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Background: Early non-small cell lung cancer (NSCLC) that abuts adjacent structures 
requires careful evaluation due to its potential impact on postoperative outcomes and 
prognosis. We examined stage I NSCLC with invasion into adjacent structures, focusing on 
the prognostic implications after curative surgical resection.
Methods: We retrospectively analyzed the records of 796 patients who underwent cura-
tive surgical resection for pathologic stage IA/IB NSCLC (i.e., visceral pleural invasion only) 
at a single center from 2008 to 2017. Patients were classified based on tumor abutment 
and then reclassified by the presence of visceral pleural invasion. Clinical characteristics, 
pathological features, and survival rates were compared.
Results: The study included 181 patients with abutting NSCLC (22.7% of all participants) 
and 615 with non-abutting tumors (77.3%). Those with tumor abutment exhibited higher 
rates of non-adenocarcinoma (26.5% vs. 9.9%, p<0.01) and visceral/lymphatic/vascular in-
vasion (30.4%/33.1%/12.7% vs. 8.5%/22.4%/5.7%, respectively; p<0.01) compared to those 
without abutment. Multivariable analysis identified lymphatic invasion and male sex as risk 
factors for overall survival (OS) and disease-free survival (DFS) in stage I NSCLC measuring 
3 cm or smaller. Age, smoking history, vascular invasion, and recurrence emerged as risk 
factors for OS, whereas the presence of non-pure ground-glass opacity was a risk factor 
for DFS.
Conclusion: NSCLC lesions 3 cm or smaller that abut adjacent structures present higher 
rates of various risk factors than non-abutting lesions, necessitating evaluation of tumor in-
vasion into adjacent structures and lymph node metastasis. In isolation, however, the pres-
ence of tumor abutment without visceral pleural invasion does not constitute a risk factor.

Keywords: Abutting, Non-small-cell lung carcinoma, Visceral pleural invasion, Disease- 
free survival
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Introduction

Surgical resection remains the cornerstone of treatment 
for non-small cell lung cancer (NSCLC). It is typically con-
sidered the definitive treatment approach, particularly for 
patients with early-stage NSCLC. Even in advanced stages 
of the disease, surgical resection plays an important and 
evolving role [1-3]. According to the eighth edition of the 
tumor-node-metastasis (TNM) classification of malignant 
tumors, visceral pleural invasion (VPI) confers a T2 cate-
gorization, which corresponds to stage IB NSCLC if the tu-

mor is 3 cm or smaller and no nodal involvement is observed 
[4]. VPI is a documented risk factor for poor outcomes and 
recurrence in NSCLC following curative surgical resection 
[5,6]. When a lesion infiltrates the chest wall, diaphragm, 
mediastinum, or other adjacent structures beyond the vis-
ceral pleura, it is classified as T3 or T4 and considered 
stage II or III, provided no distant metastasis is found. In 
such instances, immediate anatomical resection of the in-
volved lobe, along with radical resection of the adjacent 
structures, is required. Reports have indicated satisfactory 
outcomes following such cases of anatomical lung resec-
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tion [7-9]. However, the staging of adjacent lobe invasion is 
still a matter of debate, with some researchers suggesting 
T3 as the proper classification [10-12]. Therefore, surgeons 
should carefully review preoperative computed tomogra-
phy (CT) scans of lesions abutting adjacent structures, as 
these findings can considerably influence the surgical plan. 
However, the invasion of adjacent structures can only be 
confirmed through histological examination or during 
surgery, not by preoperative assessment alone. Given this 
limitation, it may be valuable to consider whether radiolog-
ical signs of abutment are indicative of pathological inva-
sion and to investigate how these features impact clinical 
outcomes, including survival and recurrence rates. To date, 
the clinical significance of tumors abutting potential inva-
sion sites has not been documented. Moreover, even among 
patients with early-stage (IA or IB) cancer who have un-
dergone curative surgical resection, recurrence has been 
observed, with 5-year survival rates ranging from 65.8% 
for stage IB to 87% for stage IA [13,14]. Consequently, ef-
forts must be made to identify additional risk factors for 
poor outcomes in this population to understand when ad-
juvant treatments are warranted [13-19].

In this study, we aimed to compare the clinical outcomes 
of stage I NSCLC measuring 3 cm or smaller based on the 
presence of tumor abutment. Additionally, we sought to 
identify risk factors for recurrence within this patient pop-
ulation.

