104

MURAKAMI erac

250

Sereening CT

Spiculation
Wetl-defined margin
Notch/lobulation
Ground-glass opacity
Solid component

Air bronchogmm

Screening
2

PR N N

HRCT

W R R R

HRCF
Screening HRCT

Bubble-like appearance
Cavity

Plenral indentation
Vascular convergence
Concave margin
Polygonal shape

Size (mm)

Fig. 1. A 75-year-old woman with lung cancer (adenocarcinoma, stage YA).
In sereening CT, the margin of the lesion was blurred. It was difficult to recognize spiculation, notch/lobulation,
and air bronchogram, The respective confidence ratings for these were 1, 2, and 2. In HRCT, all the scores

were 4.
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Fig. 2. A 43-year-old woman with hamartoma.
In screening CT, the GGO score was 3 and that for netch/fiobulation was 1. Jn HRCT, the scores were 1 and

4, respectively.
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Fig. 3. Image analysis of benign lesions and lung cancer in screening CT.

The ratio of each confidence rating is illustrated with gray scale. The confidence ratings for benign lesions appear in the upper
column, and those for lung cancers are in the lower column. The confidence ratings for spiculation, ground-glass opacity (GGO), air
bronchogram, bubble-like appearance, pleural indentation, and vascular convergence were significantly higher in Iung cancers than
in benign lesions. On the other hand, the ratings for solid component and polygonal shape were significantly higher in benign lesions
than in lung cancer. The lung-cancer lesions were significantly larger than the benign lesions.

cancers and benign lesions in order to differentiate the
benign lesions from the lung cancers, We examined 511
combinations in screening CT and 2,047 combinations
in HRCT. In screening CT, it was possible to extract
many benign lesions without contamination by hing
cancer when the combination included solid component.
QOtherwise, when lesions had polygonal shape, 22 benign
lesions were extracted without contamination by lung
cancers. The other combinations were contaminated by
some lung cancers. Table 2 summarizes the top six
combinations of items in which many benign lesions
were exfracted without contamination by lung cancers.
When the differentiator was a combination of solid
component and <8 mm; solid component without
spiculation and without vascular convergence; solid
component without GGO and without air bronchogram;
solid component without GGO and without pleural
indentation; solid component without GGO and without
vascular convergence,; and with polygonal shape, 198
benign lesions out of 238 (83.2%) could be extracted
without contamination by lung cancer. On the other hand,
in HRCT,.in some combinations with GGO, we could
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also extract many benign lesions without contamination
by lung cancers. Otherwise, when lesions had polygonal
shape, we could extract 32 benign lesions without
contamination by lung cancers. However, the other
combinations were contaminated by some lung cancers.
Table 3 summarizes the top 10 combinations of items in
which many benign lesions were extracted without
contamination by lung cancers. When the differentiator
was one of the following combinations: without GGO
and without spiculation; without GGO and without air
bronchogram; without GGO and without bubble-like
appearance; without GGO and without notch/lobulation;
without GGO and without pleural indentation; without
GGO and without vascular convergence; without GGO
and <8 mm; and with polygonal shape, 204 benign
lesions out of 213 (95.8%) could be extracted without
contamination by lung cancer.

Results of the multivariate analysis were as follows.
In screening CT, statistically significant parameters were
with solid component (p=0.010, odds ratic=12.4)},
without air bronchogram (p=0.046, odds ratio=5.5), and
<8 mm {p=0.001, odds ratio=10.4). In HRCT, we
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Fig. 4. Image analysis of benign lesions and lung cancer in HRCT.

The ratio of each confidence rating is illustrated with gray scale. The confidence ratings for benign lesions appear in the upper
column, and those for lung cancer are in the lower column. The confidence ratings for spiculation, notch/lobulation, ground-glass
opacity (GGO), air bronchegram, bubble-like appearance, pleural indentation, and vascular convergence in lung cancer were
significantly higher than in benign lesions. On the other hand, the ratings for solid component, well-defined margin, and polygonal
shape were significantly higher in benign lesions than in lung cancers. The lung cancer lesions were significantly larger than the

benign lesions.

excluded well-defined margin from multivariate
analysis, since GGO and well-defined margin were in
reciprocal relation. The statistically significant
parameters were without notch/lobulation (p=0.013,
odds ratio=86.2), without GGO (p=0.048, odds
ratio=61.0), and with solid component (p=0.012, odds
ratio=142.9).

