82

Radiologist
Without CAD With CAD

A 0.798 0.81

B 0.736 04.898

c 0.793 0.837

D 0.763 0.81

E 0.790 0.861

F 0.333 0.844

G 0.706 0.874

H 0.6%5 0.812

| 0.825 0881

J 0.823 0.840

K 0.768 0.81%

L 0.840 0.883
M 0.849 0.857
N 0.78% 0.826
1} 0.807 0.836

P 0.757 0.833
Mean 0.785 0.853

Noto.—The difference for values without and with CAD
scheme was statistically significant with a p value of 0.016,
CAD = computer-aided giagnosis.

for solid nodules). Table 1 shows the A, values
without and with the CAD scheme for each ra-
diologist. The average A, value for the 16 radi-
ologists was improved from 0.785 to 0.853

Li et al.

(from 0.812 to 0.892 for nodules wath pure
ground-glass opacity, from 0.819 to 0.863 for
nodules with mixed ground-glass opacity, and
from 0.784 to 0.844 for solid nodules) by a sta-
tisticaily significant level (p = 0.016) with the
aid of the CAD scheme. The average ROC
curves for the performance of the computer
alone and the overall performance of the 16 Ta-
diologists without and with the CAD scheme
for distinction between malignant and benign
nodules are shown in Figure 2. The radiolo-
gists’ diagnostic performance with the CAD
scheme was more accurate than that of the
CAD scheme atone (p = 0.0005). The A, value
for the CAID scheme was also greater than that
of the radiologists alone {p = 0.00006).

Figure 3 shows the comelation between
the computer outputs and the average radiol-
ogists’ ratings without (Fig. 3A) and with
(Fig. 3B) the CAD scheme for indicating the
malignancy and benignancy of lung nodules.
The radiologists’ interpretations with the
compater aid were, in general, more accurate
than those of the radiologists alone for most
of the malignant and benign nodules (Fig. 1).
Note, however, that there were some cases
for which the radiologists” ratings without
CAD scheme were correct and the likelihood
of malignancy in the computer ouiput was
incomrect. In those cases, the radiologists
gave the correct ratings with the CAD
scheme, as ilustrated by three cancer cases
(black circles) in the upper left quadrant and
three benign cases (white circles) in the
lower right quadrant in Figure 3B. Sample
cases are shown in Figure 4.

1.00
Radiologists with

c 0.80 - CAD
-% (A, = 0.853)
E 0.60 - Computer only
g {A,=0.831)
@ Radiologists
£ 0.40 5 (A, = 0.785)
&
2
'_

0.20 —

0.0 T T T
0.0 0.20 0.40 0.60 0.80 1.00
False-Positive Fraction
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The effect of the computer output on the av-
erage change in rating score due to the CAD is
iHustrated in Figure 5. The relatdonship be-
tween the likelthood of malignancy and the av-
erage change in confidence level (average
change in ratings from without to with CAD)
for each nodule by the 16 radiologists has a
large cormelation coefficient (r = 0.927). The
radiclogists imcreased their confidence level
toward malignancy when the likelihood of ma-
lignancy was greater thar 0.50 and decreased
the confidence level toward benignancy when
the likelibood measure was less than 0.50 for
most of the malignant and benign nodules.

For the four clinical actions-—return to an-
pual screening, follow-up in 6 months, fol-
low-up in 3 months, or biopsy or surgery, we
attempted to quantify the changes in clinical
action {hat were due to the CAID scheme. For
malignant nodules, the average number of
nodules for which clinical actions were
changed by the 16 radiologists toward a bene-
ficial effect (step up) (mean, 4.1 nodules) was
greater than that toward a detrimental effect
(step down) (mean, 1.2 nodules) (p = 0.003).
For benign nodules, the number of nodules af-
fected by the CAD scheme toward a beneficial
effect (step down} and detrimental effect (step
up) was 3.1 and 2.1, respectively (p = 0.15).
Table 2 shows only the cases for which the
clinical action was changed to or from the two
extreme siations—that is, from biopsy or
surgery to screening and from screening to bi-
opsy or surgery. For malignant nedules, the
difference was statistically significant be-
tween the change to (1.9 cases) and the change

Fig. 2—Graph shows receiver operating characteristic {ROC) curves for performance
I of computer alone and average performance of 16 radiologisis without and with com-
puter-aided diagnosis (CAD) scheme. Note that difference was statistically significant
between radiologists without and with CAD scheme (p = 0.016), between computes
alone and radiologists’ performance without {p = 0.00006), and between computer
alone and radiologists’ performance with CAD scheme {p = 0.0605).
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Fig. 3.—Graphs show correlation betwsen computer output and average radiologists’ ratings witheut and with computes-zided diagnosis {CAD) scheme for indicating like-
fthood of malignancy for jung nodules. @ = average radiologists’ ratings for malignant nodules, O = average radiologists’ ratings for benign nodules, horizontal ines = range

of radiologists’ ratings for each nodule,

A and B, Sraphs show correlation between computer outputs and average radiologists' ratings without CAD (A} {r=0.514) and with CAD (B) {r = 0.784}. Note that radiolo-
gists’ ratings without CAD scheme in some malignant (upper feit quadrant} and benign llower right gquadrant) nodules were obviously correct, whereas likelihood of ma-
lignancy based on computer outputs alone was incorrect; even with incorrect CAD outputs, radiologists retained correct ratings. One malignant case {arrowt and one
benign case {arrowhead) shown here are illustrated in Figure 4.

from (0.8 cases) bicpsy or surgery (p = 0.007)
and between the change from (0.7 cases) and
the change to (0.1 cases) screening (p = 0.02).
For benign nodales, there was no statistically
significant difference between them.

Discussion

Evalvation of specific morphologic features
of solitary pulmonary nodules on CT, particu-
larly on HRCT, can help radiologists in dif-
ferentiating beniga from malignant lesions

Fig. 4—High-resolution CT {HRCT) scans show one
malignant case.and one henign case. Note that radiol-
ogists’ interpretations without computer-aided diagno-
sis {CAD) scheme were correct in these cases,
whereas likelihoods of malignancy based cn computer
outputs only were abviously incorrect; even with incor-
rect CAD outputs, radiologists retzined correct ratings.
A, HRCT scan shows malignant lung nodule in £8-
yea:r-oi man. Computer cutput was 9.36; radiciogists’
ratings without CAD, G.67;, and radiologists’ ratings
with CAD, 0.61.

