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Introduction

Visceral pleural invasion (VPI) has been reported as a 
prognostic value in non-small-cell lung cancer (NSCLC) 
for the first time in 1958 by Brewer et al. (1). In 1997 it was 
incorporated as a negative prognosticator within the fifth 
edition of tumor, node, metastasis (TNM) staging criteria (2) 
and the seventh and eight editions of TNM staging system 
introduced VPI as a size independent T2 factor, upstaging 
tumors ≤3 cm to T2a.

A lung cancer is classified as PL1 when it invades beyond 
the elastic layer of the visceral pleura, as PL2 when it 
extends to the visceral pleural surface and as PL3 when it 

invades any component of the parietal pleura (3,4).
During the past several decades literature has widely 

demonstrated that patients with VPI have worse outcomes 
and poorer survival, with higher frequency of pleural 
effusion, lymph node metastasis and postoperative 
recurrence (5,6). There is still controversy in the global 
management of these patients, from the preoperative staging 
to the optimal surgical procedure and the postoperative 
follow-up or the need of adjuvant chemotherapy.

The aim of this study is to review the current literature 
on the overall management, the preoperative diagnosis 
and the most appropriate therapeutic options of patients 
with NSCLC and VPI. We present the following review 
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in accordance with the Narrative Review reporting 
checklist (available at https://ccts.amegroups.com/article/
view/10.21037/ccts-20-108/rc).

Methods

This paper was performed by inserting on PubMed 
platform the following keywords in the search field: 
“visceral pleural invasion lung cancer”; “nsclc involving the 
pleura” and “early-stage NSCLC treatment”. The review 
was drafted including only the articles written in English. 
From 1990 to 2020, the authors have found and screened 
349 articles focusing on the year of publication and the 
topics investigated (preoperative, surgical and postoperative 
management). No limits have been set on studies design, 
no formal statistical procedure was performed. Twenty-four 
studies were included for final review: 9 focusing on the 
preoperative prediction of VPI, 6 on the most appropriate 
surgical approach and lymph nodes dissection and 9 on the 
post-operative management. 

Discussion

In order to clarify the current situation of the scientific 
literature on this topic, we decided to divide this review into 
three sections, each of them focusing on one of the three 
steps of NSCLC management: the diagnostic phase, the 
surgical approach and postoperative treatment. 

The diagnostic phase: is VPI predictable preoperatively?

Since VPI is considered an adverse factor for NSCLC, 
numerous studies have investigated whether it is possible 
to predict preoperatively pleural invasion by computed 
tomography (CT) and positron emission tomography (PET) 
findings (Table 1).

Most of the studies focused the attention on the 
characteristics of the lesion on the CT and the presence or 
absence of pleural tags, which are defined as linear strands 
linking the nodule to the pleural surface (7-9).

In their retrospective investigation on 141 patients with 
NSCLC, Hsu and colleagues correlated VPI to type 2 

Table 1 Preoperatively predicted pleural invasion, results of studies

Study, year Report Population Topics investigated Findings

Ebara et al. (7), 
2015

Original 
report

201  
patients

Tumor size, interface and ratio between tumor and 
pleura, presence or absence of pleural thickening

3D CT accuracy 77% to predict VPI

Kuriyama et al. 
(8), 1994

Original 
report

42  
patients

Review of 2D CT images and 3D reconstructions 3D CT sensitivity 82%, specificity 76%,  
accuracy 79%

Bai et al. (9), 
2019

Review Not  
specified

CT, PET CT best predicts VPI

Hsu et al. (10), 
2016

Original 
report

141  
patients

3 types of pleural tags (type 1, 2 and 3) Type 2 relate to VPI: sensitivity 36.4%,  
specificity 92.8%, accuracy 71%

Yang et al. (11), 
2018

Original 
report

52  
patients

5 types of non-interlobar fissure pleura (Group A),  
4 types of interlobar fissure pleura (Group B), pleural 
indentation fraction 