Methods

Patients and study design

We conducted a retrospective review of the medical re-
cords of patients who underwent surgical resection for lung 
cancer at a single center between October 2008 and April 
2017. Each patient was given a preoperative diagnostic 

workup, including CT imaging, followed by postoperative 
pathological examination to ensure accurate staging. The 
lung cancer staging adhered to the criteria set forth in the 
eighth edition of the TNM classification of malignant tu-
mors [4]. A total of 839 patients underwent surgical resec-
tion of NSCLC measuring 3 cm or smaller and without 
nodal or distant metastasis. We excluded cases with inade-
quate pathological data (n=31); T2 lesions that involved the 
main bronchus but not the carina or that were associated 
with atelectasis or obstructive pneumonitis extending to 
the hilar region (n=8); and tumors with invasion into adja-
cent lobes or structures (n=4). T2 lesions with VPI were in-
cluded in the study. Ultimately, 796 patients with stage IA 
and IB lung cancer (specifically, lesions 3 cm or smaller 
with VPI) were included in the analysis (Fig. 1).

The patients were grouped based on the presence or ab-
sence of tumor abutment. An abutting tumor was defined 
as a lesion that maintains constant contact with surround-
ing structures, such as other lobes, the parietal pleura, the 
mediastinal pleura, and/or the diaphragm. This contact is 
characterized by more than 1 point of attachment along 
the lung boundary, as observed on preoperative CT. Fig. 2 

VPI
Negative Positive
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(n=563, 70.7%)

Group C
(n=52, 6.5%)

Group B
(n=126, 15.8%)

Group C
(n=55, 6.9%)

Non-abutting group
(n=615, 77.3%)

Abutting group
(n=181, 22.7%)

796 Stage 1A and 1B NSCLC
(1B; VPI only included)

839 Patients underwent curative surgical resection for NSCLC
sized 3 cm or less without nodal or distant metastasis

PositiveNegative
VPI

Exclusion criteria
- Insufficient pathologic result (n=31)
- T2 lesions involving main bronchus (not
the carina) or associated atelectasis or
obstructive pneumonitis (n=8)

- Adjacent lobe or structure invasion (n=4)

Fig. 1. Inclusion and exclusion 
criteria, along with a comparison 
between non-abutment and abut-
ment groups as well as among the 
4 subgroups determined based 
on the presence of abutment and 
visceral pleural invasion. NSCLC, 
non-small cell lung cancer; VPI, 
visceral pleural invasion.

RUL

RML

Interlobar fissure

A B

Fig. 2. Example of abutting lung cancer on computed tomography. 
(A) Right upper lobe (RUL) lung cancer abutting the right middle 
lobe (RML) via the minor fissure (arrows). (B) Schematic illustra-
tion of abutment.
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presents 2 images for comparison. Image (A) depicts lung 
cancer of the right upper lobe that abuts the right middle 
lobe through the minor fissure. The yellow arrow indicates 
a finding typical of abutment on CT. Concurrently, the 
cancer lesion exhibits pleural retraction, indicated by the 
red arrow, which is distinct from the abutment seen on the 
CT scan. Image (B) provides a schematic illustration of 
abutment. Within the circle, some areas marked in yellow 
have turned red, signifying that parts of the cancer lesion 
have been supplanted by the surrounding structures 
through the interlobar fissure. In the absence of surround-
ing structures, the cancer lesion may display concentric 
growth. However, as depicted in this schematic, the cancer 
lesion presents with a red defect within the cancer mass, il-
lustrating the typical signs of abutment. Furthermore, this 
definition was confined to the lesion, with no evidence of 
direct invasion into adjacent structures on either surgical 
inspection or pathological evaluation. Subsequently, each 
group was additionally divided based on the presence or 
absence of VPI, resulting in 4 subgroups: non-abutting and 
non-VPI (termed group A), abutting and non-VPI (group 
B), non-abutting and VPI (group C), and abutting and VPI 
(group D).

After curative surgical resection, each case was reviewed 
by a multidisciplinary team that included oncologists, pul-
monologists, radiologists, pathologists, and thoracic sur-
geons. The decision to administer adjuvant therapy was 
made following an interdisciplinary discussion.

Data collection

All data on patient demographics, operative outcomes, 
clinical and pathological findings, recurrence, and survival 
were obtained from the patients’ medical records.

