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Abstract

Background: In all the prefectures of Japan, with the exception of Shiga Prefecture,
more than half of local governments have an organized prostate-specific antigen
(PSA) screening system in place. However, in the Shiga Prefecture, only a single city
performed PSA screening over the time period of this survey. The purpose of the
present study was to determine the clinical, pathological, and therapeutic features of
newly diagnosed prostate cancer in localities where a formally organized screening
system was almost entirely absent.

Methods: A multicenter observational study was conducted in the Shiga Prefecture,
which has the lowest rate of population-based PSA-screening in Japan. Patients' age,
initial PSA, reasons for PSA testing, Gleason score, clinical stage, and primary
treatments were surveyed. We stratified patients according to the reasons for PSA
measurement, and compared the differences between groups subject to organized
versus opportunistic screening.

Results: In the 2 years 2012 and 2017, 984 newly diagnosed prostate cancer patients
were analyzed. Of these, 954 (97%) were opportunistically tested (i.e., not as part of an
organized screening system), with the remaining 29 (3%) measured as part of an
organized screening program. Patients in the former group exhibited a higher initial
PSA value than in the organized screening group (median: 11.49 vs. 5.67 ng/ml). They
also had worse clinical features, including higher Gleason score and TNM stage. More
patients in the organized screening group were treated curatively than in the
nonorganized screening group in terms of the primary treatment. The results

were similar in a subanalysis of the patients of age 50-69 years.

1172 © 2021 Wiley Periodicals LLC

wileyonlinelibrary.com/journal/pros The Prostate. 2021;81:1172-1178.
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1 | INTRODUCTION

Prostate cancer is the most common cancer in Japan, with 91,215
cases diagnosed in 2017." Prostate cancer deaths have increased
since 1970, with the exception of a decrease to 11,507 in the single
year 2014. However, since 2016, the number has increased again,
reaching 12,544 in 2020.% In the United States, there was an esti-
mated 191,930 new prostate cancer cases in 2020, the highest
noncutaneous cancer rate for men, with estimated 33,300 deaths.?
Because of its simplicity, serum prostate-specific antigen (PSA) test-
ing is used for screening men for the risk of prostate cancer. Two
large randomized controlled trials (RCTs) of PSA-based screening by
the the European Randomized Study of Screening for Prostate
Cancer (ERSPC) and the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial (PLCO) were reported in 2009.>* The ERSPC
showed that the mortality rate ratios in the screening group was
reduced by 20% after about 9 years' follow-up. On the other hand,
the PLCO showed no difference in mortality rate ratios between the
screened or not screened groups after about 11.5 years' follow-up.
Thus, the disparate results of these two studies resulted in con-
troversial outcomes. The PLCO cancer screening study had a serious
limitation in that approximately half the participants had already been
screened by PSA testing, a major confounding factor. In addition to
this, a bias caused by lack of sufficient opportunities for screening
and low compliance may have affected the PSA screening results.”

In Japan, population-based PSA screening has been conducted
since the early 1990s, and spread widely as its contribution to a
reduction in mortality was indicated globally.®"® With the spread of
organized formal PSA screening, the apparent incidence of prostate
cancer increased rapidly between 2000 and 2015 in Japan.® Only
14.3% of municipalities in Japan had screening programs in place in
2000, but, the percentage of municipalities that had such population-
based PSA screening systems increased to 83.0% in 2015. Today, in
all the prefectures of Japan, with the exception of the Shiga
Prefecture, more than a half of all cities and towns have a PSA
screening system in place. However, in the Shiga Prefecture, there
were no local governments offering PSA screening in 2020.

Many observational studies concerning organized PSA screening
have been reported. In these studies, the controls were individuals
not screened for PSA compared with those who were. In such a study
setting, there is a possible selection bias in that people with high
health consciousness, wanting to detect prostate cancer at an early
stage, are more likely to opt for PSA screening. The existence of this
so-called “self-selection bias” has already been reported in the

prostate cancer screening setting.”'© On the other hand, in the Shiga

The Prostate _\A/| LEY—‘&

Conclusions: Organized PSA screening contributes to increasing the number of

patients diagnosed with early-stage cancer who can be treated curatively.

opportunistic testing, organized screening, prostate cancer, prostate-specific antigen

Prefecture, most people cannot voluntarily opt for inclusion in a
population-based PSA screening program, and therefore the target
population of the present study will be minimally influenced by this
bias. This offers a unique opportunity to study the impact of PSA
screening in today's Japan.

