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Abstract

Introduction: Positive intraoperative pleural lavage cytology (pre-resection PLC) is considered
a prognostic risk factor of primary lung cancer surgery. Positive findings suggest subclinical
metastasis of malignant cells in the thoracic cavity. In this study, we attempted to determine the
incidence of and risk factors for positive pleural lavage cytology (PLC) in primary lung cancer
patients. Methods: We included 62 surgically treated patients who had been diagnosed with
non-small-cell lung cancer and had their PLC status examined between November 2019 and
November 2021. PLC was measured by the circulating tumour cell (CTC) method, and we
searched for factors predictive of a PLC-positive status. Results: PLC (+) was identified in 22
of the 62 patients (35.5%) and was associated with air bronchogram (p=0.042), pathological
classification (p=0.008) and tumour stage (p=0.017). There was no significant difference in other
factors between PLC (+) and PLC (-) patients. Binary logistic regression analysis showed that
the odds ratio of PLC positivity in the population with bronchial signs was 4.200 compared with
the population without bronchial signs. Conclusion: Lung cancer patients with bronchial signs
on imaging have a greater probability of PLC positivity. The probability of PLC positivity in
patients with carcinoma in situ is reduced, and the probability of PLC positivity increases when
the tumour metastasizes.

Abbreviations: NSCLC = non-small-cell lung cancer; PLC = pleural lavage cytology; CEA =
carcinoembryonic antigen; EGFR = epidermal growth factor receptor
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1. INTRODUCTION
Lung cancer is the most common cancer worldwide, and it is a leading cause of cancer-related

death[1-3]. The 5-year survival rate of stage IA1 non-small-cell lung cancer (NSCLC) can
reach 90%[4]; however, the 5-year survival rate of stage IV NSCLC is less than 10%[5]. In
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China, the number of deaths from lung cancer is expected to exceed one million by 2025[6,
7].

According to the eighth edition of the TNM lung cancer classification, patients are
expected to benefit from the resection of primary and metastatic lesions when lung cancer
has oligometastatic foci[8]. However, when malignant pleural effusion or intrathoracic
dissemination is present, the stage is regarded as pM1a, which indicates that the lesion is
not suitable for radical resection. Therefore, we believe there is a time period of tumour
progression during which the tumour spreads to the thorax but does not form malignant
pleural effusion or spread further. Regarding current test methods, scattered micrometastases
in the thoracic cavity of lung cancer is difficult to identify using conventional examination
methods. CT[9] examination can only observe centimetre and millimetre layers, and changes
at the cellular level cannot be observed. When the tumour does not invade the visceral
pleura, pathological analysis can only be used to examine lesions in the lung tissue, not
material obtained from the pleural cavity; however, PLC can fill this gap.

PLC was first implemented by Spjut[10] in 1958, Kondo et al.[11] found that PLC
(+) status before surgery affected the survival rate of patients in 1989. PLC positivity is
more common in advanced tumours[12-17]. In addition, other studies have suggested that
pleural invasion (PI), serum carcinoembryonic antigen (CEA), adenocarcinoma, epidermal
growth factor receptor (EGFR) mutation status, tumour diameter[18-20], tumour metastasis,
vascular invasion and lymph node metastasis[15, 21, 22] are significantly related to PLC
positivity.

In contrast to other studies, in this study, we used a method to identify heteroploid
cells in pleural lavage fluid. The DNA content of normal human cells is mostly diploid,
and gene loss, mutation, abnormal amplification, chromosome shift and fusion caused by
carcinogenic factors are considered to be early molecular events of tumorigenesis, which
can lead to an increase in the DNA content. The emergence of heteroploid cells in pleural
lavage fluid highly is suggestive of the existence of malignant pleural effusion[23, 24]. Some
scholars[25-28] believe that the appearance of abnormal diploid cells indicates early-stage
carcinogenesis. According to the PLC status of NSCLC patients, we aimed to identify the
factors related to a positive PLC status and the association with clinical and pathological
features.

