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Abstract

Background: Lymphovascular invasion (LVI) has not been included in the tumor-
node-metastasis (TNM) staging manual of non-small-cell lung cancer (NSCLC). We
aimed to investigate the predictive value of LVI on stage IA NSCLC and proposed a
method of incorporating LVI into the T category based on the latest TNM staging
manual.

Methods: The least absolute shrinkage and selection operator (LASSO)-penalized Cox
multivariable regression model was performed to identify prognostic factors. The Kaplan-
Meier method was used to compare overall survival (OS) and disease-free survival (DFS)
between groups. Propensity score matching (PSM) was used to minimize bias.

Results: A total of 1452 eligible stage I NSCLC cases (stage IA without LVI, 1022
cases; stage IA with LVI, 120 cases; stage IB, 310 cases) were included. LASSO-
penalized multivariable Cox analysis revealed that LVI was an independent prognostic
factor for both OS and DFS. Survival analysis demonstrated that the survivals of stage
IA NSCLCs without LVI were better than those of stage IA with LVI and stage IB
NSCLCs. In the matched cohort, the survivals of stage IA NSCLCs with LVI were
comparable to those of stage IB NSCLCs.

Conclusions: Stage IA NSCLCs with LVI and stage IB NSCLCs had similar survivals,
and we proposed that LVI might be a non-sized T descriptor that upstaged stage IA
diseases to stage IB.
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LVI, defined as the identification of tumor emboli within a
lymph or blood vessel lumen using hematoxylin and eosin

Lung cancer is the leading cause of cancer-related mortality
worldwide.' Surgery is a preferred treatment for early-stage
non-small-cell lung cancer (NSCLC). However, the recurrence
rate of these completely resected node-negative diseases varies
from 13% to 23%.*> Larger tumor size, visceral pleural inva-
sion (VPI), and lymphovascular invasion (LVI) etc. are recog-
nized as contributors to the high relapse rate.>”” The first two
have been incorporated into the tumor (T) category of the
current tumor-node-metastasis (TNM) staging manual."

Jing-Sheng Cai and Xun Wang contributed equally to this paper and share first
authorship.

(H&E) staining or elastic staining,11 is reported to compromise
the survival of NSCLC patients.'>”"* Although LVI has been
considered in the supplementary TNM staging of NSCLC, it
has not been incorporated into the 8th edition of the American
Joint Committee on Cancer (AJCC) TNM staging manual.'”

This study focused on stage IA NSCLC patients with or
without LVI from a large Chinese cohort. Our aim was to
investigate the predictive value of LVI on stage IA NSCLC
and propose a method of incorporating LVI into the T cate-
gory based on the latest TNM staging manual. We hypothe-
sized that like VPI, LVI is also a non-sized T descriptor that
upstages stage IA diseases to stage IB.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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MATERIALS AND METHODS
Study design and patients

Between November 1999 and December 2018, a series of 7931
consecutive resected NSCLC cases were retrospectively
reviewed from the Department of Thoracic Surgery at Peking
University People’s Hospital. All included cases met the follow-
ing criteria: (1) diagnosis of primary NSCLC; (2) received sur-
gery and lymph node dissection; and (3) pathological stage I
diseases based on the 8th TNM staging manual. The exclusion
criteria were: (1) positive margin (R1/R2 resection); (2) received
neoadjuvant therapy; (3) previous or concurrent other malig-
nant cancers; (4) perioperative death; (5) unavailable LVI infor-
mation; and (6) age <18years. The flow chart of patient
selection is shown in Figure 1.

The eligible cases were assigned into three groups: stage IA
without LVI (LVI-), stage IA with LVI (LVI+), and stage
IB. The differences in demographic and tumor characteristics
between the stage IA LVI— group and the stage IA LVI+ group
were analyzed, and the survival outcomes among the stage IA
LVI— group, stage IA LVI4 group, and stage IB group were
investigated.

Ethics

This study was approved by the Ethics Committee of Peking
University People’s Hospital (Approved number: 2020 PHB
421-02). Informed consent from individual patients was
waived due to the retrospective design.

