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Pleural Invasion by Peripheral

Lung Cancer:

Prediction with Three-Dimensional CT

Kiyonori Ebara, Shodayu Takashima, MD, PhD, Binghu Jiang, MD, Hodaka Numasaki, PhD,
Mai Fujino, Yasuhiko Tomita, MD, Katsuyuki Nakanishi, MD, Masahiko Higashiyama, MD

he anatomic extent of disease as expressed by the

tumor, node, and metastasis staging system is the -

most important prognostic factor for lung cancer.
Presence of visceral pleural invasion by lung cancer increases
T staging from T1 to T2, and the presence of parietal pleural
invasion upstages it from T2 to T3, when the tumor is <3 cm
in size (1). Therefore, prognosis of patients with T1-sized
(=3 c¢m) lung cancer depends on the presence or absence of
pleural invasion and the depth of invasion of the pleura (2).
Five-year survival rates are reported to worsen from 86%
(for patients with no pleural invasion) to 62%—70% (for
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patients with visceral pleural invasion) and then to 57% (for
patients with parietal pleural invasion) for non—small cell
lung cancer (NSCLC) (3).

Computed tomography (CT) is currently the imaging
method of choice in staging of lung cancer. However, a well-
known limitation of conventional CT is the diagnosis of pleural
invasion by peripheral lung cancer. Sensitivity in diagnosing
invasion of the parietal pleura or chest wall based on two-
dimensional (2D) CT is reported to range from 38% to
89.7% and specificity from 40% to 96% (4,5). However, the
visceral pleural invasion is difficult to diagnose with CT and
has not been assessed in detail, especially in patients with
T1-sized lung cancer. Thin-section spiral CT allows contin-
uous data collection and provides uninterrupted volume data
that can be reconstructed to produce three-dimensional (3D)
images, which have been reported to be superior to 2D CT
in the assessment of pleural invasion by lung cancer (6).

The objective of this study was to evaluate the value of 3D CT
in diagnosing pleural invasion and differentiating parietal from
visceral pleural invasion by T1-sized peripheral lung cancer.
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MATERIALS AND METHODS

This retrospective study was approved by our institutional
review board and written informed consent was obtained
from all participants for the use of thin-section CT data.

Patients

Between January 2007 and December 2012, 1003 patients
with peripheral lung cancer of =3 cm underwent thin-
section CT examinations before surgery and subsequent surgi-
cal resection of lung cancer. Of these, 422 tumors in 422
patients and 380 tumors in 380 patients were excluded from
the present study because the former tumors were remote
from the pleura and had no pleural tag on thin-section CT
images (lung window setting), and the latter ones were also
remote from the pleura but had pleural tags only. A pleural
tag was defined as a linear strand originating from the nodule
surface and reaching the pleural surface. Thus, 201 consecu-
tive patients (126 men and 75 women; age, 66.7years &= 9.3
[mean =% standard deviation, SD]) with tumors in contact
with pleura were included in this series. In our institute, the
following nodules were recommended surgical resection
with or without preceding biopsy procedures (depending
on the size of the nodules): mixed ground-glass opacity nod-
ules of =5 mm that are stable in size or show interim growth;
solid nodules of =5 mm that show interim growth. The
median interval time between thin-section CT and surgery
was 14 days (range, 1-30 days).

Thin-Section CT

A 16-slice CT scanner (Aquilion 16; Toshiba, Tokyo, Japan)
was performed during a single breath hold with (n = 153)
or without (n = 48) intravenous contrast agent. Technical
parameters of CT scans were 120 kVp, 100-150 mA,
0.5 s/rotation, and 16 X 0.5 mm collimation. Axial images
of 1.0 mm thickness with 0.5 mm spacing were reconstructed
with a matrix of 512 X 512 and a field of view of
350 x 350 mm. The spatial resolution for reconstruction im-
ages was 0.7, 0.7, and 1.0 mm on x-axis, y-axis, and z-axis,
respectively. The conventional 2D CT images and the 3D
CT reconstruction images were reviewed independently by
two observers (B.J. and S.T., with 8-year and 30-year experi-
ence in chest radiology, respectively) blinded to the pathologic
diagnoses. The final findings for the analyses were determined
by consensus of the two observers for categorical data, and
averaged values were used for continuous data.

Nodule size (the maximum dimensions on transverse CT
images), vertical diameter (the greatest craniocaudal dimen-
sions of a nodule on coronal or sagittal images), the length
(the greatest contact length on transverse, coronal, or sagittal
CT images) and the area (Fig 1) of the interface between
the tumor and the pleura, and the ratios of length (Riengen)
and the area (R,..,) of the interface between tumor and the
pleura to tumor size were assessed. We manually drew the

N

interface between the tumor and the pleura and measured
the distance (Figs 1a,b). The ratio of this distance to tumor
size was defined as Rlengd; Next, we calculated the volume
of all the voxels that comprise the interface, and the volume
was divided by a voxel size of y-axis of CT images (Fig 1c).
This value was defined as the area of the interface, and the
ratio of the area to tumor size was defined as R , ., in our study.
Although both ends of the interface were determined ona CT
image of lung window setting, when a part of the interface
was difficult to identify, we used different window settings
such as mediastinal window setting. In addition, the angle
(acute or obtuse) between the tumor and the adjacent pleura
(if either of the both sides showed an obtuse angle, this nodule
was regarded as having an obtuse angle), and presence or
absence of pleural thickening was assessed. The presence or
absence of pleural thickening was evaluated on CT images
with mediastinum window setting (level, 40 HU; width,
350 HU), and the other analyses on 2D CT images were
made on the CT images with lung window setting (level,
—600 HU; width, 1200 HU). V

A software package (AZE VirtualPlace, Tokyo, Japan) was
used for 3D reconstruction in each case. The 3D reconstruc-
tion was done with a volume-rendering algorithm. Initially,
the effect of threshold level on the appearance of 3D images
was evaluated qualitatively in each case. The optimal threshold
values (between —470 HU and —540 HU) were chosen on
axial images to best visualize the adjacent pleura and the
tumor, and only the pixels of higher than the threshold values
were visualized on 3D rendering images. All pixels of the
other CT attenuation values were automatically removed,
leaving only the tumor, pulmonary vessels, pleura, and the
chest wall. If necessary, adjacent bronchi and vessels were
manually removed, and the opacity was adjusted for optimal
visualization of the 3D rendering images. This process
required 3 minutes £ 35 seconds (mean + SD) per case.
Thus, the pleural morphology adjacent to the tumor were
assessed and classified in reference to 3D rendering images.

Pleural Patterns on 3D CT

The 3D CTrendering images of the pleura were classified into
four patterns (Fig 2) according to the presence or absence of
adjacent pleural morphologic changes, presence or absence
of indrawn pleura toward tumor, and presence or absence of
wrinkling of the indrawn pleura as the following: flat pattern
(Fig 2a), flat pleura without any morphologic changes in the
adjacent pleura; waving pattern (Fig 2b), wrinkled pleura
without pleural indrawn thickening toward tumor; rectan-
gular solid pattern (Fig 2¢), indrawn pleural thickening toward
tumor, and its shape resembles rectangular solid but not
associated with pleural wrinkling of the indrawn pleura.
Therefore, the indrawn pleura has broad and narrow sides;
skirt-like pattern (Fig 2d), indrawn pleural thickening toward
tumor associated with pleural wrinkling of the indrawn
pleura. Indrawn pleura looks similar on lateral views of
different angles.
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The pathologic specimens stained with hematoxylin—eosin
and elastic van Gieson (when necessary) were examined inde-
pendently to determine the presence or absence and the
extent of pleural tumor invasion by two pathologists (Y. T.
and M.H. with 20-year and 30-year experience in surgical
pathology, respectively), and the final decision on diagnosis
was determined by consensus of the two pathologists. Pleural
invasion was defined as the following: PL 0, no pleural
involvement; PL 1, tumor invasion of the elastic layer of the
visceral pleura but without reaching the visceral pleural
surface; PL 2, tumor invasion to the visceral pleural surface;
PL 3, tumor invasion of the parietal pleura or chest wall (3}.

