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Abstract

Background: Elderly patients diagnosed with high-risk prostate cancer (PCa) pre-
sent a therapeutic dilemma of balancing treatment of a potentially lethal malig-
nancy with overtreatment of a cancer that may not threaten life expectancy.
Objective: To investigate treatment patterns and overall survival outcomes in this
group of patients.
Design, setting, and participants: A retrospective cohort study was conducted. We
queried the National Cancer Database for high-risk PCa in patients aged 80 yr or
older diagnosed during 2004–2016.
Intervention: Eligible patients underwent no treatment following biopsy (ie, obser-
vation), androgen deprivation therapy (ADT) alone, radiation therapy (RT) alone,
RT + ADT, or surgery.
Outcome measurements and statistical analysis: Kaplan-Meier, log rank, and mul-
tivariate Cox proportional hazard regression was performed to compare overall
survival (OS).
Results and limitations: A total of 19 920 men were eligible for analysis, and the
most common treatment approach was RT + ADT (7401 patients; 37.2%).
Observation and ADT alone declined over time (59.3% in 2004 vs 47.5% in 2016).
There was no observed difference in OS between observation and ADT alone (ad-
justed hazard ratio [HR] 1.04, 95% confidence interval [CI], 0.99–1.09; p = 0.105).
Definitive local treatment was associated with improved OS compared with ADT
alone (RT alone, HR 0.54, 95% CI, 0.50–0.59, p < 0.0001; ADT + RT, HR 0.48, 95%
CI, 0.46–0.50, p < 0.0001; surgery, HR 0.50, 95% CI, 0.42–0.59, p < 0.0001).
Conclusions: This analysis demonstrates that the use of definitive local therapy,
including surgery or RT ± ADT, is increasing and is associated with a 50% reduction
sevier B.V. on behalf of European Association of Urology. This is an open access article
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in overall mortality compared with observation or ADT alone. While prospective
validation is warranted, elderly men with high-risk disease eligible for definitive
management should be counseled on the risks, including a possible compromise
in OS, with deferring definitive management.
Patient summary: Elderly men are more often diagnosed with higher-risk prostate
cancer but are less likely to receive curative treatment options than younger men.
Our analysis demonstrates that for men �80 yr of age with high-risk prostate can-
cer, definitive local therapy, including surgery or radiation therapy and/or andro-
gen deprivation therapy, is associated with a 50% reduction in overall mortality
compared with observation or androgen deprivation therapy alone. We therefore
recommend that life expectancy (ie, physiologic age) be taken into account, over
chronologic age, and that elderly men with good life expectancy (eg, >5 yr; minimal
comorbidity) should be offered definitive, life-prolonging therapy.

� 2022 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate adenocarcinoma (PCa) is the most common noncu-
taneous malignancy in men, accounting for over 20% of inci-
dence cancer cases in American men in 2020 [1,2]. Prostate-
specific antigen (PSA) screening has allowed earlier detec-
tion in many of these cases, including those that may never
have presented clinically within a patient’s lifetime [3,4].
With PSA screening outside of standard recommendations
[5–9] in elderly or comorbid men, there is a risk of
overtreatment of cancers that may not threaten life expec-
tancy but instead result in quality of life disturbances. Many
elderly men who continue PSA screening may develop a
clinically insignificant PCa; however, some with high-risk
disease, defined by the National Comprehensive Cancer
Network (NCCN) [9] as having clinical stage T3–4, PSA >20
ng/ml, and/or Gleason score 8–10, may ultimately develop
life-threatening disease if untreated. In these men, aggres-
sive, curative treatment may prevent prostate cancer dis-
semination and provide an overall survival (OS) benefit
despite competing comorbidities. Nonetheless, advanced
age has been associated with the receipt of suboptimal
PCa management, and older men are less likely to receive
curative treatment than their younger counterparts across
risk groups [10,11].

