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Abstract
Objective To evaluate whether elderly patients aged ≥ 75 years with locally advanced prostate cancer (LAPC) may benefit 
from local treatment (LT).
Methods Elderly patients aged ≥ 75 years with non-metastatic cT3–4 LAPC who were treated with LT [radical prostatectomy 
(RP), radiation therapy (RT)] or non-LT (NLT) were identified. After propensity score matching (PSM), cancer-specific 
mortality (CSM) and other-cause mortality (OCM) rates were assessed. In the assessment of LT vs. NLT and RP vs. RT, 
multivariable competing risk regression (MVA CRR) analysis was used.
Results 368 and 482 paired patients were matched for LT vs. NLT and RP vs. RT, respectively. 5 and 10 years CSM rates 
were 9.4 vs. 18.5% in LT and 24.9 vs. 29.3% in NLT-treated patients, respectively (P < 0.0001). 5 and 10 years CSM rates 
were 3.4% vs. 8.6% in RP and 6.7% vs. 15.1% in RT-treated patients, respectively (P = 0.10). In the MVA CRR model, 
after PSM, NLT resulted in higher CSM rates in Gleason score 8–10 [subhazard ratio (sHR) = 2.83, P < 0.001], cT3b/4 
(sHR = 3.97/2.56, P = 0.003/0.002), cN0 (sHR = 2.52, P < 0.001) or PSA > 10 ng/ml [sHR (PSA = 10.1–20 ng/ml) = 4.59, 
P = 0.03; sHR (PSA > 20 ng/ml) = 2.77, P = 0.001] patients compared with LT. However, no statistically significant differ-
ence in CSM was observed between RP and RT, except for cT3a patients in whom higher CSM rates were noted for RT 
compared with RP (sHR = 3.91, P = 0.02).
Conclusion LAPC patients may benefit from local treatment despite advanced age. However, this benefit was only seen in 
patients with cT3b/4, Gleason score 8–10, cN0 or PSA > 10 ng/ml.

Keywords Elderly patients · Aged ≥ 75 years · Locally advanced prostate cancer · Cancer-specific mortality · Propensity 
score matching · Local treatment

Introduction

Recommendations of treatment for elderly patients with 
locally advanced prostate cancer (LAPC) are vague. To 
date, two large randomized clinical trials (RCTs) have 
shown the superiority of radiation therapy (RT) combined 

with androgen deprivation therapy (ADT) over ADT alone 
in LAPC patients [1, 2]. However, one trial excluded patients 
over 75 years, and the other excluded patients over 80 years. 
To the best of our knowledge, no RCT was ever published 
evaluating the role of radical prostatectomy (RP) in the treat-
ment of LAPC. Some observational studies tried to shed 
light on this issue [3–7]. The vast majority of studies pub-
lished showed favorable results for RP in the treatment of 
LAPC; these data were derived from uncontrolled studies. In 
addition, patients aged ≥ 75 years were poorly represented. 
Hence, it is difficult to speculate the effectiveness of local 
treatment (LT) in the contemporary elderly patients aged 
≥ 75 years with LAPC.

In view of this, we aimed to assess the cancer-specific 
mortality (CSM) in elderly patients aged ≥ 75 years, who 
were diagnosed with LAPC (cT3–T4, M0) and were treated 
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with LT vs. non-LT (NLT) as initial therapy. Additionally, 
we performed an exploratory analysis to determine if there 
was a difference in outcomes between RP and RT.

Patients and methods

Study population

Within the Surveillance, Epidemiology, and End Results 
(SEER) database (18 cancer registries, accounting for 26% 
of the US population, 2004–2014), patients diagnosed with 
histologically confirmed adenocarcinoma of the prostate 
[International Classification of Disease for Oncology (site 
code: 61.9); histological code: 8140] were identified. Other 
inclusion criteria were: (1) age ≥ 75 years; (2) clinical stage 
T3–T4 or/and N+, M0 [sixth edition of American Joint 
Committee on Cancer (AJCC) Cancer Staging Manual]; 
(3) patients who chose RP (surgery site codes: 50 and 70), 
RT (external beam radiotherapy; radiation-specific codes: 
1 and 4) or NLT (no surgery or radiation therapy) as initial 
treatment. Exclusion criteria were: (1) patients who chose 
surgery other than RP, for example, transurethral resection 
of the prostate; (2) patients treated with both RP and RT; 
(3) patients who chose brachytherapy as first therapy; (4) 
patients diagnosed by autopsy or death certificate only; 
(5) patients who have not done PSA test or Gleason score 
analysis; (6) patients with incomplete dates of follow-up. 
The patient selection and exclusion process is described in 
supplementary Fig. 1. CSM was defined according to the 
SEER mortality code (code 28010). All other competing 
deaths were considered as other-cause mortality (OCM). In 
addition, newly validated prostate-specific antigen (PSA) 
data were also included in the analysis [8].

