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Survey on Lung Cancer Screening System Quality Control
by The Prefectural Committee
for Management of the Cancer Screening System
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Akira Salurada?;, Katsuo Usuda®; Shigefumi Fujimura®; Tsutomu Sakumal

ABSTRACT -~ Objective. It is necessary to establish a system to annually evaluate the quality of lung cancer
screening programs in Japan. Method. The Miyagi Prefectural Committee for Management of the Cancer Screening Sys-
tem annually evaluated whether the local government had appropriate information to evaluate the quality of lung cancer
screening systerns, announcing that the results would be informed to residents. On the basis of "The lung cancer screen-
ing manual”, 40 items were selected for the survey, which were able to be obtained easily when the screening had been
conducted according to the standard method, using a 5-rank classification; A: all of the items were obtained sufficiently,
B: 14 items were insufficient, C: 59 items were insufficient, I: @ or more items were insufficient, E: no reply to the sur-
vey. Results. In 2001, a total of 70 municipalities were rated, and 58, 3, 6, and 3 municipalities were categorized as A, B,
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C, and D, respectively. In 2002, the numbers changed to 60, 7, 2 and 1. In all of the municipalities, 56 more items were

sufficiently obiained and improvement was seen in 10 categories. Conclusion. It is possible for The Prefectural Com-

mittee for Management of the Cancer Screening System to annually conduct surveys to determine whether the local

government has appropriate information to evaluate the quality of lung cancer screening systems. Such surveys should
be done in each prefecture, announcing that the results will be informed to residents. (JJLC. 2004;44:91-94)
KEY WORDS — Lung cancer screening, Quality control, Survey of municipalities, The Prefectural Committee for

Management of the Cancer Screening System
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Table 1. Ratings and numbers of insufficient items in 2001 and in 2002
Municipality 2001 2002 Imprpved Ni._zmber qf degreased
rating items rating items rating insufficient items
1 C 7 B 3 1 4
2 B 2 C 6 -1 -4
3 A 0 B 1 -1 -1
4 C 8 B 2 1 6
5 D 19 B 2 2 17
6 D 11 C 5 1 6
7 C 8 A ] 2 8
8 D 9 A 0 3 g
9 C 7 A 0 2 7
10 C 8 B 1 1 7
11 C 6 D 9 -1 -3
12 A 0 B 1 -1 -1
13 A 0 B I =1 -1
14 B 1 A 0 1 1
156 B 1 A 0 i 1
Total 87 31 10 56

The other 55 municipalities had “rating A" in both 2001 and 2002.
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19924 fE* 5,869,993 124,460 60.618 2,575 1,487 33,195  26.585
(100.0} {2.1) (0.044)
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Quality Control in Lung Cancer Screening in Japan

Tomio Nakayamal; Yoko Kusunokil; Takaichiro Suzulil

ABSTRACT - The number of people screened for lung cancer has been increasing and now exceeds 7000000 per
year in Japan, but the nuraber of detected lung cancer is only about 3600 cases (detection rate; 0.051%) and has not
been increasing. When detection rates were compared according to prefectures, in the detection rate varied by a factor
of as much of 6.2 as large. In some municipalities, the rate of compliance and completion of diagnostic work-up fell be-
low 30%. None of the lung cancer cases had been detected in the past two years in 6.3% of municipalities with 5000 or
more screened people. Lung cancer screening has spread rapidly, though there is no framework for external quality con-
trol in Japan. Therefore, only the number of screening participants and the cost of screening are managed, the level of
accuracy of the screening is not controlled in each runicipalities offering the screening program. Thus screening par-
ticipants are not offered a uniformly accurate of screening program. It is necessary to innovate guidelines including a
quality control index, and to disclose information of the screening result by a central coordinative organization. (JILC.
2005;45:183-187)

