/ethnicity group dis-
tribution. Although, abundant comparisons were made in that
regard between African American and white patients, little is
known about race/ethnicity differences between Asian and
white patients, as well as between Hispanic/Latino and white

patients.> In the current study, Asian patients always
showed the most unfavorable characteristics. For example,
Asian patients were the oldest at diagnosis (in EBRT,
72 years in Asian patients vs 66—71 years in the other three
races/ethnicities, as well as in RP, 64 years in Asian patients
vs 59-62 years in the other three races/ethnicities). Further-
more, Asian patients showed the highest PSA wvalues (in
EBRT, 9.6 ng/mL in Asian patients vs 7.9-9.3 ng/mL in the
other three races/ethnicities, as well as in RP, 6.9 ng/mL in
Asian patients vs 5.9-6.7 ng/mL in the other three races /eth-
nicities). Finally, Asian patients also showed the most aggres-
sive GGG distribution (in EBRT, 32.3% GGG IV-V rates in
Asian patients vs 23.8-26.6% in the three other races/ethnici-
ties, as well as in RP, 21.5% GGG IV-V rates in Asian
patients vs 15.0-15.8% in the three other races/ethnicities).
These findings are consistent with another SEER-based analy-
sis by Deuker ef al. (n =380 705) that compared Asian
patients with white patients of all PCa stages, regardless of
treatment type, or its absence.” Conversely, no clinically
meaningful PSA, stage and grade differences were recorded
between Hispanic/Latino and white patients in the current
study, which is in agreement with a previous SEER analysis
by Chinea ef al. (n =393 348), who compared Hispanic/
Latino patients with white patients of all stages, but also did
not carry out stratified analyses according to treatment type.’
Taken together, the above findings emphasize race-/ethnicity-
specific profiles that apply to Asian, Hispanic/Latino and
African-American patients. Based on these differences,
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Cancer-specific mortality (adjusted for Other—cause mortality)
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D’Amico risk groups (intermediate/high risk).

meaningful comparisons based on non-randomized study
designs should ideally rely on the strictest statistical adjust-
ment, which can be achieved with PSM, as was applied in
our analyses.

Third, we also recorded important OCM rate differences
within all four race/ethnicity subgroups. Specifically, at 10
years, OCM rates were generally higher in EBRT patients.
Furthermore, RP-treated Asian patients showed the lowest
OCM rates (7.4%) and EBRT-treated Asian patients showed
the second-lowest OCM rates (24.1 vs 23.1% in Hispanic/
Latino patients). Conversely, white and African American
patients generally showed the highest OCM rates (8.4-11.2%
in RP and 28.3-29.0% in EBRT). In consequence, Asian
patients were more likely than other race/ethnicity groups to
succumb to PCa, based on most favorable OCM profiles.
This observation validates the absolute need for consideration
of OCM in survival analyses. In consequence, we relied on
CRR that adjusts CSM rates, after accounting for oCM.°
Conversely, all previous reports did not rely on CRR.”®

Fourth, we observed important CSM differences according
to race/ethnicity. In the comparison between Asian and white
patients, we recorded lower CSM in Asian patients, after
EBRT for intermediate- (HR 0.58, P < 0.001) and high-risk
PCa (HR 0.70, P < 0.001), as well as after RP for high-risk
PCa (HR 0.72, P = 0.04). Conversely, in African American
patients, we recorded the opposite effect: higher CSM in
intermediate-risk African American patients treated with RP
(HR 1.36, P =0.01). Finally, no CSM differences were
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and RP-treated white patients versus Hispanic/Latino patients stratified by

recorded in comparisons between Hispanic/Latino and white
patients (P > 0.2).