2. PATIENTS AND METHODS

After the operation, we uploaded the patients’ information to the ResMan database. We retro-
spectively reviewed 77 surgically treated patients with primary lung cancer who underwent
PLC examinations between November 2019 and November 2021 at the XXX University.
Before the experiment, exclusion criteria were established, as follows: malignant pleural
effusion; chemotherapy; radiotherapy; targeted therapy or immunotherapy; extensive in-
trathoracic adhesions found during the operation; a poor general condition, or poor function
of important organs, such as the heart, liver and kidney; and participation in other clinical
trials. However, for three patients with stage I'V disease, pathological tissues could not be
obtained through percutaneous lung puncture and tracheoscopy, so PLC examination was
performed during the operation. We excluded 15 patients who were determined to have
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benign lesions after surgery, so a total of 62 eligible patients were ultimately analysed.

Thus far, all procedures have been performed using video-assisted thoracoscopy (VATS).
When there was no evidence of dissemination or pleural metastasis, before tumour resection,
500 ml of 37°C saline was infused onto the surface of the pleura near the tumour. Then, 500
ml of pleural lavage fluid was transferred to a bottle and sent to the pathology department
for heteroploidy examination. The pleural lavage fluid was centrifuged at 1900 rpm for
5 minutes. After centrifugation, the red blood cells were lysed, the white blood cells and
impurities were removed, and the cells were stained and detected by FISH. Finally, the
presence of heteroploidy was observed by fluorescence microscopy (Figure 1 Figure 6). If
heteroploidy was detected in the pleural lavage fluid, the patient was classified as PLC(+);
otherwise, the patient was classified as PLC(-).

Figure 1. heteroploidy observed by fluorescence microscopy; a, b & ¢ indicate triploidy; d, e
& findicate tetraploidy

f

2.1 Preoperative examination

Patients underwent lung function and routine blood biochemistry assessments, and routine
clinical staging was performed before surgery with head and chest computed tomography
scans, abdominal colour ultrasound and tumour indicators. If the index was abnormal,
patients underwent PET-CT examination. Pulmonary function and arterial blood gas
analyses were performed to determine whether the patient could tolerate surgery.
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The imaging observation index was the double-blinded observation of CT images of
all patients by two radiologists with middle- or senior-grade professional titles. When the
two clinicians had different opinions in the evaluation of CT signs, they either reached a
consensus or asked a higher-level expert to analyse and evaluate the images to reach a final
conclusion. This study aimed to identify high-risk factors for PLC (+). Tumour classification
was classified according to the WHO classification[29], and tumour staging was classified
according to the 8th Edition of TNM staging.

2.2 Statistical analyses

The following clinicopathological features of the patients were extracted from the ResMan
Database for comparisons of the PLC (+) group and the PLC (-) group: sex, age, tumour
component, tumour location, whether there was an invasive operation performed before
surgery, whether there was pleural traction on CT, whether the tumour had a vascular
trajectory, whether the tumour had a cavity, whether the tumour had air bronchogram,
degree of tumour infiltration, patient blood type, distance from the tumour to the pleura,
distance from the tumour to the pleura/tumour size, whether there was a micropapillary
component, tumour size, CEA value, lymph node metastasis (PN) and stage of the tumour.

The two groups of data were analysed by SPSS 25.0 statistical software. The mea-
surement data conforming to a normal distribution are expressed as the mean + standard
deviation, and a two independent samples t test was used for comparisons between the two
groups. The measurement data with a non-normal distribution are expressed as the median
(interquartile interval), and the rank sum test was used for comparisons between the two
groups. Count data are expressed as a percentage and compared with the 2 test or Fisher’s
test. P < 0.05 indicated a statistically significant difference. Binary logistic regression was
used to analyse the risk factors for PLC.