KEY WORDS ~--- Quality control, Lung cancer, Screening
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Table 1. Quality Control Index of Lung Cancer Screening by a Screening System
Total Hospital-based Population-based
Positive rate 2.7% 3.2% 2.6%
The rate of corapliance of diagnostic work-up 87.0% 81.9% 88.5%
The rate of completion of diagnostic work-up 76.4% G1.5% 80.7%
Detection rates * 48.0 51.6 47.2
*: per 100030 population,
7,000,000 —— tatal ﬁ %
/"9 — B — hoespital-
2,800 based >
..‘g 4,600,080 = population— 1. ﬁ%%‘i’?@%?ﬁ'
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(] v b -
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k= 2400 @ -
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Figure 1. Changes in the numbers of participants in lung & 7= (Table 1). WA TIL, BREEEAME16 T4

cancer screening and detected lung cancer.
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Figare 2. The number of screening participants and detected lung cancer by gender and age group.
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Figure 3. Detection rate of lung cancer by prefecmreé.
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Tuble 2. Quality Conirol Index of Lung Cancer Screening by Municipalities

Poscve e o Teploclcomplince o oo Mhegateof conpltion of (w
0- 04 173 5.7 0- 99 i 0.2 0- 99 27 0.9
0.5 0.9 219 7.2 10.0-29.9 7 0.2 10.0-29.9 34 1.1
1.0- 49 2201 72.3 30.049.9 38 1.3 30.0-49.9 115 38
5.0- 9.9 369 12.1 50.0-79.9 534 17.8 50.0-79.9 1026  34.2

10.0-15.9 60 2.0 80.0-99.9 1767 58.9 80.0-99.9 1541 513
20.0- 20 0.7 100.0 648 21.6 100.0 2568 B.6

Table 3. Detection Rate of Lung Cancer Cases by the Number of Participants of Lung

Cancer Screening in Each Municipalities

Detection rate * Participants (1000-4999) (95) Participants {5000- (98)
0 392 25.3 18 6.3
1.0-29.9 214 13.8 78 27.2

30.0-49.9 363 22.8 i 26.8
50.0-50.9 167 10.8 5T 18.9
70.0-99.9 216 13.9 41 14.3
100- 207 13.3 16 8.6

*: per 100000 population.

Table 4. The Rate of Sputum Cytology Screening
Participants in Chest X-.ray Screening Participants
in Each Municipalities

Male (96} Female (u8)

0- 49 680 22.4 2669 88.2
5.0- 9.9 684 22.6 1406 4.6
10.0-14.9 553 18.3 65 2.1
15.0-20.9 T98 26.4 45 1.5
30.049.9 19 6.3 34 1.1
50.0-99.9 106 3.5 61 2.0
100- 13 04 11 04

4450 1 DWW, 5000 AL LT 6.3% OWITHISB
VTR 2 EH QMM RIEL 0 TH -7 (Table 3). *
PR 100 28X 5 IR L, RS 5000 RGOl
W44 > 13.3% % & 72H% 5000 L EOWHITHTIX 5.6%
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¥ AR %, ERBE O 50% BLEILIT S Ty
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v 15% 10 B8, Z oSSl in s ook
HEZPELSHOHLIBH L TWEWbDEELZ LR
.
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Evaluation of Automated Lung Nodule Detection on
Low-dose Computed Tomography Scans From a
Lung Cancer Screening Program’

Samuel G. Armato Ill, PhD, Arunabha S. Roy, PhD, Heber MacMahon, MD, Feng Li, MD, PhD, Kunio Doi, PhD,

Shusuke Sone, MD, Michael B. Altman, BA

Rationale and Objectives. The purpose of this study was to evaloate the performance of a fully automated lung nodule
detection method in a large database of low-dose computed tomography (CT) scans from a lung cancer screening pro-
gram. Because nodules demonstrate a spectrum of radiclogic appearances, the performance of the automated method was
evaluated on the basis of nodule malignancy status, size, subtlety, and radiographic opacity.