Statistical Analysis

Kappa statistics (for categorical data) and Bland—Altman plots
(for continuous data) were carried out to know the inter-
observer agreement. The chi-square test or the Fisher exact
test for categorical data and the Mann-Whitney U test for

Figure 1. Method of calculation of the
area of interface between tumor and the
pleura. Transverse computed tomography
(CT) image shows a lobulated pulmonary
nodule in contact with the chest wall (a).
First, we manually drew the interface (black
line) between tumor and the pleura in all
transverse CT sections (b} and next calcu-
lated the volume of all the voxels (yellow
squares) that comprise the volume of the
interface between tumor and the pleura
as shown in an illustration (¢) and then the
volume was divided by a voxel size of
y-axis of CT images. This value was
defined as the area of the interface in our
study. (Color version of figure is available
online.)

continuous data were used to examine the significant differ-
ences between patients with and without pleural invasion and
between patients with visceral and those with parietal pleural
invasion. Then, statistically significant factors were assessed
with stepwise logistic modeling to determine the most signifi~
cant factor for predicting pleural invasion. Receiver operating
characteristic (ROC) curves were performed to determine
the diagnostic capability of the significant factors for predicting
the depth of pleural invasion. Finally, we proposed the optimal
criteria for predicting pleural invasion and for differentiating
parietal from visceral pleural invasion by lung cancer. A P value
of <.05 was considered to be significant. All the statistical
calculations were performed with SPSS software (PASW Statis-
tics 18; SPSS Inc., Chicago, IL).

RESULTS

The size of lung cancers ranged from 0.5 to 2.7 cm, and the
histology of lung cancer consisted of 161 adenocarcinomas,
35 squamous cell carcinomas, three large cell carcinomas,
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and two small cell carcinomas. The neoplasms were patholog-
ically diagnosed as having PL 0 in 140 patients, PL 1 in 38, PL
2 in 14, and PL 3 in nine patients (Table 1). The kappa value
was 0.816 for classifying 3D pleural patterns, 0.890 for the
angle between tumor and the pleura, and 0.868 for the

Figure 2. Four 3D CT volume rendering
patterns of the pleura. (a) Flat pattern: flat
pleura without any morphologic changes
in the adjacent pleura is seen on both
lateral (a-1) and top views (a-2). (b) Waving
pattern: wrinkled pleura without pleural
indrawn thickening toward tumor is seen
on both top (b-1) and acute angle views
(b-2). (c) Rectangular solid pattern:
indrawn pleural thickening without associ-
ated pleural wrinkling of the indrawn
pleura. lts shape looks rectangular solid.
(c-1) represents a lateral view of the broad
side of the indrawn pleura and another view
at right angle of c-1 shows a narrow side
(c-2). No wrinkles are seen in the indrawn
pleura. (d) Skirt-like pattern: indrawn
pleural thickening associated with wrin-
kling of the indrawn pleura is seen on a
lateral view (d-1) and it looks similar on
another lateral view (d-2) at right angle to
d-1. Arrowheads indicate neighboring
pleura and stars show pulmonary nodules.
(Color version of figure is available online.)

presence or absence of pleural thickening. The 95% confi-
dence intervals (Cls) for the limits of agreement were —1.7
and 1.8 for tumor size, —1.5 and 1.5 for vertical diameters,
—1.8 and 1.9 for the length of interface, —23.1 and 19.6 for
the area of interface, —0.13 and 0.14 for the Ryengwm, and
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Clinicopathologic Features Data
Patient number 201
Gender (men/women) 126/75

66.7 £ 9.3
1.9 + 0.6 (0.5-2.7)

Age, mean + SD (years)
Tumor size, mean =+ SD (range) (cm)
Tumor histology

Adenocarcinoma 161
Squamous cell carcinoma 35
Others 5
Tumor (T stage)
T ' 140
T2 52
T3 9
Node (N stage)
NO 156
N1 17
N2 28
Grade of pleural invasion
PLO 140
PLA1 38
PL 2 - 14
PL3 9

PL 0, lack of pleural invasion beyond the elastic layer; PL 1, pleural
invasion beyond the elastic layer; PL 2, pleural invasion to the pleural
surface; PL 3, pleural invasion into any component of the parietal
pleura; SD, standard deviation.

—1.6 and 1.5 for the R ,.,. All these values indicated a good
interobserver agreement (7,5).

Pleural Invasion

A significant difference between lung cancer without pleural
invasion (PL 0) and with pleural invasion (PL 1-3) was found
in gender, tumor size, length of interface, and in 3D pleural
patterns (Table 2). Pleural invasion was more frequently seen
in men than in women (P = .017). Tumor size (P = .001) and
the length of interface between the tumors and the pleura
(P = .003) were greater in patients with pleural invasion
than patients without invasion (P = .001). Although accu-
racy (34% and 36%, respectively) was poor, sensitivity and
negative predictive value for a tumor size of =8.2 mm and
interface length of =4.1 mm were high (100%). Incidence
of each 3D pleural pattern was significantly different
between the two groups (P < .001). Logistic modeling
with use of these significant factors as independent variables
showed that 3D pleural pattern was the only statistically
significant factor (P < .001; relative risk of 7.34 with 95%
. CIs of 3.6 and 14.8). Of every combination of the four 3D
pleural patterns, the presence of skirt-like pattern had the
highest accuracy of 77% with 59% sensitivity and 85% spec-
ificity for predicting pleural invasion (Table 3, Fig 3). There
were 21 false-positive and 25 false-negative cases for this
optimal criterion.

Pleural Invasion
Clinicopathologic Absence Presence P
Features (PLO) (PL1-3)  Value
Patient number 140 61
Gender, n (%) .017

Men (n = 126) 80 (57) 46 (75)

Women (n = 75) 60 (43) 15 (25)

Age, mean + SD (years) 65.9 + 9.5 68.5 £ 8.7 .061
Tumor histology, n (%) : 8 .842
Adenocarcinoma 111.(79) 50 (82)
(n=161)

Squamous cell 25 (18) 10 (16)
carcinoma (n = 35)

Others (n = 5) 4 (3) 12

CT imaging findings

Tumor size, 14.3 4.9 16.7 4.2 .001

mean + SD (mm) ‘

Vertical diameter, 91+79 11.9+£10.3 .063

mean =+ SD (mm)

Interface, mean & SD ,
Length (mm) 120+ 7.7 15.4+6.8  .003
Area (mm?) - 149.8 +184.3 196.91+161.3 .064

Ratio, mean + SD
Length/tumor size 0.8 +0.3 0.9+0.3 .064
Area/tumor size 9.5+ 8.6 11.4+77 144

Angle, n (%) .062

Acute (n = 144) 106 (76) 38 (62)
Obtuse (n = 57) 34 (24) 23 (38)
Pleural thickening 62 (44) 24 (39) 539
(n = 86), n (%)
3D CT pleural patterns, <.001
n (%) o
Flat (n = 81) 71 (51) 10 (16)
Waving (n = 33) 19 (13) 14 (23)
Rectangular solid 29 (21) 1(2)
(n=30) f
Skirt like (n = 57) 21 (15) 36 (59)

CT, computed tomography; 3D, three dimensional; PL 0, absence
of pleural invasion; PL 1, visceral pleural invasion without reaching
visceral pleural surface; PL 2, visceral pleural invasion reaching
visceral pleural surface; PL 3, parietal pleural invasion.