Treatments

The routine preoperative evaluations, including medical history
taking, physical examinations, blood routine, serum tumor
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FIGURE 1 The flow diagram for patient selection. NSCLC, non-
small-cell lung cancer; LVI, lymphovascular invasion

markers, pulmonary function test, spiral contrast-enhanced
chest and abdomen computed tomography (CT) and magnetic
resonance imaging (MRI) of the brain, were performed. Positron
emission tomography (PET) imaging was not mandatory in our
center because it has not yet been covered by medical insurance
in mainland China. All included patients underwent complete
surgical resection including lobectomy, sublobectomy and pneu-
monectomy, and systemic lymphadenectomy. In our center,
adjuvant therapy is not regularly recommended for stage I
patients.

Pathologic evaluation

All the surgical resection specimens were processed
according to the standard pathological procedures. In gen-
eral, formalin-fixed paraffin-embedded tissue sections were
stained with H&E staining. The LVI was defined as the pres-
ence of tumor emboli within a lymph or blood vessel
lumen."" If it was difficult to define LVI, immunohistochem-
istry (IHC) staining analysis was performed. To be more
specific, the undetermined specimens were stained with
monoclonal antibodies against D2-40 (MXB Biotechnol-
ogies) and CD31 (ZSGB-BIO) to confirm lymphatic vessel
and blood vessel invasion, respectively. All the specimens
were assessed by two thoracic histopathologists. Figure 2
shows the typical histopathology of tumors with LVI.

Follow-up and endpoints

Follow-up information was obtained through telephone calls,
patients visits, and medical records. In general, postoperative
follow-up was performed every 3 months for the first 2 years,
every 6 months for the next 3-5 years, and annually thereafter.
Detailed follow-up protocol included physical examinations,
serum tumor markers, and contrast-enhanced chest CT scan.
Brain MRI and bone scans were performed when clinically indi-
cated. In this study, follow-up information was updated in
October 2021. The primary endpoints of this study were overall
survival (OS) and disease-free survival (DFS). OS was calculated
from the date of surgery to the date of death or the last known
contact. DFS was calculated from the date of surgery to the date
of first recurrence or death.

Data collection

The demographic and clinicopathologic variables (age, sex,
smoking status, family tumor history, preoperative comor-
bidity, body mass index (BMI), forced expiratory volume
in 1 s (FEV1%), diffusion capacity for carbon monoxide
(DLCO%), clinical TNM (cTNM) stage, the American Soci-
ety of Anesthesiologists (ASA) physical status grade, surgical
approach, surgical type, histology, VPI, LVI, pathological
TNM (pTNM) stage, postoperative complication, and adju-
vant therapy) were extracted from the institution’s electronic
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FIGURE 2 Histopathology of tumors
with LVL. (a) H&E staining and (b) IHC
staining. H&E, hematoxylin and eosin; IHC,
immunohistochemistry
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medical record system. Tumor staging was determined
according to the 8th AJCC TNM staging manual.'” Only
patients with complete data were included in this study.

Statistical analysis

Statistical analysis was performed using R version 4.1.1 (The R
Foundation for Statistical Computing, http://www.r-project.org)
and IBM SPSS Statistics (version 25.0, IBM Corp.). All times to
event outcomes were estimated using the Kaplan-Meier method
with a log-rank test. A one-to-one PSM between the stage IA
LVI+ group and the stage IB group was carried out using the
nearest-neighbor matching method with a caliper of 0.1. Poten-
tial confounding factors entered into the PSM algorithm were
age, sex, smoking status, preoperative comorbidity, surgical
approach, surgical type, histology, VPI, postoperative comorbid-
ity, and adjuvant therapy. A least absolute shrinkage and selec-
tion operator (LASSO) regression model was performed to
select and minimize potential prognostic variables using the R
package “glmnet”.*® The variables entered into the LASSO
model were age, sex, smoking status, family tumor history, pre-
operative comorbidity, BMI, FEV1%, DLCO%, ASA grade, sur-
gical approach, surgical type, histology, VPI, LVI, pTNM stage,
postoperative complication, and adjuvant therapy. The selected
factors were further included in a forward stepwise multivariable
Cox proportional hazard regression model to determine the final
independent prognostic factors. Continuous variables are pres-
ented as median (range) and categorical variables are presented
as percentages. The Shapiro-Wilk test was used to analyze the
normal distribution of the continuous variables and the Mann-
Whitney U test was used to compare non-normally distributed
variables. The Pearson Chi-square test or Fisher’s exact test was
used to compare categorical variables. Two-sided p < 0.05 was
considered statistically significant.