Covariates and study outcomes

Race, age at diagnosis, marital status, PSA value, Gleason 
score and clinical T and N stages were selected as covariates. 
Primary outcome was the CSM rate in LT- and NLT-treated 
patients. Secondary outcome was the CSM rate in RP- and 
RT-treated patients. Patients who died due to other causes 
were included in the OCM rate [9].

Statistical analyses

Mean, median and interquartile ranges were reported for 
the continuous variable. Frequency and proportion were 
reported for the categorical variable. Mann–Whitney U test 

and Pearson x2 test or Fisher’s exact test were used to com-
pare means and proportions, respectively.

Propensity score matching methods [1:1 ratio, using 
nearest neighbor matching method, with a maximum toler-
ated difference (caliper) of 0.005; MatchIt package in R] 
were used before analysis to balance covariates in control 
and treatment groups, thus reducing possible bias [10].

According to treatment type, patients were catego-
rized into two comparison groups: LT vs. NLT and RP 
vs. RT. Cumulative incidence rates (CSM rate and OCM 
rate) were obtained and compared using the Gray test for 
each treatment group [11]. Multivariable competing risk 
regression (MVA CRR) analysis was performed to com-
pare CSM rates in each comparison group (LT vs. NLT 
and RP vs. RT) after accounting for confounders.

All statistical tests were two-sided, and statistical sig-
nificance was defined as P < 0.05. Analyses were per-
formed using the R statistical package (version 3.3.0; the 
R foundation for Statistical Computing, Vienna, Austria).

Results

Demographic and clinical characteristics

Overall, 2796 elderly patients (≥ 75 years) diagnosed with 
LAPC (cT3–T4, M0) were identified. Among them, 2145 
patients were treated with LT (1210 with RP, 935 with 
RT) and 651 patients were treated with NLT. Median age 
was 77 years [interquartile range (IQR) 76–80] in the LT 
group and 82 years (IQR 78–86) in the NLT group. In RP 
and RT cohorts, median age was 78 years (IQR 76–81) 
and 76 years (IQR 75–78), respectively. After dividing 
age into two categories, the highest rate for the group older 
than 80 years was found in NLT-treated patients (65.3%); 
followed by patients treated with RT (37.8%) and RP 
(15.2%). Most patients in both groups were Caucasian. 
After categorizing patients by each year, over time, the 
rate for the number of cases was decreasing in NLT group 
(9.8–6.8% from 2004 to 2014) and increasing in RP group 
(5.1–10.8% from 2004 to 2014), whereas, relatively sta-
ble in RT group. The rate of biopsy Gleason score 8–10 
was highest in the NLT group (64.7%), followed by the 
RT (64.6%) and RP (37.2%) group. The same situation 
occurred in the rate for T4 and PSA > 20 ng/ml patients, 
with the highest rate detected in the NLT group (48.2% for 
T4; 48.1% for PSA > 20 ng/ml), followed by the RT (13.5% 
for T4; 29.5% for PSA > 20 ng/ml) and the RP (7.4% for 
T4; 8.1% for PSA > 20 ng/ml) group. The highest rate for 
cN1 was found in the RP group (12.0%), followed by NLT 
(11.7%) and RT (6.5%) group. The details are depicted in 
Tables 1 and 2.
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Table 1  Demographic and clinical characteristics of elderly (≥ 75 years) patients with locally advanced prostate cancer (cT3–T4, M0) diagnosed 
between 2004 and 2014 in SEER database, stratified according to treatment type before and after propensity score matching

Local treatment (RP 
or RT) (N = 2145; %)

Non-local treat-
ment (N = 651; 
%)

P value Propensity score-adjusted 
local treatment (N = 368; 
%)

Propensity score-
adjusted non-local 
treatment (N = 368; %)