In differentiating parietal (PL 3) from visceral pleural inva-
sion (PL 1-2), a significant difference was seen in the area of
interface (P = .049) and the R, (P = .005; Table 4). ROC
curve analyses demonstrated that the diagnostic capability of
R.ea (areas under the curve [AUC], 0.844 % 0.051 [standard
error]) was significantly greater than that of the area of inter-
face (AUC, 0.794 £ 0.058) for differentiating parietal from
visceral pleural invasion (P = .03) (9). When a cut-off value
of 13.4 was used for the R,.,, the highest accuracy of 77%
with 89% sensitivity and 75% specificity was obtained for
differentiating parietal from visceral pleural invasion (Fig 4).
There were 13 false-positive cases and one false-negative
case for this optimal criterion. A cut-off value of =12.1 for

w1
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Diagnostic Statistics of CT Fin

NPV, %

Accuracy, % PPV, %

Predictors Sensitivity, % Specificity, %
CT imaging measurements ‘
Tumor size, mm
=8.2 100 5 . 34 31 100
=19.4 33 - 87 gl 53 75
Length of interface, mm } } :
=4.1 100 9 36 ) 32 100
=17.6 36 86 71 52 76
3D CT pleural patterns
Flat pattern 84 51 61 43 88
Rectangular solid 98 21 44 35 97
pattern
Waving pattern 23 86 67 42 72
Skirt-like pattern 59 85 77 63 83
Skirt-like or waving 82 71 75 56 90
pattern
Skirt-like or flat 75 34 48 - 83 76
pattern
Skirt-like or 61 64 63 ) 43 79
rectangular solid ‘
pattern

CT, computed tomography; 3D, three dimensional; NPV, negative predictive value; PPV, positive predictive value.

the R, yielded 100% sensitivity, but its accuracy (70%) and
specificity (65%) was not high.

DISCUSSION

Diagnosis of the presence or absence and the depth of
pleural invasion with CT are clinically important because
T staging depends on the P staging, and therefore, an appro-
priate treatment method and prognosis are greatly influ-
enced by P staging. Regarding the prognosis of patients
with T1-sized NSCLC, the 5-year survival rate is reported
to worsen as the P staging advances as follows (3): 86% for
patients with PL .0 (T1), 62% for patients with PL 1 (T2),
70% for patients with PL 2 (T2), and 57% for patients
with PL 3 (T3). As for the surgical method, T1 or T2 tumors
are resectable with standard surgical techniques, whereas en
bloc resection of the chest wall invaded by tumor is recom-
mended for T3 tumors (10,11). Therefore, the separation of
T3 tumors with imaging techniques before surgery is
clinically more important than the separation of T2 and
T1 stage tumors. Adjuvant chemotherapy may be required
for patients after complete resection of tumors with
pleural invasion (12).

On 2D CT findings, our study showed that tumor size and
length of interface between tumor and the pleura were signif-
icantly greater in tumors with pleural invasion than those
without pleural invasion. Although these two findings proved
to be of no statistical significance for diagnosing pleural inva-
sion based on the multivariate analysis, both findings showed
100% sensitivity and 100% negative predictive value. There-
fore, we think patients who have a tumor size of <8.2 mm
or who have an interface length of <4.1 mm determined

6

with preoperative CT may be reliably diagnosed as having
no pleural invasion by tumor (clinical T'1 tumor).

There are several reports on diagnosing pleural invasion by
lung cancer with the use of 2D CT imaging findings (4,5).
Glazer et al. (4) stated that the angle and the length of interface
between the tumors and the pleura, and associated pleural thick-
ening were of value in predicting pleural invasion, and the
authors mentioned that the combination of two or three of
these CT findings resulted in 68% accuracy with 87% sensitivity
and 59% specificity. In our study, although the interface length
was asignificant predictor for pleural invasion as documented by
Glazer et al., the other factors were of no significance for
diagnosing pleural invasion. These discordant results may be
caused by the difference in patients’ population and CT param-
eters. Compared to our study, Glazer et al. used thicker CT
collimation (8 or 1 c¢m) and included larger tumors (more
than half of the patients had lung cancer of =3 cm) and smaller
number of patients (n = 47). Furthermore, we think that all the
three predictors proposed by Glazer et al. can be more accu-
rately appreciated with thin-section CT as used in our study
than with thick-section CT as used in the series of Glazer et al.

Recently, Imai et al. (13} studied 2D CT imaging findings
scanned with 1.25-5 mm CT collimations in 169 lung cancers
of =3 cm to determine the useful factors for predicting pleural
invasion and reported that the ratio of interface length
between the tumor and the pleura to the maximum tumor
diameter (corresponding to Riengs in our study) achieved
high accuracy exceeding 90% for predicting T3 or T4 tumors.
However, our data showed the Ryengn Was not useful for pre-
dicting pleural invasion or in differentiating T3 from T2 inva-
sion. This contradictory result may be largely caused by the
difference in tumor size. In the present series, we dealt with
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the T1-sized tumors only because the stage-shift effect of P
staging in T factor is greater in T1-sized tumors than in larger
‘tumors. As Imai et al. (13) dealt with only tumors of >3 cm,
the researchers did not address the issue of separation of T1
and T2 tumors. Although separation of T1 and T2 tumors
does not impact management, this will afford different prog-
nostic information. Therefore, this separation will be also
clinically important. We think that the criteria proposed by
Imai et al. may be useful for prediction of T3 and T4 tumors,
whereas our criteria may be useful for separation of T1 and T2
tumors of <3 cm.

Kuriyama et al. (6) reported that 3D CT imaging was
superior to the conventional criteria on 2D CT imaging
proposed by Glazer et al. (4) in the assessment of pleural

Figure 3. Adenocarcinoma with visceral
pleural invasion in a 64-year-old man. A
14-mm pulmonary nodule (star) in contact
with the pleura over 9.5 mm (a) and associ-
ated faint pleural thickening (arrow in b) are
seen. 3D rendering CT imaging demon-
strated a skirt-like pattern (arrowheads) of
the pleura that suggested pleural invasion
by lung cancer (c¢) The Raea calculated on
3D CT images with computer aid was
10.3, which was below the optimal
threshold of Ryyeq Of 13.4 for predicting pa-
rietal pleural invasion. Therefore, the Rarea
correctly predicted visceral pleural inva-
sion by lung cancer. Low-power micro-
graph  (d): hematoxylin-eosin  stain;
original magnification, x40) of the resected
specimen showed a tumor in contact with
the pleura. High-power micrograph (e}: he-
matoxylin—eosin stain; original magnifica-
tion, x200) of the rectangular area in ¢
revealed tumor invasion of the visceral
pleura with tumor cells (black arrows)
spreading on the surface of the visceral
pleura (white arrows). Pleural invasion
was correctly diagnosed with 3D CT im-
ages. (Color version of figure is available
online.)

