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ORIGINAL ARTICLE

Performance of Low-dose CT Screening for Detecting Lung Cancer
at the Early Stage and the Estimated Tumor Growth Rate
According to the Smoking Status�Age

Shusuke Sone1; Ryoichi Kondo2; Keiko Ishii3; Takayuki Honda4;
Kazuo Yoshida5; Takaomi Hanaoka6; Akihiko Yoshizawa4

ABSTRACT ━━ Objectives. To assess the utility of low-
dose spiral chest CT (LDCT) screening for detecting
lung cancer at the early stage and to examine the tumor
volume doubling time (TVDT) according to the smoking
status and age. Methods. A total of 295 patients who par-
ticipated in an LDCT screening program for citizens of
Nagano, Japan between 2000 and 2010 were examined
with respect to the incidence, prognosis-related features
(tumor size, proportion of clinical stage I tumors and
histopathology) and TVDT of the lesions. Results. 1) The
prevalence rate of lung cancer was similarly high in all
smoking categories (504 per 100,000 subjects for the en-
tire group), especially high in the elderly subjects (＞50
years) and low in the patients in their 40’s, seen only in
non-smokers. The annual incidence was 84 in all sub-
jects, being particularly low in the non-smokers and
zero in the 40-year-old group. 2) The ratio of the preva-
lence cancer�annual repeat cancer was 6.0 (504�84), with
4.1 for smokers and 11.0 for non-smokers. 3 ) The
prognosis-related features were significantly different
between the smokers and non-smokers, with smokers
having a larger tumor size and lower proportion of c-
stage I lesions. 4) The mean TVDT for all 69 analyzed le-
sions was 459 days, with 364 days for smokers and 606
days for non-smokers. The TVDT values were shorter
in the elderly smokers but longer in the elderly non-
smokers, and varied widely in the current and non-
smokers, while remaining within narrow limits in the ex-
and passive smokers. 5 ) The rate of possible over-
diagnosis (TVDT ＞400 days) was 17％ in smokers and
44％ in non-smokers. Summary and Conclusions. 1) Com-

pared with the findings of US studies, the rate of detec-
tion of lung cancer was lower in the Japanese smokers,
while the prognosis-related features were similar in the
two populations, although more favorable features were
identified in the Japanese non-smokers. 2) The high rate
of prevalence cancer, irrespective of the smoking status,
with nearly 45％ of patients having tumors ＞14 mm,
stresses the importance of prevalence CT screening for
both smokers and non-smokers. The prevalence of lung
cancer was fairly high in the subjects ＞50 years of age,
thus justifying the use of cost-effective screening. The
detection of lung cancer in 40-year-old patients among
the non-smoking subjects only requires further exami-
nations. 3) For non-smokers, the lower incidence with
more favorable prognosis-related features�TVDT of
lung cancer stresses the importance of performing re-
peat scans at an inter-screening interval of ＞1 year. 4)
Hence, in general, annual repeat screening for smokers
and biennial screening for non-smokers appear to be ap-
propriate for detecting the majority of lung cancers
measuring ＜14 mm. However, based on the TVDT re-
sults obtained in this study, the detection of lung cancer
measuring ＜14 mm is expected to fail in some propor-
tion of 60- and 70-year-old smokers on annual repeat
screening and 60-year-old non-smokers on biennial re-
peat screening, and it is necessary to identify specific
risk factors rationally supporting the more frequent use
of CT scans in these patients in order to avoid detecting
cancer in the late stage. In contrast, no failure to detect
lesions ＜14 mm is expected using triennial and quad-
rennial scans in 70- and 50-year-old non-smokers, respec-
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tively (although the number of 50-year-old patients in
this study was limited), and triennial repeat screening
appears to be appropriate for these subgroups. 5) The
variety of TVDT values observed according to the
smoking status�age should be taken into account when
planning chest CT screening in the community and per-

forming work-up studies to estimate the degree of tu-
mor growth in the hospital.

(JJLC. 2014;54:937-946)
KEY WORDS ━━ Lung cancer, Screening, Computed to-
mography (CT), Tumor volume doubling time, Chest

INTRODUCTION

Low-dose spiral chest CT (LDCT) screening allows for
the detection of small lung nodules, with potential im-
provements in the treatment outcomes.1-3 In Japan, such
screening techniques have gradually evolved into op-
tional procedures on annual health check examinations,
which include the participation of both smokers and
non-smokers, thus reflecting the high level of social in-
terest in lowering mortality from lung cancer. However,
little information regarding the performance of CT
scans is available to help individuals, consulting physi-
cians and�or health planners at local municipalities to
continue such screening.

