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ABSTRACT

Background: Some randomized controlled trials have evaluated the effects of low-dose
computed tomography (CT) screening on lung cancer mortality in heavy smokers. Based
on the results of those trials, our CT screening program recommended screening for people
aged >40 years with a history of smoking. This retrospective study aimed to verify the
validity of our CT screening program and elucidate the current state of CT screening
program.
Methods: We retrospectively examined lung cancer detection in 25,189 participants who
underwent chest CT screening by a mobile low-dose CT screening unit in the 10-year
period from April 2009 to March 2019. Participants were recruited at Japan Agricultural
Cooperatives (JA) Shimane Kouseiren. Participants requested CT screening for lung cancer.
CT images were read by two pulmonologists.
Results: Lung cancer was identified in 82 of the 25,189 participants over 10 years, an overall
lung cancer detection rate (percentage of lung cancers detected among all participants) of
0.33%. Lung cancer among never smokers accounted for 54.9% of the detected cases. The
lung cancer detection rate was similar for smokers versus never smokers. The stage IA
detection rate (percentage of stage IA lung cancers among all lung cancers detected) was
62%, while the stage IV detection rate was 10%.
Conclusions: Chest CT detected lung cancer in never smokers as well as current or former
smokers. Our CT screening program was not effective for never smokers; thus, further
study of the effectiveness of CT screening in never smokers is needed.

© 2021 The Authors Published by Elsevier B.V. on behalf of The Japanese Respiratory So-
ciety. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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1. Introduction

Lung cancer is the leading cause of cancer death in Japan.
Reducing lung cancer mortality is one of Japan's top public
health and medical care priorities. Efforts to de cancer at an
early stage are expected to contribute to reducing its mortal-
ity. Cancer screening in Japan includes organized and oppor-
tunistic screening. Early lung cancer detection efforts using
chest X-rays have been promoted as organized screening
[1-3], but their effectiveness has been limited. Therefore,
there is a perceived need for screening that detects lung
cancer sooner.

Lung cancer screening using computed tomography (CT)
was first attempted in Japan in 1993. Kaneko et al. [4] and Sone
et al. [5] reported in the 1990s that low-dose CT screening has
excellent ability to detect early lung cancer. In Japan, multiple
randomized controlled trials (RCTs) [6—8] evaluated the
effectiveness of CT screening. The National Lung Screening
Trial (NLST) [6], the largest lung cancer trial conducted to date
in the United States, showed that CT screening reduces lung
cancer mortality. NLST targeted approximately 53,000 people
aged 55—74 years with a history of heavy smoking (>30 pack-
years). Lung cancer mortality was reduced by 20% and all-
cause mortality was reduced by 7% in the group who under-
went low-dose chest CT for lung cancer screening; both re-
ductions were statistically significant. Based on this result,
lung cancer screening using low-dose CT has been included in
public screenings in the United States since 2015.

The results of a Dutch-Belgian lung cancer screening trial
(Nederlands—Leuvens Longkanker Screenings Onderzoek
[NELSON]) were reported in 2020 [9]. This population-based
RCT with 15,822 participants targeted people with a smoking
history of >15 cigarettes/day for >25 years or >10 cigarettes/
day for >30 years. Lung cancer mortality was reduced by 24%
in the group that underwent low-dose CT examinations
versus the group that did not undergo CT examinations. Two
large RCTs showing the effectiveness of low-dose CT lung
cancer screening have been published to date; however, few
have examined the effectiveness of CT screening in never
smokers [10,11]. Lung cancer mortality rates among never
smokers are very low among Westerners, but lung cancer
mortality rates are known to be high among Asian never
smokers, including those in Japan [12]. Thus, in Japan and the
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rest of Asia, it will be necessary to verify the effectiveness of
CT screening in never smokers in the future.

In Japan, results from the NLST and NELSON were posi-
tively accepted, but CT examinations are still performed
opportunistically because they are recommended for middle-
aged and elderly people with a history of heavy smoking. Our
department formed a CT screening group (Japan Agricultural
Cooperatives [JA] Shimane Kouseiren Lung CT with JA Shi-
mane Kouseiren [known collectively as JASKLCT]). Since 2009,
we have conducted opportunistic chest CT screenings using a
mobile low-dose CT screening unit for the early detection of
lung cancer. Here we report the results of 10 years of CT
screenings.