Type III-IV of Group A and type I and III of  
Group B indicate VPI

Zhao et al. (12), 
2016

Original 
report

156  
patients

Tumor size; nodule-pleura relationship (indentation, 
attachment, closeness)

Incidence of VPI: indentation 38.1%,  
attachment 25.5%, closeness 5.3%

Ahn et al. (13), 
2017

Original 
report

188  
patients

Tumor size, solid proportion, relationship with pleura Independent predictive factors for VPI:  
pleural contact OR 8.300, pleural thickening 
OR 3.966, solid proportion >50% OR 4.636, 
tumor size >20 mm OR 2.993

Kim et al. (14), 
2019

Original 
report

695  
patients

Pleural retraction, pleural tags; tumor contact length 
with the pleura

Accuracy to predict VPI: 62.7–72.3%

Iizuka et al. (15), 
2019

Original 
report

376  
patients

Tumor size, tumor contact length with pleura, clinical 
N+, smoking index, carcinoembryonic antigen level

Score ≥8 can predict VPI in 64% of patients

CT, computed tomography; VPI, visceral pleural invasion; PET, positron emission tomography; OR, odds ratio.
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pleural tags (showing soft tissue component at the pleural 
edge on mediastinal window images) with 92.8% specificity 
and 36.4% sensitivity (10).

Another retrospective study by Yang et al. reported that 
one or more pleural tags, as well as a tumor pushing the 
pleura, were associated with VPI in 52 adenocarcinomas of 
the lung (11).

Focusing on the radiological shape of the pulmonary 
nodules, Zhao et al. showed that VPI appeared most 
frequently in part solid nodules than in the pure ground 
glass ones, with an incidence of 32.2% vs. 17.4% (12).

Part solid nodules with a solid component proportion 
greater than 50%, combined with pleural thickening, has 
been defined as a significant indicator of VPI by Ahn and 
colleagues too, with a specificity of 99.2% (13).

On the other hand, Kim et al. wanted to validate the 
diagnostic accuracy  of CT findings for the prediction of 
VPI in patients with lung adenocarcinoma, but they actually 
showed that staging with the CT signs of VPI would falsely 
upstage up to 50% of patients from T1 to T2 (14). Based on 
their study population CT features of VPI have an accuracy 
of 62.7–72.3% and were not independent prognostic 
factors for disease-free survival (DFS) in clinical T1 lung 
adenocarcinomas.

Furthermore, Iizuka and colleagues defined a risk scoring 
system in order to predict VPI from CT findings (i.e., 
tumor diameter, length of the contact between the tumor 
and the pleura, whether the lesion was adjacent to a cavitary 
lesion or it was a contractile lesion) and clinicopathological 
factors, such as smoking index, serum carcinoembryonic 
antigen (CEA) level and the presence of clinical lymph node 
metastasis (15). They retrospectively examined 376 cases 
of surgically treated NSCLC in which tumor was ≤7 cm in 
diameter and in contact with the pleura on the preoperative 
CT scan and their findings displayed that 64% of the cases 
with a score ≥8 (cut off value) had pathological VPI.

Preoperative CT findings are likely to correlate to 
pathological VPI, though currently there is still not enough 
evidence to use these CT features in a staging system.

We hope that in the future, combining the best 
technologies and the results of the studies that will be 
conducted, we will be able to predict the presence of VPI, 
in order to target these patients to the most adequate 
oncological treatment.

Surgical approach

Lung cancer is the major cause of death from cancer-

related worldwide. Various histopathological forms of lung 
cancer are recognized and approximately 85% of patients 
are affected by NSCLC. Surgical resection for early 
stage NSCLC is considered the first-choice therapeutic 
option for eligible candidates and it involves performing a 
lobectomy or greater resection procedures (16).

However, sub-lobar resections, intended both as wedge 
resections and segmentectomies, represent a surgical 
alternative in elderly patients with significant comorbidities 
and poor functional respiratory reserve.

