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Evaluation of the effectiveness lung cancer screening used by plain chest X-ray and

sputum cytology
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Background: in Japan, an increase in age-adjusted incidence rates of lung adenocarcinoma
(ADC) and a decrease in lung squamous cell carcinoma (SQCC) have been reported.
Methods: The number of lung cancer incidence, age-adjusted rates, and age-specific rates
by birth-cohort according to histological type were examined using the data from Osaka
Cancer Registry.

Results: The numbers of lung cancer incidence among men and women have increased,
particularly in ADC. The age-adjusted incidence rates of ADC among men and women have
continuously increased, while those of SQCC and small cell carcinoma (SMCC) turned to
decrease since 1990s. A trough of lung cancer incidence rates was observed among men in
1935-139 birth-cohorts. The declining trend appeared in 1955-59 birth-cohorts. Lung cancer
incidence rates among women have increased since 1895--99 birth-cohorts, but those rates
teveled off or decreased in 1950s birth-cohorts. Trends of ADC by birth-cohort were almost
the same as those of all histological types. The SQCC among men peaked in 1915-19 birth-
cohorts, and decreased in the subsequent birth-cohorts. The SMCC among men peaked in
1920s birth-cohorts, and decreased or leveled off in the subsequent birth-cohorts.
Conclusions: Lung cancer incidence rates by birth-cohorts were almost parallel to the
smoking prevalence. However, those for ADC among young women in 1950s birth-cohorts
were not parallel to the smoking prevalence, which requires careful monitoring to confirm

such findings.

Key words: lung cancer — incidence — histological type — birth-cohort

BACKGROUND

Lung cancer is the leading cause of cancer deaths in Japan,
with 45 927 men and 17 307 women dying from lung cancer
in 2006. To date, increase in the incidence rates of lung ade-
nocarcinoma (ADC) and decrease in the incidence rates of
squamous cell carcinoma (SQCC) and small cell carcinoma
(SMCC) have been reported in Japan (1,2). The same trend
has been reported in Western countries also (3—5). Some
previous studies reported that there was a trough of lung
cancer incidence or mortality in Japanese male 1935-39
birth-cohorts because of the limited cigarette supply just

For reprints and all correspondence: Tomio Nakayama, Department of
Cancer Control and Statistics, Osaka Medical Center for Cancer and
Cardiovascular Disease, 537-8511 3-3 Nakamichi 1-chome, Higashinari-ku,
Osaka 537-8511, Japan. E-mail: nakayama-to@mc.pref.osaka.jp

after World War II (6~10). Soda et al. (7) reported the birth-
cohort analysis by histological type using Nagasaki Cancer
Registry in 2000. However, this study was based on the
small number of registered lung cancer cases and excluded
the cases without histological diagnoses.

In the present study, we updated the recent trends in lung
cancer incidence by histological type and tried to clarify
their characteristics by birth-cohort, using the data from
Osaka Cancer Registry (OCR) with the large number of lung
cancer incidence.

MATERIALS AND METHODS

OCR, which started in 1962, is the population-based cancer
registry covering Osaka prefecture (population: 8.8 million,
2005 census). Using OCR data on lung cancer incidence

© 2008 The Author(s).
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(International Classification of Diseases 10th revision C33—
C34) diagnosed between 1975 and 2003, we calculated the
number of lung cancer incidence per year, age-adjusted rates
and age-specific rates by birth-cohort according to histologi-
cal type.

Histological types were categorized into three major
types: ADC (ICD-O: 8140, 8141, 8200, 8211, 8250, 8251,
8260, 8310, 8323, 8440, 8470, 8480, 8481 and 8490), SQCC
(ICD-0O: 8050, 8052 and 8070—-8076), SMCC (ICD-O:
8041-8045) and the others.

Incident years are divided into 5-year periods: 1975-78,
197983, 1989-93, 1994—98 and 1999—2003. Birth years
were also divided into 5-year periods. The population data
by age group in Osaka prefecture were obtained from the
data of Population Census. For age-standardization, the
Japanese model population in 1985 was used.

