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Abstract:
BACKGROUND AND AIM: Chest wall invasion in non-small cell lung cancer (NSCLC) was once 
considered a criterion for inoperability. However, with advances in thoracic surgery, complete 
resection in selected patients has been associated with improved outcomes. This study aims to 
evaluate prognostic factors influencing survival in surgically treated NSCLC patients with chest 
wall invasion.
METHODS: We retrospectively reviewed 77 patients who underwent pulmonary resection with 
chest wall resection or extrapleural resection for NSCLC with confirmed chest wall invasion 
between January 2000 and April 2005. Clinicopathological data, including tumor histology, tu-
mor-node-metastasis (TNM) staging, depth of chest wall invasion, perineural and lymphatic in-
vasion, necrosis, and surgical margin status, were analyzed. Survival was assessed using Ka-
plan-Meier analysis, and multivariate analysis was performed using Cox regression.
RESULTS: The five-year survival rate was 29%, with a median survival of 19 months. Complete 
resection (R0) was achieved in 71.7% of patients. Univariate analysis showed that positive mar-
gins, lymphatic invasion, and N2 status were associated with worse outcomes but did not reach 
statistical significance. In multivariate analysis, R1 resection was identified as an independent 
negative prognostic factor (hazard ratio: 1.96; 95% confidence interval: 1.03-3.71; p=0.04). Costal 
invasion appeared to be associated with better survival, though this was not statistically significant.
CONCLUSIONS: Complete surgical resection is a key determinant of survival in NSCLC with 
chest wall involvement. Margin status remains the most critical prognostic factor, underscoring 
the importance of radical oncologic surgery.
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Introduction

Lung cancer remains the leading cause of cancer-re-
lated deaths worldwide, with non-small cell lung 

cancer (NSCLC) accounting for the majority of cases. 
Surgical resection is the mainstay of treatment for early-
stage NSCLC, yet only a limited proportion of patients 
are diagnosed at a stage suitable for surgery. Among 
surgically treated NSCLC patients, chest wall invasion is 
observed in approximately 5–8% of cases.[1,2]

Historically, chest wall invasion was considered a con-
traindication to surgery. However, since Coleman’s 
pivotal study in 1947, it has been shown that en bloc re-
section of the lung and chest wall may yield acceptable 
survival outcomes in selected patients.[3] Complete resec-
tion with negative margins (R0) has since become a key 
objective in such cases.[4]

Although tumor-node-metastasis (TNM) staging re-
mains the cornerstone of treatment planning and prog-
nostication in NSCLC,[5] recent studies have highlighted 
the additional prognostic value of histopathologic fea-
tures such as lymphovascular invasion,[6] perineural in-
vasion,[7] tumor necrosis,[8] and the extent of chest wall 
involvement.[9,10] Nonetheless, the prognostic signifi-
cance of these factors remains controversial, particularly 
in small retrospective series.[11,12]

This study aimed to assess the impact of various clinico-
pathological and surgical parameters on overall survival 
in NSCLC patients who underwent surgical resection 
with confirmed chest wall invasion.

Materials and Methods

A retrospective analysis was conducted on 77 patients 
with pathologically confirmed NSCLC and chest wall 
invasion who underwent surgery between January 2000 
and April 2005 at a single tertiary hospital.

All patients were evaluated preoperatively with clinical 
examination, laboratory tests, pulmonary function tests, 
chest radiography, and thoracic computed tomography. 
Where indicated, ventilation-perfusion scans, brain com-
puted tomography (CT), abdominal ultrasound, and 
bone scintigraphy were also performed. Mediastinal 
staging was carried out using CT and mediastinoscopy.

Surgical procedures included posterolateral thoraco-
tomy, pulmonary resection, and either extrapleural or en 
bloc chest wall resection, depending on intraoperative 
Patients with tumors firmly adherent to the chest wall 
and exhibited macroscopic invasion beyond the pari-
etal pleura underwent en bloc chest wall resection, in-
cluding resection of adjacent ribs and intercostal tissues. 
In contrast, when the tumor could be easily mobilized 
from the chest wall and invasion was presumed to be 
limited to the parietal pleura, extrapleural resection was 
performed. Systematic lymph node sampling was per-
formed in all cases. Frozen-section analysis guided deci-
sions regarding resectability.