3. RESULTS

A comparison of the clinicopathological features of the PLC(+) group and the PLC(-)
group is shown in Table 1. PLC positivity was observed in 22 patients (35.5%), and PLC
negativity was observed in 40 patients (64.5%). According to the chi-square test (Table
1), on CT imaging, there were significant differences in whether the tumour exhibited air
bronchogram signs (P = 0.042), the degree of tumour infiltration (P = 0.008) and the stage
of tumour (P = 0.041) (P < 0.05). There was no significant difference in PLC status based on
sex, age, tumour component, tumour location, whether the patient underwent an invasive
operation prior to surgery, whether there was pleural traction on CT, whether the tumour
had a vascular trajectory, whether the tumour had a cavity, patient blood type, whether
there was a micropapillary component, or lymph node metastasis (PN).

According to the independent sample t test, there was no significant difference between
patients of different ages. According to the rank sum test, there was no significant difference
between the distance from the tumour to the pleura, the distance from tumour to the
pleura/tumour size, tumour size and CEA value and PLC status (p > 0.05) (Table 1).

Through binary logistic regression analysis, it can be seen that an air bronchogram
pattern is an independent risk factor for PLC positivity (p <0.05), and patients with air



Table 1. Single factor analysis.
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PLC(-)(N=40) PLC(+H)(N=22) X?/t/F P
Sex 0.373 0.541
male 15(37.5%) 10(45.5%)
female 25(62.5%) 12(54.5%)
Age 49.3849.36 48.82+8.89 0.228 0.820
Tumour location / 0.244
upper left 9(22.5%) 6(27.3%)
lower left 7(17.5%) 7(31.8%)
upper right 11(27.5%) 5(22.7%)
middle Right 0(0%) 1(4.5%)
lower right 13(32.5%) 3(13.6%)
Invasive operation / 1.000
no 37(92.5%) 20(90.9%)
yes 3(7.5%) 2(9.1%)
Pleural traction 2.867 0.090
no 27(67.5%) 10(45.5%)
yes 13(32.5%) 12(54.5%)
Vascular trajectory / 0.151
no 5(12.5%) 0(0%)
yes 35(87.5%) 22(100%)
Tumour cavity 0.658 0.417
no 27(67.5%) 17(77.3%)
yes 13(32.5%) 5(22.7%)
Air bronchogram / 0.042
no 36(90%) 15(68.2%)
yes 4(10%) 7(31.8%)
Degree of tumour infiltration / 0.008
carcinoma in situ 12(30%) 0(0%)
microinvasive carcinoma 3(7.5%) 3(13.6%)
infiltrating carcinoma 25(62.5%) 19(86.4%)
Blood type / 0.438
A type 10(25%) 6(27.3%)
B type 12(30%) 3(13.6%)
AB type 5(12.5%) 2(9.1%)
O type 13(32.5%) 11(50%)
Distance from the tumour to -
0.222
the pleura (mm) 8.95 (2.5,15.5) 5.15 (0,13.3) 1.221
Distance from the tumour to - 0.139
the pleura/tumour size 1.16 (0.1493846,2.71) 0.48 (0,1.14) 1.480
Micropapillary component / 0.499
no 34 (85%) 17 (77.3%)
yes 6 (15%) 5(22.7%)
Tumour size (mm) 9.5 (6,14) 115 (8,18) Ly 0P
Lymph node metastasis / 0.399
clinical NO 38 (95%) 19 (86.4% )
clinical N2 2 (5%) 2(9.1%)
clinical N3 0 (0% ) 1(45%)
CEA ) 0.638
1.775 (1.315,2.55) 1.505 (0.78,3.05) 0.471
Tumour component / 0.152
pure ground glass nodule 28(70%) 10(45.5%)
subsolid nodule 5(12.5%) 5(22.7%)
solid nodule 7(17.5%) 7(31.8%)
Tumour stage (metastasis) / 0.041
yes 40(100%) 19(86.4%)
no 0(0%) 3(13.6%)
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bronchograms are more likely to have PLC than those without these bronchial signs. The
odds ratio of PLC positivity in patients with air bronchograms was 4.200 compared with
those without bronchial signs (Table 2), and the degree of tumour infiltration and tumour
stage could not be analysed due to the presence of extreme values.