Statistical analysis

Categorical variables were compared using the chi-square 
test or the Fisher exact test, with the latter selected when 
the expected frequency in 1 or more cells was less than 5. 
For continuous variables, comparisons between the 2 groups 
were conducted using the Student t-test or the Wilcoxon 
rank-sum test, while comparisons among the 4 subgroups 
employed 1-way analysis of variance or the Kruskal-Wallis 
test, as appropriate. Overall survival (OS) and disease-free 
survival (DFS) were analyzed with Kaplan-Meier survival 
curves, and differences between the curves were assessed 
for statistical significance using 2-tailed log-rank tests. 
Univariable analysis for OS and DFS was carried out using 

the Cox proportional hazards model. Variables with statis-
tical significance (represented by p-values ≤0.1) in the uni-
variable analysis were subsequently included in multivari-
able analysis. A p-value of less than 0.05 was considered to 
indicate statistical significance. All statistical analyses were 
conducted using IBM SPSS Statistics ver. 25.0 (IBM Corp., 
Armonk, NY, USA).

Ethical statement

The authors are responsible for all aspects of the work in 
ensuring that any questions regarding the accuracy or in-
tegrity of any part of the work are appropriately investigat-
ed and resolved. The study was conducted in accordance 
with the Declaration of Helsinki, as revised in 2013. Ap-
proval for this study was granted by the institutional re-
view board of St. Mary’s Hospital (Seoul, South Korea) un-
der the approval number KC19RASI0794 on November 18, 
2019. Due to the retrospective nature of this study, the re-
quirement for informed consent was waived.

Results

Comparison based on presence of abutment

A total of 796 patients (mean age, 63.0±10.1 years) were 
enrolled, including 384 (48.2%) male and 412 (51.8%) fe-
male participants. The patients were divided into those 
with non-abutting NSCLC (n=615, 77.3%) and those with 
NSCLC exhibiting tumor abutment (n=181, 22.7%). Struc-
tures adjacent to abutting tumors included adjacent lobes, 
mediastinal pleura or structures, parietal pleura (rib or 
chest wall), and the diaphragm. Some tumors abutted more 
than 1 adjacent structure. The number of patients with tu-
mors abutting the adjacent lung, mediastinal pleura, pari-
etal pleura, and diaphragm were 84 (10.6%), 19 (2.4%), 65 
(8.2%), and 2 (0.3%), respectively. Two lesions (0.3%) simul-
taneously abutted the lung and mediastinal pleura. Addi-
tionally, 6 lesions (0.8%) abutted both the lung and parietal 
pleura, 1 lesion (0.1%) abutted the lung and diaphragm, 
and 2 lesions (0.3%) abutted the mediastinal and parietal 
pleura. Significant differences in several clinical and 
pathological characteristics were observed between the 
groups. The participants with tumor abutment showed a 
male predominance (55.2%) that was not observed in the 
non-abutment group, which was 46.2% male (p=0.03). 
Those with abutting tumors also had a higher rate of posi-
tive smoking history (76.8% versus 64.6%, p<0.01). Pure 
ground-glass nodules (GGNs) were more commonly found 
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in the non-abutment group (19.2% versus 4.4%, p<0.01). 
According to both preoperative CT and pathological anal-
ysis, those with abutting tumors had lesions with a longer 
diameter (2.1 cm and 2.0 cm, respectively) than those in 
the non-abutting tumor group (1.8 cm and 1.7 cm, respec-
tively, p<0.01). Pathological analysis revealed distinct char-
acteristics between the groups. The patients with tumor 
abutment had higher frequencies of non-well-differentiated 
and non-adenocarcinoma tumors (26.5% and 22.3%, re-
spectively) compared to those not exhibiting abutment 
(9.9% and 13.6%, respectively; p<0.01). The abutting tumor 
group also displayed higher rates of visceral, lymphatic, 
and vascular invasion (30.4%, 33.1%, and 12.7% versus 
8.5%, 22.4%, and 5.7%, respectively; p<0.01). Adjuvant 
treatments, such as chemotherapy and radiotherapy, were 
more frequently administered to patients with abutting tu-
mors (8.3% versus 1.3%, p<0.01). Finally, the recurrence 
rate was higher among those with abutment (14.4% versus 
8.1%, p=0.01). The details are presented in Table 1.

