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Abstract: A 69-year-old man with a history of exposure to asbestos
was admitted because of a chest radiographic abnormality.
Subsequent findings from computed tomography and a thoraco-
scopic biopsy suggested malignant mesothelioma. Punctate calcifica-
tion was observed in the pleural tumor on computed tomography
scanning. The patient underwent pleuropneumonectomy, and the
tumor was pathologically diagnosed as malignant mesothelioma,
sarcomatoid type with osseous and cartilaginous differentiation.
Malignant mesothelioma with osseous and cartilaginous differentia-
tion is a rare condition. Punctate calcification in the pleural mass as
a lesion distinct from the pleural plaque may indicate osseous or
osteosarcomatous differentiation in malignant mesothelioma.
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alignant pleural mesothelioma is a rare primary

tumor of the pleura. It is macroscopically classified
as localized or diffuse type, and histologically divided into
epithelioid, sarcomatoid, desmoplastic, and biphasic types
according to the World Health Organization Classification
of Tumours, 2004.!

Osseous and/or cartilaginous differentiation is an
extremely rare presentation in malignant mesothelioma.
Osteosarcomatous lesions that appear as dense, punctate
calcified foci on computed tomography (CT) scans are rarer
still, and only a few cases have been reported.>> Here, we
report a case of malignant pleural mesothelioma with
osseous and cartilaginous differentiation, in which dense,
punctate calcifications were observed on CT scanning.

CASE REPORT

A 69-year-old man who had no significant past medical
history was admitted to the department of thoracic surgery. Five
months before admission, the patient was asymptomatic but had an
abnormal chest radiograph. Results from a subsequent CT scan
and thoracoscopic biopsy suggested the diagnosis of malignant
mesothelioma. The patient was a building contractor and had been
exposed to asbestos for 48 years. There were no significant findings
on physical examination. Findings from laboratory tests and tumor
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markers, including carcinoembryonic antigen, cytokeratin frag-
ment, cancer antigen 19-9, and pro-gastrin-releasing peptide, were
within normal range; however, levels of neuron-specific enolase and
squamous cell carcinoma antigen were slightly elevated.

Chest x-ray revealed an approximately 10-cm mass with clear
margins in the right middle hemithorax and a smaller caudal mass
(Fig. 1). In addition, right-sided pleural thickening was observed.
CT scanning revealed masses contiguous with the right pleura, and
dense, calcified foci were detected in the main tumor (Fig. 2). The
calcifications were punctate and uniform (largest diameter, 5mm)
and were diffusely scattered throughout the tumor. Linear
calcification also appeared in the pleural plaque. In the lung
window setting, the right lung parenchyma was compressed by the
pleural tumors, but no tumors were observed within the right lung
parenchyma or the left hemithorax. There was no evidence of
pulmonary fibrosis.

Right pleuropneumonectomy was performed with chest wall
resection. Macroscopic examination revealed multiple nodules and
tumors, which arose from the parietal pleura. The largest tumor,
which was yellowish white and 9 cm in diameter with clear margins,
compressed the right lung adjacent to the tumor (Fig. 3A).
Calcifications could be palpated in the tumor and pleura.

Histologic examination revealed a solid growth pattern with
oval-to-elongated spindle cells (Fig. 3B). Osteosarcomatous com-
ponents were scattered in the tumor nests (Fig. 3C), and focal
chondrosarcomatous components were observed. Although the
tumor invaded the lung parenchyma, most of the tumor grew in the
parietal and visceral pleurae. Immunohistochemical examination
revealed atypical spindle cells that expressed positive mesothelioma

FIGURE 1. Chest radiograph showing well-defined tumor masses
in the right hemithorax.
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FIGURE 2. A, Axial contrast-enhanced CT scan of the thorax showing masses in the right pleura. Punctate calcifications were detected in
the main tumor. B, Coronal reformatted image clearly shows that the tumor arises from the pleura.

markers (calretinin, podoplanin, and Wilms tumor-1), but did
not express negative mesothelioma markers (carcinoembryonic
antigen, thyroid transcription factor-1, and Ber-Ep4). Asbestos
bodies were detected in the lung parenchyma. On the basis of these
findings, we diagnosed malignant pleural sarcomatoid mesothelio-
ma with osseous and cartilaginous differentiation.

The patient developed both local recurrence and metastasis
and died 19 months after surgery.

DISCUSSION

Malignant pleural mesothelioma is a rarely encoun-
tered, high-grade malignant primary tumor. Cases among
men have declined in the United States’; however, the
incidence is increasing in Japan.” Development of osseous
or cartilaginous differentiation in malignant mesothelioma
is very rare, and Goldstein first reported 2 cases in 1979.%
He suggestéd that the pluripotentiality of coelomic me-
sothelium may be the cause of its differentiation toward
bone and cartilage, and also proposed the following
alternative hypotheses: (1) the cartilage and bone, devel-

oped separately from the neoplasm, could be caused by
previous tuberculous pleurisy; (2) the mesothelioma might
have produced a substance that promoted cartilage and
bone formation, directly or by stimulating the parathyroid
glands; (3) the cartilage and bone might be integral .
components of the neoplasm and in parts the spindle cells
might be merging or transforming into the cartilage; (4)
2 separate neoplasms may have been present, a mesothe-
lioma with classical tubular formation and a fibrochon-
drosarcoma; and (5) asbestotic pleural plaques often
undergo calcification.

Bolen et al® demonstrated the process by which
subserous connective tissue cells obtained epithelial char-
acteristics. They suggested that the pathogenesis is caused
by the multipotency of mesothelial cells, using the term
multipotential subserosal cells, which supports the hypo-
thesis of pluripotent coelomic mesothelium proposed by
Goldstein.® Yousem and Hochholzer!® also favored this
hypothesis. Our case supports this hypothesis, as there was
no evidence of tuberculosis infection or other primary

FIGURE 3. A, The cut surface of the largest tumor. The tumor has a diameter of 9 cm, is composed of yellowish white nodules with focal
ossification, and is compressing the right lower lobe of the lung. B, Sarcomatoid mesothelioma shows oval-to-elongated spindle cells.
C, Irregular-shaped osteoid components with calcium deposition are observed in the nests.
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tumors and the osseous lesion was not colocalized with
asbestos plaque. However, the possibility of parathyroid
hormone influence cannot be excluded.

Of the 2 cases reported by Goldstein,® one case showed
osteosarcomatous differentiation, and the other showed bone
and cartilage differentiation. Sonja et al'! summarized 27
cases of malignant mesothelioma with heterologous elements.
In their report, they suggested that the term “heterologous”
should be reserved for tumors that show malignant hetero-
logous elements, such as osteosarcomatous, chondrosarco-
matous, or rhabdomyoblastic elements. Pathologically, the
differential diagnosis of these cases includes a primary or
secondary pleural sarcoma. They concluded that mesothelio-
ma cannot be excluded if cytokeratin staining is negative and
should be diagnosed by anatomic distribution. The prognosis
after diagnosis of mesothelioma with heterologous elements
is similar to that associated with pleural mesothelioma of the
sarcomatoid type; survival is approximately 6 months. Our
case included heterologous elements such as osteosarcoma-
tous and chondrosarcomatous differentiation.

Several reports have described imaging findings of
pleural mesothelioma, but only 3 reports mentioned tumor
calcifications detected by CT scanning.>™ Arnold et al?
reported 2 cases of diffuse malignant mesothelioma that
presented with large and dense calcified pleural masses,
which were visualized on CT scan. In this report, it was
described that the diagnosis of osteocartilaginous differ-
entiation in diffuse malignant mesothelioma was based on
the past history of asbestosis exposure, the typical radio-
graphic appearance of encasing pleural tumor, the histo-
pathologic features of malignant mesothelioma, and the
absence of any osteogenic sarcoma or chondrosarcoma
elsewhere. In this case, large calcification inside the main
tumor was not seen, but punctate calcification was evident
on CT scanning. Calcification of benign pleural plaque and
osseous differentiation in mesothelioma could be distin-
guished by their shape and location. Calcification of benign
pleural plaque is lincar and is located on thickened pleural
plaque, whereas osseous differentiation in mesothelioma is
punctate or large and is located inside the tumor. The
radiologic differential diagnoses of malignant pleural tumor
with calcification include lung cancer with pleural dissemi-
nation, sarcoma derived from pleura, and metastatic lung
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or pleural tumor, such as colorectal cancer, osteosarcoma,
and chondrosarcoma.