Table 2. Binary logistic regression.

Standard
B andan Wald freedom  Significance  Exp(B)
error
Air
1.435 0.698 4.226 1 0.040 4.200
bronchogram
Constant -0.875 0.307 8.115 1 0.004 0.417

4, DISCUSSION

In contrast to other studies, this study is the first to find evidence of heteroploid cells in
pleural lavage fluid, to determine the incidence and risk factors for PLC in primary lung
cancer and to explore the prognosis of these patients.

Heteroploidy is an objective marker for the diagnosis of cancer[30], and the sensitivity
of heteroploidy for the diagnosis of malignant pleural effusion was 52% 94%[30], which
means that its sensitivity is better than that of tumour cell identification. This may also
have increased the positivity rate in this study. Some studies have also shown that the
specificity of heteroploidy in the diagnosis of malignant pleural effusion is 70% - 91%[31],
which also increases the possibility of false positives in the experimental data. Although one
study[26] showed that heteroploidy can appear in some patients with benign tumours and
inflammatory lesions, in this study, the PLC results of 15 patients who had benign tumours
were negative, which also shows that this experiment has a strong specificity.

Heteroploidy is the most common cause of solid tumours[32]. Coward et al.[33] demon-
strated that heteroploidy can promote the evolution of tumours and help them to acquire
drug resistance capabilities. The presence of heteroploid cells in pleural lavage fluid does not
mean that the patient definitely has metastasis and tumour cell dissemination in the thoracic
cavity. The growth of tumours requires a suitable environment and opportunity. After
being affected by carcinogens and tumour promoters, only a few precancerous cells have the
ability to proliferate indefinitely; therefore, patients with PLC (+) should be treated more
actively after surgery.

In most reports, the PLC positivity rate in patients with non-small-cell lung cancer was
3.0% - 18.2%[18, 19, 34]. The PLC (+) rate was 38.6%[35] in another study, while in this
study, it was 35.5%. The high positivity rate observed in this study may be because the
patients included all had adenocarcinoma. Some studies have reported that adenocarcinoma
is more likely to cause malignant pleural effusion relative to other types of lung cancer[36,
37]; at the same time, it is also easy to develop PLC(+)[14, 19, 38-40]. The EGFR positivity
rate in patients with adenocarcinoma is also increased, and patients with EGFR mutations
are prone to both malignant pleural effusion[41] and PLC(+)[20].

In this study, we found that the presence of an air bronchogram pattern on CT imaging
was highly correlated with PLC(+). The odds ratio of PLC (+) in patients with bronchial
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signs was 4.2 compared to patients without bronchial signs. This result may be due to the
direct connection of the distal bronchus with the visceral pleura[42]. The visceral pleura
has a mechanical relationship with lung activity and promotes the patency of alveoli and
bronchioles[43], and heteroploidy may fall into the pleural cavity along this gap. Interest-
ingly, there was no significant difference between the PLC (+) group and the PLC (-) group
when patients had lymph node metastasis, and patients with mutations in EGFR[44] may
have a lower risk of lymph node metastasis than those with other types of lung cancer. The
patients we included all had lung adenocarcinoma, and it is possible that tumour cells may
enter the pleural cavity through the terminal bronchus earlier than lymph node metastasis,
which needs further research.