B, HRCT scan shows benign lung nodule in 35-year-old
woman. Computer output was 0.78; radiologists’ ratings
without CAD, 0.27; and radiologists’ ratings with CAD, 0.38.

AJR:183, Navember 2004

[11-16]. Zwirewich et al. [12] reported that in-
creased nodule size and the presence of coarse
spiculation, lobulation, and inhomogeneous
central attenuation were observed with signifi-
cantly greater frequency among malignant le-
sions, which penerally appeared as solid
nodules on HRCT. However, CT screening fre-
quently detected a number of early peripheral
luag adenocarcinormas, and these cancers gener-
ally appeared as nodules with pure and mixed
ground-glass opacity on diagnostic HRCT [14,
15). Some benign lesions such as nodular fibro-

sis also showed an HRCT pattern similar to that
of adenocarcinomas and appeared as mixed
ground-glass opacity nodules with a spiculated
margin [16), In this observer study, the benign
lung nodules were matched in size and patiern
to the maligrant Jung nodules, including those
with pure ground-glass opacity, mixed ground-
glass opacity, and solid opacity. We believe that
the differential diagnosis of both benign and
malignant pulmonary nodules similar in size
and pattern can be difficult, and it is important
to verify that a CAD scheme can assist radiolo-
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Note~Clinical actions included ratum for annual sereening, foliow-up in 6 months, foliow-up in 3 moaths, and biopsy or surgery.
The first entry for radiologist B “%1" means the following: five cases that had been classified as annua{ screening, 6-month follow-up,
3-month foliow-up, or biopsy or surgery were reclassified as biopsy on the basis of the CAD output; and three cases that had been clas-
sified as screening were reclzssifiad to §-manth follaw-up, 3-month follew-1p, or biapsy or surgery on the basis of CAD cutput.

EThe difference lor all radiologists was statistically significant with a g vatue of 0.007 between beneficial effect and dexrimental
effect amang malignant lesicns.

YThe difference for oll radiolagists was statistically significant with a pvalue of 0,02 between beneficial effect and detrimen-
ta} effact among matignant lesions,
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gists in distinguishing these benign from malig-
nani nodukes on HRCT.

Previous studies indicated several methods
for determining the probability of malignancy
in masses on mammography [17, 18] and soli-
tary pulmonary nodules on chest radiography
[19-22] and chest CT [7, 23-25]. Automated
feature-extraction techniques have been applied
in CAD schernes for classification of malignant
and benign masses on breast and lung images
(7, 17, 18, 22]. Several observer studies indi-
cated that the likelihood-of-malignancy mea-
sures can improve radiologists diagnostic
accuracy in distinguishing benign from malig-
nant lesions on radiographs {17, 18, 23, 26] and
low-dose CT scans {27]. A recent study indi-
cated that the use of an artificial neural network
{ANN) as a computer aid based on attending ra-
diologists” subjective rating scores improved ra-
diologists’ performance in terms of A, value
from 0.831 to 0.959 in differentiating benign
from malignant pulmonary nodoles on HRCT
[25]. The performance of our automated fea-
ture-extraction scheme for all nodules in our da-
tabase (A, = 0.937) was comparable to that of
the ANN by use of sobjective ratings (A, =
0.951) [25). Our observer study indicates the
usefulness of our automated computerized
scheme in the classification of pulmonary ned-
ules on HRCT images, In the future, therefore,
an automated computerized scheme as second
opinion may be aceeptable to radiologists in
clinical situations.

Our antomated computerized scheme is
based on various objective features (size, con-
trast, shape, margin, intemal opacity, and inter-
nal features) of the nedules. The pezforrnance of
the CAD scheme was evaluated on the basis of a
leave-one-ont festing methed vsing 61 malig-
nant and 183 benign nodules. In the computer
output, a misciassification by the CAD system
was observed to occur in Jarge benign solid nod-
ules {Fig. 4B) and in nodules with mixed
ground-glass opacity, including benign (Fig. 113)
and malignant lesions (Fig, 4A). These misclas-
sifications probably cccurred because our data-
base was obtained from a CT screening program
in which all {15 lesions) solid malignant lesions
were more than 10 mrn, 94% (133/141) of solid
benign nodules were 10 mm or less, and in a
nodule with mixed ground-glass opacity, it was
more difficult to differentiate benign from malig-
nant by the CAD scherne. Also, there was a im-
itation in this observer smdy because the 56
nodules were included for developing the CAD
scheme. The number of nodules, especially ma-
lignant nodules in cur database, was not enough
to divide training and test groups in this study,
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and we plan to use an independent database
from other CT screening programs to fest the
vsefilness of our CAD scheme in the future.

Our results in this study showed that the ra-
diclogists’ performance with CAD scheme
{0.853) was greater than that of either radiolo-
gists alone (0.785) or computer ontput alone
(0.831), with statistically significant differ-
ences in A, values. The radiologists generatly
increased or decreased their confidence level
when the likelihood of malignancy was above
or below .50, respectively, and the changes
based on CAD output for most nodules were
toward a beneficial effect. Important findings
are that the radiologists’ initial ratings without
CAD were clearly comrect for some nodules
and that even when the computer output indi-
cated incorrect results, no serious detrimental
effect to the radiologists’ ratings as a result of
the CAD output occurred. Thus, radiologists
were able to maintain their correct judgmenis
when nodules appeared obviously benign or
malignant despite an incorrect CAD output. In
addition, the correct computer output was able
to assist radiologists in improving their deci-
sions on many subtle cases. Therefore, this
study indicated that a synergistic improve-
mient in observers’ interpretation by use of a
CAD scheme as a second opinion was possi-
ble, because the radiologists were able to
maintain their own correct opinions on some
obvious cases, whereas the computer output
assisted in irmproving their decisions on the
majority of subtle cases.