In conclusion, we report a case of malignant mesothe-
lioma with osseous and cartilaginous differentiation. The
punctate calcifications in the pleural tumor, distinet from
the pleural plaque, may indicate osseous or osteosarcoma-
tous differentiation in malignant mesothelioma.
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1. Imtroduction

ABSTRACT

Background: We investigated whether a stage shift occurs during long-term repeated screening for lung
cancer with low-dose helical computed tomography (LDCT) in a high-risk cohort.
Methods: A total of 2120 subjects (mean age, 63 years; 87% male and 83% smokers) were continuously
recruited and underwent repeated screening with LDCT from 1993 through 2004.
Results: Nineteen lung cancers were detected at baseline examinations (prevalence cancers), and 57 lung
cancers were detected at subsequent examinations (incidence cancers). For both prevalence cancers and
incidence cancers, adenocarcinoma (74% and 63%, respectively), especially invasive adenocarcinoma (42%
and 23%, respectively), was the most common histological diagnosis, and stage 1A was the most common
pathological stage (58% and 79%, respectively). The detection rate of incidence cancers other than bronchi-
oloalveolar carcinoma became significantly higher after 5 years of LDCT examinations (r=0.50, P=0.020).
Moreover, both the percentage of cancers of stage II-IV and tumor size became significantly lower for
invasive adenocarcinoma after 5 years of LDCT examinations (r=-0.77, P=0.007 and r=-0.60, P=0.029,
respectively).
Conclusions: Repeated screening for more than 5 years might demonstrate the efficacy of LDCT screening
for lung cancer through an adenocarcinoma-specific stage shift.

© 2009 Elsevier Ireland Ltd. All rights reserved.

X-ray films or sputum cytological examination has failed to reduce
lung-cancer mortality rates in randomized, controlled trials [2-6].

Lung cancer is considered as an appropriate disease for screen-
ing because it is the leading cause of cancer death worldwide,
symptomatic disease is generally lethal, localized disease can be
managed curatively, and high-risk cohorts can be defined on the
basis of tobacco consumption [1]. However, screening with chest

Abbreviations: CT, computed tomography; LDCT, low-dose helical computed
tomography; BAC, bronchioloalveolar cell carcinoma; ALCA, Anti-lung Cancer Asso-
ciation.
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Low-dose helical computed tomography (LDCT) is a promising
screening method because a higher percentage of asymptomatic,
X-ray-invisible, or stage IA lung cancers (mostly adenocarcinoma)
are found with baseline or repeated computed tomography (CT)
examinations than with conventional screening methods [7-11].In
fact, according to the results of the International Early Lung Cancer
Action Program, the 10-year survival rate for all patients with lung
cancer was 80% regardless of stage or treatment [12]. If the can-
cer was in clinical stage I and was promptly resected, the 10-year
survival rate was 92%. However, because large, randomized, con-
trolled trials of LDCT screening are still in progress [13,14], whether
LDCT screening reduces lung-cancer mortality rates remains uncer-
tain. Although mortality data are needed to determine whether
LDCT screening is effective, indirect evidence for a possible mor-
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fality reduction can be obtained from a “stage shift,” an increase in
the detection rate of putatively curable early-stage lung cancers and
a concomitant decrease in incurable late-stage cancers, leading to
a decrease in the lung-cancer-specific mortality rate [15], which

~can be used as a surrogate endpoint even in a nonrandomized,
uncontrolled trial.

Results of many single-armed, uncontrolled trials of annual
screening with LDCT have been published [12,16-22]. However,
none of these trials has documented a stage shift, perhaps because
the number of lung cancers detected with repeated screening was
too small (range, 4-35 cancers) or because the duration of repeated
screening (range, 1-4 years) was too short. Thus, to determine
whether a true stage shift occurs, a longer-term LDCT study with a
larger number of detected lung cancers is required.

Furthermore, studies performed to date have not considered the
effect of histological classification on the stage shift. Recent LDCT
trials suggest that an increase in early-stage lung cancer might
not be accompanied by a decrease in late-stage lung cancer (i.e.,
overdiagnosis) [15] and that the presence of localized bronchi-
oloalveolar cell carcinoma (BAC) and mixed adenocarcinoma with
BAC component might reflect overdiagnosis bias, although adeno-
carcinoma without BAC component behaves as aggressively as do
other non-small cell carcinomas [23].

In the present study, on the basis of an update of the Anti-lung
Cancer Association (ALCA) project [16], we investigated whether a
stage shift occurs when lung cancers are stratified by histological
subtype during long-term repeated LDCT screening for lung cancer
in a high-risk cohort comprising mostly male smokers in their 60s.

2. Patients and methods
2.1. Study population

From September 1993 through August 2004, LDCT screening
was performed semiannually by the ALCA in Tokyo. The ALCA is
a for-profit organization established in 1975 to thoroughly screen
for lung cancer in dues-paying participants. Because the partic-
ipants are continuously recruited from members of the general
population 40 years or older with a history of smoking (>20
pack-years) or a single episode of hemoptysis within the past 6
months, most participants are male smokers in their 60s. Written
informed consent was obtained from each participant at baseline
CT screening.

2.2. Screening procedures

Screening was performed as described previously [16]. Briefly,
at baseline screening a simple questionnaire about smoking his-
tory and symptoms was completed, and LDCT, chest radiography
(posterior-anterior position), and sputum cytological examina-
tion pooled for 3 days were performed. Participants were invited
twice a year by mail after the baseline screening to repeat the
same screening procedures. The CT scanner (TCT-900S Superhe-
lix, Toshiba Medical, Tokyo, Japan) was used under the following
conditions: 120kVp, 50 mA, 10-mm collimation, 1 rotation of the
X-ray tube per second, and a table speed of 20mm/s (pitch, 2:1).
Image construction was performed with 180° linear interpolation
at 1-cm intervals. All CT images were examined by 2 of 7 readers
(radiologists or thoracic physicians).

2.3. Evaluation of detected lung cancers

The staging and the histological classification of detected lung
cancers were performed according to the International System for
Staging Lung Cancer [24] and the World Health Organization lung

tumor classification system [25], respectively. Cancers were classi-
fied as adenocarcinoma, squamous cell carcinoma, other non-small
cell carcinoma, or small cell carcinoma. Moreover, adenocarcinoma
was subclassified on the basis of the histological growth pattern
as localized BAC, mixed adenocarcinoma with BAC component,
and adenocarcinoma without BAC component (invasive adenocar-
cinoma).

Lung cancers detected at baseline screening were considered
“prevalence cancers,” whereas those newly detected at subsequent
repeated LDCT screening examinations were considered “incidence
cancers.” Furthermore, lung cancers diagnosed outside our semi-
annual LDCT screening procedure within a screening interval were
defined as “interval cancers,” whereas those diagnosed outside our
screening procedure after a period longer than the screening inter-
val (due to refusal by ALCA participants) were not classified as
“interval cancers.” The presence or absence of interval cancers was
confirmed through questionnaire when participants were invited
twice a year by mail after the baseline screening to repeat the same
screening procedures.

Excluded from analysis were 6 cases of hilar lung cancer detected
on sputum cytological examinations or on evaluation of hemoptysis
but not with LDCT.

2.4. Statistical analysis

Statistical P values for the differences in percentages and means
were evaluated with the x? test and the t-test, respectively. Sur-
vival curves were estimated with the Kaplan-Meier method, with
survival time defined as starting from when microscopic evidence
for malignancy was first obtained to the date of death or Novem-
ber 25, 2005, whichever came first. Differences in survival rates
between groups were evaluated with the log-rank test. Multivariate
Cox proportional hazards model analysis was performed to iden-
tify significantly independent prognostic factors for overall survival.
Linear regression analysis with the least-squares method was per-
formed for the relationships between groups. All calculations were
performed with Stat View 5.0 software (SAS Institute Inc., Cary,
NC). P values less than 0.05 were considered to indicate statistical
significance.

