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OBJECTIVE. We assessed thin-section CT features specific to benignity in solitary pulmonary
nodules of 1 cm or smdler that were detected at population-based CT screening for lung cancer.
MATERIALS AND METHODS. Two reviewers independently made qualitative (pres-
ence or absence of lobulation, spiculation, air bronchogram, cavity, satellite lesions, pleural
tag, concave margins, polygonal shape, and periphera subpleural lesion) and quantitative (le-
sion size, percentage of ground-glass opacity areas, and two- and three-dimensional ratios of
lesion) assessments in CT images of 72 nodules (25 lung cancers, seven atypical adenoma-
tous hyperplasias, and 40 benign lesions). Optimal criteria specific to benignity were studied.
RESULTS. The prevalence of polygonal shape (p=0.005 and p=0.019, reviewer 1 and re-
viewer 2), peripheral subpleural lesion (p = 0.011 and p = 0.033), a predominantly solid lesion
(p<0.001 and p < 0.001), and three-dimensional ratios (p < 0.001 and p < 0.001) were grester
in benign lesions than in malignancies. The prevalence of a predominantly solid lesion (p <
0.001 and p < 0.001) was greater in benign lesions than in atypical adenomatous hyperplasias,
and the prevalence of a peripheral subpleura lesion (p = 0.004 and p = 0.012) was greater in
atypical adenomatous hyperplasias than in malignancies. Using asingle CT feature, polygonal
shape and a three-dimensional ratio of greater than 1.78 showed 100% specificity for both re-
viewers. Among all combinations of CT findings specific to benignity, a combined criterion of
a predominantly solid lesion and peripheral subpleural lesion or polygonal shape or the three-
dimensional ratio attained the highest sengitivity (63% and 60%) for both reviewers.
CONCLUSION. A combined criterion of CT features was optimal for predicting benign

pulmonary lesions.
ince the advent of low-dose helical

S CT for screening for lung cancer,
many small solitary pulmonary
nodules (<1 cm) that were invisible on chest
radiographs have been discovered [1, 2]. How-
ever, most of the nodules have been benign [1,
2]. In one study, small nodules were detected
in 22% of high-risk patients, 90% of whom
proved to have benign lesions[2]. On the other
hand, primary lung cancer was discovered in
38% of patients who underwent video-assi sted
thoracic surgery for nodules of 1 cmor smaller
detected on CT [3]. Of the 27 lung cancers de-
tected at screening lung CT, 15 (56%) were
nodules of 1 cm or smaller [2]. Therefore, how
to manage indeterminate small nodules has be-
come amajor concern.

Asapromising noninvasive procedure, con-
trast-enhanced CT and positron emission to-
mography with FDG have been used for
differentiating benign from malignant pulmo-

nary nodules [4, 5]. Although Swensen et d.
[4] documented 93% accuracy for predicting
malignant neoplasms using contrast-enhanced
CT, dl nodules smdler than 1 cm were ex-
cluded from the diagnogtic statistics because
of technicaly inadequate CT examinations.
Lowe et al. [5] reported 91% accuracy of
positron emission tomography for diagnosing
malignant lesions. However, al malignant
nodules assessed in their series were 1 cm or
larger because of limited scanner resolution.
Until now, 2-year stability and benign cal-
cification on radiography or CT have been
used for predicting benign nodules [6, 7].
However, the observation policy will burden
patients with additional costs, and invasive
diagnostic procedures such as CT-guided bi-
opsy or video-assisted thoracoscopy incur
patient morbidity. Additionally, the accuracy
of CT-guided biopsy is significantly less for
small lung nodules (<15 mm) than for larger
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nodules [8], and CT-guided marking before
surgery may be required for thoracotomy of
small pulmonary nodules because these nod-
ules are often invisible and nonpalpable [9].
Thus, it is clinically useful to establish reli-
able CT features for benign lesions in small
pulmonary nodules. In this study, we retro-
spectively assessed whether any reliable
high-resolution CT features can predict be-
nign lesionsin peripheral solitary pulmonary
nodules of 1 cm or smaller without benign
cacification or fat that are detected at popu-
lation-based CT screening for lung cancer.

Materials and Methods

During the 3-year period from 1996 through
1998, we conducted a population-based mass
screening for lung cancer without charge using a
helical CT scanner (CT-W950SR; Hitachi Medi-
cal, Tokyo, Japan) loaded in avan [1]. Included in
our study were inhabitants in the Nagano prefec-
ture who were 40 years old or older. In this trid,
we performed a total of 13,786 CT examinations
with low-dose CT scanning with parameters of 25
or 50 mA, 10 mm/sec table speed, an X-ray tube
rotation speed of 2 sec, 10-mm collimation, and a
pitch of 2. We recommended that all participants
receive the initial and two annual repeated screen-
ing CT examinations. The number of screened in-
dividuals was 5483 in 1996, 4425 in 1997, and
3878in1998. Of these, 1259 were examined twice
and 3522 were screened three times. Among the
total of 13,786 CT scans, 6381 (46%) were con-
ducted in women and 7405 (54%) in men. Regard-
ing smoking habits, 7491 (54%) were nonsmokers
and 6295 (46%) were smokers. Among the 6381
women, 5977 (94%) were nonsmokers; among the
7405 men, 1514 (20%) were nonsmokers. Of the
6295 smokers, a history of cigarette smoking was
less than 10 pack-years for 4155 (66%), 10-20
pack-years for 1448 (23%), and greater than 20
pack-years for 692 (11%). The median age of the
subjects at the initial screening CT was 62 years
(age range, 40-74 years).