invasion in a series of 42 patients with lung cancer. The
authors stated that pleural puckering as defined as localized
thickening of the pleura that was indrawn toward the tumor
on 3D CT imaging showed the highest accuracy of 79% with
82% sensitivity and 76% specificity for prediction of pleural
invasion by lung cancer. However, Kuriyama et al. evaluated
only the conventional criteria on 2D CT imaging and
addressed only the utility of pleural puckering on 3D CT
imaging. In the present study, we evaluated almost all the
quantitative and qualitative findings on 2D CT imaging
and possible other pleural patterns such as flat, waving, rect-
angular solid, or skirt-like pattern and 3D measurements,
including R ,.., on 3D CT imaging. Furthermore, the num-
ber of patients in the series of Kuriyama et al. was far smaller
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Comparison of Clinicopatholo
h Parietal Pleural Invasion

Features Visceral Pleural Invasion (PL 1-2) Parietal Pleural Invasion (PL 3) P Value
Patient number 52 9
Gender, n (%) 676
Men (n = 46) 40 (77) 6 (67)
Women (n = 15) 12 (23) 3(33)
Age, mean =+ SD (years) 68.3 + 8.6 70.2 £ 9.7 536
“Tumor histology, n (%) : .313
Adenocarcinoma (n = 50) 41 (79) 9 (100)
Squamous cell carcinoma (n = 10) 10 (19) 0(0)
Other (n = 1) 1(2) 0(0)
Findings on CT images :
Tumor size, mean =+ SD (mm) 16.8 £ 4.3 16.3+ 3.3 755
Vertical diameter, mean + SD (mm) 10.8 +8.7. 11.8+99 521
Interface, mean + SD g )
Length (mm) 151 +7.0 173+ 5.4 .365
Area (mm?) 180.1 & 163.0 294.2 +115.5 .049
Ratio, mean + SD :
Length/tumor size 0.9+0.3 11+ 0.3 139
Area/tumor size 10.3+7.6 179+ 48 .005
Angle, n (%) .278
Acute (n = 38) 34 (65) 4 (44)
Obtuse (n = 23) 18 (35) 5 (56) ,
Pleural thickening (n = 24), n (%) 20 (38) 4 (44) 729
3D CT pleural patterns, n (%) : 474
Flat (n = 10) 10 (19) 0 (0)
Waving (n = 14) 11 (21) 3(33)
Rectangular solid (n = 1) 1(2) 0(0)
Skirt like (n = 36) 30 (58) 6 (67)

CT, computed tomography; 3D, three dimensional; PL 1, visceral pleural invasion without reaching visceral pleural surface; PL 2, visceral
pleural invasion reaching visceral pleural surface; PL 3, parietal pleural invasion; SD, standard deviation.

than ours. Nonetheless, the accuracy (79%) of pleural puck-
ering reported by Kuriyama et al. was comparable to that
(77%) of the optimal criterion of skirt-like pattern proposed
in our study. Thus, we suggest the possibility of pleural inva-
sion is high for the patients who have a skirt-like pleural
pattern on preoperative 3D CT and therefore, a prompt
treatment should be required, and the possibility of use of
more aggressive surgery than standard technique in addition
to probable poorer prognosis should be informed to these
patients before surgery.

Pathologically, tumor invasion of the thick elastic fiber layer
of visceral pleura is regarded as a hallmark of pleural invasion,
and this fiber is responsible for pleural mechanical stability (2).
The geometric and mechanical properties of the elastic fiber
are affected by tumor invasion, and the resultant effect is
graded into three patterns: without eliciting any secondary
changes, with prominent elastic reduplication and inflamma-
tory infiltrate, and with thick fibroblastic proliferation (14).
The pleural wrinkling is considered to be caused by the
disruption of pleural mechanical stability such as by direct
tumor invasion and by secondary changes of tumor invasion
(15). Therefore, pleural wrinkling with indrawn thickening
may represent pleural invasion by lung cancer (6). In our study,

this sign was associated mainly with skirt-like pleural pattern
on 3D CT imaging. However, minimal invasion of the
visceral pleura may not result in a significant pleural change,
and on the contrary, inflammatory process without tumor
invasion may cause a significant pleural change. These patho-
logic changes may have caused false-positive and false-
negative cases for our optimal criterion of skirt-like pleural
pattern in our study.

Our study demonstrated that the R, was beneficial for
differentiating parietal from visceral pleural invasion by lung
cancer, which has not been documented in the previous
literature. Our series demonstrated the R,.., of >13.4 had
the highest accuracy of 77% with 89% sensitivity and 75%
specificity for differentiating parietal from visceral pleural in-
vasion. As the R, ., becomes greater, the contact area between
the tumor and the pleura will be more extensive, presumably
resulting in deeper tumor invasion to the pleura such as to the
parietal pleura. Because the R, eliminates the effect of tu-
mor size, it may be applied to lung cancer irrelevant to their
tumor size. Although the R, is applicable only to the
patients after surgical resection of the tumor with subsequent
pathologic proof of pleural invasion, when the patient have
the R, of >13.4 on preoperative 3D CT, the information
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of the possibility of en bloc resection of the chest wall can be
provided to the patients and surgeons before surgery.

There are several limitations in our study. First, the number
of patients with parietal pleural invasion was too small to draw
a conclusion regarding the usefulness of R, in differentiating
parietal from visceral pleural invasion. Second, our criteria for
predicting pleural invasion are applicable only to T1-sized
lung cancer. Third, the R .., is applicable only to the patients
who had pathologically verified pleural invasion by lung
cancer and therefore, cannot be a preoperative predictor.
Finally, it took relatively long time to make the 3D rendering
images and calculate the R,,,. More simple and sophisticated

. method should be developed.

In summary, the 3D data can give information regarding
pleural involvement and prognosis, and it can help the surgeon
plan a most adequate approach to resect the T1-sized lung
cancer.

Figure 4. Adenocarcinoma with parietal
pleural invasion in a 58-year-old woman.
A 17-mm pulmonary nodule (star) in con-
tact with the pleura >13.7 mm (a) and no
associated pleural thickening (b) are
seen. 3D rendering CT imaging demon-
strated a skirt-like pattern of the pleura [(c
and d); (c) lateral view; (d) view as seen
from above.] Calculated Ry, Was 17.6,
which exceeded the optimal threshold of
Rarea Of 13.4 for diagnosing parietal pleural
invasion, and therefore, parietal pleural
invasion was correctly predicted with our
criterion. Low-power micrograph (e) hema-
toxylin—eosin stain; original magnification,
x40Q) of the resected specimen showed
local pleural adhesion (arrows) in the neigh-
boring area of the tumor. High-power
micrograph [(f) hematoxylin—eosin stain;
original magnification, x200] of the rectan-
gular area in e revealed subtie tumor inva-
sion in the parietal pleura (black arrows).
Star, pleural cavity; white arrow, surface
of visceral pleura. (Color version of figure
is available online.)
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ORIGINAL ARTICLE

FhfE R EAESE R ICHRR S h SRR
FiB MRS (X B S RHAERIR DiRE

BT - RILEEEL - FE 1 KRR -
fE RORERL - H EHK2 - EERES - SHIE

Ey—HH. MENEREEETOBE I CHELL BEOMHUBRAITHPNRSPLC /213 LM L BT s h iz
MIEMFEERHRED S b, BEER QKREFEREMNRE 54 BlaExHe L, BAMXICHBIRE L B2, 250
(SPLC) F7-3EER OLM)) AT 52 HESRST B R ORISR ZHIE, SPLC35 81, LM 196l ¥
WHRBEEZ R L7z, Hik 19764 1 B 5 5 2010 4 12 HETIC 2B THEE2R DR o7z, 2ESO2EE
B ETOMICHBETHKREIT- 2 BESEREESF, & WEAETFHEPRMIZ619 » H, BRI TIELM 2616

