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Real-world data in elderly men from Yokosuka City 15 years after
introducing prostate-specific antigen-based population screening.
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Abstract. Mass screening based on prostate-specific
antigen (PSA) reduces mortality in prostate cancer. However,
the effectiveness of this screening in the elderly has not been
demonstrated. In the city of Yokosuka, Japan, PSA screening
has been conducted since 2001 and the present study exam-
ined the real-world status of PSA-based population screening
in the elderly. It retrospectively evaluated 1,117 prostate
cancer patients >75 years of age. The patients were divided
into two groups: The screened group comprising patients
diagnosed by PSA-based population screening or workplace
screening and PSA follow-up patients at urology clinics; and
the non-screened group comprising patients detected by other
methods. Overall survival (OS), cancer-specific survival (CSS)
and factors contributing to shorter CSS between the groups
were compared. In patients >75 years of age, the screened group
had significantly longer OS (171 vs. 154 months; P=0.019) and
CSS (median not reached; P=0.020) but screening was not
an independent factor associated with prolonged OS or CSS
on multivariate analysis. The factors contributing to shorten
CSS in the elderly were =T3 (odds ratio: 3.301 [1.704-6.369],
P<0.001), M1 (odds ratio: 4.856 [2.809-8.393], P<0.001) and
Gleason score =8 (odds ratio: 4.691 [2.479-8.876], P<0.001).
In those with metastasis, PSA screening was not associ-
ated with prolonged OS or CSS. Real-world data 15 years
after introducing PSA-based population screening was not
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an independent factor for both OS and CSS in multivariate
analyses for patients >75 years of age.

Introduction

Prostate cancer is the second most commonly diagnosed
cancer in men, accounting for 15% of all types of cancer, with
an estimated 1.1 million individuals worldwide diagnosed
with prostate cancer in 2012 (1). Serum prostate-specific
antigen (PSA) level is a useful tumor marker in the diagnosis
and follow-up of prostate cancer (2) and PSA is widely used
in primary screening measures such as mass screening (3). A
prospective observational study in Tyrol, Austria, notes that
PSA exposure was 86.6% during the 20-year study period
and mortality was 64% lower than expected (4). Various
randomized controlled trials (RCTs) have verified the efficacy
of prostate cancer screening based on serum PSA screening.
Results from the European Randomized Study of Screening
for Prostate Cancer (ERSPC) showed that in the 55-69 years
age group with a median observation period of 13 years, the
screening group had a 21% lower mortality rate than the control
group (5). An RCT in Gothenburg, Sweden, demonstrated not
only significantly reduced mortality from PSA screening, but
also lower incidence of advanced cancer (6). In addition, the
Rotterdam section of the ERSPC showed that screening every
4 years significantly reduced the risk of developing metastatic
cancer (7).

Some discrepancy has been seen in the outcomes of
screening, however. In the Prostate, Lung, Colorectal and
Ovarian (PLCO) Cancer Screening Study conducted in the
United States, the metastatic cancer rate was low in the control
group and the prostate cancer mortality rate was not signifi-
cantly different from the screening group, although this was
because of high contamination of PSA screening in the control
group (8-10). The Cluster Randomized Trial of PSA Testing
for Prostate Cancer (CAP) in the United Kingdom involving a
single invitation to PSA-based screening showed no significant
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difference in prostate cancer mortality between the invited
and control groups after a median follow-up of 10 years (11).
These discrepant outcomes create some confusion around
PSA screening, but it is now considered to be beneficial in
improving cancer-specific survival based on the findings of
a meta-analysis reported in 2018 (12,13). This accumulation
of evidence from large RCTs has led to a number of prostate
cancer guidelines recommending PSA-based screening for
prostate cancer.