In our work, according to the univariate analysis, we found that all patients with tumours
that had metastasized were PLC positive, and for those with tumours in situ, they were
all PLC negative. Thus, it can be considered that the stage of the tumour and the degree
of tumour infiltration are independent risk factors. However, due to the high clinical
value of these two factors, we cannot draw certain conclusions. When the pathological
result indicates an in situ tumour, the tumour has no risk of distant metastasis. When
distant metastasis is noted, although there may be no malignant pleural effusion in the chest,
sub-metastasis may have developed.

Cytological staging of ovarian cancer has been included in the peritoneal lavage system,
and malignant pleural effusion has been classified as pM1a in the eighth edition TNM
staging for lung cancer. Before the development of malignant pleural effusion, PLC (+)
is considered to be an indicator of the subclinical dissemination of malignant cells in the
thoracic cavity. In 2010, the international PLC cooperation group recommended PLC as a
routine examination for patients with non-small-cell lung cancer. PLC(+) is an independent
risk factor for the postoperative survival rate, and the T stage of NSCLC patients with
PLC(+) whose stage was I-I1I should be increased by one grade[12, 45]. Some studies[12,
45] have pointed out that local intrapleural therapy does not improve the survival rate of
patients with PLC(+); therefore, adjuvant chemotherapy may be a treatment option[12,
46, 47]. By incorporating PLC status into TNM, we can identify more high-risk patients
with stage I cancer who are not suitable for chemotherapy and provide them more tailored
therapy. We also found that when the tumour is accompanied by air bronchogram signs
on chest CT, the probability of heteroploidy in the pleural lavage fluid is increased, which
should remind clinicians who manage patients with early NSCLC to use a more active
treatment strategy or more rigorous detection methods after surgery.

5. Limitations

This study has some limitations. First, this was a single-centre retrospective study, and the
sample size was relatively small. Second, we used the degree of air bronchogram signs as a
predictor of PLC status, but in fact, different film readers may obtain different results, so
subjective bias may exist. Third, the volume of saline used was changed during the study.
There is no consensus on how much saline should be used, but this change may have affected
the results. Fourth, EGFR mutation is a common mutation in Asia[48], which may have led
to the high positive rate observed herein, so it may not be appropriate to extrapolate the
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current findings to other ethnic groups. Large-sample RCT research is needed in the future
to clarify the conclusion.

6. CONCLUSION

If the tumour shows air bronchogram signs on CT imaging or patients with adenocarcinoma
are classified as having microinvasive cancer or invasive cancer, they will show a high rate
of PLC(+) and should be carefully examined for pleural dissemination or effusion so that
appropriate treatment can be provided to these patients after surgery. When patients have
distant organ metastasis, the likelihood of PLC positivity will also increase, as will the risk of
intrathoracic metastasis. For these patients, clinicians should pay close attention to whether
there is pleural effusion in the later stage to improve their quality of life as much as possible.

Clinical trial registration number
ChiCTR, ChiCTR1900028704

Funding

This research did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Number:2439

References
[1] BrayF, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer ] Clin. 2018-11-01 2018;68(6):394-424.

[2] Lei L, Zheng R, Peng K, Si L, Peng ], Cai W, et al. Incidence and mortality of oral
and oropharyngeal cancer in China, 2015. 2020;32(1):1-9.

[3] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA: A Cancer Journal for
Clinicians. 2013;63(1).

[4] Rami-Porta R, Bolejack V, Crowley |, Ball D, Kim |, Lyons G, et al. The IASLC
Lung Cancer Staging Project: Proposals for the Revisions of the T Descriptors in the
Forthcoming Eighth Edition of the TNM Classification for Lung Cancer. ] Thorac
Oncol. 2015-07-01 2015;10(7):990-1003.

[5] Pirker R. Conquering lung cancer: current status and prospects for the future. Pul-
monology. 2020-09-01 2020;26(5):283—290.

[6] Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer | Clin. 2016-03-01 2016;66(2):115—132.

[7] Yang L, Parkin DM, Ferlay |, Li L, Chen Y. Estimates of cancer incidence in China
for 2000 and projections for 2005. Cancer Epidemiol Biomarkers Prev. 2005-01-01
2005;14(1):243—250.



