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ABSTRACT
Objective: To analyze the effect of age at diagnosis on clinical outcomes of localized prostate

cancer (PCa) treated with radiation therapy.

Subjects and methods: We identified 12,784 patients with intermediate- or high-risk localized
PCa treated with radiation therapy (RT) and neoadjuvant androgen deprivation therapy (ADT)
between 2000-2015 from nationwide Veterans Affairs data. Patients were grouped into 3 age
categories (£ 59, 60-69, and = 70 years old). Outcomes included immediate PSA response (3-
month post-RT PSA and 2-year PSA nadir, grouped into < 0.10 ng/mL, 0.10-0.49 ng/mL, and 2
0.50 ng/mL), biochemical recurrence, and PCa-specific mortality. Multivariable regression
models included ordinal logistic regression for short-term PSA outcomes, Cox regression for

biochemical recurrence, and Fine-Gray competing risks regression for PCa-specific mortality.

Results: 2,136 patients (17%) were < 59 years old at diagnosis, 6,107 (48%) were 60-69 years
old, and 4,541 (36%) were = 70 years old. Median follow-up was 6.3 years. Younger age was
associated with greater odds of higher 3-month PSA group (< 59 vs. =2 70: adjusted odds ratio
[aOR] 1.90, 95% CI 1.64-2.20; p<0.001) and higher 2-year PSA nadir group (< 59 vs. 2 70: aOR
1.89, 95% CI 1.62-2.19, p<0.001). Younger age was associated with greater risk of biochemical
recurrence (< 59 vs. 2 70: adjusted hazard ratio 1.45, 95% CI 1.26-1.67, p<0.001) but not PCa-

specific mortality (p = 0.16).
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Conclusion: In a large nationwide sample of US veterans treated with ADT and RT for localized
PCa, younger age was associated with inferior short-term PSA response and higher risk of

biochemical recurrence.

INTRODUCTION

The influence of age at diagnosis on prostate cancer outcomes is unclear. While older
patients tend to present with higher-grade disease (1,2) and are less likely to undergo local
treatment, (1) retrospective series have differed on whether prostate cancer-specific survival
differs between younger and older patients after adjustment for clinical variables. (1—6) Some
studies have also suggested that younger patients are at higher risk for biochemical failure and
metastasis (4,7-9) and young age is included as a negative prognostic factor in the recently-
proposed STAR-CAP staging system, (10) though the biologic basis for this effect is unknown
and several studies have suggested no differences. (11-13) It is also unknown whether age
influences short-term prostate-specific antigen (PSA) response and post-treatment PSA nadir. It
has been suggested that prostate cancer in young men may harbor mutations that predispose
to more aggressive disease; age-related declines in serum testosterone might also affect
responsiveness to androgen deprivation therapy (ADT), though some studies have actually
suggested poorer outcomes with a lower baseline testosterone. (14) In this study, we leverage a
large national Veterans Affairs database including patients with localized prostate cancer
treated with ADT and radiation therapy (RT) to examine the effect of age at diagnosis on short-

term PSA responses, biochemical failure, and prostate cancer-specific mortality.
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SUBJECTS AND METHODS:
Data source.

We identified prostate cancer patients from the VA Informatics and Computing
Infrastructure (VINCI). VINCI is a comprehensive informatics platform that allows researchers
access to patient-level electronic health record information and administrative data for all
veterans within the Veterans Affairs (VA) healthcare system. VINCI incorporates tumor registry
data uploaded from individual VA sites; these data are gathered at individual VA medical
centers by trained registrars according to standard protocols issued from the American College
of Surgeons. These data include veterans who are treated at non-VA facilities if they received

any care at a VA facility over the course of their iliness.

Patient cohort.

The cohort included United States veterans diagnosed with intermediate- or high-risk
localized prostate adenocarcinoma treated with upfront neoadjuvant ADT followed by RT
between 2000 and 2015. Treatment with ADT and RT was ascertained through tumor registry
data. All patients on ADT were treated with gonadotropin-releasing hormone (GNRH) agonists
with or without concomitant androgen receptor antagonists. Intermediate risk prostate cancer
was defined as clinical tumor stage 2b or 2¢, Gleason score 7, or pre-treatment PSA between
10 and 20 ng/mL. High risk was defined as tumor stage 3a or 3b, Gleason score 8-10, or pre-
treatment PSA greater than 20 ng/mL. We excluded patients who received primary
brachytherapy, had missing survival or VA pharmacy data, or started RT greater than six

months after starting ADT. Figure 1 shows the patient selection criteria and exclusions.
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Outcomes.