According to the National Comprehensive Cancer 
Network (NCCN) Clinical Practice Guideline in Oncology 
for NSCLC, a sub-lobar resection can be performed 
in patients with a tumor size ≤2 cm combined with 
adenocarcinoma in situ (AIS) histology, ≥50% ground-
glass appearance on CT or a long doubling radiologic 
surveillance time (≥400 days) (17).

Despite VPI is considered an adverse and aggressive 
prognostic factor in patients with surgically resected 
NSCLC, literature is still poor on the optimal surgical 
strategy for early-stage NSCLC presenting VPI and the 
topic remains controversial and unclear.

Xie et al. have reported that sub-lobar resection was an 
independent risk factor for recurrence in patients with lung 
adenocarcinomas 2 cm or less with surgical presence of VPI; 
in case of VPI a lobectomy with lymphadenectomy should 
be performed (18).

In line with these findings, in a recent study Wo and 
colleagues concluded that patients with early stage NSCLC 
(stage IA and IB) who underwent sub-lobar resection had a 
worse survival than those who underwent lobectomy (19).

On the other hand, Moon et al. conducted a retrospective 
study on 271 patients (stage I NSCLC ≤2 cm) undergoing 
surgical resection and reported that sub-lobar resection 
was not a risk factor for disease relapse. Survival rates 
for patients with small-size (≤2 cm) NSCLC and visceral 
pleural or lymphovascular invasion did not differ based on 
the surgical technique used, therefore lobectomy could be 
avoided (20).

In their retrospective cohort study Subramanian et al.  
focused on patients with early-stage NSCLC who 
underwent either lobectomy or sub-lobar resection 
(segmentectomy or wedge resection). They found that 
overall survival (OS) was similar, however patients 
undergoing lobectomy had lower locoregional recurrence. 
Therefore, the authors concluded that lobectomy represents 
the first choice surgery in patients with T1 N0 tumors (21).

Yu et al. analyzed a cohort of 1,386 patients with NSCLC 
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less than 2 cm in size and VPI; the analysis shows that 
patients treated with lobectomy had better OS and DFS 
than those who underwent sublobectomy (17).

Several studies have shown the ability of VPI to cause 
malignant pleural effusions and higher mediastinal lymph 
node metastases, therefore surgical resection should also 
include extensive lymph node dissection in order to obtain 
better staging. Moreover, disease relapse is directly related 
to the presence of metastatic lymph nodes resulting in an 
unfavorable prognosis. 

Liang et al. have evaluated the ratio of metastatic nodes 
to the total number of examined lymph nodes and, during 
dissection, they recommend taking a minimum of 16 
lymph nodes for optimal staging and better long-term 
survival, since an extensive lymph nodes examination is also 
associated with a more accurate staging and therefore a 
better postoperative management (22).

Wo et al. showed that patients with VPI need more 
lymph nodes dissection (14–16 LNs) than non-VPI patients 
(7–8 LNs). In the suspicion of VPI the surgeon should 
perform an extended lymphadenectomy to increase the 
survival benefit (19).

A less extensive lymph node dissection reduces the 
probability of identifying metastatic lymph node regions 
leading to under staging.

In conclusion, although few scientific papers in the 
literature, patients with NSCLC ≤2 cm and VPI should 
undergo surgical resection by lobectomy. In general, 
lobectomy guarantees greater resection margins compared 
to sublobectomy and it demonstrated a higher survival rate 
(OS and DFS). In addition, in these patients it is necessary 
to perform an adequate lymph node dissection both to 
discover any lymph node metastases and to improve their 
prognosis.

Postoperative management

Stages IA and IB of NSCLC have a good prognosis with 
a five years OS of 82% and 66% respectively, therefore 
surgery is the optimal strategy for patients with early-stage. 

However, several factors have been related to a poorer 
prognosis in these patients with early stage lung cancer, such 
as sex, age, smoking, tumor size, VPI and lymphovascular 
invasion (23).

Regarding VPI, the higher frequency of lymph node 
metastasis and malignant pleural effusion is probably due to 
the anatomy of the visceral pleura itself, in fact it contains 
a rich lymphatic network between the elastic layers which 

could drain the closest cancer cells into the mediastinal 
lymph nodes.