Two radiologists in consensusinterpreted the low-
dose CT images displayed on a cathode-ray tube
monitor. In reviewing annual repeated CT images,
comparison with prior images was performed with
side-by-side viewing on a cathode-ray tube monitor
with information given about the previous diagnostic
CT. We categorized the lesions asfollows: unsatisfac-
tory examination (category A), normal (category B),
lung abnormality of little clinical importance (cate-
gory C), noncancerous lung lesion (category D),
probable cancer (category E), possible cancer (cate-
gory Ed), and nodules smaller than 3 mm in diameter
(category F). Category D included a solitary pulmo-
nary nodule with benign calcification, a solitary pul-
monary nodule that showed no growth on the annua
repeated low-dose CT, and lung opacities with seg-
menta distribution. Category E included a solitary
pulmonary nodule of 15 mm or larger, a solitary pul-
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monary nodule with spicular or irregular margins,
and asolitary pulmonary nodule that showed interim
growth on annud repeated low-dose CT. Category
Ed included a solitary pulmonary nodule of 3-14
mm without spicular or irregular margins. Nodules of
categories E and Ed had no benign cacification on
low-dose CT. We recommended diagnostic CT for
individuas with categories E and Ed lesions and an-
nual repeated low-dose CT for individuals with cate-
gory Flesions. When nodules of category F regressed
or remained the same size on annua repeated low-
dose CT, they were classified as category D; when
the nodules enlarged on the repested low-dose CT,
they were classified as category E. Thus, among the
total of 13,786 CT examinations, diagnostic CT, in-
cluding thin-section high-resolution CT and CT den-
stometry, was recommended for 477 individuds
(3.5%) with categories E or Ed lesions, and annua
repeated low-dose CT, for 111 individuas (0.8%)
with category F lesions.

Among the477 individuals (175 of category E and
302 of category Ed), 458 (96%) underwent diagnostic
CT. The diagnogtic CT was performed within 3
months of screening CT in most individuas. Among
these 458 patients, 219 (48%) were diagnosed as hav-
ing benign lesions because they showed apparent re-
gression (26/219; 12%) or disgppearance (152/219;
69%) or had benign calcification (complete, central,
laminated, or popcorn cacification; 35/219; 16%) or
areasof fat attenuation (40 to—120 H; 6/219; 3%) on
thefirst diagnogtic CT [10, 11]. Among the remaining
239 patients, lung cancer was diagnosed in 73 pa
tients (31%; 61 cases of adenocarcinoma [32 of
bronchioloalveolar cell carcinoma, 18 of well-differ-
entiated adenocarcinoma, eight of moderately differ-
entiated adenocarcinoma, and three of poorly
differentiated adenocarcinoma], eight of sguamous
cdl carcinoma, and four of smal cell carcinoma),
atypica adenomatous hyperplasiain nine (4%), and
benign lesions in 53 (22%; 10 by surgical resection
and 43 by no interim growth for 2 years or more on
follow-up diagnostic CT); 94 cases (39%) were
thought to be benign on diagnostic CT but had insuf-
ficient follow-up with diagnogtic CT; and 10 (4%)
werelost to follow-up or refused to have surgery.

The 10 patients who were lost to follow-up or re-
fused to have surgery and the 94 patients with le-
sions thought to be benign were excluded from the
239 cases. Thus, 135 cases remained. Seventy-two
cases (53%) were selected from the 135 cases be-
cause they had a solitary pulmonary nodule of 1 cm
or smaller. According to the latest World Health Or-
ganization lung tumor classification, atypical ade-
nomatous hyperplasia is classified as a preinvasive
neoplasia of the lung [12]. We treated this neoplasia
as an independent entity in this series.

This retrospective study consisted of 25 lung can-
cers (35%), seven atypica adenomatous hyperpla-
Sias(10%), and 40 benign lesions (56%) in 72 cases.
The patients were 37 men and 35 women with a
mean age of 66 years (age range, 46-75 years).
None of the 72 patients had known extrapulmonary
malignancy. Nineteen (76%) of the 25 lung cancers
were localized bronchioloaveolar carcinoma; the

other malignancies were five (20%) adenocarcinoma
with bronchioloalveolar carcinoma components and
one (4%) squamous cell carcinoma. All atypica ad-
enomatous hyperplasias and eight (20%; nodular fi-
bross [n = 4], organizing pneumonia [n = 1],
granuloma[n = 1], cryptococcomal[n = 1], and intra-
pulmonary lymph node [n = 1]) of the 40 benign le-
sions were surgicaly resected. The remaining 32
benign lesions (80%) were clinicaly diagnosed.
They were diagnosed as having benign lesions with
repeated high-resolution CT performed more than 2
years dfter the first diagnostic CT because they
showed no growth on the follow-up CT scans; 11 le-
sions decreased in size; three lesions disappeared,;
and 18 lesions remained the same on the follow-up
CT. The time between the first and the follow-up CT
was 742-803 days.

All 72 patients underwent diagnostic CT. Firt,
conventional CT scans were obtained through the
chest with contiguous 10-mm-thick sections; then
helical CT scans were obtained through the lesions
using a CT scanner (HiSpeed Advantage; General
Electric Medical Systems, Milwaukee, WI) with se-
quentia 1-mm-thick sections during one bresth-hold
using a pitch of 1. We obtained 10-30 dlices per le-
sion to cover the entire lesion. The images were re-
congtructed a O0.5-mm intervals with a bone
agorithm. Next, three to five corona multiplanar
reformations were acquired a 1-mm intervals
through each lesion by one radiologist. The images
were photographed using awindow level of -550 H
and width of 1500 H for lung windows and aleve of
35H and awidth of 250 H for mediastinal windows.

Firgt, unaware of the histologic diagnoses, two ra-
diologists independently estimated the likelihood of
each lesion being benign or malignant using a 100-
point scale based on quditative assessment of high-
resolution CT images. The sengitivity and specificity
for predicting benignity were caculated. A score of
less than 50 was regarded asindicating benignity.

Next, the same two radiologists independently
made quditative and quantitative evaluations of the
high-resolution CT findings. Qualitative evaluation
included determination of the presence or absence of
lobulation, coarse spiculation, air bronchogram, cav-
ity, satellite lesions, pleural tag, concave margins, po-
lygona shape, and a peripherad subpleurd lesion.
Coarse spiculation was defined as the presence of 2-
mm or thicker strands extending from the nodule
margin into the lung parenchyma without reaching
the pleura surface[13)]. Satellitelesions were defined
as one or more digtinctly separate nodular areas of
high atenuation located in the same subsegment of
the dominant lesion. A pleurd tag was defined as a
linear strand originating from the nodule surface to
reach the pleura surface. Concave margins were de-
fined as a part of the lesion surface (except the por-
tionsin contact with the pleura) that showed concave
or straightened configuration. Polygonal shape was
defined as the entire lesion surface having concave
margins only. Interobserver agreement for the nine
CT findings was measured using the kappa stetistic.