To the best of our knowledge, we are the first to report
lower CSM rates in Asian patients after EBRT, in both
intermediate-risk and high-risk groups, and in the high-risk
group after RP. The present findings are in partial agreement
with a previous SEER based analysis by Wang et al., com-
paring 21 991 white patients and 2253 Asian patients treated
with EBRT or RP (2004-2013). Specifically, Wang et al.
reported significantly higher CSM in white patients com-
pared with Asian patients (HR 1.9).® However, Wang et al.
did not stratify CSM outcomes separately for EBRT- and
RP-treated patients. Similarly, the present observations are
also in partial agreement with Deuker et al., who compared
Asian to white PCa patients of all stages and treatment
modalities, including those without treatment. Within their
analyses, a CSM HR of 0.6, suggesting a decreased risk for
Asian patients, was recorded. However, Deuker et al. also
did not account for the confounding effect of OCM, as was
carried out in the present analysis. In consequence, the pre-
sent findings relied on a stricter methodology than the two
previous studies, and furthermore, provide treatment- and
risk group-specific comparisons. All of the aforementioned
considerations result in more robust evidence emphasizing
the potential CSM advantage in Asian patients, relative to
white patients. These observations can be interpreted in sev-
eral ways. First, it might be postulated that Asian patients
benefit from better cancer control with EBRT and/or from
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ADT than white patients. Indeed, especially the influence of
ADT might have played a very important role, as more
favorable cancer-specific outcomes have also been reported
earlier in a group of Japanese PCa patients treated with pri-
mary ADT (from the Japan Cancer of the Prostate Registry
Database, J-CaP) versus white PCa patients treated with pri-
mary ADT (from the USA Cancer of the Prostate Strategic
Urologic Research Endeavor database; CaPSURE).17 Similar
findings were also reported in a more historical and smaller
cohort of Japanese American and white PCa patients.'®
Therefore, the CSM advantage of Asian patients, and espe-
cially of those treated with EBRT, might be attributed to the
stronger effects of concomitant ADT in Asian patients com-
pared with white patients.

Second, it might also be postulated, that the same PSA,
stage and grade characteristics could result in more favorable
CSM-free survival in Asian patients than in white patients.
Interestingly, a lack of CSM differences between
intermediate-risk Asian versus white patients after RP ques-
tions PSA, stage and grade phenotype differences being
responsible for lower CSM in Asian patients. However, the
retrospective nature of our database does not allow to validly
distinguish between inherent patient characteristics versus
treatment characteristics affecting the reported race-/ethnicity-
related CSM differences between Asian and white patients.

Third, the present findings also resulted in novel observa-
tions regarding CSM rate differences between Hispanic/
Latino versus white patients. Unlike in comparisons between
Asian versus white patients, no CSM differences were
recorded in either EBRT- or RP-treated patients, regardless of
risk level. These observations are in partial agreement with
findings by Chinea et al., who analyzed the SEER 2000-
2013 database (352 886 white vs 40 462 Hispanic/Latino
patients).> Within their analyses, Hispanic/Latino patients
showed a HR of 1.02 (P = 0.5) versus white patients. How-
ever, a direct comparison to the present findings is not possi-
ble, as Chinea et al. relied on PCa patients of all risk groups,
including all treatment types, as well as those without treat-
ment, and furthermore, did not report stratified analyses
according to risk group.

Taken together, the present findings showed that Asian
patients were older, and exhibited higher PSA and less favor-
able GGG distribution than white patients. Furthermore,
Asian patients showed lower OCM. Finally, the study
showed lower CSM in intermediate- and high-risk Asian
patients after EBRT relative to white patients, as well as in
high-risk Asian relative to white patients, after RP.

The clinical implications of these observations apply to
treatment decision-making. Specifically, older Asian patients,
and those with higher PSA values and higher GGG should be
given greater consideration for EBRT, as more favorable
CSM rates might be expected than in white patients, who
represent the benchmark for most currently available cancer
control outcomes in localized PCa. Similarly, older high-risk
Asian patients, despite potential presence of higher PSA and
less favorable GGG should also be given greater considera-
tion for RP, for the same reasons. These considerations do
not apply to intermediate-risk or high-risk Hispanic/Latino
PCa patients. In consequence, the same EBRT and RP

considerations should be made in those individuals, as for
white patients.

