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Introduction This study aimed to evaluate cancer-specific (CSM) and other-cause mortality (OCM) 
in elderly patients with prostate cancer treated with radical prostatectomy (RP) and postoperative 
radiotherapy (RT).
Material and methods The Surveillance, Epidemiology, and End Results (SEER) database was searched 
for clinically non-metastatic prostate cancer (PCa) treated with RT after RP between 2010 and 2015. 
Patients were stratified according to age groups and underwent propensity score (PS) matching.  
The Kaplan-Meier method and competing-risk Cox regression (CRR) were used for survival analysis. 
Results In total, 5385 patients were analysed, including 738 (13.7%) elderly patients (≥70 years old)  
and 4647 (86.29%) younger individuals. A total of 54 (7.32%) and 69 (9.35%) patients aged ≥70 years 
died due to PCa and competing reasons, respectively. Among younger patients these included 275 
(5.92%) and 208 (4.48%) deaths, respectively. At a median follow-up of 80 months, patients ≥70 years 
old had significantly shorter OCM (p <0.0001) than PS-matched younger controls without significant 
impairment of cancer-specific survival when compared to controls (p = 0.19). In CRR analysis older 
patients were at significantly higher risk of OCM (HR = 2.24, p = 0.0002 and HR = 3.3, p = 0.011 for 
patients aged ≥70 and ≥75 years, respectively). Simultaneously, the CRR revealed no increased risk  
of CSM for patients older than 70 and 75 years (HR = 1.2, p = 0.33 and HR = 1.53, p = 0.29, respectively).
Conclusions Elderly patients with PCa are at high risk of dying due to competing reasons, which might 
prevent the survival benefit of RT after RP. Selection for salvage and adjuvant RT in these individuals 
should be cautious. 
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INTRODUCTION

Prostate cancer (PCa) remains the second most 
common cancer in men, with a total of 1.4 mil-
lion individuals diagnosed yearly according to re-
cent CLOBOCAN reports [1]. In non-metastatic 
disease, surgical treatment with curative intent 
provides excellent long-term cancer control with 
a  significant rate of PCa eradication both in or-

gan-confined [2] and non-organ-confined set-
tings [3]. According to previous population-based 
studies, even patients with poorly differentiated 
PCa are more likely to die from competing rea-
sons during the first decade, which facilitated  
a 10-year life expectancy as mandatory when se-
lecting candidates for active treatment [4]. Howev-
er, adverse pathology after radical prostatectomy 
(RP) remains strongly associated with biochemical  
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Table 1. Baseline characteristics of the age-stratified cohort (2010–2015)

clinically nonmetastatic PCa (ICD-10 code C61.9) 
treated with RP and subsequent radiotherapy were 
included. Chemotherapy, lack of postprostatectomy 
pathological report or pathology defined on autopsy, 
as well as missing survival status constituted ex-
clusion criteria. Patients were stratified according 
to age using a cut-off age of 70 years (individuals 
<70 and ≥ 70 years old). 

Statistical analysis

Categorical variables are presented as numbers 
with percentages, and continuous variables are 
presented as medians accompanied by the inter-
quartile range (IQR). Factors likely to confound 
the survival outcome, including race, year of diag-
nosis, pathological Gleason score (available from 
2010), and pathological local and nodal staging, 
were then used for propensity score matching 
(PSM) of the age groups (matching 1:1). Differ-
ences between age groups before and after PSM 
were tested with the U-Mann-Whitney test for con-
tinuous variables and with the exact Fisher test 
for categorized variables. Kaplan-Meier curves 
illustrated the cancer-specific and other-cause-
specific survival. Cox proportional hazards com-
peting risk regression was performed to estimate 

recurrence (BCR), which inevitably precedes 
metastatic progression. It is estimated that even 
half of the patients with locally advanced disease  
and/or positive surgical margins will progress dur-
ing the first 5 years [5], whereas 10-year BCR-free 
rates in individuals with local lymph node metas-
tasis (pN1) range from 28% to 56% [6]. To  de-
lay the metastatic disease onset, most patients 
with adverse pathological features (APF) will be 
treated with subsequent radiation (RT). In elder-
ly men, however, BCR might never affect overall 
survival or never present as clinical progression. 
This study aimed at evaluating cancer-specific 
(CSM) and other-cause mortality (OCM) in elderly 
patients treated with RP and postoperative radia-
tion. The secondary aim of this study was to de-
fine the population of elderly patients who benefit 
most from combined treatment.