In this report, we describe the utility of LDCT screen-
ing for detecting lung cancer at the small�early stage
and the estimated tumor volume doubling time (TVDT)
according to the smoking status�age.

BACKGROUND

Lung cancer is the leading cause of cancer death in Ja-
pan. However, several studies have indicated that the
risk of mortality associated with smoking is lower in
Asians than in Caucasians.4,5 For example, there is a
lower risk of lung cancer death among smokers and a
higher risk among non-smokers in Japan than in the US.
Notably, the relative risk (RR) adjusted for age and area
for current smokers compared with non-smokers in Ja-
pan is 4.5 (in men) and 4.2 (in women), compared with
the much higher rate of 23.2 (men) and 12.8 (women) in
the Cancer Prevention Study (CPS)-II in the US, with a
crude incidence rate (CIR) per 100,000 person-years for
middle-aged non-, former and current smokers in Japan
during the period of 1990-1999 of 30.7, 83.3 and 128.3 for
men and 21.9, 75.7 and 74.5 for women, respectively. In
addition, the death rate from lung cancer among never-
smokers is higher in men than in women and in East
Asians residing in Korea and Japan (but not the US)

than that observed in individuals of European descent.
As to the prognosis after treatment of lung cancer in
non-smokers versus smokers, a Japanese study of 267
surgically treated patients with adenocarcinoma noted
only a slight difference in the 5-year survival rates
(smokers: 45％, non-smokers: 55％).6 Similarly, one US
study of 4,546 patients with lung cancer who received
primary medical and surgical treatment noted little dif-
ference in the long-term survival rates between smok-
ers and non-smokers and reported a dismal prognosis
for patients in the advanced stage of cancer.7

LDCT screening programs have been shown to be ef-
fective for detecting small lung cancer lesions, resulting
in subsequently improved post-treatment survival
rates.1,2,8,9 However, it is important to consider relevant
biases when evaluating the results of CT screening pro-
grams, including lead time, length time and over-
diagnosis bias.10

OBJECTIVES

To retrospectively examine 295 lung cancers detected
on LDCT screening, with a special focus on the rate of
detection, prognosis-related factors (proportion of small
lesions (＜14 mm in size), proportion of clinical (c) stage I
lesions, histopathology) and to examine the TVDT val-
ues according to the smoking status and patient age. We
set an arbitrary target tumor size of ＜14 mm for pre-
sumed highly curable cancers based on the results of
previous studies,9,11-15 recognizing that: 1) lung cancers
＜10 mm in size are highly curable and 2) many sub-
solid density lesions measuring ＜14 mm in size are also
highly curable, although 3) using this criterion, a propor-
tion of solid tumors may grow to an unintended stage
higher than stage I.

MATERIALS AND METHODS

Subjects

We started a mobile LDCT screening program for lung
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cancer in 2000 as part of annual health care examina-
tions for citizens, following our initial trial.16 Information
regarding the procedure, including the potential bene-
fits of early detection and disadvantages of exposure to
radiation, was provided by leaflets and we recom-
mended initial CT scans for subjects �40 years of age
and repeat scans annually for smokers (as generally rec-
ommended in other screening programs1) and after a
couple of years of no screening for non-smokers (with a
maximum interval of 1,095 days, i. e. , three years, as
there is little empirical evidence with respect to the ap-
propriate interval for repeat screening in non-cancer pa-
tients). We tentatively suggested this interval based on
the findings of our initial study on the TVDT of lung
cancer,17 in which a significantly longer mean TVDT
value was noted in non-smokers (607±392 days, mean±
SD) than in smokers (292±297 days) [for further ration-
alization of the suggestion of triennial screening for non-
smokers, we expected that the majority of lung cancers
would be detected at an early stage even with an inter-
val of nearly three years, because for 3-mm nodules
with a shortest TVDT of 215 days (i.e. 607－392 days,
mean-SD, shown in our previous study) among non-
smokers an interval of 1,433 days (3.9 years ) was re-
quired, when calculated according to the modified
Schwartz equation17 (see below), to grow to 14 mm (our
arbitrarily defined tumor size for achieving a favorable
treatment outcome ) ] . However, the interval of our
screening program was in fact selected by the health
care plan of the local government and the preference of
the individual, and the local governments apparently did
not select the screening interval based on the patient’s
smoking status.