P value

Mean/median age, year (IQR) 78/77 (76–80) 82/82 (78–86) < 0.0001 80/80 (77–83) 81/80 (77–84) 0.06
Age at diagnosis categorized, 

year, n (%)
< 0.0001 0.94

 75–79 1608 (75.0) 226 (34.7) 166 (45.1) 168 (45.7)
 ≥ 80 537 (25.0) 425 (65.3) 202 (54.9) 200 (54.3)

Race, n (%) <0.0001 0.98
 Caucasian 1863 (86.9) 533 (81.9) 324 (88.0) 325 (88.3)
 African American 113 (5.3) 66 (10.1) 22 (6.0) 22 (6.0)
 Other 154 (7.2) 38 (5.8) 21 (5.7) 19 (5.2)
 Unknown 15 (0.6) 14 (2.2) 1 (0.3) 2 (0.5)

Marital status, n (%) < 0.0001 0.35
 Married 1613 (75.2) 398 (61.1) 239 (64.9) 252 (68.5)
 Single 111 (5.2) 39 (6.0) 91 (24.7) 72 (19.6)
 Divorced/widowed/separated 318 (14.8) 130 (20.0) 15 (4.1) 15 (4.1)
 Unknown 103 (4.8) 84 (12.9) 23 (6.3) 29 (7.8)

Year of diagnosis, n (%) 0.001 0.05
 2004 150 (7.0) 64 (9.8) 28 (7.6) 39 (10.6)
 2005 155 (7.2) 64 (9.8) 18 (4.9) 44 (11.9)
 2006 176 (8.2) 73 (11.2) 37 (10.1) 42 (11.4)
 2007 197 (9.2) 60 (9.5) 36 (9.8) 34 (9.2)
 2008 191 (8.9) 67 (10.3) 33 (8.9) 30 (8.1)
 2009 214 (10.0) 57 (8.8) 32 (8.7) 29 (7.9)
 2010 214 (10.0) 69 (10.6) 34 (9.2) 32 (8.7)
 2011 224 (10.4) 56 (8.6) 37 (10.1) 29 (7.9)
 2012 199 (9.3) 47 (7.2) 45 (12.2) 29 (7.9)
 2013 205 (9.6) 50 (7.7) 36 (9.8) 31 (8.4)
 2014 220 (10.3) 44 (6.8) 32 (8.7) 29 (7.9)

Biopsy Gleason score, n (%) < 0.0001 0.11
 ≤ 6 120 (5.6) 46 (7.1) 26 (7.1) 22 (6.0)
 7 958 (44.7) 149 (22.8) 123 (33.4) 97 (26.4)
 ≥ 8 1053 (49.1) 421 (64.7) 213 (57.9) 245 (66.6)
 Unknown 14 (0.6) 35 (5.4) 6 (1.6) 4 (1.0)

Clinical T stage, n (%) < 0.0001 0.94
 T3a 1159 (54.1) 159 (24.4) 128 (34.8) 132 (35.9)
 T3b 771 (35.9) 178 (27.4) 133 (36.1) 129 (35.0)
 T4 215 (10.0) 314 (48.2) 107 (29.1) 107 (29.1)

Clinical N stage, n (%) < 0.0001 0.19
 N0 1897 (88.4) 504 (77.4) 324 (88.0) 307 (83.4)
 N1 205 (9.6) 76 (11.7) 29 (7.9) 42 (11.4)
 NX 43 (2.0) 71 (10.9) 15 (4.1) 19 (5.2)

PSA categorized (ng/ml), n (%) < 0.0001 0.95
 ≤ 10 1064 (49.6) 119 (18.3) 103 (28.0) 104 (28.3)
 10.1–20 488 (22.8) 106 (16.3) 63 (17.1) 59 (16.0)
 > 20 373 (17.4) 313 (48.1) 155 (42.1) 161 (43.7)
 Unknown 220 (10.2) 113 (17.3) 47 (12.8) 44 (12.0)

IQR interquartile range, PSA prostate-specific antigen
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Propensity score matching

Before propensity score matching, all demographic and 
clinical characteristics were significantly different in each 
comparison group. After propensity score matching, 368 and 
482 paired patients were matched for NLT vs. LT and RP vs. 
RT, respectively (Tables 1, 2). No significant difference was 
found for every covariate in each comparison group after 
matching, except for the “year of diagnosis” in NLT vs. LT 
cohorts (P = 0.05; Table 1). Jitter plots for each PSM are 
shown in supplementary Figs. 2 and 3, respectively.