[8]

[9]

Medical Research 37

Wei M, Yang T, Chen X, Wu Y, Deng X, He W, et al. Malignant ascites-derived
exosomes promote proliferation and induce carcinoma-associated fibroblasts transition
in peritoneal mesothelial cells. Oncotarget. 2017-06-27 2017;8(26):42262-42271.

Baba T, Uramoto H, Kuwata T, Takenaka M, Chikaishi Y, Oka S, et al. Intrapleural
chemotherapy improves the survival of non-small cell lung cancer patients with positive
pleural lavage cytology. Surg Today. 2013-06-01 2013;43(6):648-653.

SPJUT HJ, HENDRIX V], RAMIREZ GA, ROPER CL. Carcinoma cells in pleural
cavity washings. Cancer-Am Cancer Soc. 1958-11-01 1958;11(6):1222-1225.

Kondo H, Naruke T, Tsuchiya R, Goya T, Suemasu K, Yamagishi K, et al. Pleural
lavage cytology immediately after thoracotomy as a prognostic factor for patients with
lung cancer. Jpn ] Cancer Res. 1989-03-01 1989;80(3):233-237.

Satoh Y, Hoshi R, Ishikawa Y, Horai T, Okumura S, Nakagawa K. Recurrence patterns
in patients with early stage non-small cell lung cancers undergoing positive pleural
lavage cytology. Ann Thorac Surg. 2007-01-01 2007;83(1):197-202.

Shintani Y, Ohta M, Iwasaki T, Ikeda N, Kanou T, Tomita E, et al. Intraoperative
pleural lavage cytology after lung resection as an independent prognostic factor for
staging lung cancer. | Thorac Cardiovasc Surg. 2009-04-01 2009;137(4):835-839.

Higashiyama M, Oda K, Okami ], Maeda ], Kodama K, Takenaka A, et al. Prognostic
value of intraoperative pleural lavage cytology for lung cancer without carcinomatous
pleuritis: importance in patients with early stage disease during long-term follow-up.
Eur ] Cardiothorac Surg. 2009-02-01 2009;35(2):337-342.

Kaneda M, Yokoi K, Ito S, Niwa H, Takao M, Kondo R, et al. The value of pleural
lavage cytology examined during surgery for primary lung cancer. Eur ] Cardiothorac
Surg. 2012-06-01 2012;41(6):1335—1341.

Hokka D, Uchino K, Tane K, Ogawa H, Tane S, Tanaka Y, et al. Pleural lavage
cytology as an independent prognostic factor in non-small-cell lung cancer patients
with stage I disease and adenocarcinoma. Mol Clin Oncol. 2015-01-01 2015;3(1):244-
248.

Nakao M, Hoshi R, Ishikawa Y, Matsuura Y, Uehara H, Mun M, et al. Prognosis
of non-small-cell lung cancer patients with positive pleural lavage cytology. Interact
Cardiovasc Thorac Surg. 2015-06-01 2015;20(6):777-782.

Lim E, Clough R, Goldstraw P, Edmonds L, Aokage K, Yoshida ], et al. Impact of
positive pleural lavage cytology on survival in patients having lung resection for non-
small-cell lung cancer: An international individual patient data meta-analysis. ] Thorac
Cardiovasc Surg. 2010-06-01 2010;139(6):1441—1446.

Kameyama K, Okumura N, Miyaoka E, Asamura H, Yoshino I, Tada H, et al. Prog-
nostic value of intraoperative pleural lavage cytology for non-small cell lung cancer:



38 Qiwei ZHANG et al.

the influence of positive pleural lavage cytology results on T classification. ] Thorac
Cardiovasc Surg. 2014-12-01 2014;148(6):2659-2664.