In this study, we guantified the changes
due to the CAD scheme in two extreme situ-
ations—that is, changes to or from biopsy or
screening, which are important decisions in
cancer screening. The results indicate the
benefit of the computer aid to radiologists in
making correct recommendations for malig-
nant lesions. However, no significant benefit
of the computer aid to radiologists was ob-
served for benign nodules. Possible reasons
might be that because this study was based
on tung cancer CT screening, radiologists
were highly alerted to avoid making underin-
terpretations for subtle pulmenary nodules
regardless of the result of the CAD scheme.
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Abstract. A- computer-aided diagnosis (CAD) scheme for determination of the likelihood of
malignancy of 244 nodules on high-resolution CT (HRCT) was developed. The performance (4,) for
16 radiologists was improved from 0.785 to 0.853 (P=0.02} with the aid of the CAD schewme by use
of 56 nodules, including 28 cancerous and 28 benign nodules which were matched in size and
pattern to the cancers. Our purpese in this study was to investigate further whether a CAD scheme
can assist radiologists in distinguishing benign from malignant nodules in different groups. The
results indicated that A, values for radiologists without and with the CAD scheme were improved
from 0.770 to 0.855 for general radiclogists (#=0.01) and from 0.805 to 0.840 for chest radiologists
(P=0.12); from 0.717 to 0.821 for nodules at 6—~10 mm (P=0.04) and from 0.837 to 0.901 for
nodules at 11-20 mm (P=0.04); and from 0.812 to 0.892 for nodules with pure ground-glass
opacity (GGO) (P=0.149), from 0.819 to 0.863 for nodules with mixed GGO ( P=0.196), and from
0.784 to 0.844 for solid nodules {P=0.334). CAD has the potential to improve the diagnostic
accuracy in distinguishing benign nodules from malignant ones in different groups on HRCT.
© 2004 Published by Elsevier B.V.

Kepwords: Lung nodule; Computer-aided diagnosis (CAD); Receiver operating characteristic (ROC) curve

1. Intreduction

Low-dose spiral CT has been applied for cancer screening and led to early detection of
lung cancer in some countries [I-3]. However, simultaneous or additional diagnostic
high-resolution CT (HRCT) was needed for distinction between early cancers, most of

* Correspondiug author. Tel.: +1-773-834-5093; fax: +1-773-702-0371.
E-mail address: fli@kurt.bsd.uchicago.edu (F. Li).

0531-5131/ © 2004 Published by Elsevier B.V.
doi:10.1016/).1c5.2004.03.083
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which were nodules with ground-glass opacity (GGO), and a large number of benign
nodules, which were detected as suspicious lesions by screening with low-dose CT [4,5]. It
is important to differentiate benign from malignant nodules on the first diagnostic HRCT
in order to reduce the number of follow-up HRCT examinations. The database used in this
study was obtained as part of follow-up diagnostic work in a lung cancer screening
program in Japan [1]. The database consisted of 244 small, non-calcified (3-20 mm)
nodules, including nodules with pure GGO, mixed GGO, and solid opacity on the HRCT
(1 mm collimation). We found that certain HRCT characteristics, which were reviewed
subjectively by radiologists, could be helpful in differentiating small malignant from
benign nodules [5]. Recently, we developed an automated computerized scheme for
distinction between malignant and benign lesions. Our observer study indicated that the
average A, value for 16 radiologists was improved from 0.785 to 0.853 by a statistically
significant amount (£=0.02) with the aid of a computer-aided diagnosis (CAD) scheme
for 28 malignant nodules and 28 benign nodules, which were matched in size and pattern
to the cancers [6]. In this study, we further investigated whether a CAD scheme could
assist radiologists in distinguishing benign from malignant nodules in different groups on
HRCT.

2. Methods

2.1. Database

The HRCT database used in this study consisted of 61 malignant (mean 12 mm;
range, 6~19 mm) and 183 benign nodules (mean 7 mm; range, 3-20 mm). The
patterns of malignant and benign nodules included pure GGO (malignant vs. benign:
IR vs. 12), mixed GGO (28 vs. 30) and solid opacity (15 vs. 141}, which were
subjectively reviewed by three radiologists. The mean size of all solid malignant
lesions was more than 10 mim, and the mean size of 133 (94%) solid benign nodules
was 10 mm or less.

2.2. Computer-aided diagnosis

We developed an automated computerized scheme for determination of the likelihood
of malignancy of lung nodules, which was based on various objective features (size,
contrast, shape, margin, internal opacity, and internal features) of the nodules. The CAD
scheme was based on multiple slices of HRCT derived from 2D and 3D volume data by
use of linear discriminant analysis. The performance of our CAD scheme yielded an A,
value of 0.937 in the distinction between malignant and benign nodules for all three
patterns. The 4, values of the classification scheme were 0.919 for nodules with pure
GGO, 0.852 for nodules with mixed GGO, and 0.957 for solid nodules.

2.3. Observer study

The cases used in this observer study consisted of 28 malignant nodules, which were
randomly selected from 61 primary lung cancers, and 28 benign nodules, which were



948 E Li et al. / International Congress Series 1208 (2004) 946-951

Table |

A, values for 16 radiologists for interpretation without and with CAD scheme

Radiologist Without CAD scheme With CAD scheme
Chest

A 0.763 0.871
B 0.833 0.844
C 0.323 0.340
D 0.768 0.819
C 0.840 (LRA3
F 0.849 0.857
G 0.757 0.833
Mean 0.805 0.850
General

H 0.798 0.87!
I 0.736 0.898
J 0.793 0.837
K 0.790 0.861
L 0.706 0.874
M 0.695 0.812
N 0.826 0.88¢
(8] 0.781 0.826
P 0.807 0.835
Meun 0.770 0.855
Mean for all 0.785 0.853

The difference was statistically significant with a p value 0.0 for general radiofogists (0.12 for chest rdiologists)
between radiologist without and with CAD scheme. No statistically significant difference was found between
chest and general rdiologists for cach condition without and with CAD scheme.

sclected from 183 benign nodules matched in size and patiern to the cancers. Sixteen
radiologists participated in this study.

A number of axial images for each nodule on HRCT were displayed for interpre-
tation in cine mode on a CRT monitor. For a training session before the test, we
provided five different cases so that the observers could learn how to operate the cine
mode interface and how to take into account the computer output in their decision. We
informed observers that the sensitivity and’ specificity of our CAD scheme, uging a
threshold of 050 (50%) for the likelihood of malignancy, were 80% and 75%,
respectively. The images were presented to radiologists, first without and then with
the computer output, who were asked to indicate their confidence level regarding the
malignancy of a nodule.