Survival analyses

LT vs. NLT

Overall, 5 and 10 years CSM rates were 9.4 vs. 18.5% in 
LT and 24.9 vs. 29.3% in NLT-treated patients, respectively 
(Fig. 1a; P < 0.0001). The absolute risk reductions were 
15.5 and 10.8% at 5 and 10 years, respectively. The OCM 
rates at 5 and 10 years were 25.1 vs. 56.6% in LT and 31.1 
vs. 58.4% in NLT-treated patients, respectively (Fig. 1b; 
P = 0.09).

In the MVA CRR model, patients with NLT had 
a 2.66-fold higher probability of dying from pros-
tate cancer (PCa) compared to those treated with 
LT (Table  3; P < 0.001). Specifically, NLT resulted 
in higher CSM rates in Gleason score 8–10 [sub-
hazard ratios (sHR) = 2.83, confidence interval (CI) 
1.77–4.53, P < 0.001], cT3b/4 (sHR = 3.97/2.56, 95% CI 
1.58–9.98/1.49–4.94, P = 0.003/0.002), cN0 (sHR = 2.52, 
95% CI 1.58–4.03, P < 0.001) or PSA > 10 ng/ml [sHR 
(PSA = 10.1–20  ng/ml) = 4.59, 95% CI 2.57–6.25, 
P  = 0.03; sHR (PSA > 20  ng/ml) = 2.77, 95% CI 
1.23–4.12, P = 0.001] patients compared with LT.

RP vs. RT

5 and 10 years CSM rates were 3.4 vs. 8.6% in RP and 6.7 
vs. 15.1% in RT-treated patients, respectively (Fig.  2a; 
P = 0.10). 5 and 10 years OCM rates were 12.3% vs. 37.4% 
in RP and 17.1 vs. 45.3% in RT-treated patients, respectively 
(Fig. 2b; P = 0.10).

In the MVA CRR model, no statistically significant dif-
ference was found between RP and RT cohorts with regard 
to CSM rates, except for T3a patients in whom higher CSM 
rates were noted for RT compared with RP (sHR = 3.91, 95% 
IC 1.99–5.23, P = 0.02; Table 3).

Discussion

Treatment of LAPC has been a controversial topic in recent 
decades. No general consensus concerning the most appro-
priate treatment options was ever reached. This is especially 
true in elderly patients. Elderly patients are more prone to 
presenting with advanced diseases; have a greater risk of 
death from PCa compared with the younger counterparts 
(age < 75 years; [12]). This makes planning of treatment 
much more complex. To date, RT combined with ADT is 
still regarded as a cornerstone treatment providing one of the 
most efficient multimodality therapies compared with either 
monotherapy in the treatment of LAPC. This has already 
been verified by two landmark RCTs [1, 2]. However, stud-
ies regarding to a treatment strategy for elderly patients aged 
≥ 75 years with LAPC are still lacking.

The role of RP as one of the primary LT treatment options 
is controversial in the treatment of LAPC. Several obser-
vational studies reported a high risk of relapse and clini-
cal progression after RP in patients with LAPC [13, 14]. 
This is probably the main reason for the limited applica-
tion of surgery in these patients. Nevertheless, an increas-
ing number of studies showed favorable results in LAPC 
patients treated with RP [3–7]. In a previous SEER-based 
study, Giorgio et al. evaluated the survival benefit of RP in 
patients with cT3–T4 disease. They concluded that RP led 
to a significant survival advantage over observation group 
[15]. However, patients older than 80 years were excluded. 
Furthermore, the analysis was based on a relatively older 
database (1995–2009), which might not be fully applicable 
to the contemporary elderly patients.

In our analysis, some results were noteworthy. First, we 
identified some important differences in clinically relevant 
demographics between LT (RP and RT) and NLT cohorts. 
For instance, a shift of treatment modalities in each year, 
over time, we found that the rate for the number of cases 
was decreasing in NLT cohort and increasing in RP cohort, 
whereas, relatively stable in RT cohort. That means RP has 
been growing to play a more significant role in the contem-
porary treatment of elderly patients aged ≥ 75 years with 
LAPC. This trend is in line with another database study from 
Weiner et al., which showed the likelihood of receiving RP 
as primary therapy for high-risk PCa dramatically increased 
over time [16]. It also implied a notion that advanced age 
might not be a limiting factor for receiving RP in relatively 
healthy patients with LAPC as they might benefit. In a multi-
institutional cohort study of 266 patients, it was reported that 
CSM rates did not differ among age groups even in LAPC 
(cT3b–4) patients with few comorbidities who were treated 
surgically, suggesting RP may be appropriate even at older 
age [5].
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Table 2  Demographic and clinical characteristics of elderly (≥ 75 years) patients with locally advanced prostate cancer (cT3–T4, M0) diagnosed 
between 2004 and 2014 in SEER database, stratified according to local treatment type before and after propensity score matching