Comparison based on presence of abutment and 
VPI

To investigate whether differences based on abutment 
type were associated with VPI, we compared groups A and 
B (the subgroups representing tumors without VPI) with 
groups C and D (those representing tumors with VPI). Re-
garding patient characteristics, group B—which included 
patients with tumor abutment but no VPI—had a higher 
proportion of male participants (57.1% versus 45.3%, 
p=0.02) and a greater prevalence of positive smoking histo-
ry (76.2% versus 65.0%, p=0.02) compared to group A, 
which was characterized by the absence of both abutment 
and VPI. In preoperative CT findings, group B exhibited a 
lower frequency of pure ground-glass opacity (GGO) nod-
ules (5.6% versus 20.8%, p<0.01) and a larger average CT 
diameter (2.1 cm versus 1.8 cm, p<0.01) than group A. 
Pathologic analysis revealed that group B had larger tu-
mors (1.9 cm versus 1.7 cm, p<0.01), a higher incidence of 
non-adenocarcinoma (25.4% versus 9.9%, p<0.01), more 

Table 1. Comparison of groups based on the presence of tumor abutment

Characteristic Non-abutting Abutting p-value

No. of patients 615 (77.3) 181 (22.7)
Age (yr) 62.6±10.2 64.2±9.8 0.07
Sex 0.03
   Male 284 (46.2) 100 (55.2)
   Female 331 (53.8) 81 (44.8)
Smoking history 397 (64.6) 139 (76.8) <0.01
Mean hospital stay (day) 6.8±7.5 7.0±4.6 0.73
Anatomical resection + additional resection 43 (7.0) 20 (11.0) 0.08
Pure GGN 118 (19.2) 8 (4.4) <0.01
CT diameter (cm) 1.8±0.7 2.1±0.9 <0.01
Laterality 0.36
   Right 378 (61.5) 118 (65.2)
   Left 237 (38.5) 63 (34.8)
Specimen diameter (cm) 1.7±0.6 2.0±0.6 <0.01
Non-adenocarcinoma 61 (9.9) 48 (26.5) <0.01
Visceral pleural invasion 52 (8.5) 55 (30.4) <0.01
Lymphatic invasion 138 (22.4) 60 (33.1) <0.01
Vascular invasion 35 (5.7) 23 (12.7) <0.01
Perineural invasion 2 (0.3) 3 (1.7) 0.08a)

Non-well-differentiated tumor 82 (13.6) 40 (22.3) <0.01
Adjuvant treatment rate 8 (1.3) 15 (8.3) <0.01
   CTx 6 (1.0) 12 (6.6)
   RTx 2 (0.3) 2 (1.1)
   CTx+RTx 0 1 (0.6)
Recurrence rate 50 (8.1) 26 (14.4) 0.01
Mortality rate 33 (5.4) 15 (8.3) 0.15

Values are presented as number (%) or mean±standard deviation.
GGN, ground-glass opacity nodule; CT, computed tomography; CTx, chemotherapy; RTx, radiotherapy; CTx+RTx, chemotherapy and radiotherapy.
a)The p-value was calculated using the Fisher exact test.
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non-well-differentiated lesions (20.8% versus 13.0%, p= 
0.03), and more frequent perineural invasion (2.4% versus 
0.2%, p=0.02 by Fisher exact test) than group A. Addition-
ally, patients in group B were more often treated with adju-
vant therapy (4.8% versus 1.4%, p=0.03) than those in 
group A. In terms of patient characteristics, group D 
(which was characterized by both VPI and abutment) had 
a higher rate of positive smoking history (78.2% versus 
59.6%, p=0.04) than group C, which had VPI but no abut-
ment. Pathological analysis showed that group D had a 
greater incidence of non-adenocarcinoma (29.1% versus 
9.6%, p=0.01) and vascular invasion (27.3% versus 9.6%, 
p=0.02) than group C. Moreover, patients in group D were 
more frequently treated with adjuvant therapy (16.4% ver-
sus 0.0%, p<0.01) than those in group C. The details are 
presented in Table 2.

