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Abstract

Purpose. The aim of this study was to evaluate the effi-
cacy of a computer-aided diagnosis (CAD) system we
developed that can also respond to subsolid nodules, for
lung cancer screening using low-dose spiral computed
tomography (LDCT).

Materials and methods. The institutional review board
approved this study. A total of 30 positive cases (includ-
ing 15 lung cancer cases) that needed further examina-
tion and 30 negative cases were used for the observer
performance study. Three thoracic radiologists, five
general radiologists, and three residents participated in
this study in which they first read the original CT image
on its own and then reassessed the same image with the
assistance of CAD. Radiologists’ performance was eval-
uated using receiver operating characteristic (ROC)
analysis.

Results. The Az values without and with CAD were
0.872 and 0.910 for the thoracic radiologists, 0.864 and
0.924 for general radiologists, and 0.875 and 0.837 for
residents, respectively. The detection accuracy improved
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significantly for the thoracic and general radiologists
with our CAD system; however, no statistically signifi-
cant difference between without or with CAD was seen
for residents.

Conclusion. This CAD system is beneficial in the detec-
tion of pulmonary nodules on LDCT when used by
experienced radiologists.

Key words Computer-aided diagnosis (CAD) - Lung
cancer screening - Low-dose spiral CT (LDCT) -
Receiver operating characteristic (ROC) analysis

Introduction

Lung cancer is the leading cause of cancer deaths in
developed countries. In Japan, since 1993, lung cancer
has been the leading cause of male cancer deaths. The
Minister of Health, Labor and Welfare revealed that
there has been a 3.5 fold increase in male and a 2.6 fold
increase in female deaths due to lung cancer over the last
40 years." According to the findings of some reports,
screening with chest radiography and sputum cytology
has not been found to effectively decrease the mortality
rate.””* Lung screening CT (LSCT) using low-dose spiral
CT (LDCT), the highest sensitivity imaging tool for the
detection of pulmonary nodules, has been used by
researchers for detection of early lung cancer since the
1990s.51

LSCT is a powerful tool for earlier detection of tho-
racic malignancies, although it remains to be seen
whether LSCT reduces lung cancer mortality and
whether LSCT is actually cost-effective.** One draw-
back to LDCT is that the number of CT images that
would have to be read per working hour would grow
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significantly. This could be problematic as it could lead
to reduce concentration and rushed judgments. A com-
puterized method for lung nodule detection could help
overcome this problem by helping the CT reader con-
centrate on computer-aided diagnosis (CAD) detected
pulmonary lesions. We have developed an automated
computer program for the detection of pulmonary
nodules. This CAD was made up for detection of nodules
which are necessary to discriminate between the lung
cancer and others by further examination.

The purpose of this study is to determine whether the
CAD system developed is effective in the initial detection
of pulmonary nodules and to determine if that lead to
an increase in CT reader assessment accuracy.

Materials and methods
Case selection

The institutional review board of our facility approved
this study and the informed consent was obtained from
the patients. Questionnaires about respiratory symp-
toms and smoking history were also attained from all
participants prior to CT screening. Between 1998 and
2000, we conducted a total of 13 524 CT screenings for
lung cancer, consisting of 7 956 individuals (6 313 men
and 1637 women aged 50 years and older) as baseline.

In this study, a single detector spiral CT scanner was
used and scanning parameters were 120 kVp, 50 mAs
and 10 mm collimated acquisition with a 2 to I pitch, an
X-ray tube rotation speed of 1 second, 20 mm/second
table speed, 10-mm-thick sections were reconstructed. In
total, 64 patients underwent additional examinations
consisting of serum tumor marker, bronchoscopy, and
biopsy. Thoracic surgery or video-assisted thoracic
biopsy was performed on 51 patients. Of these 51
patients, 36 cases were histologically confirmed to have
primary lung cancer. The primary tumors were unifocal
in 35 patients and multifocal in one patient.

