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Background The worldwide spread of coronavirus disease 2019 (COVID-19) is still not under control and vaccination in Japan started
in February 2021, albeit later than in Europe and the USA. The COVID-19 vaccination frequently leads to minor adverse
reactions, which may be more intense after the second dose. The number of case reports of myocarditis following
COVID-19 vaccination have been recently increased.

Case summary We report a case of a 26-year-old healthy man who presented to our hospital with chest pain on 24 May 2021, 4 days
after his second COVID-19 vaccination. The electrocardiogram showed ST elevation with upward concavity in |, Il, aVL,
aVF, V4 to V6, and small Q wave in II, lll, aVF. Laboratory studies revealed elevation of troponin |, creatine kinase, C-re-
active protein, and negative viral serologies. Acute aortic dissection and pulmonary thromboembolism were ruled out by
contrast-enhanced thoracoabdominal computed tomography. An urgent coronary angiogram was performed because an
acute coronary syndrome was suspected, but no significant stenosis was found. Cardiac magnetic resonance imaging dem-
onstrated oedema and late gadolinium enhancement of the left ventricle in a mid-myocardial and epicardial distribution.

Discussion Although the temporal association does not prove causation, the very short span between the second vaccination and
the onset of myocarditis suggests that this acute myocarditis seemed to be an adverse reaction to COVID-19 vaccine. To
the best of our knowledge, this is the first published case of acute myocarditis following COVID-19 vaccine in Asia.

ESC Curriculum 2.3 Cardiac magnetic resonance ® 9.9 Cardiological consultations

Learning points
® As coronavirus disease 2019 (COVID-19) vaccination has increased, reports of adverse reactions have also increased.
® We should be aware that acute myocarditis after administration of COVID-19 vaccine may also occur even in healthy young men without

immune abnormalities.
® Cardiac magnetic resonance imaging is useful in the diagnosis of acute myocarditis.

* Corresponding author. Tel: +81 748 22 3030, Fax: +81 748 23 3383, Email: masato@belle.shiga-med.ac.jp

Handling Editor: Tina Khan

Peer-reviewers: Matthew Williams; Mark Abela

Compliance Editor: Omar Abdelfattah

Supplementary Material Editor: Michael Waight

© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

— 145 —



M. Ohnishi et al.

Introduction

The worldwide spread of coronavirus disease 2019 (COVID-19) is
still not under control and vaccination in Japan started in February
2021, albeit later than in Europe and the USA. Adverse reactions to
vaccination are usually not very significant. However, with the second
dose of the COVID-19 vaccine, mild adverse reactions are often
more severe and more serious adverse reactions have been
reported.’ Very recently, several cases have been published of
myocarditis associated with severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) vaccines such as BNT162b2 (Pfizer-
BioNTech) and mRNA-1273 (Moderna).”® At time of writing, there
are no published case reports of COVID-19 vaccine-related myocar-
ditis in Asia.

Timeline

Time Event

30 April  First dose of coronavirus disease 2019 (COVID-19)
vaccine.

21May  Second dose of COVID-19 vaccine.

22 May  Fever, headache, appetite loss, general malaise, and shoul-
der stiffness, which was treated with acetaminophen.

23May  Onset of chest pain and persistent fever, headache, and ap-
petite loss.

24May  The patient visited outpatient clinic and was admitted to
the high care unit; elevated markers of myocardial dam-
age such as high-sensitivity troponin |, creatine kinase,
C-reactive protein, and diffuse ST-segment elevation on
electrocardiogram (ECG). An urgent coronary angio-
gram showed no significant stenosis. Anti-inflammatory
drugs were started and the patient’s symptoms
improved.

25-26 MayThe patient was haemodynamically stable and asymptomat-
ic. A subsequent ECG showed partial resolution of the
ST changes and a trend towards improvement.

27 May  The patient was discharged in order to perform cardiac
magnetic resonance imaging (MRI).

31May  The patient visited the outpatient clinic with mild general
fatigue. Cardiac MRI showed myocardial late gadolinium
enhancement with epicardial predominance in the
antero-septal, inferior and lateral walls of the basal seg-
ment and apex, which were consistent with acute
myocarditis.

3 June The patient recovered and returned to work.

14 June  Despite no deterioration in cardiac function, the patient
complained of appetite loss and fatigue on exertion, was
diagnosed as post-vaccination syndrome and was absent
from work for a month.

12July  The patient recovered to some extent and returned to
work.

29 July  The patient complained of general malaise and sleep dis-
turbance, was diagnosed as depressive state and is cur-

rently on leave.

