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Pleural Lavage Cytology Immediately after Thoracotomy as a Prognostic

Factor for Patients with Lung Cancer
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Pleural lavage cytology was examined in 230 lung cancer patients just after opening the chest. There
were 16 cases (7.0%) of positive pleural lavage cytology, and the results of pleural lavage cytology
were related to the presence of pleural involvement by cancer, microscopical pleural dissemination
and lymphatic permeation of the cancer cells. If the cancer involves the pleura or lymphatics of the
submesothelial layer, being covered with visceral mesothelium, positive cytology may still be
obtained. Pleural lavage cytology at opening of the chest seems to be available as a premonitory
indicator for exfoliation and dissemination into the pleural cavity or subpleural lymphatic extension
of cancer cells, and it was suggested that positive pleural lavage cytology has an influence on

postoperative survival,
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It has been reported that peritoneal lavage cytology
carried out during operation is an important prognostic
factor in patients with abdominal malignancy.'™ As
regards lung cancer, there has been only one report
describing pleural lavage cytology during surgery.”
Eagan et al” performed lavage cytology just prior to
closing the chest cavity when the pulmonary resection
was completed. The incidence of positive cytological
results was correlated with lymph node status, cancer
cell type (adenocarcinoma > other non-small cell lung
cancer), stage and visceral pleural status. However, their
results might reflect the exfoliation of cancer cells during
surgical procedures.” The prognostic significance of
pleural lavage cytology has not been established yet.
Furthermore, the significance of pleural lavage cytology
just after opening the chest, that is, without any surgical
manipulation such as division of the pulmonary paren-
chyma and dissection of lymph nodes, should also be
examined. We intended to clarify the usefulness of pleural
lavage cytology, and this is a preliminary report of our
study.

MATERIALS AND METHODS

Pleural lavage cytology has been examined in 230
patients with lung cancer during the period from August
1985 to January 1988. Immediately after opening the
chest, the pleural cavity was washed with 50 ml of
physiological saline solution. The solution was collected,
put into a test tube containing 10 mg of EDTA, and
centrifuged for 2.5 min at 2,500 rpm. Five milliliters of
0.85% ammonium chloride solution was added to the
sediment, and after 10 min the mixture was centrifuged
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again for 2.5 min with 2,500 rpm. The obtaind sediment
was stained with Giemsa and Papanicolaou’s stains and
with Alcian blue. If massive or moderate pleural effusion
was found at thoracotomy, immediate cytological exam-
ination of the effusion was performed and pleural lavage
was abandoned in cases of positive effusion cytology.

Pathological staging was according to the TNM and
Staging System of UICC.” Histological type of the tumor
was determined by applying the WHO classification.?
The general rules for reporting of lung cancer proposed
by the Japanese Lung Cancer Society” were employed
for describing the nodal, pleural and d (pleural dis-
semination) status. Vascular involvement and lymphatic
permeation of the cancer cells were examined pathologi-
cally.

The chi-square test was used to evaluate the sig-
nificance of the relationship between positivity of the
pleural lavage cytology and each of the clinico-patholog-
ical factors. Actual survival curves were plotted using the
method of Kaplan and Meier, and the prognostic signifi-
cance was evaluated by means of the generalized
Wilcoxon’s test. Subsequently the proportional hazards
general linear model procedure in the SAS program
package was performed.

RESULTS

The characteristics of the 230 patients examined are
shown in Table I. There were 16 patients (7.0%) who
showed positive lavage cytology out of the 230. As for
pleural involvement, there was no case of positive cytol-
ogy in the pO group (visceral pleura not involved by
tumor). Positive results of lavage cytology were seen at
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Table 1.
Opening of the Chest

Histologic Types and Pathological Status of the 230 Patients with Pleural Lavage Immediately after

Histologic type

Pathological stage

1 11 IIIA IIIB v Total
Adenocarcinoma 67 10 30 5 17 129
Squamous cell carcinoma 28 10 22 1 5 66
Large cell carcinoma . 5 1 0 2 16
Adenosquamous carcinoma 1 0 1 0 2 4
Small cell carcinoma 1 0 3 1 1 6
Others 5 1 2 1 0 9
Total 107 22 66 8 27 230