3. Results
3.1. Characteristics of participants

During the study period, 20,113 LDCT scans were performed for
2120 ALCA participants (mean age, 63 years; 87% male and 83%
smokers), and 76 peripheral lung cancers were detected. Partic-
ipants underwent LDCT screening a median number of 7 times
(range, 1-22 times; Fig. 1A); a median number of 3 lung cancers
were detected in each ordinal screening (range 0-9; Fig. 1B); a
median of 3.5 years had passed since a participant’s baseline screen-
ing (range, 0-10.5; Fig. 1C); and a median of 0.5 years had passed
since a participant’s previous screening (range, 0-10.0; Fig. 1D).
Of the 2120 ALCA participants, 243 (11%) underwent only base-
line LDCT screening, 753 (36%) underwent repeated LDCT screening
for more than 5 years, and 322 (15%) underwent repeated LDCT
screening for more than 10 years.

3.2. Comparison of results between baseline and subsequent
LDCT screenings

The characteristics of all participants and of participants who
underwent at least 1 subsequent LDCT screening examination are
shown in Table 1. No significant difference was observed between
these groups in terms of age, sex, or smoking status at baseline.
However, the detection rate of lung cancer was significantly higher
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Fig. 1. Characteristics of repeated LDCT screening. (A) Distribution of the number of times participants underwent repeated LDCT screening (X axis indicates the number
of LDCT examinations, and Y axis indicates the number of participants in each ordinal screening). (B) Distribution of the number of lung cancers detected in screening
examinations grouped by ordinal number (X axis indicates the number of LDCT examinations, and Y axis indicates the number of lung cancers detected in each ordinal
screening.). (C) Distribution of years since participants had undergone baseline screening (X axis indicates years since baseline screening, and Y axis indicates the number of
participants in each ordinal screening period). (D) Distribution of years since participants had undergone previous screening (X axis indicates years since previous screening,
and Y axis indicates the number of participants in each ordinal year since previous screening).

at baseline screening (0.90%: 19 prevalence cancers in 2120 partic-
ipants) than at repeated screenings (0.32%: 57 incidence cancers in
1877 participants; P<0.001).

The characteristics of 76 patients with lung cancers detected at
screening examinations are summarized in Table 2. The 19 patients
with prevalence cancers and the 57 patients with incidence can-
cers did not differ in age, sex, or smoking status. However, both the
percentage of positive chest X-ray films (53% vs. 16%, P=0.004) and
tumor size (24 mm vs. 17 mm, P=0.018) were significantly less in
patients with incidence cancers than in patients with prevalence
cancers. Although neither histological diagnosis nor pathological
stage differed significantly between patients with prevalence can-
cers and those with incidence cancers, in both groups of patients
adenocarcinoma (74% and 63%, respectively), especially invasive
adenocarcinoma (42% and 23%, respectively), was the most com-
mon histological diagnosis and stage IA was the most common
pathological stage (58% and 79%, respectively).

Table 1
Characteristics of participants.

Z 7 S

Survival rates were compared between patients with prevalence
cancers and those with incidence cancers. The 5- and 10-year sur-
vival rates were 84.5% and 84.5%, respectively, in patients with
incidence cancers (n=>57)and were 68.7% and 38.1%, respectively, in

Table 2 .
Clinicopathological characteristics of patients with screening-detected lung cancer.

BAC: bronchioloalveolar cell carcinoma.
2 Fixed at baseline screening.
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patients with prevalence cancers (n=19). No significant difference
was observed between the groups (log-rank test, P=0.208). Mul-
tivariate analysis with the Cox proportional hazards model found
that only pathological stage (P=0.006) was an independent prog-
nostic factor for overall survival. The risk of death in patients with
stage 1I-IV disease was increased 8.26-fold (95% confidence inter-
val, 1.85-37.03). In contrast, age, sex, smoking status, tumor size,
histological subtype (presence of BAC component), and screen-
ing type (baseline vs. repeated) were not independent prognostic
factors.

No interval lung cancers were detected outside our semiannual
LDCT screening procedure within a screening interval. However, 3
lung cancers were detected outside our screening procedure after
a period longer than the screening interval. For these 3 lung can-
cers, the histological classification and stage, screening period from
baseline to previous screening, and time since previous screen-
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ing, respectively, were: invasive adenocarcinoma, stage IV, 5 years,
and 4 years; squamous cell carcinoma, stage IA, 3.5 years, and 5
years; and other non-small cell carcinoma, stage II, 5 years, and
1.5 years.

3.3. The presence of an increased detection rate, a stage shift, and
a size shift

The detection rate of all 57 incidence cancers was positively cor-
related with the duration of repeated screening (r=0.50, P=0.020)
but remained uncorrelated if the duration of repeated screening
was 5 years or less (Fig. 2A). In contrast, the detection rate of local-
ized BAC showed a weak negative correlation with the duration
of repeated screening (r=-0.38, P=0.086). Other histological sub-
types, including invasive adenocarcinoma, showed no significant
correlations.

1.4 1 L-BAC(n = 11)
1.2 1
11
.87
61
41
21
ot
O‘;234567891011
Duration of repeated screening {years)
1.4 Invasive AD (n=13)
1.2 1
1-
81
.61
4
2 r=0.24
o P=0.290

01234567891011

Duration of repeated screening (years)

1007 L-BAC (n=11)
907
807
701
601
501
401
307
20
107

01-© & @

01234567891011

Duration of repeated screening (years)

1007 ©© @
901
80
707
607
501
401

Invasive AD {n = 13)

r=-0.77
P=0.007

0 o o000
e ‘ N,
01234566789 1M1

Duration of repeated screening (years)

Fig. 2. Relationship between the duration of repeated screening and characteristics of incidence lung cancers. Correlations between the duration of repeated screening and
the detection rate (A), the proportion of stage 1I-IV disease (B), and tumor size (C) were evaluated according to histological subtypes. L-BAC, localized bronchioloalveolar

carcinoma; AD, adenocarcinoma.



322 N. Seki et al. / Lung Cancer 67 (2010) 318-324

(C) Ali incidence cancers (n = 57)

Size (mm)

01 2 3 45 86 7 8 9 101

Duration of repeated screening (years)

507 AD with BAC (n = 12)

Size (mm)

]

15'M r=-0.21
10] ° s ©

51 ® P=0.526

01 2 3 4 5 6 7 8 9101
Duration of repeated screening (years)

L-BAC (n = 11)
507
451
401
. 357
£ 301
E o5
8 29
» 157 ©
107552 r=-0.42
5 g o
Ot e £ = 0.202
01 2 3 456 7 8 9 1011
Duration of repeated screening (years)
507 Invasive AD {n = 13)
B
E
[
N
7
r=-0.60
P=0.029

01 2 3 45 6 7 8 9 101

Duration of repeated screening (years)

Fig.2. (Continued ).

Although the percentage of stage II-IV disease among all 57 inci-
dence cancers was not correlated with the duration of repeated
screening (r=-0.12, P=0.630), the percentage of stage II-IV dis-
ease among invasive adenocarcinoma was negatively correlated
with the duration of repeated screening (r=-0.77, P=0.007) but
remained uncorrelated if the duration of repeated screening was
5 years or less (Fig. 2B). In contrast, the percentage of stage II-IV
disease among both localized BAC and mixed adenocarcinoma with
BAC component remained 0% regardless of the duration of repeated
screening. Neither squamous cell carcinoma (r=-0.12, P=0.767)
nor small cell carcinoma (r=-0.67, P=0.999) showed a significant
correlation between the percentage of stage II-1V disease and the
duration of repeated screening.

Similarly, although tumor size among all 57 incidence can-
cers was not correlated with the duration of repeated screening
(r=-0.12, P=0.630), the tumor size of invasive adenocarcinoma
was negatively correlated with the duration of repeated screening
(r=-0.60, P=0.029) but remained uncorrelated if the duration of
repeated screening was 5 years or less (Fig. 2C). In contrast, other
histological subtypes showed no significant correlations.

