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Background: The prognosis of non-small-cell lung cancer (NSCLC) patients with pleural dissemination
is poor, and pleural dissemination is generally considered a contraindication for radical surgery. However, if
pleural dissemination is missed intraoperatively, patients with false-negative stage IV NSCLC cannot receive
appropriate chemotherapy, and their prognosis might worsen.

Methods: In the present study, we enrolled 144 patients who received surgery for NSCLC between
January 2008 and December 2019 with available data on the maximum standardized uptake value (SUV,,,)
on positron emission tomography (PET) with lesions adjacent to the visceral pleura and without lesions
invading the chest wall.

Results: Seven patients who had pleural dissemination were compared with 137 patients who had not
pleural dissemination. The relationships between pleural dissemination and the clinicopathological variables
were analyzed, and significant differences in the histopathological type (P=0.03), and differentiation (P<0.01)
were noted. It was suggested that squamous cell carcinoma tended not to show dissemination to the pleural
cavity. The logistic regression analyses of the predictive factors related to pleural dissemination in non-
squamous cell carcinoma patients were analyzed, and the age (P=0.01) and differentiation (P<0.01) were
identified as significant predictive factors related to pleural dissemination.

Conclusions: Cases with non-squamous cell carcinoma, a young age, and poor differentiation of
undifferentiated grade of histological differentiation are factors associated with early pleural cavity

dissemination.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide (1). In the 8" edition of the American Joint
Committee on Cancer (AJCC)/Union for International
Cancer Control (UICC) staging system of non-small
cell lung cancer (NSCLC) based on tumor, nodal and
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metastatic (NM) staging system, pleural dissemination
was categorized as Mla (2). The prognosis of NSCLC
patients with Mla is poor, with a median survival time
of 11.5 months and a 5-year survival rate of 10%;
therefore (3), pleural dissemination is generally considered
a contraindication for radical surgery (4-6).

Solid pleural metastasis without malignant pleural
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Figure 1 Preoperative computed tomography. (A) Although pleural dissemination was suspected at interlobar fissure (arrow) on chest
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computed tomography, it was not found intraoperatively. (B) Although pleural dissemination was not clear at interlobar fissure (asterisk) on

chest computed tomography, it was found intraoperatively.

effusion is defined as dry pleural dissemination (DPD)
(7,8). While the utility of computed tomography (CT),
positron emission tomography (PET), and radiomics
for preoperatively detecting DPD has been reported
(9-11), small localized pleural dissemination might be
detected or missed intraoperatively in patients with
clinical stage MO (Figure I). If pleural dissemination is
detected intraoperatively, patients can receive appropriate
chemotherapy as stage IV NSCLC. Furthermore, because
of the prognostic improvement of curative surgery followed
by chemotherapy for NSCLC patients with localized
pleural dissemination (12-18), surgery might be an option in
multidisciplinary treatment for stage IV NSCLC patients.
However, if pleural dissemination is missed intraoperatively,
patients with false-negative stage IV NSCLC cannot receive
appropriate chemotherapy, and their prognosis might
worsen. We hypothesized that if pleural dissemination is
predicted by clinicopathological factors preoperatively,
patients can receive appropriate chemotherapy as stage IV
NSCLC.

In the present study, we retrospectively analyzed the
relationship between clinicopathological factors and pleural
dissemination in NSCLC patients and examined whether or
not it was possible to assess the risk of DPD before surgery.

We present the following article in accordance with the
Strengthening the Reporting of Observational Studies in
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Epidemiology (STROBE) reporting checklist (available at
http://dx.doi.org/10.21037/jtd-20-1543).

Methods
Study patients

Nine hundred and thirty NSCLC patients who underwent
surgery in Kanazawa Medical University between January
2008 and December 2019 were identified. Among these, 155
patients were lost to follow-up, 326 did not undergo PET,
292 did not have a lesion adjacent to the visceral pleura,
and 13 had lesions invading the chest wall. Therefore,
144 patients were the subject of the present retrospective
analysis (Figure 2). The lifetime cigarette consumption was
assessed using the Brinkman index, which is calculated as
the number of cigarettes smoked per day multiplied by the
number of years for which the subject has smoked.