The performance (4,) of the CAD scheme was 0.831 in the distinction between the 28
malignant and 28 benign nodules used in this observer study. The average A, value for the
16 radiologists was improved from 0.785 to 0.853 by a statistically significant level
(P=0.02) with the aid of the CAD scheme for the 56 nodules,

Fig. 1. ROC curves show the performance of the computer alone and the average performance of 16 radiologists
without and with CAD scheme for tbwo size and tluee pattern groups. (A) All nodules, {B) smalt nodules, {C) large
nodules, (D) pure GGO, (B} mixed GGO, {F) solid nodules.
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2.4. Different groups

The 16 radiologists were divided into two groups, which included seven chest
radiologists with the mean experience of 15 years and nine general radiologists with the
mean experience of 13 years. The 56 nodules included two groups of nodules of different
size (9 small nodules of 6—10 mm and 19 large nodules of 11 -20 mm), and also three
groups with different patterns (8 nodules with pure GGO, 12 nodules with mixed GGO,
and 8 solid nodules) for both malignant and benign lesions.

2.5. Datu analysis

The confidence level ratings by each observer were analyzed by use of recetver
operating characteristic (ROC) methodology, and a quasi-maxinum likelthood estimation
of the binormal distribution was fitted to the radiologists’ confidence ratings [7]. The
statistical significance of the difference in 4, values between observer readings without
and with the CAD scheme was tested by use of the Dorfman—Berbaum—Metz method [8],
which included both reader variation, and case sample variation by means of an analysis-
of-variance approach.

3. Results

The A, values for radiologists without and with the CAD scheme were improved from
0.770 to 0.855 for the nine general radiologists ( P=0.01), and from 0.805 fo 0.850 for the
seven chest radiologists (P=0.12). 4, values without and with the CAD scheme for each
radiologist are listed in Table 1.

The A, values of the classification CAD scheme were 0.842 for small nodules, 0.870
for farge nodules, 0.910 for nodules with pure GGO, 0.814 for nodules with mixed GGO,
and 0.783 for solid nodules. The 4, values for radiologists without and with the CAD
scheme were improved from 0.717 to 0.821 for small nodules (P =0.04) and from 0.837 to
0.901 for large nodules ( P=0.04); and from 0.812 to 0.892 for nodules with pure GGO
(P=0.149), from 0.819 to 0.863 for noduies with mixed GGO (P=0.196), and from
0.784 to 0.844 for solid nodules (P=0.334). ROC curves for use of the computer alone
and the average performance of 16 radiologists without and with the CAD scheme for
distinction between malignant and benign nodules are shown in Fig. 1 (two size and three
pattern groups).

4. Conciusion

CAD has the potential to improve the diagnostic accuracy in distinguishing benign
nodules from malignant ones in different groups on HRCT.
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Effect of Temporal Subtraction Images on
Radiologists’ Detection of Lung Cancer on CT:
Results of the Observer Performance Study with
Use of Film Computed Tomography Images’

Hiroyuki Abe, MD, PhD, Takayuki Ishida, PhD, Junji Shiraishi, PhD, Feng Li, MD, PhD, Shigehike Katsuragawa, PhD,
Shusuke Sone, MD, Heber MacMahon, MD, Kunio Doi, PhD

Rationale and Objectives. To evaluate the effect of temporal subtraction images on the radiologists® detection of carly
primary lung cancer in computed tomography (CT) scans.

Materials and Methods. Fourteen cases wilh primary lung cancer and 16 nonmal cases were used for this study from a data-
base of low-gose T images, which were obtained from a lnng cancer screening program in Nagano, Yapan. Tmages were ob-
tained with a single-detector helical CT scanner using 10 mm collimation and 2:1 pitch. Each case had both previous and cur-
rent CT scans. Temporal subtraction images were obtained by sublracting the warped previous images from the cument images.
Seven radiologists, including four attendings and three residents, provided their confidence levels for the presence or absence of
Jung cancers with use of film CT images withowt and with temporal subtraction images, Receiver operating characteristic analy-
sis was used to compare their performance without and with temporal subtraction images.

Results. The mean Az values {arca under the receiver operaling characteristic curve) of seven observers without and with
temporal subtraction images were 0.868 and 0.930, respectively. Diagnostic acouracy was significantly improved by vsing
temporal subtraction images (P = .007). Temporal subtraction images were especiatly vseful when a nodule was present
near the palmonary hilum, where radiologists tended to overlook it,

Conclusion. The temporal subtraction technigue can significantly improve the sensitivity and specificily for detection of
lung cancer on CT scans.

Key Words. Lung cancer; temporal subtraction; computed tomography (CT); computer-aided diagnosis (CAD); observes study.
© AUR, 2004

Screening for lung cancer with Jow-dose compuated to-
mography {CT) has been become popular in the United
States and Yapan, partly because carlier-stage cancer can

Acad Radicl 2004; 11:1237-1343 be detected with CT than with chest radiographs (1,2).
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to radiologists in the detection of subtle nodules which
might have been missed without it (9-11). To our knowl-
edge, there has been no report published regarding the
use of temporat subtraction for CT. The purpose of this
study is to report the resulis of an observer study con-
ducted to determine if a ternporal subtraction technique
could be useful to improve the accuracy of radiologists in
detecting subtle noduoles cansed by lung cancer on CT.

Cases

We selected 14 cases with primary lung cancer and 16
normal cases for this study from a database of low-dose
CT images, which were obtained from a CT screening
program for Jung cancer conducted in Nagano, Japan,
from 1996 to 1999. The database consists of 7,847
screenees including 87 cases with primary upg cancer. Tn
the screening program, all subjects gave informed con-
sent. All cases used in this study had at least two sequen-
tial CT images with from 1- to 2-year interval between
them. All of the CT images ‘were obtained with a single
detecior helical CT scanner (W9305R; Hitachi Medieal,
Tokyo, Japan) with 2 10 mm collimation and one rotation
of the x-ray tube per 2-seconds with table speed of
10 mm/sec (pitch; 2:1). All of the scans were performed
in a 32-second breath hold with scanning from below the
level of diaphragm to above the level of apex. All of the
images were reconstrucled as 10 mm slice thickness. Al-
though the number of slices obtained in these cases was
32, all of cases used in this study covered the entire lungs
within 30 slices.