The data from OCR included the cases without specific
histological diagnosis: a maximum of 60.4% in 1975-78
and a minimum of 31.4% in 1994—98. Based on the assump-
tion that distributions of histological types in the same sex
and age group were the same between those with and
without a specific histological type, we compensated for the
proportion of cases without a specific histological type. The
detailed procedure was followed to the previous study (1);
first, the sex-, age (5-year)- and incident year (or birth-
cohort)-specific numbers of incidence were calculated for all
histological types including the cases without histological
diagnosis. Second, the sex-, age (10-year)- and incident year
(or birth-cohort)-specific proportion of each histological type
among the cases with histological diagnosis were calculated
for three major histological types. Finally, the sex-, age
(5-year)-, incident year (or birth-cohort)-specific number of
incidence were multiplied by the corresponding sex-, age-
and incident year (or birth-cohort)-specific proportion to
approximate the number of incidence by histological type.

Jpn J Clin Oncol 2008;38(8) 535

RESULTS

Table 1 shows the trends in the number of lung cancer inci-
dence per year according to histological type. Lung cancer
incidence per year for all histological types among men and
women increased consistently; from 1086 in 1975-78 to
3487 in 19992003 among men and from 395 in 1975-78
to 1482 in 1999--2003 among women. As for histological
type, the number of ADC incidence has increased remark-
ably among men and women. The shift in main histological
type among men occurred in the 1990s.

Table 2 shows the trends in the age-adjusted rates accord-
ing to the histological type. The age-adjusted rates for all
histological types peaked in 199498 and recently leveled
off among men, while those consistently increased among
women. The rates for ADC consistently increased among
men and women. In contrast, the rates for SQCC and SMCC
peaked in 1989-93 among men, and decreased sub-
sequently. Those rates for SQCC and SMCC peaked in
198488 and 1989—93, respectively, among women, and
decreased subsequently.

Fig. 1 shows the trends in the age-specific lung cancer
incidence rates with 95% confidence interval by birth-cohort
for all histological types. Among men, there was a trough in
rates for all age groups in 1935—39 birth-cohorts, which was
consistent with the previous findings (7,10). In the sub-
sequent birth-cohorts, the rates increased for all age groups,
but the declining tendency appeared in 1955—59 birth-
cohorts. Among women, the trough in rates in 1935-39
birth-cohorts was not confirmed. The rates for aged >50
years increased gradually, while it seemed that the rates for
aged <50 years turned to decrease or level off after 1950~
54 birth-cohorts: however, these trends were unstable
because of the wide confidence intervals due to the small
number of incidence.

Table 1. Trends in the number of lung cancer incidence per year according to histological type

Histological type Incident year
1975—-78 197983 198488 1989-93 1994-98 19992003
Men
Adenocarcinoma (%) 372 (34.2) 510 (35.7) 696 (35.5) 853 (35.8) 1191 (40.2) 1497 (42.9)
Squamous cell carcinoma (%) 474 (43.6) 582 (40.8) 760 (38.8) 921 (38.6) 1086 (36.6) 1208 (34.7)
Small cell carcinoma (%) 142 (13.0) 203 (14.2) 315 (16.1) 410 (17.2) 483 (16.3) 543 (15.6)
Others (%) 99 (9.1) 132.9.3) 189 (9.7) 200 (8.4) 204 (6.9) 239 (6.8)
All histological types (%) 1086 (100) 1428 (100) 1961 (100) 2383 (100) 2964 (100) 3487 (100)
Women
Adenocarcinoma (%) 242 (61.2) 328 (60.2) 453 (58.7) 579 (60.3) 792 (64.8) 996 (67.2)
Squamous cell carcinoma (%) 86 (21.9) 106 (19.5) 163 (21.2) 184 (19.2) 218 (17.9) 241 (16.3)
Small cell carcinoma (%) 32 (8.0) 73 (13.3) 97 (12.5) 132 (13.7) 152 (12.5) 178 (12.0)
Others (%) 35(8.9) 38 (6.9) 59 (7.6) 65 (6.8) 60 (4.9) 66 (4.4)
All histological types (%) 395 (100) 545 (100) 772 (100) 961 (100) 1223 (100) 1482 (100)
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Table 2. Trends in age-adjusted lung cancer incidence rates per 100 000 person-years according to histological type