Quantitative evaluation included the measure-
ment of the maximum and minimum diameters of
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A

Fig. 1.—Method of measurement in clinically benign lesions.
A, Transverse section in which greatest diameter of lesion was included was selected; diameter was used as maximum transverse diameter (A) of lesion. Minimum transverse
diameter (B) of lesion was measured as sum of line segments drawn perpendicular to maximum transverse diameter that reached edges of nodule furthest from line segment
corresponding to maximum transverse diameter. Two-dimensional ratio was defined as ratio of A to B.
B, Three to five coronal multiplanar reformations were acquired at 1-mm intervals through each lesion. Longitudinal dimension of lesion was measured as difference between
cephalad extent and caudal extent of lesion in each coronal reformation, and greatest value was used as maximum longitudinal dimension (C) of lesion. Three-dimensional

ratio was defined as ratio of A to C.

lesions in the transverse plane, the maximum lon-
gitudinal dimensions, and the two- and three-di-
mensiond retios of thelesions. First, the reviewers
selected a transverse section in which the greatest
diameter of the lesion was included and regarded
that diameter as the maximum transverse diameter
of thelesion (Fig. 1). The maximum transverse di-
ameter of the lesion was used as a lesion size.
Next, the minimum transverse diameter of the le-
sion was measured as the sum of line segments
drawn perpendicular to the maximum transverse
diameter that reached the edges of the nodule that
were furthest from the line segment corresponding
to the maximum transverse diameter. The two-di-
mensiona ratio was defined as the ratio of the
maximum to the minimum diameter in the trans-
verse plane. Then the longitudinal dimension of
lesion was measured as the difference between the
cephalad extent and the caudal extent of the lesion
in each coronal reformation; the greatest value was
used as the maximum longitudinal dimension of
thelesion. The reviewers calculated theratio of the
maximum transverse diameter to the maximum
longitudinal dimension of the lesion and used that
ratio as athree-dimensional ratio.

The two radiologists aso caculated the percent-
age of ground-glass opacity relative to the entire le-
sion using the CT images at the level of the greatest
transverse diameter of the lesion. To quantify the per-
centage of ground-glass opacity, we used a dotted
grid with equivalent intervals between the horizontal
and vertical dots overlaid on the CT images. Without
knowledge of the histologic diagnoses, the two re-
viewers independently counted the number of dots
corresponding to the areas of ground-glass opacity
and used them as ground-glass opacity aress, and the
number of dots corresponding to the lesion was used
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asan entireleson. The points on the apparent vessals,
normd interlobular septa, and bronchi in the ground-
glass opacity areas were counted as ground-glass
opecity areas. A cavity in the solid area was regarded
as a solid area. We made severa overlay grids with
different intervals and used an appropriate one so that
the number of dots for the entire lesion exceeded a
least 30. Then the percentage of ground-glass opacity
in the lesion was calculated for each lesion. All the

qualitative and quantitative assessments of CT images
were performed on the hard-copy images. A predom-
inantly solid lesion was defined asalesion of ground-
glass opacity of less than 50%, and a predominantly
ground-glass-opacity lesion was defined asalesion of
ground-glass opacity equa to or greater than 50%.
Corrdation coefficients of the measurements of the
two reviewerswere caculated for thelesion size, two-
and three-dimensiond ratios, and the percentage of

High-Resqution CT Findings of Reviewer |

Finding Benign Atypical Adejnomatous Malignant

(n=40) Hyperplasia (n=7) (n=25)

Lesion size (mm) 7817 73+0.8 83+15
Two-dimensional ratio 1.29 £ 0.31 1.21+£0.1 1.28 +0.28
Three-dimensional ratio 1.62+0572 1.21+0.21 1.19+0.232
Predominantly solid 36 (90)2P 0b 7(28)2
Lobulation 11(28) 1(14) 8(32)
Coarse spiculation 9(23) 0 3(12)
Air bronchogram 5(13) 1(14) 6 (24)
Cavity 2(5) 0 1(4)
Satellite lesion 10 (25) 1(14) 2(8)
Pleural tag 12 (30) 0 4(16)
Concave margin 19 (48)2 2(29) 2(8)2
Polygonal shape 11(28)°¢ 0 0°¢
Peripheral subpleural 12(30)¢ 4(57)¢ 1(4)%e

Note.—Data in first three rows are mean + SD. Numbers in parentheses are percentages.
2p<0.001 between benign and malignant lesions.

hp <0.001 between benign and atypical adenomatous hyperplasia lesions.
©p=0.005 between benign and malignant lesions.
9p=0.011 between benign and malignant lesions.

€p=0.004 between atypical adenomatous hyperplasia and malignant lesions.
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ground-glass opacity of the lesons to assess interob-
server agreement.

We compared dl 13 high-resolution CT findingsin
threelesion categories (benign lesion, atypica adenom-
atous hyperplasia, and lung cancer). Then we assessed
diagnogtic atistics for one or every combination of
datigticaly sgnificant CT features and proposed an op-
tima criterion specific to benignity. One-way andyss
of variance followed by the Bonferroni method of mul-
tiple comparisons was used to compare the lesion Szes
and the two- and three-dimensiond retios of the le-
sons. The corrdation of leson szes, ratios of lesons,
and the percentages of ground-glass opacity between
the two reviewers were examined using Pearson’s cor-
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reldion. Fisher's exact tests were used to compare the
prevalence of lobulation, coarse spiculation, predomi-
nantly solid lesion, ar bronchogram, cavity, satellitele-
sons pleural tag, concave margins, polygonal shape,
and peripheral subpleura lesion. A p value of less
than 0.05 was considered statistically significant. All
statistical calculations were performed using statisti-
ca software (SPSS, Chicago, IL).