The selection critexia for positive cases included soli-
tary, primary lung cancer and cases having at least two
sequential CT scans with growth of a nodule observed in
the latter CT. The size of the nodules ranged from
5-24 mm (mean, 12 mm). The normal cases were se-
lected randoinly without the knowledge of the quality of
subtraction images produced. All of the noimnal cases
were verified by three experienced radiologists (H.A, EL,
H.M), who did not participate in the observer study, for
the absence of nodules or nodule-like lesions.

The location of the tumor was categorized into three
arcas; peripheral lung field, ceatral lung ficld, and perihi-
tum. When the tumor was located within 2 cm from the
pulmonary hilum, the location of the tumor was deter-
mined as perihilum. In the same manner, when the tamor
was located in the lung field within 2 cm from the pleara,
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Table 1
A; Value of Each Observer in the Detection of Lung Cancer
Without and With Temporal Subtraction image

Without With
Attendings A 0.810 0.949
8 0.861 0.932
[9) 0.905 0928
D 0.858 0.943
mean 0.858 0.938
Residenis E 0.933 0,965
F 0.757 0.812
G 0.955 0.983
mean 0.882 0.820
All meaan 0.868 0.930
1.0
- 0.8 ¢ With Temporal $ubtaction
B Az=0.930
k3]
b
= 06 Without Temporal Subtraction
a Az=0.868
:-g;
n 04
@
2
l.-.
02 ¢
P =0.007
1 1 L 1

3} 0.2 0.4 0.6 0.8 10
False Positive Fraciion

Figure 1. ROC curves for the average performance of seven ob-
servers in he delection of lung cancer on CT without and with
temporal subtraction. The performance with temporal subtraction
is significantly higher than that without it (P = .007).

the location of the tumor was determined as peripheral
lung field. (If the tamor was located within 2 em both
from the pulmonary hilum and from the pleura, ihe loca-
tion of the tomor was determined as perihilum.) The loca-
tion of the remaining tumors was determined as in central
lung ficld.

Primary cancers consisted of adenocarcinoma (n = 9),
small cell carcinoma {n = 3), and squamous cell carci-
noma (n = 2). Of these cancers, eight represented ground
glass opacity and six showed solid opacity. The average
age of the patients was 69.6 for cases with cancer (range,
56--89), and 51.4 for normal cases (range, 4474},



Table 2

The Number of Beneficial and Detrimental Effects in Both Normal and Cancer Cases

Beneficial eflect Detrimental effect
Normal Cancer Total Normal Cancer Total
Attendings A 1 2 13 1 1 2
B 1 2 3 0 0 0
G & 3 7 1 2 3
D 33 2 15 1 2 3
Residents E 7 1 B 0 1 il
F 6 2 B 4] 2 2
G 4 4] 4 4] 4] 0
mean 6.9 1.4 8.3 0.4 1.2 1.6

Temporal Subtraction Technique

The temporal subtraction technique on chest radio-
graphs has been described in detail previously (6-8), I
this study, we nsed an initial version of the temporal sub-
traction scheme to create the subtraction images. In the
scheme, the selection of the comresponding section in the
two sets of CT images and image shifi correction between
the current and the previous image were performed rmanu-
ally.

For making a snbtraction of CT image in each slice,
we used an ierative image warping technigue. First, a
number of template regions of interests (RO1s) with a
32 X 32 matrix size and the coresponding search area
ROIs with a 64 X 64 matrix size were selected antomati-
cally on the previous and current images, respectively.
Then, the shift values for template ROIs, which would
match to the corrcsponding areas in search area ROIs
were determined for all pairs of selected ROTs by means
of a cross~correlation technigue. The previous image was
nonlinearly warped according to local shift vectors for
“best-matching,” which was determined by highest cross-
correlation value (6,12-14). The warped previons image
was then used for the second warping for further reduc-
tion of misregistration artifacts. Finally, the temporal sub-
traction image was obtained by subtracting the second
warped previous image from the current image.

Observer Test and Dain Analysis

Four attending radiologists (years of experience, 6-16;
mean, 12.0 years) and three radiology residents (one
third-year, and two fourth-year residents) participated in
the obscrver study. Before the test, the observers were
told that about half of the cases had solitary lung cancer
and the rest were normal and that the benign Jesions such

as scar, atelectasis, and interstitial opacities should be
ipnored. For a training session, four cases (two cancer
cases and two normal cases) were presented for cach ob-
server to become familiar with the test. In the test, ob-
servers were required to indicate their diagnostic deci-
stons without temporal subtraction images initially, and
then with temporal subtraction images, sequentially. All
the skice images for previous CT, current CT, and the
subtraction technique were printed separately on 14 X
17 inch films (capable of having 30 slice images rnaxi-
mum) with a2 window width of 1,500 Hounsfield unit
{HU) and a window level of —700 HU.

Observers indicated their confidence levels regarding
the presence or absence of cancers using an gnalog con-
tinuous-rating scale with a line-checking method. There
were two identical 7-cm-long lines artanged one above
the other, with about 5 mm distance in between. For the
initial xalings, the observers marked their confidence lev-
els along the upper line, Points toward the right or left
end of the bar indicated the observer’s greater confidence
in a positive or negative result, respectively. Only when
the second ratings were different from the initial ratings,
observers indicated iheir confidence levels in the lower
line. Test sequence is as follows; previous and current CT
images were presented to observers, who were asked to
indicate their confidence rating without temporal subitrac-
tion first. Immediately after the completion of initial rat-
ing, temporal sublraction images were presented together
with those previous and current CT images, and observers
were given the opportunities to change their confidence
ratings. Thete was no time limit for the test. In the test,
1o observer requested a break, and the average time for
cach reading session was approximately 1 hour.
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Table 3

The Number of Observers Who Detected the Gancer Withont and With Temporal Subtraction, and the Size and Location

of the Cancor

Detected without temporal

Missed initialty, but detected with

Case No. Size (mm) Location* subtraction the aid of temporal subtraction
1 21 perihilum, rt 1 6
2 8 periphera, it 1 o
3 10 perpheral, i 2 o]
4 5 peripheral, 1. 2 0
5 B central, it 3 1
6 10 perihilum, rt 4 o
7 kR perihilam, k. 5 2
B 21 central, it 6 1}
9 15 peripheraf, It 6 0

*peripharal: peripheral lung field; central: centval fung field

The observer perfonmance in the detection of lung cancer,

without and with temporal subtraction, was evaluated by
means of receiver operating characteristic (ROC) analysis. A
binormal ROC curve was fitted 1o each observer’s confi-
dence rating data by using the maximum likelihood estima-
tion (15). A computer program, LABROCS, was used for
obtaining binormal ROC curves by use of the confidence
level scored by measuring the distance from the left end of
the line to the marked point on the continuous-rating scale
and converting the measurement to a scale from 0.00 to
1.00. The A, value was calculated for each fitted curve. The
statistical significance of the difference between the A, val-
ues obtained without and with the aid of temporal subtrac-
tion images was tested by use of the paired r-test.