Histological type Incident year

197578 197983 1984--88 198993 199498 19992003
Men
Adenocarcinoma 15.5 189 21.7 223 26.0 272
Squamous cell carcinoma 204 222 25.0 25.6 24.8 22.3
Small cell carcinoma 6.0 7.6 10.1 111 10.8 10.0
All histological types 46.2 53.7 62.9 64.7 66.5 64.3
Women ‘
Adenocarcinoma 19 9.2 10.5 113 13.1 13.8
Squamous cell carcinoma 2.8 3.0 3.8 35 3.4 3.1
Smali cell carcinoma 1.0 2.0 23 2.5 2.4 2.3
All histological types 129 152 17.9 18.6 19.9 20.2
Men Women
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Figure 1. Trends in age-group-specific lung cancer incidence rates with 95% confidence interval by birth-cohort for all histological types.

Figs 2—4 show the trends in the age-specific incidence
rates with 95% confidence interval by birth-cohort for ADC,
SQCC and SMCC, respectively. The rates for ADC among
men increased gradually for all age groups, but the declining
tendency appeared in 195559 birth-cohorts. Furthermore, it
seemed that there was a slight trough in rates in 1935-39
birth-cohorts, as well as findings in all histological types. The
trends in ADC among women were almost similar with those
in all histological types. The rates for SQCC among men
peaked in 1910—14 birth-cohorts and decreased in the sub-
sequent birth-cohorts. The trough in rates during 1935-39
birth-cohorts was not clear for SQCC among men. Trends in
the rates for SQCC among women aged >65 years were
similar with those among men. The trends in aged <65 years
were, however, unclear because of the wide confidence

interval. The rates for SMCC among men peaked around
1920s birth-cohorts and turned to slightly decrease or level
off in the subsequent birth-cohorts. The rates for SMCC
among women were unclear because of the wide confidence
interval.

DISCUSSION

In the present study, we reported the population-based trends
in lung cancer incidence including birth-cohort analyses
according to histological type using OCR. The number of
lung cancer incidence per year increased continuously
because of the population aging. The main histological type
of lung cancer switched from SQCC to ADC among men in
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Figure 2. Trends in age-group-specific incidence rates with 95% confidence interval by birth-cohort for adenocarcinoma.
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Figure 3. Trends in age-group-specific incidence rates with 95% confidence interval by birth-cohort for squamous cell carcinoma.

1990s. The declining trends for SQCC and SMCC continued
in the updated present study.

Smoking prevalence by birth-cohort among Japanese men
was reported to have two peaks: around the 1925 birth-
cohort and around the 1950 birth-cohort (11). In addition,
there was a trough of smoking prevalence in 1930—40 birth-
cohorts because of the limited cigarette supply just after
World War II (11). In general, the trends in lung cancer inci-
dence or mortality by birth-cohort were parallel to the trends
in the smoking prevalence. Our results were consistent with

the findings from previous studies, showing that lung cancer
mortality and incidence rates among men in 1935-39 birth-
cohorts were lower than the subsequent birth-cohorts (6—
10). Since the smoking prevalence among Japanese men was
declining after 1950s birth-cohorts, the appearance of declin-
ing trends of lung cancer incidence among men in 1955—59
birth-cohorts was an expected result.

Classically, smoking behavior was considered to be more
strongly associated with SQCC than with ADC. However,
SQCC incidence rates by birth-cohort among men were not
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Figure 4. Trends in age-group-specific incidence rates with 95% confidence interval by birth-cohort for small cell carcinoma.

parallel to the smoking prevalence by birth-cohort. SQCC
incidence rates among men after 1940—44 birth-cohorts
leveled off, whereas the smoking prevalence among men
after 1940—44 birth-cohorts increased. One reason would be
the switching from non-filtered cigarettes to filtered ciga-
rettes. Filtered cigarettes were considered to be associated
with peripheral ADC because of the deep inhalation
(3,12,13). According to the information from Japan Tobacco
Inc., the switching from non-filtered cigarettes to filtered
cigarettes occurred in the 1960s in Japan (14). The shift
from SQCC to ADC among men in 1990s observed in the
present study might have been the result of this shift in ciga-
rette types.