Results
Qualitative Assessment of Thin-Section CT Findings

The kappavaue of the two reviewersfor the
nine quditative CT features ranged from 0.50

High-Resolution CT Findings of Reviewer 2
Finding Benign Atypical Adgnomatous Malignant
(n=40) Hyperplasia (n=17) (n=25)
Lesion size (mm) 7917 70+09 8415
Two-dimensional ratio 1.28+0.29 1.25+0.19 1.30+0.28
Three-dimensional ratio 1.62 + 0.562 1.27 £0.28 1.18+0.182
Predominantly solid 37 (93)2b 0b 5(20)°
Lobulation 9(23) 1(14) 5(20)
Coarse spiculation 8(20) 0 3(12)
Air bronchogram 5(13) 2(29) 8(32)
Cavity 1(3) 0 1(4)
Satellite lesion 9(23) 0 2(8)
Pleural tag 16 (40) 0 5(20)
Concave margin 17 (43) 2(29) 4(16)
Polygonal shape 8(20)° 0 0°
Peripheral subpleural 13 (33)¢ 4(57)8 2(g)%e

Note.—Data in first three rows are mean + SD. Numbers in parentheses are percentages.

8p<0.001 between benign and malignant lesions.

bp <0.001 between benign and atypical adenomatous hyperplasia lesions.

¢p=0.019 between benign and malignant lesions.
dp =0.033 between benign and malignant lesions.

€p=0.012 between atypical adenomatous hyperplasia and malignant lesions.

to 0.81. These values indicated moderate to al-
most perfect agreement [14]. As shown in Ta-
bles1and 2, astatisticaly significant difference
between benign and malignant lesions (p =
0.005 and p = 0.011, respectively, for reviewer
1; p=0.019 and p = 0.033, respectively, for re-
viewer 2) was seen in polygona shape and pe-
ripheral subpleura lesion for both reviewers.
The prevaence of polygona shape (28% vs
0% for reviewer 1; 20% vs 0% for reviewer 2)
and peripheral subpleura lesion (30% vs 4%
for reviewer 1; 33% vs 8% for reviewer 2) was
sgnificantly grester in benign lesions than in
malignant lesions for both reviewers. The prev-
alence of peripherd subpleurd lesion (57% vs
4% for reviewer 1; 57% vs 8% for reviewer 2)
was sgnificantly greater in atypica adenoma-
tous hyperplasias than in mdignant lesions for
both reviewers (p = 0.004 for reviewer Land p =
0.012 for reviewer 2). The prevalence of con-
cave margin in benign lesions was significantly
gregter (p < 0.001) than that in maignant le-
sons for reviewer 1, but no significant differ-
ence was noted for reviewer 2. The prevalence
of these CT findings in each lesion category is
summarized in Tables3and 4.

Quantitative Assessment of Thin-Section CT Findings

The correlation coefficient was 0.80 for the
leson size (p < 0.001), 0.92 for the two-dimen-
siond ratios (p < 0.001), 0.94 for the three-di-
mengiond ratios (p < 0.001), and 0.94 for the
percentage of ground-glass opecity (p < 0.001),
al of which indicated strong agreement be-
tween the two observers measurements.

A nodule of 3-5 mm and a nodule of 6-10
mm were found in 10 (14%) and 62 (86%)
cases, respectively, for reviewer 1, and in nine

Diagnoses and High-Resolution CT Findings of Reviewer |
CT Finding
Diagnosis Predominantly |  Concave Polygonal Peripheral | Three-Dimensional
Solid Margin Shape Subpleural Ratio®
Malignant (n = 25)
Localized bronchioloalveolar carcinoma (n=19) 5 1 0 1 1.22 (0.85-1.78)
Adenocarcinoma with bronchioloalveolar carcinoma pattern (n=5) 1 1 0 0 1.10 (1.00-1.20)
Squamous cell carcinoma (n=1) 1 0 0 0 1.00
Atypical adenomatous hyperplasia (n=7) 0 2 0 4 1.21(0.83-1.45)
Benign (n = 40)
Nodular fibrosis (n = 4) 1 4 2 0 1.49(1.21-2.10)
Organizing pneumonia (n=1) 1 0 0 0 1.00
Granuloma (n=1) 1 1 1 0 2.00
Cryptococcoma (n=1) 1 0 0 0 1.14
Intrapulmonary lymph node (n=1) 1 0 0 1 257
Clinically benign (n=32) 31 14 8 " 1.63 (0.80-3.20)

@Mean (range).
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Solitary Pulmonary Nodules Found on Screening CT

(13%) and 63 (88%) cases, respectively, for re-
viewer 2. One malignancy (bronchioloalveolar
carcinoma) was found among the nodules of 3—
5 mm for both reviewers interpretations. As
shown in Tables 1 and 2, a statigtically signifi-
cant difference between benign and malignant
lesionswas seen for three-dimensiond ratios (p <
0.001 for both reviewers) and predominantly
solid lesons (p < 0.001 for both reviewers).

The three-dimensiond ratio was significantly
grester in benign lesons (1.62 + 0.57 [mean +
SD] for reviewer 1, 1.62 + 0.56 for reviewer 2)
than in malignant lesions (1.19 + 0.23 for re-
viewer 1, 1.18 + 0.18 for reviewer 2). The prev-
alence of a predominantly solid leson was
significantly greater in benign than in mdig-
nant lesions (90% vs 28% for reviewer 1; 93%
vs 20% for reviewer 2). The prevdence of a

predominantly solid lesion was significantly (p <
0.001 for both reviewers) greater in benign
lesons than in atypical adenomatous hyperpla:
sas for both reviewers (90% vs 0% for re-
viewer 1; 93% vs 0% for reviewer 2). The
mean values of the three-dimensiond ratios of
each lesion category are summarized in Tables
3 and 4. The correlation between the numbers
of benign, atypicd adenomatous hyperplasia,

