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Rationale and Objectives. To evaluate how computer-aided diagnosis (CAD) can improve radiologists’ recommendations
for management of possible early lung cancers on CT.

Materials and Methods. Twenty-eight lung cancers and 28 benign lesions were employed. Each group of 28 lesions was
classified into subgroups of two sizes (9 between 6 and 10 mm and 19 between 11 and 20 mm) and three patterns (8 with
pure ground glass opacity [GGO], 12 with mixed GGO and 8 solid lesions). Sixteen radiologists participated in the ob-
server study, first without and then with CAD. Radiologists’ recommendations, including (1) follow-up in 12 months, (2)
in 6 months, (3) in 3 months, or (4) biopsy, were compared at three levels of their malignancy probability ratings (low:
1%-33%; medium: 34%—66%; high: 67%—-99%) for 896 observations (56 lesions by the 16 radiologists) in the two size
subgroups and three patterns.

Results. The number of recommendations changed by radiologists by use of CAD was 163 (18%) among all 896 observa-
tions. Among these changed recommendations, the fraction showing a beneficial effect from CAD was 68% (111/163),
and the fraction showing a beneficial effect regarding biopsy recommendations was 69% (48/70). With CAD, the radiolo-
gists’ performance regarding biopsy recommendations was significantly improved for 43 lung cancers (31 changed to bi-
opsy versus 12 changed away from biopsy; P = .003) and was also improved for 27 benign lesions (10 changed to biopsy
versus 17 changed away from biopsy; P = .18). Most of the cancers with improved recommendations were solid lesions
or mixed GGO and relatively large.

Conclusion. CAD has the potential to improve the appropriateness of radiologists’ recommendations for small malignant
and benign lesions on CT scans.
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Among diagnostic imaging modalities, computed tomog-
raphy (CT) has the highest sensitivity for detection of
small pulmonary lesions. However, it is difficult for radi-
ologists to correctly distinguish cancers from noncancer-
ous lesions (false positives) and to make appropriate and
consistent recommendations management of patients with
suspicious lesions. On the one hand, a large number of
false positives will lead to unnecessary patient anxiety
and will increase the increased economic costs and radia-
tion exposure. A high rate of false positives can also lead
to unnecessary investigation such as CT scans, biopsy,
and even surgery. On the other hand, in the case of lung
cancers (true positives), if radiologists fail to make an
appropriate recommendation such as biopsy or surgery,
the patients may miss an opportunity for cure.

The Food and Drug Administration has approved the
clinical use of some computer-aided diagnosis (CAD)
detection systems in screening for clinical use, especially
for breast cancer screening on mammography in the
United States. Gur et al (1) reported that the introduction
of detection CAD into a large clinical practice (115,571
screening mammograms) was not associated with stati-
cally significant changes in both recall and breast cancer
detection rates. Commercially available detection CAD
systems show marks, including true positives (cancers)
and false positives (noncancerous lesions also anatomic
structures), on each whole image (1-3). Recently, auto-
matic classification CAD schemes for distinction of ma-
lignant and benign lesions have been developed in some
universities (4—8) that show an estimated likelihood of
malignancy for each segmented lesion based on its image
features. Some observer studies using mammograms re-
ported that classification CAD had a beneficial effect for
radiologists’ diagnostic accuracy for classifying malignant
and benign breast masses and their recommendations re-
garding biopsy (5,6).

It is important that a larger database, including large
number of lesions and a variety of lesion patterns, be
used for developing classification CAD. The thin-section
CT database for developing our classification CAD
scheme used in this study comprised follow-up exams
obtained from a 3-year CT lung cancer screening program
(17,892 examinations). The database included 61 primary
lung cancers (size range 6—19 mm; mean 12 mm) and
183 benign nodules (size range 3-20 mm; mean 7 mm)
with three different patterns (8,9). We have reported (8)
that our CAD scheme has the potential to improve radiol-
ogists’ diagnostic accuracy for lesion classification and
also to improve radiologists’ recommendations in an ob-
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server study. The data analysis in the previous report (8)
was independently calculated for 16 observers, and the
radiologists’ recommendations were improved by increas-
ing the number of biopsy recommendations for actual
early cancers (statistically significant) and by reducing the
number for actual benign ones (not significant) in an ob-
server study. The current study used the same data from
the same observer test as used previously (8). Our pur-
pose in this study was to evaluate further how CAD can
assist radiologists in their recommendation management
of possible early lung cancers that have different sizes
and patterns.

MATERIALS AND METHODS

Institutional review board approval and informed ob-
server consent were obtained.

Database

Our database was obtained as part of an annual 3-year
CT screening for lung cancer in a general population in
Nagano, Japan (8,9), which included 59 patients (27 men,
32 women, mean age 64.6 years) with 61 primary small
lung cancers (mean size 12.3 mm; size range 6—20 mm;
18 nodules with pure ground glass opacity [GGO]; 28
with mixed GGO; and 15 with solid opacity), and 169
patients (99 men, 70 women, mean age 61.6 years) with
183 benign lesions (mean size 7.2 mm; size range 3-20
mm; 12 with pure GGO, 30 with mixed GGO, and 141
with solid opacity). All patients gave informed consent.
All cancers were confirmed by surgery, and benign le-
sions were confirmed by surgery or follow-up (resolved
or no change for 2 years or more). The mean size (aver-
age length and width) of each nodule was recorded by
one radiologist (F.L.). The three types of patterns of these
lesions, including pure GGO, mixed GGO, and solid
opacity, were viewed independently and grouped by three
radiologists (F.L. among them) without knowledge of the
final diagnosis, and then a consensus was reached through
discussion. Thin-section CT scans were performed on a
helical scanner (CT HiSpeed Advantage, GE, Milwaukee,
WI) with a standard tube current (200 mA) to cover the
entire lesion, with 1-mm collimation and a bone recon-
struction algorithm with a 0.5-mm interval.

CAD
With our CAD scheme, the nodules were segmented
automatically by use a dynamic programming technique.
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