Materials and Methods. A database of 393 thick-section (10 mm) low-dose CT scans was collected. Automated lung
nodule detection proceeds in two phases: gray-level thresholding for the initial identification of nodule candidates, fol-
lowed by the application of a rule-based classifier and linear discriminant analysis to distinguish between candidates that
correspond to actual lung nodules and candidates that correspond to non-nodules. Free-response receiver operating charac-
teristic analysis was used to evaluate the performance of the method based on a jackknife trainingftesting approach.

Results. An overall nodule detection sensitivity of 70% (330 of 470) was attained with an average of 1.6 false-positive detec-
tions per section. At the same false-positive rate, 83% (57 of 69) of the malignant lung nodules in the database were detected.
When the method was trained specifically for malignant nodules, a sensitivity of 80% (535 of 69) was attained with 0.85 false-

positives per section,

Conclusion. We have evaluated an automated lung nodule detection method with a large number of low-dose CT scans
from a lung cancer screening program. An overall sensitivity of 80% for malignant nodules was achieved with 0.85 false-
positive detections per section. Such a computerized lung nodule detection method is expected 1o become an important

part of CT-based lung cancer screening programs.

Key Words. computer-aided diagnosis (CAD); computed tomography (CT); image processing; lung neoplasms; lung nod-

ule; cancer screening; lung CT.
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Lung cancer screening has been the subject of consider-
able controversy in the United States (1,2). Since the re-
sults of screening trials based on chest radiographs and
sputum cytology conducted in the 1970s (3-5) were inter-
preted as failing to demonstrate a mortality benefit (6,7),
the radiographic evaluation of asymptomatic individuals
for lung cancer has received little attention. While some
investigators challenged the results of these earlier screen-
ing trials and the conclusions drawn from them (8-10),
another imaging modality was gaining recognition as a
potentially viable screening tool. Helical computed to-
mography (CT) with a low-dose imaging protocol was
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demonstrating an improved lung nodule detection sensi-
tivity relative to radiography (11-13). Although the im-
pact of earlier lung cancer detection on patient mortality
remains to be proved, the efficacy of low-dose helical CT
protacols (14-16) has revived interest in, and demand for,
lung cancer screening.

The expanding role of CT has increased the workload
of radiologists, and it is clear that some form of automa-
tion will be required 1o assist radiologists in the task of
tung nodule detection. As the use of low-dose CT for
screening proliferates, the burden imposed on radiologisis
continues Lo increase. Thus, an automated nodule detec-
tion scheme such as the one reported here could become
an integral component of future lung cancer screening
protocols.

Investigators have developed a number of computer-
ized nodule detection techniques (17-32). One of the (first
reported methods was that of Giger et al. {17}, who de-
veloped an automated nodule detection scheme based on
geomelric feature analysis in conjunction with multiple
gray-level thresholding. Other investigators have used
gray-level thresholding—based methods for the automated
detection of lung nodules (24,2629}, Fuzzy clustering
algorithms (18), spatial filtering (20), template matching
(30}, object-based deformation procedures (21), morpho-
logic analysis (23), and model-based techniques (19,25)
have also been reported as viable means of detecting lung
nodules. We previously reported our automated lung nod-
ule detection method (24,33,34). The present study ap-
plies this method to a large database of thick-section
(10 mm), low-dose CT scang acquired from a lung cancer
screening program. Because nodules demonstrate a spectrum
of radiologic appearances, the performance of the automated
method was evaluated on the basis of nodule malignancy
status, size, subtlety, and radiographic opacity.

Database

The database used in this study consisted of 393 non-
contrast, low-dose thoracic helical CT scans acquired
from 393 different patients who participated voluntarily in
a lung cancer screening program between 1996 and 1998
in Nagano, Japan (11,35). These cases were obtained
from a larger collection of CT scans from the Nagano
hing cancer screening program and were selected because
they contained only lung nodules with a “confirmed” di-
agnosis. Informed consent was obtained from all patients.
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Figure 1. Histograms representing the distribution of nodule ef-
fective diameters for all 470 nodules (69 malignant and 401 be-
nign).