LY.\: 18 B Diagnoses and High-Resolution CT Findings of Reviewer 2

CT Finding
Diagnosis Predominantly | Concave Polygonal Peripheral | Three-Dimensional
Solid Margin Shape Subpleural Ratio?
Malignant (n = 25)
Localized bronchioloalveolar carcinoma (n=19) 2 3 0 2 1.21(0.91-1.64)
Adenocarcinoma with bronchioloalveolar carcinoma pattern (n=5) 2 1 0 0 1.11(1.00-1.19)
Squamous cell carcinoma (n=1) 1 0 0 0 1.07
Atypical adenomatous hyperplasia (n=7) 0 2 0 4 1.27 (1.00-1.75)
Benign (n=40)
Nodular fibrosis (n=4) 1 3 2 0 1.42 (1.14-1.90)
Organizing pneumonia (n=1) 1 0 0 0 1.06
Granuloma (n=1) 1 1 1 0 2.00
Cryptococcoma (n=1) 1 0 0 0 1.13
Intrapulmonary lymph node (n=1) 1 0 0 1 2.57
Clinically benign (n=32) 32 13 5 12 1.63 (0.75-3.20)
@Mean (range).
15 = 15 =
%) 0
c 10 c 10 =
2 S
) )
) Q
— —
© ©
o S _
=z =z
5 — 5 -
0= T T T 0 - T I T T T
0.75-0.99 1-1.24 1.25-1.49 1.5-1.74 1.75-1.99 2-224 225-2.49 >2.5 0.75-0.99 1-1.24 1.25-1.49 1.5-1.74 1.75-1.99 2-2.24 2.25-2.49 =25
Three-Dimensional Ratio Three-Dimensional Ratio
A B

Fig. 2—Correlation between number of benign (white), atypical adenomatous hyperplasia (black), and malignant (gray) lesions and three-dimensional ratios of lesion.
A and B, Bar graphs show correlation between number of benign, atypical adenomatous hyperplasia, and malignant lesions and three-dimensional ratios of lesion for reviewers 1
(A)and 2 (B). In general, benign lesions had plural peaks, whereas malignant lesions had only one peakin 1.00-1.24. Three-dimensional ratios in malignant lesions did not exceed 1.78.
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and malignant lesons and the three-dimen-
sond ratios of the two reviewers is shown in
Figure 2. In generd, benign lesions had multi-
ple peaks, whereas malignant lesions had only
one peak, 1.00-1.24, in the three-dimensiond
ratios of both reviewers.

Diagnostic Statistics for Predicting Benign Lesions

Diagnostic statistics for differentiating be-
nign lesions from atypical adenomatous hy-
perplasias and lung cancers in two reviewers
are shown in Tables 5 and 6. The senditivity
and specificity for qualitative estimation were
75% and 78%, respectively, for reviewer 1,
and 75% and 84%, respectively, for reviewer
2. Seven results were fase-positive and 10
were fa se-negative for reviewer 1; five results
were false-positive and 10 were false-negative
for reviewer 2.

When we used asingle CT feeture, the high-
est accuracy (85% for reviewer 1; 89% for re-

Takashima et al.

viewer 2) was obtained with a predominantly
solid lesion for both reviewers. However, speci-
ficity of the predominantly solid lesion was
limited (78% for reviewer 1; 84% for reviewer
2). False-positive results for this predictor were
seven for reviewer 1 and five for reviewer 2.
Concave margins had high specificity (88%
for reviewer 1; 81% for reviewer 2) for both re-
viewers, but its sengtivity (48% for reviewer 1;
43% for reviewer 2) was low. As shown in Ta-
bles 3 and 4, concave margins were seen in 19
(4/4 with nodular fibrosis, one of one granu-
loma, and 14/32 clinicdly benign lesions) of
the 40 benign lesions (Fig. 3), two of seven
aypica adenomatous hyperplasias, and two
(one locdized bronchioloaveolar carcinoma
and one adenocarcinoma with bronchioloalve-
olar carcinoma components) of the 25 mdlig-
nant lesions (Fig. 4) for reviewer 1. Thisfeature
was seen in 17 benign lesions (3/4 with nodular
fibrosis, 1/1 granuloma, and 13/32 clinicaly

benign lesions), two atypica adenomatous hy-
perplasias, and four malignant lesions (threelo-
calized bronchioloalveolar carcinomas and one
adenocarcinomawith bronchiol oalveolar carci-
noma components) for reviewer 2. On the basis
of the meticulous analysis in high-resolution
CT images, concave margins were demarcated
by the interlobular septain 18 (78%) of the 23
lesionsfor reviewer 1 and in 19 (83%) of the 23
lesions for reviewer 2. However, this CT find-
ing was difficult to verify in pathologic studies.

Polygonal shape was specific to benign le-
sions (100% specificity for both reviewers),
but its sensitivity (28% for reviewer 1; 20%
for reviewer 2) was low. Eleven benign le-
sions (two of nodular fibrosis, one granu-
loma, and eight clinically benign lesions)
showed polygonal shape for reviewer 1 (Ta-
ble 3); eight benign lesions (two of nodular fi-
brosis, one granuloma, and five clinicaly
benign lesions) showed this feature for re-