The purpose of the present study was therefore to establish the
characteristics of disease status in newly diagnosed prostate cancer
patients when tested initially for PSA after diagnosis in the Shiga
Prefecture, where there are very few opportunities for population-

based organized screening (OS).

2 | MATERIALS AND METHODS

2.1 | Study population

This study is a multicenter observational study in 14 hospitals in
Shiga Prefecture in Japan. We surveyed patients who were diag-
nosed as having prostate cancer in 2012 and 2017. Only cases who
underwent pathological diagnosis with specimens obtained by
prostate biopsy due to elevation of serum PSA were included. We
excluded the patients incidentally diagnosed with Tla-b prostate
cancer on surgery for benign prostate hyperplasia.

Shiga Prefecture is located in the central area of Japan. The
population of 1,410,000 includes 699,965 men, which represents
approximately to 1.1% of the population of Japan in 2020. Of the
19 cities and towns in the Shiga Prefecture, a community-based PSA
screening program supported by the local government was only
available in one city, Kusatsu, where about 9% of the population of
Shiga Prefecture live. Community-based screening in Kusatsu city
had been conducted annually since 2004 for men over the age of 50
but ended in 2018.

2.2 | Data collection

Each attending physician extracted the patient's data from their medical
records. We surveyed age at diagnosis, the place of residence of the
patients, initial PSA levels, reasons for PSA measurement, Gleason score
of prostate biopsy specimens, clinical stage (TNM classification), and
selection of primary treatments. We classified the patients into five
Gleason Grade groups: Gleason score <6 (Gleason Grade Group 1);
Gleason score 3 +4 =7 (Gleason Grade Group 2); Gleason score 4 +3 =7
(Gleason Grade Group 3); Gleason score 8 (Gleason Grade Group 4);
Gleason score 9-10 (Gleason Grade Group 5).**

— 134 —



OKINAKA ET AL.

M—Wl L EY-The Prostate

We have classified the reasons for PSA measurement into six
groups as follows: (1) testing in general practice clinics, (2) as testing
in urologic clinics, (3) a repeat test due to elevated PSA earlier,
(4) community-based PSA screening, (5) investigation for metastatic
disease of unknown origin, and (6) others. In this study, we defined
patients participating in a community-based PSA screening program
as an OS group, and all other groups tested opportunistically as
the non-OS group. We could not identify any exact reasons
why general practitioners measured the PSA of some of the patients
because of incomplete information in their referral letters. As
mentioned above, a community-based PSA screening program
supported by the local government in 2012 and 2017 was available
only in Kusatsu city. This study was approved by the Ethics
Committee of Shiga University of Medical Science (permission
number: R2018-010) and by all the institutions involved with this
study. The requirement for informed consent was waived because of

the nature of the study.

2.3 | Statistical analysis

Statistical analyses were carried out with IBM SPSS for Windows
version 22.0 (IBM). We used Mann-Whitney U test and x? test to
analyze the differences between groups. p < 0.05 was considered

statistically significant.

3 | RESULTS

A total of 984 patients was diagnosed with prostate cancer in all
institutions surveyed, 431 in 2012 and 553 in 2017. The patients'
demographics are presented in Table 1. A significant difference
was observed in the distribution of Gleason Grade Group and T stage
between the years 2012 and 2017. Because no change was seen in
the implementation of community-based PSA screening in Shiga
prefecture between 2012 and 2017, we combined the 2 years and
analyzed them as a single group.

Table 2 shows the reasons for PSA measurement. Patients tested
in the general practice clinic constituted the largest population, being
388 (40%) of the 984 men, whereas, there were only 29 patients
whose PSA levels were measured as part of an organized screening
program (3%).

3.1 | Clinicopathological differences by reasons of
PSA measurement

Table 3 shows the clinicopathological differences of all patients
stratified by reasons for PSA measurement. Initial PSA values and
proportions of locally advanced stage cancer (=2T3), high risk (T1-4,
not N1 or M1, and Gleason score = 8 and/or PSA < 100 ng/ml) and
advanced cancer (N1 and/or M1 and/or PSA = 100 ng/ml)*? were
higher in the non-OS than in the OS group. There were no patients

with PSA 2 100 ng/ml, locally advanced cancer or metastatic cancer
in the OS group.

The median age of patients in the OS group tended to be lower
than in the non-OS group, but this was not statistically significant.
Regarding the examinee's age, the 2018 Japanese Urological
Association Guidelines on PSA Screening for Prostate Cancer
recommended screening patients over 50 years of age.’®> A US
Preventive Services Task Force Statement in 2018 recommended
that the decision to undergo periodic PSA-based screening for
prostate cancer should be an individual one for men aged 55-69
years, following full discussion of the potential benefits and harms of
screening with their clinician (C recommendation). For men 270 years
of age, PSA-based screening is a D recommendation.'* Therefore, we
performed an age-adjusted analysis for patients aged 50-69 years
comparing the OS with the non-OS group. Table 4 shows this age-
adjusted analysis whereby the OS group exhibited significantly lower
initial PSA levels and a smaller proportion of patients with the worst
disease characteristics (risk classification) than the non-OS group.