From 2000 through 2010, 88,758 subjects (46,861 men�
41,897 women) underwent 49,786 initial scans and 38,972
repeat scans, including 23,699 annual, 6,571 biennial,
5,379 triennial and 3,323 quadrennial (or with an interval
of more years) scans. The majority of smokers [current
or ex-smokers (who had stopped smoking for ＞5 years)]
were men (87％ for both the initial and repeat scans) ,
while the majority of non-smokers [passive smokers (liv-
ing in the same house with a smoker) and non-smokers
(having smoked fewer than 100 cigarettes during their
lifetime)] were women (80％ and 79％ for the initial and
repeat scans, respectively).
CT image acquisition and interpretation

A van housing a four-detector row CT scanner (CT-

Robusto, Hitachi Medical, Tokyo ) was parked at local
municipalities to perform CT scans without the intrave-
nous injection of contrast medium. The scanning pa-
rameters were as follows: 120 kVp, 25.0 mAs (effective),
beam pitch＝1.25 and slice thickness＝10 mm.18 A panel
of radiologists and pulmonologists interpreted the CT
images on two monochrome high-resolution cathode ray
tube (CRT) monitors using a reporting system (PAXiS
viewer, Kissei Comtec, Matsumoto, Japan). Patients with
suspicious lesions were advised to undergo a work-up
examination at a public�local hospital. The results of the
work-up examinations�treatment, reported by the phy-
sician in charge of the management of the patient, were
indexed and maintained by a health promotion corpora-
tion, as legislated in 2004. Information obtained from the
database was submitted for the analysis in this study.
The study protocol was approved by the Institutional
Ethics Committee. Due to the retrospective nature of
the study design, a waiver for patient informed consent
was granted by the committee.
Data analysis

The pathologists reviewed the histopathology reports to
determine the classification of the tumors based on the
1999�2004 WHO�IASLC classification. Clinical staging
was performed based on the 2009 IASLC staging sys-
tem.19,20 The radiologist retrospectively measured the
tumor size using a light pen on the CRT monitors, and
enlarged node(s) with a short axis of ＞10 mm on the
screening CT images was defined as exhibiting positive
nodal involvement. The TVDT was calculated using the
modified Schwartz equation17,18,21 : TVDT＝t × log 2�
{log (Vt�V0)}, where t is the interval between two CT
scans, V0 is the tumor volume on the initial CT scan and
Vt is the tumor volume on the last CT scan, with V＝(π�
6) × a2b, where a is the maximum transverse diameter
and b is the perpendicular dimension. All tumors with
negative findings on preceding screening CT scans
were presumed to be 3 × 3 mm in size for the calcula-
tion of the TVDT, as adopted in our previous re-
ports.2,8,17 This presumption of an invisible tumor size at
3 mm is based on the results of our previous retrospec-
tive analysis of the dimensions of a detectable tumor
size on low-dose screening CT images.17

The TVDT values were sub-classified into five levels
according to clinical significance, including very short
(VS, range: ＜54 days), short (S, 55-218 days), medium (M,
219-400 days) , long (L, 401-1,499 days ) and extremely
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Table　1.　Number and Proportion of Lung Cancers on the Initial and Annual Repeat Screening 
Examinations Stratified According to Age and the Smoking Status

Smoking status n
Patients (n) per 100,000 participants by age (year)

40-49 50-59 60-69 ＞70 Total

Prevalence lung cancer, including misclassified and misdiagnosed cases at initial screening
current smokers  61   0 237 510 1,188 424
ex-smokers  39   0 240 550   772 518

Subtotal; smoker group 100   0 238 525   964 457
passive smokers  27   0 328 550 1,401 523
non-smokers 124 272 336 578   805 546

Sub-total; non-smoker group 151 210 334 573   876 542
TOTAL 251 104 291 552   912 504

Incidence lung cancer at annual repeat scans
current smokers  10   0  44  55   307 106
ex-smokers   5   0   0  62   232 122

Subtotal; smoker group  15   0  35  57   275 111
passive smokers   2   0 226   0   279 116
non-smokers   3   0   0  26    74  35

Subtotal; non-smoker group   5   0  52  22    98  49
TOTAL  20   0  42  41   199  84