The smoking prevalence by birth-cohort among women is
continuously increasing after 1930s birth-cohorts (11).
However, lung cancer incidence among women in 1950s
birth-cohorts, particularly for ADC, seemed to be leveling
off or decreasing. Marugame et al. (15) also reported the
trends in lung cancer mortality by birth-cohort using the
National Vital Statistics. In that study, lung cancer mortality
trends appeared to be decreasing for female birth-cohorts
born after 1960. Although our results were unstable because
of the wide confidence intervals, those were not contradic-
tory to this previous study. There is no clear explanation for
these findings among younger Japanese women. There
would be some factors other than active smoking for lung
cancer incidence among them.

The present study has some limitations, First, there may
be some missing cases in the OCR. The proportion of death
certificate only for lung cancer in OCR was 19.3% in
1998—2002 (16). Therefore, lung cancer incidence may be
under-estimated as a whole. Secondly, the trends by histo-
logical type among young women were unstable because of

the small number of incidence; the number of lung cancer
incidence among women aged <50 years per year was ~80
cases in 2003. Finally, the data from OCR included many
lung cancer cases without specific histological diagnoses.
We had to use assumption in order to calculate the number
of incidence according to histological type. The proportions
of lung cancer cases without histological diagnoses for aged
< 80 years decreased between 197578 and 1999-2003;
from 49.7 to 16.4% among aged 40—49 years, from 47.4 to
17.6% among aged 50—59 years, from 55.9 to 22.7% among
aged 6069 years and from 70.8 to 31.6% among aged
70—79 years, respectively. However, those for aged >80
years were still high: from 78.9 to 64.1%. Therefore, we
require carefulness to interpret the findings, particularly for
elderly.

In conclusion, we reported recent trends in lung cancer
incidence according to histological type. The increase in
ADC incidence and the decrease in SQCC and SMCC inci-
dence were confirmed. The trends in lung cancer incidence
among young women in 1950s birth-cohorts, particularly for
ADC, were not parallel to the smoking prevalence. We need
careful monitoring of the trends in lung cancer incidence,
particularly for ADC among young women.
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Sensitivity and specificity of lung cancer screening using chest
low-dose computed tomography
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Lung cancer screening programmes using chest X-ray and sputum cytology are routinely performed in Japan; however, the efficacy is
insufficient. Screening using low-dose computed tomography (CT) is a more effective approach and has the potential to detect the
disease more accurately. A total of 7183 low-dose CT screening tests for 4689 participants and 36 085 chest X-ray screening tests for
13381 participants were conducted between August 1998 and May 2002. Sensitivity and specificity of lung cancer screening were
calculated by both the detection method and the incidence method by linkage of the screening database and the Cancer Registry
database. The preclinical detectable phase was assumed to be | year. Sensitivity and specificity by the detection method were 88.9
and 92.6% for low-dose CT and 78.3 and 97.0% for chest X-ray, respectively. Sensitivity of low-dose CT by the incidence method
was 79.5%, whereas that of chest X-ray was 86.5%. Lung cancer screening using low-dose CT resulted in higher sensitivity and lower
specificity than traditional screening according to the detection method. However, sensitivity by the incidence method was not as
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Lung cancer is the leading cause of cancer death in Japan, with
45927 men and 17 307 women dying from lung cancer in 2006,
Since 1987, lung cancer screening programme using chest X-ray
and sputum cytology for all residents aged 40 years of age and
older regardless of smoking status has been conducted by the
Ministry of Health and Welfare. Unfortunately, the efficacy of lung
cancer screening using chest X-ray and sputum cytology is
insufficient (Fontana et al, 1986; Marcus et al, 2000a, 2006b;
Sagawa et al, 2003a). Therefore, a more effective approach is
required to decrease lung cancer deaths.