3.2 | Selection of primary treatments

We surveyed the selection of primary treatments in the OS and the
non-OS groups. In the former, 26 patients (97%) were treated with intent
to cure (radical prostatectomy or radiation therapy), whereas this was the
case for only 576 patients (59%) in the non-OS group (p < 0.001).
Of those patients between 50 and 69 years of age, 13 (100%) in the
OS group were treated curatively, but only 243 (59%) in the non-OS
group were (p = 0.025). Furthermore, no patients in the OS group were
treated by androgen deprivation therapy (ADT), whereas 315 patients
(83%) in the non-OS group were thus treated.

4 | DISCUSSION

In the United States, PSA-based screening spread rapidly in the late
1980s. In contrast, in Japan, the first population-based PSA screening
started in 1992 in one area of the Gunma Prefecture.>> According to a
survey by the Japanese Foundation for Prostate Research (JFPR), there-
after, increasing numbers of municipalities in Japan initiated PSA-based
mass screening systems supported by their local governments. (http://
www.jfpr.orjp) The JFPR has undertaken this type of survey every
3 years since 2000-2015. Although only 14.3% of municipalities in Japan
had an organized PSA mass-screening system in place in 2000, this had
risen to 83.0% in 2015. However, in Shiga Prefecture, only one city
(Kusatsu city, representing 6% of municipalities) with a population-based
PSA screening system was reported to the survey in 2015. Thereafter,
Kusatsu city ceased public PSA screening in 2018, thus, there is no longer
any municipality with a population-based PSA screening system in Shiga
Prefecture. As a result, the rate of prostate cancer detected by the PSA
screening in Shiga Prefecture is lower than in other Japanese local
government areas.’® Under these unique circumstances, it was felt to be

important to clarify the clinical characteristics of the prostate cancer
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TABLE 1 Patients' demographics p Value (2012

Total (n = 984) 2012 (n=431) 2017 (n=553) vs. 2017)
Median age 72 (44-92) 72 (52-90) 73 (44-92) 0.068
Median initial 11.27 (1.15-8684) 10.93 (3.29-7219) 11.4(1.15-8684)  0.569
PSA (ng/ml)

Initial PSA (ng/ml)

<4 12 (1%) 3 (1%) 9 (16%)

4-10 433 (44%) 199 (46%) 234 (42%)

10-20 216 (22%) 88 (20%) 128 (23%)

20-100 181 (18%) 83 (19%) 98 (18%)

2100 142 (15%) 58 (13%) 84 (15%) 0.382

Gleason Grade Group

1 185 (19%) 99 (23%) 86 (16%)

2 229 (23%) 98 (23%) 131 (24%)

3 182 (18%) 84 (19%) 98 (23%)

4 151 (15%) 72 (17%) 79 (14%)

5 237 (24%) 78 (18%) 159 (29%) <0.001
T stage

Tic 263 (27%) 144 (33%) 119 (21%)

T2a 218 (22%) 71 (16%) 147 (27%)

T2b 80 (8%) 36 (8%) 44 (8%)

T2c 159 (16%) 66 (15%) 93 (17%)

T3a 115 (12%) 49 (11%) 66 (12%)

T3b 85 (9%) 37 (9%) 48 (9%)

T4 56 (6%) 22 (5%) 34 (6%) <0.001
N stage

NO 860 (87%) 380 (88%) 480 (87%)

N1 119 (12%) 48 (11%) 71 (13%) 0.427
M stage

MO 846 (86%) 381 (88%) 465 (84%)

M1 130 (13%) 47 (11%) 83 (15%) 0.057

Abbreviation:PSA, prostate-specific antigen.