MATeRIAL AND MeThODs 

Analysed cohort

The National Cancer Institute Surveillance, Epide-
miology, and End Results (SEER) database (2000–
2015) imported with SEER*Stat software was used 
for this population-based analysis. Individuals with 

Variable
Before PSM After PSM

≥70 years
n = 722

<70 years
n = 4615 P value ≥70 years

n = 722
<70 years
n = 722 P value

pT staging T2 133 (18.42%) 1105 (23.94%) 0.0044 133 (18.42%) 129 (17.87%) 0.96

T3 506 (70.08%) 2993 (64.85%) 506 (70.08%) 509 (70.50%)

T4 83 (11.50%) 517 (11.20%) 83 (11.50%) 84 (11.63%)

pN staging N0 608 (84.21%) 3888 (84.20%) 0.95 608 (84.21%) 611 (84.63%) 0.94

N1 112 (15.51%) 713 (15.45%) 112 (15.51%) 111 (15.37%)

Nx 2 (0.28%) 16 (0.35%) 2 (0.28%) 0 (0%)

Race White 624 (86.43%) 3674 (79.61%) <0.0001 624 (86.43%) 625 (86.57%) 0.95

African descent 36 (4.99%) 631 (13.67%) 36 (4.99%) 36 (4.99%)

American Indian/Alaska native 0 (0%) 17 (0.37%) 0 (0%) 0 (0%)

Asian or Pacific Islander 60 (8.31%) 278 (6.02%) 60 (8.31%) 60 (8.31%)

Unknown 2 (0.28%) 15 (0.33%) 1 (0.14%) 2 (0.28%)

Grade Group I 18 (2.49%) 193 (4.18%) <0.0001 18 (2.49%) 16 (2.22%) 0.99

II 136 (18.84%) 1281 (27.76%) 136 (18.84%) 143 (19.81%)

III 203 (28.12%) 1346 (29.17%) 203 (28.12%) 201 (27.84%)

IV 111 (15.37%) 569 (12.33%) 111 (15.37%) 111 (15.37%)

V 254 (35.18%) 1226 (26.57%) 254 (35.18%) 251 (34.76%)

PSA (mean/ IQR) 11.69 / 7.7 13.42 / 9.3 0.64 11.69 / 7.7 14.61 / 10.5 0.012

PSM – propensity score matching; PSA – prostate-specific antigen [ng/mL]
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the risk of  cancer-specific and other-cause-spe-
cific mortality. The log-rank test was used to dis-
criminate the  survival differences between age 
groups. To assess differences in survival outcomes 
in different clinical settings a subgroup analysis 
was performed. For statistical analyses a 2-sided  
p-value <0.05 was considered statistically signifi-
cant. Statistical analyses were performed in SAS 
software version 9.4.

ResULTs

Baseline characteristics

A total of 5337 patients treated in 2010–2015 were 
selected for this analysis including 722 patients 
aged ≥70 years (13.53%) and 4615 patients aged 
<70 years (86.47%). A cut-off of 75 years was also 
tested, but due to the limited number of individu-
als stratification for further analysis defined el-
derly patients as aged ≥70 years. After propensity 
score matching the elderly cohort and younger 
cohort included 722 patients each. Baseline char-
acteristics of  the age-stratified cohort before and 
after propensity score matching are presented  
in Table 1. 

Survival analysis

Median follow-up was 82 months (95%CI 81–83) 
and 80 months (95%CI 78–82) before and after 
PSM, respectively. 
During this period a total of 326 (6.11%) and 
275 (5.15%) patients died due to cancer and com-
peting reasons, respectively. Among elderly pa-
tients, 52 (7.20%) and 67 (9.28%) individuals died 
due to cancer and competing reasons, respective-
ly. Among patients aged <70 years, 274  (5.94%) 
and 208 (4.51%) individuals died due to cancer 
and competing reasons, respectively. After pro-
pensity score matching a total of 52 (7.20%) and 
48  (6.65%) patients died due to cancer in the 
<70  and ≥70 years old PS-matched cohorts, re-
spectively, whereas 78 (10.80%) and 119 (16.48%) 
died due to competing reasons.
Elderly patients matched with younger indi-
viduals presented the same cancer-specific sur-
vival (p  = 0.52), although significantly worse 
(p  <0.0001) other-cause-specific survival (Fig-
ure  1). In competing-risk Cox regression analy-
sis elderly patients were more likely to die due 
to competing reasons than PS-matched younger 
patients (HR 2.34, 95%CI 1.52–3.58; p <0.0001), 
whereas the risk of dying due to cancer did not 
differ significantly (HR 1.09, 95%CI 0.74–1.61; 

p = 0.65) between cohorts. When using a second 
cut-off of  75 years, older patients were at even 
higher risk of  OCM (HR = 3.3, p = 0.011) but 
still with no  increased risk of CSM (HR = 1.53, 
p = 0.29). 
In multivariable competing-risk Cox regression 
in the entire cohort after PSM, only the age group 
constituted a predictor of other-cause-specific 
survival, whereas locally advanced disease, higher 
grading group, and African race constituted in-
dependent predictors of cancer-specific mortality 
(Table 2).