[20] Inoue T, Matsumura Y, Araki O, Karube Y, Maeda S, Kobayashi S, et al. Epidermal
Growth Factor Receptor Gene Mutation in Pleural Lavage Cytology Findings of
Primary Lung Adenocarcinoma Cases. Ann Thorac Cardiovasc Surg. 2018-02-20
2018;24(1):1-5.

[21] Okada M, Tsubota N, Yoshimura M, Miyamoto Y, Maniwa Y. Role of pleural
lavage cytology before resection for primary lung carcinoma. Ann Surg. 1999-04-01
1999;229(4):579-584.

[22] Nakagawa T, Okumura N, Kokado Y, Miyoshi K, Matsuoka T, Kameyama K. Clinical
relevance of intraoperative pleural lavage cytology in non-small cell lung cancer. Ann
Thorac Surg. 2007-01-01 2007;83(1):204-208.

[23] Atlas SW, Regenbogen V, Rogers LF, Kim KS. The radiographic characterization of
burst fractures of the spine. AJR Am ] Roentgenol. 1986-09-01 1986;147(3):575-582.

[24] Li G, Guillaud M, Follen M, MacAulay C. Double staining cytologic samples with
quantitative Feulgen-thionin and anti-Ki-67 immunocytochemistry as a method of
distinguishing cells with abnormal DNA content from normal cycling cells. Anal
Quant Cytopathol Histpathol. 2012-10-01 2012;34(5):273-284.

[25] Ceyhan BB, Demiralp E, Celikel T. Analysis of pleural effusions using flow cytometry.
Respiration. 1996-01-19 1996;63(1):17-24.

[26] Coon S, Landay AL, Weinstein RS. Advances in flow cytometry for diagnostic pathol-
ogy. Lab Invest. 1987-11-01 1987;57(5):453-479.

[27] Rodriguez DCF, Molero T, Acosta O, Julia-Serda G, Caminero J, Cabrera P, et al.
Value of DNA analysis in addition to cytological testing in the diagnosis of malignant
pleural effusions. Thorax. 1994-07-01 1994;49(7):692-694.

[28] Steinbeck RG, Heselmeyer KM, Neugebauer WE, Falkmer UG, Auer GU. DNA
ploidy in human colorectal adenocarcinomas. Anal Quant Cytol Histol. 1993-06-01
1993;15(3):187-194.

[29] Organization WH. WHO Classification of Tumours of the Lung, Plura, Thymus and
Heart. 2014.

[30] Schneller ], Eppich E, Greenebaum E, Elequin F, Sherman A, Wersto R, et al. Flow
cytometry and Feulgen cytophotometry in evaluation of effusions. Cancer-Am Cancer
Soc. 1987-04-01 1987;59(7):1307-1313.

[31] Vindelov LL, Hansen HH, Christensen IJ, Spang-Thomsen M, Hirsch FR, Hansen M,
et al. Clonal heterogeneity of small-cell anaplastic carcinoma of the lung demonstrated
by flow-cytometric DNA analysis. Cancer Res. 1980-11-01 1980;40(11):4295-4300.



Medical Research 39

[32] Kops GJ, Weaver BA, Cleveland DW. On the road to cancer: aneuploidy and the

[33]

[34]

[39]

[43]

[44]

mitotic checkpoint. Nat Rev Cancer. 2005-10-01 2005;5(10):773-785.

Coward J, Harding A. Size Does Matter: Why Polyploid Tumor Cells are Critical
Drug Targets in the War on Cancer. Front Oncol. 2014-01-20 2014;4:123.

Aokage K, Yoshida J, Ishii G, Enatsu S, Hishida T, Nishimura M, et al. The impact
on survival of positive intraoperative pleural lavage cytology in patients with non-
small-cell lung cancer. ] Thorac Cardiovasc Surg. 2010-05-01 2010;139(5):1246-1252,
1251-1252.