Of the 393 patients, 172 were female and 221 were male.
The age range of the patients at the time of each scan
was 30—88 years, with a mean age of 63 years. The CT
examinations were performed on a mobile CT scanner
(CT-W930SR; Hitachi Medical, Tokyo, Japan) and were
acquired with a low-dose protocol of 25 mA (232 scans)
or 50 mA (161 scans) {as the scanning protocol evolved
over time), 2:1 helical pitch, 120 kVp, and 10-mm colli-
mation with a 10-mm reconstruction interval (35). The
pixel size was 0.586 mm for 278 scans and 0.684 mm for
115 scans. Each reconstructed CT section had an image
matrix size of 512 X 512 pixels. The 393 scans in the
database consisted of 11,029 section images after sections
representing anatomy inferior to the lung bases were man-
ually excluded from each scan; the number of sections
per scan ranged from 21 to 33 (mean, 28 sections per
scan). The digital CT image data were transferred from
optical disk storage media to a research computer (SGI
Onyx; Silicon Graphics, Inc., Mountain View, CA).

The 393-case database contained a total of 470 lung
nodules. Each case demonstrated at least one lung nodule,
with 54 cases containing two nodules, seven cases con-
taining three nodules, and three cases containing four
nodules. Of the 470 lung nodules, 69 were malignant as
determined by biopsy and 401 were benign as determined
by biopsy or by follow-up over a period of 2 years. The
purpose of the present study was to automatically detect
lung nodules in thoracic CT scans rather than to classify
such nodules as benign or malignant; however, interesting
differences were observed between the ability of the auto-
mated method to detect lung nodules representing benign
and malignant lesions. A serial approach to the automated



Table 1
Malignancy Status, Subtlety, and Radiographic Opacity Distributions for the 470
Nodules in the Database

Mafignant {No.) Benign (No.)

n = £9) (n = 401) Total No.

Subtlety Not subtle 28 (41%) 78 (19%) 106 (23%)
Subtie 23 (33%) 184 (46%) 207 (44%)

Very sublle 18 (26%) 139 (35%) 157 (33%)

Radiographic opacity  Solid 21 (30%) 152 (38%) 173 (37%)
Part solid 31 {45%) 142 (35%) 173 (37%)

Nonsolid 17 (25%) 107 (27%) 124 (26%)

detection and classification of lung nodules in this data-
base has been reported previousiy (36).

An experienced thoracic radiologist (F.L.) indicated the
location of each nodule based on the radiology reports.
The radiologist used a computer interface to construct
rectangular bounding regions that encompassed a nodule
on each CT section in which it appeared. Geometric pa-
rameters of the bounding regions for each lesion were
then recorded. Figure 1 presents the distributions of effec-
tive diameters of the nodules in the database. The effec-
tive diameter of each nodule was computed as the mean
bounding region dimension (one-half of the sum of the
short- and long-axis lengths). When a nodule was present
in more than one section, the bounding region with the
greatest area was used for the effective diameter calcula-
tion. The geometric center-of-mass of each radiologist-
defined bounding region and the [ocation of the maxi-
mum-gray-level pixel within each bounding region were
used to determine whether a structure detected by the au-
tomated nodule detection method correctly identified a
lung nodule.

The subtlety and radiographic opacity of the nodules in
this database had been evaluated by three experienced
thoracic radiologists (including H.M. and F.L.) for an ear-
lier study. Each radiclogist independently rated the sub-
tlety of each nodule on a 1—3 scale (I = “very subtle,”
2 = “subtle,” 3 = “not subtle™) and the radiographic
opacity of each nodule on a separate 1—3 scale (1 =
“pure GGO (nonsolid),” 2 = “mixed GGO (part solid),”
3 = “solid™), where GGOQ is “ground-glass opacity.” A
nodule was assigned the median rating of the three radiol-
ogists for each category. These data are summarized in
Table 1. Figure 2 shows an example of a nedule catego-
rized as “solid” and “not subtle” and an example of a
nodule categorized as “part solid” and “very subtle.”