Based on NCCN guidelines, men with high-risk PCa with
>5 yr life expectancy should be offered curative treatment,
including radiation plus androgen deprivation therapy
(ADT) or radical prostatectomy, while those with �5 yr
expectancy may be better treated with observation or non-
curative treatments, including ADT or observation [9]. Prior
reports have suggested that conservative management,
such as observation or ADT alone, is preferentially utilized
in men aged 80 yr or older, and this approach may be used
in over 80% of men over the age of 80 yr, regardless of cal-
culated life expectancy [10]. Elderly patients, especially
those >80 yr old, diagnosed with high-risk PCa often pose
a therapeutic challenge given competing comorbidities
and inability to estimate life expectancy accurately. Herein,
we sought to evaluate utilization patterns and OS outcomes
in men over 80 yr old with high-risk PCa undergoing current
NCCN-endorsed treatment options.
2. Patients and methods

2.1. Data source and study population

The National Cancer Database (NCDB) Participant User File (PUF) for

prostate cancer was evaluated to identify all patients aged 80 yr or older

with a diagnosis of prostate cancer. The NCDB is a joint program of the

American College of Surgeons and the American Cancer Society. Data

from �70% of patients diagnosed at Commission on Cancer (CoC)-

accredited cancer centers are captured and include patient, disease,

and treatment characteristics. The PUF contains deidentified information

and was therefore exempt from Institutional Review Board review.

Men �80 yr old who were diagnosed with high-risk PCa, defined by

NCCN stratification (clinical stage T3–4, PSA >20, and/or Gleason score

8–10) between 2004 and 2016 were evaluated. Survival data were avail-

able on patients diagnosed in 2004–2015. Only histologic diagnoses of

PCa (ICD-0-3 8140) were included. Those with incomplete treatment

data, node-positive disease, or metastatic disease were excluded.

Patients with initiation of treatment, including start of ADT, >180 d after

diagnosis were excluded to minimize the number of those patients who

may have crossed over from observation to treatment. Patients missing

the Charlson-Deyo comorbidity index (CCI) score information were

excluded from the analysis. The CCI is an age-independent score to pre-

dict long-term survival, which incorporates multiple comorbidity condi-

tions. A flow diagram of inclusion and exclusion criteria is depicted in

Fig. 1.

Demographic and clinical data included the following: age, race,

diagnosis year, clinical T stage, PSA, Gleason score, CCI, treatment center

location, treatment facility type, primary patient insurance status, and

treatment modality. The following treatment groups were included for

analysis: observation only, ADT alone (ADT), radiation therapy (RT)

alone, combined ADT and RT (ADT + RT), and surgery. The surgery cohort

included only radical prostatectomy. Radiation cohorts included those

who received treatment to the prostate only, prostate and pelvis, or pel-

vis (radiation treatment volume code 29/35/41) with total radiation dose

�6000 cGy.

2.2. Statistical analysis

OS was determined from the date of diagnosis until patient death or last

follow-up. The Kaplan-Meier survival analysis was used to estimate OS

probabilities. Cox regression analyses were performed. In addition to

these analyses, patient age at diagnosis, race, year of diagnosis, facility

location and type, insurance status, CCI, clinical T stage, PSA, Gleason

score, and treatment approach were used in the univariable analysis.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1 – Flow diagram of inclusion criteria. ADT = androgen deprivation therapy; NCCN = National Comprehensive Cancer Network; RT = radiation therapy.
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Variables with p < 0.05 on univariable testing were entered into the

multivariable analyses (MVAs) using the Cox proportional hazard model.

Univariable analysis and MVA logistic regression modeling was used to

identify the predictors of receiving local therapy (RT, ADT + RT, and sur-

gery) and are reported as odds ratios (ORs). Statistical significance was

considered with a value of p < 0.05. All measured levels of significance

were two sided. SPSS Statistics version 27 (IBM, Armonk, NY, USA) was

utilized for all statistical analyses.
3. Results

3.1. Demographic, patient, tumor, and treatment
characteristics

A total of 19 920 patients were identified with a median
follow-up of 41.7 mo (range, 0–164.8 mo). A complete syn-
opsis of patient demographic and characteristics is provided
in Table 1. A summary of treatment approaches is found in
Table 2. The median RT dose was 7740 cGy (interquartile
range: 7560–7920 cGy). The most commonly utilized treat-
ment modality was combined RT + ADT (7401 patients;
37.2%) followed by ADT alone (5864 patients; 29.4%), no
treatment (4751 patients; 23.9%), RT alone (1561 patients;
7.8%), and surgery (343 patients, 1.7%; Table 1). A multivari-
able logistic regression analysis showed that increasing age
and increasing CCI were associated with a decreased likeli-
hood of receiving local therapy (OR for increasing age, 0.98
[95% confidence interval {CI}, 0.97–0.99], p = 0.003; OR for
CCI >1, 0.87 [95% CI, 0.81–0.91], p < 0.0001). The year-to-
year trend in each management is shown in Fig. 2. Among
patients diagnosed in 2004, the earliest year analyzed,
40.7% received definitive treatment (RT, ADT + RT, or sur-
gery) compared with 52.6% of patients diagnosed in 2016.
In 2004, 59.3% of patients received either ADT alone or no
treatment compared with 47.5% in 2016.