Case presentation

We present the case of a 26-year-old male clinical engineer
working in our hospital who came to our hospital complaining of
acute substernal chest pain on 21 May 2021, 4 days after his se-
cond dose of BNT162b2 vaccine. The patient was an Asians of
Mongoloid descent and had no previous medical history. The pa-
tient gave informed consent for the write-up and publication of
this clinical case. The electrocardiogram (ECG) on arrival
showed small Q waves in Il, Ill, aVF, ST elevation with upward
concavity in |, I, aVL, aVF and V4-V6, and ST depression and
deep negative T wave in aVR (Figure 1A). Laboratory studies
revealed elevated markers of myocardial damage such as high-
sensitivity troponin | [5362.4 pg/mL, referential range (RR)
0-26.2 pg/mL], creatine kinase (332U/L, RR 59-248U/L),
C-reactive protein (7.57 mg/dL, RR 0-0.14 mg/dL), and a nega-
tive polymerase chain reaction test for COVID-19. The plasma
electrolytes such as sodium and potassium were within normal
limits. Viral studies including coxsackie group B viruses and echo-
viruses were all negative. Autoimmune studies such as antinu-
clear antibodies and thyroid hormones were within normal
limits. There were no significant findings on chest X-ray. On ad-
mission, transthoracic echocardiography revealed good left ven-
tricular function, no regional wall motion abnormalities, no
significant valvular disease, and no pericardial effusion
(Figure 2A), his left ventricular ejection fraction was 53%, within
normal limits, and further improved to 65% during his hospital-
ization. Acute aortic dissection and pulmonary thromboembol-
ism were ruled out by contrast-enhanced thoracoabdominal
computed tomography (CT). Thoracic CT showed no pericar-
dial effusion or ventricular wall thickening (Figure 2B). An urgent
coronary angiogram was performed because an acute coronary
syndrome was suspected, but no significant stenosis of the cor-
onary arteries was found except for an incidental finding of cor-
onary artery (left anterior descending artery) to pulmonary
artery fistula (Figure 2C and D). The patient was admitted to the
high care unit, although he remained haemodynamically stable
and asymptomatic. Subsequent ECGs showed partial resolution
of the ST changes and a trend towards improvement (Figure 1B).
No endocardial biopsy was performed because of the patient’s
low risk and good course. The patient was discharged after
4 days with resolution of symptoms and improvement in inflam-
matory response and myocardial injury markers (Table T1).
Cardiac magnetic resonance imaging (MRI) examination, which
was obtained on discharge 6 days after second dose of vaccin-
ation, showed maintained systolic function, increased myocardial
and pericardial signal intensity on short T1 inversion recovery
sequences and slight elevated signals of the myocardium on dy-
namic contrast-enhanced sequences, suggesting increased vascu-
lar flow. Fast imaging employing steady state acquisition
(FIESTA) sequences, which were performed 15min after
intravenous administration of gadolinium, demonstrated sub-
epicardial enhancement of the myocardium, which was consid-
ered consistent with acute myocarditis. T1-weighted (T1WI)
sequences also showed late subepicardial enhancement in the
anterior wall and interventricular septum near the apex
(Figure 3). These findings were considered consistent with acute
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Figure | (A) Electrocardiogram showing small Q waves in I, lll, aVF, ST elevation with upward concavity in |, Il, aVL, aVF and V4-Vé, and ST
depression and deep negative T-wave in aVR. (B) Serial changes in electrocardiogram showing negative and or flattened T waves in |, Il, aVL, aVF,

V4-V6.

myocarditis. The patient was initially treated with oral acet-
aminophen, antitussives and no steroids, with progressive reso-
lution of his symptoms. The patient has scheduled outpatient
cardiology follow-up. On the 4th day after discharge, the patient
presented to the outpatient clinic with only mild general malaise

and returned to work 3 days later. However, despite no deteri-
oration in cardiac function, the patient complained of appetite
loss and fatigue on exertion, was diagnosed as post-vaccination
syndrome and was absent from work for a month. The patient
recovered to some extent and returned to work, but 2 weeks
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Figure 2 Echocardiogram and thoracic computed tomography showed no pericardial effusion or ventricular wall thickening (A and B). Coronary
angiography demonstrated no significant stenosis of the coronary arteries except for a coronary artery (left anterior descending) to pulmonary artery
fistula (arrow) (Cand D).