Table II. Relationship between Pleural Involvement and
Results of Pleural Lavage Cytology

Pleural involvement

Cytology _p0®  pl p2 p3  Total
Positive o 8 4 4 16
Negative 117 37 13 46 213
Total 117 45 17 50 2299

a) See text for p0, pl, p2 and p3.

b) There is a significant difference with P<0.01 between the p0
group and the sum of pl +p2+p3 groups (chi-square test).
¢) Pleural involvement was not identified in one case.

the rates of 17.7% (8/45), 23.5% (4/17) and 8.0% (4/
50) in pl (cancer had reached but not invaded through
the visceral pleura), p2 (cancer had invaded the visceral
pleura but not involved the parietal pleura) and p3
(cancer had invaded the pleura and the chest wall)
groups. Though there was no statistically significant
difference between each group, a significant difference

with P<0.01 was seen between the p0 group and the total
of pl+p2+p3 (Table II).

Histologic type, pathological stage and lymph nodal
status had no correlation with positivity of pleural lavage
cytology (Tables III and IV),

As for d-factor {pleural dissemination), there were 8
cases with pathologically confirmed pleural dissemina-
tion and all of them had little or only a physiclogical
amount of pleural effusion at opening of the chest wall.
In 2 cases cytological examination of the small amount of
effusion was performed and was negative for cancer cells.
In the other 6 cases with dissemination whose pleural
effusion could not be obtained, 2 cases gave positive
lavage cytology. That is, positive lavage cytological
results were seen in 2 out of 8 (25%) disseminated cases
with no evidence of “clinically” malignant pleural effu-
sion. This correlation was statistically significant (P<
0.05).

Vascular involvement (v-factor) and lymphatic perme-
ation (ly-factor) of the tumor were examined pathologi-
cally in 222 cases. In 1 patient with positive lavage
cytology, v- and ly-factors could not be evaluated. Two

Table III. Relationship between Histologic Type, Stage and the Result of Pleural Lavage Cytology

Stage

Histologic type

Ad Sq Ad/Sq Sm La Others Totat
1 4/679 0/28 1/1 0s1 0/5 0/5 5/107
II 1/10 0/10 0/0 0/0 0/1 0/1 1/22
IITA 2/30 2722 0/1 1/3 0/8 0/2 5/66
I1IB 1/5 1/1 0/0 0/1 0/0 0/1 2/8
v 1717 1/5 172 0/1 0/2 0/0 3/27
Total 9/129 4/66 2/4 1/6 0/16 0/9 16/230

Abbreviations: Ad, adenocarcinoma; Sq, squamous cell carcinoma; Ad/Sq, adenosquamous carcinoma;

Sm, small cell carcinoma; La, large cell carcinoma.

a) Number of positive lavage cytology cases/total number of cases.
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Table IV. Relationship between Lymph Nodal Involvement
and Result of Pleural Lavage Cytology

Pleural Lavage Cytology

Table V. Results of Multivariate Analysis (Proportional
Hazards General Linear Model Procedure)

Lymph nedal involvement

Cytol

ytology n0? nl n2 n3 Total
Positive g 3 4 1 16
Negative 120 34 54 4 212
Total 128 37 58 5 2289

a) n0, no lymph-node metastasis; nl, metastasis in hilar nodes;
n2, metastasis in mediastinal nodes; n3, metastasis in contra-
lateral mediastinal and/or supraclavicular nodes.

b} Two cases were excluded for lack of pathological examina-
tion of mediastinal lymph nodes.
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Fig. 1. Survival of patients with positive and negative lavage

cytology immediately after opening of the chest (Kaplan-
Meier’s method); O, 16 cases with positive cytology; ®, 214
cases with negative cytology.

out of 79 cases without vascular involvement showed
positive lavage cytology, while 13 out of 143 with vascu-
lar involvement showed positive cytology. There was no
statistical significance with regard to the v-factor. As for
the ly-factor, 14 out of 124 cases with ly({+ ) had positive
lavage results and only 1 out of 98 cases with ly(—) had
a positive result. There was a significant correlation
between the results of lavage cytology and the ly-factor
(P<0.01).