One thoracic and one general radiologist chose the
subjects for this study from our center’s database. The
former had 5 years of LSCT experience using LDCT and
the latter had 2 years experience on the same. They did
not participate in the observer performance study. All
nodules were identified and diagnosed by them. After
considering the balance of degree of their confidence
level, they chose the nodules, which were used in the
following observation study, not to cluster one side of
the degree of difficulty. Finally, they selected 60 cases,
including 30 positive and 30 negative for the observer
performance study. Interpretation time and degree of
difficulty were taken into consideration. The positive
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cases were those who needed thin-section CT for further
examination. They were defined as non-calcified nodules
of 5 mm or more in maximum diameter. Final diagnoses
of this positive group using biopsy resulted in: 13 adeno-
carcinomas, two atypical adenomatous hyperplasias,
and 15 benign nodules that include granulomas, inflam-
matory changes, tuberculomas, and intrapulmonary
lymph nodes. On thin-section CT of positive nodules, 7
nodules were 5-10 mm in maximum diameter, 15 nodules
were 11-20 mm, and 8 nodules were 21-30 mm. Using
Henschke et al. CT-screening-lung-nodule-classification,
thirty positive cases were classified into 25 subsolid
nodules (11 part-solid nodule and 14 non-solid nodules)
and five solid nodules." Solid nodule was defined as a
nodule that completely obscures the entire lung paren-
chyma within it whereas the subsolid nodule does not.
A subsolid nodule was further classified as either part-
solid (nodule with patches of parenchyma that are com-
pletely obscured) or non-solid (nodule with no such
areas). Negative cases were defined as those that went
unchanged over a 2-year period and were either a clear
lung or a lung with a nodule less than 5 mm in maximum
diameter, an interstitial change, or scarring.

Computerized scheme for automated detection of
pulmonary nodules

Our CT nodule detection method is outlined in Fig. 1.
There are various stages in detecting pulmonary nodules
using this CAD system. First the system enhances input
images through binary processing so that structures with
higher attenuation than pulmonary parenchyma are
selected. Second, to exclude regular intrapulmonary
structures such as bronchi, vessels and pleura, the high
attenuation structures are processed with cutting and
localization processing algorithms. As a result, nodular
opacities are separated from the regular intrapulmonary

]’ Original images |

1

and binary processi ]

‘ Site of interest identification |

l Site of interest processing using different logic ‘

to lesion ch istics and location

¥
[ GAD ouput ]

Fig. 1. Flow chart of computer-aided diagnosis (C4D) system for
detection, processing, and identification
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structures. Third, sites of interest that are greater than
5 mm in maximum diameter are recognized. Each site of
interest is then processed several times by CAD. Each
time, different logic is used at the site of interest to deter-
mine the presence or absence of ground-glass opacities,
discontinuous high attenuation areas different from
vessels, bronchial wall or pleural thickening. Sites with
suspected nodules were then processed according to
lesion characteristics such as area, center, shape, and
density. Again, different CAD logic is used to differenti-
ate between a hazy opacity and a solid opacity nodule.
Furthermore, nodules located at the periphery of paren-
chymas were analyzed using different assessment logic
than that used for centrally located nodules. The result-
ing output image is then displayed on the monitor for
assisting the diagnosis. One of the advantages of this
system in detecting nodules is that it can detect subsolid
nodules such as atypical adenomatous hyperplasias as
well as well-differentiated adenocarcinomas. This CAD
system was first preliminarily applied to a database con-
sisting of the 64 CTs with 65 actionable lung cancers
with further necessary examination (e.g., bronchoscopy,
biopsy, etc.). Using this database, we achieved a detec-
tion sensitivity of 81.5% with an average of 15.1 false-
positive detections per case.

Figure 2 shows examples of CAD output. In each case
the system encircles a candidate nodule. Three adenocar-
cinomas in Fig. 2 were correctly identified by the CAD
system. Two false-positive nodules (Fig. 2C) correspond-
ing to the azygos vein and overlapping pulmonary vessels
were also identified. This CAD system was able to detect
subsolid nodules reliably, which appeared as hazy opaci-
ties (ground-glass attenuation) on LDCT. Twenty of the
25 subsolid nodules and four of five solid nodules were
identified by the CAD system correctly.

