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Objectives: Pleural invasion has been recognized as an important negative prognostic factor in non-small
cell lung cancer (NSCLC), and therefore, accurate evaluation is required. However, when the visceral
pleura adheres to the parietal pleura around a tumor and parietal pleural structures are destroyed and
unrecognizable as a result of inflammation, it is often difficult to accurately evaluate pleural invasion,
and classification of the T stage is unclear. To aid in categorization, we defined this status as pl1-3 and
investigated the prognostic impact of the pl1-3 status on NSCLC.

Materials and methods: We retrospectively examined the clinicopathological characteristics and prog-
noses of 929 NSCLC patients who underwent curative surgical resection. The pl1-3 status was defined
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Pathology as invasion beyond the elastic layer of the visceral pleura (pl1 or higher) but showing unclear parietal
Adhesions pleural invasion. We compared the prognoses of pl1-3 status NSCLC patients with that of patients with

other pleural invasion statuses.

Results: Thirty-one patients (3%) had a pl1-3 status. The 5-year overall survival rate for pl1-3 patients
was 58.9%, and the prognosis was significantly worse than pl1 (p=0.04). In pNO cohort, pl1-3 disease
had a significantly worse prognosis than pll and pl2 diseases (p=0.01 and 0.04, respectively) and a
similar prognosis to p13 disease. Furthermore, similar relationships were also observed after adjusting for
other prognostic factors in multivariate analysis. Among the pl1-3 and pNO patients, 11 (46%) developed
recurrences (9 patients had distant metastasis, one had local recurrence, and one had both). Although the
proportion of pl1-3 patients who underwent adjuvant therapy was similar to that of T3 patients, more
individuals received oral tegafur-uracil treatment than intravenous chemotherapy.

Conclusion: These results indicate that pl1-3 patients can be managed in the same manner as patients
with T3 and pl3 disease. These results may be informative for treatment decisions during postoperative
chemotherapy.

Pleural invasion
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tasis (TNM) classification [6]. Pathologic pleural invasion can be
classified as plO, pl1, pl2, and pI3 according to the degree of pleural
invasion. Tumors that invade beyond the elastic layer of visceral
pleura are defined as pll; those that invade the surface of the

1. Introduction

Pleural invasion is one of the most important prognostic factors
in lung cancer [1-5]. Several studies have analyzed the impact of

pleural invasion on survival in non-small cell lung cancer (NSCLC),
and consequently, a method of incorporating this factor into the T
status was included in the 7th edition of the Tumor, Node, Metas-

Abbreviations: Cl, confidence interval; HR, hazard ratio; IASLC, International
Association for the Study of Lung Cancer; NSCLC, non-small cell lung cancer; OS,
overall survival; TNM, the tumor, node, metastasis.
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visceral pleura are classified as pl2; and those that invade any
component of the anatomic structures of the parietal pleura are
classified as plI3. Tumors <3 cm (T1a or T1b) with pl1 or pl2 are
upgraded to T2a and pl3 tumors are classified as T3. These defi-
nitions remain the same in the recently published 8th edition of
the TNM classification [7]. As the presence and degree of pleu-
ral invasion are related to the determination of tumor staging and
therapeutic strategy, these factors should be accurately evaluated.
However, in cases where the visceral pleura firmly adheres to the
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parietal pleura around a tumor, pleural invasion can be difficult
to evaluate due to the destruction of parietal pleural structures
as a result of inflammatory processes. When a tumor extends
beyond the elastic layer of the visceral pleura but the visceral
pleural surface and the parietal pleura are unrecognizable, the
tumor can be categorized as pll1 or higher, i.e.,, pT2a or higher,
but accurate determination concerning pleural invasion is diffi-
cult. It is unclear how the degree of pleural invasion should be
evaluated, in particular, how to classify the tumor based on T
stage and determine the appropriate management of patients. In
the present study, we referred to this status as “pl1-3” and ret-
rospectively analyzed the survival of NSCLC patients with pleural
invasion, including individuals with pl1-3 status, to investigate
the prognostic impact and appropriate management of pl1-3 inva-
sion.

2. Materials and methods
2.1. Patient cohort

From January 2002 to December 2012, a total of 971 consec-
utive patients with NSCLC underwent curative surgical resection
at Kitasato University Hospital. Clinical information was obtained
from the medical, surgical, and pathologic records of these patients.
The staging definitions for the T, N, and M components were
adopted from the 7th edition of the TNM Classification for Lung
and Pleural Tumours. We defined curative surgical resection as
segmentectomy, lobectomy, or more extensive lung resection with
systemic ipsilateral hilar and mediastinal lymph node dissection
and no evidence of residual cancer, i.e., complete (RO) resection.
Patient exclusion criteria included positive surgical margins, clin-
ically or pathologically confirmed distant metastasis and pleural
dissemination, small cell carcinoma, T4 or TO tumors, prior induc-
tion chemotherapy, radiotherapy or both, and incomplete data on
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pleural invasion status. Furthermore, we excluded patients with
pulmonary metastasis in the same lobe and the invasion of the
mediastinal pleura, diaphragm or the pericardium, which were
classified as T3 and crucial prognostic factors. Thus, we primar-
ily only evaluated the impact of pleural invasion into the chest
wall side. The remaining 929 patients were enrolled in the present
study. This study was approved by the institutional review board,
and each patient provided written informed consent prior to treat-
ment.

2.2. Histopathologic evaluation

Histopathologic diagnoses were based on the 4th edition of the
World Health Organization Classification of Tumours. Pleural inva-
sion data were collected from pathology reports. All tumor sections
were stained with hematoxylin and eosin, and elastica-van-Gieson
stain was used to visualize elastic fibers and facilitate the evaluation
of pleural invasion of lung cancer. The following classification of
pleural invasion was adopted from the 7th edition of the TNM Clas-
sification for Lung and Pleural Tumours: pl0, tumor with no pleural
involvement beyond the elastic layer; pl1, tumor with invasion
beyond the elastic layer of the visceral pleura but not exposed on
the pleural surface; pl2, tumor with exposure on the visceral pleural
surface; and pl3, tumor with invasion of any component of the pari-
etal pleura. T1a and T1b tumors pathologically classified as pl1 or
pl2 were upgraded to T2a. The pl1-3 status was defined as invasion
extending beyond the elastic layer of the visceral pleura but show-
ing unclear parietal pleural invasion, reflecting the destruction of
parietal pleural structures in cases with firm adhesion between the
tumor and the parietal pleura (Fig. 1). Tumors that clearly invaded
into chest wall components such as fat, muscle or rib, those tumors
were classified into the pl3 category, even if the elastic layer of the
visceral pleura was unclear.
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Fig. 1. Schematic illustration of pleural invasion statuses including pl1-3 and histopathologic findings of pl1-3 and pl3 tumors. A p13 tumor invades (yellow arrow heads)
beyond the elastic layer of the parietal pleura. A pl1-3 tumor extends (yellow arrow heads) beyond the elastic layer of the visceral pleura, but the elastic layer of the parietal
pleura is disrupted and unclear at a tight adhesion site. Photomicrographs: double staining with hematoxylin and eosin and elastica-van-Gieson, 40x. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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