Survival subgroup analysis 

To estimate the impact of the age group on sur-
vival outcomes in the presence of particular ad-
verse features, subgroup survival analysis was 
performed on PS-matched cohorts (Figure 2).  

Figure 1. Kaplan-Meier curves depicting cancer-specific 
survival (A) and other-cause-specific survival (B) in propensity 
score-matched cohorts.
yo – years old; CSM – cancer-specific mortality; OCSM – other-cause-specif-
ic mortality
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Age remained significantly (p = 0.0004) associ-
ated with OCM in the T3¬–T4 subgroup, but it 
did not impact other-cause-specific survival in 
patients with N1 (p = 0.11) and grade group V  
(p = 0.18). Simultaneously, in subgroups bear-
ing N1, grade group V, or T3–T4, cancer-specif-
ic survival did not differ significantly (p = 0.39,  
p = 0.31, p = 0.47, respectively) between patients 
aged ≥70 and <70 years. In subgroups with grade 
group V and nodal involvement, no significant dif-
ferences in OCM-free survival between age groups 
was found (p = 0.99). Of note, elderly patients 
presenting both N1 and GG V revealed noticeably 
worse cancer-specific survival than PS-matched 
younger individuals (HR = 2.56, 95%CI 0.92–7.14; 
p = 0.08), whereas OCM-free survival remained 
similar for both age groups (p = 0.99).

DIsCUssION

This population-based study indicates potential-
ly limited cancer-specific survival benefits in el-
derly prostate cancer patients who are considered  
for beam radiation after radical prostatectomy. 
The main finding of our analysis is that patients 
aged ≥70 years are at high risk of dying due  
to competing reasons. Simultaneously, the proba-
bility of dying due to prostate cancer after adjust-
ment for adverse features remains comparable for 
patients aged ≥70 and <70 years. To determine 
the elderly individuals who might benefit from 

postoperative radiation we performed a subgroup 
analysis, which revealed that patients ≥70 years 
old bearing grade group V or nodal involvement 
do not differ from younger individuals in terms 
of cancer-specific survival as well as other-cause-
specific survival. Finally, the highest grade (Glea-
son score 9 or 10) elderly patients simultaneously 
bearing N1 might present an even worse oncologi-
cal prognosis than younger individuals. Because 
in this subgroup overall survival seems not to be 
compromised due to high competing cancer-spe-
cific mortality, the rationale of radiation in pN1 
and grade group V elderly patients should be sus-
tained, particularly in individuals presenting both 
features.
Men with a life expectancy shorter than 10 years 
are unlikely to benefit from radical treatment 
[7, 8, 9]. Although external-beam radiotherapy 
(EBRT) has been suggested to bring similar can-
cer control in different age groups [10], older age 
might be associated with adverse functional out-
comes regarding the lower urinary tract [11] and 
its survival yield [12, 13] as well as consumption 
of medical resources [14]. 
However, estimating the necessary threshold  
of life expectancy when addressing salvage treat-
ment is more challenging. At 10 years, CSS after 
salvage radical prostatectomy (SRP) is estimated 
between 70 and 83% [15], which supports surgi-
cal selection using a conservative 10-year life ex-
pectancy threshold. However, in the adjuvant ra-

Table 2. Competing-risk multivariable Cox regression analysis

Variable
CSM OCSM

HR p-value HR p-value

T stage T2 1 (ref) 1 (ref)

T3 1.71 0.15 1.11 0.70

T4 4.08 0.0009 0.47 0.13

N stage N0 1 (ref) 1 (ref)

N1 1.45 0.12 1.03 0.91

Grade group I–II* 1 (ref) 1 (ref)

III 2.07 0.17 1.61 0.10

IV 4.04 0.0079 0.79 0.55

V 8.98 <0.0001 1.19 0.55

Race White 1 (ref) 1 (ref)

African descent 2.67 0.0057 1.02 0.97

Asian or Pacific Islander 0.375 0.094 0.55 0.17

Age group <70 years 1 (ref) 1 (ref)

≥70 years 1.12 0.55 2.39 <0.0001

CSM – cancer-specific mortality; OCSM – other-cause-specific mortality; HR – hazard ratio; ref – reference;
*grade groups I and II were analysed in one stratum due to the low number of events in grade group I