The aforementioned large RCTs include men aged
between 55 and 69 or 74 years, with little data available on
the effectiveness of PSA-based screening for men >70 years
of age (7). Moreover, none of these RCTs demonstrate the
efficacy of PSA screening for older men, >75 years of age, so
routine PSA-based screening for all elderly men has not been
recommended. According to the European Association of
Urology (EAU) guidelines on prostate cancer, men who have
life expectancy within 15 years are unlikely to benefit (14).
The Prostate Cancer Early Detection Panel of the US
National Comprehensive Cancer Network recommends that
men >75 years of age be considered for screening only if in
very good health (15). Conversely, the US Preventive Service
Task Force recommends that PSA-based screening not be
performed in men over 70 years of age (16).

Life expectancy and characteristics of prostate cancer vary
by region and race (1), so it is necessary to verify the validity of
screening for older adults among Asian populations. Although
some studies from China or Korean investigated huge data-
base about PSA screening, their analyses were undergone
with single aim, in which comparisons between screened and
non-screened men were not revealed (17,18). In Japan, some
reports show the effectiveness of PSA-based screening (19-21).
However, no studies refer to the upper age limit for PSA
screening. In particular, no study demonstrates the usefulness
of PSA screening alone at >75 years.

In the city of Yokosuka, Japan, mass screening for pros-
tate cancer based on PSA has been conducted since 2001.
Tabei et al (22) reported on the overall results in 2020. The
study database contains 3,094 patients diagnosed by needle
biopsy from 2001 to 2015 in four hospitals (Yokosuka Kyosai
Hospital, Yokosuka City Uwamachi Hospital, Kinugasa
Hospital and Yokosuka City Hospital) and two urology clinics
(Satomi Jin-Hinyokika Clinic and Furuhata Hinyokika Clinic)
in the city. Using this database, the present study sought to
verify the significance of population screening for elderly men
>75 years of age.

Patients and methods

The institutional review boards of all four participating hospi-
tals approved the present study and agreed to provide patient
data for the study database. Patients' consent was sought by
giving them the choice to opt out of the study through the
websites and notice boards of the participating institutions.
Patient data was obtained from all institutions.

Patients collection. The present study investigated retrospec-
tively 1,117 patients aged >75 years of age with pathologically
diagnosed prostate cancer by needle biopsy at four hospitals
and two clinics in Yokosuka city between April 2001 and

March 2015. Patients diagnosed accidentally by transurethral
resection of the prostate or total cystectomy for bladder cancer
were excluded from this study. Patients were followed until
prostate cancer-specific mortality, mortality from other causes,
or final follow-up on 31 December 2019. Patients without
metastasis were classified into four disease risk categories
according to the EAU guidelines: Low (T1-T2a and Gleason
Score (GS)<6 and PSA<10 ng/ml, not N1/M1); intermediate
(T2b or GS=7 or 10=<PSA <20 ng/ml, not N1/M1); high (T2c or
GS =8-10 or 20<PSA, not N1/M1); and locally advanced (T3-4
or N1, not M1). Patients with metastasis were classified into the
advanced (M1) group.

Definition of ‘screened’ or ‘non-screened’ patients. Patients
were divided into two groups according to the mode of
detection. The screened group included those diagnosed
either by PSA-based population screening in the city, other
municipalities, or by workplace screening and regular PSA
follow-up patients at urology clinics or internal medicine
clinics (e.g., benign prostatic hypertrophy, lower urinary tract
symptoms or positive on previous screening). The popula-
tion screening and workplace screening measures used a
PSA cut-off of 4.0 ng/ml in serum. The non-screened group
consisted of those who had been diagnosed pathologically due
to high PSA value in serum examined for other reasons than
the above, including pathological fracture, cancers of unknown
primary or gross hematuria and lower urinary tract symptoms.

The final decision whether biopsy would be performed is
based on consultation with patients exhibiting PSA >4.0 ng/ml
about its potential benefits and harms.