The present study had limitations, and should be interpreted
in the context of its retrospective and population-based design.
First, although white patients are well represented in the SEER
database, the representation of African American, Hispanic/
Latino and Asian patients is suboptimal, with Asian patients
representing the group with the lowest sample size. Therefore,
oversampling of these patients should be encouraged in the
future, to allow better generalizability of observed findings
within samples of African American, Hispanic/Latino and
Asian men. Nevertheless, despite most important sample size
limitations that applied most strikingly to Asian patients,
highly statistically significant CSM differences were recorded
in three out of four Asian versus white patient comparisons.
This observation emphasizes the importance of the effect size
that underlies the observed results, within the smallest race/eth-
nicity cohort (Asians). Second, despite the best efforts aimed
at PSM, retrospective analyses, and matching for known and
available variables might still suffer from remaining differences
related to unmeasured or unavailable confounding variables.
For example, as SEER does not provide data on comorbidity,
we could not further evaluate the underlying comorbidity pro-
files according to each racial/ethnic group. However, OCM
accounts for the most important biases. Furthermore, SEER
does not provide explicit treatment data. In particular, for
EBRT-treated patients, we were unable to adjust for applied
radiation dose or ADT type and duration. Finally, the SEER
database only includes North American patients. Therefore, the
present findings are only applicable to Asian patients from the
USA and are not generalizable to Asian patients from other
parts of the world. In addition, the term, Asian, encompasses a
variety of potentially different races/ethnicities, such as Chi-
nese, Vietnamese, Korean or Japanese, to mention a few.
Therefore, when interpreting our analyses, this inherent hetero-
geneity needs to be considered.

In conclusion, relative to white patients, an important CSM
advantage applies to intermediate-risk and high-risk Asian
PCa patients treated with EBRT, and to high-risk Asian
patients treated with RP. These observations should be con-
sidered in pretreatment risk stratification and decision-
making.
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Editorial Comment to External beam radiotherapy and radical prostatectomy are
associated with better survival in Asian prostate cancer patients

I would like to congratulate Wiirnschimmel et al. on publishing
the novel and useful results of a large-scale population-based
study to test the effect of race/ethnicity on cancer-specific
mortality after radical prostatectomy (RP) or external beam
radiotherapy (EBRT) in localized prostate cancer (PCa) patients
utilizing propensity score matching for patient and cancer
characteristics.! They were able to conclude that relative to
white patients, an important cancer-specific mortality advantage
applied to intermediate-risk and high-risk Asian PCa patients
treated with EBRT and to high-risk Asian patients treated
with RP.

It was well known that the incidence of PCa had been
much lower in Asian men than in white men. However,
immigrants from Japan to the USA showed an intermediate
incidence rate between Japanese men living in Japan and
white men in the USA, suggesting the effects of both genetic
and environmental factors on the development and progres-
sion of PCa. In fact, it was reported that although the
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prevalence of PCa on autopsy was similar between Asian and
white men with low penetrance of prostate-specific antigen
screening, high Gleason score cancers were found more fre-
quently in Asian men than in white men.® Furthermore,
genetic variation in the androgen receptor differed in Japa-
nese PCa patients.®> Therefore, it would be expected that the
characteristics and response to treatment might vary among
Asian and white PCa patients.

Better outcomes have been reported in the Japanese PCa
patients treated with primary androgen deprivation therapy
(ADT) than in white patients.* Even in localized PCa patients
treated with EBRT or RP, ADT must have been used before
cancer death in most of cases. Therefore, CMS advantage of
Asian patients treated with EBRT or RP might be attributed
to favorable effects of ADT compared with white patients.
One of the limitations of the present study was that the first
recurrence after RP or EBRT was not investigated. In the pre-
sent study, cancer-specific mortality estimation was thought
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