We assumned that the temporal subtraction technique had
a clinically relevant effect on an observer’s diagnosis when
there was a difference in the rating scores of 30% or more
between the first and second ratings. We also assumed that
the temporal sublraction technique was beneficial only when
the second rating was on the point more than half of the
continuous-rating scale toward the correct end, in addition to
the 30% change in the confidence level, The temporal sub-
traction technique was detrimental when there was a 30%
change toward the incorrect end of the continnous-rating
scale. We assumed that the cancer was overlocked by the
observer when the rating of confidence level was less than
0.5 in positive cases, The statistical significance of the dif-
ference in these results was tested by use of the paired rtest.

The results of the observer’s perfoxmance without and
with temporal subtraction images are shown in Table 1.
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All observers improved their performance in the detection
of lung cancer by using temporal subtraction images. The
average area under the ROC curve (Ag value) for seven
observers was significantly improved by using the tempo-
ral subtraction technique, from 0.868 to 0.930 (P = .007)
(Fig 1). Table 2 shows the beneficial and detrimental ef-
fect of the temporal subtraction on each observer. The
average number of cases for beneficial elfect was signifi-
cantly (P = ,006) greater than that for detrimental effect.
The beneficial effect was appreciated significantly (P =
.009) more in normal cases than in cancer cases.

Five eancers {case No. 2—-6) were not detected by at
least three observers both withont and with temporal sub-
traction (Table 3). Of these five cancers, all cancers mea-
sured within 10 mm and three cancers located in periph-
eral lung field. Two cancers {case No. 1, 7) were over-
laoked by multiple observers intially, but were detected
with the aid of temporal subtraction (Table 3). Those two
cancers were located at perthilum (Fig 2).

Subtle nodules and nedules overlapped with normal
structures or Jocated near the large vessels are likely to be
“missed nodules™ on CT {16). Because the temporal sub-
traction technique can remove most of the normal struc-
tores from the images, it appears appropriate to use this
technigue for detection of nodules which are obscured by
the normal structures (10). Observers tended to overlook
nodules located at perihilum without lemporal subtracton
in this study, in spite of the fact that radiologists might be
expected to detect lesions more scnsitively in an observer
test than in daily clinical work, because the task in an
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Figure 2. Case 1 {a, previous CT; b, current CT; ¢, temporal sublraction image): A lung cancer located behind the right pulmonary
hilum on the current CT hmage i, corved arrow). At the same section on the previous CT, there is only a small, faint opacity at the
same location {&, arrow). Temporal subtraction clearly demonstrates the new nodule as a darlt area that stands out from the gray back-
ground (c). Six of seven observers missed this lesion initially, but detected it after viewing the temporal subtraction image.

observer test is simplified and the observer is not subject
to interruptions, In this study, temporal subtraction images
clearly helped the radiologists not to miss cancers at least
in two cases {Fig 2). On the other hand, small cancers
located in the periphery tended to be overlooked even
with temporal subtraction, partly because the lesions in
the subtraction imapges were sometimes obscured by the
artifacts caused by misregistration the normal structures
(Fig 3). The detectability of these small cancers may be
improved, if misregistration artifacts in the subtraction
images can be reduced in the future. Despite these arti-
facts, however, only a small number of detrimental effects
were found with use of the temporal subtraction. This is
likely because the temporal sublraction images are only
used as a guide to direct attention to suspicicus area in
the original images. If the opacity on the subtraction im-
age is not confirmed on the original image, it is assumed
to be an artifact. As to the beneficial effect, it tended 0

be greater in normal cases, to confirm the absence of new
nodule, than in cancer cases. This could bring great bene-
fit if temporal subtraction were used in a screening pro-
gram where the majority of examinations are normal.

In this study, we used films, not a soft copy display, to
show CT images for the observers. Although cine mode
sofl copy viewing of spiral CT images of the chest may
improve the radiclogists” ability to detect nodules com-
pared with hard copy reading (17), we believe that the
radiologists’ perforinance would be improved with tempo-
ral subtraction even if a cine viewing were used because
Iung cancers was commonly overiooked even with soft
copy displays (3).

The observer performance test is usualty conducted in
two ways {ie, an independent test and a sequential test).
The independent test consists of two separate sessions to
obtain resnlts without and with aid independently. The
sequential test is conducted in one session in which
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Figure 3. Case 2 (a, previous CT; b, current CT; ¢, temporal subtraction image), A small lung cancer is
located in the loft peripheral lung fleld (b, arvow). Although temporal subtraction image depicts a small can-

cer (o, curved arrow), misregistration artifacts around the bronchovascular bundle delract from the conspi-
cuity of the lesion.



images without and with aid are shown sequentially.
Kobayashi et al (18) and Uozumi et al {10} reported that
there were no statistically significant differences in the Az
values obtained with the two test methods. In the current
study, we used the sequential test because it is more effi-
cient and convenicnt.

The ROC analysis is a statistically sophisticated way
to evaluate {he observer performance test. However, the
difference in Az values would sometimes be difficult for
clinicians to feel its impact for their work. Therefore,
some investigators have analyzed the beneficial and detri-
mental effects by setting the cut-off point on the confi-
dence ratings (10,18~21). The cut-off point is usually set
arbilrarily. We believe that this analysis would provide
some sense of clinical relevance, if the cut-off point is
selected carefully. We selected the cut-off point as 0.5 in
the current study. We believe that the cut-off point of 0.5
would be reasonable because the observers were told to
use the line for confidence rating uniformly from the
point O 1o 1.0, according to their confidence level.