KIRFF LA & ¥ & — 2SR, 2R bR, 3w - M T537-8511  RFRAFABRA R X A 1-3-3.
R Wieh, “PmIFRE. ZAFH 12013412 B 12 H, #RRHE 201443 H 27 H.
BURIEERS  RILEE, KR ZRAR LY 5 —RRESHR,
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»H, SPLC #5609 » AT, BEE2THdLdror-(P=
077). 2B FHUBEORBIZOVWTHRFLZE Z 5,
IM BHTHBRCEREE S (P=0007), BREERIZ,
IMBECIIHEN, FICHNEBOBARSEFRIZS
o dz. #EER. MBUIRBICER I NI s
BRI B SRR D BRI 5 FAEFE 60.8%

LB RTT, BREBENICPHEREEIONS. 20
HBOBFRERIL, SPLC & LM TREL Y, EBHEICE
EPELETH 5.

S5 IHE BFESERRE, IOLETCEMEIREE, 2 ki
FEEMERE, PFEESR, SRHERE

IC&HIC

B BB I H 7 IS IR R E R R L
Ba, BERBICEE, 1) MEMEOFER, 2)2 kik
FEEMME, 3 MENEBROMEBIEL ShE. M
WHEEETHEHRIRIZSVORINENT, £€F5%0WN
56% Z D LHENDHDH—F, 1 FrllciifEd L v il
e E S (ERESREE SER T2HEELEL,
FRICBEE TR I0BIBRTH LI LIRS hTW
%. F 72 Johnson & i, FE/NHIBIELIBRBZEE TIX2
KEBEFEERMBRED ) A 7 FFEIT1~2% LH|EL T
W5, 2

L IATIDLS IR ICE VT, 1)FIEM
FEDHEZ (lung metastasis, LM) 2, 2)2 RMEEFRMEN
9% (second primary lung cancer, SPLC) %D R Wi
1%, 1975 £EICHRE & L7z Martini S OERRIREFER LR
PHETOELHVORTWS. 3 S D& ke
I ESHEBESRDEELZHEBIZBIFOATWS S,
ZOMENATH) KREXHFRETIE, WEFDKRETH S
Zl, THBOBEIRLONETVWIERENL, FB,
Ei EALTR ET L R NP X AT

—7F, W, BHREE CT PSEA S, FimE % 3
BETEZIHICRYBHRIEIFLIMELL. 208
B, MBOEBETRICTIFNT ABE (GGO) 22713
BAECEERELBW SN, 45 72 2 BB OBRER R
BEVH o THEHEMBLEBHSNDE LS5z, L
2L, REEEHEBRELETHMBRICELTIE, &t
ZE5ARRE CT T3 LM %> SPLC 2085l Lid LIXHE
T, BRIRTIRZOZW R FREICEE T L
AL

4, FAITHETERSEMEMNEEABSETICHE
L 7= B Fe e R B o U, SERHIBR & 4T VS
BYIZ LM F 7213 SPLC L B S NIER 2 XIHIC, 2h
SAEFI O 2 B H A OMETHET, FHERBIUERRL
REL, 2o2HBERCHBEEEL RS X ITRE L7,

WERBLVHE
1976 45 1 A4 5 201048 12 A £ TOMIC 4B TR

47 o 7 SRS 4125 Bk, I B OB A Thh
TEGIE 34 B TH o7, ZDS B 2EHFHRITOCT
BRI T EMASEE 2R LES T, YIERER
DIRBEZEMRETICT LM 7213 SPLC L HED W A7
SN/ APIPRRTH D, WRIESFERE CT 12T GGO
B LUERIR, MARNWMER L B s - EFNLER
L7

2 BAEEMREEER L1, BOEECT ICTIZIRET
PEREABRTMEE BT B2 L L, ARMICHLERK
BEXE2BERTE GCO LERESNTVERELLLTD
ELAERIS X, SEORFALE L.

T2, 2EERMOMIS L LT, BB O D440
Az, DEFDSMCERBEZEDE B HEN TV L, 2)
G 2 SO EZ M LTwaAZ &, MWIcERE
REFLZWZ E, 2FAIE L7

I 54REICHT B 2 HEFWOMETZEE, CT
PHREXBERBEORRICIE, BRNETREEE LIFR
BYRHE, WPRBENAE, BATEREAREA T 7 LY
ATH/LNI-BW 2 MAZH L L. BESWIE, 2 HH
FHRFER L PEPAERL 2 2 Z L EORBEMED
HBEt U7 - 72 IR BEARRAER0 2, 2 H B AEA Mk
BIDSRIE & B —CTdHh o 7ESITIE, MBEERSLED
£E, RERSE, BEASG~OBRE Y -2 EIEE
L, 2 B BAEREES T, IREFBRPLELIE LWES T
IM %, REXHENERSHBEREERSDLCHE
FINBEFILSPLC 2 &HHICE S, HEICBH L.

BARESZ RT3 (Figure 1). EBHI1 (Figure 1a) 1%,
Bl (p-stage IA) IS CTHTEWE, WMEIFME 143
7 B L CAEEREIZ 13 mm KOIMZETEEMEHEE % 6%
B, METZEIZ LM, EEERSVUBRERBT L2 2
H BAEATIE, MRET, EOWERERLELNL TS
Y, ZHOREEEEZFEDO/20, LM L ZHF L7z £
2 (Figure 1b) 1%, BiEa-bERT BRI TREMMBE
(p-stage IB) L7-EFIT, HE6EHICHEMTEICLS
mm KO EREH 2 IER S . KREXSERE
TREFLEEELZWH I, REEIFLP 2L LM
% SPLC 2 DEIIIHEETH - 7. HHH T HERSURM
27V, ESERRF LEBDO /-9 SPLC & 2L 7.
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Figure 1. CT scans in representative cases. a. A 13-mm solid nodule was detected in the left upper lobe one year
and three months after lung cancer surgery. The tumor was diagnosed as lung metastasis based on a pathological
examination. b. An 18-mm solid nodule was detected in the right lower lobe six years after lung cancer surgery. The
tumor was diagnosed as a lesion of multiple lung cancer. The lesions in a and b were both well-circumscribed, round,
solid nodules that were difficult to classify as lung metastasis (LM) or second primary lung cancer (SPLC).

WL, 2 3 H P H & E L L7z Kaplan-Meier
T CHEFRZHH L, FEEKREICIE logrank test
ZHWA P<0052HEE L.