3.2. Outcomes

The median OS for the entire cohort was 61.6 mo (95% CI,
60.4–62.8 mo), and the estimated 5- and 10-yr OS were
51.2% and 16.8%, respectively. For men aged 80–84 yr, the
median OS was 72.7 mo (95% CI, 71.2–74.2); for men aged
�85 yr, the median OS was 41.6 mo (95% CI, 40.3–42.9;
log-rank p < 0.0001; Fig. 3A). The median OS was 67.0 mo
(95% CI, 65.7–68.2) for men with a CCI of 0, 46.3 mo (95%
CI, 43.8–48.8) for those with a CCI of 1; and 31.5 mo (95%
CI, 29.0–34.0; Fig. 3B; log-rank p < 0.0001 between all
groups) for those with a CCI of �2. For patients diagnosed
between 2004 and 2009, the median OS was 60.9 mo (95%
CI, 59.4–62.5) versus 61.8 mo (95% CI, 60.0–63.6) for those
diagnosed in 2010–2015 (log-rank p = 0.286).

Kaplan-Meier analyses for patients per treatment modal-
ity are depicted in Fig. 4A. The median OS was 42.9 mo (95%
CI, 41.2–44.6) for patients who underwent no treatment
and 42.8 mo (95% CI, 41.3–44.2) for those with ADT alone
(log-rank p = 0.47). The median OS periods for RT alone
and RT plus ADT were 82.1 mo (95% CI, 77.6–86.6) and
86.5 mo (95% CI, 84.3–88.6), respectively (log-rank
p = 0.045). Patients treated with surgery had median OS of
88.3 mo (95% CI, 74.7–101.9), which was not statistically
different from that for patients treated with RT alone or
ADT + RT (log-rank p = 0.93 and p = 0.38, respectively).

In a subgroup analysis of patients with a CCI of 0, there
was no difference in OS between RT, ADT + RT, and surgery



Table 1 – Demographics and clinical characteristics

Patients, n (%)

Age (yr)
80–84 13 433 (67.4)
�85 6487 (32.6)

Race
White 17 342 (87.1)
Black 1727 (8.6)
Other 652 (3.3)
Unknown 199 (1.0)

Year of diagnosis
2004–2009 9574 (48.1)
2010–2016 10 346 (51.9)

Charlson-Deyo comorbidity
0 15 839 (79.5)
1 2885 (14.5)
�2 1196 (6.0)

Facility location
Central 6063 (30.4)
Northeast 4442 (22.3)
South/southeast 5936 (29.8)
West 3479 (17.5)

Facility type
Academic/research program 5390 (27.1)
Community cancer program 2478 (12.4)
Comprehensive community cancer program 9612 (48.3)
Integrated network cancer program 2440 (12.2)

Insurance status
Medicaid 277 (1.4)
Medicare 17 137 (86.0)
Not insured 116 (0.6)
Other government 180 (0.9)
Private 1915 (9.6)
Unknown 295 (1.5)

Clinical T stage
T1 8866 (44.5)
T2 6749 (33.9)
T3 1903 (9.6)
T4 514 (2.6)
TX 1888 (9.5)

Gleason score
6 1154 (5.8)
7 3277 (16.5)
8–10 15 489 (77.8)

PSA
<10 6163 (30.9)
10–20 4639 (23.3)
>20 9118 (45.8)

PSA = prostate-specific antigen.
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(log-rank p = 0.274 for RT vs surgery, p = 0.726 for ADT + RT
vs surgery, and p = 0.066 for RT vs ADT + RT). RT, ADT + RT,
and surgery were all superior to no treatment or ADT alone
(log-rank p < 0.0001 between each group) for patients with
a CCI of 0 (Fig. 4B). Similar findings were observed in a sub-
group of patients with a CCI of 1 (log-rank p < 0.01 between
each local therapy and both observation and ADT alone).