Diagnostic Performance of High-Resolution CT Findings for Predicting Benign Lesions, Reviewer |
Finding Sensitivity Specificity Accuracy PredFi,:tsi\I/tcln,v\E;alue Pre(,j\‘istgi:ete“ilealue
Qualitative estimation 75 (30/40) 78 (25/32) 76 (55/72) 81(30/37) 71 (25/35)
Concave margin 48 (19/40) 88 (28/32) 65 (47/72) 83(19/23) 57 (28/49)
Predominantly solid (A) 90 (36/40) 78 (25/32) 85(61/72) 84 (36/43) 86 (25/29)
Peripheral subpleural (B) 30 (12/40) 84 (27/32) 54 (39/72) 71(12/17) 49 (27/55)
Polygonal shape (C) 28 (11/40) 100 (32/32) 60 (43/72) 100 (11/11) 52 (32/61)
Three-dimensional ratio > 1.78 (D) 38 (15/40) 100 (32/32) 65 (47/72) 100 (15/15) 56 (32/57)
(A) and (B) 30 (12/40) 100 (32/32) 61 (44/72) 100 (12/12) 53 (32/60)
(C) or (D) 53 (21/40) 100 (32/32) 74 (53/72) 100 (21/21) 63 (32/51)
[(A) and (B)] or (C) 45 (18/40) 100 (32/32) 69 (50/72) 100 (18/18) 59 (32/54)
[(A) and (B)] or (D) 48 (19/40) 100 (32/32) 71(51/72) 100 (19/19) 60 (32/53)
[(A) and (B)] or (C) or (D) 63 (25/40) 100 (32/32) 79 (57/72) 100 (25/25) 68 (32/47)
Note.—Data are given as percentages. Numbers in parentheses indicate actual numbers of cases.
Diagnostic Performance of High-Resolution CT Findings for Predicting Benign Lesions, Reviewer 2
Finding Sensitivity Specificity Accuracy Pred?ccjtsi\lltév\jalue Pretlj\‘istgi\?eta“ilealue

Qualitative estimation 75 (30/40) 84 (27/32) 79 (57/72) 86 (30/35) 73(27/37)
Concave margin 43 (17/40) 81(26/32) 60 (43/72) 74 (17/23) 53 (26/49)
Predominantly solid (A) 93 (37/40) 84 (27/32) 89 (64/72) 88 (37/42) 90 (27/30)
Peripheral subpleural (B) 33 (13/40) 81(26/32) 54 (39/72) 68 (13/19) 49 (26/53)
Polygonal shape (C) 20 (8/40) 100 (32/32) 56 (40/72) 100 (8/8) 50 (32/64)
Three-dimensional ratio > 1.78 (D) 38 (15/40) 100 (32/32) 65 (47/72) 100 (15/15) 56 (32/57)
(A) and (B) 33(13/40) 100 (32/32) 63 (45/72) 100 (13/13) 54 (32/59)
(C)or (D) 50 (20/40) 100 (32/32) 72 (52/72) 100 (20/20) 62 (32/52)
[(A) and (B)] or (C) 43 (17/40) 100 (32/32) 68 (49/72) 100 (17/17) 58 (32/55)
[(A) and (B)] or (D) 50 (20/40) 100 (32/32) 72 (52/72) 100 (20/20) 62 (32/52)
[(A) and (B)] or (C) or (D) 60 (24/40) 100 (32/32) 78 (56/72) 100 (24/24) 67 (32/48)

Note.—Data are given as percentages. Numbers in parentheses indicate actual numbers of cases.
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viewer 2 (Table 4). Pathologic studies in one
case of nodular fibrosis revealed that the po-
lygond lesion consisted of dense fibrous tis-
sue with severe contraction (Fig. 5).

Peripheral subpleural lesion had high
specificity (84% for reviewer 1; 81% for re-
viewer 2) for benign lesions, but its sensitiv-
ity (30% for reviewer 1; 33% for reviewer 2)
was low. Five results were false-positive (one
localized bronchioloaveolar carcinoma and
four atypical adenomatous hyperplasias) for
reviewer 1, and six were false-positive (two
localized bronchioloalveolar carcinomas and
four atypical adenomatous hyperplasias) for
reviewer 2 (Tables 3 and 4).

With respect to the threshold values for
three-dimensional ratios, a value greater than
1.78 showed 100% specificity for both re-
viewers, but its sensitivity (38% for both re-
viewers) was low. This threshold included the
same 15 true-positive cases (one nodular fi-
brosis, one granuloma, one intrapulmonary
lymph node, and 12 clinically benign lesions)
for both reviewers. Among the 15 lesions
with a value greater than 1.78, a peripheral
subpleural lesion was seen in seven lesions
(47%) for reviewer 1 and eight lesions (53%)
for reviewer 2.

Among the combined criteria of two CT
findings, a criterion of a predominantly solid
lesion and a peripheral subpleural lesion and a
criterion of polygonal shape or athree-dimen-
siond ratio of greater than 1.78 were specific
to benign lesions (100% specificity for both re-
viewers), but the sensitivity (30% and 53%, re-
spectively, for reviewer 1; 33% and 50% for
reviewer 2) was gtill low. A peripheral subpleu-
ral lesion with a predominantly solid pattern
was seen in 12 benign lesions (oneintrapulmo-

Fig. 4—Localized bronchioloalveo-
lar carcinoma with concave margins
in 73-year-old woman.

A, Both reviewers interpreted lesion
as having concave margins (arrow),
being 9 mm, and being predomi-
nantly solid on transverse high-res-
olution CT images. Pathologic
diagnosis was localized bronchi-
oloalveolar carcinoma.

B, Coronal reformation shows spheri-
cal lesion (arrow). Calculated three-di-
mensional ratio was 1.38 for reviewer 1
and 1.29 for reviewer 2.
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nary lymph node and 11 clinicaly benign le-
sions) for reviewer 1; of the 12 lesions, seven
(58%) had athree-dimensional ratio of grester
than 1.78 and 10 (83%) were located in the
middle lobe or lower lobe. For reviewer 2, the
CT festure of a predominantly solid lesion and
a peripherd subpleurd lesion was seen in 13
benign lesions (one intrapulmonary lymph
node and 12 clinically benign lesions); of the
13 lesions, eight (62%) had a three-dimen-
siona ratio of greater than 1.78 and nine
(69%) were located in the middle lobe or
lower lobe (Fig. 6).

Among the combined criteria of three or
more CT featuresthat had 100% specificity for
benign lesions, the highest sensitivity (63% for
reviewer 1; 60% for reviewer 2) was atained
with the combined criterion of a predomi-
nantly solid lesion and a periphera subpleura
lesion or polygona shape or the three-dimen-
sional threshold value for both reviewers.