Table I Markers of myocardial injury and inflammatory response have improved within 1 week

Day 1 Day 2 Day 3 Day 4 Day 8
CRP (mg/dL) (0-0.14) 757 4.24 157 0.70 0.13
Hs-Tn-l (pg/mL) (0-26.2) 5362.4 4426.0 2768.1
WABC (/pL) (3300-8600) 8560 5440 4460 4320 5600
Eosinophil (/pL) (2—4%) 30 (0.4%) 140 (2.6%) 170 (3.8%) 200 (4.6%) 190 (3.4%)
CK (U/L) (59-248) 332 315 96 55 39
AST (U/L) (13-30) 44 48 29 27 25
ALT (U/L) (10-42) 38 33 30 37 47
LD (U/L) (124-222) 226 219 226 200 191
BNP (pg/mL) (0-18.4) 20.2

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; CK, creatine kinase; CRP, C-reactive protein; Hs-Tn-I, high-sensitivity troponin-
I; LD, lactate dehydrogenase; WBC, white blood cell.
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C

Figure 3 Cardiac magnetic resonance images. Short T1 inversion recovery axis image acquired along the basal short-axis view demonstrates
increased subepicardial and mesocardial signal intensity of the antero-septal myocardial segments (A). Dynamic contrast-enhanced sequence demon-
strates slight elevated signals of the antero-septal myocardial segments (B). Fast imaging employing steady state acquisition sequences acquired along
the basal short-axis view (C) and four-chamber view (D) demonstrate myocardial late gadolinium enhancement with epicardial predominance in the

antero-septal, inferior and lateral walls of the basal segment and apex.

later, he complained of general malaise and sleep disturbance,
was diagnosed with situational depression and is currently on
leave to see a psychotherapist.

Discussion

In the present case, a healthy young adult male developed acute
myocarditis after COVID-19 vaccination. The diagnosis of

myocarditis was confirmed by cardiac MRI with late gadolinium
enhancement sequence, although no endocardial biopsy was
performed. Non-invasive imaging modalities such as MRI, CT,
and echocardiogram are useful for diagnosis and are of benefit to
patients. In addition, FIESTA with the superior temporal reso-
lution is thought to provide better depiction of late enhance-
ment effect in the myocardium than conventional T1WI. The
temporal association between vaccination and the onset of
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symptoms, and the exclusion of other acute cardiac diseases,
suggested that this acute myocarditis seemed to be an adverse
reaction to the BNT162b2 vaccine. Although the temporal asso-
ciation does not prove causation, the very short span between
the second vaccination and the onset of myocarditis suggests a
possible relationship. Since April 2021, the number of cases of
cardiac inflammation (myocarditis and pericarditis) after mRNA
COVID-19 vaccination (Pfizer-BioNTech and Moderna) have
been increasing in the USA.* The Centers for Disease Control
and Prevention (CDC) has announced that more than 1000
cases of myocarditis/pericarditis after mRNA vaccination have
been reported to the Vaccine Adverse Event Reporting System
(VAERS) on 25 June 2021. Myocarditis/pericarditis develops with
sudden chest pain 1-5days after vaccination, is more often in
males under 30years of age, and is more often after the second
vaccination, so this case shows a typical pattern of onset.
Although the onset of the disease may be mediated by the im-
mune system, it is currently unclear what immune response to
the mRNA vaccine leads to the development of myocarditis/
pericarditis. A possible pathogenic mechanism is direct spike
mediated toxicity. Myocarditis/pericarditis has also been
reported as a complication of SARS-CoV-2 infection and may in-
volve an immune response to spike proteins, but unfortunately,
we did not perform quantitative SARS-CoV-2 antibody assays in
this case. Another hypothesis is a delayed hypersensitivity reac-
tion and eosinophilic myocarditis that develops directly after
vaccination.” As shown in Table 1, the changes in eosinophils in
peripheral blood showed a low level of 0.4% (30 cells/uL) on Day
1, the day of admission, followed by a gradual increase and a mild
increase to 4.6% (200 cells/pL) on Day 4. We speculate that an
eosinophilic infiltration of the myocardial tissue may have
occurred immediately after the second vaccination, but this can-
not be proven as we have not performed a myocardial biopsy.

In Japan, priority vaccination of healthcare providers first
started in February 2021, and vaccination at our hospital started
in May. In June, vaccination of elderly people aged 75 years and
over started on a priority basis, but vaccination of the general
young population, especially those in their 20s, is still largely un-
available. Therefore, as vaccination spreads to the younger gen-
eration, there is a concern that cases of myocarditis and
pericarditis may increase. The Ministry of Health, Labour and
Welfare announced 12 cases of Myocarditis/pericarditis as of 2
July, and the Japanese Circulation Society issued a statement on
‘Acute myocarditis and acute pericarditis after vaccination with
novel coronaviruses’ on 21 July. We healthcare providers have
to pay attention to this issue as vaccination in Japan will progress
from the elderly to the younger generation. However, it appears
that there is a significantly higher risk of cardiac involvement
from COVID-19 infection compared to COVID-19 vaccination.®
We therefore believe that COVID-19 vaccination plays an im-
portant role in herd immunity and overall provide more benefit
than harm.