Tumor diameter

The maximum tumor diameter and diameter of tumors
adjacent to the visceral pleura were measured on chest CT
by two radiologists. The maximum tumor diameter on
CT was defined as the CT,,,,,
adjacent to the visceral pleura was defined as the P,,.. The

and the diameter of tumors
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930 patients with NSCLC received surgery
between 2008 and 2019

v

155 patients lost
to follow-up

v

326 patients did not
performed PET

v

292 patients did not have a lesion adjacent
to visceral pleura

v

v

13 patients invaded
chest wall

144 patients included in this analysis

7 patients with pleural
dissemination

137 patients without pleural
dissemination

Figure 2 Flowchart of this study design.

maximum tumor diameter on a pathological examination
was defined as the Patho,,,..

Maximum standardized uptake value (SUV,,,.)

"F-fluoro-2-deoxy-glucose (""F-FDG)-PET was performed
with a dedicated PET camera (SIEMENS Biograph
Sensation 16; SIEMENS, Erlangen Germany) before
surgery. All patients fasted for 6 h before scanning. The
dose of "F-FDG administered was 3.7 MBq/kg of the
patient’s body weight. After a 60-min uptake period, an
emission scan was acquired for 3 min per bed position, and a
whole-body scan was performed according to the height of
each patient. After image reconstruction, a two-dimensional
(2D) round region of interest (ROI) was drawn on a slice
after visual detection of the highest count on the fused CT
image. For lesions with negative or faintly positive PET

findings, the ROI was drawn on the fusion image obtained
with the corresponding CT image. From those ROls, the
SUV,,.. was calculated by two radiologists.

Blood chemistry test

The preoperative white blood cell (WBC) count, platelet
(Plt) count, lactate dehydrogenase (LDH), and C-reactive
protein (CRP) were analyzed as predictive factors of pleural
dissemination. Furthermore, the preoperative neutrophil-

to-lymphocyte ratio (NLR) was analyzed as well.

Clinical and pathological diagnoses

Clinical and pathological TNM staging was performed in
all patients based on the eighth edition of the AJCC/UICC
classification. According the TNM staging system, pleural
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Table 1 Patients characteristics

Outcome
Gender (male/female) 110/33
Age (median, range) 68 (38-89)

Smoking index (median, range) 822 (0-3,660)

CEA (median, range) 5.2 (0.7-403.3)
CT.ax (Median, range) 40 (13-150)
P.ax (Median, range) 29 (3-244)

SUV,.., (median, range) 9.4 (0.89-37.9)

cT (1a/1b/1c/2a/2b/3/4) 0/8/29/33/29/27/18
cN (0/1/2) 107/28/9
cM (0/1a/1b) 142/1/1

cStage (0/1a1/1a2/1a3/1b/2a/2b/3a/  0/0/7/26/28/22/27/32/1/1
3b/3c/4a/4b)

Histology (Ad/Sqg/others) 73/53/18

G (1/2/3/4) 35/61/38/10
Patho,,., (median, range) 42 (10-240)

pT (1a/1b/1c/2a/2b/3/4) 0/2/1/62/24/36/19
pN (0/1/2) 91/32/21

pM (0/1a/1b) 138/5/1

pStage (0/1a1/1a2/1a3/1b/2a/2b/3a/ 0/0/1/0/40/20/33/0/5/1

3b/3c/4a/4b)

Dissemination (absent/present) 137/7
WBC (median, range) 6,380 (2,980-12,150)
Plt (median, range) 24.8 (12-54.8)
NLR (median, range) 2.39 (0.53-9.23)
LDH (median, range) 193 (133-448)

CRP (median, range) 0.19 (0.03-45)

CEA, carcinoembryonic antigen; CT.,, maximum tumor
diameter on computed tomography; P,.., tumor diameter
adjacent to visceral pleura; SUV,,, maximum standardized
uptake value; c; clinical; Ad, adenocarcinoma; Sq, squamous
cell carcinoma; G, grade of differentiation; Patho,,,,, tumor
diameter on pathological exam; p, pathological; WBC, white
blood cell; PIt, platelet; NLR, neutrophil-to-lymphocyte ratio;
LDH, lactate dehydrogenase; CRP, C-reactive protein.

dissemination was classified as M1a.

Statistical analyses

Pearson’s chi-square test for independence was used to
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compare frequencies of clinicopathologic variables. The
cumulative survival rates were calculated by the Kaplan-
Meier methods, and survival curves were compared
using the log-rank test. The cut-off value for the
clinicopathological factors related to dissemination was
calculated according to a receiver operating characteristics
(ROC) curve analysis. The predictive factors related
to dissemination were analyzed by a logistic regression
analysis. All statistical analyses were two-sided, and
statistical significance was defined as a P value of less than
0.05. The statistical analyses were conducted using the JMP
software program (Version 13.2; SAS Institute Inc., Cary,
NC, USA).

