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Abstract

Background

In the lung cancer classification (TNM), the involvement of thoracic lymph nodes is relevant

from a diagnostic and prognostic point of view. Even if imaging modality could help in select-

ing patients who should undergo surgery, a systematic lymph node dissection during lung

surgery is mandatory to identify the subgroup of patients who can benefit from an adjuvant

treatment.

Methods

Patients undergoing elective lobectomy/bilobectomy/segmentectomy) for non-small cell

lung cancer and lymphadenectomy with lymph nodes station 10-11-12-13-14 sampling that

meet the inclusion and exclusion criteria will be recorded in a multicenter prospective data-

base. The overall incidence of N1 patients (subclassified in: Hilar Lymph nodes, Lobar

Lymph nodes and Sublobar Lymph nodes) will be examined as well as the incidence of vis-

ceral pleural invasion.

Discussion

The aim of this multicenter prospective study is to evaluate the incidence of intrapulmonary

lymph nodes metastases and the possible relation with visceral pleural invasion. Identifying

patients with lymph node station 13 and 14 metastases and/or a link between visceral pleu-

ral invasion and presence of micro/macro metastases in intrapulmonary lymph nodes may

have an impact on decision-making process.

Trial registration

ClinicalTrials.gov ID: NCT05596578.
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Introduction

Lung cancer is the leading cause of cancer related death worldwide in men and women with

non-small cell lung cancer (NSCLC) accounting for about 75% of cases [1]. Lung cancer classi-

fication depends on the extension of the tumor (T), involvement of lymph nodes (N) and pres-

ence of metastases (M). Lymph node staging has not only a diagnostic value but also a

prognostic significance and is crucial towards establishing the optimal treatment strategy in

patients [2]. Computed tomography (CT) of the chest is the most commonly used imaging

technique to assess the primary tumor and for intra thoracic metastases. However, CT imaging

has several limitations when used as the single imaging modality (sensitivity and specificity of

55% and 81%, respectively). PET imaging (sensitivity and specificity of 84% and 89% respec-

tively, when evaluating for mediastinal metastasis), especially when combined with CT, plays

an eminent role in the evaluation of intra-thoracic and extra thoracic metastases and is, there-

fore, recommended preoperatively for most patients suspected of having lung cancer [3]. His-

tological confirmation of mediastinal lymph nodes involvement detected in PET is a key point

in order to establish the appropriate treatment of lung cancer. Despite the importance of an

accurate nodal staging being well recognized, an international consensus regarding the extent

of intra-operative mediastinal lymph node assessment is currently lacking. Current guidelines

from The European Society of Thoracic Surgeons (ESTS) have recommended to perform a sys-

tematic dissection of the mediastinal lymph nodes during lung surgery dissecting at least six

lymph nodes [4]. Concurrently, The American College of Surgeons’ Commission on Cancer

(ACS-CoC) revised the definition of good-quality curative-intent lung cancer surgery in 2020

requiring, specifically, the inclusion of a minimum of three named and/or numbered anatomic

lymph node stations as well as at least one hilar or intrapulmonary lymph node [5].

However, the intrapulmonary lymph nodes (stations 13 and 14) are not routinely examined

and it remains unknown whether dissecting them is necessary for accurate staging and prog-

nostication. With the emergence of new and effective adjuvant treatment options, including

immunotherapy and targeted agents, peripheral lymph node sampling could potentially be

important.

Moreover, the prognostic significance of the visceral pleural invasion is controversial. Some

studies showed a negative impact on overall survival (OS) and disease-free survival (DFS) in

patients with histologic proved visceral pleura invasion (VPI, defined as invasion beyond the

elastic layer—>PL1, including invasion to the visceral pleural surface—>PL2) [6–8].

The mechanism to explain this negative effect is not fully understood. Given that the vis-

ceral pleura on the pulmonary surface is very rich in lymphatic vessels and enters the paren-

chyma to connect with the bronchial lymph vessels to drain into various hilar nodes, we

assume that the worse OS and DFS observed in these patients could be explained with the pres-

ence of metastatic lymph nodes (Station 13–14) that are not routinely examined.

Material and methods

This is a prospective, multicenter study based on ad-hoc created prospectively database. Data

will be collected through chart reviews from patient electronic medical record and institutional

databases to identify patients who underwent elective lobectomy/bilobectomy/segmentectomy

for NSCLC and lymphadenectomy with lymph nodes station 10-11-12-13-14 sampling.

N1 station location will be classified into 3 groups:

Hilar (10,11)

Lobar (12)

Sub-lobar (13–14)
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Data collected will be disseminated in an aggregate form after final collection to assure all

participants remain anonymous (Fig 1). This protocol was approved by the Ethic Committee

Nord-west and central Switzerland on December, 21, 2022 (Project number 2022–02217). Any

change of the actual version of the protocol will be notified to the Ethic Committee with an

appropriate written amendment.