The patient was a medical professional and was well aware
that myocarditis can be fatal in severe cases, which may have
been traumatic and led to depressive state. It is a priority to

provide psychological support for the post-traumatic stress
disorder-like depression which can occur as an adverse
complication of the vaccine.

In conclusion, to the best of our knowledge, this is the first
published case of acute myocarditis as an adverse reaction to
SARS-CoV-2 vaccine in Asia.
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Abstract. Prostate cancer is the most common genitourinary
cancer in men. Population-based serum prostate-specific
antigen (PSA) testing is used to screen men for the early
detection of asymptomatic prostate cancer. The present
study compared the features of patients with prostate cancer
in Kusatsu City, the only municipality in Shiga Prefecture
of Japan to implement organized PSA screening, with those
in other municipalities. The target population for organized
PSA screening by mail invitation was men =50 years. Patients
were pathologically diagnosed via prostate biopsy because
of elevated serum PSA. This multicenter observational study
was subsequently conducted in 14 hospitals. The following
information was extracted from patient records: age, reason
for PSA testing, initial PSA level, Gleason score, clinical
stage, and place of residence. Risk classification was defined
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as low, intermediate, high, and advanced. Each patient was
stratified according to their city/town. A total of 984 patients
diagnosed with prostate cancer in Shiga in 2012 and 2017 were
analyzed, of which 955 (97%) were opportunistically tested,
with the remaining 29 (3%) assessed by organized screening.
In Kusatsu, 93 patients were diagnosed, of whom 26 (28%)
were detected by organized screening. By contrast, only three
of 891 patients (0.3%) were detected by organized screening
in other municipalities. Of patients in Kusatsu, cases identi-
fied by opportunistic testing had a higher initial PSA value
(P=0.010) than those identified by organized screening.
However, patients detected through opportunistic testing
in Kusatsu City were younger (P=0.034), had a lower PSA
value (P=0.001), and improved risk classification (P<0.001)
than those in other municipalities. It was concluded that more
patients were diagnosed with early-stage cancer by organized
PSA screening. Furthermore, population-based PSA screening
in Kusatsu City may have indirectly affected early detection,
even by opportunistic testing.

Introduction

Prostate cancer is the most common genitourinary cancer in
men. In 2020, 1,414,259 new cases and 375,304 deaths were
estimated worldwide (1). Similarly, the incidence of prostate
cancer is also the highest of male cancers in Japan, with the
projected number of patients in 2021 being 95,400 (2). Serum
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prostate-specific antigen (PSA) testing is the most important
clinical test for the early detection of prostate cancer. Due to
its simplicity, PSA testing is used to screen men for prostate
cancer risk, with numerous industrialized countries having
developed organized population-based PSA screening
models. The European Randomized Study of Screening for
Prostate Cancer (ERSPC) and the Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial (PLCO) were large
randomized controlled trials of PSA-based screening that
were announced simultaneously in 2009 (3,4). Nine years
of follow-up led to the mortality rate ratio in the screening
group being reduced by 20% in the ERSPC trial. However, a
difference in mortality rate ratios was not observed between
screened or unscreened groups after 11.5 years of follow-up
in the PLCO trial. Currently, population-screening for pros-
tate cancer remains one of the controversial issues in this
field (5).

In Japan, organized population-based PSA screening has
been carried out since the early 1990s (6). However, by 2000,
only 14.3% of municipalities in Japan ran screening programs.
Nevertheless, by 2015, according to a Japanese Foundation
for Prostate Research (JFPR) survey, population-based PSA
screening systems could be found in 83.0% of municipali-
ties (7). Currently, a population-based PSA screening system
is present in over half of all cities and towns in all prefectures
of Japan, except for Shiga Prefecture. According to the JFPR
survey, in 2015, the implementation rate for organized PSA
mass-screening in Shiga Prefecture was lowest (6.7% of
municipalities). Moreover, the last city, Kusatsu, terminated
population-based screening in 2017. Therefore, since 2018,
no local governments in Shiga Prefecture have offered PSA
screening, a situation that is quite exceptional in Japan.

Features of newly-diagnosed patients with prostate cancer
in Shiga Prefecture were previously reported. A total of 97%
of the patients were discovered through opportunistic PSA
testing and showed worse clinical features than those patients
diagnosed via an organized population-based screening (8).
In the present study, a subanalysis was conducted to compare
the characteristics of patients diagnosed with prostate cancer
in 2012 and 2017 in Kusatsu City (Japan), the only munici-
pality in Shiga Prefecture that implemented an organized
population-based PSA screening, with those of patients in
other municipalities in the prefecture.