4. Discussion

In the present study involving 10 years of semiannual LDCT
screening in a continuously recruited cohort comprising mostly
male smokers in their 60s, increased detection rates were observed
for lung cancers other than localized BAC. Moreover, both a stage
shift and a size shift were observed for invasive adenocarcinoma of
the lung. This report is, to our knowledge, the first to document the
significance of long-term repeated screening for lung cancer with
LDCT in a high-risk cohort.

Recently, Bach et al. have demonstrated that screening for lung
cancer with LDCT may not meaningfully reduce the risk of advanced
lung cancer or death from lung cancer [26]. Their conclusion was
based on a model predicting deaths from lung cancer applied to
3 studies of LDCT screening in asymptomatic population at risk
for lung cancer [20-22]. However, most importantly, the screening
period of each of the 3 studies was less than 5 years. If each screen-
ing period had been 5 years or longer, Bach et al. might have instead

confirmed a decrease in the lung-cancer-specific mortality rate. The
screening period is important for other cancers for which the effi-
cacy of screening has already been demonstrated; for example, the
period of screening with fecal occult blood for colorectal cancer
has been shown to be the important factor in a large randomized,
controlled trial [27]. The initial protocol of the study specified 5
years of screening; however, the Policy and Data Monitoring Group
recommended that screening be reinstituted because of the lack
of statistical power regarding the mortality rate through 5 years of
screening in the population. Screening then continued for 10 years,
resulting in the finding of a lower mortality rate in screened sub-
jects. Furthermore, meta-analysis of 8 randomized, controlled trials
of screening mammography has demonstrated a statistically signif-
icant reduction in mortality rate among women aged 40-49 years
at entry through screening for 10 years [28]. In particular, in 1 of
these studies, the mortality rate from breast cancer was similar in
screened group and the control group during the first 8 years but
then became lower in screened group after 8 years [29]. There-
fore, the efficacy of repeated screening for lung cancer might be
demonstrated only with a long screening period.

To determine whether LDCT screening can reduce the mortal-
ity rate from lung cancer, a large, randomized, controlled trial has
been started in the United States (National Lung Screening Trial)
[13]. In this trial, 50,000 subjects at high risk for lung cancer were
randomly assigned to undergo screening with chest radiography
or LDCT at baseline and then annually for 2 additional years with
annual telephone follow-up thereafter. Accrual was completed in
February 2004, and final analyses are scheduled to be completed in
2009. In addition, a Dutch-Belgian randomized trial (NELSON trial)
comparing CT screening with no screening at baseline and then
2 repeated screenings within 3 additional years in almost 20,000
subjects at high risk for lung cancer should be completed by 2010
[14]. However, if only long-term, repeated LDCT screening produces
a stage shift, these 2 trials of short-term, repeated LDCT screen-
ing might fail to show any benefit. In fact, we should note that
the detection rate of incidence lung cancers of all types remained
unchanged if the duration of repeated screening was 5 years or less.
Furthermore, neither a stage shift nor a size shift in invasive ade-
nocarcinoma occurred if the duration of repeated screening was 5
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years or less. Therefore, considering our present findings that the
detection rate of incidence lung cancers in a cohort of mostly male
smokers increased after 5 years of repeated LDCT screening and that
the stage shift was observed for at least invasive adenocarcinoma
after long-term, repeated LDCT screening for 5 years, we believe
that proving the efficacy of LDCT screening would be difficult if the
screening period is less than 5 years.

In the present study both a stage shift and a size shift were
observed for invasive adenocarcinoma of the most common histo-
logical diagnosis. Considering direct evidence exists for a stage-size
relationship in LDCT screen-diagnosed lung cancers [30], the fact
that the stage shift was followed by a simultaneous size shift sup-
ports the occurrence of a stage shift in invasive adenocarcinoma.
However, we wonder why this phenomenon was observed for only
invasive adenocarcinoma. This question is difficult to answer, con-
sidering that invasive adenocarcinoma behaves as aggressively as
do other non-small cell carcinomas. A possible explanation might
simply be that the number of incidence lung cancers detected in
our study lacks sufficient statistical power. However, some ade-
nocarcinomas have higher volume-doubling times, grow more
slowly, and are, therefore, diagnosed more easily at an early stage;
another explanation could be length-time-biased sampling inher-
ent to single-armed, uncontrolled trials. Thus, large, randomized,
controlled trials on the basis of long-term repeated screening will
be necessary to answer this question.

In the present study, we have performed semiannual LDCT
screening to detect aggressive, fast-growing lung cancers at an
early stage. However, no interval lung cancers were detected
in our screening population. On the other hand, an interesting
phenomenon is shown by the characteristics of 3 patients with
lung cancers detected outside our screening procedure after a
period longer than the screening interval. These lung cancers were
detected after the patients had stopped undergoing semiannual
LDCT screening because no abnormality was observed during the
screening periods, which were 3.5 years in 1 patient and 5 years in
2 patients. Therefore, these facts suggest the efficacy of long-term
repeated LDCT screening for more than 5 years.

We have several concerns about our study. The first concern is
that, in addition to the stage shift caused by long-term repeated
screening, we estimated the efficacy of long-term repeated screen-
ing could also be shown indirectly if the overall survival of patients
with incidence cancers would be significantly longer than that
of patients with prevalence cancers. So, we compared baseline
screening with subsequent screening. However, multivariate Cox
proportional hazard model analysis showed that the screening type
(baseline vs. repeated screening) was not an independent prognos-
tic factor for overall survival. A possible reason for this finding is
the small number of participants and, therefore, the small num-
ber of deaths from lung cancer in both groups. Thus, larger studies
involving larger numbers of participants are needed to investigate
whether the overall survival of patients with incidence cancers is,
in fact, significantly longer than that of patients with prevalence
cancers because of the efficacy of long-term repeated screening.
A second concern is that the partial-volume effect might affect
the ability of screening CT images to demonstrate small nodules
because only thick-section screening CT with image construction
at 1-cm intervals was available during the screening period. There-
fore, in a second ALCA study still in progress we have performed
both chest radiography and LDCT to evaluate the detection power
of LDCT in terms of the partial-volume effect. A third concern associ-
ated with long-term semiannually repeated LDCT screening isthata
large number of healthy persons would be exposed to radiation and
have an increased risk of radiation-induced lung cancer, although
the risk of radiation-induced cancers other than lung cancer would
be far lower [31,32]. According to one estimate, LDCT screening at
a rate of 1.5 examinations per year would induce 4.5 lung cancers

per year in 100,000 persons aged 60-70 years [33]. According to
another estimate, annual LDCT screening would induce approxi-
mately 6.7 lung cancers per year in 100,000 persons if male current
smokers aged 60 years undergo annual screening until age 75 years
with a compliance rate of 50% [34]. In contrast, because our pop-
ulation with a median age of 64 years undergoes LDCT screening
twice a year, the risk of radiation-induced malignancy would be
slightly higher. However, assuming that our semiannual screen-
ing yielded 57 lung cancers in 1877 participants during a median
follow-up period of 3.5 years, the yearly incidence of lung cancer
in 100,000 participants would be 868. Furthermore, because the 13
incidence invasive adenocarcinomas detected with the benefits of
a stage shift and a size shift in our study suggest an incidence of 198
cancers per year per 100,000 persons, which is far larger than that
of radiation-induced lung cancers, we maintain that semiannually
repeated LDCT screening is beneficial despite the potential harm of
the radiation exposure.

In conclusion, we have demonstrated that both astage shiftand a
size shift occur for invasive lung adenocarcinoma during long-term
repeated LDCT screening in a high-risk cohort. Long-term repeated
screening for more than 5 years might disclose the potential efficacy
of LDCT screening for lung cancer as the truth has been disclosed
for other types of cancers, including colorectal cancer and breast
cancer.

Conflicts of interest
The authors indicated no potential conflicts of interest.
Acknowledgements

This work was supported in part by a Grant-in-Aid for Cancer
Research (17-2) from the Ministry of Health, Labor, and Welfare
of Japan, and supported in part by a Grant-in-Aid for the Third-
term Comprehensive 10-Year Strategy for Cancer Control (Category:
Japanese General Screening Study for Asbestos-related Diseases)
from the Ministry of Health, Labor, and Welfare of Japan.