2. Patients and methods
2.1. Participant recruitment

JA Shimane Kouseiren has a screening division that conducts a
wide range of screening services. This screening division sends
information about CT screenings to JA Shimane Kouseiren
members in each municipality in Shimane Prefecture and
recommends CT screening. In addition, it is possible to add CT
screening as an option to occupational medicine examinations
conducted by JA Shimane Kouseiren. JA Shimane Kouseiren
also provides information on CT screenings to users of facilities
it co-sponsors. Those who wish to undergo a CT screening can
apply to JA Shimane Kouseiren and schedule the examination
ata mobile low-dose CT screening unit at a designated date and
time. No indications were required for those who wished to
undergo the screening. After the announcement of the NLST
results in 2011, our CT screening program recommended
screening for individuals aged 40 years old or older with a
history of smoking. However, it was difficult to completely
apply the NLST results in the Japanese setting, so never
smokers were allowed to participate if desired.

2.2. CT protocol

All screenings were performed using a car-mounted 4-row
multi-slice CT scanner (ELCOS, Hitachi-city, Ibaraki, Japan).
The imaging conditions were 120 kV tube voltage, 50 mA tube
current, and 5-mm collimation. We performed the CT scans
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Fig. 1 — Smoking status of the study participants. Current or former smokers accounted for more than 50% of male
participants except in 2009. Female participants were mostly never smokers, with less than 10% being current smokers.
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from the apex of the lungs to below the diaphragm. The ra-
diation exposure dose was approximately 1.0 mSv. The CT
images were created using iterative reconstruction.

2.3. Detection of candidate nodules

The CT images were read by two pulmonologists separately for
the primary and final evaluations. Physicians performing the
final evaluation were board-certified by the Japanese Society of
CT Screening or the Japanese Respiratory Society. The pulmo-
nologists did not use computer-aided detection. Mean evalua-
tion time was 1-2 min per CT examination. The judgment of
lung nodule shadows detected by the CT screening was based
on the third edition of the Pulmonary Nodule Judgment Criteria
for Lung Cancer Screening by Low-Dose CT and Concept of
Follow-up by the Japanese Society of CT Screening [13] until
2011 and on the fourth edition [14] starting in 2012. The lung
nodule management algorithm was based on the Guidelines for
Pulmonary Nodules Management, Version 3 by the Japanese
Society of CT Screening (Supplementary 1).

If the CT images did not yield positive findings, the
participant received a “no abnormality” notification and
instructed that subsequent CT screenings were optional.

2.4. Definite diagnosis

If any lesion required a more detailed examination, JASKLCT
mailed the results to the participants and recommended a
visit to a hospital to see a doctor who was board-certified by
the Japanese Respiratory Society. A high-resolution CT was
performed at the specialty hospital, Followed by a histological
examination was performed as needed. Histopathologically
diagnosed lung cancer was defined as a confirmed case.
Doctors who were board-certified by the Japanese Respiratory
Society at that hospital filled out a report form with infor-
mation about lesion location, lesion size, histology, stage
(postoperative stage for those treated surgically), and treat-
ment details for each confirmed case of lung cancer.

3. Results
3.1. Overview

Over the 10-year period, a total of 25,189 individuals under-
went screenings (13,686 men, 10,503 women) (Table 1). The
number of participants increased each year, reaching nearly
4000in 2016. The median participant age was 57 (range, 21—-87)
and 58 (range, 21—89) years in 2009 and 2010, with participants
under 50 years of age accounting for nearly 30% of all

screening participants. Since 2011, the median age has been
between 61 and 67 years; 85% of participants have been over
50 years of age.

3.2. Smoking status

Fig. 1 shows the participants' smoking status. Current or
former smokers accounted for more than 50% of the male
participants except in 2009. Most females were never
smokers, with less than 10% being current smokers.

3.3. Lung cancer detection

Over the 10-year screening period, 2518 (10.0%) participants
required detailed examinations, of whom 847 were required to
undergo a detailed examination due to suspected lung cancer
(Table 2). Of the participants with suspected lung cancer, 82
were diagnosed with lung cancer at a hospital with doctors
who were board-certified by the Japanese Respiratory Society
for an overall cancer detection rate of 0.33%. Of the partici-
pants with suspected lung cancer, 9.7% actually received the
diagnosis. Lung cancer occurred in 46 men and 36 women,
with a median age of 69 (range, 45—89) years. There were 37
(45.1%) cases of lung cancer among current and former
smokers (Table 3). Table 4 shows detected lung cancers by
smoking status. Lung cancer in current and former smokers
was more common in men, while lung cancer in never
smokers was more common among women. Since most fe-
male participants were never smokers, the observed detection
rate of lung cancer was similar for both smokers and never
smokers by smoking status. Some advanced lung cancers
were detected in male smokers. The most common histolog-
ical type of lung cancer, adenocarcinoma, was found in 66
participants (81%). Squamous cell carcinoma was found in
nine participants (11%). By Union for International Cancer
Control stage (seventh edition) criteria, there were 52 stage IA
cases and eight stage IB cases. Stage I cancer accounted for
73% of all lung cancer cases, but there were 8 (10%) stage IV
cases (Supplementary 2).

