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Abstract

Objective This study aimed to construct a simple scoring system for predicting visceral pleural invasion of non-small cell
lung cancer (NSCLC) from computed tomography (CT) findings and clinicopathological factors in lesions directly under
the pleural membrane.

Methods Among 376 cases of surgically treated NSCLC, cases in which the tumor was <7 cm in diameter and in contact
with the pleura on the CT image were retrospectively extracted and examined. The CT findings and clinicopathological
factors associated with the presence of pathological pleural invasion in each case were examined by Fisher’s exact test. A
score was then assigned based on the odds ratio obtained for each factor, and a risk scoring system for predicting pleural
invasion was constructed.

Result In the 138 extracted cases, pathological visceral pleural invasion was found in 64 cases. The scoring system predict-
ing pleural invasion could be defined as follows: pl risk score =3 (tumor diameter in CT >24 mm) + 3 (tumor contact length
with pleura in CT > 16 mm) + 3 (smoking index >400) + 3 (clinically lymph node positive) + 2 (tumor with cavity in CT) +2
(serum CEA level > 4.4 ng/mL). A score was calculated for each case and an ROC curve was created. The cutoff value was
score 8 and the area under curve (AUC) was 0.68.

Conclusion Our findings suggest that visceral pleural invasion can be predicted using a score calculated from several simple
CT findings and clinicopathologic factors.
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Introduction

In non-small cell lung cancer (NSCLC), visceral pleural
invasion is an aggressive and invasive factor [1, 2]. For
example, pathological pleural invasion has been reported
to occur significantly more frequently in patients with N2
and skip N2 metastasis [3, 4]. Predicting pleural invasion
before surgery in individual patients would thus be useful
for determining the stage and optimal treatment strategies.
However, because it is difficult to predict visceral pleural
invasion based on the imaging diagnosis, an accurate evalu-
ation cannot be performed.
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Subjects

The aim of this study was to construct a simple scoring sys-
tem for predicting visceral pleural invasion of NSCLC from
pretreatment image findings and clinicopathologic factors in
case involving lesions directly under the pleural membrane.

Methods

In this retrospective study, among 376 NSCLC cases in
our institution in which complete resection was performed
from January 2012 to March 2017, those in which the clini-
cally solid component of the tumor was <7 cm in diameter
(£cT3) with the solid component in contact with pleura on
preoperative computed tomography (CT) were extracted and
examined. Cases in which preoperative induction therapy,
including chest wall merger resection, were performed were
excluded.
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Contact between the solid component of the tumor and
the pleura on CT was defined as follows: the solid compo-
nent came in direct contact with the surface of the lung or
interlobular pleura, the solid component of the tumor came
in contact with the visceral pleura through a bundle-shaped
pleural indentation sufficiently wide to be measured at the
contact point.

The following CT findings were excluded from the defi-
nition: the solid component of the tumor came in contact
with the visceral pleura through a linear pleural indentation
(the width of which could not be measured at the contact
point using CT), a ground glass component came in contact
with the surface of the lung or the interlobular pleura, tumor
infiltrating the chest wall.

We reviewed the medical records of all the extracted cases
and analyzed the preoperative CT findings and clinicopatho-
logical factors associated with the presence of pathological
pleural invasion. The following factors were examined as
preoperative CT findings: tumor diameter, length of the area
of contact between the tumor and the pleura (contact length),
whether the tumor occurred in a usual interstitial pneumonia
pattern (included in UIP pattern), whether the tumor was
adjacent to a cavitary lesion (with cavity), whether the tumor
was in contact with the pleura with a bundle-shaped pleural
indentation defined as above, and whether the tumor was a
contractile lesion characterized by the convergence of sur-
rounding lung tissue or a bronchial vascular bundle. The
following factors were examined as other preoperative clin-
icopathological factors: smoking index (S. 1.) > 400, serum
CEA level > 4.4 ng/mL; and whether or not clinical lymph
node metastasis was detected (cN1 or 0).

A receiver operating characteristic (ROC) curve was cre-
ated for the presence of pathological pleural invasion accord-
ing to the tumor diameter and contact length then cutoff
values for each factor were determined. Fisher’s exact test
was used to evaluate the relationships between the presence
of pathological pleural invasion and the factors stated above.
Based on each obtained odds ratio, the preoperative predic-
tors were selected, and scores were assigned. Scoring was
performed as follows: standardization with the smallest odds
ratio set at 1.0 and recalculation of the other odds ratios. In
addition, each recalculated value was doubled and rounded
to the nearest integer. An ROC curve was then constructed,
and a cutoff value was obtained for the total score of each
case for predicting pleural invasion.

All statistical analyses were performed using the SPSS
software program (version 25, IBM). P values of <0.05 were
considered to indicate statistical significance. The authors A.
Kawase and K. Funai were responsible for statistical analysis
and interpretation. We defined complete resection as wedge
resection or greater. Cases were clinically or pathologically
staged based on the 8th Edition of the TNM Classification
for Lung and Pleural Tumors. Histopathological examinations

were performed according to the World Health Organization
criteria. We defined the presence of pathological pleural inva-
sion as pll or greater. The study protocol was approved by the
institutional review board (reference number: 17-157).

Results

A total of 138 cases were extracted from the 373 cases. The
patient characteristics are listed in Table 1. Pathological vis-
ceral pleural invasion was found in 64 cases (46%; pl3, n=35;
pl2, n=14; and pll, n=47).

Figure 1 shows the ROC curves of the tumor diameter and
contact length for predicting the presence of pathological pleu-
ral invasion. Based on the ROC curve, the cutoff values of
the tumor diameter and contact length were determined to be
24 mm and 16 mm, respectively.