Materials and methods

Patients. As a multicenter observational study, this investiga-
tion was conducted in 14 hospitals in Shiga Prefecture, Japan,
as previously reported (8). Briefly, in 2012 and 2017, patients
diagnosed with prostate cancer were surveyed. Cases were
only included if they were pathologically diagnosed via pros-
tate biopsy due to elevated serum PSA. Patients were excluded
if they were incidentally diagnosed with T1la-b prostate cancer
when operated on for benign prostate hyperplasia.

Data acquisition. Clinicopathological data of patients were
extracted from their medical records by attending physicians in
each hospital. In this survey, such data were collected, including
patient's age, reasons for PSA measurement, initial PSA
levels, Gleason score of prostate biopsy specimens, primary

treatments selected, clinical stage (TNM classification 2009),
and their place of residence. The reasons for PSA measure-
ment were classified into six groups as follows: i) testing in
general practice clinics, ii) testing in urologic clinics, iii) a
repeat test due to elevated PSA earlier, iv) community-based
PSA screening, v) investigation for metastatic disease of
unknown origin, and vi) others. Risk classification was
defined according to Arnsrud Godtman et al (9) as follows:
Low risk=T1, not N1 or M1, with a Gleason score <6, and
PSA <10 ng/ml. Intermediate risk=T1-2, not N1 or M1, with a
Gleason score <7 and/or PSA <20 ng/ml. High risk=T1-4, not
N1 or M1, with a Gleason score =8 and/or PSA <100 ng/ml.
Advanced=N1 and/or M1 and/or PSA =100 ng/ml.

Approval (approval no. R2018-010) for the present study
was granted by the Ethics Committee of Shiga University of
Medical Science (Otsu, Japan) and by the ethics committee at
each study center. The study was undertaken according to the
provisions of the Declaration of Helsinki. Informed consent
was obtained in the form of opt-out, and those who rejected
were excluded.

Organized population-based PSA screening in Kusatsu
City, Shiga. Kusatsu City initiated an annual prostate cancer
screening program using serum PSA tests in 2004. The target
population was limited to men =50 years old. Recommendations
for prostate cancer screening were made to eligible persons by
mail. The study participants visited family physicians or nearby
hospitals with a recommendation letter and underwent a serum
PSA test. The PSA cutoff value in this screening was set at
4.0 ng/ml. Kusatsu City collected final reports from hospitals
where further prostate examinations were performed. This
cancer screening program ceased in 2018 according to Kusatsu
City policy. Data from this PSA screening program in Kusatsu
City from 2004 to 2017 was kindly provided by the Division
of Health Promotion, the Department of Health and Welfare,
Kusatsu City, Japan.

Statistical analysis. We compared the clinical data of patients in
Kusatsu City to those of other municipalities in Shiga Prefecture.
IBM SPSS for Windows version 22.0 (IBM Corp.) was used to
carry out statistical analyses. Differences between groups were
analyzed using a Mann-Whitney U test and Fisher's exact test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Demographics of patients. Within the institutions surveyed,
984 patients in total were diagnosed with prostate cancer
made up of 431 in 2012 and 553 in 2017. According to the
cancer registries of Shiga Prefecture, the number of cases of
newly diagnosed prostate cancer were 616 and 896 in 2012
and 2017, respectively (10). Thus, the present study covered
more than 60% of the total patient population. Since the
community-based PSA screening program in Shiga Prefecture
was similar between 2012 and 2017, data from the two years
were combined and analyzed as a single group. The study
population was divided into two groups according to the
place of residence: Kusatsu City and other municipalities.
Demographics of patients are shown in Table 1.
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Table I. Demographics of patients.

Total Kusatsu city Other municipalities P-value
Number of patients 984 93 891
Median age, years 72 (44-92) 70 (50-88) 73 (44-92) 0.015
Median initial PSA (ng/ml) 11.27 (1.15-8684) 7.70 (3.488-8684) 11.80 (1.15-8138) <0.001
Gleason score
<8 596 (61%) 70 (75%) 526 (59%) 0.002
=8 388 (39%) 23 (25%) 365 (41%)
T stage
Tlc 263 (27%) 26 (28%) 237 (27%) <0.001
T2 457 (46%) 56 (60%) 401 (45%)
T3 200 (21%) 9 (10%) 191 (21%)
T4 56 (6%) 0 56 (6%)
Unknown 8 (1%) 2 (2%) 6 (1%)
N stage
NO 860 (87%) 87 (94%) 773 (87%) 0.047
NI 119 (12%) 5 (5%) 114 (13%)
Unknown 5 (1%) 1 (1%) 4 (1%)
M stage
MO 846 (86%) 88 (95%) 758 (85%) 0.011
Ml 130 (13%) 4 (4%) 126 (14%)
Unknown 8 (1%) 1 (1%) 7 (1%)

PSA, prostate-specific antigen.