Although we obtained statistically significant differ-
ences In observers’ performances between without and
with temporal sebtraction, these results were obtained
from a rclatively small number of cases (30 cases) with a
small number of observers (seven observers). To verify
these results, a Jarger scale of observer test would be war-
ranted.

In conclusion, temporal sabtraction may be useful with
CT images 1o improve the diagnostic performance of radi-
ologists in the detection of Iang cancer.
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Pulmonary Lesions Detected in Population-based CT Screening for Lung Cancer:

Reliable Findings of Benign Lesions

Tadashi Murakami, Yoshifumi Yasuhara, Shinji Yoshioka, Masahiko Uemura,
Teruhito Mochizuki, and Junpei Ikezoe

Purpose: To identify the characteristics of benign pulmonary lesions in order to reduce false-
positive rates in screening computed tomography (CT) and in order to reduce frequency of
follow-up high-resolution CT (HRCT).

Materials and Methods: We evaluated 238 screening-detected benign lesions and 23 screening-
detected lung cancers for 12 characteristics: spiculation, well-defined margin, concave margin,
polygonal shape, notch/lobulation, solid component, ground-glass opacity (GGO), air
bronchogram, cavity, bubble-like appearance, pleural indentation, and vascular convergence.
We also measured the lesion diameters to set a threshold for benign lesions. We tested
combinations of these characteristics to differentiate benign lesions from lung cancers.
Results: By using certain combinations of the characteristics that showed statistically significant
differences between benign lesions and lung cancers, benign lesions could be extracted without
contamination by lung cancer in screening CT, when the combination included solid component
as a positive finding. In HRCT, more than 80% of the benign lesions could be extracted without
contamination by lung cancer when the combination included GGO as a negative finding.
Conclusion: It seems possible to reduce the frequency of follow-up HRCT to establish a
diagnosis of benign lesions using certain combinations of the characteristics of benign nodules.

Key words: lung cancer, screening CT, benign lesions, false positive

INTRODUCTION

N MASS SCREENINGS, COMPUTED TOMOGRAPHY (CT) IS

much more sensitive than chest X-ray in detecting
lung cancer.”” Screening CT can detect lung cancers at
earlier stages than can screening chest X-rays.'” On the
other hand, since no effective differentiator between
benign nodule and lung cancer has been proposed in
screening CT, it detects far more benign nodules (false
positives) than screening chest X-rays.®? In fact, the
majority of pulmonary nodules detected in CT screening
are not lung cancers.*® Therefore, invasive diagnostic
procedures for all detected pulmonary lesions cannot
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be justified. Instead, if screening CT reveals a pulmonary
lesion suspected to be lung cancer, diagnostic chest C'T
with high-resolution CT (HRCT) of the lesion is
recommended. If HRCT does not show benign
calcification in the lesion, further investigation is
recommended, depending on lesion size. Henschke et
al. reported that, with their protocol, pulmonary nodules
detected in CT screening could be managed with little
use of invasive diagnostic procedures.* To detect growth,
that protocol recommends periodic follow-up HRCT or
biopsy examination, depending on nodule size.*
However, to confirm a diagnosis of benign nodule
according to the stability of the nodule, follow-up CT is
necessary several times for up to 2 years. Since these
follow-up CTs are routine practice and are supported
by health insurance in Japan, it is preferable and more
cost-effective to reduce the false-positive rate in CT
screening. If screening CT findings can rule out lung
cancer with a reasonable false-negative rate, we can
reduce the screening CT false-positive rate. Otherwise,
based on the HRCT characteristics of benign nodules,'®
it may be possible to rule out lung cancer at the first
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HRCT examination.

The purpose of the present study was to identify the
characteristics of benign pulmonary lesions on screening
T and HRCT, which may reduce the false-positive rate
in CT screening or the frequency of diagnostic CT in
hospitals. We retrospectively evaluated the resuits of
screening CT and of the first HRCT of cases whose
pulmonary lesions were suspicious for lung cancer and
for which diagnoses had been established.

MATERIALS AND METHODS

From December 1999 to March 2003, 16,735 individuals
aged over 40 years participated in a mass screening
program for lung cancer by mobile spiral CT, which
was provided by the Ehime General Health Association.
Positive results indicative of lung cancer were found in
2,033 participants (12.19). Among them, we recruited
195 individuals whose diagnosis had been established
and whose screening CT and HRCT were available for
this study. Six were excluded from the study because
the lesion was acute pneumonia and the shape differed
between the screening CT and the HRCT. Finally, the
CT images of 189 individuals were analyzed. The mean
age was 61 years (range, 42-80 years). In 22 patients (8
men and 14 women}, the pulmonary lesion was
diagnosed as lung cancer. In the other 167 patients (79
men and 88 women), the pulmonary lesion was
diagnosed as benign. The total number of pulmonary
lesions was 23 in the lung-cancer patients (one patient
had two lung cancers) and 238 in the benign-lesion
patients. In all lung-cancer patients, the diagnosis was
histopathologically established by surgery. The type of
lung cancer was adenocarcinoma in 22 lesions and
squamous cell carcinoma in the remaining lesion. Gut
of 22 adenocarcinomas, the classification of Noguchi
was mentioned in seven: type A, 4;type B, 1; type C, 2.
The stage of lung cancer was IA in 20 patients, IB in
one patient, and IIB in one patient. In the one patient
with double-primary cancer (adenocarcinomas), the
stage was IB. The diagnoses of a majority of benign
lesions were clinically established. Twenty-five lesions
showed benign calcification on the HRCT image. During
the two-year follow-up period, 209 solid nodules were
stable. One lesion was diagnosed as pneumonia because
it was improved by the administration of antibictics. Of
the three patients with hamartoma, two were
histopathologically diagnosed by biopsy, and the other
was diagnosed as having a fat component on the HRCT
image (Table 1).

The screening CT was performed with a mobile CT
van (Asterion VR, Toshiba Medical Systems, Tokyo).
Low-dose spiral CT scanning of the chest was performed
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with the following parameters; 120 kVp, 25 to 50 mA,
10-mm collimation, 20-mm table speed/rotation. CT
images of the entire lung region were obtained in a single,
15- to 20-second breath-hold. The CT images were
reconstructed at 10-mm intervals by using a high-
frequency algorithm. The image data from the mobile
CT were registered in a data-storage system and
transferred to a dedicated workstation (RS-252, Konica
Co., Tokyo). We interpreted these images at lung
window settings (window width 1,600 HU, window level
-600 HU) on a monitor with an 8-bit frame memory.