An additional subgroup analysis was performed for
patients aged 80–85 yr old. There was no difference in OS
between RT, ADT + RT, and surgery (log-rank p = 0.102 for
RT vs surgery, p = 0.807 for ADT + RT vs surgery, and
p = 0.059 for RT vs ADT + RT). RT, ADT + RT, and surgery
were all associated with improved OS compared with obser-
vation or ADT alone (log-rank p < 0.0001 between each
group) for patients with age 80–85 yr.
3.3. Univariable analysis and MVA

Univariable and multivariable (MVA) Cox-regression sur-
vival analyses are shown in Table 3. On MVA, OS was influ-
enced by age, CCI, facility type, insurance status, clinical T
stage, Gleason score, PSA, and treatment modality. In
MVA, treatment at an academic/research center was associ-
ated with increased OS compared with community cancer
programs (hazard ratio [HR] 0.83, 95% CI, 0.78–0.88;
p < 0.0001). Patients with Medicare insurance had worse
OS (HR 1.13, 95% CI, 1.06–1.21; p < 0.0001) compared with
private insurance. Patients with increasing CCI scores (CCI
of 1, HR 1.33, 95% CI, 1.26–1.40, p < 0.0001; CCI of �2, HR
1.85; 95% CI, 1.72–1.99, p < 0.0001), and increasing or
unknown T stage (cT3, HR 1.17, 95% CI, 1.09–1.26,
p < 0.0001; cT4, HR 2.03; 95% CI, 1.82–2.27, p < 0.0001;
cTx, HR 1.30; 95% CI, 1.23–1.38, p < 0.0001) had worse OS.
Higher Gleason score (Gleason 7, HR 1.17, 95% CI, 1.07–
1.278, p < 0.0001; Gleason 8–10, HR 1.64, 95% CI, 1.51–
1.78, p < 0.0001) and increasing PSA (PSA 10–20, HR 1.13,
95% CI, 1.07–1.19, p < 0.0001; PSA >20, HR 1.35, 95% CI,
1.28–1.42, p < 0.0001) also correlated with decreased OS.

There was no difference in OS between no treatment and
ADT alone (HR for no treatment, 1.04, 95% CI, 0.99–1.09;
p = 0.105). Definitive treatment was associated with
improved survival compared with ADT alone (RT alone,
HR 0.54, 95% CI, 0.50–0.59, p < 0.0001; ADT + RT, HR 0.48,
95% CI, 0.46–0.50, p < 0.0001; surgery, HR 0.50, 95% CI,
0.42–0.59, p < 0.0001). Similarly, all definitive treatment
groups were associated with improved OS versus no treat-
ment (p < 0.0001 between no treatment and RT, RT + ADT,
surgery).

4. Discussion

With longer life expectancy and more widespread adoption
of PSA screening over the past two decades, the number of
elderly men diagnosed with PCa is increasing [10]. Appro-
priate management of genitourinary malignancies in this
aging population is challenging [12]. Many of these men,
especially those with small-volume low-grade prostate can-
cer, die of unrelated causes [13,14], and aggressive treat-
ment could result in quality of life disturbances and
significant health care expenditures without any life-
expectancy gain. However, older men are often diagnosed
with higher-grade and higher-stage prostate cancer than
younger men, Prostate Cancer due to less routine PSA
screening with age [15,16]. Furthermore, prior studies have
shown that older men are at risk of undergoing noncurative
treatment [10,11,17]. Many elderly men with PCa, espe-
cially those diagnosed with high-risk disease, are at risk
for cancer progression and premature death. In fact, pros-
tate cancer is the second leading cause of cancer death in
men aged 80 yr or older, with 15 298 PCa deaths in the
USA in 2017 [1].