Fig. 3.—Nodular fibrosis with concave mar-
gins in 67-year-old man. Both reviewers in-
terpreted lesion as having concave margins
(arrow), air bronchograms (arrowheads),
and predominantly ground-glass appear-
ance on transverse high-resolution CT im-
ages. Lesion size was measured 8 mm by
reviewer 1 and 8.5 mm by reviewer 2. Patho-
logic diagnosis was nodular fibrosis.

Discussion

The prevalence of bronchioloaveolar carci-
noma was grester in our trial of screening CT
for lung cancer (44% of 73 lung cancers) than
in the series (11% of 27 lung cancers) of Hen-
schke et d. [2]. Our trid was performed
largely inagroup at low risk for lung cancer in
rural areas of Japan, whereas the trid of Hen-
schke et a. was carried out in a high-risk
group. Only 16% of al participantsin our trial
were smokers of 10 pack-years or more,
whereas dl the participants in the series of
Henschke et a. were smokers of 10 pack-years
or more. Furthermore, 43% of the participants
in our series were nonsmoking women. To-
bacco smoke is closely related to squamous
cdl carcinomaand smal cdl carcinomabut is
far less related to bronchioloaveolar carci-
noma [15, 16]. Severd articles have reveded
that the prevalence (20-24% of al lung can-
cers) of bronchioloalveolar carcinoma, which
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more likely affects nonsmoking women, has
dramatically increased in Japan and in other
countriesin recent years [15, 16]. Sobue et d.
[17] reported that the prevaence of squamous
cdl carcinoma and smdl cell carcinoma was
significantly higher in urban areas (Osska)
than in rural areas (Nagano) in Japan. Thus,
we think that the low proportion of heavy
smokers, the high proportion of nonsmoking
women, the recent increase in the prevaence
of bronchioloaveolar carcinoma in women,
and the participants in rural aress were the
main reasons for the high proportion of bron-
chioloalveolar carcinomain our series.

The prevaence of tuberculosis in the Na
gano prefecture in which this CT screening for
lung cancer was performed was lowest among
all prefectures in Japan [18]. The low preva-
lence of tuberculosis and the low proportion of
much cigarette smoking of participants may
explain the low frequency (0.8% of dl CT ex-

Takashima et al.

Fig. 5.—Nodular fibrosis with polygo-
nal shape in 72-year-old man. Both re-
viewers interpreted lesion (arrow) as
having coarse spiculation, pleural tag,
and polygonal shape, and as being pre-
dominantly solid on transverse high-
resolution CT images. Lesion size was
measured as 8 mm by reviewer 1 and 9
mm by reviewer 2. Pathologic diagno-
sis was nodular fibrosis.

aminations) of nodules smaller than 3 mm de-
tected on low-dose CT inthistrial.

In this series, we analyzed with CT only soli-
tary pulmonary nodules of 1 cm or smdler for
the following reasons: Although mosgt of these
pulmonary nodules were benign, more than half
of lung cancers detected on screening lung CT
belonged to this size category [2]; and dthough
itishard for contrast-enhanced CT and positron
emission tomography with FDG to assess nod-
ules smdler than this size, the diagnosis of nod-
ules of 1 cm or larger can be accurady made
with other noninvasive procedures [4, 5.
Swensen et d. [4] reported that maignant lung
neoplasms of 1 cm or larger enhanced more
than benign lesions on contrast-enhanced CT.
Those authors documented 100% senstivity
and 77% specificity for predicting maignancy
when they used 20 H in contrast enhancement
asathreshold value. Lowe et d. [5] noted 92%
sengitivity and 90% specificity for positron
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emisson tomography with FDG for detection
of malignant lung nodules of 1 cm or larger that
were indeterminate radiographicaly.

Zwirewich et d. [13] mentioned that greeter
nodule size and the presence of coarse spicula
tion, lobulation, and inhomogeneous central CT
attenuation were useful high-resolution CT fea
tures for predicting malignant lung lesons.
However, ther sudy comprised nodules much
larger than ours, and these criteria are not appli-
cable to smdl nodules. Actudly, our study has
shown very different results that a predomi-
nantly solid lesion, polygond shape, aperipherd
subpleurd lesion, and three-dimensiond ratios
of lesion were statigticaly significant high-reso-
lution CT featuresfor predicting benignity.

The prevalence of a predominantly solid le-
sion was significantly greater in benign lesions
than in atypical adenomatous hyperplasias or
in malignant lesions. According to the litera-
ture, most localized bronchioloaveolar carci-
nomas show a predominantly ground-glass
opacity pattern on CT, sguamous cell and
small cell carcinoma exhibit a predominantly
solid pattern, and adenocarcinoma with bron-
chioloaveolar carcinoma components shows
predominantly ground-glass opacity or a solid
pattern [19-21]. Most commonly seen benign
solitary nodules such as hamartoma or granu-
loma aso show a solid nodule [11, 22]. Other
rare benign conditions, including organizing
pneumonia, inflammatory pseudotumor, and
intrapulmonary lymph node, exhibit a predom-
inantly solid pattern [23-25]. In our study,
nodular fibrosis was the main entity among the
benign conditions that had a predominantly
ground-glass opacity pattern, presumably be-
cause ground-glass opacity lesions such as fo-
ca infection, hemorrhage, and edema that

Fig. 6.—Intrapulmonary lymph node
that showed peripheral subpleural
lesion in 53-year-old woman.

A, Both reviewers regarded lesion
(arrow) as predominantly solid lesion
attached to major fissure on trans-
verse high-resolution CT images. Le-
sion size was measured 9 mm by both
reviewers. Pathologic diagnosis was
intrapulmonary lymph node.

B, Coronal reformation shows flat le-
sion (arrow). Calculated three-dimen-
sional ratio was 2.57 for both reviewers.
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easly change their appearance during a short
period of time were aready excluded as be-
nign conditions at the first diagnostic CT [26].
As has been reported in the literature, dl le-
sions of atypical adenomatous hyperplasia in
our study showed a predominantly ground-
glass opacity pattern on CT [27]. Thus, ahigh
proportion of bronchioloalveolar carcinomain
the maignant lesions and the fact that atypica
adenomatous hyperplasia was treated as an in-
dependent entity may explain why the pre-
dominantly solid leson was a sgnificant
factor for benignity in our series.