Discussion

In this study, we proposed some differentiators between
benign lesion and lung cancer in screening CT and
HRCT. The frequency of a polygonal shape, which is
regarded as a characteristic of benign lesions,'® was
significantly higher in the benign lesions, as no lung
cancers had this shape. The absence of polygonal-shaped
lung cancers in this study confirmed that this item was
discriminative of benign lesions. However, the
sensitivity of the polygonal shape (15%, 32/213) was
not high enough to allow differentiation between the
benign lesions and the lung cancers. The absence of
characteristics of peripheral adenocarcinoma such as
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spiculation, GGO, air bronchogram, bubble-like
appearance, pleural indentation, and vascular
convergence were important to differentiate benign
lesions from lung cancers. This was compatible with
the fact that 22 of the 23 lung cancers were
adenocarcinomas in this study. Using the combination
of these characteristics, we could extract many benign
lesions both.in screening CT and in HRCT without
contamination of lung cancer. Since other screening CT
studies also reported that the majority of the detected
iung cancers were adenocarcinomas,’* we consider that
these differentiators will be universally useful in lung
cancer screening with CT.

On the other hand, some types of lung cancers that
we did not find in this series of patients, for example,
peripheral small cell carcinoma, do not have the charae-
teristics that are common in peripheral adeno-
carcinoma.'? Using the above-mentioned differentiators,
these types of cancer may be misdiagnosed as benign
lesions. At the moment, according to the recommen-
dation for pulmonary lesions found in screening CT, a
lesion larger than or equal to 1 cm basically requires

RADIATION MEDICINE
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Table 2. Screening CT findings and detected benign lesions

GGO AB PI vC Sp Size*

Benign lesions Lung cancer
(n=238) (n=23)

PS So

P

167 (70%) 0
156 (66%)
143 (60%)
125 (53%)
122 (51%)
P 22 (9%)

o~ Bila~Biia~ e - e
Lo i e e Y e i ]

P: positive, N: negative

AB: air bronchogram, GGO: ground-glass opacity, PI: pleural indentation, P'S: polygonal shape, So: solid component, Sp: spiculation,

VC: vascular convergence
*smaller than or equal to 8 mm in diameter

Table 3. HRCT findings and detected benign lesions

P1

[»)
[»]
e}

BLA  AB N Ve Sp

Benign lesions Lung cancer
(n=213) (n=23)

Size* Ps

ZZzzZz 222z 2 Z

183 (86%) 0
181 (85%)
172 (81%)
P 167 (78%)
158 (74%)
150 (70%)
124 (58%)
P 32 (15%)

[T cm B e Y e B oo I o B )

P: positive, N: negative

AB: air bronchogram, BLA: bubble-like appearance, GGO: ground-glass opacity, N: notclv/lobulation, PI: pleural indentation,

PS: polygonal shape, Sp: spiculation, VC: vascular convergence
*smaller than or equal to 8 mm in diameter

histopathological diagnosis. Considering these
conditions, although the frequency of such a situation
may be low based on the results of this study and
previous reports,* it may be safe to apply our differ-
entiator to lesions whose diameter is below 1 cm. The
frequency of misdiagnosis should be confirmed by a
prospective study before applying these differentiators
to screening CT and HRCT.

The most effective differentiators for extracting
benign lesions were solid component in screening CT
and GGO in HRCT. These were also indicated as
statistically significant parameters in the multivariate
analysis. We consider that the difference between
screenting CT and HRCT was caused by the difference
in the spatial resolution of images. Although the spatial
resolution of screening CT is far lower than that of
HRCT," solid component was demonstrated by HRCT
in 213 of 216 pulmonary lesions that were judged to
have a solid component in screening CT. On the other
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hand, in screening CT, GGO was missed in three lung
cancers that were judged to have GGO in HRCT. These
facts indicate that we cannot simply apply differentiators
that are effective in HRCT to screening CT.

Lesions detected by CT screening for lung cancer can
be managed with some certainty according to their size.*
We chose 8 mm as the threshold to extract benign lesions
based on previous reports’ and the measurement test. In
a Mayo Clinic study, Swensen er al. found 2,832 non-
calcified nodules in 69% of 1,049 participants.’ Those
lesions were found to contain 40 lung cancers {(1.4%).
Thus, 98.6% of detected lung nodules were benign.
Among the total, 2,685 nodules (95%) were less than 8
mm, and these included eight lung cancers. Of the eight,
two were detected only by sputum cytology. As a resulr,
99.8% (2,679/2,685) of CT-detected nodules of less than

‘8 mum were identified as benign. Yokouchi er al. reported

the frequency of lymph-node metastases among surgical
cases of small adenocarcinomas." Although 9.2% had