Observer performance study

Eleven radiologists (three thoracic radiologists, five
general radiologists, and three radiology residents) took
part in the observer performance study. The three tho-
racic radiologists had over 10 years of experience and
the five general radiologists had between 5 to 10 years
of experience. Prior to participating in the study, observ-
ers were trained on the CAD system using ten training
cases (5 positive and 5 negative) to learn the rating
method and also to learn how to operate the CAD
system. The degree of difficulty for the 10 training cases
was adjusted to be at the same level as the 60 cases that
were to be used in the observation study. The training
cases were separate from the 60 cases used in the observer
performance study. Prior to performance testing, observ-
ers were provided with each patient’s sex, age and

Fig. 2. CAD system output. Each suspect site on the image was
established by placing a circle. A A 50-year-old man with well-
differentiated adenocarcinoma (arrow). An adenocarcinoma is
correctly identified by the CAD system. B A 62-year-old man with
moderately differentiated adenocarcinoma (arrow). An adenocar-
cinoma is correctly identified by the CAD system. C A 63-year-old
man with well-differentiated adenocarcinoma (arrow). An adeno-
carcinoma is correctly identified by the CAD system. Two false-
positive nodules (arrowheads) corresponding to an azygos vein and
overlapping pulmonary vessels are apparent

smoking habits. In addition, they were informed that
half of the cases to be assessed were in fact positive, and
nodules measured from 5 mm in maximum diameter to
30 mm on thin-section CT. Some cases had more than
one inflammatory nodule. However cases with multifo-
cal cancers were excluded from this study.

Each observer recorded his confidence level regarding
the presence or absence of a nodule using a line-marking
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method, on a continuous rating scale, to see if further
examination was needed. A chest CT image was first inter-
preted without CAD, and the confidence level was indi-
cated by marking a slash across a 5-cm long rating scale
line in black.' Then the observer viewed the same image
after being processed by the CAD system and then this
second confidence level was indicated in red on the same
rating scale line. Study cases were presented in random
order to each reader. Although reading time was not
limited, readers were asked to assess the images at the rate
they would assess during a normal working day. For each
reader, the time to complete the study was recorded. For
all results, the distance from the start of the scale to the
point where the reader put a slash mark on the scale was
measured and interpolated on a scale of 0 to 100.

Statistical analysis

Receiver operating characteristic (ROC) analysis
(LABROCS program by Metz et al, University of
Chicago, IL, USA) was used for comparing the observer
performance in discriminating between positive and
negative cases without and with CAD. The accuracy of
the detection was quantified by using the area under the
ROC curve (4, value). We used “ROCKIT” and “cor-
responding two-tailed paired t test” for analyzing signifi-
cant difference. A beneficial or detrimental effect due to
the use of CAD was evaluated in terms of the difference
between the first and second rating score.'”'* We assumed
that the computer output had had an effect on an
observer’s diagnosis when there was a difference in the
rating score of 30% or more between the first and second
ratings. The statistical significance of the difference
between the average number of cases affected benefi-
cially and those affected detrimentally was evaluated
with a nonparametric two-tailed test for paired data. P
values of less than 0.05 were considered to indicate a
significant difference.

Results

In this study, the sensitivity of the CAD system was 80%
for the 30 significant pulmonary nodule cases (100% for
the 15 neoplasms) and showed 15 false positives for each
case. This CAD system was able to detect subsolid
nodules, which appeared as hazy opacities (ground-glass
attenuation) on LDCT.

The A, values for each observer in detecting all pul-
monary nodules without and with CAD output are sum-
marized in Table 1. The A, values for all radiologists
significantly increased from 0.871 without CAD to 0.891
with CAD (P < 0.05) (Fig. 3). The A. values also showed
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Table 1. Values for each radiologist for interpretations without
and with CAD

Az value
Observer Without CAD With CAD
Thoracic radiologists
A 0.764 0.817
B 0.906 0.960
C 0.947 0.953
Mean 0.872 0.910
General radiologists
0.835 0.894
E 0.883 0.932
F 0.890 0.922
G 0.947 0.956
H 0.767 0.914
Mean 0.864 0.924
Residents
1 0.768 0.747
J 0.928 0.922
K 0.911 0.842
Mean 0.875 0.837
All 0.871 0.890

CAD, computer-aided diagnosis; 4. value, area under the receiver
operating characteristic (ROC) curve

significant improvement (P < 0.05) for thoracic and
general radiologists: for thoracic radiologists from 0.872
without to 0.910 with CAD, and for general radiologists
from 0.864 without to 0.924 with CAD. For residents,
however, the A, value decreased from 0.875 without
CAD to 0.834 with CAD, although a statistical signifi-
cant difference could not be seen.

