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Background: Primary lung cancer that invades the chest wall is classified as T3 regardless of the depth of 
invasion. This study assessed the prognostic impact of pathologically confirmed rib invasion in patients with 
pT3N0-1 lung cancer requiring chest wall resection.
Methods: We retrospectively analyzed the records of patients with non-small cell lung cancer (NSCLC) 
who underwent combined lung and chest wall resection with rib involvement from 2006 to 2019. The 
median follow-up period was 64.0 months.
Results: In total, 42 patients (41 men, 1 woman) were enrolled. The median patient age was 64 years 
(range, 42–79 years). The median tumor size before treatment was 56.5 mm (range, 21–80 mm), and an 
osteolytic sign was identified on computed tomography (CT) in 42.9% (18/42). Among 27 patients who 
received induction chemoradiotherapy, 5 (18.5%) achieved a complete pathological response. The operations 
comprised 36 lobectomies, 5 segmentectomies, and 1 wedge resection with resection of 2.5 ribs on average. 
Pathological examination revealed rib invasion in 18 (42.9%) patients. The 5-year disease-free and overall 
survival rates with pathological rib invasion were 44.4% and 77.4% (P=0.0114), respectively and those 
without pathological rib invasion were 44.7% and 81.3% (P=0.0222), respectively. Pathologically confirmed 
rib invasion was the only factor identified to have a prognostic impact in the univariate and multivariate 
analyses [hazard ratio (HR), 5.98; 95% confidence interval (CI): 1.37–26.1]. Locoregional recurrence and 
distant metastases were more common in patients with than without pathologically confirmed rib invasion 
[4 (22.2%) and 6 (33.3%), respectively, among 18 patients with pathological rib invasion; 2 (8.3%) and 3 
(12.5%), respectively, among 24 patients without pathological rib invasion] (P=0.0073).
Conclusions: Pathologically confirmed rib invasion was found to have a significant unfavorable prognostic 
impact in patients with pT3N0-1 lung cancer requiring chest wall resection. Multimodal therapy may be 
preferable in these patients to prevent local and distant relapse.
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Introduction

Chest wall invasion is found in 2% to 8% of patients with 
non-small cell lung cancer (NSCLC) undergoing surgical 
resection (1-3). Since the first report of en bloc excision of 
primary lung cancer invading the chest wall by Coleman (4) 
in 1947, multimodal treatments have been developed for 
locally advanced NSCLC (cT3N0-1 or T4N0-1) with chest 
wall invasion.

The eighth edition of the Tumour, Node, Metastasis 
(TNM) classification categorizes chest wall invasion as T3 
disease regardless of the anatomical structures involved 
(parietal pleura only, intercostal soft tissue, or ribs). Although 
5-year overall survival is reportedly worse in patients with 
pT3 NSCLC and chest wall invasion (25.0–67.0% in 
those with R0 resection and 8.0–21.0% in those with pN2 
disease) (5,6), the literature contains little information on 
the prognostic impact of rib involvement in these patients. 
Moreover, because T3 disease requiring chest wall resection 
is not subdivided further, it is still not clear whether induction 
chemoradiotherapy or upfront surgery followed by adjuvant 
chemotherapy is best in these patients (7). Identification 
of the prognostic impact of chest wall invasion in patients 
with NSCLC and its optimal treatment is important for 
improvement of the outcomes in patients with pathological 
T3 disease requiring chest wall resection. We hypothesized 
that pathological rib invasion might be a poor prognostic 
factor among patients with T3 lung cancer requiring chest 
wall resection, including rib resection. The aim of this study 
was to investigate the prognostic impact of pathologically 
confirmed rib invasion in patients with NSCLC undergoing 
lung resection with en bloc resection of the chest wall. We 
present the following article in accordance with the TREND 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-976/rc).

Methods

Patient selection

This retrospective cohort study was performed in the 
Department of Thoracic Surgery at Kyoto University Hospital. 
The electronic medical records of patients who underwent 
surgery for lung cancer from January 2006 to December 2019 
were reviewed. Pathological data were registered according to 
the eighth edition of the TNM classification published by the 
Union for International Cancer Control. 