Outcomes include post-treatment PSA response (3-month post-RT PSA, 2-year PSA
nadir), biochemical recurrence, and prostate cancer-specific mortality (PCSM). Figure 1 shows
the number of patients available for each analysis. For 3-month post-RT PSA, we searched for
the PSA measurement closest to 3 months after the conclusion of RT; we included
measurements within a +/- 2 month window of this time point. (15,16) Two-year PSA nadir was
defined as the lowest PSA measurement within 2 years after the beginning of RT. Three-month
post-RT and 2-year PSA nadir were grouped into < 0.1 ng/mL, 0.1 to 0.49 ng/mL, and = 0.5
ng/mL. (15-17) Biochemical recurrence was defined as a PSA greater than or equal to the 2-
year nadir PSA + 2 ng/mL (18) and was measured from the start of RT. For PCSM, vital status
and ICD-10 death certificate cause of death codes were obtained primarily through the National
Death Index (91% of cause of death data) with missing data supplemented by the tumor registry

(9%).

Covariates.

Covariates derived from tumor registry data included age at diagnosis, clinical tumor
stage, race, year of diagnosis, Gleason score, brachytherapy boost, employment, marital status,
and body mass index. Age at diagnosis was classified into three age groups: < 59, 60-69, and
2 70 years. Zip code-level education and median income data were obtained through the 2015
American Community Survey 5-year estimates. ADT type and anti-androgen use were obtained

from VA pharmacy records. Pre-treatment PSA was obtained through VA laboratory data.
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Comorbidity was assessed with the Charlson comorbidity index and included comorbid

conditions in the year prior to diagnosis. (19)

Statistical analysis.

Baseline covariate data were compared between age groups using the chi-square test to
compare proportions, t-test to compare means for normally-distributed variables, and Wilcoxon
rank-sum test to compare medians for skewed variables. The association between age group
and PSA response (3-month post-RT PSA and 2-year PSA nadir) was assessed with
univariable and multivariable ordinal logistic regression. PSA outcomes were ordered as [< 0.1
ng/mL, 0.1 to 0.49 ng/mL, = 0.5 ng/mL] and covariate effects represent the odds of membership
in a higher PSA group (corresponding to inferior PSA response). For time-to-event outcomes,
multivariable models included Cox regression for biochemical recurrence and Fine-Gray
competing risk regression for PCSM to account for the competing risk of non-prostate cancer
mortality. Survival time was measured from the start of RT. We censored patients at the last
known PSA measurement for biochemical recurrence and at the last follow-up with a VA
provider for PCSM.

All multivariable models adjusted for age group, clinical tumor stage, Gleason score, pre-
treatment PSA (log-transformed), African-American race, Charlson comorbidity index, body
mass index, year of diagnosis, median zip-code income and education, brachytherapy boost,
and anti-androgen therapy. We used multiple imputation by fully conditional specification (FCS)
to impute missing data for Gleason score (7.75% missing), clinical tumor stage (4.25%), pre-

treatment PSA (24.1%), body mass index (0.44%), median zip-code income (2.32%), and
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median zip-code education (1.91%). Continuous variables were imputed by predictive mean
matching and categorical variables were imputed by multinomial logistic regression. Variables
were included in imputation models if their Pearson correlation with the imputed variable was =
0.05; the number of predictors per imputed variable ranged from 2 (for median income) to 10
(for body mass index). Convergence was assessed by visual inspection of the mean and
variance of each imputed variable across 10 iterations of the FCS algorithm. Parameter
estimates for statistical models were pooled across 5 imputed datasets by Rubin’s rules. All
statistical tests were two-sided. Statistical analyses were performed with SAS v9.4 (SAS

Institute, Cary, NC) and R v1.1.4 (R Core Team, Vienna, Austria).