In this observational analysis of men �80 yr old with
high-risk prostate cancer, RT plus ADT was the single most
common approach of the management groups; however,
more men underwent either observation or ADT alone com-
pared with some form of local treatment (ie, RT, RT + ADT,
or surgery). Less than 2% of men underwent surgery. Yet,
there was an �50% reduced risk of overall mortality with
local therapy, including surgery, RT, or RT + ADT, compared
with observation or ADT alone. Notably, there were no sig-
nificant differences in long-term survival between surgery



Table 2 – Treatment characteristics

Patients, n (%)

No treatment ADT alone RT alone RT + ADT Surgery

Age (yr)
80–84 2658 (19.8) 3120 (23.2) 1224 (9.1) 6138 (45.7) 293 (2.2)
�85 2093 (32.3) 2744 (42.3) 337 (5.2) 1263 (19.5) 50 (0.8)

Race
White 4007 (23.1) 5014 (28.9) 1402 (8.1) 6614 (38.1) 305 (1.8)
Black 563 (32.6) 581 (33.6) 105 (6.1) 459 (26.6) 19 (1.1)
Other 132 (20.2) 200 (30.7) 43 (6.6) 260 (39.9) 17 (2.6)
Unknown 49 (24.6) 69 (34.7) 11 (5.5) 68 (34.2) 2 (1.0)

Year of diagnosis
2004–2009 2435 (25.4) 2908 (30.4) 757 (7.9) 3335 (34.8) 139 (1.5)
2010–2016 2316 (22.4) 2956 (28.6) 804 (7.8) 4066 (39.3) 204 (2.0)

Charlson-Deyo comorbidity
0 3505 (22.1) 4351 (27.5) 1343 (8.5) 6378 (40.3) 262 (1.7)
1 846 (29.3) 1007 (34.9) 177 (6.1) 789 (27.3) 66 (2.3)
�2 400 (33.4) 506 (42.3) 41 (3.4) 234 (19.6) 15 (1.3)

Facility location
Central 1377 (22.7) 2127 (35.1) 415 (6.8) 2049 (33.8) 95 (1.6)
Northeast 905 (20.4) 1150 (25.9) 342 (7.7) 2001 (45.0) 44 (1.0)
South/southeast 1628 (27.4) 1581 (26.6) 556 (9.4) 2075 (35.0) 96 (1.6)
West 841(24.2) 1006 (28.9) 248 (7.1) 1276 (36.7) 108 (3.1)

Facility type
Academic/research program 1160 (21.5) 1644 (30.5) 435 (8.1) 2013 (37.3) 138 (2.6)
Community cancer program 705 (28.5) 800 (32.3) 202 (8.2) 750 (30.3) 21 (0.8)
Comprehensive community cancer program 2248 (23.4) 2729 (28.4) 737 (7.7) 3762 (39.1) 136 (1.4)
Integrated network cancer program 638 (26.1) 691 (28.3) 187 (7.7) 876 (35.9) 48 (2.0)

Insurance status
Medicaid 77 (27.8) 100 (36.1) 15 (5.4) 83 (30.0) 2 (0.7)
Medicare 4090 (23.9) 5047 (29.5) 1332 (7.8) 6365 (37.1) 303 (1.8)
Not insured 39 (33.6) 43 (37.1) 9 (7.8) 23 (19.8) 2 (1.7)
Other government 30 (16.7) 30 (16.7) 19 (10.6) 100 (55.6) 1 (0.6)
Private 440 (23.0) 544 (28.4) 165 (8.6) 739 (38.6) 27 (1.4)
Unknown 75 (25.4) 100 (33.9) 21 (7.1) 91 (30.8) 8 (2.7)

Clinical T stage
T1 2478 (27.9) 2471 (27.9) 797 (9.0) 2993 (33.8) 127 (1.4)
T2 1186 (17.6) 1775 (26.3) 565 (8.4) 3105 (46.0) 118 (1.7)
T3 216 (11.4) 531 (27.9) 129 (6.8) 989 (52.0) 38 (2.0)
T4 151 (29.4) 260 (50.6) 11 (2.1) 91 (17.7) 1 (0.2)
TX 720 (38.1) 827 (43.8) 59 (3.1) 223 (11.8) 59 (3.1)

Gleason score
6 560 (48.5) 283 (24.5) 135 (11.7) 152 (13.2) 24 (2.1)
7 976 (29.8) 1046 (31.9) 295 (9.0) 914 (27.9) 46 (1.4)
8–10 3215 (20.8) 4535 (29.3) 1131 (7.3) 6335 (40.9) 273 (1.8)

PSA
<10 1186 (19.2) 1228 (19.9) 662 (10.7) 2919 (47.4) 168 (2.7)
10–20 827 (17.8) 1238 (26.7) 370 (8.0) 2124 (45.8) 80 (1.7)
>20 2738 (30.0) 3398 (37.3) 529 (5.8) 2358 (25.9) 95 (1.0)

Total patients 4751 (23.9) 5864 (29.4) 1561 (7.8) 7401 (37.2) 343 (1.7)

ADT = androgen deprivation therapy; PSA = prostate-specific antigen; RT = radiation therapy.
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and RT ± ADT. The benefit of local therapy over observation
and ADT alone persisted even after adjusting for comorbid-
ity score, T stage, PSA, and Gleason score. Additionally, it
was noted that men with increasing age and increasing
CCI were less likely to receive local therapy
(surgery ± ADT or surgery).