RESULTS
Patient characteristics

Between November 1999 and December 2018, a total of 7931
resected NSCLC patients were retrospectively evaluated. After
applying the inclusion and exclusion criteria, a sample size of
1452 eligible cases was retained. The entire cohort was
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categorized into three groups (stage IA LVI—, 1022 cases; stage
IA LVI4, 120 cases; stage IB, 310 cases). Table 1 shows the
demographic and tumor characteristics of stage IA patients with
or without LVI. In the comparative analyses, patients without
LVI were younger than those with LVI (60 years vs. 65 years, p
<0.001). There were higher percentages of females and non-
smokers in the stage IA LVI— group compared with the stage
IA LVI+ group (female 57.0% vs. 43.3%, p = 0.004; nonsmoker
78.5% vs. 60.0%, p <0.001). The stage IA LVI— group had a
higher proportion of patients who underwent sublobectomy
than the stage IA LVI4 group (43.7% vs. 17.5%, p < 0.001). Sig-
nificantly more patients with LVI were diagnosed with larger-
sized tumors (p <0.001) and administered with adjuvant ther-
apy (6.7% vs. 1.0%, p < 0.001). Supporting Information Table S1
shows the baseline characteristics of the stage IA LVI+ and stage
IB patients before and after PSM. All covariates between these
two groups were well balanced after PSM.

LASSO-penalized multivariable Cox regression
analysis

A total of 17 factors (age, sex, smoking status, family tumor
history, preoperative comorbidity, BMI, FEV1%, DLCO%,
ASA grade, surgical approach, surgical type, histology, VPI,
LVI, pTNM stage, postoperative complication and adjuvant
therapy), were entered into the LASSO regression model
(OS: Figure 3a; DFS: Figure 3c). For OS, eight prognostic
factors (age, sex, smoking status, surgical approach, histol-
ogy, VPI, LVI, and pTNM stage) were selected using LASSO
(Figure 3b). For DFS, seven prognostic factors (age, smoking
status, surgical approach, histology, DLCO%, LVI and
PTNM stage) were selected (Figure 3d).

The LASSO-selected factors were further included in the for-
ward stepwise multivariable Cox analysis (Table 2). The results
confirmed that age, VPI, LVI, and pTNM stage were indepen-
dent prognostic factors of OS, and age, DLCO%, LVI, and
PTNM stage were independent prognostic factors of DES.

Survival data
For OS, the survival rate of the stage IA LVI— patients was

superior to that of stage IA LVI+ patients and stage IB
patients (5-year OS rate 91.1% vs. 88.4% vs. 87.0%; stage IA
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TABLE 1 Characteristics of the stage IA NSCLC patients with and without LVI

Characteristics NSCLC without LVI (N = 1022) NSCLC with LVI (N = 120) p

Age, year <0.001*
Median (range) 60 (26-86) 65 (36-84)

Sex 0.004
Male 439 (43.0) 68 (56.7)
Female 583 (57.0) 52 (43.3)

Smoking status <0.001
Nonsmoker 802 (78.5) 72 (60.0)
Smoker 220 (21.5) 48 (40.0)

Family tumor history 0.922
No 889 (87.0) 104 (86.7)
Yes 133 (13.0) 16 (13.3)

Preoperative comorbidities 0.661
Absent 413 (40.4) 46 (38.3)
Present 609 (59.6) 74 (61.7)

BMI 0.4247
Median (range) 24.1 (15.6-38.9) 24.4 (17.4-33.7)

FEV1 (%) 0.001*
Median (range) 99.8 (36.9-157.0) 96.2 (51.0-133.4)

DLCO (%) 0.001*
Median (range) 90.3 (39.1-156.7) 86.6 (40.1-147.5)

cTNM stage <0.001°
IA1 400 (39.1) 5(4.2)
A2 395 (38.6) 48 (40.0)
1A3 154 (15.1) 47 (39.2)
1B 2(0.2) 3 (2.5)
1A 71 (6.9) 17 (14.2)

ASA grade 0.016"
1 212 (20.7) 14 (11.7)
2 770 (75.3) 96 (80.0)
3 38 (3.7) 10 (8.3)
4 2(0.2) 0 (0.0)

Surgical approach 0.203"
VATS 1010 (98.8) 117 (97.5)
Open 12 (1.2) 3 (2.5)