B R

BEYE

SIEFIOWIE B L OF 2 [\l B FH7ICBI$ 5 BRRE SN
B % Table 1 12783, B4 36 4, i 18 #IC, 1 HHE
FHTEEOFIGERIT 63 (48~78) K, 2 HHPHFTIX 67
(51~79) T, FWHEORIEL 669 (26~1378) +
BTH o7 WEFPHTRED p-stage 1E, /4 p-stage IA
(1841 /IB (25%1) /1A (1 #1) /IIB (3#l) /IIA (6
0 /B (1461) Tdhorz. HEPWH T, 54 Fld 44
B (815%) TR LAY TR TV 7228, 2 [H B 4
TiX 54 Bl 40 Bl (74.1%) PPN TH o 72, LRI
3, 1EE, 2HERME S CREBIRLEL, RTR
FLEBOIETH 7= %8 2 BB FMOMATZRNIL,
SUE SR WTERIAS 3 B, :BAGTEIE 2 M EREA O A &,
BEFCHREE 2 ETRAY SRS 25 51, 20 5 B 0 4T EE R 5
1LEE, WMERBFEN S OHE % CHRRETRICEOES
B U 7= 4 B A% 26 B <, 186 (333%) % LM, 3661
(66.7%) % SPLC L 2ZUF L7z, WHEEZBIIX LM 2519 #,
SPLC #4535 il & 7% o 7z,

SREF O, 23 EFM S OEFEHB FIfE 619 »
A, BAEAEFERIT608% ThH o7z,
2 B H FieHE S NRESHIC oW T

HEEMEORFICES ERENICHE L, LM19
#l, SPLC35#ITH o7z, LMI9BFICE L Tid, MR
AE—T, S SOICHBESELL WA Z e ERSE

e L, REBEPBTL E2AMICER L THREL
7z. SPLC Tl 11 B CHME AR o TW/zas, 24 BT
ITHEBENI R —TH o /2. B—H#EE O EH T, SPLC
LBW L BB, Bl bR R oA e L EE D
ZEFVOBTRDE L, WTHMROMRAE, MiLA
HROKE SREEOZEDS 6 B (FI 2, T BB LR~
SALE72E 2 T SO G L & D), IREEEOES
561 (Fl2 1, REREE T -RBEREDE), REE
WoOMRE - FEF 26, REREOENLF (TTF-,
CK7, CK20, Napsin A %2 &) THolz

LM £E1 & SPLC fEHI D E8:

LM fEFI & SPLCHERI D 2 BB 21T > 2. #HR%
Table 2 IZ/R7.

LM B CEERHIEVEImDD - 7205, FEEERDL
o7z (P=0.09). BEREOHE, 1 HEHFMH» S 08/-,
1 B H P OMED stage I2DWTH 2HTELZRD
oz,

T ek ke

2 B BATATES T & TR BRI B A B L T v
7=Di%, 54 Bl 37 Bl (685%) T, LM BT 19 Bl 10
B1(526%), SPLC BT 35 Blrh 27 #1(77.1%) & 7z o7z,
iz, 17 61 (31.5%) DEEBITHI BT BT & WEESEND
BroR—FrRohi.

Ffrfr =

2B 2 HBFMMRICEZRD Lo 7z,
FRIEHE &

2B B RMEOBEY A X8 L URIENY »oEEE
DEEIZODOWTIE, 2EMICEZ2E DR o7, SPLC
MO E 2 B EHORBEOMBREI—B L
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Table 1.

Background Factors Before the Second Surgery in All 54 Patients

Variables

First surgery Second surgery

Gender Male/Female
Age (median, years)
Interval from previous surgery (median, months)
Surgical method
Pneumonectomy
Lobectomy
Segmentectomy
Wedge resection
Pathological stage at first surgery
IA/IB/TA/IB/IMA/IB/IV
Tumor size
<3cm
>3 cm
Lymph node metastasis
Negative
Positive
Not done
Pathology
Adenocarcinoma
Squamous cell carcinoma
Adenosquamous carcinoma
Large cell carcinoma
Small cell carcinoma
Clinical diagnosis at second surgery
Lung metastasis
Second primary lung cancer
Survival after surgery (median, months)

36/18
63 (48-78) 67 (51-79)
V - 66.9 (2.6-137.8)
2 3 (completion)
42 11
8 13
2 27
18/25/1/3/6/1/0
25 41
29 12*
44 13
8 7
2 34
33 27
19 22
1 2
1 1
0 2
18
- 36
1234 61.9

*The tumor size was unknown in one patient.

&, 35FId 24 Bl (686%) TdH o7z
2 OB F &R

2EBFEHUBROBRIZOVWTHRIE LA, LM
B TEEICEREE S 72 (P=0007). BHEERT
i3, WESNEREROBRICEH L I 2 BMICEEES
B o7ehs, MENER L FICHNEREBEOBT 4 FIC
LTI, FECIMBTE»o7z (WHENER  P=
0001, MiNEBHE %5 P=0002).

RO LRGP REIX LM : 616 » A, SPLC ; 609
> B, 54EAELFRIT LM ; 56.0%, SPLC : 61.0% T, Zh
S 2HBICERERZRED 2D -7 (P=077) (Figure 2).

BBERERICIETT L2 2760 (LM 2 11 #1, SPLC
160 OREEREBELAL IS, MELE LM BT
11 i 8 44 (72.7%), SPLC BT 16 I 9 51 (563%) T
&H o7z,

£ &

R R B A ST 7 (S BR L 7 IR P i B
TliE, CT EHRT GGO PEIL - 7-fEFE, BH, FHik
BEREMMM (SPLC) & LTHbAhTWAE. —F GGO

PE T ROAEEBEHER I, WEENCEEED SV
IR R Lo AS% {, LM 2, SPLC 2052
WASERO A TIREEEZ Z EA3%w. L L, Hic2E
B OWBIBEIE, AR, BHEFEOBIICHEDbSTL
LZETHY, ZOREICHEL CZERSE LS. L
A L7%A%5, LM R SPLC 122V T D RARITE RS &
NTW3 S DDE L A5 2 H H RS OMBREN I
DWRETH Y, WAIIZBHOBEICOWTHRIEZINA
THREXE L ALV, SEOKREITLEHROREE %
HEEIAT-2dDTH B, WHBEICOWTERL
72TIZHE—DMETH Y, SHRODRIHRBRIIESRED LD
DEEZEZ TS,

SE O T, HEHROPRERES X USRS T
EAMBTCAE LR, R L Wesio—3ud
685% BETH -7z, [REXHFRET -ITBREIZEH
PITWIRHIZHIEONZ0E 3FOAT, BF, EHE
PR & BRERIEIR O & T BT W 2 METdhud e o 2w,
DU —FEIFENEHE LT, SRR EEOREE
BHICERENL - OMBINSHFHICZELVWE E
R, MUIRELND - 0REZFC L IBHEREL &
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Table 2. Clinicopathological Characteristics at the Second Surgery -Lung Metastasis (LM) vs Second

Primary Lung Cancer (SPLC)-

Variables LM (N=19) SPLC (N=35) P
Age (median, years) 66 (51-77) 69 (54-79) 0.08
Smoking history
No 6 11 > .99
Yes 13 24
Interval from previous surgery (median, months) 474 (11.3-112.5) 55.1 (14-132.8) 0.83
p-stage of the preceding cancer
IA/IB 15 28 > 99
IA/IB/IIA/IB 4 7
Clinical diagnosis
Lung metastasis 10 8
Second primary lung cancer 9 27
Surgical method*
Pneumo or Lobe 4 10 0.74
Seg or Wedge 15 25
Tumor size’
<3 cm 14 27 0.95
>3 cm 4 8
Lymph node metastasis
Negative 17 30 0.69
Positive 2 5
Pathology
Adenocarcinoma 11 16
Squamous cell carcinoma 6 16
Adenosquamous carcinoma 1 1
Large cell carcinoma 1 0
Small cell carcinoma 0 2
Consistency of histological type as preceding cancer
No - 11
Yes 19 24
Recurrence after second surgery
No 5 24 0.007
Yes 14 11
Recurrence site ¥
lung 7 1 0.002
lymph node 5 4 0.25
pleural dissemination 3 2 0.33
intrathoracic lesion (total) 12 6 0.001
others 4 6 0.72
Survival after second surgery (median, months) 61.6 60.9 0.77

*. Pneumo: pneumonectomy, Lobe: lobectomy, Seg: segmentectomy, Wedge: wedge resection.