The prevalence of cancer was similarly high for all smoking categories, while the elderly subjects ＞50 
years of age exhibited an increasingly higher rate in accordance with age. The annual repeat cancer rate 
was low, specifically being lowest for non-smokers.

long (eL, �1,500 days), with subdivision of the S cate-
gory into S1 (55 to 112 days), S2 (113-163 days) and S3
(164-218 days). The longest period for each level of VS,
S1, S2 and S3, i. e. , 54, 112, 163 and 218 days, corre-
sponded to a time required for a 3-mm nodule to grow to
14 mm (our arbitrarily defined tumor size for achieving
a favorable treatment outcome) of 364 (within one year),
729 (-2 years), 1,094 (-3 years) and 1,459 days (-4 years),
respectively. The longest period for level M, 400 days, is
the traditionally used upper limit for genuine lung can-
cer.21

The tumor size and TVDT values were analyzed ac-
cording to the smoking status using a one-way analysis
of variance (ANOVA). The proportion of c-stage I le-
sions detected on screening, the smoking status, histopa-
thology and the TVDT level according to the smoking
status and age group were analyzed using frequency ta-
bles and the χ 2 test. P values of ＜0.05 were considered
to be statistically significant. The statistical analyses
were performed using the MedCalc software program.22

RESULTS

Number of cancer lesions detected on screening

The work-up examinations, which were available as of
January 1, 2011, identified 306 lung cancers. Excluding

one patient with a hilar mass and 10 patients with insuf-
ficient information, 295 cancers were examined, com-
prising 251 initial cancers (including 28 lesions misclassi-
fied or misdiagnosed in the initial round and four lesions
with an indistinct tumor margin) and 44 repeat cancers
(including 20 lesions on annual repeat screening).

The prevalence was similarly high for all smoking
categories, with 504 for the entire patient group (Table
1, upper half) . Meanwhile, the rate in elderly subjects
＞50 years of age increased with age, and lung cancers
among 40- to 49-year-old patients were seen in non-
smokers only.

The annual repeat cancer rate was low (lower half of
Table 1), with 84 lesions in the entire patient group, spe-
cifically being lowest at 35 for non-smokers.
Prognosis-related features

The mean tumor size was larger in the smokers (p＝
0.063, initial scans) (Table 2). The proportion of tumors
smaller than 14 mm (our arbitrarily defined target tu-
mor size) was 55％ in smokers and 57％ in non-smokers
on the initial CT scans and 67％ and 100％, respectively,
on the annual repeat scans. The proportion of c-stage I
lesions was lower in the smokers than in the non-
smokers (76％ vs. 90％, p＝0.0053, for initial cancers and
87％ vs. 100％, p＝0.9826, for annual repeat cancers, re-
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Table　2.　Size and Proportion of Clinical Stage I Lesions According to the Timing of Screening and the Smoking Status

n [%]
Tumor size (mm)

c-stage I

Proportion of c-stage I (%) for tumor size range 
[proportion of tumor size range among subtotal cancers]

Median 
(mean) Range ＜14 mm 15-20 mm ＞21 mm

Initial screen 247 [100%] 13.3 (15.2)  85% (209/247)  97% (134/138) [56%]  96% (46/48) [19%] 48% (29/61) [25%]
Smokers  97 [100%] 13.8 (16.7) 0.4-57.4  76% (74/97)  91% (48/53) [55%]  90% (18/20) [21%] 29% (7/24) [25%]
Non-smokers 150 [100%] 12.0 (14.4) 1.8-52  90% (135/150) 100% (85/85) [57%] 100% (28/28) [19%] 59% (22/37) [25%]

Annual repeat screen  20 [100%] 10.4 (14.0)  90% (18/20) 100% (15/15) [75%] 100% (1/1) [5%] 50% (2/4) [20%]
Smokers  15 [100%] 11.3 (15.2)   5-36.9  87% (13/15) 100% (10/10) [67%] 100% (1/1) [7%] 50% (2/4) [27%]
Non-smokers   5 [100%]  9.7 (10.1) 7.7-13.5 100% (5/5) 100% (5/5) [100%] NA＊ NA＊

The mean tumor size was smaller among the initial cancers in the non-smokers. Specifically, the proportion of lesions with a tumor
size smaller than 14 mm was 55% in the smokers and 57% in the non-smokers on the initial CT scans and 67% and 100% on the annual 
repeat scans, respectively. The proportion of c-stage I lesions was lower in the smokers than the non-smokers on the annual repeat 
scans. ＊: not applicable.