We thank the physicians and technical staff of the ALCA.

References

[1] Mulshine JL, Smith RA. Lung cancer. 2. Screening and early diagnosis of lung
cancer. Thorax 2002;57:1071-8.

[2] Melamed MR, Flehinger B}, Zaman MB, et al. Screening for early lung can-
cer. Results of the Memorial Sloan-Kettering study in New York. Chest
1984,86:44-53.

[3] Frost JK, Ball Jr WC, Levin ML, et al. Early lung cancer detection: results of the
initial (prevalence) radiologic and cytologic screening in the Johns Hopkins
study. Am Rev Respir Dis 1984;130:549-54.

[4] Fontana RS, Sanderson DR, Taylor WF, et al. Early lung cancer detection: results
of the initial (prevalence) radiologic and cytologic screening in the Mayo Clinic
study. Am Rev Respir Dis 1984;130:561-5.

[5] Marcus PM, Bergstralh EJ, Fagerstrom RM, et al. Lung cancer mortality in
the Mayo Lung Project: impact of extended follow-up. J Natl Cancer Inst
2000;92:1308-16.

[6] Kubik A, Polak J. Lung cancer detection, Results of a randomized prospective
study in Czechoslovakia. Cancer 1986;57:2427-37.

[7] Kaneko M, Eguchi K, Ohmatsu H, et al. Peripheral lung cancer: screen-
ing and detection with low-dose spiral CT versus radiography. Radiology
1996;201:798-802.

[8] SoneS,Takashima S, Li F, et al. Mass screening for lung cancer with mobile spiral
computed tomography scanner. Lancet 1998;351:1242-5.

[9] Henschke CI, McCauley DI, Yankelevitz DF, et al. Early Lung Cancer
Action Project: overall design and findings from baseline screening. Lancet
1999;354:99-105.

{10} Swensen §J, Jett JR, Sloan JA, et al. Screening for lung cancer with low-dose
spiral computed tomography. Am J Respir Crit Care Med 2002;165:508-13.

[11] Diederich S, Wormanns D, Semik M, et al. Screening for early lung cancer
with low-dose spiral CT: prevalence in 817 asymptomatic smokers. Radiology
2002;222:773-81.

[12] International Early Lung Cancer Action Program InvestigatorsHenschke CI,
Yankelevitz DF, et al. Survival of patients with stage I lung cancer detected on
CT screening. N Engl ] Med 2006;355:1763-71.



324 N. Seki et al. / Lung Cancer 67 (2010) 318-324

[13] Gohagan J, Marcus P, Fagerstrom R, et al. Baseline findings of a randomized
feasibility trial of lung cancer screening with spiral CT scan vs chest radiograph:
The Lung Screening Study of the National Cancer Institute. Chest 2004;126:
114-21.

[14] Xu DM, Gietema H, de Koning H, et al. Nodule management protocol of
the NELSON randomized lung cancer screening trial. Lung Cancer 2006;54:
177-84.

[15] Bepler G, Goodridge Carney D, Djulbegovic B, et al. A systematic review and
lessons learned from early lung cancer detection trials using low-dose com-
puted tomography of the chest. Cancer Control 2003;10:306-14.

[16] Sobue T, Moriyama N, Kaneko M, et al. Screening for lung cancer with low-
dose helical computed tomography: Anti-lung Cancer Association project.] Clin
Oncol 2002;20:911-20.

[17] Sone S, Li F, Yang ZG, et al. Results of three-year mass screening programme for
lung cancer using mobile low-dose spiral computed tomography scanner. Br ]
Cancer 2001;84:25-32.

[18] NawaT, Nakagawa T, Kusano S, et al. Lung cancer screening using low-dose spiral
CT: results of baseline and 1-year follow-up studies. Chest 2002;122:15-20.

[19] Diederich S, Thomas M, Semik M, et al. Screening for early lung cancer with low-
dose spiral computed tomography: results of annual follow-up examinations
in asymptomatic smokers. Eur Radiol 2004;14:691-702.

[20] Swensen §J, Jett JR, Hartman TE, et al. CT screening for lung cancer: five-year
prospective experience. Radiology 2005;235:259-65.

[21] Pastorino U, Bellomi M, Landoni C, et al. Early lung-cancer detection with spiral
CT and positron emission tomography in heavy smokers: 2-year results. Lancet
2003;362:593-7.

[22] Zhukov TA, Johanson RA, Cantor AB, et al. Discovery of distinct protein pro-
files specific for lung tumors and pre-malignant lung lesions by SELDI mass
spectrometry. Lung Cancer 2003;40:267-79.

[23] Manser RL, Irving LB, de Campo MP, et al. Overview of observational studies of
low-dose helical computed tomography screening for lung cancer. Respirology
2005;10:97-104.

[24] Mountain CF. Revisions in the International System for Staging Lung Cancer.
Chest 1997;111:1710-7.

[25] Travis WD, Brambilla E, Muller-Hermelink HK, et al. Pathology and genetics
of tumours of the lung, pleura, thymus and heart (World Health Organization
Classification of Tumours). Lyon: IARC Press; 2004. pp. 9-124.

[26] Bach PB, Jett R, Pastorino U, et al. Computed tormography screening and lung
cancer outcomes. JAMA 2007,297:953-61.

[27] Mandel JS, Bond JH, Church TR, et al. Reducing mortality from colorectal cancer
by screening for fecal occult blood. N Engl ] Med 1993;328:1365-71.

[28] Hendrick RE, Smith RA, Rutledge 3rd JH, et al. Benefit of screening mammog-
raphy in women aged 40-49: a new meta-analysis of randomized controlled
trials. ] Natl Cancer Inst Monogr 1997;22:87-92.

[29] Nystrom L, Rutqvist LE, Wall S, et al. Breast cancer screening with mammogra-
phy: overview of Swedish randomised trials. Lancet 1993;341:973-8.

[30] Henschke Cl, Yankelevitz DF, Miettinen OS, International Early Lung Can-
cer Action Program Investigators. Computed tomographic screening for lung
cancer: the relationship of disease stage to tumor size. Arch Intern Med
2006;166:321-5.

[31] Berrington de Gonzalez A, Darby S. Risk of cancer from diagnostic X-rays: esti-
mates for the UK and 14 other countries. Lancet 2004;363:345-51.

[32] Brenner DJ, Hall EJ. Computed tomography—an increasing source of radiation
exposure. N Engl ] Med 2007;357:2277-84.

[33] Diederich S, Wormanns D. Impact of low-dose CT on lung cancer screening.
Lung Cancer 2004;45:513-19.

[34] Brenner DJ. Radiation risks potentially associated with low-dose CT screening
of adult smokers for lung cancer. Radiclogy 2004;231:440-5.



< BhiBRHE DERATH >
fifesz i D & 2 E EERRIENIC & 1 3 5D

TOoOm= XKHEHEBEZ B EE

BE M2EFIRZROR —SEPrkEI>Tna?