RESULTS
Patient characteristics.

The sample included 12,784 patients, of whom 2136 (16.7%) were < 59 years of age at
diagnosis, 6107 (47.8%) were 60-69 years, and 4541 (35.5%) were = 70 years. Younger
patients tended to have higher BMI, African-American race, unmarried status, and live in lower
income zip codes (Table 1). Younger patients were also less likely to be diagnosed with
Gleason 8-10 disease and cT3 tumors. After multiple imputation of missing PSA, Gleason
score, and clinical T stage data, 56.5% of the sample had high risk disease (95% CI 55.5% -
57.5%). We noted no statistically significant difference in median ADT duration across age

groups (= 59: 6.18 months; 60-69: 6.27 months; = 70: 6.51 months; p=0.11).

Effect of age on PSA response.
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Younger patients tended to have higher 3-month post-RT PSA (percent in = 0.5 ng/mL
group: < 59: 16.4%; 60-69: 11.2%; = 70: 7.91%; unadjusted p<0.001) and higher 2-year nadir
PSA (percent in =2 0.5 ng/mL group: < 59: 7.20%; 60-69: 4.25%; 270: 3.22%; unadjusted
p<0.001). In the ordinal multivariable regression model for 3-month post-RT PSA, younger age
group was associated with increased odds of higher PSA group (< 59 vs. 2 70: OR 1.90 [95% CI
1.64-2.20], p<0.001; 60-69 vs. = 70: OR 1.37 [95% CI 1.22-1.53], p<0.001; Table 2). Similar
results were found in the multivariable model for 2-year PSA nadir (< 59 vs. 2 70: OR 1.89 [95%
Cl 1.62-2.20], p<0.001; 60-69 vs. = 70: OR 1.36 [95% CI 1.21-1.54], p<0.001; Table 2). Other
predictors of inferior PSA response were largely consistent across both models and included
higher pre-treatment PSA, African-American race, and lack of anti-androgen therapy.
Brachytherapy boost was associated with lower 3-month post-RT PSA but was not associated

with 2-year PSA nadir.

Effect of age on biochemical recurrence and survival.

Median follow-up for the sample was 6.3 years. Younger patients showed higher 10-year
rates of biochemical recurrence (< 59: 35.0% [95% CI 31.7%-38.4%)]; 60-69: 31.8% [95% CI
29.5%-34.1%]; =2 70: 26.7% [95% CI 24.2%-29.1%], unadjusted p<0.001 by log-rank test).
These differences persisted after multivariable adjustment in the Cox model (£59 vs. 270: HR
1.45[95% CI 1.26-1.67], p<0.001; <59 vs 60-69: HR 1.28 [95% CI 1.14-1.44], p<0.001; Table
3). The cumulative incidence of PCSM was similar across age groups (< 59: 8.00% [95% CI
6.50%-9.47%]; 60-69: 6.90% [95% CI 6.00%-7.80%]; = 70: 8.53% [95% CI 7.52%-9.53%],

unadjusted p=0.10 by Gray’s test). There remained no difference between age groups after
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multivariable adjustment (Table 3). In sensitivity analyses, we repeated the above analyses for
PSA response, biochemical recurrence, and PCSM among the intermediate risk patient

subgroup, and similar results were observed (Supplemental Table 1).

DISCUSSION

In this observational cohort study of more than 12,000 US veterans with localized
prostate cancer treated with ADT and RT, we found that younger age at diagnosis was
associated with inferior 3-month post-RT PSA response, higher 2-year PSA nadir, and higher
risk of biochemical recurrence, though we noted no effect on PCSM in the competing risk
analysis. These differences remained significant after adjustment for multiple disease
characteristics and demographic factors, and were robust in subgroup analyses of intermediate
risk patients.