spectively). The histopathology classification of the 100
initial cancers in the smokers included 62 (62％) adeno-
carcinomas (ADC), 14 (14％) squamous cell carcinomas
(SCC), four (4％) large cell carcinomas (LCC), two (2％)
small cell carcinomas (SCLC) and 18 (18％) lung cancers,
not otherwise specified (LC-NOS), while that of the 151
initial cancers in the non-smokers included 142 (94.0％)
ADC, one (0.7％) adenosquamous carcinoma and eight
(5.3％) LC-NOS lesions. Of the 26 repeat cancers in smok-
ers, there were 16 (61.5％) ADC lesions, five (19.2％) SCC
lesions, one (3.8％) LCC lesion, three (11.5％) SCLC le-
sions and one (3.8％) LC-NOS lesion. Meanwhile, the 18
repeat cancers in the non-smokers included 17 (94.4％)
ADC lesions and one (5.6％) LC-NOS lesion. In order to
simplify the analysis using histopathology we divided
the patients into three groups : ADC, non-ADC (with
SCC, LCC, SCLC and others) and LC-NOS. The distribu-
tion of the histopathology was significantly different be-
tween the smokers and non-smokers (initial cancers, p＜
0.0001, annual repeat cancers, p＝0.4153 (Table 3); repeat
cancers from scans performed at an interval of one or
more years [n＝44 (information not shown in the table),
p＝0.0263].

ADC was the most common cancer, with a higher fre-
quency on the initial scans and in non-smokers. The pro-
portion of c-stage ＞I lesions was higher in the non-ADC
and LC-NOS groups among smokers and zero among
non-smokers on the repeat scans.
TVDT according to the smoking status, age and histo-

pathology

Excluding two lesions with an indistinct tumor margin,
TVDT data were available for 70 cancers. After further

excluding a far outlier identified according to the outlier
detection method using Grubbs right-sided test (alpha
level, p＝0.05), the mean TVDT of the remaining 69 can-
cers was 459 days, with 364 days in smokers and 606
days in non-smokers (p＜0.084) (upper part of Table 4).
Specifically, the mean TVDT in current smokers was
453 days, which was longer than the 187 days observed
in ex-smokers, while the mean TVDT in passive smok-
ers (871 days) was longer than that observed in non-
smokers ( 473 days ) ( p＜0.05, Student-Newman-Keuls
test for all pairwise comparisons). The subdivided cate-
gories of the TVDT values ( right part of Table 4 )
showed a wide distribution pattern in the current smok-
ers and non-smokers versus as deviated�partial pattern
in the ex-smokers and passive smokers. The TVDT was
＞400 days (level L and eL, possible over-diagnosis21) in
17％ (7�42) of the smokers and 44％ (12�27) of the non-
smokers.

The analysis of the TVDT values according to the
smoking status�age (middle rows of Table 4) showed a
shorter mean TVDT value in the elderly smokers ver-
sus a longer mean TVDT value in the elderly non-
smokers. Specifically, the TVDT categories were mostly
VS through M in the smokers 70- group, whereas a
smaller proportion of VS�S1 values and larger propor-
tion of M-eL values were seen in the smokers 60- and L
groups among the smokers 50- group only, and no VS
values were noted in the non-smokers group. Conse-
quently, the annual repeat CT scans were expected to
identify lung cancers of smaller size (less than 14 mm) in
most of the smokers, excluding 11％ of the 70-year-old
and 7％ of the 60-year-old patients. On the other hand,
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Table　3.　Histopathology According to the Timing of Screening and the Smoking Status 
and Proportion of Clinical Stage ＞I Lesions According to the Timing of Screening, the 
Smoking Status and Histopathology

ADC Non-ADC LC-NOS subtotal

Smoking Number of patients (percentage)

All patients 213 (80%) 27 (10%) 27 (10%) 267 (100%)
Prevalence patients 202 (82%) 19 ( 8%) 26 (11%) 247 (100%)

smokers (62%) (20%) (19%) 97 (100%)
non-smokers (95%) ( 0%) ( 5%) 150 (100%)

Annual repeat patients 11 (55%) 8 (40%) 1 ( 5%) 20 (100%)
smokers (47%) (47%) ( 5%) 15 (100%)
non-smokers 4 (80%) (20%) ( 0%) 5 (100%)