BRPRMERE [ T #103% %28 (000%2A%) B Al
B L

2=

Tt
T

fi



= FE

< MBS OEREGE D>

MEAFEPRREROBR—SANRI > TWVND ? =

IHEERTD <D L EGZIICHITS

BRI (D 5

T A=

U ®IkO

JE 2 5B N OB REREET (2006 ) IS X B &, B
X ARTEBRIZER 32 FAICLEY, Ik
ol b ERMPBTHEEI6 FAZBLTY
5. BRI TEE, A 10 JAX 74 A TR
JEOFRTE 1THL. WETIEADO W AA
o6 N), BELECROWTEIECEDE 2MTH
BV, AFRICBIT B BEERE, B 39%, L 11%
(2005 4E) T, BRRICHKRE LTHEETHA.
BigE— XK FE & L CORERIE, BEEFBED
[MEREAA 2LIHERTD, AROEBIUBE T
SRR, BB TU ST ADOZTHER, R
EBB OB EBIT T A3, BHIREKEOK
LAS7\r, 2007 SEICRE S N-E DDA X RHEE
SHETH, BECHTAHMEERIIHRINTL

* K. Bguchi (#3%), S. Ohta, N. Seki G¥RF) @ TERAFIERE IR

KHEfEZ=

F 57z, .
CT THRRENL/NEFTENEZ /2729, BEM
FEERRE T I R BRI OFEEML Ty

3. L LBtitae i, MEaEERIEmL
THL, MBE LT, BEHOEMNIETRETE
Bahtws, BHZERONERIKRELBET
HAb.

FHEDRKRERS, R, PEFIE(Fig. 1)

1. FEOEERESY

iRk, % DFEERAL D O I PIERETE S REAE
T ¥ TICHA) & BRI GRAE O & Sl
SEIICFEEE) ISR BT B &, BRIR 2 B - 1RO
F 2 Hhh )R, FEMEE, FERT
BRWEE (B 20T, REEFATE, BHX
BEETREEEAREIRDONT, KREXORE
7 BV X B TRMEOBESEM RGOS FEREE L &

P3%k Vol. 103 No. 2(2009) 231



=0

i —

BE WEEEPHLEROBR—SAI BRI > TS ?

EFMR (BH5E - BERCT)

~ B EER ~ B )
RADE . e FERALIEED —> Sis Crmisic < miniEEclEx
]2, Ny, MERERS FERERRE D ASTEE kT
T R
. AIRALHEE
- RsE s . ) KEE08~10mmblE - 37 B CTEiglc T#A#A
BB CT (1) (Fig.2) [ MXed COA™™>'3 piamerour 08mmatil i
- IEEREE (BRRE)
L pure GGA ———p- {ZBERZ 60 B4 CTER
~ B EEER ———— B - IkiER
NEIRERAESR REEAR CHREY - BDETERE SETERE
%, R, SRS - 9, S
ot el Bl TR A DR (el .
FRERB A
RBEIC & BERNSRE k- BIRERE _
s L @%U,Amkﬁ L I - MR (H RN - PR TR )
. R B‘Lﬁfx B i
-%&Eﬁwﬁ%)mt B HEDERR _ h
‘ PR+ o ipfee Bl —> IR
REE B (05 RMB L) —> SEXErE _
- BHEE _ MRRCT  ERRZZ TEMER
- JIERCT CEE LA MR- 3»BREEEEsES
-%Fggég$@%)
- faK 2 EET —H—AE
e WK (25 RIV, V) e gﬁ? ’3%*52{%7 PAE o mame Lommaia

o

/

Fig. 1. fifERRE~2
*GGA : R

B LWL BPSIIRETBEE R T,
BREFHNIREINRGFRENBEL 2 5. 50
DL T, EREE (BUEHEEL 1 HORE X FEH
>600), MY RTEIIER, WFER &, gD
EERiLEZ, WHREEREDOAZLT, 3 H
M OEMIRERIC & 2 B & MifT 5 5 LIS
H5. %m%wm%&#%Mﬁﬂ%ﬁkﬂﬁé%
ML, ERTH L. X BEETEREEY
%ﬁ?%uk#%ok%ﬁﬁﬁéa

2. FEZEESERE MEEEY—/1—
Wi 2 580 BREREEIR & LI, TEE 2B, I
7, MR, FEROBEIN, BHFELE, ot
WERRBICD ADNLIFRFEN L D ONS . 1B
T 5 BUIEERERC X 2 kErE, e
Y USEERE & EE T, EREMEE
SOERITL oL bE ., BE, BARrIbIN %
{, FEFWICBWEEL LTiNs, HEFEMET

232 P9EL Vol, 103 No. 2(2009)

SEiETO7O0—Fv—h

Y iS5 AL,

&, BMERRRIC X A MEEER, BHEERRIC L 2EH
BTEREENRZZ L Y, BRERIC L A WHREIR
THRHNIZZ 2 THHELEL ICALNE. FiR
ER D e (Pancoast [EHS) OB&r1d, ZEREARERE
{2 & % Horner f‘f&”ﬁ’f’ﬁfﬁm”l%&ﬂ kB
DHERE 2 F 2 TERNBLIREHCZE T 546
Wb, TEEZIER, METAEIRE BT AHEE
O BE T, BREEZFER L, Mg B2
TAHRIENEETH 5.
MmiEEE~—»—& LT

onic antigen),

CEA (carcinoembry-
SCC (squamous cell carcinoma
CYFRA (cytokeratin 19 fragment), SLX

(sialyl stage specific embryonic antigen-1), NSE

antigen) ,

(neuron specific enolase), pro-GRP (progastrin-
releasing peptide) S —RIICFF E N T 5

R 7% CEA TlE, BUYEZ OB EIEIZL
bRREMEQ0ng/ml CHVET)ITH DI LA



Fig.

BRI & D CEREZITIC R 1T SREDEES

2. WEEIROE (TSCT [ETED)

a . FEEMREST, b mixed GGA, c: pure GGA(ZFH).

H5H. 2~3» ABICERL T LAMERZ O 1T8E
LT A RERD< — 4 —& LT CA19-9,SLX %
EhHH. BERELL KREIZWRETIE
CM%Q%&?UMM<BW®?E%£?6LE
BHb. RELEEROY—%—& LT, CYFRA,
SCC %3 1, /MNFESE Tld pro-GRP, NSE 2852
BWTHhs., BERKRTHEHASNTWAINLODM
WEE~— 74—, BEEOZWICIIRICILL
v, BEFICEE < — 7 — 0 EETH B IEHIC
DWTIE, HWEBOERE=F Y VIZERTH
5.

3. BERHOEENXE

PR 2 SEICE W BE L LT, Bk
IR R TR i AR TIPSR 2 88 ) & &
CRITREXHFEMRETLITH . THRERICH R
HIEFERD LRI THEEZH 220 5. IifER
FifE DRI, 52, 53 OLRMMEREOS
ERBELOT, BEBEEL I THERD ELE
BHRNEL LD, MEEELE) BREREER
L& 223, EZMZ2 2572012 X HER
TREXZEER, CT A FTeERR EZ21TH
B, NETHEBO T LVWIER 7 &4 5 R
WX ARG T AEME ERT 5. ETHTE, W
KMIaEE o) v NEIS AR & &I L ARER
SHLiThNs. L2L, &5 5 LWiliE (arge

cell carcinoma, neuroendocrine type : LCNEC) #
i %> EGFR (epidermal growth factor receptor) 1%
FEEBHRERL L, HEOWBEERICERT
BT Ehb, MREZT TR L, THEZREE YD A
ML CHEST A2 L ERENS. W
RSN ESHZOT A2 L, WBELS LR
DE)ZTEETHY, FLPBLEREERLRZ I
JAEEBREG DI BETHA.

4. FEEREMIEERRE

JEERERE 3 RE (Table 1) 1%, 2SADEERHE
PHERICE BAERTERL, BEOELETAIME
HDHVITIEE L BRI AWEIC L o TOHARER
HEN-ERALICAE UABRIRERTH 0, EEYE L
LCRVE VEPIERIIETA b A VR ED
HRHEERTF2 L A2EABFEPEESI LTY
5.

FERMENB BT, B N, FEZEOHE
B, EETEZEERER CEANHEISEZ 5
BROERTHERENS., EREICEEZERER
BRI, B XHRITR COREEEREDE
Bick B, BYVFTIATONBHLEREE
DERBVFEYTH 5. BB O RIS (& {2
R¥LEE) CALNDEA VYT A,
PTH-rP (Bl R R VE Y BEER) WERT
5. PTH-rP ZHIiZ PTH & FARIZ, B OWRIUE

P%t Vol. 103 No. 2(2009) 233



HE HEAGFHREROR —SANEI > TS ?

