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Abstract
Purpose  Metastatic prostate cancer (mPCa) rarely occurs under the age of 60, and we aim to evaluate the clinical outcomes 
and prognosis of mPCa patients ≤ 60-year-old.
Methods  Two thousand and eighty-three patients were treated with mPCa between April 2003 and May 2020. Clinicopatho-
logical characteristics between groups, biochemical recurrence (BCR)-free survival, and overall survival (OS) were assessed. 
Subgroup analysis was performed on patients ≤ 60 years. Multivariable cox regression was used for survival analysis.
Results  Three hundred and seventy-five patients (> 60 years: older) and 115 patients (≤ 60 years: young) were identified. 
5-year BCR-free survival rates were 38.8% in young and 74.1% in older group (p < 0.001). 5-year OS were 88.1% in young 
and 96.5% in older group (p = 0.006). The significant factor associated with BCR was age > 60 (hazard ratio [HR] = 0.67, 95% 
confidence [CI]: 0.36–0.94, p = 0.017). The significant predictors of OS were age > 60 (HR 0.40, CI 0.18–0.91, p = 0.028) 
and local definitive treatment (HR 0.29, CI 0.13–0.64, p = 0.002). For the subgroup analysis, median BCR-free survival was 
significantly shorter in younger (≤ 56) group (14 mo vs. 27 mo, p = 0.026), and the median OS was significantly different 
(p = 0.048).
Conclusions  In mPCa patients ≤ 60-year-old, BCR occurs earlier and OS is significantly reduced than older patients. There-
fore, special caution is mandatory when treating these mPCa patients.
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Introduction

The median age of prostate cancer (PCa) diagnosis is 
66 years, and the majority of prostate cancer survivors 
(64%) are over 70-year-old and it is rare to receive a PCa 
diagnosis < 50-year-old (< 1%) [1]. Only 28% of distantly 
metastatic prostate cancer (mPCa) shows 5-year survival 
in the US [2]. The prognosis of mPCa depends on differ-
ent parameters of the clinicopathological factors, such as 
the prostate-specific antigen (PSA) level, the Gleason score 
(GS), the lymph node (LN) status, and recurrence [3]. There 

are few studies to date that have focused on the role of age 
in the survival of patients with mPCa.

Biological behavior of PCa is difficult to interpret in 
young patients because most of these cases are either 
reported as case reports or are included in the case series of 
older men. Because of its rarity, there is no standard guide-
line for management of mPCa in young patients and thus it 
is treated in the same way as in older patients. Some studies 
have reported that age is an independent prognostic factor 
for mPCa and young age is associated with poor outcome 
[4–8]. Nevertheless, most of their results were concluded 
from relatively small cohorts in the era when chemotherapy 
and new hormonal agents, like enzalutamide or abiraterone, 
were not commonly used. We aimed to compare the clinical 
features and survival of mPCa according to age at diagnosis.
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Patients and methods

Data collection

After institutional review board (IRB) approval of study 
(IRB number: B-2007-622-102), among the 2083 patients 
treated with mPCa in a tertiary referral institution from 
May 2003 to May 2020, 375 patients > 60 and 115 
patients ≤ 60 were included in the study.

Inclusion criteria of the study are as follows; a histolog-
ically confirmed diagnosis of PCa (neuroendocrine tumors 
excluded), metastasis at initial presentation or occurred 
over follow-up after initial treatment (including metastatic 
castration resistance developed over time). We recorded 
their pre-androgen deprivation therapy (ADT) history of 
PCa (GS and the presence/absence of metastasis at the 
time of diagnosis, the interval between the PCa diagno-
sis and the development of metastatic or non-metastatic 
castration-resistant prostate cancer [CRPC], and the ADT 
duration before developing CRPC), their characteristics 
at the time of starting chemotherapy or androgen recep-
tor signaling axis-targeting agents, their chemotherapy 
treatment history and outcomes, and their post-chemo-
therapy history. Exclusion criteria are as follows; patients 
with incomplete medical records unable to evaluate the 
patient’s treatment method, recurrence, or survival status, 
and patients diagnosed with malignant tumors in other 

organs at the time of PCa diagnosis or metastasized from 
other organs to prostate (Fig. 1).