: The tumor size was unknown in one patient.
¥: with overlap.

bEIZOND., Tl AREXBERMPITRI T, B
BURLEATA 7%  BWTEEECTH 2 HE&, IR LS 1b
DX HIZ, BEEZHNIEIOWT O MEBREAE L CEIICIE
ELRWERL EDEE L. SEOKREHITE, F—
FEERENZ 54 irp 43 61 (79.6%) & BHHE T, LA b SPLC
EFNCBWT D 35 B 24 B (686%) LEHENE -
7z. Lee & H BIFMEIGRED 70% Y LT 2 o0EEIZF—

BB TH o MELTHY,7 HETIEE UG
TERBELRLTVWIEFERR SIS, BE, DNA,
p53, EGFR 7 &, B4 22 8 BI U O MBI T B M &
NTV 555,89 RIZHE LR EE IV, SEIOBKRETDH
RHRSEA R R 2 i I A 2 0 S FRER B iz as,

B ZOHEICRBRERERZELSEICLT, BEE
Wr2iToTwad. 4#iE, S5IEBEMICED SEM
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—;SPLC (N=35)

Overall survival
s
1

P=0.77

0 2 4 6 8 10 12 14 16 18 20

Time (years)

Figure 2. Kaplan-Meier curve for overall survival among
the patients with solitary solid malignant lung nodules: LM
or SPLC.

BB~ —h —RBEEFI— I —DORRICHFE L

2E B DEFEFEHIE L, SPLC BYIRER L 25—
7, LM 3R BEB & £ 2 TILEHE (D % WIS
) bEEENRD. LA LEIE, BodIEEmiEsEsc
T BEAEOMETIE, WERICL Y RIFLFEISRES
NB X2y, 010 NCCNBLUWACCP 14 K54 >~
THBREABROFHEIHE IR TS, o, Bl
B LSRR O I BB R 0 BPNGR O AEIC DWW T
FREDD 2D, —F, EALIh b & TEER AL
HTHNERIFLFESPRFTE, MEMROHKRICLY
BSC, Mtk B, & 2 WIS bERE UL LER
RWEIZOLRFIMEDLH .12

SH, FELIFIZEFTEEEMMBEE L, SPLC, LM
DU A &3 EIRRE AT o 7S 2 R & UTRE
ATV, Figure 2IZRT LI IC2HMTFRICEEES
RHT(P=077), Lord 2EEFHLBRE L, £FH
BB TR 5 EE LA LM ;616 + B, SPLC;
609 » B, &R 619 » ). AFFICIWMERICI-
TEED&ENRHHDDOD, SPLC & LM @ 2 BRI TR
BOEFRICEST2VEVIRETIERD Y, FtD
BROIBEROBEIC—FT 5. 1314 2 @ HOMRIZDOW
TiX, MEVSBECFREFZER DD LV H#ED
HBHH, 15 TR TE B EMHT COMNPM L RS
LHEDH D16 BT, MHRBEREOBEIS, M
INER R E—RIRWRE LT 208, BERE BEME,
U U REIEEBOFEL Eh SERIC X - CIkiREE BIE
LRI 24T HitE LT3, SEORE T,
MRS EE L BEEYIR U L2 1T o 7o R IR B CoE
TP REIIE 4 652 » B, 468 » AT, M/NFWE
TTFHRBIFRMERTD -7 (P=007). ORI, WH
WHEREESET, B TLM £/ X SPLC #ER S

BE, MNFHCTHLTFLTFREIRBDLZLERL,
WEREBBEOEEE2TETZ250THASS. Fi,
TEBERET P ICARIRIE L 72 5E 41 10 Bivh 5 B 2SR 228
ThHy, MERREEFIISHBUBESTIIRFICERT
RELEZOLND.

LA, HECTEBEEIC, MBSO EFTEERE
FifEEiCx L, MU OER T b ER X 13 81
D, ANRIEEEE 1 Bl & 8 IS HUHEEREE, 3 flic{bs
g, 1 PN RERE, 1 FICHTREN#RE% (EGFR-TKI)
PIThRTWwiz, RO, EifkeE &00E
KPS 2 EBFIRBICX 230486, CEA BEBEER
CTHEN L ERBRENELNIERNI 46, BEES
DBLIBITH o7z 13 Bl o iaHE A H M o i 301
r AT, UBRBICHFERRTH /2 (vsb6l9 > H
P=007). E5IC 2B DOWEFERKLEMTH -
JREFNIE 13 Blrp 8 BT, 9 LIERAEIGRERRAN & % 2 W #BHE
W5 BT OIRR L 7 o ERID 2 FlE T i R
R PP E LTIRBEENELY 22 b5 —
H, SRR EOEE IO HEPMRICESL L 2o ot
B2 0BR$ %72, MigsRIod 3 2 8MEIZAR TR TH
5. SEOMETIE, YUBRBTFRRIETHY, T2
B OREDFAEM T L ICFHRE B L-BE&OEFHH
R ElE, FMENESIAS 625 + B, SHASEFIAY 500 » B &
F%TH-72(P=098). &oT, FE, ENCIEHdb
59, MATRET R +2IciTo/20 A T2 EEOWKkEE
BLTEnEEz shdz

SEDOMRETIE, MBFRICER SNBSS
EMREEEURLELES, HBENEFR2FESEOR
7z. LM %* SPLC 2D I 2RI R EE T o 7227, YIBAE
FTEHIMOFEREFHHMIESPLCICE ST RS T
Hotz, TOIzd, BRITSHEED D A TOMBIEINDS
MOBERIILTLIBEL 2L, @FRBE2FMOS £,
THERETHNITHEBEBNICFEHERL LTLIwEELI SN
5. 12720, FHMRIC oW TIIPRBEEIRSE CEICE
BIRETHS. /2, BREALEEICE L TIXWE
TEZRDTHY, BICLMBTIIREERNT 4 ZEFS W
Tl EHEICES, EHELARABEMSLELEZS
nas.

sHYI

1) MBI ER SN -ERMIETERREE T
i, ZRMHEOIZHLIEREERENIEEh, LMD
SPLC » D ERRZWT & w BRI O —BUERIL 54
Birp 37 Bl (685%) TdH o7z,

2) 2 HE FAWHOEFHE R RMEIZ LM T616 »
HA,SPLC TiZ 609 » AT, 2h b 2BBICEREEL RO
ol (P=077).
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3) LM & SPLC T, 2 M HPWHHOWIEEL L OH
FEMRER LD, LM THEEL b o THEREIER
< (P=0.007), WEMEEZ 2% {EdR (P=0.002).