HRCT of the pulmonary lesions was performed with
various scanners at the referred hospitals. Although the
scan parameters differed among the hospitals, basically
both the collimation and reconstruction interval were
1.0-2.0 mm. All image data were reconstructed with a
high-frequency algorithm (lung or bone algorithm) and
printed on films at lung window settings (window width
1,600 HU, window level -600 HU). We interpreted these
images on a view box.

Reading tests were performed separately between
screening CT and HRCT. In screening CT, all 238
pulmonary lesions were interpreted because detection
of the calcification was impossible. In HRCT, 213
pulmonary lesions without benign calcification were
interpreted because a diagnostic workup was terminated
whenever 2 benign calcification was found. In each test,
CT images with benign lesions and lung cancers were
mixed and interpreted in random order. Three chest
radiologists (M.U., §.Y., Y.Y.) interpreted the images
and reached a consensus. They did not know the
diagnoses of the pulmonary lesions or the patients’
clinical information. They also did not know the ratio
of benign lesions to lung cancers. They evaluated each
pulmonary lesion according to the 12 characteristics that
are reported to be useful in differentiating peripheral
pulmonary lesions: spiculation, well-defined 'margin,
concave margin, polygonal shape, notch/lobulation, solid
component, ground-glass opacity (GGO), air
bronchogram, cavity, bubble-like appearance, pleural
indentation, and vascular convergence.'%!' A well-
defined margin represents a pulmonary lesion
demarcated by a sharp margin from the surrounding Jung
parenchyma. A concave margin represents a pulmonary
lesion with linear or concave sides. A polygonal shape
represents a lesion surrounded by a concave margin. The
observers rated each pulmonary lesion on the 12
characteristics, assigning a confidence level to each
finding as follows: 4, definitely exists; 3, probably exists;
2, probably absent; 1, definitely absent (Figs. 1 and 2).

They recorded the size of each pulmonary lesion by
measuring the long axis diameter at the largest section
of the pulmonary lesion. In the screening CT, we
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Table 1. Summary of materials

Benign lesions

Lung cancer

Pulmonary lesion

Male/female
Age (y.0.)

Specification

238 lesions in 167 cases
79/88
60.210.6
No change: 234
Hamartoma: 3

23 lesions in 22 cases
8/14
65.2484
Adenocarcinoma: 22
Sq*: 1

Paeumonia: 1

Stage JA: 20
IB: 1
B: 1

* Sq: squamous cell carcinoma

evaluated the accuracy of this measurement by
categorizing the pulmonary lesions into three groups
(lesions smaller than or equal to 5 mm,* 8 mm,® and 10
mm*) based on the HRCT results to set a threshold for
diagnosing a benign lesion.”® This analysis was
performed using lesions without calcification (236
lesions).

To find the characteristics of benign lesions, we
compared the frequency of the 12 characteristics and
the size differences between the benign lesions and the
lung cancers. Then, we tested a combination of the items
whose frequencies had differed significantly between
the benign lesions and the lung cancers, providing an
effective differentiator. We separately analyzed the
results in screening CT and HRCT. In this trial, positive
findings received scores of 3 or 4 while negative findings
were scored [ or 2. We also performed multivariate
analysis to confirm the most effective differentiator
between benign lesion and lung cancer.

The Mann-Whitney U-test and Student’s t-test were
used to compare findings from the screening CT with
those of HRCT. A p value of less than 0.05 was regarded
as statistically significant.

RESULTS

In screening CT, spiculation (p<0.03), GGO (p<0.01),
air bronchogram (p<(}.01), bubble-like appearance
{p<0.01), pleural indentation (p<0.01), and vascular
convergence {p<(.01) were statistically more frequent
in lung cancers than in benign lesions. Solid component
(p<0.01) and polygonal shape (p<0.05) were statistically
more frequent in benign lesions than in lung cancers.
There were no significant differences between benign
lesions and lung cancers in notch/lobulation, well-
defined margin, concave margin, and cavity. The lung
cancers were on average significantly larger than the
benign lesions [17.0%9.2 mm (5-42 mm) vs. 6.6%2.8
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mm {3-21 mm), respectively] (Fig. 3).

In HRCT, spiculation {p<0.01), GGO (p<0.01), air
bronchogram (p<0.01), bubble-like appearance (p<0.01),
vascular convergence (p<0.01), notch/lobulation
(p<0.01), and pleural indentation (p<0.01) were
statistically more frequent in lung cancers than in benign
lesions. Solid component (p<0.01), polygonal shape
(p<0.01), and well-defined margin (p<0.01) were
statistically more frequent in benign lesions than in lung
cancers. There were no significant differences in concave
margin and the presence of cavities between benign
lesions and lung cancers. The lung cancers were on
average significantly larger than the benign lesions
[17.0%£9.3 mm (4-35 mm) vs. 6.6+2.5 mm (3-18 mm),
respectively] (Fig. 4).

The numbers of pulmonary lesions with below-
threshold diameters in HRCT were distributed as
follows: smaller or equal to 5 mm, 84 (81 benign lesions,
3 lung cancers) (36%); 8 mm, 191 (185 benign lesions,
6 lung cancers) (81%); 10 mm, 205 (198 benign lesions,
7 lung cancers) {(87%). In the screening CT, the numbers
of pulmonary lesions with below-threshold diameters
were distributed as follows: 5 mum, 82 (80 benign lesions,
2 lung cancers) (35%); 8 mm, 186 (182 benign lesions,
4 lung cancers) {79%}; 10 mm, 203 (197 benign lesions,
6 lung cancers) {(86%). Between screening CT and
HRCT, there was no significant difference in the number
of pulmonary lesions under each threshold. However,
249 (20/82) of the lesions below the threshold of 5 mm
in the screening CT actually had diameters of greater
than 5 mm in HRCT. On the other hand, 97% of the
lesions below the threshold of 8 mm and 96% of the
lesions below the threshold of 10 mm were identical
between the screening CT and HRCT. Thus, we decided
to make 8 mm the threshold diameter of benign lesions
in the following study.

‘We used the combination of size threshold and items
that had statistically significant differences between lung
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