Histopathologic features analyzed from surgical speci-
mens included histologic subtype, tumor necrosis, lym-
phatic and perineural invasion, and resection margin sta-
tus. Although patients were originally staged according 
to the 1997 American Joint Committee on Cancer (AJCC) 
TNM classification, restaging based on the 8th edition 
was applied where data allowed, to enhance the compa-
rability and relevance of prognostic evaluation.

Survival data were collected through direct follow-up 
and telephone contact. The survival period was calcu-
lated from the date of surgery. Kaplan-Meier survival 
analysis and the log-rank test were used for univariate 
analysis, and the Cox proportional hazards model was 
used for multivariate analysis. A p-value <0.05 was con-
sidered statistically significant.

The study was conducted in accordance with the 1964 
Declaration of Helsinki. Artificial intelligence (AI) tech-
nology was not used in the preparation of this article. 
Due to the retrospective design of the study, patient con-
sent was not obtained.

Results

A total of 77 patients with NSCLC and chest wall invasion 
were included in the study, with a male predominance 
(97.4%) and a mean age of 57±10.8 years. Right-sided 
tumors accounted for 64% of cases. Chest wall resection 
was performed in 56 patients (73%), while extrapleural 
resection was performed in 21 patients (27%) (Table 1).

Histopathologically, 45.4% had squamous cell carci-
noma, 41.5% had adenocarcinoma, and the remainder 
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had other subtypes. Pathological staging revealed 49.4% 
in stage IIB, 45.4% in stage IIIA (T3N1M0), and 5.2% in 
stage IIIA (T3N2M0).

Complete (R0) resection was achieved in 55 patients 
(71.7%). Perineural invasion was observed in 23.3%, lym-
phatic invasion in 84.4%, and tumor necrosis in 85.7% of 
cases. The five-year cumulative survival rate was 29%, 
and the median overall survival was 19 months (95% 
confidence interval [CI]: 14–24) [Fig. 1]. Patients with R0 
resection had better survival compared with those with 
R1 margins (HR: 2.10; 95% CI: 1.12–3.91; p=0.12) in uni-
variate analysis, although this difference was not statis-
tically significant. In multivariate analysis, R1 resection 
emerged as an independent predictor of poorer survival 
(HR: 1.96; 95% CI: 1.03–3.71; p=0.04) (HR: 1.96, 95% CI: 
1.03–3.71; p=0.04) [Figs. 1-3] (Table 2).

Subgroup analysis showed no statistically significant dif-
ferences in survival based on histologic subtype (p=0.71), 
perineural invasion (p=0.65), lymphatic invasion (p=0.18), 
or tumor necrosis (p=0.27). Similarly, age did not reach 
statistical significance as a continuous variable (p=0.14).

Regarding the extent of chest wall invasion, no signifi-
cant survival difference was observed between patients 
with costal involvement and those with parietal pleura 
invasion (HR: 0.81, 95% CI: 0.45–1.45; p=0.11), though 
costal involvement was associated with slightly better 

Figure 1: Kaplan-Meier overall survival curve for all patients with non-small cell lung 
cancer and chest wall invasion who underwent surgical resection. The five-year 
cumulative survival rate was 29%, with a median overall survival of 19 months

Figure 2: Kaplan-Meier survival curves according to clinical stage (T3N0M0, 
T3N1M0, and T3N2M0). Although the differences were not statistically significant, a 
trend toward decreased survival was observed with increasing nodal involvement