All data were collected from our prospectively main-
tained database, and pathological specimens were reviewed 
in detail by our uropathologists according to standard patho-
logical procedures using the modified definition of the 2005 
International Society of Urological Pathology (ISUP) Con-
sensus conference [9]. Tumor stage and grading were evalu-
ated according to the 2002 American Joint Committee on 
Cancer (AJCC) TNM classification. Patients were followed 
up and screened every 3 months through serum PSA and, 
if possible, imaging studies (computed tomography, bone 
scan, or magnetic resonance imaging). Biochemical recur-
rence (BCR) is defined as a rise in PSA to 0.2 ng/mL and a 
confirmatory value of 0.2 ng/mL or greater following radical 
prostatectomy, or a rise of 2 ng/mL or more above the nadir 
PSA after radiation therapy. BCR in the metastatic setting is 
defined as PSA progression, adapted from the study of Pros-
tate Cancer Clinical Trials Working Group 3, an increase in 
PSA greater than 25% and > 2 ng/ml above nadir, confirmed 
by progression at 2 time points at least 3 weeks apart. [10].

Study endpoints

Our primary endpoints are BCR-free survival and over-
all survival (OS). Secondary endpoint is subgroup analysis 
of patients ≤ 60 years. Clinicopathological characteristics 
between groups were investigated. Subgroup analysis was 
performed on patients ≤ 60 years classified into younger 

Fig. 1   Study flowchart
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(≤ 56 years) group (n = 58) and young (57–60 years) group 
(n = 57) based on median age of 56 in the subgroup. We also 
analyzed CRPC-free survival between groups. CRPC-free sur-
vival is the time from ADT initiation to development of CRPC.

Statistical analysis

The relationships between the background variables and the 
age groups were assessed using the chi-squared test for cat-
egorical variables and the independent t test or Mann–Whit-
ney U test for continuous variables. OS and BCR-free 
survival were assessed by the Kaplan–Meier method. If 
multiple events (BCR, CRPC, or death) occurred in the same 
patient, the time of appearance of the first of these events 
was deemed to be the time of appearance of the event in this 
patient. Univariate and multivariate Cox proportional hazard 
regression analyses were performed to evaluate the signifi-
cant variables associated with the survival outcomes. The 
univariate results were used to determine the candidate vari-
ables for the final multivariate model in a backward model 
selection process. In all variables remaining in the final mul-
tivariate analysis, the p value was set to 0.05. All data were 
analyzed with SPSS version 22, and all tests were two-sided 
with a p value of 0.05 considered statistically significant 
(IBM SPSS Statistics, IBM Corp., Armonk, NY, USA).

Results

Demographic and clinical characteristics

A total of 490 eligible cases were identified, with a median 
follow-up of 16.0 months (mo) (interquartile range [IQR]: 
9.0–35.0). Patients’ base characteristics are detailed in 
Table 1. 32 patients (6.5%) died of PCa and 115 patients 
(23.5%) had occurred BCR. 5-year BCR-free survival rates 
were 38.8% in young and 74.1% in older group (median 
survival: 25 mo vs not reached, p < 0.001) (Fig. 2A). 5-year 
OS was 88.1% in young and 96.5% in older group (median 
survival: not reached for both groups, p = 0.006) (Fig. 2B). 
Young group had significantly shorter median CRPC-free 
survival than older group (11 mo vs 18 mo, p = 0.002) 
(Fig. 2C). The significant factor associated with BCR was 
age > 60 (hazard ratio [HR] = 0.67, 95% confidence [CI]: 
0.36–0.94, p = 0.017) (Table 2). The significant predictors 
of OS were age > 60 (HR 0.40, CI 0.18–0.91, p = 0.028) and 
local definitive treatment (HR 0.29, CI 0.13–0.64, p = 0.002) 
(Table 2).

Subgroup analysis—young (57–60) versus younger 
(≤ 56) group

The mean age in the subgroup was 52.2 years (younger 
group) and 58.5  years (young group), respectively 

(p < 0.001), and the median follow-up period was 13.0 mo. 
The rates of metastasis at the time of diagnosis were 74.1% 
and 66.7% (p = 0.900), respectively, and 41.4% and 43.9% 
(p = 0.480) of each group received local definitive treatment 
(radical prostatectomy or radiation therapy). Differences in 
clinical and pathological characteristics between groups 
were not significant except for hypertension (p = 0.005). 
Median BCR-free survival was significantly shorter in 
younger group (14 mo vs. 27 mo, p = 0.026), and the median 
OS was significantly different (87 mo for younger group 
vs not reached for young group, p = 0.048). In multivariate 
analysis, factor related to BCR-free survival and OS was 
local definitive treatment (supplementary tables 2 and 3).