To some extent, there are limited randomized data to
help guide treatment decisions in prostate cancer, espe-
cially in older men. A Swedish randomized trial of surgery
(radical prostatectomy) versus observation in 695 men with
just over 8 yr of follow-up found that surgery reduced over-
all mortality, in addition to earlier cancer-specific endpoints
such as local and distant progression [18]. Subgroup analy-
ses suggested that treatment preferentially benefited men
<65 yr old; however, subgroup sample sizes were not suffi-
ciently powered and the hazard ratio for death with treat-
ment in older men was not reported. Furthermore,
randomized data comparing RT with surgery are limited
aside from the ProtecT trial in a cohort of younger men with
low-risk and favorable-intermediate-risk PCa [19]. Interest-
ingly, our study showed that the benefit of surgery was sim-
ilarly advantageous to RT ± ADT, even after multivariable
modeling. However, <2% of the cohort underwent surgery
and <0.01% of patients were aged 85 yr or older.

Undoubtedly, aggressive local therapy with RT ± ADT and
surgery are associated with more quality of life distur-
bances (eg, bowel, urinary, or sexual disturbances) than
observation alone. Elderly men may be hesitant to pursue
the associated toxicities of local therapy, especially if coun-
seled that treatment may be unnecessary or the patient is
likely to die of causes other than PCa [20]. However, studies
have shown that prostate cancer mortality is independent
of age at diagnosis but directly linked to risk group, ranging
up to 35–40% in the high-risk group [21]. Elderly patients,
especially those with good functional status and minimal
medical comorbidities, need to be counseled on the poten-



Fig. 2 – Year-to-year analysis of each treatment modality. ADT = androgen deprivation therapy; RT = radiation therapy.
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tial risk of prostate cancer–specific mortality without
aggressive, curative-intent local treatment. Furthermore,
advanced techniques in treatment, such as robotic-
assisted laparoscopic prostatectomy for surgery resulting
in less perioperative morbidity and intensity modulation
(intensity-modulated RT) or proton beam therapy for RT
resulting in less bowel/urinary bother, have reduced
treatment-associated morbidity substantially [22–24].

We found an increase in utilization of definitive manage-
ment (surgery, RT ± ADT) in these men from 2004 to 2016.
This trend is concordant with expert guidelines, which have
placed more emphasis on life expectancy (ie, physiologic
age) instead of chronologic age. The NCCN treatment guide-
lines, for example, now recommend aggressive, curative
therapies for men with life expectancies of >5 yr regardless
of age. Numerical age has historically been given emphasis
in clinical trials and included in multiple prognostic scoring
schemes, due to its impartiality and ubiquity. However,
physiologic age, presence of comorbidities, and perfor-
mance status, all of which can contribute to estimated life
expectancy, may be equally or more important when deter-
mining which patients may benefit from definitive or more
aggressive treatment. Based on the US Social Security Index
actuarial life table, a 77-yr-old man of average health would
still have near 10-yr life expectancy, while an 87-yr-old
man would still have 5-yr life expectancy [25]. Age was
associated with survival on the multivariable analysis;
however, even after adjusting for age, aggressive local ther-
apy was independently associated with an overall survival
advantage over observation or ADT.

Interestingly, we did not observe any survival difference
between men who underwent ADT alone and those who
received no treatment. While ADT is effective at producing
rapid biochemical responses, it is associated with substan-
tial side effects and toxicity, including metabolic syndrome,
cardiovascular events, and neurocognitive dysfunction, and
has been associated with an increased risk of other-cause
mortality [26–29]. Some of these side effects can potentially
be mitigated with utilization of intermittent ADT over con-
tinuous therapy; however, observational data have shown
that older men with low-risk tumors treated with primary
ADT may have worse survival than their counterparts who
received no treatment in the 6 mo after receiving their diag-
nosis [30]. This finding was not observed in this analysis in
men with higher-risk prostate cancer, likely due to worse
outcomes with no treatment compared with a lower-risk
group of patients. Nonetheless, the potential morbidity
associated with ADT monotherapy in elderly men, espe-
cially those with competing medical risks, may result in
minimal net survival gain due to an increase in noncancer
mortality, and the short- and long-term toxicities of lifelong
ADT need to be weighed against those associated with RT or
surgery.