The median age of patients in Kusatsu City was signifi-
cantly younger than in other municipalities (70 vs. 73 years,
P=0.015). The median initial PSA values of patients in Kusatsu
City were also significantly lower than those of other munici-
palities (7.70 vs. 11.80 ng/ml, P<0.001). Worse prognostic
factors, including a high Gleason Score (P=0.002), higher
T-stage (P<0.001), higher rates of nodal (P=0.047) and distant
metastasis (P=0.011), were found in other municipalities.

Differences in reasons for PSA measurements. The reasons for
PSA measurements in each group are summarized in Table II.
InKusatsu City, 93 patients were diagnosed with prostate cancer
in two sample years. A total of 26 men (28.0%) were diagnosed
through community-based PSA screening. In comparison, in
the other municipalities, only three of 891 patients (0.3%) were
diagnosed via organized PSA screening (P=0.011). In other
municipalities, the most common reason for PSA measure-
ment was examination by general practitioners (42%). The
specific reasons for why general physicians measured PSA
in some patients could not be precisely identified because the
referral forms showed incomplete information.

Clinicopathological differences between organized
community-based PSA screening and opportunistic PSA
measurement in patients of Kusatsu City. Of the patients
in Kusatsu City, cases screened by opportunistic PSA test
presented with a significantly higher median initial PSA value
(P=0.01) and than values for those who underwent organized
screening (Table III). In addition, a trend was noted toward

more patients with higher T stage, nodal and distant metastases
in the opportunistic screening group, although no statistically
significant differences were evident.

Clinicopathological features in patients diagnosed through
opportunistic PSA measurement. The characteristics of
patients diagnosed opportunistically, excluding through
organized PSA screening programs, were compared between
Kusatsu and other municipalities in Table IV. Patients in
Kusatsu were diagnosed at a younger age than in other munici-
palities (P=0.034). A lower median PSA value was revealed
in the Kusatsu group compared with other municipalities
(P=0.001). The proportion of worse risk classification (high
to advanced risk) in the other municipality group was more
prominent than in Kusatsu City (P<0.001; Fig. 1).

Discussion

Screening for PSA is helpful for the early detection of asymp-
tomatic prostate cancer, although controversy still exists as to
whether this reduces the rate of prostate cancer mortality. In
the U.S.,the PLCO Cancer Screening Trial has been performed
since the 1990s (4). The PLCO Trial randomly assigned 76,693
men to undergo either annual screening (annual PSA testing
for six years) or the usual care as control. After follow-up for
7 to 10 years, the death rate from prostate cancer was very
low and showed no significant difference between the two
study groups. Extended follow-up over a median of 15 years
also indicated no difference in reduction in prostate cancer
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Table II. Reasons for PSA measurements.

Reasons for PSA measurements Kusatsu City (%) Other municipalities (%) P-value
Overall 93 (100) 891 (100)

Organized screening (Community-based PSA screening) 26 (28) 3(0.3) 0.011
General practice clinic 13 (14) 375 (42)

Urologic clinic 24 (26) 251 (28)

Repetitive measurement due to previous elevated PSA 15 (16) 137 (15)

Investigation for metastatic disease of unknown origin 2(2) 36 (4)

Others 13 (14) 89 (10)

PSA, prostate-specific antigen.

Table III. Clinicopathological differences by reasons for PSA measurement: Kusatsu City.

Organized screening Opportunistic measurement P-value
Overall 26 67
Median age 70 (61-80) 70 (50-88) 0.748
Median initial PSA (ng/ml) 5.16 (3.791-27.3) 9.1 (3.488-8684) 0.010
Initial PSA (ng/ml)
<4 1 (4%) 1 (1%) 0.607
4-10 19 (73%) 41 (61%)
10-20 5 (19%) 16 (26%)
20-100 1 (4%) 5 (7T%)
>100 0 4 (6%)
Gleason score
<8 20 (77%) 50 (75%) 1
>8 6 (23%) 17 (25%)
T stage
<T3 26 (100%) 56 (86%) 0.056
>T3 0 9 (14%)
N stage
NO 26 (100%) 61 (93%) 0.317
N1 0 5 (7%)
M stage
MO 26 (100%) 62 (94%) 0.574
Ml 0 4 (6%)
Risk classification
Low risk 3 (12%) 8 (12%) 0479
Intermediate risk 17 (65%) 36 (54%)
High risk 6 (23%) 14 (21%)
Advanced 0 7 (10%)
Unknown 0 2 (3%)

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/ PSA,
prostate-specific antigen.

mortality between intervention and control arms (11). Due  prostate cancer in 2012. In contrast to the PLCO Trial, a statisti-
to these results, the U.S. Preventive Services Task Force cally significant reduction (20%) was noted for prostate cancer
(USPSTF) recommended against PSA-based screening for  mortality in the ERSPC study (3). After a 16-year follow-up,
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Table I'V. Clinicopathological features in patients diagnosed by an opportunistic PSA measurement.