Our results suggest that younger patients may have a more aggressive disease course
compared to older patients despite adjustment for baseline prognostic factors, translating to
inferior immediate and long-term PSA responses. Echoing these results, the recently proposed
STAR-CAP staging system includes young age (<50 years) as a negative prognostic factor for
PCSM. (10) This raises the question of whether younger patients with intermediate or high risk
disease should consider treatment escalation beyond ADT and RT. Trials have demonstrated
that adjuvant therapies such as abiraterone (20) and brachytherapy boost (21) improve
biochemical progression-free survival, and multimodality therapy combining surgery with RT and
ADT may also improve outcomes in younger patients. (22,23) Treatment escalation may be

especially beneficial in younger patients who carry lower competing mortality risks. (24,25)
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Our finding of a higher rate of biochemical recurrence in younger men is consistent with
a previous multi-institutional study of post-RT PSA dynamics by Proust-Lima et. al. (7) Their
analysis of 4,247 patients suggested that younger age was associated with a higher risk of
biochemical recurrence, though the authors noted no effect on short-term post-treatment PSA
dynamics. Previous studies on smaller cohorts treated with RT (11-13) or prostatectomy (26)
have suggested no differences in biochemical recurrence, though these studies may have been
underpowered to detect a significant difference in outcomes. Unique strengths of our study
included the size of the Veterans Affairs database and the availability of longitudinal PSA
measurements, allowing greater statistical power to detect long-term differences in biochemical
recurrence.

In addition to biochemical recurrence, we describe age-based differences in short-term
PSA response and post-treatment PSA nadir, both of which have been repeatedly
demonstrated to impart early prognostic information and reflect successful treatment response.
(15,17) This raises the possibility that younger age adversely affects the response to treatment,
and that this effect is detectable within 3 months after completion of RT. Differences in
treatment aggressiveness are unlikely to account for this result, as we did not observe
significant differences in ADT type or duration across age groups and all patients were treated
with definitive RT. The potential biologic mechanism of this effect is unknown and merits further
investigation; possibilities include inadequate suppression of serum androgens by ADT or a
higher proportion of androgen insensitive tumors in younger men. Some authors have

suggested that tumors in younger men exhibit a particularly aggressive genetic phenotype,
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which may partly explain our findings; (27) however, further study is needed to delineate the
specific molecular changes that may drive aggressive tumors in young men.

Our study is subject to several limitations. First, longitudinal PSA data were available in
only a subset of the sample (Figure 1), and the exclusion of patients with missing PSA data
may introduce bias. Our cohort was comprised exclusively of US veterans who may
systematically differ from the general population of US men; this could decrease generalizability,
and our results should be replicated in a sample of patients more representative of the US
population. While we focused on intermediate- and high-risk patients treated with ADT and RT,
these results may not generalize to the broader population of patients with low-risk disease,
patients treated with definitive RT alone, or surgically managed patients. In particular, as
younger men are preferentially treated with radical prostatectomy in many practices, (28)
younger men treated with radiation in our study may be subject to selection bias. As patients
may seek follow-up care outside of the VA system, we may systematically under-ascertain
biochemical recurrence. We noted a much higher proportion of African-American men in the
younger age groups (53% in < 59 years vs. 24% in = 70 years). While it has been suggested
that African-American men may have more aggressive disease phenotypes, (29) others have
suggested no differences in outcomes among men treated in equal-access health care systems,
(30,31) and as such this is unlikely to bias our findings. RT dose was not available, though it is
unlikely that younger men would be preferentially treated with lower radiation doses that would
confound our results. Finally, though we observed similar age distributions throughout the years

of the study period, there have been large changes in RT technique over time that may affect
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our results. Though we adjust for year of diagnosis in our models to account for time-trends, it is
possible that additional unmeasured confounding exists.

In summary, in this study of US veterans with localized prostate cancer treated with
upfront ADT and RT, we demonstrate that younger age is associated with inferior short-term
PSA responses and higher rates of biochemical recurrence. The underlying mechanisms linking

younger age and inferior treatment response are currently unknown and deserve further study.
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N=18,357: Intermediate or high risk localized PCa diagnhosed
2000-2015, treated with RT or ADT + RT

Excluded

N=783: Received primary brachytherapy
- | N =434: Missing survival time or vital status

N=1,021: RT started > 6 months after ADT

N=3,335: No ADT pharmacy data

y

N=12,784 in final cohort
N=12,784 with survival data
N=7,133 with 3-month post-RT PSA data
N=9,624 with 2-year PSA nadir data
N=8,729 with biochemical recurrence data
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