Although the follow-up period was only 30 months at
the longest, as shown in Fig. 1, at 2 years and 3 months
after surgery, the survival rate for patients with positive
cytology was 35% and that for patients with negative
cytology was 87%. Three patients with positive cytology
died of the disease and one of them had pleural dis-
semination. This patient had a pl disease. One survivor
with positive cytology has a recurrence in the pleural

Variable ‘ Beta St:;lrc:)al._rd Chi-square P

Lavage cytology 1.082 0.645 2.82 0.093
Cell type —0.317  0.548 0.33 0.564
Stage 0.559 0.165 11.47 0.007

cavity. There was a strongly suggestive difference (P=
0.052) in survival rate between the group with positive
cytology and that with negative cytology. Multivariate
analysis suggested that the result of pleural lavage eytol-
ogy at opening of the chest is available as a postoperative
prognostic factor in lung cancer patients (Table V).

DISCUSSION

A positive cytological result of pleural lavage cytology
at opening of the chest is not synonymous with malignant
pleural effusion or pleural dissemination of cancer cells,
so it should not be counted in the TNM staging system
(malignant pleural effusion is T4 disease).”

In this series, positivity of pleural lavage cytology
immediately after thoracotomy was correlated with the
presence of cancer involvement to the pleura and lym-
phatic permeation of cancer, and the incidence of posi-
tive lavage cytology was higher in microscopical dis-
seminated diseases in which there was little pleural effu-
sion or no gross disseminated nodule found on the pleural
surface.

Several theories have been proposed concerning the
mechanism of development of pleural dissemination'®:
hematogenous metastasis to the pleura, endolymphatic
spread in the subpleural layer, implantation of free
cancer cells in the pleural effusion, and so on. The third
seems to be the major mechanism, and it is thought to
occur via several steps as follows: 1) exfoliation of cancer
cells from the pleural surface into the pleural cavity, 2)
cancer cells becoming viable in the pleural effusion, 3)
implantation at the pleural surface, 4) colony formation
in the pleura. On the other hand, the main mechanism of
the formation of pleural effusion is impairment of lym-
phatic drainage through the intrapulmonary lymphatic
channel to the mediastinal lymph nodes.'" It has been
reported that in more than 90% of the disseminated cases
there are amounts of pleural effusion as large as 500 ml.'?
But there may be some discrepancy between the volume
of the pleural effusion and the presence of disseminated
nodules on the pleural surface.

It is considered that pleural lavage cytology can detect
the following situations: 1) the tumor invades visceral
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Fig. 2. A sediment obtained from pleural lavage; cancer cells are seen co-existing with desquamated

mesothelial cells.

pleura and cancer cells exfoliate into the pleural cavity,
2) cancer cells spread into the subpleural lymphatics,
3) cancer cells are viable in minimal pleural effusion,
4) there is “subclinical” disseminated disease with micro-
scopical colonies on the pleural surface. Pleural lavage
cytology may become a useful indicator of cancer exten-
sion into the pleural cavity.

The fact that positive lavage cytology could occur in
pl diseases, where cancer involves the visceral pleural
elastic layer but is not exposed on the surface, may reflect
the ease of exfoliation of cancer cells from the meso-
thelial layer (Fig. 2). But it may also be suggested that
cancer cells can flow out into the pleural cavity through
the channels which conneci the subpleural lymphatics to
the pleural space and are the route of cellular exchange
through the pleura.’

There are always some problems regarding the accu-
racy of cytological examination. In this series, the results of
cytological examination were classified at first into three
categories, i.e. negative, suspicious and positive, which
were re-evaluated after the final histopathological diag-
noses into two categories: negative and positive. There
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was no false-positive and no false-negative after the re-
evaluation, and all of the suspicious cases proved to be
negative. To confirm true positive results, it would be
better to use immunocytological stains such as CEA,
pulmonary surfactant apoprotein' and so on.