Surgical type <0.001"
Lobectomy 573 (56.1) 98 (81.7)
Sublobectomy 447 (43.7) 21 (17.5)
Other 2(0.2) 1(0.8)

Histology <0.001
ADC 970 (94.9) 92 (76.7)
Other 52(5.1) 28 (23.3)

VPI 0324
Absent 1013 (99.1) 118 (98.3)
Present 9(0.9) 2(1.7)

PTNM stage <0.001
IA1 418 (40.9) 7 (5.8)
A2 423 (41.4) 58 (48.3)
1A3 181 (17.7) 55 (45.8)

(Continues)
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TABLE 1 (Continued)
Characteristics NSCLC without LVI (N = 1022) NSCLC with LVI (N = 120) p
Postoperative complications 0.614°
Absent 982 (96.1) 117 (97.5)
Present 40 (3.9) 3(2.5)
Adjuvant therapy <0.001
No 1012 (99.0) 112 (93.3)
Yes 10 (1.0) 8 (6.7)

Abbreviations: ADC, adenocarcinoma; ASA, the American Society of Anesthesiologists; BMI, body mass index; cTNM, clinical tumor-node-metastasis; DLCO, diffusion capacity
for carbon monoxide; FEV1, forced expiratory volume in 1 s; LVI, lymphovascular invasion; NSCLC, non-small-cell lung cancer; pTNM, pathological tumor-node-metastasis;

VATS, video-assisted thoracic surgery; VPI, visceral pleural invasion.
“Mann-Whitney U test.
PFisher’s exact test.
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LVI— vs. stage IA LVI+, p = 0.018; stage IA LVI— vs. stage
IB, p = 0.006; Figure 4a), and there was no significant sur-
vival difference between stage IA LVI+ patients and stage
IB patients (p = 0.731; Figure 4a). Similar results were
obtained in the comparison of DFS (5-year DES rate 89.1%
vs. 76.4% vs. 87.4%; stage IA LVI— vs. stage IA LVI+,
p < 0.001; stage IA LVI— vs. stage IB, p = 0.001; stage IA
LVI+ vs. stage IB, p = 0.341; Figure 4b).

In the matched cohort, the survivals of the stage IA
LVI+ patients were comparable to those of stage IB patients

(5-year OS rate 77.6% vs. 66.9%, p = 0.204; Figure 4C;
5-year DEFS rate 70.8% vs. 82.3%, p = 0.880; Figure 4D).

DISCUSSION

Our comprehensive analysis of the predictive value of LVI
on stage JA NSCLC patients demonstrated that LVI was an
independent prognostic factor for stage IA NSCLC patients.
The survival outcomes of stage IA LVI— patients were better
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TABLE 2 LASSO-penalized multivariable Cox analysis of stage IA NSCLC patients
os* DES"

Characteristic HR 95% CI p HR 95% CI p

Age <0.001 0.001
Continue 1.078 1.035-1.123 1.068 1.026-1.111

Sex 0.319
Male 1
Female 0.638 0.263-1.545

Smoking status 0.119 0.100
Nonsmoker 1 1
Smoker 1.982 0.839-4.686 1.922 0.882-4.187

DLCO (%) 0.021
Continue 0.974 0.952-0.996

Surgical approach 0.638 0.091
VATS 1 1
Open 1.381 0.360-5.301 3.096 0.835-11.485

Histology 0.407 0.537
ADC 1 1
Other 1.428 0.615-3.317 1.316 0.550-3.148

VPI 0.027
Absent 1
Present 9.286 1.215-86.632

LVI 0.039 0.002
Absent 1 1
Present 1.632 1.167-2.773 2.436 1.754-3.695

pTNM stage 0.040 0.038
IA1 1 1
1A2 2.381 0.941-8.648 2.082 0.583-7.439
IA3 4.215 1.143-15.547 4.230 1.179-15.178

Abbreviations: ADC, adenocarcinoma; DFS, disease-free survival; CI, confidence interval; DLCO, diffusion capacity for carbon monoxide; HR, hazard ratio; LASSO, least absolute
shrinkage and selection operator; LVI, lymphovascular invasion; NSCLC, non-small-cell lung cancer; OS, overall survival; pTNM, pathological tumor-node-metastasis; VATS,

video-assisted thoracic surgery; VPI, visceral pleural invasion.