The decision to administer induction chemoradiotherapy 
was made by members of a multidisciplinary tumor board 

after preoperative assessment of tumor resectability and 
the nodal status. After surgery, adjuvant chemotherapy was 
planned for the patients who had not received induction 
therapy. Pathological rib invasion was diagnosed in the 
cross section of the surgical specimen with the maximum 
chest wall invasion of lung cancer when cortical invasion 
of the rib by the tumor was identified in postoperative 
pathological examinations. 

Follow-up computed tomography (CT) and laboratory 
investigations were scheduled every 6 months after 
surgery. When the CT findings suggested recurrence, 
fluorodeoxyglucose positron emission tomography was 
performed to guide treatment. Magnetic resonance imaging 
of the brain was performed when patients reported a 
symptom suspicious for brain metastasis. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional ethics board of Kyoto 
University Hospital (Approval Nos. E1668 and F2471), and 
the requirement for individual consent was waived because 
of the retrospective nature of the study.

Statistical analysis

Preoperative clinicopathological factors that potentially 
increased the risk of perioperative complications and the 
prognosis were examined in a logistic regression model. 
Categorical variables were compared between groups 
using the chi-squared test and continuous variables using 
the Mann-Whitney U test. Overall survival was calculated 
according to the Kaplan-Meier method and compared 
between groups using the log-rank test. All statistical analyses 
were performed using JMP Pro version 15.2.1 (SAS Institute 
Inc., Cary, NC, USA). All statistical tests were two-sided, and 
a P value of <0.05 was considered statistically significant.

Results

Fifty-four patients underwent lung resection combined with 
chest wall resection during the study period. Ten patients 
with pT4 disease (pathological tumor size of >70 mm, 
vertebral invasion, and diaphragm invasion) and 2 patients 
with pT3N2 disease were excluded, leaving 42 patients 
with pT3-NSCLC who underwent chest wall resection for 
inclusion in the study (Figure 1). The median follow-up 
duration was 64.0 months. 

Patient characteristics, including sex, smoking status, 
and pulmonary function, are summarized in Table 1. The 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-976/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-976/rc
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Induction chemoradiotherapy 
followed by surgery (n=15)

• Minor pathological effect (n=7) 

• Major pathological effect (n=5) 

• Complete pathological effect (n=3)

Induction chemoradiotherapy 
followed by surgery (n=12)

• Minor pathological effect (n=2)

• Major pathological effect (n=8) 

• Complete pathological effect (n=2) 

Upfront surgery  
(n=9)

p-rib (−)  
(n=24)

Patients who underwent chest wall resection due 
to chest wall invasion of pT3N0-1 lung cancer 

(n=42)

p-rib (+)  
(n=18)

Upfront surgery  
(n=6)

Figure 1 Flow chart showing the process used to select patients with clinical T3 non-small cell lung cancer requiring chest wall resection 
for inclusion in this study. Pathological rib invasion was identified in 18 patients and not identified in 24 patients. p-rib, pathological rib 
invasion.

Table 1 Patient demographic and clinical characteristics according to pathological rib invasion status

Variables Total, n=42
Pathological rib invasion 

(+), n=18
Pathological rib invasion 

(−), n=24
P value

Age, years 62.5±10.9 [42–79] 64.6±10.2 [45–79] 61.0±11.4 [42–77] 0.2956

Sex, M/F 41/1 18/0 23/1 0.2862

Smoking status, Y/N 40/2 17/1 23/1 0.8351

VC, mL 3.75±0.82 [1.66–5.3] 3.68±0.66 [2.5–5.3] 3.80±0.93 [1.66–5.28] 0.6236

%VC 97.8±19.9 [37.5–136.6] 96.9±16.4 [67.3–129.5] 98.5±22.5 [37.5–136.6] 0.7976

FEV1, mL 2.72±0.70 [1.05–4.23] 2.57±0.58 [1.05–3.45] 2.84±0.77 [1.35–4.23] 0.2278