The trial has been registered in clinicaltrials.gov (ID: NCT05596578)

The information recorded for analysis will only include indirect identifiers such as age, gen-

der and hospital length of stay to minimize the risk of data breach.

Primary outcomes

Overall incidence of N1 pathological lymph nodes (Hilar 10/11, Lobar 12, Sublobar 13/14)

Incidence of N1 pathological lymph nodes (Hilar 10/11, Lobar 12, Sublobar 13/14) in

patients with pathological evidence of visceral pleural invasion.

Secondary outcomes

Overall survival (1-3-5 years)

Fig 1. Schedule of assessments and evaluations.

https://doi.org/10.1371/journal.pone.0285184.g001

PLOS ONE Visceral pleural invasion and intraparenchymal lymph nodes in patients with NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0285184 May 4, 2023 3 / 8

http://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT05596578
https://doi.org/10.1371/journal.pone.0285184.g001
https://doi.org/10.1371/journal.pone.0285184


Disease free-survival (1-3-5 years)

Tumor recurrence (pattern: local, regional, distance)

Inclusion criteria

Anatomical resection for NSCLC <3 cm (lobectomy, bilobectomy, segmentectomy) with radi-

cal mediastinal lymphadenectomy (at least 6 lymph nodes from 3 mediastinal nodal stations)

Samples from the intrapulmonary stations 12, 13, and 14 lymph nodes

Resection of lymph nodes station 10 and 11 during hilar separation

R0 resection

Exclusion criteria

Prior or synchronous lung cancer

pN2

Pneumonectomy

R1/R2 resection

M1

Neo-adjuvant treatment

Variables to be collected

Age

Sex (M/F/Other)

Cardiac comorbidity (Y/N)

Pulmonary comorbidity (Y/N)

Pre-op FEV1 (L,%)

Pre-op DLCO (%)

Pre-op PET (Y/N)

Pre-op mediastinal Staging (Y/N) if Y (EBUS/EUS, Mediastinoscopy, others + biopsied sta-

tions level)

Date of Surgery

Surgical access (Open, VATS, Robotic)

Site (RUL, MLL, RLL, LUL, LLL)

Type of resection (Wedge, Segmentectomy, Lobectomy, Bilobectomy, Pneumonectomy)

Length of stay

Tumor Size

Histology

Extent of lymphadenectomy

cTNM

pTNM

PL status

Metastatic Lymph nodes N1 (10, 11, 12, 13/14)

PDL1 (%)

EGFR Mutation (Y/N/U)

ALK Mutation (Y/N/U)

Post-op complication (Y/N)

Re-op (Y/N) if Y Reason

Adjuvant treatment (Y/N) (Chemotherapy, Radiation, Chemo-Radiation, Immunotherapy,

Chemo Immunotherapy, Chemo-Radio-Immunotherapy, Radio-Immunotherapy)

- If Chemotherapy: type of Chemo
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- If Radiotherapy: regimen

Recurrence (Y/N) if Y: date of recurrence

Death (Y/N) if Y: date of death

Data management

Data for this study will be collected, recorded and stored using REDCap (Research Electronic

Data Capture). REDCap is a secure, web application designed to support data capture for

research studies. It includes features for HIPAA (Health Insurance Portability and Account-

ability Act) compliance including real-time data entry validation (e.g. for data types and range

checks), a full audit trail, user-based privileges, de-identified data export mechanism to statisti-

cal packages (SPSS), and integration with the institutional Active Directory. Access to study

data in REDCap will be restricted to the members of the study team with authentication

through hospitals credentials. The REDCap database and web server are housed on secure

platforms that are backed up daily. The data collected for the review will be stored at Lucerne

Cantonal Hospital under the direction of the Principal Investigator. In accordance with the

Medical Professional Code, all important study documents (e.g., CRFs) will be archived for at

least ten years after the end of the study.

The results of the study will be published in peer-reviewed journals and presented to the sci-

entific community at national and international conferences.

Statistical considerations

Sample size calculation

The minimum sample size to estimate the incidence was calculated using the method

described by Humphrey et al. [9]:

Sample size ¼ ð1:96Ie∗LÞ2∗Ie∗ð1 � IeÞ

Setting the expected incidence (of patients with an N1 lymph node metastasis to 0.2, and

the allowable error of the incidence (L) to 0.2 the minimum required sample size is 385

patients. The allowable error was chosen because it represents a reasonable balance between

precision and feasibility. After doubling the number to account for loss to follow-up and a

lower true incidence, the final sample size is 770 patients.