Table 1: Patient characteristics 

Parameter	 n		  %

Sex	
	 Male	 75		  97.4
	 Female	 2		  2.6
Mean age (years)		  57±10.8
Side	
	 Right lung tumors	 50		  64
	 Left lung tumors	 27		  36
Resection type	
	 En bloc resection	 56		  73
	 Extrapleural resection	 21		  27
Histology	
	 Squamous cell carcinoma	 35		  45.4
	 Adenocarcinoma	 32		  41.5
	 Large cell carcinoma	 6		  7.7
	 Undifferentiated	 1		  1.2
	 Others	 3		  3.8
Stage	
	 IIB (T3N0M0)	 38		  49.4
	 IIIA (T3N1M0)	 35		  45.4
	 IIIA (T3N2M0)	 4		  5.2
Resection completeness	
	 Complete resection (R0)	 55		  71.7
	 Incomplete resection (R1)	 21		  28.3
Necrosis	
	 Present	 66		  85.7
	 Absent	 11		  14.3
Lymphatic invasion	
	 Present	 65		  84.4
	 Absent	 12		  15.6
Pleural invasion	
	 Present	 18		  23.3
	 Absent	 59		  76.6
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outcomes. In terms of surgical technique, patients un-
dergoing en bloc resection demonstrated a trend toward 
better survival compared with those treated with ex-
trapleural resection (HR: 1.31, 95% CI: 0.85–2.04; p=0.26), 
although this was not statistically significant [Fig. 2]. 
Notably, three local recurrences were observed in the 
extrapleural group, two of which had initially positive 
surgical margins (R1). These patients subsequently un-
derwent completion surgery.

Multivariate Cox regression analysis was performed to 
identify independent predictors of survival. Variables 
with a p-value <0.20 in univariate analysis—including 
resection margin status, lymphatic invasion, nodal sta-
tus, age, and chest wall invasion level—were included 
in the model. Among these, only incomplete resection 
(R1) remained statistically significant (HR: 1.96, 95% 
CI: 1.03–3.71; p=0.04). Lymphatic invasion (HR: 1.72, 
95% CI: 0.95–3.10; p=0.07) and nodal involvement (N2 

Figure 3: (a) Kaplan-Meier survival curves based on resection margin status (R0 vs. R1). Patients who underwent complete (R0) resection demonstrated a survival advantage 
over those with incomplete (R1) resection, although the difference was not statistically significant. (b) Kaplan-Meier survival curves comparing en bloc chest wall resection and 

extrapleural resection. A non-significant trend favoring en bloc resection was observed, suggesting potential oncologic benefits of more radical surgery in selected patients. 
(c) Kaplan-Meier survival curves stratified by the presence of lymphatic invasion. Patients without lymphatic invasion showed improved survival compared with those with 

positive lymphatic invasion, although the difference did not reach statistical significance. (d) Kaplan-Meier survival curves comparing adenocarcinoma and non-adenocarcinoma 
histologies. No significant difference in survival was observed between patients with adenocarcinoma and those with other histological subtypes

(a)

(c)

(b)

(d)
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vs. N0-1; HR: 1.69, 95% CI: 0.89–3.21; p=0.06) showed 
a trend toward worse survival but did not reach sta-
tistical significance. These findings are summarized in 
Table 2 [Fig. 3].

Discussion

This retrospective study contributes to the understand-
ing of prognostic factors in NSCLC patients with chest 
wall invasion undergoing surgical resection. Our results 
underscore the importance of achieving complete (R0) 
resection, which emerged as an independent predictor of 
improved survival in multivariate analysis. This finding 
aligns with previous literature emphasizing the critical 
prognostic impact of negative surgical margins in locally 
advanced NSCLC.[4,9,13]

Although histopathologic factors such as lymphatic in-
vasion, N2 nodal status, and patient age did not reach 
statistical significance in multivariate analysis, they 
demonstrated hazard ratios suggestive of potential prog-
nostic relevance. These trends are consistent with earlier 
studies indicating poorer outcomes in the presence of 
lymphovascular invasion and advanced nodal disease.
[6–8,12] The lack of statistical significance in our cohort may 
be attributable to sample size limitations or heterogene-
ity in treatment strategies.

The five-year survival rate of 29% and the median sur-
vival of 19 months observed in our series are in accor-
dance with previously published outcomes for patients 

with chest wall invasion.[4,10] These figures highlight the 
ongoing challenges in managing this subgroup, particu-
larly in those with concomitant nodal metastases.