OS and DFS

The median follow-up period was 46.5 months. Survival 
differences between the abutting and non-abutting groups 
are illustrated with OS and DFS curves (p=0.048 and p< 
0.01, respectively). Upon subgroup analysis, between the 
non-VPI subgroups (A and B), the OS and DFS curves re-
vealed no statistically significant differences (p=0.24 and 
p=0.41, respectively). Similarly, when comparing the VPI 
groups (C and D), the OS and DFS curves indicated no sig-
nificant differences (p=0.67 and p=0.44, respectively). 
These findings are detailed in Fig. 3.

Analysis of risk factors for OS and DFS

Age (hazard ratio [HR], 1.06; 95% confidence interval 
[CI], 1.03–1.10; p<0.01), male sex (HR, 2.92; 95% CI, 1.35–

Table 2. Comparison of groups based on the presence of tumor abutment and VPI

Variable

VPI

Negative (n=689)
p-value

Positive (n=107)
p-value

Group A Group B Group C Group D

No. of patients 563 (81.7) 126 (18.3) 52 (48.6) 55 (51.4)
Age (yr) 62.5±10.2 63.7±9.7 0.22 64.1±10.5 65.3±10.1 0.55
Sex 0.02 0.62
   Male 255 (45.3) 72 (57.1) 29 (55.8) 28 (50.9)
   Female 308 (54.7) 54 (42.9) 23 (44.2) 27 (49.1)
Smoking history 366 (65.0) 96 (76.2) 0.02 31 (59.6) 43 (78.2) 0.04
Mean hospital stay (day) 6.8±7.6 6.8±4.5 0.98 6.9±5.7 7.4±5.0 0.61
Anatomical resection+additional resection 38 (6.7) 13 (10.3) 0.17 5 (9.6) 7 (12.7) 0.61
Pure GGN 117 (20.8) 7 (5.6) <0.01 1 (1.9) 1 (1.8) >0.99
CT diameter (cm) 1.8±0.7 2.1±1.0 <0.01 2.2±0.7 2.2±0.7 0.77
Laterality 0.77 0.41
   Right 345 (61.3) 79 (62.7) 33 (63.5) 39 (70.9)
   Left 218 (38.7) 47 (37.3) 19 (36.5) 16 (29.1)
Specimen diameter (cm) 1.7±0.6 1.9±0.6 <0.01 2.1±0.6 2.2±0.5 0.43
Non-adenocarcinoma 56 (9.9) 32 (25.4) <0.01 5 (9.6) 16 (29.1) 0.01
Lymphatic invasion 114 (20.2) 31 (24.6) 0.28 24 (46.2) 29 (52.7) 0.50
Vascular invasion 30 (5.3) 8 (6.3) 0.65 5 (9.6) 15 (27.3) 0.02
Perineural invasion 1 (0.2) 3 (2.4) 0.02a) 1 (1.9) 0 0.49a)

Non-well-differentiated tumor 72 (13.0) 26 (20.8) 0.03 10 (19.2) 14 (25.9) 0.41
Adjuvant treatment rate 8 (1.4) 6 (4.8) 0.03 0 9 (16.4) <0.01
   CTx 6 (1.1) 5 (4.0) 0 7 (12.7)
   RTx 2 (0.4) 1 (0.8) 0 1 (1.8)
   CTx+RTx 0 0 0 1 (1.8)
Recurrence rate 39 (6.9) 11 (8.7) 0.48 11 (21.2) 15 (27.3) 0.46
Mortality rate 28 (5.0) 8 (6.3) 0.53 5 (9.6) 7 (12.7) 0.61

Values are presented as number (%) or mean±standard deviation. Group A: no abutment and no VPI (-/-). Group B: abutment present, but no VPI 
(+/-). Group C: no abutment, but VPI present (-/+). Group D: both abutment and VPI present (+/+).
VPI, visceral pleural invasion; GGN, ground-glass opacity nodule; CT, computed tomography; CTx, chemotherapy; RTx, radiotherapy; CTx+RTx, 
chemotherapy and radiotherapy.
a)The p-value was calculated using the Fisher exact test.
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6.33; p<0.01), smoking history (HR, 2.16; 95% CI, 1.04–
4.49; p=0.04), lymphatic invasion (HR, 1.89; 95% CI, 1.00–
3.57; p=0.048), vascular invasion (HR, 2.59; 95% CI, 
1.22–5.47; p=0.01), and recurrence (HR, 7.89; 95% CI, 
4.40–14.16; p<0.01) were identified as independent risk fac-