Our observational study utilizing a hospital-based reg-
istry has several limitations. Many of these limitations are
inherent to the database, while others are specific to the
analysis of a geriatric population. The NCDB PUF for pros-
tate tumors includes only men who are diagnosed or trea-
ted at CoC-accredited treatment centers. Therefore, the
results herein may not represent the overall cancer popula-
tion in the USA; however, given that the NCDB includes
�70% of all cancer diagnoses each calendar year, we suggest
that this study is a significant representation of outcomes in
men �80 yr old with high-risk prostate cancer in the USA
that may not be included in the database. Outcome mea-
sures in the database are limited to only OS, and details
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Fig. 3 – (A) Kaplan-Meier overall survival curve for patients aged 80–84 yr old versus those aged �85 yr (log-rank p < 0.0001). (B) Kaplan-Meier overall survival
curve for patients by Charlson-Deyo comorbidity scores (0, 1, and �2; log-rank p < 0.0001 between each group).
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regarding distant metastasis or cancer-specific survival are
unavailable. However, in this elderly cohort with high-risk
disease, these earlier endpoints may be less relevant than
an overall survival endpoint. Notably, the database does
not include variables for performance status, geriatric speci-
fic evaluation, or life expectancy. This limits the ability to
predict a physiologic age or to account for which men
may be candidates for definitive treatment compared with
those whose performance status or other limitations may
preclude such treatment. To account for such limitations,
we utilized the Charlson-Deyo comorbidity score, which is
an age-independent score, to predict long-term survival
and found that, in patients with the lowest score (CCI = 0),
the use of local definitive therapy improved OS significantly.
Toxicity related to treatment and quality of life metrics is
not captured in the database and therefore could not be
analyzed; it is conceivable that the increased survival is at
the cost of acute toxicity and worse quality of life. Duration
and method (ie, continuous vs intermittent) of ADT are
unavailable and could affect outcomes, especially in ADT-
only group. Additionally, it is unknown whether a patient
in the definitive ADT + RT group died while undergoing
ADT and whether ADT was associated with significant tox-
icities and/or the cause of death. Lastly, given the observa-
tional and retrospective design using a database registry,
this study will undoubtedly have selection biases and
imbalances in some unmeasured variables. As cause of
death is unavailable in our analysis, there is a risk of selec-
tion bias with unmeasured confounders associated with
curative treatment over observation or ADT alone. However,
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Entire cohort

Fig. 4 – (A) Kaplan-Meier overall survival curve by treatment modality: no treatment versus androgen deprivation therapy (ADT) alone, p = 0.47; no treatment
or ADT alone versus radiation therapy (RT) alone, RT + ADT, or surgery, p < 0.0001 for all; RT alone versus RT + ADT, p = 0.045; RT versus surgery, p = 0.93; and
RT + ADT versus surgery, p = 0.38. (B) Kaplan-Meier overall survival curve by treatment modality for all patients with Charlson-Deyo comorbidity score of 0: no
treatment versus ADT alone, p = 0.75; no treatment or ADT alone versus RT alone, RT + ADT, or surgery, p < 0.0001 for all; RT alone versus RT + ADT, p = 0.07; RT
versus surgery, p = 0.27; and RT + ADT versus surgery, p = 0.73. ADT = androgen deprivation therapy; RT = radiation therapy.
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we utilized multivariate modeling and included all available
patient, treatment, and demographic variables associated
with PCa outcomes, and the benefit in OS with local therapy
remained.