%FEV1 88.5±18.2 [40.4–121.0] 83.6±16.5 [40.4–107.1] 92.2±18.9 [60.8–121.0] 0.1295

Tumor size, mm 55.6±14.5 [21–80] 58.7±13.3 [31–80] 53.3±15.2 [21–80] 0.2429

Clinical rib invasion 17 11 6 0.0175

Preoperative treatment 27 10 17 0.3073

Extent of lung resection, L/S/W 36/5/1 13/5/0 23/0/1 0.0274, L vs. other

Histology, Sq/Ad/other 22/10/10 12/2/4 10/8/6 0.1060, Sq vs. other

Pathological tumor size, mm 33.7±22.9 [0–70] 43.2±20.1 [10–70] 26.6±22.6 [0–70] 0.0184

Pathological nodal status, N0/N1 38/4 15/3 23/1 0.1700, N0 vs. other

R0 39 16 23 0.3887

Adjuvant therapy 12 6 6 0.5552

Data are expressed as mean ± standard deviation [range] or number of patients. M, male; F, female; Y, yes; N, no; VC, vital capacity; 
FEV1, forced expiratory volume in 1 second; L, lobectomy; S, segmentectomy; W, wedge resection; Sq, squamous cell carcinoma; Ad, 
adenocarcinoma.
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patients (41 male, 1 female) had a median age of 64 years 
(range, 42–79 years). The median tumor size before 
treatment was 56.5 mm (range, 21–80 mm). An osteolytic 
sign was identified on CT in 42.9% (18/42), and 27 (64.3%) 
of the 42 patients who underwent chest wall resection 
received induction chemoradiotherapy before surgery 
(Figure 2). The treatment regimen comprised cisplatin + 
vinorelbine or carboplatin + paclitaxel with radiotherapy 
(40–70 Gy). Eight patients clinically suspected to have N2 
disease received induction chemoradiotherapy; preoperative 
positron emission tomography-CT showed disappearance 
of fluorodeoxyglucose uptake in the N2 lymph nodes in 
three patients, and a single N2 metastasis was suspected 
in the remaining five patients. Among eight patients 
suspected to have N2 disease, endobronchial ultrasound/
transbronchial needle aspiration or mediastinoscopy was 

conducted to evaluate the N2 lymph nodes in five patients; 
all were proven negative. All surgeries were performed 
via open thoracotomy. The lung resections comprised 36 
lobectomies, 5 segmentectomies, and 1 wedge resection. 
Chest wall resections were performed with resection 
of 2.5 ribs on average. Sublobar resection was selected 
in the patients without nodal metastasis to maximize 
operative tolerability based on assessment of the patients’ 
preoperative cardiopulmonary function. In these patients, 
lymph node dissection was performed to the same extent 
as in patients who underwent lobectomy. In three patients 
who required resection of more than three ribs, chest 
wall reconstruction was performed using a Marlex mesh 
or Gore-Tex patch closure. Squamous cell carcinoma was 
diagnosed in 22 (52.4%) patients, adenocarcinoma in 10 
(23.8%), pleomorphic carcinoma in 5 (11.9%), and other 

A B

C D

Figure 2 Preoperative findings on CT before and after induction chemoradiotherapy. (A,B) CT scans obtained before treatment. (C,D) CT 
scans obtained after treatment. Preoperative CT demonstrated erosion of the fourth rib as a result of invasion by lung cancer. Induction 
chemoradiotherapy caused the tumor to reduce in size from 55 mm (cT3N0M0) to 51 mm (ycT3N0M0). Bone destruction was more 
apparent before surgery. CT, computed tomography.
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types of cancer in 5 (11.9%).
Pathological examinations revealed R0 resection in 39 

(92.9%) of the 42 patients. Rib invasion was identified in 
18 patients (pN0, n=15; pN1, n=3) but was absent in the 
remaining 24 patients (pN0, n=23; pN1, n=1) (Figure 3). 