Table 1. E%%%ﬁﬁﬁﬁm@

JRREE REYE E R FiEDEE
FTiE ACTH E®REE | ACTH, ACTH #& BAOET, AERS, exitE, /s

ADH B &E &S | ADH
(SIADH)

= Ca INfE PTH-P

Lambert-Eaton i | BEEREFEEDDILY D LF ¥R
JIEREE (LEMS) JLITH T S BCAC K D3
EAMOT=F)LIYU VRS

BRI B BIENE A
BIMERIESAE, MR | DO -—RgRF (G-CSF, IL-6
IBAE 1£E)

{& K Mnfie

BEE BWER, UAE,  ERE
£ Na [, MEREBEE T

SENE, B, BAEEE, RT.LEE
2R, BHES

ERERDEIE T, S5k, /JviieeE
Bl FE, RERREAE

w“%m@ffmﬁfﬁ ______________ eI
| RRMAEES B L, KHEIE

BAHd0, avyy AREIEREZRITT. B0
My AIUEE, BR, £FEBRR, ROk &
BAR, OCBEREELRESALN, BRESE, 2
ROBTRELH B, MFHI VYT ARENER
ThawetBHITELVWI LIZEERT S, BE
X, BAKRERUET L0 2BREITY, €
ARARD— MK ER T 5.

EDEGRZETO

1. CT

%9 40 FRTICEE TERA{L S 7z CT (computed
tomography) 1, BB F L WiERZ &1, JED A
2O TEFOMBBHIELYEE L. 10 Fi1ICE
AE N/ %% CT (multi-detector CT :
MDCT) 3 BEHF OB MR T T — % 2 MEFIIUE
TAHZ LT, EREMICLHEOIHEATREE 21,
FEIRBT 82 S IR T8 7 B O MO BRI £
RERTEGEEADLZENTEAL L) TR0 T.
B T3 5,800 5D MDCT 2E&ETHRE L T
B, 16751, 64 5] MDCT 7z L HSEEHERY 72 1kHE &
o TW5BEY,

FOER BT X SRCIE, FEM8I 7 A ST Ea O REE
P, BRI NV L ) ZRVIBREOIE/NMEH %
BERRTRLED CTICLNERTES Z LA
BEoTwh, R/E7F—s00, LHFEHRE

BT - SR 2179 12iE, 05~1mm A F 4

234 PI%} Vol. 103 No. 2(2009)

A ® thin-section CT (TSCT) BB L E 5% FIH
. NEERT O LG ORI, BROERES,
@@ﬁ%i’i S I - MER Bl OBR, FREAR
DEE, [REOEE, AV TS AEENFEFMER

#i2s (Fig. 2) e ExRBWroe v MIT 5.

TARETE T, EREORE PR EX & OEfE,
R~ DER, KINE & OBE: & 62T\,
JEE & EMMIER & OBROFHEZ, FIRErES
BEND. MDCT »HIEKEDFHRPEAL SN,
FERD T 4V ATEHEZ WS, MDCT ORI % £
v, HEBET=F—-ZWMBIUZHT7T—2 X
F—3a v (EEETY 7 )5S, LEOSKERE
Llp A, FlRE, BWED /D computer-
aided diagnosis (CAD) 2S&GEIZHEAR L TP, Tl
B EH O RBIEBM Y 7 + 2 ARATE CAD #°
EHENTETWA.

CT THER SN A/NBMIE OB, X
MR T AREXEEROBER LFBREL
7z o7z, MDCT BE&FEEMIC X 5 virtual broncho-
scopy (VB) OHEEY 7 bR S, [REXHEKR
EFICRELEEEG L VB HEZ W& ¥ %28
65@%%&@%4%&?%/27A%%%%§
nTwa?,

REBIZIE, 1 TEULED CTHHREALTED,
EERLEEOFTD CTHEHEIDo D ERLT
WHEL END. EEHAPL, CTHREIZLL



ERAEESED, o FE 4 1K L CERIEE L,
XBERICLB2BBOBENO) A7 PEHINT
BY, TLELR CTHELBTAIERNLETD
38, B, KITHBICHV LN TV R ERE
CT i%, BEZWH CT ICHTHBEEDLW 10
G0 1IERENLTWSY,

2. MRI

4RO MRI HEMF ORI LY, FiEZEICBIT
% MRI OEERSBIZZE b0 TRREINT
W5, MRI D8RS, NZROETE (KRS
&) MR R ENC X 2EEET 25 MRL Q5T
LY, ZERESMEEDETIE CT B EE T
BIZWizo Ty, RFETIHT TS, 6,000 &
L@ MRI 2558 LT\ 5. MRI D&% =,
SF EERJRBEI SEBEOERGTBTESL Z
ETHY, R, M, WHERS % EOEN A
BRE s, KRNEREZETAERKICFHETE 20
REEHBD, X ERBEOR W EKERFIR
A,

MRI BN Z2mREE LTIIEE L ZNIZL 5
TREELESRN, FEERNE) L o@ie, H
ERBE AR (Pancoast JEB DOGE), MWEE, LRI
E, MBEEELZ OB H 5. & MR angi-
ography (MRA) 2%, Wi O LB MR, i
BB 2MEBERBOZHRUFICFATHL L
HEINTWBO, MRIIE, B4 OBRGEIELN
SWNCFIH S NS A, IECEREGRICE 5 PN
SRR AR E N TV AW, EREBDHT
(M EFZH) & LTO MRIYFEHTH 5. M
IZEWHEREE L CINERR, EIERIEL OB ZT,
FEESRE, BFRTAC X AMERE, B, &
W7 & DIRERERER 2 £ OB EH 21T MRI
BhobkbBELTWS, &8 MRIFREZICLA M
HF#EIZE o T, FDG-PET & MEDFHMiASH
BTHLILFREINTREY,

3. PET

BEEREL LTI NVAUTE RV TV T =2
(2- [fluorine-18] -fluoro-2-deoxy-D-glucose :
FDG) # Fiv:7z FDG-PET #AEi%, 2002 F4 5 M

FiEli D < D CERPIfIC B 1T 2 RIEDFEES

p=ilild

ELIRBSEOBINER L oz, RITIIHEAE
600 BLLEO PET 2@ LCBY, CT LR EDH
BHEER LT L LS ICHCkL b 8 v, FER
B CTHE L OREAEEZZZE LT, PET 0§
HThol-ZBEOMHE - REBENZHEL MO
PET-CT 2SfI &N T w5, #AHDOITE LI2JE
EHILIZBE &2 OlF 72 FDG ) ;A h, FDG-
PET B CIIMWERERM L LTREENS. &
MPEREE T, FDG 2EH L TWA DT, ®EH
BHTEEE 2 5. FIEEMERE O BEEOHERIC
ERTHA.

1,474 OFEHZOBWICE T 583 40 BD
AT TFYVATIE, KE 96.8%, REE 77.8%
LIHEENTWAY, L L, PET DZ2/oRE
DRFD S, A ZXIVNSRFEEIC R L ZDE
BOMHBICERZEUS. &I, 1o UTOH
BT BEREEZEC S, WRE~D FDG O£/H
NI —A NG VAR —OFEHELEEL,
FEHDOD R WESMIRE CTE L, BHROKSURR
BTELRY, 2LE L FDG £RIMHE T2 2
Lo TnA5,

A i B b B2 9% (bronchiolo alveolar carci-
noma . BAC) TR MME V720, 1ecm DL E
DY A4 X THBEEICREZ WD, T2, &
BIEDORERICBNTHIERIREDO LN, BEHE
PELRZEEEMINTE 2, 53N
FDG & FICHE M L HEa2BELL)
ZTOMNMLZEREE L RTHEEL SUV (stan-
dardized uptake value) & FFUF, FDG £ DY EE
BigEE LTHWLN A, BEIT SUV OREIR
Lo TREEHOEN 2 HALIMEI SN,
R RHERIIEONL TV R W,

HEAZITIC BT 5 PET OFRMEEZF ST
Wh., JifED Y HERBINICE, K& I pEE
£95 CT TR, BBEETOZHE LT
PET IC L AHRVEBRINS LI 2% o7, HthE
U U RHEBOBHIRBEIIOWTOATTF) &
2N X BEETIE, FEANRREOMRY 2 Eitg
BSZW OMLTPET14 &, CT29 BEBITL,

PI% Vol. 103 No. 2(2009) 235



HE BEEREEEOH —SANRI > TWS?