Interestingly, patients with costal invasion demon-
strated a trend toward better survival compared with 
those with isolated parietal pleura involvement, al-
though this difference did not reach statistical sig-
nificance. This observation may not solely reflect the 
anatomical site of invasion but rather the surgical ap-
proach adopted. Patients with costal involvement in 
our cohort more frequently underwent en bloc resec-
tions, which facilitate radical oncologic clearance and 
reduce the likelihood of residual disease. Although R1 
resections were more frequent in the parietal pleura 
invasion group, the difference in R1 rates between the 
two groups was not statistically significant, suggest-
ing that this trend should be interpreted with caution. 
These findings are consistent with the observations of 
Batıhan et al.,[4] who reported superior long-term sur-
vival in patients undergoing bony chest wall resections, 
likely due to the lower risk of residual disease.

The choice between extrapleural and full-thickness chest 
wall resection remains controversial. Some authors advo-
cate for extrapleural dissection to minimize morbidity in 
cases with limited invasion,[14] whereas others emphasize 
wider resections to reduce recurrence risk.[9,10,13] In our 
study, a non-significant increase in local recurrence was 
observed among patients who underwent extrapleural 
resection, suggesting a potential trade-off between sur-
gical extent and oncologic adequacy.

Table 2: Univariate and multivariate Cox regression analysis

Variable*	 Univariate	 95% CI	 p	 Multivariate	 95% CI	 p 
		  HR			   HR

Resection margin (R1 vs. R0)	 2.1	 1.12–3.91	 0.12	 1.96	 1.03–3.71	 0.04
Lymphatic invasion (yes vs. no)	 1.84	 1.00–3.40	 0.18	 1.72	 0.95–3.10	 0.07
Nodal status (N2 vs. N0-1)	 1.78	 0.93–3.38	 0.08	 1.69	 0.89–3.21	 0.06
Age (continuous)	 1.03	 1.00–1.06	 0.14	 1.02	 0.99–1.05	 0.08
Chest wall invasion (costal vs parietal pleura)	 0.81	 0.45–1.45	 0.11	 0.81	 0.45–1.45	 0.11
Histologic subtype (adenocarcinoma vs. non-adenocarcinoma)	 1.21	 0.62–2.36	 0.71	 –	 –	 –
Tumor necrosis (yes vs. no)	 1.35	 0.70–2.59	 0.27	 –	 –	 –
Perineural invasion (yes vs. no)	 1.48	 0.68–3.21	 0.65	 –	 –	 –
Adjuvant chemotherapy (yes vs. no)	 0.89	 0.63–1.28	 0.4	 –	 –	 –
Adjuvant radiotherapy (yes vs. no)	 1.19	 0.88–1.62	 0.25	 –	 –	 –
Surgical technique (extrapleural vs. en bloc)	 1.31	 0.85–2.04	 0.26	 –	 –	 –

*: This table summarizes the univariate and multivariate Cox regression results assessing overall survival in non-small cell lung cancer (NSCLC) patients with chest 
wall invasion. Multivariate analysis was limited to variables with a univariate p-value <0.20 to reduce the risk of overfitting. HR: Hazard ratio, CI: Confidence interval, 
R0: Complete resection, R1: Incomplete resection
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Multivariate Cox regression analysis provided further 
clarity by highlighting the prognostic weight of resec-
tion margins, even after adjusting for age, nodal status, 
and lymphatic invasion. Notably, R1 resection was as-
sociated with nearly double the hazard of death com-
pared with R0, reinforcing the need for intraoperative 
vigilance and margin-oriented surgical strategies.

This study has certain limitations, including its retro-
spective nature, relatively small sample size, and sin-
gle-center design, which may limit the generalizabil-
ity of the findings. Further multicenter prospective 
studies with larger cohorts are warranted to validate 
these results.

Conclusion

In conclusion, our study reinforces the clinical impor-
tance of complete resection in NSCLC patients with chest 
wall invasion. While not all histopathologic variables 
reached statistical significance, their potential prognostic 
influence should not be overlooked in surgical planning. 
Achieving R0 resection—preferably via en bloc tech-
niques when feasible—remains a cornerstone of effective 
treatment, and decisions regarding the extent of resec-
tion should be tailored to individual tumor characteris-
tics and intraoperative findings.[4,13,14]
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