Statistical analysis. Age at diagnosis, initial PSA status,
tumor stage, risk category, GS, primary treatment, secondary
treatment and Charlson Comorbidity score (CS) (23) were
compared between the two groups using a two-sided
Student's t-test and ¥ test. Clinical and pathological factors
associated with clinical outcomes were assessed using univar-
iate and multivariate analyses with Cox regression analyses to
calculate hazard ratios and 95% confidence intervals. Overall
mortality was defined as any cause of mortality and cancer
specific mortality was defined as mortality from prostate
cancer. Cancer-specific and overall survival (OS) rates were
calculated using Kaplan-Meier analysis with a log-rank test
to compare survival curves between the two groups. Overall
mortality was counted as an event in Kaplan-Meier curve for
OS and Cancer specific mortality was counted as an event and
mortalities from other causes were censored in the curve for
CSS. All analyses were carried out using IBM SPSS Statistics
for Windows, version 19.0. (IBM Corp.). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Patients' background. The backgrounds of patients >75 years of
age are shown in Table I. A total of 537 were classified in the
screened group. Age, initial PSA, GS and CS were not significantly
different between the two groups. The screened group showed
less advanced cancer with significantly lower N and M stage and
risk category (P<0.001), and more T1 and T2 stage compared with
the non-screened group (P<0.001). Significantly more patients
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Table I. Background of prostate cancer patients >75 years of age who did or did not undergo PSA-based screening.

Screened group (n=537) Non-screened group (n=580)
Mean/number Range/(%) Mean/number Range/(%) P-value
Age (years) 78 75-97 79 75-93 0.581
Initial PSA 10.7 3.6-2759 16.1 1.0-13470 0.207
T stage <0.001
T1 207 (38.5) 173 (29.8)
T2 173 (32.2) 176 (30.3)
T3 139 (25.9) 155 (26.7)
T4 9 (1.8) 4 ©.7
N1 25 4.7 76 (13.1) <0.001
M1 44 8.2) 114 (19.7) <0.001
Risk category <0.001
Low 75 (14.0) 56 .7
Intermediate 143 (26.6) 117 (20.2)
High 145 (27.0) 130 22.4)
Locally advanced 120 (22.3) 129 (22.2)
Advanced 44 (8.2) 114 (19.7)
Gleason score 0.209
<6 151 (28.1) 129 (22.2)
7 183 34.1) 193 (33.3)
>8 186 (34.6) 208 (35.9)
Charlson Comorbidity score (=3) 267 49.7) 278 47.9) 0.550
Primary treatment 0.003
Watchful waiting/active surveillance 41 (7.6) 24 “.1)
Radiation 27 5.0 15 (2.6)
Operation 48 (8.9) 33 &7
Androgen deprivation therapy 415 (77.3) 489 (84.3)
Other 6 (1.1 19 (3.2)
Cause of mortality n=133 n=170 0.643
Prostate cancer 29 (21.8) 49 (28.8)
Other malignancies 28 21.1) 33 (194)
Pneumonia 14 (10.5) 13 (7.6)
Stroke 5 44 8 4.7
Heart failure 4 (3.8) 12 (7.1)
Chronic respiratory failure 3 2.3) 2 (1.2)
Aortic dissection 2 (1.5) 2 (1.2)
Myocardial infarction 2 (1.5) 1 0.6)
Chronic renal failure 2 (1.5) 1 0.6)
Other 9 (6.8) 5 29
Unknown 35 (26.3) 46 (27.1)

PSA, prostate-specific antigen.

received androgen deprivation therapy in the non-screened group
compared with the screened group (P=0.003).

Overall and cancer-specific survival. OS and CSS in the
patients >75 years of age were analyzed by the Kaplan-Meier
method (Fig. 1A and B). OS and CSS were significantly
longer in the screened group (171 vs. 154 months; P=0.019;

P=0.020). OS or CSS among patients with metastasis
between the screened and non-screened groups were shown
in Fig. 1C and D. There were no significant differences between
the two groups (P=0.235, P=0.697).