Ethical statement

The institutional review boards of Kanazawa Medical
University approved the protocol (the approval number:
1449), and written informed consent was obtained from
all patients. The study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013).

Results
Patients’ characteristics

The clinicopathologic characteristics of these 144 patients
are listed in 7able 1. One hundred and ten patients were men,
and the median age of patients was 68 years old. The median
smoking index was 822, the median carcinoembryonic
antigen (CEA) was 5.2 ng/mL, and the median SUV,,, was
9.40. The median CT,,,, was 40 mm, and the median P, was
29 mm. The median WBC was 6,380/m’, the median Plt was
248,000/m’, the median NLR was 2.39, the median LDH
was 193 U/L, and the median CRP was 0.19 mg/dL. Seven
patients had pleural dissemination detected intraoperatively.
The histopathological type was adenocarcinoma in
73 patients, squamous cell carcinoma in 53 patients,
and other types in 18 patients. The histological type of
patients with pleural dissemination was adenocarcinoma
in 6 patients and large cell neuroendocrine carcinoma
in 1 patient. The median Patho,,, was 42 mm, and the
histological grade of differentiation (G) was G1 (well
differentiated) in 35 patients, G2 (moderately differentiated)
in 61 patients, G3 (poorly differentiated) in 38 patients, and
G4 (undifferentiated) in 10 patients. The histological grade
of differentiation of patients with pleural dissemination was
G3 in 6 patients and G4 in 1 patient. 3-year overall survival
was not significant difference between patients with pleural
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Table 2 Relationship between pleural dissemination and clinicopathological variables

Dissemination

P value
Present Absent
Gender (male/female) 5/2 105/32 0.72
Age (median, range) 62.8 (46-76) 69.2 (38-89) 0.05
Smoking index (median, range) 0 (0-3,660) 825 (0-3,290) 0.62
CEA (median, range) 8.8 (1.4-4083.3) 5.2 (0.7-306) 0.65
CT,.x (median, range) 40 (23-48) 41 (13-150) 0.58
Pmax (Median, range) 25 (7-74) 29 (3-244) 0.71
SUVmax (median, range) 11.02 (4.8-13.68) 9.37 (0.89-37.9) 0.82
cN (0/1-2) 4/3 103/34 0.28
Histology (Sg/non-Sq) 0/7 53/84 0.03
G (1-2/3-4) 0/7 96/51 <0.01
Patho,,., (median, range) 42 (25-71) 42 (10-240) 0.72
WBC (median, range) 5,050 (4,160-8,640) 6,440 (2,980-12,150) 0.20
Plt (median, range) 24.4 (12-36.3) 24.9 (12.4-54.8) 0.73
NLR (median, range) 2.18 (1.3-7.45) 2.41 (0.53-9.23) 0.94
LDH (median, range) 210 (177-269) 192 (133-448) 0.23
CRP (median, range) 0.2 (0.03-3.66) 0.18 (0.03-45) 0.69

CEA, carcinoembryonic antigen; CT,,,,, maximum tumor diameter on computed tomography; P,..., tumor diameter adjacent to visceral
pleura; SUV,,.,, maximum standardized uptake value; c; clinical; Sq, squamous cell carcinoma; G, grade of differentiation; Patho,,,, tumor
diameter on pathological exam; WBC, white blood cell; Plt, platelet; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase;

CRP, C-reactive protein.

dissemination and without pleural dissemination (100% vs.
77.6%, P=0.238).

Relationship between pleural dissemination and
clinicopathological variables

The relationship between pleural dissemination and
clinicopathological variables are shown in 7able 2. There
were significant differences in the histopathological type
(P=0.03), and differentiation (P<0.01).

Analysis of non-squamous cell carcinoma

Because squamous cell carcinoma was considered to tend
not to show dissemination to the pleural cavity in the early
term, the predictive factors related to pleural dissemination
in non-squamous cell carcinoma patients were analyzed.
The clinicopathological characteristics and the relationship
between pleural dissemination and the clinicopathological
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variables of these non-squamous cell carcinoma patients
are shown in Tuble 3. A significant difference in the
differentiation was noted (P<0.01).