Proportion of c-stage ＞I Percentage
All patients  9% 30%  48% 15% (40/267)
Prevalence patients  9% 37%  46% 15% (38/247)

smokers 10% 37%  56% 24% (23/97)
non-smokers  9% NA  25% 10% (15/150)

Annual repeat patients  0% 13% 100% 10% (2/20)
smokers  0% 14% 100% 13% (2/15)
non-smokers  0%  0% NA 0% (0/5)

ADC: adenocarcinoma, LC-NOS: lung cancer, not otherwise specified.
The distribution of histopathology was significantly different between the smokers and non-

smokers. Adenocarcinoma was the most common cancer, with a higher frequency on the initial 
scans and in non-smokers. The proportion of c-stage ＞I lesions was higher in the non-ADC and 
LC-NOS groups among smokers and zero among non-smokers on the repeat scans.

for non-smokers, the rate of screening failure of lung
cancer at ＜ 14 mm in size in the 60-year-old non-
smokers was expected to be 22％ on the biennial scans
and 33％ on the triennial scans (combination of biennial
and triennial scans), and triennial repeat CT scans were
expected to identify all lung cancer lesions smaller than
14 mm in the 50- and 70-year-old patients. The rate of
screening failure was expected to be high on the quad-
rennial repeat CT scans.

The analysis of the TVDT values according to the
histopathology (bottom rows of Table 4) showed shorter
TVDT values in the non-ADC (n＝14; mean, 173 days)
and LC-NOS (n＝4; 119 days) groups than in the ADC
group (n＝51; 521 days) (p＜0.05, Student-Newman-Keuls
test for all pairwise comparisons).

DISCUSSION

The present study examined patients older than 40
years of age, comprising a total of 251 cancers identified
on the initial scans and 44 cancers detected on the re-
peat scans (including 20 cancers on the annual repeat
scans). A similarly high prevalence of lung cancer was
observed, rather unexpectedly, in all smoking catego-

ries. The highest prevalence of lung cancer was noted
among the 50- to 70-year-old subjects. However, lung
cancer was identified in only some of the 40- to 49-year-
old non-smokers, compared to none of the smokers in
the same age group (Table 1). This finding is in agree-
ment with the results of a previous study that noted a
higher mortality rate among Asian non-smokers (living
in Japan and Korea, but not in the US) than in Western
citizens,5 as well as other studies identifying lung cancer
in a few young female non-smokers.23-25

Table 5 shows the results of a comparison of the find-
ings of the current study and previous Western studies,
which included only smokers. The prevalence rates
were higher in the Western studies than in our smokers
(2.0-5.5 times1,3,21,26,27), with the exception of the Danish
Lung Cancer Screening Trial (DLCST) .28 The Western
studies1,26,27 also showed higher annual incidence rates
than that observed in our population (2.5-6.7 times). The
ratio of the prevalence cancer�annual repeat cancer was
4.1 in the smokers (and 11.1 in the non-smokers) in our
study, compared with 4.8 to 3.6 observed in the US stud-
ies21,27 and only approximately 1.2 and 1.1 in the Euro-
pean studies.26,28 The high ratio seen in our non-smokers
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Table　4.　TVDT Values According to the Smoking Status, Age Group and Histology

n (%) Mean
TVDT, number of patients (percentage)

VS＊ S1＊ S2＊ S3＊ M＊ L＊ eL＊

All cancers 69 (100%) 459 days 4 (6) 15 (22) 5 (7) 7 (10) 19 (28) 14 (20) 5 (7)
Smoking status

Smokers 42 (100) 364 (10) (31) (10) (7) (26) (12) (5)
current-smokers 28 (100) 453 (11) (32) (7) (7) (18) (18) (7)
ex-smokers 14 (100) 187 (7) (29) (14) (7) (43) (0) (0)

Non-smokers 27 (100) 606 (0) (7) (4) (15) (30) (33) (11)
passive-smokers 9 (100) 871 (0) (0) (0) (11) (33) (33) (22)
non-smokers 18 (100) 473 (0) (11) (6) (17) (28) (33) (6)

Smoker-group/age
smokers-70- 27 (100) 245 (11) (41) (7) (11) (22) (4) (4)
smokers-60- 14 (100) 385 (7) (14) (14) (0) (36) (21) (7)
smokers-50- 1 (100) 969 (0) (0) (0) (0) (0) (100) (0)
non-smokers-70- 15 (100) 733 (0) (0) (0) (13) (33) (40) (13)
non-smokers-60- 9 (100) 505 (0) (22) (11) (22) (0) (33) (11)
non-smokers-50- 3 (100) 273 (0) (0) (0) (0) (100) (0) (0)