Cause of mortality. The rate of cancer-specific mortality
compared with overall mortality for each risk category
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Figure 1. The results of Kaplan-Meier curve. (A) Kaplan-Meier curve of overall survival. (B) Kaplan-Meier curve of cancer-specific survival. (C) Kaplan-Meier
curve of overall survival in patients with metastasis. (D) Kaplan-Meier curve of cancer-specific survival in patients with metastasis. S, screened group;

NS, non-screened group

was investigated and there were no mortalities in the low
risk category in either group. In even locally-advanced
risk category, at least two thirds of patients succumbed to
another disease. Half of patients in the advanced disease
category in the non-screened group succumbed. There were
133 mortalities from other causes in the screening group, of
which two succumbed to myocardial infarction (Table I).
The most common cause of mortality was prostate cancer,
followed by other malignancies in 28 patients and pneumonia
in 14 patients. There were 170 mortalities from other causes
in the non-examination group, of which one succumbed to
myocardial infarction. The most common cause of mortality
was prostate cancer in 49 patients, followed by other
malignancies in 33 patients and pneumonia in 13 patients.
A Chi-square test of the cause of mortality in patients
receiving androgen deprivation therapy showed no signifi-
cant difference (P=0.534) between the screened group and

the non-screened group (Table SI) and there was no signifi-
cant difference (P=0.127) between those who succumbed
to prostate cancer and non-prostate cancer. The increase in
cardiovascular events associated with androgen deprivation
therapy was unclear.

Multivariate analysis. The factors contributing to shortening
OS and CSS (Table II) were revealed by multivariate analysis.
For OS, these were age [odds ratio: 1.048 (1.018-1.907),
P=0.002], PSA=20 ng/ml [odds ratio: 1.551 (1.134-2.015),
P=0.005), =T3 (odds ratio: 1.436 [1.081-1.907], P=0.012)],
M1 [odds ratio: 1.676 (1.205-2.331), P=0.002], GS=8 [odds
ratio: 1.364 (1.052-1.769), P=0.019] and CS=3 [odds ratio:
1.884 (1.422-2.390), P<0.001]. For CSS, these were =T3
[odds ratio: 3.301 (1.704-6.396), P<0.001], M1 [odds ratio:
4.856 (2.809-8.393), P<0.001] and GS=8 [odds ratio: 4.691
(2.479-8.876), P<0.001].
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Table II. Results of multivariate analysis of overall survival in prostate cancer patients >75 years of age.

Full model Reduced model
P-value Odds 95% CI P-value Odds 95% CI
Overall survival
Age 0.003 1.046 1.016-1.078 0.002 1.048 1.018-1.907
PSA =20 ng/ml 0.006 1.507 1.128-2.013 0.005 1.511 1.134-2.015
Non-screened group 0.401 1.113 0.867-1.429
=T3 0.010 1.454 1.093-1.934 0.012 1.436 1.081-1.907
NI 0.456 0.857 0.571-1.287
M1 0.003 1.720 1.208-2.449 0.002 1.676 1.205-2.331
Gleason score =8 0.014 1.388 1.068-1.803 0.019 1.364 1.052-1.769
Charlson Comorbidity score =3 <0.001 1.857 1.432-2.408 <0.001 1.844 1.422-2.390
Cancer-specific survival
Age 0.345 1.031 0.967-1.100
PSA =20 ng/ml 0.233 1.531 0.760-3.083
Non-screened group 0.523 1.185 0.704-1.993
=T3 0.001 3.065 1.553-6.049 <0.001 3.301 1.704-6.396
N1 0.258 0.692 0.365-1.311
Ml <0.001 4.745 2.530-8.898 <0.001 4.856 2.809-8.393
Gleason score =8 <0.001 4.614 2.404-8.858 <0.001 4.691 2.479-8.876
Charlson Comorbidity score =3 0.690 0.902 0.544-1.496

PSA, prostate-specific antigen; CI confidence interval.

Discussion

Inelderly patients >75 years of age, median OS was significantly
longer in the screened group compared with the non-screened
group (171 vs. 154 months; P=0.019; Fig. 1A and B). Median
CSS was not reached in either group, but CSS was significantly
longer in the screened group (P=0.020). However, screening
was not an independent factor in both OS and CSS in multi-
variate analyses (Table II).