4, Discussion

JACKLCT has conducted low-dose CT screenings using a mo-
bile low-dose CT screening unit since 2009 aiming for the early
detection of lung cancer. Based on the NLST results, our CT
screening program recommended that people aged >40 years
with a history of smoking undergo screening. However, most
of the study's female participants were never smokers. Lung
cancer was detected in never smokers as well as current or

Table 1 — Characteristics of screening participants by year.

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Number of participants 1112 1280 1794 2512 2594 2954 2170 3903 2818 4052 25,189
Male sex (n) 632 733 865 1552 1484 1647 1133 2084 1381 2175 13,686
Female sex (n) 480 547 929 960 1110 1307 1037 1819 1437 1877 10,503
Median age, range 57 ( 58 63 61 63 66 67 67 67 67 61
(years) 21-87) (21-89) (23-90) (23-92) (22-90) (23-92) (24-91) (31-95) (40-94) (39-95) (21-95)
Aged over 40 years (n) 1014 1159 1695 2409 2532 2948 2169 3900 2818 4051 24,695
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Table 2 — Number of participants who required a detailed examination.

Year 2009 2010 2011 2012

2013 2014 2015 2016 2017 2018 Total

Number of participants
who required detailed
examination, n (% of all
participants)

Number of participants with 16 (1.4)
suspected lung cancer,

n (% of all participants)

48(3.8) 82(46) 77 (3.1)

71 (2.7)

240 (21.6) 274 (21.4) 378 (21.1) 323 (12.8) 170 (6.6) 376 (12.7) 205 (9.4) 404 (10.3) 230 (8.2) 322 (7.9) 2518 (10.0)

129 (4.4) 84 (3.9) 165(42) 91(3.2) 84(2.1) 847 (3.4)

former smokers. Although no conclusions have been reached
regarding the effectiveness of CT screening in never smokers,
lung cancer detection rates are reportedly high in female
never smokers in Japan [15,16]. The effectiveness of CT
screening in never smokers was also reported by some cohort
studies [10,11]. These results suggest that it might be more
appropriate to recommended CT screenings in Japan accord-
ing to age rather than smoking history. An RCT of low-dose
lung CT screenings in groups who are not at high risk
(smoking index <600) is currently underway [17]. Our current
CT screening program might not be effective for never
smokers, and it is possible that it might require modification
according to the findings of that RCT.

At the beginning of the screening period, the number of
participants was small, approximately 1000 per year. However,
since the NLST results were published in 2011, the JASKLCT
aimed to improve public awareness of the CT screening. As a
result, the number of participants increased. The overall
required detailed examination rate for screening was 10.0%.
This rate is higher than the target values of 8% or less for the
initial screening and 5% or less for repeated screening recom-
mended in the first edition of the Japanese Society of CT
Screening Quality Management guidelines. The reason for the
high required rate of detailed examinations is that clinically
significant findings other than pulmonary nodules (e.g,
emphysematous changes in symptomatic smokers, symptom-
atic interstitial shadows, suspected thyroid tumors, and aorta
aneurysm) detected by screening also required detailed exami-
nations. The required detailed examination rate for suspected
lung cancer only was 3.4%, which met the target value of the
guidelines. In addition, the examination accuracy of this
screening was considered appropriate. The lung cancer detec-
tion rate was 0.36%, comparable to those of previous reports
[15,16,18,19] (Table 5). Since young people in their 20s and 30s
were included, the lung cancer detection rate was examined in
participants in their 40s or above but did not change (Table 3).

The JACKLCT CT screening program is characterized by the
following three points: (1) cooperation with JA Shimane Kou-
seiren, (2) use of a mobile low-dose CT screening unit, and (3)
interpretation by two pulmonologists. By cooperating with the
health examination division of JA Shimane Kouseiren, the
JASKLCT encouraged union members to undergo consultations
and added CT screening as an option during occupational
health examinations conducted by the health examination di-
vision to ensure the recruitment of a wide range of participants.

The mobile low-dose CT screening unit made it possible to
provide mobile individuals who have difficulty undergoing
examinations during hospital business hours an opportunity
to undergo CT screening. Shimane Prefecture spans 230 km
from east to west, and there are substantially fewer medical
institutions in the western part of the prefecture than in the
eastern part. Thus, the mobile low-dose CT screening unit
provided opportunities for medical examinations to people in
areas with limited access to medical institutions.