Histology
ADC 51 (100) 521 (4) (10) (8) (8) (35) (25) (10)
non-ADC 14 (100) 173 (7) (64) (7) (7) (7) (7) (0)
LC-NOS 4 (100) 119 (25) (25) (0) (50) (0) (0) (0)
＊Data are the number of patients (percentage). VS: very short (TVDT ＜54 days), S: short (55-218 days), M: medium (219-400 days), L:

long (401-1,499 days), eL: extremely long (＞＿1,500 days), with subdivisions of S1 (55 to 112 days), S2 (113-163 days) and S3 (164-218 days)
(see the meaning of subdivision at the data analysis in the text).

The mean TVDT value was shorter in the smokers than in the non-smokers. Specifically, the TVDT values were longer in current
smokers than in ex-smokers and in passive smokers than in non-smokers. The subdivided categories of the TVDT values showed a 
wide distribution pattern in the current smokers (from level VS through eL) and non-smokers (from S1 through eL) compared to a devi-
ated/partial pattern in the ex-smokers (a low proportion of VS and more slow growing cancers, L and eL) and passive smokers (from S3 
through eL without fast growing cancers, from VS through S2). The analysis of the TVDT values according to the smoking status/age
showed the shortest mean TVDT value in the elderly smokers, whereas a longer mean TVDT value was observed in the elderly non-
smokers. The TVDT values were also short in the non-ADC and LC-NOS groups and long in the ADC group.

Table　5.　Diagnostic Performance of Different CT Screening Programs

Study
Participants (n) 

baseline; 
repeat

LC (n) 
baseline; 
repeat

LC per 100,000 
participants 
baseline; 
repeat

Median 
size (mm) 
baseline; 
repeat

c-Stage I 
(%) 

baseline; 
repeat

% of all cancers 
baseline; repeat

TVDT 
(days) 
median 
(mean)ADC non-ADC

Present study, 2000-2010 49,786; 23,699 251; 20  504; 84 13.0; 10.4 257 (459)
smokers 21,905; 13,523 100; 15   457; 111 13.8; 11.3 76; 87 62; 47 20; 47 164 (364)
non-smokers 27,881; 10,176 151; 5  542; 49 12.0; 9.7  90; 100 95; 80  0; 20 348 (606)

I-ELCAP, 1993-20051,29 31,567; 27,456 410; 74 1,299; 270 13; 9 85 70; 47 20; 47 98
NY-ELCAP, 2000-200327 6,295; 6,014 101; 20 1,604; 333 14; 8 91; 85 65; 35 27; 60
Mayo Lung study, 1999-200421  1,520  31; 34 

(4 rounds)
2,039; 559 12.0; 10 71; 50 61; 18 23; 50 166 (688)

NLST, 2002-20103 26,722 1,060 645 50 36.3 40.8
NELSON, 2003-200626 7,557; 7,289  70; 54   926; 741 64; 74 

(p-stage)
DLCST 2004-200628  2,052   8; 29 

(5 rounds)
  390; 353 NSCLC, 

53; 67
67 24

Comparison of the results of the current study with those of previous Western studies that included only smokers. The rates of 
cancer were higher in the Western studies than our smokers, with the exception of the Danish Lung Cancer Screening Trial 
(DLCST). The Western studies also showed higher annual incidence rates than that observed in our smokers. In contrast, few differ-
ences were seen in the prognosis-related features between the Japanese smokers and the subjects of the Western studies. The Japa-
nese non-smokers showed a higher proportion of c-stage I and ADC lesions and a longer mean TVDT value than the smokers.
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presumably reflects a greater proportion of slow-
growing tumors among the initially detected cancers,
which demonstrated wider variation in the growth rate;
the equilibrium at the initial scans was presumably
reached due to the accumulation of slowly growing can-
cers during the preceding years, while more rapidly
growing cancers passed away from the screening field
due to cancer advancement. On the other hand, the low
ratios reported in the European studies suggest that the
majority of cancers identified in these studies were rap-
idly growing, with a narrow range of growth rates; in
such cases, it may be difficult to detect cancers at a
small, early stage.