Discussion

A study based on Surveillance Epidemiology and End 
Results (SEER) showed that the general 10-year, cancer-
specific survival (CSS) of younger men with low-grade 
PCa is similar to that of their older counterparts, although 
the youngest men with high-grade and advanced PCa at 
initial diagnosis had poor prognosis: in particular, men 
aged 35–44 years with stage IV PCa had an approximately 
1.5-fold greater risk of cancer-specific mortality when 
compared with men aged 65–74  years [11]. However, 
most of the patients were treated in the predocetaxel era, 
which makes it difficult to apply the results to the contem-
porary clinical scenario in which a number of agents like 
docetaxel, cabazitaxel, enzalutamide, or abiraterone have 
led to a significant survival gain in patients with mCRPC 
[12–17]. One study [18] reported 333 mCRPC patients but 
it stratified the patients based on their age at PCa diagnosis 
and does not provide any information concerning the age 
when they developed mCRPC. They concluded that the age 
at PCa diagnosis affects the outcome of the patients who 
subsequently develop mCRPC, with the shortest survival 
being observed in the oldest (> 75-year-old) and youngest 
(< 55-year-old) groups.

Our study is the first in describing a contemporary series 
of patients ≤ 60-year-old when they were diagnosed as mPCa 
and received ADT and/or radiotherapy and subsequent first-
line chemotherapy or further newer agents or progressed to 
mPCa from localized PCa with local definitive treatment. As 
there was control group of older patients (> 60-year-old), the 
possible comparison is with the clinical outcomes observed 
in single-center retrospective data of mPCa patients. Patients 
who received enzalutamide or abiraterone, though they have 
relatively shorter follow-up, were also included in the anal-
yses. Although the survival of younger patients after the 
appearance of castration resistance seems to be comparable 
with that obtained in the pivotal trials, they may develop 
castration resistance more quickly. Our data support this 
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finding, as the median time between the initial diagnosis and 
the development of mCRPC was 13.0 months [Interquartile 
range = 8.0–23.0].

Younger PCa men are more likely to receive radical defin-
itive treatment, as they tend to reveal more favorable disease 
affordable to cure and fewer comorbidities [11]. Longer life 
expectancy in these younger patients also means longer 

time to deal with possible side effects of treatment. Urinary 
incontinence and erectile dysfunction often have a greater 
impact on quality of life in the younger cohort [19]. Yuh 
et al. [20] showed results of the first planned Phase 1 study 
on cytoreductive prostatectomy (CRP). With more than 
6 months of follow-up, 67.9% had PSA nadir ≤ 0.2 ng/mL. 
The 90-day overall complication rate was 31.2%, of which 

Table 1   Baseline characteristics Variable Young (≤ 60) (n = 115) Older (> 60) (n = 375) p value

Age at diagnosis 55.3 ± 4.2 67.4 ± 3.8 < 0.001
Body mass index 24.1 ± 3.2 24.2 ± 1.8 0.757
PSA at diagnosis 454.1 ± 1394.3 475.3 ± 761.4 0.876
PSA density 10.5 ± 42.4 3.3 ± 22.8 0.084
Total prostate volume (cc) 43.3 ± 22.6 45.5 ± 12.8 0.313
Diabetes mellitus (%) 25 (21.7) 81 (21.6) 0.976
Hypertension (%) 39 (33.9) 156 (41.6) 0.245
Dyslipidemia (%) 14 (12.2) 30 (8.0) 0.326
Aspirin use (%) 10 (8.7) 7 (5.8) 0.465
Family history (%) 3 (2.6) 18 (4.8) 0.371
Metastasis at diagnosis (%) 87 (75.7) 240 (64.0) 0.055
Clinical stage (%)
 ≤ T2 18 (15.7) 94 (25.1) 0.355
 T3a 25 (21.7) 72 (19.2)
 T3b 50 (43.5) 122 (32.5)
 T4 22 (18.2) 87 (23.2)
 cN1 65 (56.5) 42 (11.2) 0.002
 cM1a/M1b/M1c 27.0/46.1/26.9 3.2/82.4/14.4 < 0.001

Positive biopsy core rate (%) 75.12 64.72 0.019
Gleason Score at biopsy 0.063
 ≤ 7 18 (15.7) 111 (29.6)
 8 35 (30.4) 139 (37.1)
 9 47 (40.9) 65 (17.3)
 10 6 (5.2) 54 (14.4)
 Unknown 9 (7.8) 6 (1.6)