TABLE 2 Reasons for PSA measurement patients newly diagnosed in Shiga Prefecture. A self-selection bias is often
ReasoncharES e asreent n (%) a problematic when evaluating the effectiveness of screening programs,
. . as has been reported for prostate cancer screening.”'° Because most
General practice clinic 388 (40%)
patients cannot voluntarily choose a population-based PSA screening in
L o
Urologic clinic 275 (28%) Shiga Prefecture, we hypothesized that the control group was less sus-
A repeat test due to elevated PSA earlier 152 (16%) ceptible to the effects of self-selection bias. Here, we document that the
Investigation for metastatic disease of unknown origin 38 (4%) OS group had significantly lower initial PSA levels and a smaller propor-
. . . . tion of patients with the worst disease characteristics. The present study
Organized screening (community-based PSA screening) 29 (3%) . . . .
confirms the importance of organized formal screening programs. Large
Others 102 (10%) RCTs of PSA-based screening were started around 1990 in the United
Abbreviation: PSA, prostate-specific antigen. States and Europe. RCTs carried out in Europe reported a reduction of
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TABLE 3 Clinicopathological difference by reasons for PSA
measurement: Overall

Non-OS
OS group (n=29) group (n=954) p Value
Median age 70 (54-80) 72 (44-92) 0.134
Median initial 5.67 (3.79-27.3)  11.49 (1.15-8684) <0.001
PSA (ng/ml)

Initial PSA (ng/ml)

<4 1 (3%) 11 (1%)

4-10 22 (76%) 411 (43%)

10-20 5(17%) 211 (22%)

20-100 1 (3%) 180 (19%)

2100 0 (0%) 140 (15%) 0.003
Gleason Grade Group

1 8 (27%) 178 (19%)

2 9 (31%) 220 (23%)

& 6 (21%) 176 (18%)

4 3 (10%) 147 (15%)

5 3 (10%) 233 (24%) 0.305
T stage

<T3 29 (100%) 691 (72%)

2T3 0 (0%) 255 (27%) 0.001
N stage

NO 29 (100%) 831 (87%)

N1 0 (0%) 118 (12%) 0.043
M stage

MO 29 (100%) 817 (86%)

M1 0 (0%) 129 (14%) 0.032
Risk classification

Low risk 5 (17%) 67 (7%)

Intermediate 18 (62%) 379 (40%)

risk

High risk 6 (21%) 302 (32%)

Advanced 0 (0%) 197 (21%)

Unknown 0 (0%) 9 (1%) 0.005

Note: Low risk: T1, not N1 or M1, Gleason score < 6, and PSA < 10 ng/ml.
Intermediate risk: T1-2, not N1 or M1, and Gleason score < 7 and/or
PSA < 20 ng/ml. High risk: T1-4, not N1 or M1, and Gleason score = 8
and/or PSA < 100 ng/ml. Advanced: N1 and/or M1 and/or

PSA = 100 ng/ml.

Abbreviations: OS, organized screening; PSA, prostate-specific antigen.

the risk of death, and therefore, the Japanese Urological Association
currently continues to recommend population-based screening.” On the
other hand, in the United States, the prevalence of PSA screening
decreased after the USPSTF Statement, but since then the incidence of

TABLE 4 Clinicopathological difference by reasons for PSA
measurement: Age 50-69

Non-0S
OS group (n=13) group (n=338) p Value
Median age 65 (54-69) 66 (50-69) 0.438
Median initial 4.91 (4.32-10.85) 9.69 (3.295-3610)  <0.001
PSA (ng/ml)

Initial PSA (ng/ml)

<4 0 (0%) 3 (1%)

4-10 12 (91%) 189 (56%)

10-20 1(9%) 67 (20%)

20-100 0 (0%) 47 (14%)

2100 0 (0%) 32 (9%) 0.136
Gleason Grade Group

1 5 (38%) 83 (25%)

2 5 (38%) 84 (25%)

3 2 (15%) 70 (21%)

4 1 (9%) 43 (13%)

5 0 (0%) 58 (17%) 0.338
T stage

<T3 13 (100%) 269 (80%)

2T3 0 (0%) 67 (20%) 0.073
N stage

NO 13 (100%) 300 (89%)

N1 0 (0%) 37 (11%) 0.206
M stage

MO 13 (100%) 306 (91%)

M1 0 (0%) 31 (9%) 0.252
Risk classification

Low risk 5 (38%) 40 (12%)

Intermediate 7 (54%) 156 (46%)

risk

High risk 1 (8%) 92 (27%)

Advanced 0 (0%) 47 (14%)

Unknown 0 (0%) 3 (1%) 0.029

Note: Low risk: T1, not N1 or M1, Gleason score < 6, and PSA < 10 ng/ml.
Intermediate risk: T1-2, not N1 or M1, and Gleason score <7 and/or
PSA < 20 ng/ml. High risk: T1-4, not N1 or M1, and Gleason score = 8
and/or PSA < 100 ng/ml. Advanced: N1 and/or M1 and/or

PSA = 100 ng/ml.