4) BRGIBRTE ISR & 4, A EE b 2o I FE 2
MRS LT, BUEN IS BRI & 2 Tv B AT,
WA D W CTUIFRAR BB~ O R AL, 22
DHOREETH U CERE 2 BBl LECTH B L%
z bz,

ATRICNE I BGE S B W H OFIEA - L
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Abstract. The cancer cells of lung adenocarcinoma with a
micropapillary pattern (MPP) have been found to frequently
invade lymphatic vessels, and the prognosis of patients with
lung adenocarcinoma with an MPP is poor. In the present
study, the cancer cells of lung adenocarcinomas containing an
MPP were found to express vimentin more extensively than
those in lung adenocarcinoma without an MPP. The contribu-
tion of cancer cells in the MPP component to adenocarcinoma
lymphatic invasion was assessed using vimentin as a marker.
Vimentin expression was analyzed in the cancer cells present
in each lymphatic vessel and compared with the expression of
vimentin in the cancer cells in the adenocarcinomas without
an MPP component. The results showed that the cancer cells
in the lymphatic vessels expressed vimentin more extensively
than those in the adenocarcinoma components without an MPP,
suggesting that cancer cells derived from an MPP component
are present in the lymphatic vessels. By contrast, the area of the
MPP component in each adenocarcinoma was <25%. These
findings suggest that cancer cells in MPP components have a
high capacity to invade lymphatic vessels and that their high
invasive capacity may be associated with a poor prognosis in
patients with adenocarcinoma with an MPP component.

Introduction

Lung cancer is the leading cause of cancer-related mortality
in the USA and worldwide (1). In the USA, the age-adjusted
incidence and mortality rates of lung cancer (between 2004 and
2008) is 62 and 51.6 per 100,000 men and women per year,
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respectively, with these rates higher in men than in women (2).
Of all types of lung cancer, adenocarcinoma is the most common
histological subtype, accounting for ~40% of all lung cancers,
and is increasing in frequency (1). Although surgery may be
possible, a certain population of patients with adenocarcinomas
show poor prognosis. A micropapillary pattern (MPP) in lung
adenocarcinoma has been reported to be an indicator of a poor
prognosis in lung adenocarcinoma (2-4). This poor prognosis
has been shown to be associated with a higher frequency of
lymphatic and venous invasion in lung adenocarinomas with
an MPP (2-4). However, whether the cancer cells in the MPP
have a role in the invasion of cancer cells into lymphatic and
venous vessels has yet to be elucidated. Therefore, the present
study aimed to investigate the role of cancer cells in the MPP
in lymphatic and venous invasion in Jung adenocarinoma using
pathological stage IA lung adenocarcinoma samples.

Patients and methods

Patients. The present study included 218 patients (102 males and
116 females) with pathological stage IA lung adenocarcinoma
who underwent complete resection of their tumors at Toneyama
National Hospital (Toyonaka, Japan) between January 2002
and December 2010. None of the patients received neoadjuvant
chemotherapy or radiotherapy. All patients underwent dissec-
tion of the bifurcation and the ipsilateral mediastinal lymph
nodes, and pathological examination revealed no metastasis
in these locations. Furthermore, computed tomography and
magnetic resonance images showed no metastasis in any of the
patients. Pathological stage was determined according to the
tumor-node-metastasis classification of the International Union
Against Cancer (7th edition; tumor size <3.0 cm, TINOMO and
no pleural invasion) (5). Clinical information for each patient
was obtained through reviewing medical charts. The follow-up
periods ranged between 12 and 113 months (mean, 55 months).
Informed consent was obtained from each patient. The present
study was approved by the ethics committee of Toneyama
National Hospital (approval number: 1305).

Histology. The diameters of the resected tumors were
measured and the longest diameter was regarded as the tumor
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diameter. The tumors were fixed in 0.01 M phosphate-buff-
ered saline containing 10% formalin (pH 7.4) and several
paraffin-embedded tumor blocks were generated from each
tumor. Tumor sections (4-mm thick) were then generated
from each tumor block. Sections were either used for hema-
toxylin and eosin staining or immunohistochemistry. Tumors
were histologically classified according to the International
Association for the Study of Lung Cancer (6). MPPs were
identified as small tufts without a fibrovascular core, present
in the alveolar spaces or in spaces encased within thin walls
of connective tissues (Fig. 1), as described previously (2-4).

Immunohistochemistry. Immunohistochemical staining
was performed using an avidin-streptavidin immunoper-
oxidase method with anti-human E-cadherin (dilution, 1:50;
Novocastra, Newcastle, UK), anti-human vimentin (dilution,
1:200; Dako, Glostrup, Denmark) and anti-human D2-40
(dilution, 1:20; Dako) mouse monoclonal antibodies. Antigen
retrieval was performed through incubating the deparaffinized
sections in cell condition | solution (Ventana Medical Systems,
Inc., Tucson, AZ, USA) at a low degree (the slide tempera-
ture is controlled at 36°C). Immunohistochemical staining
was then performed using an automated Benchmark system
(Ventana Medical Systems) according to the manufacturer's
instructions.

The grades of immunohistochemical staining for
E-cadherin and vimentin were determined according to the
proportion (p) of positive cells as follows: 0, p<5% positive
cells; 1+, 5=p<30% positive cells; 2+, 30<p<70% positive
cells; 3+, p=70% positive cells.

In order to analyze the expression of vimentin in the cancer
cells which had invaded into lymphatic vessels, two serial
tumor sections were established and the sections were either
stained for vimentin or D2-40. When cancer cells were found
in a D2-40-positive lymphatic vessel in a section stained for
D2-40, the grade of vimentin-positive staining of these cancer
cells was analyzed in the other section stained for vimentin as
described above.

Statistical analyses. Survival curves were plotted using the
Kaplan-Meier method and the survival rates of the two groups
were analyzed using the log-rank test. Data for more than
three samples are presented as the mean + standard error of the
mean. Student’s t-test was used to compare data between two
groups. The differences in frequencies between two groups
were analyzed using the t* test. All statistical analyses were
performed using the Excel Statistics 2012 software package
(SSRI, Tokyo, Japan) for Windows. P<0.05 was considered to
indicate a statistically significant difference.

Results

Survival rates and clinicopathological chracteristics of patients
with adenocarcinomas. In the present study, tumors were classi-
fied into three groups based on the proportion of the MPP area in
the adenocarcinoma according to a study by Miyoshi et al (3).
In brief, the classification was performed as follows: 0%, adeno-
carcinoma with no MPP component; <5%, adenocarcinoma
with a focal MPP component; and >5%, adenocarcinoma with
an apparent MPP component. The numbers of patients with
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Figure 1. Micropapillary pattern in lung adenocarcinoma exhibiting papil-
lary tufts lacking a central fibrovascular core (hematoxylin and eosin stain;
magnification, x20)
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Figure 2. Survival rates of patients with adenocarcinoma containing no MPP
component, those containing a focal MPP component (MPP area, <5%) and
those with an apparent MPP component (MPP area, >5%). MPP, micropapil-
lary pattern.

adenocarcinoma containing no MPP component, a focal MPP
component and an apparent MPP component were 171 (78.4%),
29 (13.3%) and 18 (8.3%), respectively.

Fig. 2 shows the survival rates of the patients with adeno-
carcinoma in the different MPP groups. The survival rate of
the patients with adenocarcinoma containing an apparent
MPP component was significantly decreased compared with
that in the patients with no MPP component or those with a
focal MPP component. The survival rates of the patients with
adenocarcinoma containing no MPP component and those
with a focal MPP component were not significantly different.

The clinicopathological characteristics of the patients with
a low survival rate (the apparent MPP component group) and
those with a higher survival rate (the non- and focal MPP
component groups) were compared (Table I). The patients
in the apparent MPP component group were predominantly
male and had a papillary predominant histology, histologically
moderate differentiation and a higher frequency of cancer cell
lymphatic invasion.

ExpressionofE-cadherinandvimentin. Epithelial-mesenchymal
transition (EMT) has an important role in cancer metas-
tasis (7). During EMT, cancer cells lose E-cadherin-mediated
cell-cell adhesion and acquire characteristics of mesenchymal