Polygonal shape was seen solely in benign
lesions, but its sensitivity (28% and 20%) was
low. All the malignant nodules had at least one
or more sides bulging toward the normal lung
parenchyma. As verified in the pathologic
studies in a case of nodular fibrosis, we think
that the polygona shape represents advanced
scar tissue as a result of inflammatory pro-
cesses of varied causes and that the possibility
of malignancy or atypical adenomatous hyper-
plasiais substantialy low.

The three-dimensional ratio was also help-
ful in predicting benignity; a lesion with the
ratio greater than 1.78 invariably indicated
benignity for both reviewers. However, its
sensitivity (38% for both reviewers) was low.
Malignant nodules had asingle peak in ratios
of 1-1.24 that implied the nodules were
spherical; in addition to this peak, benign
nodules in general had a second peak in ra-
tios of 2-2.24 that indicated the nodules
were flat-shaped in the craniocaudal direc-
tion. Neoplastic lesions, regardless of benign
or malignant histology, will grow in three-di-
mensiona directions and therefore tend to be
spherical, with their three-dimensiona ra
tios reaching 1. About half of the 15 benign
lesions with aflat shape were periphera sub-
pleural lesions, and one of them proved to be
an intrapuimonary lymph node. Thus, we
think that a flat lesion may represent a be-
nign condition such as an intrapulmonary
lymph node, granuloma, or nodular fibrosis.

A peripherd subpleural nodulewith predom-
inantly solid attenuation was specific to benign
lesions, but its sengtivity (30% and 33%) was
low. Most noduleswith this CT festure were lo-
cated in the middle or lower lobe and were flat.
A pathologic diagnoss of intrgpulmonary
lymph node was obtained in one lesion. In the
literature, surgicaly resected intrgpulmonary
lymph nodes showed well-defined solid masses
of lessthan 15 mm that were located below the
carina and within 20 mm of a viscera pleurd
surface [25]. We congder that mogt of the pe-
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ripheral subpleural nodules with predominantly
solid attenuation may represent intrapulmonary
lymph nodes. Although metastatic tumor, sar-
coidosis, pneumoconioss, and malignant lym-
phoma should be included in the differentia
diagnosisfor asolid nodulein the perilymphétic
aress, dl theseentitieswill usudly develop mul-
tiple lesions often associated with lymphadeno-
pathies in the hilum or mediastinum [28-31].
The absence of extrapulmonary maignancy
will considerably reduce the possibility of meta
gatic tumor. Multiplanar reformations may be
helpful in diagnosing peripheral subpleurd le-
sionswith predominantly solid attenuation.

Among al criteria that were specific to be-
nign nodules, the highest sensitivities of 63%
and 60% were attained with a combined crite-
rion of a peripheral subpleurd lesion and apre-
dominantly solid lesion or polygond shape or
the threshold value of grester than 1.78 for
three-dimensiond ratios. Although the accuracy
was dmogt the same, the criterion was far more
specific than the qualitative estimation of the
two reviewers (pecificities of 78% and 84%).
In retrogpect, about onethird of our 72 casesun-
derwent unnecessary follow-up CT or invasive
diagnostic procedures. Thus, our CT criterion
may obviate follow-up CT and invasive diag-
nostic procedures in about three fifths of cases
with small benign pulmonary nodules.

Atypical adenomatous hyperplasiawasin-
distinguishable on CT from lung cancer, es-
pecially from bronchioloalveolar carcinoma,
in our study. Although the number of cases
of this entity was small, the only statistical
difference was the higher prevalence of a pe-
ripheral subpleural location for atypical ade-
nomatous hyperplasia than for lung cancer.
Because some authorities advocate the possi-
ble conversion of atypical adenomatous hy-
perplasia to bronchioloaveolar carcinoma, a
predominantly ground-glass opacity lesion
showing no interim regression should be fol-
lowed carefully [32].

We acknowledge severa limitations in our
study. First, we used the traditiond criterion of
2-year stability for diagnosing benign lesions.
Recently, the 2-year gtability rule hascomeinto
question because recalculation from the origi-
na data reveded that this criterion had only
65% predictive vaue for benign lesions, and
because smdl changes in size cannot be reli-
ably estimated with chest radiography or CT
[7]. Therefore, volumetric analysis rather than
diameter has been proposed for assessing the
growth rate of small lesions[33]. However, Ha-
segawa et a. [19] mentioned that solid malig-
nant tumors such as squamous cell carcinoma,

smal cell carcinoma, or poorly differentiated
adenocarcinoma showed rapid growth, with a
mean volume doubling time of 149 days. This
means that an 8-mm nodule with a doubling
time of 149 days can grow to 25 mm over a 2-
year period. Almogt dl lesions (31/32) inwhich
the 2-year stability rule was used were a solid
nodule, and lesion size was measured on high-
resolution CT images with a pixel size of 0.4
mm indl lesons. Thus, wethink that the diag-
nosis of benign leson was appropriate for all
clinicaly benign lesionsin our series.

Second, this study was biased toward ahigh
proportion of bronchioloaveolar carcinoma.
Therefore, our criteriamay be valid only for a
similar cohort but not for the cohort in a high-
risk group. Third, the number of pathologic di-
agnoses was limited in benign lesions. Fourth,
the number of cases in this study was smdll.
Last, our criteria for benignity were deter-
mined using mostly the benign nodules that
have been documented as not undergoing re-
gression on follow-up CT. Therefore, it would
not be appropriate to apply our criteriato pul-
monary nodules discovered initidly. More
work is necessary in alarge group of patients
with CT—pathologic correlation.

Nonetheless, our study seems to indicate
that high-resolution CT analysis is helpful in
managing cases with small solitary pulmonary
nodules discovered at population-based CT
screening for lung cancer. Such analysis may
contribute to obviating follow-up CT and inva-
sve diagnostic procedures in patients with
small benign nodulesin the lung.
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