Many studies have tried to define whether the poorer 
prognosis of patients presenting VPI depends on tumor 
size and/or nodes positivity and if it may be improved by 
adjuvant chemotherapy, along with the surgical techniques 
already reviewed.

In literature important trials have reached controversial 
resulted: the ANITA trial, for example, revealed that 
adjuvant chemotherapy resulted in improved OS. On the 
other hand, the CALBG 9633 trial, which focused on 
patients with stage IB disease didn’t show any benefits on 
OS with adjuvant chemotherapy (24,25).

To date, there are no precise indications on the real 
benefit of adjuvant therapy in these patients, the possibility 
to perform it is still widely debated and solid studies are 
lacking.

The systematic review and meta-analysis conducted by 
Jiang and colleagues demonstrated that VPI influences  
5 years OS, regardless of tumor size, even if the OR resulted 
as higher in tumor less than 3 cm. Thus, they suggested 
that patients with NSCLC stage IB and larger tumors with 
VPI might be considered for adjuvant chemotherapy after 
surgical resection (26).

The same suggestion came from Huang et al., who 
conducted a meta-analysis to show that VPI was actually 
associated with higher risk of recurrence and death and it 
was a size independent poor prognostic factor in patients 
with NSCLC stage I (27).

Yang et al. used a propensity score matching to report 
that tumors between 1 and 3 cm presenting VPI have a 
significantly worse prognosis than tumors not presenting 
it, while with increasing tumor size and nodal staging, VPI 
seems not to affect the prognosis anymore (28). 

On the contrary, Park and colleagues showed that, while 
VPI is confirmed as a significant risk factor for prognosis, 
it shouldn’t be considered as a decisive factor for adjuvant 
chemotherapy, which in their study didn’t affect the 
prognosis of stage IB NSCLC (29).

Consistent with these findings, Wang et al. retrospectively 
analyzed 569 patients who underwent pulmonary resection 
to conclude that platinum-based adjuvant chemotherapy 
resulted in a worse five years OS than observation alone for 
patients with stage IB NSCLC (30).

Recently, Qian and colleagues tried to establish a 
recurrence risk-scoring model for patients with surgically 
resected lung adenocarcinoma in order to find suitable 
candidates for adjuvant chemotherapy. They conclude 
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a nomogram predicting individual recurrence-free 
survival, which indicates that high risk patients with 
stage I adenocarcinoma may benefit from adjuvant 
chemotherapy (31).

There are still not enough clinical trials on carrying 
out the need of adjuvant chemotherapy on stage IB 
NSCLC and results are often contradictory. However, 
there is some evidence from literature review that shows 
how patients with early stage NSCLC, VPI and lympho-
vascular invasion could benefit from post-intervention 
chemotherapy. Although further studies are needed to 
confirm or disconfirm the usefulness of adjuvant therapy 
in early stage NSCLC (IA-IB), individual and case—by-
case consideration should be given to the possibility of 
chemotherapy after surgical resection in highly selected 
patients.

Summary

VPI is worldwide recognized as a size-independent aggressive 
prognostic factor in early stage NSCLC. Patients presenting 
it have worse outcomes and poorer prognosis, with higher 
rate of mediastinal lymph node metastases and malignant 
pleural effusion. Although, there is still debate in literature 
on the correct pathway to address these patients to. 

The existing imaging techniques, especially CT, could 
predict with a reasonable approximation the presence of 
VPI, but there are still not enough solid signs nor scoring 
systems to ensure a preoperative upstaging. 

Furthermore, the optimal surgical strategy for early-
stage NSCLC presenting VPI seems to be more delineated. 
In fact, although literature is still poor in targeted studies, 
most published papers agree on the surgical need for 
lobectomy and extensive lymph nodes dissection.

In the end, the lack of clinical trials on the postoperative 
management of  these patients  leads cl inicians to 
evaluate case-by-case the possibility to perform adjuvant 
chemotherapy in highly selected subjects.
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