tors for OS. Tumor abutment (HR, 1.84; 95% CI, 1.00–3.41; 
p=0.05) and tumor abutment with VPI (HR, 2.64; 95% CI, 
1.18–5.89; p=0.02) were statistically significant risk factors 
for OS in the univariable analysis. However, their signifi-
cance was not observed in the multivariable analysis. Simi-
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larly, male sex (HR, 2.55; 95% CI, 1.55–4.19; p<0.01), lym-
phatic invasion (HR, 2.59; 95% CI, 1.61–4.15; p<0.01), the 
presence of a solid component (non-pure GGO) (HR, 3.31; 
95% CI, 1.02–10.70; p=0.046), and VPI (HR, 2.32; 95% CI, 
1.41–3.82; p<0.01) were identified as risk factors for DFS in 
the multivariable analysis. Tumor abutment (HR, 1.90; 95% 
CI, 1.18–3.05; p<0.01), VPI without abutment (HR, 2.64; 
95% CI, 1.39–5.01; p<0.01), and VPI with abutment (HR, 
3.74; 95% CI, 2.13–6.59; p<0.01) were significant risk fac-
tors for DFS in the univariable analysis. However, either 
they were not significant in the multivariable analysis, or 
multivariable analysis could not be performed due to re-
duced degrees of freedom for a covariate (specifically, VPI 
with tumor abutment). The details are presented in Table 3.

Discussion

In this study, we observed several distinct differences be-
tween those with abutting and non-abutting tumors. The 

abutment group demonstrated a male predominance, a rel-
atively high proportion of patients with a history of smok-
ing, and a comparatively low proportion of patients with 
pure GGO nodules on preoperative CT and pathological 
analysis. Additionally, non-adenocarcinoma pathology oc-
curred more frequently among those with abutment com-
pared to those with non-abutting NSCLC. Previous studies 
[5,6,13-15,18] have identified risk factors such as visceral, 
lymphatic, and vascular invasion, along with poor differ-
entiation, which were more commonly observed among 
patients with tumor abutment than in the non-abutting 
group. Regarding tumor size, those with abutment present-
ed with larger tumors than those with non-abutting tu-
mors, as determined based on both preoperative CT and 
pathological analyses. Consequently, most patients in the 
abutment group, which exhibited both larger tumors and 
known risk factors, were treated with adjuvant therapy. 
Nevertheless, the recurrence rate was higher among those 
with abutting tumors than among those without abutment.

Table 3. Analysis of risk factors for OS and DFS

Variable
Univariable analysis Multivariable analysis

HR (95% CI) for OS p-value HR (95% CI) for OS p-value

OS
   Age 1.08 (1.04–1.11) <0.01 1.06 (1.03–1.10) <0.01
   Male sex 4.71 (2.28–9.73) <0.01 2.92 (1.35–6.33) <0.01
   Smoking history 2.85 (1.45–5.59) <0.01 2.16 (1.04–4.49) 0.04
   Non-pure GGN 2.16 (0.86–5.47) 0.10 0.99 (0.37–2.69) 0.99
   Non-adenocarcinoma 4.29 (2.35–7.83) <0.01 1.70 (0.87–3.32) 0.12
   VPI 2.55 (1.32–4.93) <0.01 1.58 (0.57–4.36) 0.38
   Lymphatic invasion 3.47 (1.96–6.17) <0.01 1.89 (1.00–3.57) 0.048
   Vascular invasion 4.67 (2.36–9.23) <0.01 2.59 (1.22–5.47) 0.01
   Non-well-differentiated tumor 2.43 (1.22–4.83) 0.01 0.73 (0.33–1.64) 0.45
   Adjuvant treatment 3.37 (1.33–8.53) 0.01 2.49 (0.78–8.00) 0.13
   Recurrence 9.66 (5.48–17.03) <0.01 7.89 (4.40–14.16) <0.01
   Abutment 1.84 (1.00–3.41) 0.05 1.21 (0.52–2.80) 0.66
   Abutment with VPI 2.64 (1.18–5.89) 0.02 0.40 (0.09–1.84) 0.24
DFS
   Male sex 2.59 (1.59–4.23) <0.01 2.55 (1.55–4.19) <0.01
   Non-pure GGN 5.58 (1.76–17.73) <0.01 3.31 (1.02–10.70) 0.046
   Specimen diameter 1.64 (1.14–2.37) <0.01 1.02 (0.69–1.52) 0.91
   Non-adenocarcinoma 2.52 (1.51–4.20) <0.01 1.33 (0.74–2.37) 0.34
   VPI 3.76 (2.34–6.05) <0.01 2.32 (1.41–3.82) <0.01
   Lymphatic invasion 3.55 (2.26–5.57) <0.01 2.59 (1.61–4.15) <0.01
   Vascular invasion 2.65 (1.43–4.91) <0.01 0.96 (0.47–1.94) 0.91
   Non-well-differentiated tumor 1.95 (1.13–3.36) 0.02 1.05 (0.57–1.92) 0.88
   Adjuvant treatment 2.38 (0.96–5.89) 0.06 1.40 (0.54–3.64) 0.50
   Abutment 1.90 (1.18–3.05) <0.01 0.97 (0.49–1.92) 0.93
   VPI without abutment 2.64 (1.39–5.01) <0.01 0.90 (0.31–2.61) 0.84
   VPI with abutment 3.74 (2.13–6.59) <0.01 Reduced DF