Annual lung cancer screening using low-dose computed
tomography (CT) has been performed as an opportunistic
screening method since the early 1990s in Japan. Several study
groups introduced low-dose CT for population-based screening in
clinical trials. These previous studies reported a high detection
rate, an ability to detect small tumours and a high survival rate in
detected cases (Henschke et al, 2001, 2006; Sone et al, 2001; Nawa
et al, 2002; Sobue et al, 2002a; Swensen et al, 2002; Diederich et al,
2004; Jett, 2005; Libby et al, 2006). Some studies referred to interval
cancer cases of lung cancer screening using low-dose CT, and one
study referred to the sensitivity of screening (Sone et al, 2001;
Diederich et al, 2004). However, screening databases are yet to be
linked to a cancer registry, which is essential for accurate
evaluation of screening, including the confirmation of all interval
cancer cases. To date, no study has been conducted on sensitivity
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high as this. These findings demonstrate the potential for overdiagnosis in CT screening-detected cases.
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and specificity of annual lung cancer screening using low-dose CT
and cancer registry data. Therefore, the present study was
conducted to evaluate sensitivity and specificity of annual lung
cancer screening using low-dose CT and data from screening and
local cancer registry databases.

MATERIALS AND METHODS
Study setting

Since 1998, annual population-based lung cancer screening using
low-dose CT has been conducted at five municipalities in Osaka
prefecture: A (city), B (city), C (town), D (town) and E (town). All
residents aged 40 years of age and older were recruited by mail
using a letter from the public health division of each municipality
regardless of smoking status. Subjects recruited to the lung cancer
screening programme underwent either miniature chest X-ray or
low-dose chest CT.

As a principle, heavy smokers were recommended to undergo
low-dose CT screening. In addition, the persons who want to
undergo low-dose CT screening also underwent low-dose CT
screening. Others underwent chest X-ray screening.

A high-risk group for lung cancer, smokers with over a 20 pack
index or who had haemosputum, was examined by 3-day pooled
sputum cytology.

Low-dose CT or chest X-ray images were reviewed and classified
by two trained physicians to determine the need for further clinical
examination. Sputum cytology was also performed by a certified
cytopathologist to determine the need for further clinical
examination.
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Those diagnosed with the need for further clinical examination
were regarded as screen-positive. These individuals were asked to
undergo further diagnostic evaluation at Osaka Medical Center for
Cancer and Cardiovascular Disease. All individuals with positive
chest X-ray screening were asked to undergo chest CT as a further
examination,

Data collection

All subjects were individuals who had undergone either low-dose
CT or chest X-ray screening tests between August 1998 and May
2002. The following participants were excluded from the analyses:
(1) participants who had a past history of lung cancer, (2)
participants who were suspected of having lung cancer by a
previous screening or other medical examination and had received
medical treatment and (3) participants who were suspected of
having lung cancer at the previous screening or by other medical
examination, but had refused further examinations.

Participants were divided into two groups: (a) low-dose CT
group and (b) chest X-ray group. The low-dose CT group consisted
of persons who had undergone low-dose CT at least one time
during the study period, whereas the chest X-ray group consisted
of persons who had undergone only chest X-ray. The low-dose CT
group included those who had undergone both CT screening and
chest X-ray screening within the study period. For these cases,
screenings using chest X-ray were ignored to evaluate low-dose CT
screening.

All data were entered into the screening database that was linked
to the Osaka Cancer Registry (OCR) database with data reflecting
incidence cases through December 2003. The indices used to
collate the two databases were name, sex, address and date of birth.
Information about lung cancer cases was extracted from hospital
medical records or the OCR file.

We assumed that the preclinical detectable phase was 1 year for
interval cancer cases. For death certificate-only cases, the date of 3
months before death was regarded as the date of diagnosis. Using
these parameters, all lung cancer cases diagnosed within 1 year
after a negative screen were regarded as interval lung cancers.
Screen-detected cases were considered as true-positive cases
regardless of the time between the date of screening and the date
of diagnosis.

Statistical analyses

The sensitivity of screening was calculated by both the detection
method and the incidence method. Although the detection method
is simple and widely used, sensitivity estimated by detection
method is affected by length and overdiagnosis biases (Day, 1985).
The incidence method is not affected by length or overdiagnosis
bias and is often used for breast cancer screening or colorectal
cancer screening (Fletcher et al, 1993; Zappa et al, 2001).

Detection method

Sensitivity and specificity were calculated by the detection method
using the following formulae.

True disease state
+ —
Screeningtest + a b
- ¢ d

Sensitivity = a/(a + ¢)
Specificity = d/(b + d)
Sensitivity and specificity calculated by the detection method were

stratified by smoking status, histological type and screening rank.
The screening rank was classified as the initial and repeated
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screenings, regardless of the number of years since the initial
screening.