It appears that positivity of pleural lavage cytology is
available as a postoperative prognostic factor. Further
follow-up and more investigations about the mode of
recurrence will be needed to answer the question of what
therapy should be added in positive lavage cytology
cases. In conclusion, pleural lavage cytology immediately
after opening of the chest can be said to be an premoni-
tory indicator of cancer extension into the pleural cavity,
i.e., of exfoliation, dissemination or subpleural lymphatic
spread of cancer cells.

ACKNOWLEDGMENTS

The authors thank Dr. Yuhko Ohno, Epidemiology Division,
National Cancer Center, for multivariate analysis.

(Received September 6, 1988/Accepted January 5, 1989)



REFERENCES

1) Moore, G, E., Sako, K., Kondo, T., Badillo, J. and Burke,
E. Assessment of the exfoliation of tumor cells into the
body cavities. Surg. Gynecol Obstet., 112, 469474 (1961),

2) Pomeranz, A. A. and Garlock, J. H. Postoperative recur-
rence of cancer of colon due to desquamated malignant
cells. J. Am. Med. Assoc., 158, 1434-1436 (1955).

3) Hiracka, H., Morita, K., Nakahara, Y., Morita, N.,
Miyashita, H., Torieda, M., Esato, K, and Mohri, H.
Cytological observations of intraperitoneal washing ob-
tained during gastric cancer resection. Jpn. J. Gastro-
enterol, Surg., 17, 713-718 (1984) (in Japanese).

4) Rai, Y., Kanamori, ., Tohgi, K., Yaita, A., Nakamura,
T., Nagaoka, S. and Koike, M. Evaluation of perigastric
and Douglas pouch peritoneal lavage cytology in gastric
cancer operation, Jpn. J. Gastreenterol. Surg., 18, 2000-
2005 (1985) (in Japanese).

5) Eagan, R. T., Bernatz, P. E., Payne, W. S, Pairolero, P.
C., Williams, D. E., Goellner, J. R. and Piehler, J. M.
Pleural lavage after pulmonary resection for bronchogenic
carcinoma. J. Thorac. Cardiovasc. Surg., 88, 1000-1003
(1984).

6) Spjut, H. J,, Hendrx, V. I., Ramirez, G. A. and Roper, C.
L. Carcinoma cells in pleural cavity washings. Cancer, 11,
1222-1225 (1958).

Pleural Lavage Cytology

7) Mountain, C. F. A new international staging system for
lung cancer. Chest, 89, 2255-233s (1986).

8) World Heaith Organization. “Histological Typing of
Lung Tumors,” 2nd Ed. (1981). World Health Organi-
zation, Geneva.

9) The Japan Lung Cancer Society. “General Rule for Clin-
ical and Pathological Record of Lung Cancer” (1987).
Kanehara Shuppan, Tokyo.

10) Chretien, J. and Fauber, F. Pleural responses in malignant
metastatic tumors. In “The Pleura in Health and Disease,”
ed. J. Chretien, J. Bigmon and A. Hirsch, pp. 489-505
{1985). Marcel Dekker, Inc., New York.

11) Sahn, 8. A. Malignant pleural effusion. Clin. Chest Med.,
6, 113-125 (1985).

12) Chernow, B. and Sahn, 8. A. Carcinomatous involvement
of the pleura. Am. J. Med., 63, 695-702 (1977).

13} Kanazawa, K. Exchange through the pleura. In “The
Pleura in Health and Disease,” ed. J. Chretien, J. Bigmon
and A. Hirsch, pp. 195-231 (1985). Marcel Dekker, Inc.,
New York.

14) Mizutani, Y., Nakajima, T., Morinaga, S. Gotoch, M.,
Shimosato, Y., Akino, T. and Suzuki, A. Immunohisto-
chemical localization of pulmonary surfactant apoprotein
in various lung tumors. Cancer, 61, 532-537 (1988).

237