Radical prostatec-
tomy (n = 1210; %)

Radiotherapy (n = 935; %) P value Propensity score-adjusted 
radical prostatectomy 
(n = 482; %)

Propensity score-
adjusted radiotherapy 
(n = 482; %)

P value

Mean/median age, year (IQR) 77/78 (76–81) 79/76 (75–78) <  0.0001 78/77 (75–78) 78/77 (76–79) 0.09
Age at diagnosis categorized, 

year, n (%)
< 0.0001 1

 75–79 1026 (84.8) 582 (62.2) 384 (79.7) 385 (79.9)
 ≥ 80 184 (15.2) 353 (37.8) 98 (20.3) 97 (20.1)

Race, n (%) 0.05 0.48
 Caucasian 1059 (87.5) 804 (86.0) 444 (92.1) 438 (90.9)
 African American 52 (4.3) 61 (6.5) 11 (2.3) 19 (3.9)
 Other 91 (7.5) 63 (6.7) 26 (5.4) 23 (4.8)
 Unknown 8 (0.7) 7 (0.8) 1 (0.2) 2 (0.4)

Marital status, n (%) < 0.0001 0.91
 Married 963 (79.6) 650 (69.5) 378 (78.4) 382 (79.3)
 Single 65 (5.4) 46 (4.9) 21 (4.4) 19 (3.9)
 Divorced/widowed/sepa-

rated
137 (11.3) 180 (19.3) 60 (12.4) 62 (12.9)

 Unknown 45 (3.7) 59 (6.3) 23 (4.8) 19 (3.9)
Year of diagnosis, n (%) < 0.0001 0.32
 2004 62 (5.1) 88 (9.4) 29 (6.0) 35 (7.3)
 2005 82 (6.8) 73 (7.8) 37 (7.7) 41 (8.5)
 2006 80 (6.6) 96 (10.3) 33 (6.8) 53 (11.0)
 2007 101 (8.3) 96 (10.3) 43 (8.9) 46 (9.5)
 2008 109 (9.0) 82 (8.8) 38 (7.9) 44 (9.1)
 2009 133 (11.0) 81 (8.7) 55 (11.4) 51 (10.6)
 2010 118 (9.8) 96 (10.3) 46 (9.5) 50 (10.4)
 2011 144 (11.9) 80 (8.6) 64 (13.3) 45 (9.3)
 2012 127 (10.5) 72 (7.7) 46 (9.5) 35 (7.3)
 2013 123 (10.2) 82 (8.8) 45 (9.3) 41 (8.5)
 2014 131 (10.8) 89 (9.5) 46 (9.5) 41 (8.5)

Biopsy Gleason score, n (%) < 0.0001 1
 ≤ 6 62 (5.1) 58 (6.2) 26 (5.4) 27 (5.6)
 7 696 (57.5) 261 (27.9) 194 (40.2) 193 (40.1)
 ≥ 8 450 (37.2) 604 (64.6) 262 (54.4) 261 (54.1)
 Unknown 2 (0.2) 12 (1.3) 0 (0) 1 (0.2)

Clinical T stage, n (%) < 0.0001 0.98
 T3a 728 (60.2) 431 (46.1) 252 (52.3) 251 (52.1)
 T3b 393 (32.4) 378 (40.4) 187 (38.8) 186 (38.6)
 T4 89 (7.4) 126 (13.5) 43 (8.9) 45 (9.3)

Clinical N stage, n (%) < 0.0001 0.92
 N0 1056 (87.3) 841 (89.9) 450 (93.4) 453 (94.0)
 N1 145 (12.0) 60 (6.5) 30 (6.2) 27 (5.6)
 NX 9 (0.7) 34 (3.6) 2 (0.4) 2 (0.4)

PSA categorized (ng/ml), 
n (%)