Incidence method

In addition, we calculated sensitivity by the incidence method
using the following approximate formula (Day, 1985; Zappa et al,
2001):

Sensitivity = 1 — [I{(t)/I]

Where I(t) = the observed number of interval cancer cases during
time ¢ and I=the expected number of cases in the absence of
screening. )

We calculated the number of expected lung cancer cases in the
absence of screening based on the following data. Age-specific lung
cancer incidence rates provided from the OCR in 2001 were 16.3,
61.6, 180.9, 477.3 and 770.2 (per 100000 person-years) for men,
and 6.3, 25.9, 53.4, 116.7 and 241.3 for women, for age groups
40-49, 50-59, 60-69, 70-79 and >80, respectively. Lung cancer
incidence rates in the OCR were weighted by smoking status.
According to the previous large-scale cohort study in Japan, the
lung cancer incidence rates among ex-smokers and current
smokers were assumed to be 2.2 times and 4.5 times of that of
nonsmokers, respectively, among men, and 3.7 times and 4.2
times, respectively, among women (Sobue et al, 2002b). According
to an official report from Osaka prefecture in 2003, the proportions
of current smokers, ex-smokers and nonsmokers were 40, 30 and
30% among men, and 11, 7 and 82% among women, respectively
(Department of public health, Osaka Prefecuture, 2006).

We assumed that smoking status proportions were the same
across all age groups, so the expected incidence rate according to
sex and smoking status was modified using the following formulae:

Expected incidence rate among male nonsmokers

= Incidence ratein OCR/(4.5%0.40 + 2.2x0.30 + 1x0.30)
Expected incidence rate among female nonsmokers

= Incidence rate in OCR/(4.2x0.11 + 3.7x0.07 + 1x0.82)

The expected incidence rates for ex-smokers and current smokers
were assumed to be 2.2 times and 4.5 times of that of nonsmokers,
respectively, among men, and 3.7 times and 4.2 times, respectively,
among women.

The differences in sensitivity and specificity among the stratified
variables were tested by x’ test. All statistical analyses were
performed using SAS software, version 8.01 (SAS Institute Inc.,
Cary, NC, USA).

Ethical approval

The protocol for the present study was approved by the Ethics
Committee of Osaka Medical Center for Cancer and Cardio-
vascular Disease, Osaka, Japan. Informed consent for participation
in the clinical trial, including CT screening, was obtained from all
individuals.

RESULTS

From August 1998 to May 2002, a total of 7190 low-dose CT
screening tests and a total of 36085 chest X-ray screening tests
were performed. Seven screening participants were excluded from
analysis because they did not meet the eligibility criteria.
Participants were ineligible for the following reasons: two
participants were under follow-up care, one was suspected of
having lung cancer but refused further examination and four had a
history of lung cancer. A total of 7183 low-dose CT screening tests
for 4689 participants (2765 men and 1924 women) and 36 085 chest
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X-ray screening tests for 13381 participants (4180 men and 9201
women) enrolled in the study.

Table 1 shows the number of screening tests by sex, age group,
smoking status and rank of screening tests. Most of the

Table | Number of screening tests performed by age group, smoking
status and rank; (a) low-dose CT group and (b) chest X-ray group: Osaka,
1998-2002

Male Female Total
(a) Low-dose CT group
Age (years)
4049 700 490 1190
50-59 1147 1132 2279
60-69 1885 886 2774
76-79 690 194 884
80- 43 16 59
Smoking status
Nonsmoker 362 2048 2410
Ex-smoker 1012 113 1125
Current smoker 309! 557 3648
Rank
Initial 2765 1924 4689
Repeated 1700 794 2494
Total 4465 2718 7183
(b Chest X-ray groufs
Age (years)
40-49 1258 4862 6120
50-59 1679 8632 10311
6069 4163 7910 12073
70-79 2695 3670 6365
80- 573 643 1216
Smoking status
Nonsmoker 2807 23790 26597
Ex-smoker 4328 740 5068
Current smoker 3233 1187 4420
Rank
Initial 4180 9201 13384
Repeated 6188 16516 22704
Total 10368 25717 36085

CT = computed tomography.

participants who underwent low-dose CT screening were male
current smokers or ex-smokers. Sputum cytology was additionally
performed for 3539 screening tests for the low-dose CT group and
5417 screening tests for the chest X-ray group.