CT images are usually interpreted by radiologists; the
evaluation of CT images by two pulmonologists is rare. Pul-
monologists commonly determine which cases required
further examination or treatment for respiratory diseases
other than lung cancer based on clinical practice. As a result,
the early treatment for diseases such as chronic obstructive
pulmonary disease and interstitial pneumonia has become
possible. In this study, the interpretation by two pulmonolo-
gists made it possible to perform these CT screening as an
extension of the respiratory examination.

This study also clarified some problems with the JASKLCT
screening protocol. The first is participant age, while the
second is advanced-stage lung cancer detection. In 2009 and
2010, the CT screenings were conducted without any age re-
strictions; the median age was 57 (range, 21—-87) and 58 (range,
21-89) years, respectively; many young participants were
included. Since 2011, CT screenings have been recommended
for people aged 60 years or older, who are considered to be at

Table 3 — Lung cancer detection.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Number of lung cancers detected (n) 1 4 10 6 9 17 10 10 10 5 82
Male sex (n) 0 3 2 3 6 13 6 5 4 4 46
Female sex (n) 1 1 8 3 3 4 4 5 6 1 36
Lung cancer detection rate (%) 0.09 0.31 0.56 0.25 0.35 0.58 0.46 0.26 0.35 0.12 0.33
Lung cancer detection rate in participants 0.10 0.34 0.59 0.24 0.36 0.58 0.46 0.26 0.35 0.12 0.33

aged >40 years (%)

Current and former smokers with detected
lung cancer, n
(% of participants with lung cancer detected)

0(0.0) 2(50.0) 2(20.0) 3(50.0) 6 (66.7) 8(47.1) 6 (60.0) 4 (40.0) 3 (30.0) 3 (66.7) 37 (45.1)
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Table 4 — Lung cancer detection by sex and smoking status.

Male Female
Non-smoker Smoker Non-smoker Smoker
Cases of lung cancer detected (n) 9 37 32 4
Rate of cancer detection by smoking status (%) 0.26 0.36 0.33 0.43
Stage (I/I/II/IV) 9/0/0/0 19/8/3/6; unknown: 1 28/1/1/2 4/0/0/0
Median age (years) 72.5 62.5 65.5 75

Table 5 — Comparison with previous reports.

Age (years)

Cancer detection rate (%)

Stage IA detection rate (%)
First screening
Repeated screening

First screening
Repeated screening

Sobue et al. [16] 40-79
Sone et al. [13] 40+
Henschke et al. [17] 60+
Nawa et al. [14] 50—-69
Hamaguchi et al. (current study) 21-95

0.87 71
0.28 82
0.42 91
0.45 86
2.7 81
0.59 71
0.44 78
0.07 100
0.33 63

high risk for lung cancer. A low lung cancer detection rate has
been reported for CT screenings conducted mainly in young
people with a median age of 40 years [20]. Thus, it is necessary
to maintain the median age as 60 years or older to maintain
the detection rate in our screening program. One problem
with the JASKLCT screening was that approximately 10% of
participants were in their 20s and 30s (Table 1). Considering
that the minimum age of lung cancer detected by screening is
45 years and the issue of radiation exposure, it is necessary to
set a minimum age for screening.

Regarding lung cancer detection, the rate of stage IA lung
cancer cases in this study was 63%, slightly lower than previ-
ously reported (Table 5). A certain number of stage IV lung
cancers were also detected each year, with no decreasing trend.
One possible reason for the discovery of advanced cancers is
that new participants were undergoing examinations every
year. In the JASKLCT screening program, about 20% of all par-
ticipants were new each year. In addition, interval cancer might
have affected the high detection rate of stage IV lung cancer
cases. The screening program did not set any rules regarding the
inter-screening interval. The number of progressive cancer
cases tends to decrease after repeated screening, but the num-
ber of advanced cancers may not have decreased because some
participants were only screened a few times. It will be necessary
to determine an appropriate screening interval in the future.

5. Conclusion

Here we examined the results of 10 years of CT screening
using a mobile low-dose CT screening unit in Shimane Pre-
fecture for detecting lung cancer. This study clarified that lung
cancer can be detected in never smokers as well as current or
former smokers. However, CT screening program was based
on NLST results, which may not be effective for never

smokers. We believe that it is necessary to continue studying
the effectiveness of CT screening in never smokers, as our
program may require modification accordingly. Problems with
this screening program, such as how to manage young people
who wish to undergo CT screening and the inter-screening
interval, require addressing. To ensure high-precision CT
screenings, the JASKLCT will continue to review its results and
lung cancer detection rate annually. We are also working on
quality control by examining the program's performance.
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