RREE, BREEEIX PET T 79%, 91%, CT T 60%,
77% & PET DI BZWITEN T2, Fiits
HIZWREICRI T 5 4 XDAFTTF I VAT
X, & CT, ¥ MR & PET & TiE, BRE, ¥
RELICER DD o729,
EREEOZHICBWTD PET HEETH
2. Wi % *t& & LT FDG-PET & ekl
(CT, MRl, BY v F 757 4 =)L 2mAZH
PIELIE, FDG-PET Tk 83% Th - 72 DI
L, PEROKAIL 65% Tho 729, BEBRD
oBEEp B — 7 -0 H LR L72BE TR
BEOEFHIERTERVE &2 221X, PET/CT
BEDZRETHEENHSH. 2B, PETICL A
WA OAREZIEHENTELT, ERERE
ERBEAPLLBEENTH 5.

b bICO
HLWIESF~— 7 — I X B lEHEEZ, B
e liiEEEREOR ZEICHET 572D DL
e biThbNTW5S, ETRORBTERINSM
EAWS LT, MiEIC X AR TRET 2 4H9) 121,
LEEHN—T HEO—KTFH - RHFER%H
Br 32BN THEOMILE, Bl EOWE
BENPLETHY, TORDOOMBEHERT S
EEBL o TWA, T2, AEZETOIZE
DBRIZAFNVT v TTHLENFDS.

X HO
1) B &M, AR BAEC B A MEOBM.
EDHQH 224 1 977, 2008
9) EAHEE 21 o B s EIRERED C VES) (B

236 Py# Vol. 103 No. 2(2009)

3)
4)
5)
6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

BEH AR 21) $4E <http://wwwl.mhlw.go.jp/ >

W OEE, O WEEEE (). Y43
7 AT 4 vy, TAEE, #ris, pl6-178, 2003
WEETMZOFF &, WEIY RVES, BARE
24 (f), %6k, @R, A, p172-189, 2006
HEBRRER < VFATA A CT REHERE. ¥
EfR 407 : 136, 2008

Goldin JG et al © Computer-aided diagnosis in lung nod-
ule assessment. ] Thorac Imaging 23(2) : 97, 2008
Asano F et al @ A virtual bronchoscopic navigation sys-
tem for pulmonary peripheral lesions. Chest 130 © 559,
2006

Berrington de Gonzélez A, Darby S Risk of cancer
from diagnostic X-rays. Lancet 363 © 345, 2004

R CT I X 2MBHMBOFI &, EHMECTICX
LERSOH ) FCHT AEREES(R), &R
iR, B, p22, 2004

Ohno Y et al | Multiphase ECG-triggered 3D contrast-
enhanced MR angiography : utility for evaluation of
hilar and mediastinal invasion of bronchogenic car-
cinoma. ] Magn Reson Imaging 13 @ 215, 2001

Nomori H et al : Diffusion-weighted magnetic reso-
nance imaging can be used in place of positron emission
tomography for N-staging of non-small cell lung can-
cer with fewer false-positive results. ] Thorac Cardio-
vasc Surg 135 © 816, 2008

Ohno Y et al: Whole-body MR imaging vs. FDG-
PET : comparison of accuracy of M-stage diagnosis for
lung cancer patients. ] Magn Reson Imaging 26 : 498,
2007

Gould MK et al : Accuracy of positron emission tomo-
graphy for diagnosis of pulmonary nodules and mass
lesions : a meta-analysis. JAMA 285 @ 914, 2001
Dwamena BA et al | Metastases from non-small cell
lung cancer . mediastinal staging in the 1990s - meta-
analytic comparison of PET and CT. Radiology 213 :
530, 1999

Cronin P et al : Solitary pulmonary nodules : meta-ana-
lytic comparison of cross-sectional imaging modalities
for diagnosis of malignancy. Radiology 246 . 772, 2008
Marom EM et al . Staging non-small cell lung cancer
with whole-body PET. Radiology 212 © 803, 1999



w %

Rl BR #% & B %

TR2AETHER
865 £ 78

ballhiin



86— (900 )

— Bk & P9 - 86% 7 B (CER214E 7 B) -

BE/ENT2hE—FHABHERE

i % B 2
7L |

[HAETIThN TV A HEEED L UV
Jazs (BRUEEOH) 12X AHERS I, B0
JEFIRTERATFRIC K D, BB IC & 2R ARIR
PRRD LN T 5, KEREERILILEBERRIIAT
bR TWiWnA, ANFEZES MEEFKRS O
BRECHICORB (T Y R) EhHb.] &
W Z k2, BRIEBITAERB T —<~OEET
HbHo LALUTICHERS X )2, TIEDME
BT, 2L OBRENLBREEIRIN TV 5,

B35 NEIREREET (20074E) 12k B &, JEIC
X AT HEFIIFEMBAAIICDITY, FifEiEEDd
% AERTEEN6 AAZEZ TWwW5A, B
FEFET L, AO105 AXR77 N CHREFER O 1 4L
Thbo whETiE (NO10HAXF27 ) KEREIC
DVWTEBTERE 2V TH S, BUEEIIEOFE
BYATRTFTH B, AFLOEREZERTEMEI9%,
ZM11% (20054F) & &4, BORICHAEKLE L
TBETH DI, BENEEREE BREE obe
TN T W HERDS T, BERE =A%/
Hx4EH & L T00LL EDBEREZ A3 5 A,
FiPIER R (S RAEZ D E CIlTHAET HM
fE) OEGBREEL N0, B PIERE it R A
WA LTBY, ShE74 vy —F5anER
THERBRFPRRE LY KHEMCEEL RITL
TWABDEHPAIN TS, BT TIIIEE A
B, BICBEOEMNELREE FDTnw5, 7R
B9 S IR DB &% { o TV, B
BIEICE T 2 BEDSA D) 2 7 AT 2 FET 5
ZEBEFBLLEoTVD, il 1 K@ R
LT, Exg MEREEE] B, A%o
RO CTOLBRIE, BEXE 077 50%
R, REEBEORHEEZBITTCHLA, WEOR
BLAL o T e\, 2007 ICRE S NIZE DD
AKTSEHEEETEICB W TS, BREICEE 3 A 5EH
BB ENTLE o7 FCkTIX, 3 TICHiE
FRAZEZHNHEZHEEENT TR ALY S —

WX ARTREZHS 2 RBAMERICH Y, Zhid
20EDL RO EMEINTELEES v o R—>
DOFREFHEIN TV S, E, HAOEFES
T TRIZE T bENICDH 548, BELAER
LALLM, ToEHmEOHEME L L IHENR
BRFEML T3, BHRRETHE6 ~TEHDE
EDBEICETRETHY, BV EIREOMELE
ZLRDOITBIEIZIBRADEETH S, HRTE

LHBOREZIZEDL HSVETH P WRERE
MW B L ARKF O HAMRESS, HARMPRESE

NS, BARPEBZZEFEFE CHEBIL w5
HEEGEREE A L A RHERALE CIIEER
B Talio s EAEERITO%E 25, BERED
KEEE 1Pl TICERA LEIBRBIDY) ¥ SEEER
BEERE%BUNTH Y, BBOLZWEO 5 FEAFF
TIZOWBL EE o TW5E, F7=, THiEOE
ThH1lemPl T, 1~2mE BEREENOAESEERK
Yo THREBELERETIE, AE0ndo0BERE
HSEH S M BV, HEo THEE 1 e OMiE % B
Bl3nzlds, R ) BEELZRIICROITS
EVIRBOEREVZ b,

1. FifEi&Es OFR & BRED
181E

ML, BEOL ) IEORREEMEDD Tidk
C (1TRFH), Bilholb0hBREICHERT
B2RFUiITHDB. EERZOENE, ARE
EI12X Y, HABRPEICTE LTS OxsE%:
MZT A LT, YHERICLIEBTERDW
VEEBETLEIETHD, BETERLTWSA
MFy 2k, FEEVPHOESZF> THELS
FT55DTH b, BiE &I REMZ (organized
screening), % & = £ E MR Z (opportunistic
screening) & W o TREIL TWwW5, xHRERS
EHOBIRIE, FOMPIT Lo THERTCERD
FEPRONLZ L THI, MBHERVERHST