297
Central European Journal of Urology

Figure 2. Kaplan-Meier curves depicting cancer-specific survival (A) and other-cause-specific survival (B) in propensity score-
matched cohorts – subgroup analysis.
yo – years old
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diotherapy scenario, survival benefits in patients 
aged >70 years might become apparent only  
in patients with unfavourable postprostatectomy 
pathology [16]. In the SEER cohort presented  
in this study, more than 80% of patients aged  
>70 years remained alive after a median follow-up  
of 7 years, which suggests a generally fit pro-
file of the population analysed. For comparison,  
the population-based study by Jeldres et al. re-
vealed that as much as 70% of patients >70 years 
old treated in the primary setting with EBRT fail 
to reach the 10-year survival mark [13]. However, 
even considering strong selection bias, both this 
study and the previous SEER analysis [12] sug-
gest worrisome other-cause mortality (OCM).  
The study by Wenzel et al. reported 10-year OCM 
rates of 22.8% and 39.5% for patients aged 70–74 
and 75–79 years, respectively [12]. 
The rationale for the use of radiotherapy after 
RP comes from 3 randomized clinical trials, but 
only one of them (SWOG 8794) provided evidence 
on the overall survival benefit of RT compared 
to observation (10-year OS 74% vs. 66%) [17, 18, 
19]. The other 2 RCTs only showed benefit in bio-
chemical progression-free survival from post-RP 
radiotherapy. Importantly, the SWOG 8794 and  
ARO 96-02 trials permitted only patients 75 years 
old or younger, whereas in EORTC 22911 the me-
dian age was 64 years in the RT cohort. In the 
EORTC 22911 trial, radiotherapy in patients aged 
70 years and more did not improve biochemical  
or clinical RFS but appeared to worsen OS [17]. 
This raises questions regarding the evidence  
of RT use in  patients older than 75 years. 
Our results suggest a  higher OCM in patients  
>70 years of age compared to younger counter-
parts. This implies that elderly patients might 
not benefit from additional radiotherapy after 
RP. Such treatment might decrease the quality  
of life and increase the burden of local symp-
toms. In current cutting-edge hormone therapy,  
the wait-and-see approach might render RT in-
tervention unnecessary and limit the burden  
of social and economic costs without compromis-
ing survival. On the other hand, avoiding post-
operative radiotherapy might be challenging  
in elderly patients without significant comorbidi-
ties and relatively long life expectancy despite ad-
vanced age.
Identification of patients bearing the highest 
grade (Gleason score 9 or 10) and pN1 feature 
as clear candidates for postoperative irradiation  
is among the main outcomes of our analysis. 
Based on previous cohort studies, EBRT provided 
better cancer control than surgery in grade group 

V patients, with radical dose escalation improving 
CSS [20]. In the adjuvant scenario, CSS benefit  
in patients aged >70 years becomes apparent only 
in individuals bearing 2 or more adverse patho-
logical features (GG IV - V, pT3b/4, pN1) [16]. 
Our analysis revealed that older age (>70 years)  
did not impact other-cause-specific survival  
in patients with N1 (p = 0.11) and grade group V  
(p = 0.18). In fact, elderly patients presenting 
both N1 and GG V revealed noticeably worse can-
cer-specific survival than PS-matched younger 
individuals, whereas OCM-free survival remained 
similar for both age groups. 
The limitations of this study are related to its ret-
rospective and population-based character. Some 
viable information contributing to baseline treat-
ment was not available for analysis. This includes 
biochemical follow-up, biochemical recurrence, 
type of radiation (adjuvant vs. salvage), and type 
of recurrence (local, nodal, systemic). We were 
not able to determine the status of comorbidities, 
which constituted an uncontrolled confounder 
and might have contributed to significant se-
lection bias. Based on the existing literature,  
comorbidities might be a stronger determinant 
of life expectancy than age. In patients treated 
with EBRT the comorbidity index and perfor-
mance score seem to decline the OS indepen-
dently of the baseline PCa characteristics [21].  
We were also not able to track the impact of ADT 
on other-cause mortality. Based on previous se-
ries, supplementing RT with androgen depri-
vation in patients aged >75 years might ad-
ditionally contribute to increasing OCM [22].  
Due to the population-based character of this 
analysis, we suspect that a significant amount  
of confounding remained undiagnosed. Finally, 
the analysis was not aimed at a head-to-head  
comparison of postoperative radiation with the 
prostatectomy followed by conservative treat-
ment, which prevents the drawing of direct con-
clusions.

CONCLUsIONs

To conclude, our study indicates that PCa pa-
tients > 70 years of age who underwent radiation 
after RP are characterized by a significant bur-
den of non-PCa-specific mortality. To avoid over-
treatment and increase the cost-effectiveness, 
RT  should be reserved for highly selected indi-
viduals accepting the risks of excessive mortal-
ity. Indications for RT after RP should be further 
prospectively verified, especially in the context 
of novel effective hormone therapy. 
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