Forty cases in the low-dose CT group and 29 cases in the chest
X-ray group were detected by the screening. Five interval cases in
the low-dose CT group and eight interval cases in the chest X-ray
group were confirmed by linkage to OCR (Table 2). All of the
interval cancer cases for both the low-dose CT group and the chest
X-ray group were smokers. As for the low-dose CT group, all of
them were nonadenocarcinoma. Two cases, one in the low-dose CT
group and one in the chest X-ray group, were detected by sputum
cytology on negative radiological screen.

Table 3 shows sensitivity and specificity by the detection method
according to histological type, smoking status and rank of
screening. As a result, sensitivity and specificity (95% confidence
interval) of screening were 88.9% (79.7-98.1%) and 92.6%
(92.0-93.2%) for the low-dose CT group, and 78.3% (65.1-~91.6%)
and 97.0% (96.9-97.2%) for the chest X-ray group, respectively.
Specificity of chest X-ray screening was significantly higher than
that of low-dose CT screening (P<0.001). The difference in
sensitivity by the detection method was not significant.

As for histological type, sensitivity for adenocarcinoma was
significantly higher than that for nonadenocarcinoma (low-dose
CT: 100 vs 61.5%; P<0.001, and chest X-ray: 95.8 and 50.0%;
P <0.001); however, the histological type of three interval cases in
the chest X-ray group was unknown. As for screening rank,
specificity for the repeated screenings was significantly higher than
that for the initial screenings (low-dose CT: 95.7 vs 91.0%;
P<0.001, and chest X-ray: 97.7 vs 95.9%; P <0.001). As for sex,
specificity for men was significantly lower than that for women
(low-dose CT: 92.1 ws 93.5%; P<0.05, and chest X-ray: 95.7
vs 97.6%; P<0.001). Sensitivity of chest X-ray screening for
women was significantly higher than that for men (100 vs 68.2%;
P<0.05). As for smoking status, sensitivity of both low-dose CT
and chest X-ray for nonsmokers was 100%.

Table 4 shows sensitivity estimated by the incidence method.
Until the end of December 2003, a total of 14434 person-years
(total for men: 9173 person-years; total for women: 5512 person-
years) for the low-dose CT group and a total of 59 725 person-years
(total for men: 17962 person-years; total for women: 41763
person-years) for the chest X-ray group had been followed up for.
The mean follow-up terms were 3.1 person-years and 4.5 person-
years, respectively. The number of expected lung cancer cases
was calculated to be 24.4 persons for the low-dose CT group and
59.3 persons for the chest X-ray group. As a result, sensitivity

Table 2 Interval cancer cases of screening; (a) low-dose CT group and (b) chest X-ray group
Sex Age (years) Pack index Smoking status Histelogical type Location Rank Clinical stage
(a) Low-dose CT group
| F 71 48 Current Squamous Unknown Initial il
2 ™M 60 43 Current Large cell Peripheral Initial i
3 ™M 72 48 Current Small cell Unknown Repeated %
4 ™M 72 45 Current Squamous Unknown Repeated !
52 F 5% 29 Ex Squarmous Central Initial |
(b) Chest X-ray group
| M 68 48 Current Squamous Unknown Repeated i
2 ™M 83 6l Current Small celt Unknown Repeated Unknown
3 M 72 21 Ex Adeno Unknown Repeated |
4 ™M 69 25 Current Undifferentiated Unknown Initial I
5 ™M 60 50 Current Unknown Unknown initial Unknown
6 ™M 63 68 Ex Squamous Central Repeated !
7 ™M 59 80 Current Unknown Unknown Repeated Unknown
8 ™M 85 15 Ex Unknown Unknown Repeated Unknown

CT = computed tomography. *Detected by sputum cytology.
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Table 3 Sensitivity and specificity by the detection method according to histalogical type, smoking status and rank of screening; () low-dose CT group
and (b) chest X-ray group

No. of screenings Screen-detected cases  Interval cases Sensitivity (%) (95% C1) Specificity (%) (95% CI)