In the elderly, clinically insignificant types of cancer (e.g.,low
GS, low T stage and no metastasis), where there are no clinical
signs of prostate cancer, is prevalent (24) with a 1.71 increase
in odds ratio for every 10 years of age (25). Therefore, it was
hypothesized that a number of clinically insignificant cancers
were potentially present in the elderly and it was possible that
few fatal cancers would contribute to prognosis. PSA screening
for elderly men might have more risk of over-diagnosis than
that for middle-aged men. The present study found that CS
was a significant factor associated with shorter OS (Table II).
Moreover, prostate cancer mortalities did not account for a large
proportion of all mortalities and even in patients with advanced
disease ~50% succumbed other causes. These were consistent
with the results of our previous study (22).

The presence of metastasis was the most significant factor
associated with shorter CSS in the elderly [odds ratio: 4.856
(2.809-8.393), P<0.001; Table II]. Some guidelines for prostate
cancer management are hesitant to recommend PSA screening
in elderly men. The authors of the present study expected
favorable outcome for screening even for elderly in a previous
study (22).

By contrast, the present study found no significant differ-
ence in OS or CSS among patients with metastasis between the
screened and non-screened groups (Fig. 1C and D). The latest
findings for men >75 years of age therefore do not support our
previous study (22). It is suspected that this discrepancy is due
to the following reasons. In Japan, PSA screening is carried out
under the initiative of local governments and not under a national
policy, although there are regional differences and consultation
is also voluntary for individuals. Median overall age in the
Yokosuka City database was high (71 years in the screened group
and 73 years in the non-screened group) and prostate cancer
with metastasis was more frequent in elderly patients in both
the screened (8.2 vs. 5.2%) and non-screened (19.7 vs. 15.0%)
groups than in all patients (22). Thus, it is hypothesized that PSA
screening in middle-aged men is likely to associated with poor
exposure and that cancer was not detected early, so there were a
number of cases of advanced cancer in the elderly.

The study database was created in a medical area that
covers almost the entire city of Yokosuka and nearby Miura.
Using municipal demographics and prostate cancer incidence
rates from national databases, the estimated number of pros-
tate cancer patients for the preceding 15 years is ~1,268 for
those >75 years of age. The study database contains a number
of records for prostate cancer patients, of whom about 88% are
>75 years of age. Considering that the average life expectancy
of men in Japan was 81 years in 2017, it is estimated that the
database covers most elderly patients with prostate cancer in
the area.

The present study had some limitations. First, patient
information was obtained from the medical records only. The
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design was retrospective, so not all patients were followed up
fully and some were lost during follow-up. Second, this study
included only pathologically diagnosed patients. In real-world
settings, some patients with clinically advanced prostate cancer
are diagnosed without prostate biopsy and imaging findings.
Consequently, the results probably overestimated CSS, espe-
cially in the non-screened group. In the screened group, health
awareness might have been high and this could pose some bias.
Several new treatments for prostate cancer (e.g., abiraterone
acetate, enzalutamide and radium-223 chloride) became avail-
able during the observation period and there might have been
differences in treatment effect depending on the time of observa-
tion. Thus, the therapeutic effect could have been underestimated,
compared with standard treatment widely used today. Third,
almost all patients were Asian. Individual patient backgrounds
were searched as much as possible to avoid sample contamina-
tion, but it is possible that patients previously exposed to PSA
testing are classified in the non-screened group. Moreover, in this
database, >90% of cases had undergone some initial treatment
since diagnosis and therefore the results of the present study
do not represent the natural history of prostate cancer. As s a
retrospective study, the validity of PSA screening in the elderly
could not be verified. Furthermore, assessments for cost effec-
tivity or quality of line are lacking. From these points of view,
PSA screening might have some benefits for elderly individuals.
Yet, the data from the present study could not reveal the survival
benefit of PSA screening for the patients >75 years old.
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