The cut-off value for the clinicopathological variables
related to pleural dissemination was calculated by a ROC
curve analysis, and the relationships between pleural
dissemination and the clinicopathological variables of
these non-squamous cell carcinoma patients are shown
in Table 4. There were significant differences in the age
(P=0.02), smoking index (P=0.03), SUV_,, (P=0.03), and
differentiation (P<0.01).

Logistic regression analyses

The results of logistic regression analyses of the predictive
factors related to pleural dissemination are summarized in
Table 5. Young age (P=0.01) and G3 or G4 (P<0.01) were
identified as significant predictive factors related to pleural
dissemination.
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Table 3 The clinicopathologic characteristics and the relationship between pleural dissemination and clinicopathological variables of these non-

squamous cell carcinoma patients

Dissemination

P value
Present Absent
Gender (male/female) 5/2 54/29 0.73
Age (median, range) 62.8 (46-76) 68.2 (38-84) 0.09
Smoking index (median, range) 0 (0-3,660) 600 (0-2,800) 0.96
CEA (median, range) 8.8 (1.4-403.3) 5.2 (0.7-306) 0.82
CT,ax (Median, range) 40 (23-48) 36.5 (13-150) 0.88
P...x (median, range) 25 (7-74) 28 (9-244) 0.86
SUV,... (median, range) 11.02 (4.8-13.68) 7.69 (0.89-37.9) 0.22
Histology (Ad/non-Ad) 6/1 67/17 0.70
G (1-2/3-4) 0/7 59/25 <0.01
Patho,,., (median, range) 42 (25-71) 40 (10-240) 0.80
WBC (median, range) 5,050 (4,160-8,640) 6,205 (2,980-11,300) 0.42
Plt (median, range) 24.4 (12-36.3) 24.6 (12.4-54.8) 0.85
NLR (median, range) 2.18 (1.3-7.45) 2.16 (0.53-9.23) 0.80
LDH (median, range) 210 (177-269) 192 (133-448) 0.18
CRP (median, range) 0.2 (0.03-3.66) 0.11 (0.03-18.14) 0.93

CEA, carcinoembryonic antigen; CT,,,,, maximum tumor diameter on computed tomography; P,..., tumor diameter adjacent to visceral
pleura; SUV,..,, maximum standardized uptake value; Ad, adenocarcinoma; G, grade of differentiation; Patho,,.,, tumor diameter on
pathological exam; WBC, white blood cell; Plt, platelet; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase; CRP, C-reactive

protein.

Discussion

Pleural dissemination has generally been reported to
show a poor prognosis in patients with NSCLC and is a
contraindication for radical surgery (2-6). In the 8" edition
of the AJCC/UICC staging system of NSCLC based on
TNM staging system, pleural dissemination was categorized
in Mla (2). However, detecting localized small pleural
dissemination without pleural effusion preoperatively is
considered difficult. Therefore, identifying the predictive
factors related to pleural dissemination would be valuable
for ensuring appropriate therapy is administered to patients
with stage IV NSCLC.

In the present study, several factors related to pleural
dissemination were identified. First, squamous cell
carcinoma tends not to disseminate to the pleural cavity
compared to non-squamous cell carcinoma. Although the
rate of pleural dissemination of squamous cell carcinoma
was reported to be almost 20% in patients with pleural

© Journal of Thoracic Disease. All rights reserved.

effusion (19), the rate of pleural dissemination of squamous
cell carcinoma was reported to be 8% in patients without
pleural effusion (20). Squamous cell carcinoma might tend
not to disseminate to the pleural cavity in the early term.
Second, young patients with non-squamous cell carcinoma
tended to develop pleural dissemination more frequently
than older patients in the present study. Although the
incident rate of pleural dissemination in NSCLC was
reported to be 1-1.7% in a population-based study (21,22),
it was reported in another study that approximately 40% of
patients <35 years of age with lung cancer developed pleural
dissemination (23). While the prognosis of elderly patients
with NSCLC is reportedly worse than that of younger
patients (24), it cannot be deny that young patients with
NSCLC develop pleural dissemination earlier than elderly
patients. Third, histological differentiation of G3 and 4
was a predictive factor related to pleural dissemination in
patients with non-squamous cell carcinoma in the present
study. As the histological grade was reported to be an
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Table 4 Relationship between pleural dissemination and clinicopathological variables of non-squamous cell carcinoma patients divided by a