< 0.0001 0.61

 ≤ 10 686 (56.7) 378 (40.4) 261 (54.2) 262 (54.4)
 10.1–20 238 (19.7) 250 (26.7) 134 (27.8) 122 (25.3)
 > 20 98 (8.1) 275 (29.5) 69 (14.3) 82 (17.0)
 Unknown 188 (15.5) 32 (3.4) 18 (3.7) 16 (3.3)

IQR interquartile range, PSA prostate-specific antigen
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Second, a 15.5 and 10.8% overall CSM reduction at 5 
and 10 years in the LT cohort compared with NLT cohort 
was observed. This suggests the potential benefit of LT for 
elderly patients aged ≥ 75 years with LAPC. However, no 
significant difference was found between RP and RT cohorts. 
These results match with those of the study from Stephen 
et al., which showed that there was no significant difference 
in CSM between RP and RT in the treatment of high-risk 
PCa, despite younger participants and lower rates of more 
advanced disease were included in their study [17].

Third, in the MVA CRR model, patients were stratified 
according to clinical T and N stage, Gleason score and PSA 
value. After considering confounders, patients with cT3/T4, 
cN0, Gleason score 8–10 or PSA > 10 ng/ml may benefit 
from LT. Unlike our study, a previous SEER-based analy-
sis—only stratified according to Gleason score and clinical 
T stage—showed that NLT resulted in higher CSM rates in 
all stratified subgroups compared with RP [15]. The discrep-
ancy between their and the herein studies could be due to 
different experimental groups (RP + RT vs. RP) and different 

age compositions (≥ 75 vs. 65–80 years). It is interesting that 
they concluded the highest benefit from RP was observed in 
patients with cT3b/T4 or Gleason score 8–10 disease. In our 
analysis, patients with cT3b/T4 or Gleason score 8–10 dis-
ease could benefit from LT. It suggests that those older than 
65 years, with more aggressive features, would harbor the 
highest survival benefit from LT. Moreover, elderly patients 
aged ≥ 75 years with cN0 or PSA > 10 ng/ml would ben-
efit from LT. The possible explanation is that lymph node-
positive patients have a higher death rate than lymph node-
negative patients [18]. In addition, elderly LAPC patients 
also tend to have a higher chance of distant metastasis [12]. 
The benefit of LT diminishes under these circumstances. 
Contradictory to our results, Poppel H et al. showed that T3 
PCa patients with PSA < 10 ng/ml would yield significant 
benefit from RP than those with PSA > 10 ng/ml [19]. Their 
study, however, was not controlled, and most importantly, 
age groups were different compared to our study. This may 
contribute to the reported difference.

Fig. 1  Cumulative incidence plots representing cancer-specific mortality (a) and other-cause mortality (b) rates, stratified according to treatment 
for elderly patients with locally advanced prostate cancer
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Interestingly, RT led to higher CSM rates in patients 
with T3a disease compared with RP (P = 0.02) in the MVA 
CRR model. That means RP could be a better option for T3a 
elderly patients aged ≥ 75 years. However, in LT vs. NLT 
cohorts, LT did not show a significant advantage over NLT 
regarding CSM in T3a patients (P = 0.14). Therefore, how 
T3a elderly patients aged ≥ 75 years may benefit from RP 
should be further discussed.

Fourth, elderly patients normally suffer from comorbidi-
ties [20]. Consequently, they have a higher chance of dying 
of other diseases compared to younger ones (< 75 years). 
CSM benefits from LT are only meaningful if patients live 
long enough to enjoy a CSM reduction. Hence, we also 

examined the OCM rate in each cohort. The results indi-
cated that no obvious difference existed between LT and 
NLT cohorts (Fig. 2). LT cohort even tended to be lower 
(25.1 vs. 31.1%), although not statistically significant, at 
the 5 years OCM. This suggests that elderly patients aged 
≥ 75 years who were treated with LT have enough time to 
enjoy the CSM reduction compared with the NLT-treated 
counterparts.