Kusatsu City Other municipalities P-value
Overall 67 888
Median age 70 (50-88) 73 (44-92) 0.034
Median initial PSA (ng/ml) 9.1 (3.488-8684) 11.8 (1.15-8138) 0.001
Initial PSA (ng/ml)
<4 1 (1%) 10 (11%) 0.003
4-10 41 (61%) 370 (42%)
10-20 16 (26%) 195 (22%)
20-100 5 (7%) 175 (20%)
=100 4 (6%) 138 (15%)
Gleason score
<8 50 (75%) 523 (59%) 0.014
=8 17 (25%) 365 (41%)
T stage
<T3 56 (86%) 635 (72%) 0.013
=T3 9 (14%) 247 (28%)
N stage
NO 61 (93%) 770 (87%) 0.250
N1 5 (7%) 114 (13%)
M stage
MO 62 (94%) 755 (86%) 0.064
M1 4 (6%) 126 (14%)
Risk classification
Low risk 8 (12%) 59 (7%) <0.001
Intermediate risk 36 (54%) 345 (39%)
High risk 14 (21%) 288 (32%)
Advanced 7 (10%) 193 (22%)
Unknown 2 (3%) 3(0.3%)
PSA, prostate-specific antigen.
Kusatsu city: Kusatsu city: Other municipalities:
Organized screening Opportunistic testing Opportunistic testing
0% 0% 3% 0% )
" Low risk
‘? Intermediate risk
* High risk
65% 54% = Advanced
= Unknown
(n=26) (n=67) (n=888)

Figure 1. Proportion of the patients stratified by risk classification.

a significant reduction in cancer mortality continued, and the  flawed with a high contamination rate in the control arm (13).
number of men required to be screened to prevent one prostate  After a detailed review of various reports, USPSTF revised
cancer death was reduced compared with that of previous the recommendation that undergoing periodic PSA-based
reports from ERSPC (12). However, the PLCO Trial was  screening for prostate cancer is left to individual men aged
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from 55 to 69 years (14). With the spread of PSA testing in
clinical use, population-based PSA screening has expanded
in Japan as well as the U.S. and Europe (6). In 2015, 1,189
of 1,432 (83.0%) municipalities in Japan had systems in place
for population-based PSA screening according to a report by
the JFPR (7). Despite this high implementation rate in Japan,
only one city in Shiga Prefecture, Kusatsu City, undertook
population-based PSA screening during our survey years.

In our study, patients in Kusatsu City who were detected
not only by an organized population-based screening but also
through opportunistic PSA testing showed a lower risk of
prostate cancer than those in other municipalities. An exact
explanation for this interesting result is not obvious but a
possible reason may be related to the exposure rate of PSA
screening. Organized mass screening using a serum PSA test
by Kusatsu City was undertaken for 14 years (2004-2017). A
summary of the data from PSA mass screenings in Kusatsu
City are presented in Table V. A total of ~20,000 men, 50 years
or older, were invited to the mass screening program each year,
with uptake rates of 8.4-13.8%. Okihara et al (15) reported on
the findings and quality control of prostate cancer screening
performed serially for a decade in the Otokuni area, Kyoto,
Japan. In the Otokuni program, candidates were part of a male
population, 55 years or older, and the program involved ~22,000
men per year. In Otokuni, 39,213 men attended primary PSA
screening over 10 years; thus, the mean yearly number of men
screened was ~3,900. It was hypothesized by the authors that
the exposure rate for PSA screening in the Otokuni area was
65%. The number of candidates for organized PSA screening
in the Otokuni area was similar to that of Kusatsu City, but
the rate of men attending PSA screening was two to three-fold
that of Kusatsu City. Although we cannot calculate precisely
the exposure rate for PSA screening in the men of Kusatsu
City, it was assumed to be ~30%, which apparently seemed
higher than that of other municipalities in Shiga Prefecture.
Therefore, it was hypothesized that the higher exposure rates
were caused by stage migration in newly diagnosed patients in
Kusatsu City, even though this was opportunistic PSA testing,
which is less effective compared with organized screening.

Further speculation relates to the awareness about pros-
tate cancer screening using PSA measurements in general
physicians as well as residents in Kusatsu City. Invitation
letters were sent to individuals who were eligible for PSA
screening. Therefore, this information may influence not
only the response rate of PSA screening, but also awareness
about prostate cancer and PSA testing in men in Kusatsu City.
Furthermore, general physicians in Kusatsu may also tend to
perform opportunistic PSA testing more frequently than in
other municipalities in Shiga Prefecture. However, it is too
difficult to prove this hypothesis in the present study.