For positive cases, the average number of cases
affected beneficially was 1.64 and was significantly larger
than that affected detrimentally (average number was
0.36). The beneficial cases included one solid nodule (a
total of two readings by two observers), one part-solid
nodule (a total of two readings by two observers), and
10 non-solid nodules (a total of 14 readings by seven
observers). The beneficial cases with neoplasms included
one solid and one part-solid adenocarcinoma, located on
the pleura and which mimicked non-significant pleural
changes, and five non-solid nodules, two of them were
atypical adenomatous hyperplasias and three were ade-
nocarcinomas (one of which was obscured by the central
bronchovascular bundle). These beneficial cases demon-
strated that the observers could correct their oversight
when the CAD pointed out irregularities.

For negative cases, a significant statistical difference
was not seen.

The average time to complete the study was one hour
47 minutes for all 60 cases (thoracic radiologists, one hour
19 minutes; general radiologists, one hour 42 minutes; and
residents, two hours 22 minutes, respectively.)
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Discussion

The basic goals of CAD are to provide a computer output
as a second opinion and to assist radiologists’ image inter-
pretation by improving the accuracy and consistency of
radiological diagnosis and also by reducing the image
reading time. A number of CAD systems that emphasize
clinical applications have already been developed for
chest radiograph and chest CT."”* Lung screening with
CT generates a large number of images, and as a result,
the diagnostic accuracy of the radiologist may be adversely
affected by the increased workload. We performed more
than 30 000 CT lung cancer screenings during the past 5
years, and have found that the substantial increase in the
number of images which needed to be processed on a daily
basis to be problematic. It is feared that under such a
workload readers might make misjudgments or even over-
look some nodules.

The increased cost of interpretation when two readers
are employed for a double reading has also motivated
the development of the CAD method with the idea that
CAD could be used to replace the second reader.

Armato et al. reported that a large fraction (84%, 32
of 38) of missed cancers in a database of low-dose CT
scans were detected correctly with an automated lung
nodule detection method.”” Their method achieved 80%
detection sensitivity with an average of 28.3 false-posi-
tive detections per scan. Although they had proven the
great efficacy of CAD on LSCT, it had not yet been fully
confirmed whether CAD could improve a reader’s diag-
nostic accuracy or consistency. For establishing the
practical value of CAD, it is indispensable to compare
observers’ performance in detecting nodules between
with and without use of CAD. Also, there are a few
CAD systems available for lung screening with
LDCT4]9,26,26
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In this paper we propose a new CAD system that
works well with “low dose” CT and responds to subsolid
nodules like atypical adenomatous hyperplasia or well-
differentiated adenocarcinoma. In the current study,
when using CAD, the average A, values for all observers
increased. For the positive cases, the number of cases
affected beneficially was significantly greater than those
affected detrimentally, which demonstrates that CAD
was effective in increasing detection accuracy of pulmo-
nary nodules on LDCT. In CT screening for lung cancer,
the detected nodule typically is either part-solid or non-
solid. But such a nodule is more likely to be malignant
than a solid one, even when nodule size is taken into
account, as emphasized by Henschke et al.”’” Therefore,
part-solid and non-solid nodules need to be studied in
greater detail. In the current study not only solid nodules
but also subsolid nodules (a total of 16 readings) were
rescued from being overlooked by using the CAD
system. Thus, we believe, such CAD is useful in prevent-
ing the oversight of both solid and subsolid pulmonary
nodules on LDCT.