HR, hazard ratio; CI, confidence interval; OS, overall survival; DFS, disease-free survival; GGN, ground-glass opacity nodule; VPI, visceral pleural 
invasion; DF, degrees of freedom.
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Based on the study findings, the differences between the 

abutting and non-abutting tumor groups were primarily 
attributable to VPI. However, in the subgroup analysis of 
groups A and B (the VPI-negative subgroups), certain clin-
icopathological factors, such as smoking history and the 
presence of pure GGNs, remained different between those 
with and without tumor abutment. Abutting tumors (found 
in group A) tended to display a more aggressive nature, a 
higher rate of non-well-differentiated lesions, and a larger 
tumor diameter on CT. Nevertheless, in the survival anal-
ysis, the non-VPI groups A and B showed no statistically 
signif icant differences in OS or DFS. Similarly, the 
VPI-positive groups C and D showed no statistically signif-
icant differences in survival outcomes. Overall, we hypoth-
esized that the survival differences between the abutting 
and non-abutting tumor groups may be due to VPI. These 
results suggest that taken alone, a preoperative CT finding 
indicating tumor abutment of adjacent structures is not as-
sociated with poor postoperative outcome. However, due to 
the aggressive nature of abutting tumors, a surgeon per-
forming curative resection should approach the case with 
care and ensure meticulous follow-up.

In the Cox hazard model, the presence of abutment alone 
was not identified as a risk factor. However, when patients 
were categorized based on whether abutment was present, 
the groups exhibited differing rates of risk factors.

Our study results indicate that tumors abutting adjacent 
structures exhibit distinctive features compared to non- 
abutting tumors. These differences may be associated with 
the larger size of the abutting tumors or a higher rate of 
VPI. However, abutment itself was not confirmed as an in-
dependent risk factor, although the presence of abutment is 
associated with varying rates of other risk factors. When a 
surgeon identifies an abutting tumor on preoperative CT, 
standard curative resection should be performed. Subse-
quent adjuvant treatment should be applied based on the 
pathological findings.

This study had several limitations. First, it was retro-
spective in nature and the data were collected from a single 
center, which may have introduced selection bias and lim-
ited the generalizability of our findings. Second, the defini-
tion of “abutment” employed was somewhat ambiguous. 
We defined abutment as a situation in which lesions were 
in constant contact with surrounding structures, with 
more than 1 attachment point along the lung boundary. A 
recent study identified pleural attachment and indentation 
as risk factors for VPI [20]. Based on our definition, cases 
that exhibited only simple indentations or pleural attach-
ments were not considered to display tumor abutment and 

were therefore excluded. Finally, invasion was subjectively 
determined by the respective surgeons. When excisions or 
biopsies of adjacent structures were not performed, the 
presence of invasion could not be definitively excluded. 
Thus, abutting lesions with microinvasions into adjacent 
structures would have been underestimated as noninva-
sive.

In conclusion, NSCLC lesions 3 cm or smaller that abut 
adjacent structures present higher rates of various risk fac-
tors than non-abutting lesions. Consequently, these cases 
require thorough evaluation for potential invasion into ad-
jacent structures and lymph node metastasis. Taken alone, 
however, the presence of an abutting tumor without VPI 
does not represent a risk factor. To generalize our findings, 
further research involving larger datasets from multiple 
centers should be conducted.
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