As shown in Table 5, there were few differences in
the prognosis-related features between our smokers and
that observed in the Western studies. For example, the
tumor size was similar in our study and the US studies.
In addition, the proportion of c-stage I lesions in our
study was within the range reported in the Western
studies, as was the proportion of ADC�non-ADC lesions.
Moreover, the TVDT values in our study were similar
to that observed in the Mayo Lung study21 and slightly
longer than that noted in the I-ELCAP trial.29 Compared
with that seen in the smokers, our non-smokers exhib-
ited a higher proportion of c-stage I lesions in addition to
a significantly different distribution of the histopathol-
ogy type, with a higher proportion of ADC lesions and a
longer mean TVDT value (p＜0.05).

In the present study, we examined the distribution of
the TVDT values according to the smoking status and
noted a wide distribution in the current and non-
smokers compared to a narrow�more deviated distribu-
tion in the ex- and passive smokers. VS was less fre-
quently observed in the ex-smokers than the current
smokers, likely representing the favorable effects of
smoking cessation; however, it should be noted that no L
or eL lesions (i.e., slowly growing tumors) were observed
in the ex-smokers. Although, unfortunately, the inci-
dence of lung cancer was relatively high in the passive
smokers, a longer mean TVDT value was noted in the
passive smokers than in the non-smokers. To the best of
our knowledge, similar important findings have not
been reported previously and should be taken into ac-
count when planning screening and designing work-up
studies to estimate the degree of tumor growth (Table
4).

The analysis of the TVDT values according to the

smoking status�age showed a shorter mean TVDT
value in the elderly smokers versus a longer mean
TVDT value in the elderly non-smokers. Specifically, the
TVDT categories were mostly VS through M in the
smokers 70- group, whereas a smaller proportion of VS�
S1 values was seen in the smokers 60- group and only L
values were observed in the smokers 50- group. In addi-
tion, no VS values were detected among the non-
smokers. Consequently, the annual repeat CT scans
were expected to identify lung cancers with a size less
than 14 mm in the majority of smokers, excluding 11％
of the 70-year-old and 7％ of the 60-year-old patients (to
avoid detection of these overgrown cancers, it is neces-
sary to identify specific risk factors to rationally support
the more frequent use of CT scans, Table 4, smoking
status�age) . On the other hand, for non-smokers, the
rate of screening failure in detecting tumors measuring
＜14 mm on the biennial repeat scans was expected to
be 22％ in the 60-year-old patients, while no cases of
screening failure were seen in the 70- (even on triennial
scans ) and 50-year-old ( on the quadrennial scans, al-
though the number of patients was limited) subjects.

In the present study, the TVDT was ＜100 days and
＞400 days in 33％ and 17％ of the smokers, respec-
tively. These rates were 33％ and 27％ in the Mayo
Clinic study24 and 50％ and 3％ in the I-ELCAP study,29

respectively. Because cancer lesions with a TVDT of
＞400 days are sometimes not defined as genuine can-
cers,21 concern regarding the potential for over-
diagnosis (i.e., the detection of cancer that does not affect
the patient’s life span if left untreated10) may be slightly
higher in our study and the Mayo Clinic study than the
I-ELCAP trial. It is anticipated that recently introduced
volumetric software analyses30 will enhance the man-
agement of such patients on future work-up examina-
tions by increasing the availability of 3D quantitative
data for the volume�mass of tumors on thin-section CT
images.

The major strength of this study is the population
sample, which included passive and non-smokers, as the
current literature lacks information on these subjects.
Using an arbitrarily defined tumor size, we were able to
evaluate the performance of our CT screening program
for detecting lung cancer at the small�early stage. Our
findings also described the tumor growth rates strati-
fied according to the smoking status and age. Notwith-
standing the above strengths, our study has the follow-
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ing limitations. 1) The tumors were evaluated on LDCT
scan images with a slice thickness of 10 mm, which
made it difficult to measure the CT values accurately.
For this reason, our analysis did not include data for the
tumor density pattern or CT values. 2) Our study popu-
lation included a small number of 40-year-old patients
and lacked data for repeat scans in this subgroup, which
resulted in some ambiguity regarding the incidence of
lung cancers in young never-smokers. 3 ) The lack of
follow-up is associated with uncertainty with respect to
interval cases. 4) Finally, because this study was based
on a local screening program in Japan, the data must be
refined in accordance with similar programs conducted
in other geographic regions with patients exhibiting dif-
ferent age-, sex- and race-specific risks.
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