5. Conclusions

Elderly men are more often diagnosed with higher-risk PCa
but are less likely to undergo curative treatment options
than younger men [10,11]. Our analysis demonstrates that
for men �80 yr of age with high-risk PCa, definitive local
therapy, including surgery or RT ± ADT, is associated with
a 50% reduction in overall mortality in comparison with
observation or ADT alone. Utilization of curative treatment
options for older men is increasing, and guidelines now
focus more on life expectancy and performance status in
lieu of age alone. We therefore recommend that elderly
men, especially those with low comorbidity scores and aged
80–85 yr, should undergo discussion with their treatment
provider regarding potential definitive local therapy, as this
may be associated with increased overall survival. While
these results warrant rigorous prospective validation, these
findings are informative. Specifically, elderly men with
high-risk disease eligible for definitive management should
be counseled on the risks, including potential side effects
related to local therapy but also a possible compromise in
overall survival with deferring definitive management.
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Table 3 – Univariable and multivariable analyses

Variable Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age (yr)
80–84 Reference group Reference group
�85 1.99 (1.91–2.06) <0.0001 1.56 (1.50–1.63) <0.0001

Race
White Reference group Reference group
Black 1.11 (1.04–1.19) 0.002 0.98 (0.92–1.05) 0.607
Other 0.75 (0.66–0.85) <0.0001 0.84 (0.74–1.02) 0.078
Unknown 0.80 (0.65–0.99) 0.039 0.81 (0.66–1.01) 0.055

Year of diagnosis
2004–2009 Reference group –
2010–2015 0.98 (0.94–1.02) 0.286 –

Charlson-Deyo comorbidity
0 Reference group Reference group
1 1.49 (1.41–1.57) <0.0001 1.33 (1.26–1.40) <0.0001

�2 2.36 (2.20–2.55) <0.0001 1.85 (1.72–1.99) <0.0001
Facility location
Northeast Reference group Reference group
Central 1.21 (1.15–1.28) <0.0001 1.03 (0.96–1.09) 0.303
South/southeast 1.15 (1.09–1.21) <0.0001 1.03 (0.98–1.09) 0.241
West 1.02 (0.96–1.08) 0.582 0.96 (0.90–1.01) 0.089

Facility type
Community cancer program Reference group Reference group
Comprehensive community cancer program 0.85 (0.80–0.90) <0.0001 0.92 (0.87–0.98) 0.009
Academic/research program 0.74 (0.69–0.79) <0.0001 0.83 (0.78–0.88) <0.0001
Integrated network cancer program 0.88 (0.81–0.95) 0.001 0.97 (0.90–1.05) 0.411

Insurance status
Private Reference group Reference group
Not insured 1.12 (0.84–1.49) 0.432 0.81 (0.61–1.08) 0.151
Medicaid 0.91 (0.74–1.13) 0.395 0.83 (0.67–1.02) 0.077
Medicare 1.19 (1.11–1.27) <0.0001 1.13 (1.06–1.21) <0.0001
Other government 1.00 (0.79–1.28) 0.975 1.23 (0.97–1.56) 0.093
Unknown 1.11 (0.94–1.30) 0.225 0.96 (0.82–1.13) 0.615

Clinical T stage
T1 Reference group Reference group
T2 0.95 (0.91–1.00) 0.050 1.04 (0.99–1.08) 0.130
T3 0.97 (0.91–1.04) 0.426 1.17 (1.09–1.26) <0.0001
T4 2.69 (2.41–3.00) <0.0001 2.03 (1.82–2.27) <0.0001
TX 1.57 (1.48–1.67) <0.0001 1.30 (1.23–1.38) <0.0001

Gleason score
6 Reference group Reference group
7 1.09 (1.00–1.19) 0.061 1.17 (1.07–1.28) <0.0001
8–10 1.17 (1.08–1.26) <0.0001 1.64 (1.51–1.78) <0.0001

PSA
<10 Reference group Reference group
10–20 1.17 (1.11–1.23) <0.0001 1.13 (1.07–1.19) <0.0001
>20 1.45 (1.39–1.52) <0.0001 1.35 (1.28–1.42) <0.0001

Treatment modality
ADT alone Reference group Reference Group
No treatment 0.98 (0.93–1.03) 0.368 1.04 (0.99–1.09) 0.105
Radiation alone 0.43 (0.39–0.46) <0.0001 0.54 (0.50–0.59) <0.0001
Surgery 0.42 (0.35–0.50) <0.0001 0.50 (0.42–0.59) <0.0001
Radiation + ADT 0.39 (0.37–0.41) <0.0001 0.48 (0.46–0.50) <0.0001

ADT = androgen deprivation therapy; CI = confidence interval; HR = hazard ratio; PSA = prostate-specific antigen.
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