receiver operating characteristics curve analysis

Dissemination

P value
Present Absent
Gender (male/female) 5/2 54/30 0.70
Age (<65/>65) 5/2 26/58 0.02
Smoking index (<1,720/>1,720) 4/3 72/11 0.03
CEA (<8.8/>8.8) 3/4 53/31 0.29
CT ax (<48/248) 7/0 59/25 0.09
Prmax (<25/225) 3/4 31/53 0.75
SUV,,., (<8.8/=8.8) 1/6 46/38 0.03
cN (0/1-2) 4/3 66/18 0.19
Histology (Ad /non-Ad) 6/1 67/17 0.70
G (1-2/3-4) 0/7 59/25 <0.01
Patho,,,, (<45/=45) 5/2 48/36 0.46
WBC (<5,190/=5,190) 4/3 25/59 0.13
Plt (<17.1/217.1) 1/6 8/76 0.68
NLR (<5.02/25.02) 5/2 78/6 0.05
LDH (<177/2177) 0/7 26/58 0.08
CRP (<0.13/=0.13) 3/4 43/41 0.67

CEA, carcinoembryonic antigen; CT,,,,, maximum tumor diameter on computed tomography; P,..., tumor diameter adjacent to visceral

pleura; SUV,,.,, maximum standardized uptake value; c, clinical; Ad,

adenocarcinoma; G, grade of differentiation; Patho,,,,, tumor diameter

on pathological exam; WBC, white blood cell; PIt, platelet; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase; CRP,

C-reactive protein.

Table 5 Logistic regression analysis

Variables Likelihood rate chi-square value P value
Age (<65/=65) 5.6418 0.01
Smoking index (<1,720/>1,720) 2.5796 0.11
SUV,., (<8.8/=8.8) 0.0005 0.93
G (1-2/3-4) 8.4379 <0.01

SUV,,...,» maximum standardized uptake value; Ad, adenocarcinoma;

independent prognostic factor of patients with NSCLC
in previous studies (25,26), poorly differentiated or
undifferentiated non-squamous cell carcinoma might tend
to disseminate to the pleural cavity. In young patients with
NSCLC suspected of having non-squamous cell carcinoma
or poorly differentiated and undifferentiated preoperatively,
surgery should be performed as soon as possible, before

G, grade of differentiation.

dissemination to the pleural cavity can occur.

Although the pleural dissemination associated to NSCLC
is categorized as M1a in the 8" edition of the TNM staging
system and generally considered a contraindication for
surgery, surgical intervention for NSCLC patients with
pleural dissemination reportedly improved the prognosis in
several studies (13-19,22,27-32). While the 5-year survival
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rate of NSCLC patients with Mla is 10% (3), the 5-year
survival rate of NSCLC patients with pleural dissemination
who received surgical intervention was reported to be 13.1-
42.7% (13-19,22,27-32). Although surgical intervention
for NSCLC patients with pleural dissemination might
improve the prognosis, the recommended surgical
procedure is unclear. While complete surgical resection
of NSCLC associated with limited metastatic pleural
dissemination was reported to be associated with a long-
term survival (18), several studies have found no significant
differences in the outcomes between radical resection
(pneumonectomy, bilobectomy, and lobectomy) and
limited resection (segmentectomy and partial resection)
(15-17). Furthermore, it was reported that resection of
the main tumor and pleural nodule in patients with lung
adenocarcinoma with intraoperatively diagnosed pleural
dissemination improved the prognosis (27). In those reports,
main tumor resection was considered debulking surgery as
part of the multidisciplinary treatment of NSCLC patients
with pleural dissemination. Although the patients with
pleural dissemination did not receive debulking surgery
in our study, overall survival was not significant difference
between patients with pleural dissemination and without
pleural dissemination. It is considered that the survival
for NSCLC patients is improving due to the progress of
chemotherapy, and then survival might improve by main
tumor resection as part of the multidisciplinary treatment.

Limitations

This study is associated with some limitations, including
the small sample size, retrospective nature, and single-
institution setting. Furthermore, there were only 7 patients
with pleural dissemination for 11-year, it is possible to
dismiss the patients with pleural dissemination. The
appropriate operative procedure for patients with DPD is
unclear at this time, and then it is considered important to
elucidate the appropriate operative procedure for DPD, in
the future.

In conclusions, three predictive factors were suggested
to be related to pleural dissemination due to NSCLC in the
present study. Cases with non-squamous cell carcinoma,
a young age, and poor differentiation of undifferentiated
grade of histological differentiation might tend to
disseminate to pleural cavity in early time. Surgery should
therefore be performed as soon as possible when these
predictive factors are suspected, before dissemination to the
pleural cavity can occur.
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