First systemic treatment (%) < 0.001
 Androgen deprivation therapy (ADT) only 45 (37.5) 220 (59.5)
 Combined androgen blockage 40 (88.9) 182 (82.7) 0.550
 LHRH agonist or antagonist only 2 (4.4) 25 (11.4)
 Anti-androgen agent only 2 (4.4) 10 (4.5)
 Surgical castration 1 (2.2) 3 (1.4)
 ADT + chemotherapy 5 (4.2) 3 (0.8)
 ADT + adjuvant radiation therapy (RT) 70 (58.3) 147 (39.7)
 Local definitive treatment 54 (47.0) 50 (13.3) < 0.001
 Radical prostatectomy / RT (%) 58.5/41.5 52.0/48.0 0.656

Metastasis site < 0.001
 Bone 53 (46.1) 309 (82.4)
 Regional LN 31 (27.0) 12 (3.2)
 Lung 0 1 (0.3)
 Brain 1 (0.9) 0
 Visceral organs 16 (13.9) 8 (2.1)
 Multiple sites 14 (12.2) 45 (12.0)
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Fig. 2   Kaplan–Meier survival analysis. (A) Biochemical recurrence (BCR)-free survival; (B) Overall survival (OS); (C) Castration-resistant 
prostate cancer (CRPC)-free survival

Table 2   Univariate and multivariate analysis of clinical factors related to biochemical recurrence and overall survival

HR hazard ratio, CI confidence interval, BMI body mass index, DM diabetes mellitus, GS Gleason Score, PSA prostate-specific antigen, RT: 
radiotherapy

Variable Biochemical recurrence Overall survival

Univariate Multivariate Univariate Multivariate

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

Age > 60 0.61 (0.42–0.89) 0.01 0.67 (0.36–0.94) 0.017 0.35 (0.16–0.77) 0.009 0.40 (0.18–0.91) 0.028
BMI ≥ 23 1.01 (0.69–1.48) 0.947 0.73 (0.36–1.50) 0.394
DM 1.16 (0.74–1.82) 0.509 0.77 (0.27–2.23) 0.632
Hypertension 0.65 (0.43–1.00) 0.048 0.67 (0.44–1.02) 0.062 0.91 (0.0.43–1.91) 0.797
Aspirin use 0.93 (0.45–1.92) 0.849 0.04 (0.00–59.71) 0.396
Dyslipidemia 1.03 (0.54–1.99) 0.921 0.48 (0.7–3.61) 0.478
Statin use 0.96 (0.53–1.72) 0.877 0.29 (0.04–2.11) 0.220
Metabolic syndrome 0.05 (0.00–16.99) 0.572 0.05 (0.00–20.23) 0.697
Initial metastasis at diag-

nosis
0.95 (0.62–1.44) 0.808 1.18 (0.57–2.44) 0.648

PSA ≥ 150 ng/mL 1.34 (0.90–1.99) 0.145 3.64 (1.36–9.78) 0.010 2.56 (0.20–3.56) 0.269
PSA density 1.00 (1.00–1.01) 0.080 1.00 (0.99–1.02) 0.757
GS ≥ 8 0.97 (0.62–1.51) 0.888 9.79 (4.56–21.01) < 0.001 8.03 (0.35–15.17) 0.609
Positive core rate 100% 1.50 (1.00–2.25) 0.050 2.23 (0.77–6.48) 0.139
Total prostate volume 1.01 (1.00–1.02) 0.081 1.01 (0.99–1.03) 0.211
Local definitive treatment 0.66 (0.46–0.96) 0.028 0.87 (0.64–1.46) 0.872 0.24 (0.12–0.48) < 0.001 0.29 (0.13–0.64) 0.002
Time from biopsy to 

chemotherapy ≥ 12 mo
1.27 (0.90–1.79) 0.172 14.51 (6.78–31.06) < 0.001 1.80 (0.85–3.82) 0.124