The minimum sample size for the survival analysis was calculated using the method

described by Schoenfeld [10]:

Events needed ¼
ðZa þ ZbÞ

2

ðlogðRHÞ2∗ð1 � q1Þ∗q1Þ

We set the type I error rate to 0.05 (), and the type II error rate to 0.2 (). Based on previous

studies the expected percentage of patients with N1 lymph node metastasis was set to 20% (q1)

and the relative hazard (RH) was set to 1.5 [11–13]. The number of events needed to achieve a

power of 80% in the cohort was 298. To account for this we increased the final sample size by

10% to 857.

Statistical analysis

The incidence of N1 lymph node metastasis overall and the incidence of metastasis to the dif-

ferent lymph node stations (Hilar 10/11, Lobar 12, Sublobar 13/14) will be calculated by divid-

ing the number of the respective events by the patient years separately. Ninety-five percent

confidence intervals will be calculated using the method described by Ulm [14].
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To investigate the association between visceral pleural invasion and the presence of meta-

static lymph nodes univariable and multivariable logistic regression models will be fitted to the

data. The multivariable logistic regression will be adjusted for age, sex, and tumor characteris-

tics (size, histology, and mutation status).

For the secondary outcomes, Kaplan-Meier curves for the overall cohort and the subgroups

(presence of N1 metastasis (Yes/No), presence of metastasis in intrapulmonary lymph nodes

(Yes/No), presence of pleural invasion (Yes/No), sex (male/female), and age (�median, <

median) will be created, for the disease-free survival and overall survival separately. Invariable

Cox proportional-hazards models will be fitted for each of the predictors of interest. Hazard

ratios and corresponding 95% confidence intervals will be calculated from the coefficients.

Furthermore, we will also create multivariable Cox models adjusting for age, sex, and relevant

comorbidities. The assumption of constant hazards will be checked by calculating the scaled

Schoenfeld residuals and inspecting the correlation with time both statistically and visually

[10]. The assumption of non-informative censoring will be tested by creating optimistic mod-

els in which all censoring will be set to the longest survival time, and pessimistic models, in

which all censored time points will be regarded as events. If the results point in the same direc-

tion, we will regard the censoring as non-informative. In case of a violation of the assumption

of non-informative censoring we will conduct a thorough examination of key variables, such

as disease status, surgery success, and follow-up length, to identify any relationship between

these variables and the censoring event as well as the outcome of interest. If we find any evi-

dence of such a relation, we will then adjust for the relevant variables and perform sensitivity

analyses to evaluate the robustness of our findings to potential violations of the non-informa-

tive censoring assumption.

If the number of missing data of a variable does not exceed 5%, it will be considered for

impuatation. The relationship of missingness between different variables will be graphically

explored using the “naniar” package for R. Heatmaps of missing data and scatter plots of

numerical data indicating missigness will be created. If the data is considered to be at “missing

at random” or “missing completely at random” we will impute it using a random-forest based

imputation algorithm as implemented in the “missForest” package for R. This algorithm has

been shown to perform as good as other state-of-the-art imputation methods and can handle a

wide array of data types [15]. All analysis will be performed using the statistical software “R”

(Version 4.1.2).

Ethical considerations

Individual patient consent is not required as data are collected under existing permissions

(general consent) cancer registration in each jurisdiction.

Only members of the study team will have access to the information. The purpose of shar-

ing data is to increase the ability of the investigators to analyze and translate data into a mean-

ingful report validating their individual findings. A Data Transfer Agreement (namely a

formal contract that documents which data are being transferred, the format of the data collec-

tion file and how the data can be used) will be signed between the principal investigator and

the local investigators. The agreement protects all the centers who will provide the data, ensur-

ing that data will not be misused. Each center is represented by one local investigator who will

participate to regular meetings, held quarterly throughout the year, where the trend of the data

collection along with critical points will be discussed in order to improve the understanding of

the project and protocol.

Data will be de-identified, coded securely, and stored on a password-protected, virus pro-

tected, firewalled and encrypted server at Cantonal Hospital of Lucerne. The data from the
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other centers will be entered in REDCAP by the local investigator through a link provided by

the principal investigator. Since this protocol describes a no-intervention study, the only risk

to the patient would involve a breach of privacy. This risk is minimized, however, since only

indirect identifiers will be recorded at all points throughout the course of the study, ensuring

that patient confidentiality is safely kept and the patients will only be recorded in the database

by their participant identification code. The link between this code and the patient identity

will be in hard copy only and will be stored in a locked location separate from the data collec-

tions forms. This code document will be destroyed upon completion of the study data extrac-

tion. The members of the study team will maintain professionalism at all times, ensuring the

full protection of each patient’s privacy.