Automated Nodule Detection

Technical details of the automated lung nodule detec-
tion method evaluated in this study have been reported
previously (24,33,34). First, segmentation of the lung re-
gions in each CT section is performed based on gray-
level thresholds selected separately for each CT section
from gray-level histogram analyses. After morphologic
modifications are made to the segmented lung regions, a
segmented lung volume is consiructed from the individual
segmented lung regions (Fig. 3). Next, a series of gray-
level thresholds is applied to the segmented lung volume,
This three-dimensional, multiple-gray-level —thresholding
technigue effectively represents a reverse region-growing
technique that may be conceptualized as “region melting,”
in which smaller volumetric structures dissociate from
larger structures as the gray-level threshold gradually in-
creases. Because a nodule is defined radiotogically as any
well-demarcated, soft-tissue focal opacity with a diameter
of less than 3 cm (37), the stopping criterion for region
melting is based on structure volume: a structure is desig-
nated a “nodule candidate” if its volume decreases below
the volume of a model 3-cm-diameter sphere. The ratio-

nale for this approach is that structures too large to be-

come nodule candidates at initial gray-level thresholds
will, at higher thresholds, decompose into multiple
smaller structures, many of which will qualify as nodule
candidates (Fig. 4).

The categorization of nodule candidates as “nodule” or
“non-nodule” is based on a combination of rule-based and
linear discriminant (38) classifiers applied to a set of nine
two- and three-dimensional features (volume, sphericity,
mean gray level, gray-level standard deviation, gray-level
threshold at which the structure became a nodule candi-
date, radius of the equivalent sphere, maximum eccentric-
ity, maximum circularity, and maximum compactness)
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a.

Figure 2. CQriginal computed tomegraphy sections from the database demonstrating (a) & nodule categorized as "solid” and "not sub-
tle” (arrow) and (b) a nodule categorized as “part solid™ and "very subtle” (arrow).

Figure 3. Segmenied lung volume obtained from the application
of gray-level thresholding techniques to the individual section im-
ages that comprise a computed tomography scan.

extracted from each nodule candidate (24,39). First, a
rule-based approach is established based on three features:
the maximum eccentricity and gray-level standard devia-
tion features and an additional feature, average area,
which is computed from the average two-dimensional
area of a candidate in each section image in which it ap-
pears. These rules are applied to the initial set of lung
nodule candidates that results from the multiple-gray-
level—thresholding technigue. Next, the nodule candidates
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that pass the rule-based classifier (the “post-rules nodule

candidates™) are subjected to linear discriminant analysis

(LDA) based on the nine nodule candidate features. The

nodule candidates that emerge from the LDA with values
below a specified LDA output value are considered “de-

iected nodules.”

None of the scans used in this study were used during
the development of the method described in our earlier
references, although the classifier was trained specifically
on scans from the present database. Unlike our previous
studies and the work of many other investigators, the
combination of rule-based and linear discriminant classifi-
ers was trained and tested through a jackknife approach in
which the rules were established and the classifier was
trained with nodule candidates from half of the scans,
randomly chosen, and the combined classifier was tested
on the candidates from the remaining scans in the data-
base. Final performance was assessed based on the aver-
age result of multiple such jackknife runs. The jackknife
approach provides a more robust evaluation of method
performance. The ability of the combined classifier to
differentiate nodule candidates that correspond to actual
nodules from these that correspond to normal anatomy
was evaluated by using receiver operating characteristic
(ROC) analysis (40,41), and the overall performance of