cT stage
 ≥ T3 (≤ T2–Ref) 1.57 (0.98–2.51) 0.061 1.46 (0.37–2.56) 0.460
 cN1 stage 0.89 (0.60–1.34) 0.584 0.90 (0.35–2.29) 0.823
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6.25% were considered major complications. Though lim-
ited to phase I trial, careful interpretation can be deducted 
that CRP might be effective for patients with mPCa under 
60 of operation-tolerable general condition. Moreover, 
Culp et al. [21] identified 8185 men from the SEER data-
base with mPCa between 2004 and 2010 and found that 
CRP was performed in 245 of these men. They found that 
the 5-year OS was significantly higher in patients who had 
CRP compared to those who had no local therapy (67.4% vs. 
22.5%, p < 0.001). Interestingly, this discrepancy in survival 
was most pronounced in patients with visceral metastases 
who underwent CRP, suggesting that even patients with the 
poorest prognoses may benefit from surgery. Nevertheless, 
there is no Level 1 evidence supporting the role of surgery in 
mPCa [22]. Recent data indicated the feasibility of salvage 
prostatectomy as one of modality for local definitive treat-
ment. Martinez et al. [23] advocated estimated BCR-free 
survival rate in the open approach group and robot-assisted 
group was 67% (95% CI 53.7–80.3) and 60.9% (95% CI 
40.5–81.3), respectively (log-rank test p: 0.873). Robotic 
salvage RP reported significantly less complications. This 
suggests that, as evidence to support our results, it is help-
ful for patients to implement surgery (robotic approach) for 
metastatic prostate cancer, if feasible.

Findings from the STAMPEDE trial [24] support the 
treatment of primary tumor by radiotherapy in patients with 
oligometastatic mPCa and can be applied to our results. OS 
was improved significantly in patients with a low metastatic 
burden who underwent radiotherapy (HR: 0.68, 95% CI 
0.52–0.90; p = 0.007). In addition, failure-free survival was 
also improved in men with low metastatic burden (HR: 0.59, 
95% CI 0.49–0.72; p < 0.0001). Though no improvement in 
unselected patients, radiotherapy could improve survival in 
men with a low metastatic burden.

Contrary to our results, similar findings have been 
observed by a study [25] that older men are more likely 
to have high risk PCa and low OS because older patients 
are more likely to be treated with primary ADT rather 
than potentially curative local therapy. A study [26] of 151 
patients < 50-year-old has shown that young patients have 
similar morphology and outcome as older patients. Patients 
received different treatment modality as surgery, radiother-
apy, and hormonal therapy depending upon the disease stage 
and treatment availability at that time. It was suggested that 
young PCa patients present with similar symptomatology, 
histological grade, stage, and prognosis as the older popula-
tion. Patients in these findings are those who were treated 
before the emergence of new agents, and careful clinical 
application should be taken when applying those results in 
the current clinical practice.

Nevertheless, several groups have reported poor 
prognoses in young PCa patients like ours. One report 
[27] reported PCa in a young boy of 11-year-old and 

summarized the clinicopathological characteristics of PCa 
in infants and adolescents. It was thought that aggressive 
behavior of young PCa can be originated from undif-
ferentiated histology. In another study [28], 41 mPCa 
patients < 50-year-old and bone metastasis were identified 
from 1952 to 2005. Patients received different kind of pal-
liative treatment like bilateral orchiectomy and adrenalec-
tomy in 1970s and oral or parenteral ADT in recent years. 
Additionally, patients received palliative radiotherapy 
and other symptomatic treatment. Median survival was 
16.1 months and all patients died of progressive disease. 
A recent study has also reported poorer outcomes in 3006 
young mPCa patients receiving primary ADT [29]. In this 
study, age was an independent prognostic factor for mPCa 
patients and 5-year OS was poorer in young patients, at 
just 22% in patients < 50-year-old.

This study has several limitations. First, its retrospec-
tive nature makes it methodologically difficult to evaluate 
treatment outcomes because activity measures such as the 
OS can be greatly affected by differences in imaging fre-
quency (which may shorten or lengthen OS or fail to detect 
a radiological response or progression) or the interpretation 
bias because objective responses are determined by indi-
vidual physicians. Another limitation is that the differences 
in the number of previously administered hormonal therapy 
regimens among urologists in a single institution reflected 
differences in treatment responses. A selection bias from 
securing study population and a confounding bias concern-
ing the impacts of novel antiandrogens’ introduction time 
on OS, BCR-free survival period or treatment outcomes are 
also limitations. Finally, the question is the age at which a 
patient with mPCa can be considered “young,” which has 
still not been clearly and universally defined. We selected a 
cut-off age of 60 years, though considered purely arbitrary, 
because mPCa is mainly diagnosed in patients older than 
60. Furthermore, our hypothesis that some of the patients 
who are “young” at the time of mPCa diagnosis may have 
aggressive disease and rapidly develop castration resistance 
warrants further investigation in larger prospective studies.

Conclusions

In mPCa patients ≤ 60-year-old, BCR occurs earlier and 
OS is significantly reduced than in older patients. Never-
theless, patients who received local definitive treatment 
(RP or RT) during disease course tend to have less BCR 
and longer OS. Therefore, special caution is mandatory 
when treating these mPCa patients.
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