The results of univariate analysis and the scores assigned
for each preoperative factor are listed in Table 2. Based on
the obtained odds ratio, scores were assigned to each factor.
An odds ratio of 1.0-2.0 assigned a score of 2. Odds ratios of
>2.0 were assigned a score of 3. Factors with odds ratios of
< 1.0 were excluded from the risk factors for pleural invasion.

The pleural invasion (pl) risk score was determined as
follows:

pl risk score = 3(tumor diameter > 24 mm)
+ 3(tumor contact length > 16 mm)
+ 3(S.1. > 400)
+ 3(clinically lymph node positive)
+ 2(tumor with cavity)
+ 2(CEA > 4.4 ng/mL).

Table 1 Patient characteristics

Characteristics No. of patients (%) Median (range)

Age 138 (100) 73 (33-88)
Sex
Male/female 106/32 (77/23)

Smoking history

Never smoker 28 (20)

Smoker 110 (80)

SI>400 99 (72)
cT (UICC 8th)

la/1b/1c/2a/2b/2c 4/37/52/30/8/7

(3/27/38/23/6/5)

Patholoagical pl

plO/pl1/p12/pl3 T2/47/14/5 (52/34/10/4)
Histology

Ad/Sq/LCNEC/others  90/33/6/9 (65/24/4/11)

SI smoking index, pl pleural invasion, Ad adenocarcinoma, Sq squa-
mous cell carcinoma, LCNEC large-cell neuroendocrine carcinoma
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Fig.1 The receiver operator characteristic (ROC) curves for the
tumor diameter (dashed curve) and contact length (solid curve). The
area under the curve values were 0.57 and 0.62, respectively. The cut-
off values were 24 mm and 16 mm, respectively

The ROC curve of the pl risk score for predicting the
risk of pleural invasion is shown in Fig. 2. The pl risk score
showed moderate discrimination with an area under the
curve (AUC) of 0.68. The cutoff value was score 8.

In Fig. 3, plots show the proportion of cases that actually
had pathologic pleural invasion for each score value. Among
the 138 analyzed cases, 64% of the cases with a score of >8
and 36% of the cases with scored of <8 showed pathologi-
cal pl positivity. The solid line in Fig. 3 is an approximate
curve of the plots, showing the predicted risk of pl positivity
according to each score value.

Discussion

The lymphatic vessels beneath the pleura do not pass
through the hilar lymph nodes and flow directly into the
mediastinum [5], which causes skip N2 metastases. Since
visceral pleural invasion is independently associated with
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Fig.2 The receiver operator characteristic (ROC) curve for the pleu-
ral invasion (pl) risk score. The area under curve was 0.68, and the pl
cutoff value was score 8

skip N2 metastasis [5], the prediction of visceral pleural
invasion is important for determining the stage and treat-
ment strategies for NSCLC. Even in the clinical stage IA1
cases, where limited surgery may be considered, in cases in
which visceral pleural invasion is suspected, it is necessary
to select a surgical procedure with the existence of Skip N2
metastasis in mind. Furthermore, the relationship between
pleural invasion and occult N2 can also be an important
concern. Conversely, even in the cases without lymph node
metastasis, pleural invasion has been shown to be associated
with a worse prognosis [2, 6]. Thus, it is very important to
accurately predict pleural invasion before surgery. For cli-
nicians, however, it is a difficult task to predict the pleural
invasion from pretreatment imaging findings and various
clinical factors. We showed that visceral pleural invasion
can be easily predicted by combining simple pretreatment
factors, including a number of CT findings that cannot indi-
vidually predict pleural invasion.

Table 2 The results of the

N ; Preoperative factors No. of patients (%) Oddsratio p value 95% C.L Score
univariate analysis and the score
assigned for each preoperative CT findings of tumor
factor Diameter > 24 mm 80 (58) 2.3 0.03 1.07-482 3
Contact length > 16 mm 58 (42) 2.1 0.04 1.01-448 3
Included in UIP pattern 17 (12) 1.0 1.0 0.30-3.03 -
With cavity 23 (17) 1.5 0.4 0.564.21 2
With bundle shape pleural indentation 26 (19) 0.8 0.7 0.29-195 -
Contractile lesion 78 (57) 0.7 0.3 0.33-140 -
SI>400 99 (72) 23 0.04 1.00-5.46 3
CES >404 ng/mL 61 (44) 14 0.4 0.67-2.89 2
Clinically lymph node positive 13 (9) 2.7 0.1 0.70-12.5 3

SI smoking index
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Fig.3 Dots show the proportion of cases that actually had pathologic
pleural invasion for each pl risk score value. The predicted risk of pl
positivity according to each score value was shown with a solid line

The form of the lesion analyzed by 3-dimensional CT [7,
8], the maximum standardized uptake value (SUV max) of
tumor on '8F-FDG PET/CT [9], whether or not the lesion is
GGN [10], and finding of dynamic MRI [11] have previously
been reported to predict the pleural invasion of lung can-
cer. No studies have used a score calculated from multiple
factors to predict visceral pleural invasion. In addition, the
present scoring system can predict visceral pleural invasion
using variables that are simple and low cost to obtain with-
out the need for special equipment or software.

We believe that better scoring systems can be constructed
by refining the preoperative factors through the evaluation
of further cases in the future.

Conclusion

The result of the present study suggested that visceral pleural
invasion in NSCLC can be predicted before treatment using
several easily determined CT findings and clinicopathologi-
cal factors.
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