Discussion

This study seeks to improve the accuracy of staging and prognostication of patient undergoing

pulmonary resection due to NSCLC. The decision to routinely examine the intraparenchymal

lymph nodes, as part of systematic mediastinal lymphadenectomy during lung surgery, is not

well established to date Vaghjiani and coll. reported in a retrospective analysis published in

2020 a percentage of 31% of patients with only intraparenchymal lymph nodes metastases on a

cohort of 129 patients with occult node metastases [16]. Maeshima and colleagues reported an

incidence of positive 13/14 lymph nodes of 21% [13]. That being so, new data are needed in

order to avoid an inaccurate pathologic staging.

In addition, the detection of metastatic intraparenchymal lymph node in patients with

NSCLC and visceral pleural invasion could possible explain the worse DFS and OS observed in

this subgroup.

VPI, indeed, is a relevant prognostic factor in the treatment of early stage NSCLC and the

optimal extent of the surgical resection for early-stage NSCLC patients with VPI is to date

under debate. The addition of the type of resection in the collected data will provide important

informations about OS and DSF in patients with VPI and different extent of resection.

Supporting information

S1 Checklist. SPIRIT 2013 checklist: Recommended items to address in a clinical trial pro-

tocol and related documents*.
(PDF)

S1 File.

(PDF)
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15. Stekhoven DJ, Bühlmann P. MissForest—non-parametric missing value imputation for mixed-type

data. Bioinformatics. 2012; 28(1):112–118. https://doi.org/10.1093/bioinformatics/btr597 PMID:

22039212

16. Vaghjiani RG, Takahashi Y, Eguchi T, Lu S, Kameda K, Tano Z, et al. Tumor Spread Through Air

Spaces Is a Predictor of Occult Lymph Node Metastasis in Clinical Stage IA Lung Adenocarcinoma. J

Thorac Oncol. 2020 May; 15(5):792–802. https://doi.org/10.1016/j.jtho.2020.01.008 Epub 2020 Jan 30.

PMID: 32007599; PMCID: PMC7199202.

PLOS ONE Visceral pleural invasion and intraparenchymal lymph nodes in patients with NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0285184 May 4, 2023 8 / 8

https://doi.org/10.3322/canjclin.55.2.74
http://www.ncbi.nlm.nih.gov/pubmed/15761078
https://doi.org/10.1097/01.JTO.0000269738.13586.fd
http://www.ncbi.nlm.nih.gov/pubmed/17589301
https://doi.org/10.1016/j.ejcts.2007.01.075
http://www.ncbi.nlm.nih.gov/pubmed/17448671
https://doi.org/10.1016/j.ejcts.2006.08.008
http://www.ncbi.nlm.nih.gov/pubmed/16971134
https://www.facs.org/-/media/files/quality-programs/cancer/coc/optimal_resources_for_cancer_care_2020_standards.ashx
https://www.facs.org/-/media/files/quality-programs/cancer/coc/optimal_resources_for_cancer_care_2020_standards.ashx
https://doi.org/10.1016/j.athoracsur.2014.11.052
https://doi.org/10.1016/j.athoracsur.2014.11.052
http://www.ncbi.nlm.nih.gov/pubmed/25704861
https://doi.org/10.1055/s-0036-1586757
http://www.ncbi.nlm.nih.gov/pubmed/27517168
https://doi.org/10.1093/ejcts/ezab498
http://www.ncbi.nlm.nih.gov/pubmed/35325098
https://doi.org/10.1016/j.prevetmed.2004.07.003
https://doi.org/10.1016/j.prevetmed.2004.07.003
http://www.ncbi.nlm.nih.gov/pubmed/15488269
http://www.ncbi.nlm.nih.gov/pubmed/6354290
https://doi.org/10.21037/tlcr.2016.06.13
http://www.ncbi.nlm.nih.gov/pubmed/27413707
http://www.ncbi.nlm.nih.gov/pubmed/10391257
https://doi.org/10.1002/cncr.27424
https://doi.org/10.1002/cncr.27424
http://www.ncbi.nlm.nih.gov/pubmed/22282325
https://doi.org/10.1093/oxfordjournals.aje.a115507
http://www.ncbi.nlm.nih.gov/pubmed/2296988
https://doi.org/10.1093/bioinformatics/btr597
http://www.ncbi.nlm.nih.gov/pubmed/22039212
https://doi.org/10.1016/j.jtho.2020.01.008
http://www.ncbi.nlm.nih.gov/pubmed/32007599
https://doi.org/10.1371/journal.pone.0285184

	1