Toufektzian L, Sepsas E, Drossos V, Gkiozos I, Syrigos K. Pleural lavage cytology:
where do we stand? Lung Cancer. 2014-01-01 2014;83(1):14-22.

Roberts ME, Neville E, Berrisford RG, Antunes G, Ali NJ. Management of a malignant
pleural effusion: British Thoracic Society Pleural Disease Guideline 2010. Thorax.
2010-08-01 2010;65 Suppl 2:132-140.

Froudarakis ME. Pleural effusion in lung cancer: more questions than answers. Respi-
ration. 2012-01-20 2012;83(5):367—376.

Okada M, Sakamoto T, Nishio W, Uchino K, Tsuboshima K, Tsubota N. Pleural
lavage cytology in non-small cell lung cancer: lessons from 1000 consecutive resections.
J Thorac Cardiovasc Surg. 2003-12-01 2003;126(6):1911-1915.

Lim E, Ali A, Theodorou P, Nicholson AG, Ladas G, Goldstraw P. Intraoperative
pleural lavage cytology is an independent prognostic indicator for staging non-small
cell lung cancer. ] Thorac Cardiovasc Surg. 2004-04-01 2004;127(4):1113-1118.

Yanagawa N, Shiono S, Abiko M, Abe M, Watanabe K, Watanabe I, et al. Positive in-
traoperative pleural lavage cytology is a predictive marker of disease recurrence in stage
I lung adenocarcinoma. Interact Cardiovasc Thorac Surg. 2014-05-01 2014;18(5):621-
625.

Zou |, Bella AE, Chen Z, Han X, Su C, Lei Y, et al. Frequency of EGFR mutations in
lung adenocarcinoma with malignant pleural effusion: Implication of cancer biological
behaviour regulated by EGFR mutation. ] Int Med Res. 2014-10-01 2014;42(5):1110-
1117.

Charalampidis C, Youroukou A, Lazaridis G, Baka S, Mpoukovinas I, Karavasilis V, et
al. Pleura space anatomy. | Thorac Dis. 2015-02-01 2015;7(Suppl 1):S27-S32.

Mecham RP. Elastin in lung development and disease pathogenesis. Matrix Biol. 2018-
11-01 2018;73:6-20.

Liu Z, Liang H, Lin |, Cai X, Liang W. The incidence of lymph node metastasis in
patients with different oncogenic driver mutations among T1 non-small-cell lung
cancer. Lung Cancer. 2019;134:218-224,



40

[45]

[46]

[47]

[48]

Qiwei ZHANG et al.

Ichinose Y, Tsuchiya R, Koike T, Yasumitsu T, Nakamura K, Tada H, et al. A pre-
maturely terminated phase III trial of intraoperative intrapleural hypotonic cisplatin
treatment in patients with resected non-small cell lung cancer with positive pleural
lavage cytology: the incidence of carcinomatous pleuritis after surgical intervention. ]
Thorac Cardiovasc Surg. 2002-04-01 2002;123(4):695-699.

Taniguchi Y, Nakamura H, Miwa K, Adachi Y, Fujioka S, Haruki T, et al. Prognostic
significance of pleural lavage cytology after thoracotomy and before closure of the
chest in lung cancer. Interact Cardiovasc Thorac Surg. 2009-07-01 2009;9(1):102-106.

Nakamura T, Suzuki K, Mochizuki T, Ohde Y, Kobayashi H, Nakamura H, et al.
Prognostic significance and possibility in guiding adjuvant therapy of the pleural lavage
cytology in patients with non-small cell lung cancer. Interact Cardiovasc Thorac Surg.
2009-03-01 2009;8(3):321—324.

Mitsudomi T, Yatabe Y. Mutations of the epidermal growth factor receptor gene and
related genes as determinants of epidermal growth factor receptor tyrosine kinase
inhibitors sensitivity in lung cancer. Cancer Sci. 2007-12-01 2007;98(12):1817-1824.