The exact reason for the termination of the organized
screening program for detecting prostate cancer by the Kusatsu
City government is unknown. In Japan, prostate cancer is not
included in cancer screening as a national program under the
Health Promotion Act. The national committee in the Ministry
of Health, Labor and Welfare do not recommend PSA-based
screening for prostate cancer due to insufficient evidence of a
reduction in mortality (16). According to a questionnaire by
the JFPR, most cities and towns in Shiga Prefecture responded
that they did not provide cancer screening because there is no

Table V. The results of PSA mass screenings organized by Kusatsu City (2004-2017).

|
—
a1
NS
|

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

2004

23214 23,685

19,796 20,072 20448 20,722 21,060 21460 21,852 22,193 22,671

19,454
2,633

19,133

18,756
1,593

Male population of aged 50-years or older (A)
Number of men screened for PSA (B)

PSA screening rates (B/A, %)

2411 2371 2308 2422 2366 2428 2,001 1,977 2,001
8.5
113

2,434

2,734

2,514

84
73

13.1 13.5 13.8 12.1 11.8 114 11.0 11.3 10.8 109 8.8

8.5
198

215 236 222 201 217 176 164 160 174 132

207

Number of people with elevated

PSA levels, 4.0 ng/ml or higher (C)
Positive PSA test rates (C/B, %)
Number of people who visited

3.6
45

5.7
82

6.6
93

7.2

6.8

6.8

7.6
105

92

8.3
94

8.2 8.6 9.1
78

58

82

124

118

99

99

113

91

76

84

clinics for further examination (D)

36.7 27.0 33.1 41.0 46.8 52.1 59.7 60.4 619 67.8 70.5 72.6 61.6

424

Visiting rates for further examination (D/C, %)

Number of patients who were

14

17

20

14

13

21

10

17

21

13

12

27

33

diagnosed with prostate cancer (E)
Cancer detection rates (E/B, %)

1.07 0.46 048 0.86 0.71 042 091 0.54 0.59 0.82 0.85 0.71 0.20

207

PSA, prostate-specific antigen.




MOLECULAR AND CLINICAL ONCOLOGY 18: 3, 2023 7

legal basis for it (7). The present study showed not only the
direct effects of cancer screening but also the indirect effects.
In areas where cancer screening programs were continuously
implemented, even patients who underwent opportunistic
PSA testing were detected at an earlier stage than those in
areas where cancer screening was not conducted. On basis of
these results, the resumption of PSA screening in Kusatsu is
appealing. Furthermore, it is considered that it is important
to disseminate these data to other municipalities in Shiga
Prefecture so that they consider initiating PSA screening to
diagnose cancer in its early stages.

There are several limitations to the present study. First,
these results only apply to a limited area in Japan and may
not be applicable to other areas. Second, the present study
could not prove the effectiveness of PSA mass screening with
respect to cancer-specific mortality. Since the USPSTF recom-
mended against PSA-based prostate cancer screening for all
men in 2012, there has been a significant increase in the rate
of metastatic disease at diagnosis in U.S. (17). After 20 years
of a steady decline, prostate cancer mortality in the U.S. has
also ticked upwards in the last few years (18). Based on the
current situation in the U.S., it is possible that discontinuation
of PSA screening in Kusatsu City may lead to a worsening
of the mortality rate in prostate cancer. It is planned by the
authors to conduct a new study on survival outcomes. Third,
comments cannot be made on the prevalence of overdiag-
nosing by PSA testing since individual attending physicians
likely have differing policies on diagnosis and treatment.
Current progress in the development of multi-parametric
magnetic resonance imaging (MRI) has played a major role
in the diagnosis of prostate cancer. The PRECISION study
showed that a multi-parametric MRI-based pathway increased
the detection rate of clinically significant prostate cancer
from 26 to 38% and decreased the detection rate of clinically
insignificant cancer from 22 to 9%, compared with 12-core
transrectal ultrasound-guided biopsy (19). In the near future,
prostate-specific membrane antigen imaging may add value
to the detection of clinically significant localized prostate
cancer (20). Such diagnostic efforts should reduce overdiag-
nosis. However, in spite of such limitations, the present study
yielded important information on the indirect influence of
population-based PSA screening.

In conclusion, organized PSA screening leads to an increase
in the number of men diagnosed with early-stage prostate
cancer. Furthermore, population-based mass screening may
indirectly affect early detection, even by opportunistic PSA
testing in the community. Although the results of the present
study were derived only from a small area, similar trends
will likely be observed in more communities with continuous
organized PSA screening.
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