Our findings differ from previous reports, which have
stated that CAD was effective for all readers indepen-
dent of their radiology experience.'*?**? According to
MacMahon et al., when CAD was used on chest radio-
graphs detection accuracy was significantly higher for all
reader categories including chest radiologists, general
radiologists, radiological residents, and non-radiolo-
gists.” In our study, however, CAD was not effective for
residents. Although nodules of up to 10 mm in maximum
diameter would have been previously obscured by the
heart or the diaphragm on a chest radiograph, all readers
could now readily see them on LDCT. In cases of a
ground-glass attenuation nodule and a small nodule
adjacent to the pulmonary vessels, however, the reader
still needed to master basic pulmonary anatomy prior to
being able to recognize them on LDCT. Even though
our CAD system readily detected well-differentiated
adenocarcinomas and atypical adenomatous hyperpla-
sias when they appeared as hazy opacities (ground-glass
attenuation) on LDCT, inexperienced readers who were
not aware that atypical adenomatous hyperplasias
showed as a hazy opacity on LDCT misdiagnosed them
as regions of no interest even after being identified cor-
rectly by CAD. Generally, residents tended to display
poor judgment when evaluating unfamiliar opacities. As
a result, we believe that our CAD system would be most
effective when used by knowledgeable and experienced
radiologists. Furthermore, a large number of false posi-
tives might have confounded some inexperienced radi-
ologists who have had limited knowledge in pulmonary
anatomy or who were not familiar with the CAD system.
The study resultsseem to suggest that bringing the CAD
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system into a reading room cannot be a substitute for
providing basic education and knowledge of pulmonary
nodules and pulmonary anatomy. For two neoplasm
cases, two observers (one resident and one general radi-
ologist) detected the lesions correctly at the initial
reading, but they changed their responses at the second
session with the CAD, probably because they considered
the lesions to be false positives of the CAD. This detri-
mental effect on neoplasm cases seemed to be affected
by the number of false positives.

There were several limitations to our study. First, this
study was performed using a single-detector row CT.
The current trend is that multi-detector row CT (MDCT)
may be more suitable for primary lung cancer screening.
Thus we need to adopt our CAD system to work with
MDCT.** However, single-detector row CTs are still
in widespread use throughout the world. We are sure
that CAD adjusted to LDCT is required to help with a
broad range of LSCT measures. The second limitation
was the slightly high ratio of false positives using our
CAD system. As our CAD system achieved a detection
sensitivity of 80% with an average of 15 false-positive
detections per scan, we believe that our system’s perfor-
mance was not lower than others, although it is hard to
directly compare nodule detection accuracy amongst dif-
ferent systems because of the differences in data sets and
methods.” Since our current CAD system was not
always effective when used by residents, we are now
improving our system by decreasing the number of false
positives. Third, the number of thoracic radiologists and
residents in our observer performance study was rela-
tively small. The fourth limitation was the high positivity
rate of the data set. This may be the most important
factor which could affect the overall results. Expecting
a high positivity rate, observers could make extra effort
to detect the true positives. However, if the positivity
rate goes down as we experience in a mass screening
setting, the CAD outputs might tire observers, especially
residents. Additional prospective studies in a mass
screening setting with a large number of observers may
be necessary to confirm the usefulness of this CAD.
Finally, it has yet to be determined whether it would be
acceptable to substitute the second reader by CAD when
performing a double reading in a clinical situation.
Therefore, future research comparing the performances
of a single reader assessment with CAD and a double
reader assessment without CAD is necessary.

Conclusion

Our results suggest that the CAD system is beneficial in
the detection of lung nodules on LDCT when used by
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experienced radiologists. It seems that this CAD system
has potential to improve the accuracy of lung cancer
detection on LSCT.

We did not accept any grant for this study. The authors have no
conflicts of interest to disclose.
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ABSTRACT

Relationship between Changes in Smoking
Cigarettes and Changes in Body Composition
and Physical Fitness

Nobuyuki MIYATAKE *, Kenji Nisun* *, Reiko GoTto*,
Hidetaka NisHIKAWA *, Takeyuki NumaTa *

The link between changes in smoking cigarettes
and changes in body composition and physical fitness
was evaluated. We used data of 907 men with 1-year
follow up. Subjects that smoked cigarettes were sig-
nificantly reduced after 1-year. Significant differences
were not noted in changes in body composition
between subjects that smoked and those that did not
after adjusting for age. However, changes in body
weight, body mass index and body fat percentage
were significantly correlated with changes in aerobic
fitness level in subjects that did not smoke cigarettes.
The present study indicated that lifestyle modification
i.e. exercise, diet and mechanisms for coping with
stress may be important in subjects that smoke
cigarettes.
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