293
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lymph-node metastasis when the tumor was 11 mm to
15 mm, 24.3% had lymph-node metastasis when the
tumor was 16 mm to 20 mm. This indicates that if we
can find lung cancer of less than 15 mm, it will be at an
early stage. Hasegawa et al. reported the relationship
between a tumor’s appearance on HRCT and its doubling
time.** They categorized tumors in three ways, according
to MRCT appearance: GGO, focal GGO with a solid
central component, and solid nodule. Their respective
mean doubling times were 813 days, 457 days, and 149
days. The solid nodule type consisted of rapid-growing
solid twmors such as squamous cell carcinomas and small
cell carcinomas. These reports suggest a considerable
chance to cure such cancers, since lung cancers that are
missed at 8 mm do not, even in the worst cases, exceed
15 mm when screened one year later. This projection
would support our choosing 8 mm as the threshold. To
introduce this idea to CT screening, we have to determine
the relationship between the size of lung cancers other
than adenocarcinoma and the speed at which they

‘progress. To solve this problem, much effort must be

applied to clarify the biclogical history of small lung
cancers.

This study had some limitations. First, since CT
screening for lung cancer is a rapidly advancing field,
techniques are improving day by day. Swensen et al.
have already used multi-detector row CT in their
screening program.® Their screening CT would likely
have higher spatial resolution than ouss, as well as greater
recognition of pulmonary lesion characteristics that
approaches the recognition of HRCT in this study. It
may be possible to apply the differentiators that are
effective in HRCT directly to sereening CT with multi-
detector row CT.

Second, because of the limited number of lung
cancers, we could not perform this analysis to include
categorizing the lesions by size. There may be a
difference in differentiator between small and large
lesions because the appearance of lung cancer could
change according to its growth. Although we think this
study provided useful clues to diagnosing benign lesions,
more detailed analyses with larger populations of
patients will permit some arrangement of differentiators
according to the size of lesions.

Third, since this study was retrospective, there is likely
some bias in the selection of pulmonary lesions. The
incidence of lung cancer was far greater in our cases
than in the actual population. Although the trend of the
extraction ratio of benign lesions to cancerous
contamination should be correct in this study, the ratio
in the real population should be reexamined in a
prospective study.

In conclusion, the present study indicated the
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possibility of extracting benign lesions by combining
certain characteristics of pulmonary lesions along with
a threshold lesion size in screening CT. We consider
that since extraction was more reliable in HRCT, it is
possible that the first HRCT can establish diagnoses of
certain numbers of benign lesions.
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Purpose

In thoracic screening wilh mobile CT unit, thin-section CT [indings were compared
belween lesion judged Lo be follow-up and lesion diagnosed as lung cancer or adenomaious

hyperplasia.
Subjects and melhods
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For 849 people who lived in the local government, chesi screening for lung cancer with
mobile CT uni{ was performed. A participani recommended delailed examinalion underwent
(hin-seciion CT, and the participanl recommended f{uriher examination underwent
diagnosiic examinalion.

Resul ls

Detailed examination was recommended for 100 people, and 83 people underwent
thin-section CT. Five lung cancer and one alypical adenomalous hyperplasia (AAH) were
diagnosed by CT-guided biopsy, open lung biopsy or video—-assisf{ed Lhoracic surgery. 18
people underwenl [ollow-up for less than 2 vyears. During follow-up, lesion appeared in
olher locus and reduced in one case, and lesion enlarged in anolher case. Belween group
C (6 lesion of six case in lung cancer and AAH) and group F (22 iesion in 18 follow-up
case), lhere was a signilicant dillerence in Lhe ralio of [ive diagnosiic CT [indings
(ill-delined, irregular, ground-grass opacily, air bronchogram and venous invelvement).
Conclusion

CT findings of ill-defined, irregular, ground-grass opacity, air bronchogram and venous
involvemen! suggesied malignani lesion.

Key words: Mobile CT unit, Thin-seclion CT, Lung cancer, Follow-up, Chesl screening
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2| FHECHTO thin-seclion CT BTRODENEL

FB# CH
FEPIEK 18 6
fERzDE 2 6
REFER mm 8 13
R mm 5-32  6-22
DR T g 6 *
TE$8R 5 5 *
nE 0 1
spiculation 2 3
TR FUHSARE PRI
Tg— 9 4
22 0 0
air bronchogram i 4 Aok
AikiE i 0
B RhEl R NIESEZOHER 5 3
AR S 3 4 *
RapiElEA 2 2
RepnSa M 0 1
fafEAnE 1 0
satellite lesion 3 0
i PRz, F5F 1 6
TER 6 0
AR 5 0
Hafgie- D AR 1T g 6 0
IalEE T 4 3

*:. p0.05, #=% K0.01
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