Fifth, life expectancy is often crucial in selecting treat-
ment modalities, especially in elderly patients. The Euro-
pean Association of Urology (EAU)—European Society 
for Radiotherapy & Oncology (ESTRO)—International 
Society of Geriatric Oncology (SIOG) Guidelines recom-
mend that RP should be offered to medium- and high-risk 
localized PCa patients with a life expectancy > 10 years 
[21]. However, a recent published article showed a 16% 
under-treatment rate in medium- or high-risk PCa patients 
(aged > 75 years) without any significant comorbidity [22]. 
Another article reported that only 10% of men at the age of 
75–80 years without obvious comorbidity received radical 
treatment in spite of their 52% probability of a 10-year life 
expectancy [23]. We believe that there could also be some 
potential under-treatment in LAPC patients aged ≥ 75 years 
in our daily clinical practice, especially in those with fewer 
comorbidities. Here, we suggested that treatment decisions 
should be made based on functional age, not chronological 
age, which can be assessed by some geriatric assessment 
tools.

There are some limitations which should be noted in 
this study. First and foremost, although SEER is a com-
prehensive population-based database in the US, it lacks 
information about patient baseline performance status and 
comorbidities. We tried to obliterate the influence of these 
confounders using PSM methods and MVA CRR models, 
which took OCM and other covariates into account when 
analyzing. However, due to the retrospective nature of this 
study, a potential selection bias caused by baseline per-
formance status and comorbidities in each patient might 
still occur, and that is the reason why we did not include 
the overall survival in our analysis. Second, the database 
only records the initial treatment. It is, therefore, unknown 
how potential later following treatment would affect CSM. 
Likewise, the database does not provide information 
about the usage of RT dose as well as RP type (open vs. 
robotic). Third, the MVR CRR analysis was not applied 
to cNx patients due to the limitation of sample size. Last 
but not least, the database lacks information on ADT and 
chemotherapy, especially ADT, which is a basic treatment 
for PCa patients. Given the limitations above, the results 
should be treated cautiously.

Table 3  Multivariable competing risks regression of propensity 
score-adjusted elderly (≥ 75  years) patients diagnosed with locally 
advanced prostate cancer between 2004 and 2014 in the SEER data-
base, stratified according to treatment type

LT local treatment, NLT non-local treatment, RT radiation therapy, 
RP radical prostatectomy, sHR subhazard ratio, PSA prostate-specific 
antigen
a Adjusted for race, marital status, age category, Gleason score, clini-
cal T and N stages, PSA
b Adjusted for race, marital status, age category, clinical T and N 
stages, PSA
c Adjusted for race, marital status, age category, clinical N stage, PSA
d Adjusted for race, marital status, age category, clinical T stage, PSA, 
Gleason score; e adjusted for race, marital status, clinical T and N 
stages, Gleason score

LT versus NLT RT versus RP

sHR (95% CI) P value sHR (95% CI) P value

Type of  treatmenta

 LT Ref. – – –
 NLT 2.66 (1.74–4.06) < 0.001 – –
 RP – – Ref. –
 RT – – 1.63 (0.98–2.23) 0.10

Biopsy Gleason  scoreb

 ≤ 7 1.69 (1.11–2.45) 0.30 2.49 (1.09–3.36) 0.29
 8–10 2.83 (1.77–4.53) < 0.001 1.49 (0.91–2.13) 0.21

Clinical T  stagec

 T3a 1.93 (1.30–2.58) 0.14 3.91 (1.99–5.23) 0.02
 T3b 3.97 (1.58–9.98) 0.003 1.07 (0.45–1.55) 0.88
 T4 2.56 (1.49–4.94) 0.002 0.80 (0.37–1.30) 0.71

Clinical N  staged

 N0 2.52 (1.58–4.03) < 0.001 1.79 (0.98–2.69) 0.07
 N1 1.38 (0.76–2.43) 0.69 1.39 (0.45–1.83) 0.31

PSA categorized (ng/ml)e

 ≤ 10 1.38 (0.65–1.96) 0.44 1.89 (1.14–2.79) 0.10
 10.1–20 4.59 (2.57–6.25) 0.03 1.37 (0.79–1.96) 0.60
 > 20 2.77 (1.23–4.12) 0.001 2.36 (0.83–2.65) 0.19
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Conclusion

Our analysis showed that LT yielded significantly lower 
CSM compared to NLT in elderly patients aged ≥ 75 years 
with LAPC. Consequently, LAPC patients may also benefit 
from LT in spite of advanced age, but the benefit was only 
seen in patients with cT3b/4, Gleason score 8–10, cN0, or 
PSA > 10 ng/ml. No evidence indicated that there was any 
significant difference between RT and RP regarding CSM, 
except for cT3a patients in whom higher CSM rates were 
noted for RT compared with RP.
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