Abbreviations: OS, organized screening; PSA, prostate-specific antigen.

advanced prostate cancer has increased.”” " In the United States, it is
estimated that burden of metastatic prostate cancer will increase
considerably by 2025, particularly among men aged <69 years.”® In Japan,
locally advanced and metastatic cancers decreased following the
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introduction of formally organized screening.?’ Based on these results,
the efficacy of PSA-based screening for prostate cancer is now being
recognized once again. However, there is a lack of data about the benefits
of PSA-based screening in Asian populations.’® Therefore, we believe
that our results are important for assessing the efficacy of screening in
such populations.

In their comparison of organized and opportunistic screening,
Godtman et al.*? reported that the former favorably impacted prostate
cancer mortality with an absolute reduction of 0.72% and a reduced

relative risk of 42%. Teishima et al.??

reported a study of patients de-
tected by the PSA screening compared with no screening in Hiroshima
area, Japan, and found that the percentage of patients with clinical stage
D in the screening group was 2.8% but 12.8% in the unscreened.
Moreover, in the screened group, 21% of patients had a Gleason
score 2 8, but in the unscreened group this was 35.0%. Tabei et al.'®
reported on the differences between patients screened by PSA or by
other means. The conclusion was that in the PSA screened group, 15.6%
of patients presented with clinical stage = T3 or N1% and 5.2% with M1,
whereas these values were 20.8% and 15.8%, respectively, in the
unscreened group.’® In the present study, the percentages of patients in
the OS group with a Gleason score = 8, disease 2 T3, N1 and M1 were
21%, 0%, 0%, and 0%, respectively. This is very similar to what has been
seen in PSA-screened patients in other studies. In contrast, in the non-OS
group, percentages of patients with a Gleason Score = 8, >T3 disease, N1
and M1 were 40%, 27%, 12%, and 14%, respectively, which is very similar
to unscreened group in other studies. In the present study, although the
OS group constituted only a small proportion of the total, there was a
clear significant difference in the distribution of the disease characteristics
between the two groups. The population of men aged 250 years num-
bered 21,550 in 2012 in Kusatsu city and the organized screening pro-
grams had been conducted annually for around ten years since 2004.
Thus, we believe that the staging and pathological characteristics truly
were more favorable in the OS group even though it was only a small
subset of this large number. Therefore, we concluded that PSA mea-
surement in organized screening programs is important for early-stage
detection. In those geographical areas without community-based
screening systems run by the local government, identification of pa-
tients with asymptomatic prostate cancer is important. Recommendations
for voluntary health check-ups including PSA testing should be promoted

to the general public. Okihara et al.>*

reported results from 5 years before
and for 5 years after screening was introduced in the Otokuni District,
Kyoto, Japan. In the second 5-year period, clinically localized prostate
cancer increased by 17%, but locally advanced and metastatic cancers
decreased by 12%. In the present study, we showed that there were
more metastatic cancers in the non-OS than in the OS group. We con-
sidered that as the result of continuing organized screening in Kusatsu
city, recognition of early stage cancer facilitating treatment with curative
intent was prevalent in the OS group.

We have presented data showing that a larger proportion of
the patients could be treated with curative intent in the OS group,
whereas more were treated by ADT in the non-OS group. These results

are similar even in the 50-69-year-old segment of the population.
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ADT is associated with diabetes, coronary heart disease, and sudden
cardiac death, and cardiovascular morbidity.24'25 Additionally, total and
low-density lipoprotein, fasting blood sugar and hemoglobin Alc are
increased.”® Furthermore, associations with Alzheimer's disease and
dementia®” or bone mineral density decreases have been reported.”®
Avoiding these long-term adverse events associated with ADT is
therefore very important, especially in younger patients. Organized
screening for younger men less than 70 years old should be especially
promoted.

This study has several limitations. First, we could not compare
groups for cancer-specific mortality as the primary endpoint because of
too-short a follow-up period. Second, we could not determine whether
the early-stage patients in the study were completely asymptomatic.
Third, we cannot comment on overdiagnosis and overtreatment,
because the policy for diagnosis and treatment is likely to be different
amongst the individual attending physicians. However, even given
these limitations, the present study provides an important information
resource on population-based PSA screening.

5 | CONCLUSIONS

PSA measurement by organized screening was superior to opportunistic
screening for early-stage detection and avoidance of ADT as a primary
treatment in the geographical area where newly diagnosed prostate
cancer patients predominantly received opportunistic screening. The
proportion of high-grade and advanced cancers in the group receiving
only opportunistic screening was higher than in the group taking part in
an organized screening program. This should encourage the government
to mandate organized screening as very important for improved cancer

control.
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