84

(a) Low-dose CT group

Sex
Men 4465 29 3 90.6 (80.5-100) 92.1 (91.3-929)
Women 2718 ] 2 84.6 (65.0-100) 935 (92.6—-94.4)
Smoking status
Nonsmoker 2410 13 0 100 935 (925-94.4)
Ex-smoker 1125 6 i 85.7 {59.8-100) 915 (89.9-93.1) 1
Current smoker 3648 21 4 84.0 (69.6-984) 924 (91.6-933) g !
v
Histological type -g
Adenocarcinoma — 32 0 100 — L
Nonadenocarcinoma — 8 5 615 (35.1-880) — n
-
L ]
Rank v
Initial 4688 32 3 914 (82.2-100) 91.0 (302-91.8) o
Repeated 2494 8 2 800 (552-100) 95.7 (94.9-96.5) 5
Total 7183 40 5 889 (79.7-98.1) 926 (920-932) .
(b} Chest X-ray group
Sex
Men 10368 15 8 65.2 (45.8-847) 95.7 (95.3-96.1)
Women 25717 14 0 100 97.6 (37.3-97.8)
Smoking status
Nonsmoker 26597 13 0 100 974 (97.3-977)
Ex-smoker 5068 4 3 57.1 (20.5-93.8) 959 (953-96.4)
Current smoker 4420 12 5 70.6 (489-922) 957 (95.1-96.3)
Histological type
Adenocarcinoma — 23 | 95.8 (87.8—-100) o
Nonadenocarcinoma — 6 4 500 (21.7-78.3) —
Unknown — 0 3 — e
Rank
Initial 13381 13 2 86.7 (69.5~-100) 959 (955-96.2)
Repeated 22704 16 6 76.2 (58.0-944) 977 (97.5-979)
Totat 36085 29 8 783 (65.1-91.6) 97.0 (969-972)

Cl= confidence nterval; CT = computed tomography.

(95% confidence interval) estimated by the incidence method was
79.5% (63.5-95.5%) and 86.5% (77.8-95.2%), respectively. The
difference in sensitivity by the incidence method was not
statistically significant.

Discussion

The present study is the first report on sensitivity and specificity of
annual lung cancer screening using low-dose CT and data from a
local Cancer Registry. Sensitivity and specificity of low-dose CT
screening according to the detection method were 88.9 and 92.6%.
The sensitivity estimated by the incidence method resulted in a
value of 79.5%. On the other hand, sensitivity and specificity of
chest X-ray in the same time frame by the detection method were
78.3 and 97.0%, respectively. Furthermore, sensitivity of chest
X-ray screening by the incidence method was 86.5%.

In previous studies conducted in thel980s, sensitivity and
specificity of annual lung cancer screening using chest X-ray
and sputum cytology were also evaluated by the detection method.
In those studies, sensitivity and specificity for usual screening were
63.6 - 88.0% and 94.7 - 99.6%, respectively (Sobue et al, 1991c; Soda
et al, 1993; Sagawa et al, 1994b; Tsukada et al, 2002). The use of
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low-dose CT screening resulted in a higher sensitivity and lower
specificity than usual screening. The reported high sensitivity in
participants undergoing low-dose CT screening is the result of
improvement in the detection of small tumours. The lower
specificity value indicates the difficulty of diagnosing nodules
detected by screening,

Several points must be considered when the present study
results are compared with previous results. Since 1980s, lung
cancer incidence by histological type has undergone a change over
time. With a large decline in the smoking rate among men, the
proportion of squamous cell carcinoma or small cell carcinoma
has decreased, whereas the proportion of adenocarcinoma has
increased (Yoshimi et al, 2003). The current environment may be
more advantageous for lung cancer screening because adenocarci-
noma occurring in the peripheral lung has a longer doubling time
than squamous cell carcinoma (Arai et al, 1994). In addition, as
most low-dose CT screening-detected lung cancer lesions are too
small to detect by chest X-ray and have a longer preclinical phase,
simple comparison of low-dose CT screening with chest X-ray
screening is difficult.

We used the detection method and stratified analyses by
screening rank and histological type. As for screening rank,
specificity of both low-dose CT and chest X-ray for the repeated
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