*Age, sex, smoking status, surgical approach, histology, VPI, LVI and pTNM stage were included in the multivariable Cox analysis of OS.
" Age, smoking status, DLCO (%), surgical approach, histology, LVI and pTNM stage were included in the multivariable Cox analysis of DFS.

than those of stage IA LVI4 patients and stage IB patients,
and the latter two groups had comparable survival outcomes
both before and after PSM analysis. Herein, we proposed
that it might be better to upstage stage IA NSCLC patients
with LVI to stage IB.

LVI, defined as the presence of neoplastic structures in
the lumen of blood or lymphatic vessels,'' is considered to
be the first step of tumor metastasis.”** To be more spe-
cific, tumor cells could reach the blood or lymph circulation
by penetrating the vessels and travel to distant organs.*' >
This was also confirmed in Brant et al.’s study’ and Sung
et al.’s study.”* Therefore, LVI has been included in the
TNM staging systems of several tumors such as hepatic
carcinoma,” testicular cancer,”® and penile cancer.”’
Although several studies evidenced that LVI has a strong
adverse impact on NSCLC patient survivals,"*** it has not
been incorporated into the current TNM staging manual of
NScCLC."

Intense interest has been focused on investigating the
role of LVI in the TNM staging manual of NSCLC. In the
study by Noma et al,'* the authors analyzed the data of
660 resected stage I NSCLC cases and demonstrated that
stage IA patients with vascular invasion (VI) and stage IB
patients had equivalent survival outcomes. Thus, they pro-
posed that stage IA diseases with VI should be upstaged to
stage IB.'” The strength of their study was that the authors
investigated the prognostic value of VI and lymphatic inva-
sion (LI), respectively. However, their study only evaluated
the disease-specific survival, which might have limited sig-
nificance to clinical reference. Kudo et al."® presented a rela-
tively large study of 694 resected stage I NSCLC patients
and revealed that tumors with VI should be upstaged to the
higher T category. The similar result was also observed in
Tsuchiya et al.’s study.”® However, the 7th and 5th TNM
staging manuals were used in their studies, respectively,
which might limit application in the current clinical practice.
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A study by Wang and colleagues evaluated the survivals
between stage I NSCLC patients with LVI and those without
LVI, and demonstrated that it is reasonable to upstage stage IA
patients with LVI to stage IB."” The good points of their study
were the large number of cases (2633 cases) with long-term
follow-up. However, the baseline characteristics between stage
IA patients with LVI and stage IB patients are not balanced
well in their study, which might lead to bias and compromise
their conclusions. The sample size of our study was large and
the dataset that we used was well-managed and included well-
annotated clinicopathologic data and complete follow-up infor-
mation. Therefore, our results had good clinical reference
value. Rigor and efficient statistical methodology (PSM analysis
and LASSO regression model) was also used in our study,
which could reduce bias and made our results more persuasive
and reliable.

Our results showed that stage JA NSCLC patients with
LVI and stage IB patients had similar survival rates. There-
fore, we support the idea that it might be reasonable to
upstage these LVI+ diseases from stage IA to stage IB. It is
known that TNM stage is a strong determinant in guiding
clinical decision making.”> A more accurate assessment of
the prognosis is conducive to formulate a more appropriate
treatment strategy for patients. According to the National

Comprehensive Cancer Network (NCCN) guidelines, stage
IA patients with LVI are recommended to adopt a regular
follow-up strategy.” In our perspectives, closer follow-up or
more intensive care should be administered to these patients
owing to the high relapse rate.®™

Prudence should be exercised when applying our results in
daily clinical practice. First, we did not distinguish VI from
LI. Previous study suggested that LI is not an independent
prognostic factor for stage IA NSCLC."” Future studies are
warranted to evaluate the prognostic values of VI and LI,
respectively. Second, this was a retrospective study from a sin-
gle center and inevitable bias exists, although PSM was used in
this study. Finally, although the sample size of this study was
relatively large, the number of cases was small in one subgroup
(stage IA LVI4-: 120 cases), therefore multicenter studies with
larger volume are necessary to confirm our conclusions.

CONCLUSIONS

In conclusion, our study demonstrated that the survivals of
stage IA NSCLC with LVI were similar to those of stage IB
patients. Hence, we proposed that LVI might be a non-sized
T descriptor that could upstage stage IA diseases to stage IB.
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