Analysis of postoperative complications associated with 
preoperative treatment 

The postoperative complications were recorded using 
the Clavien-Dindo system. There was no mortality. 
Clavien-Dindo grade >IIIa postoperative complications 
occurred in 7 (16.7%) of 42 patients. Among 15 patients 
who underwent surgery without preoperative treatment, 
1 patient developed chylothorax and another patient 
developed prolonged air leakage requiring pleurodesis. 
Three of 27 patients who underwent surgery following 
induction chemoradiotherapy developed persistent pleural 
effusion requiring repeat drainage, and 1 developed acute 
respiratory distress syndrome requiring intravenous 
steroids. The occurrence rate of Clavien-Dindo grade >IIIa 
postoperative complications was similar between patients 
with and without induction chemoradiotherapy (14.8% vs. 
13.3%, respectively).

Comparison of recurrence patterns in patients with or 
without pathological rib invasion

The recurrence patterns are summarized in detail in Table 2.  
Local recurrence developed in the chest wall around the 
surgical margin, and growing abnormal shadows were 
confirmed on CT. Among six patients who underwent 
sublobar resection, recurrence was confirmed in five patients, 
and all recurrences were distant metastases. None of the 
four patients with N1 disease developed postoperative 
recurrence. The rates of locoregional recurrence and distant 
recurrence were significantly higher in patients with than 
without rib invasion (locoregional: 22.2% vs. 8.3%, distant: 
33.3% vs. 12.5%, P=0.0073). None of the three patients with 
inadequate surgical margins who underwent postoperative 
radiotherapy to control local recurrence developed local 
relapse; however, one developed distant bone metastases. 
Among five patients who achieved a pathological complete 
response by induction therapy, two developed brain 
metastases. 

Analysis of prognostic factors in patients with lung cancer 
requiring chest wall resection 

The 5-year disease-free and overall survival rates of patients 

A B C

100 μm 100 μm

3rd rib

4th rib

5th rib

Figure 3 Findings on pathological evaluation of the effectiveness of preoperative treatment and assessment of rib invasion. (A) Macroscopic 
findings in a tumor that was resected along with the second to fifth ribs. (B,C) Pathological findings by hematoxylin-eosin stain included 
residual atypical cells with oval and foam-like swollen or lobulated nuclei and polygonal cells with amphophilic cytoplasm. The tumor 
degenerated after chemoradiotherapy but was considered to be a residual tumor with slight mucin production. The fibrous tissue in the 
fourth rib suggested that tumor cells had invaded the rib. However, evaluation of the resected ribs revealed no evidence of tumor invasion. 
The tumor was finally diagnosed as poorly differentiated adenocarcinoma, ypT3. The residual tumor size was 10 mm in largest diameter, 
adenocarcinoma (acinar, 80%; solid, 20%).

Table 2 Comparison of recurrence patterns after surgery according to pathological rib invasion status

Recurrence pattern With pathological rib invasion (n=18) Without pathological rib invasion (n=24)

Locoregional 4 (22.2%): local (chest wall) 2; pleuritis 2 2 (8.3%): local (chest wall) 2

Distant 6 (33.3%): bone, n=3; upper arm, n=1; kidney, n=1; liver, n=1 3 (12.5%): brain, n=2; subauricular glands, n=1
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with and without clinically confirmed rib invasion on CT 
were 65.5% and 60.9% (P=0.8684) and 73.3% and 52.4% 
(P=0.2438), respectively (Figure 4). The 5-year disease-
free and overall survival rates of patients with and without 
pathologically confirmed rib invasion were 44.4% and 
77.4% (P=0.0114) and 44.7% and 81.3% (P=0.0222), 
respectively (Figure 5). A Cox proportional hazards 
model was used to identify potential prognostic factors. 
The factors used in this analysis were age, extent of lung 
resection, pathological tumor size, lymph node metastasis, 
and pathological rib invasion, all of which are generally 
recognized to be prognostic factors. The multivariate 
analysis identified postoperative rib invasion to be the only 

significant prognostic factor [hazard ratio (HR), 5.98; 95% 
confidence interval (CI): 1.37–26.1; P=0.0173] (Table 3).

Discussion

Although the eighth edition of the TNM classification 
categorizes NSCLC with chest wall invasion as pT3 
regardless of the depth of invasion into anatomical 
structures of the chest wall (parietal pleura, intercostal 
muscles, and ribs), this study showed that pathological rib 
invasion was a significant unfavorable prognostic factor 
in patients with NSCLC requiring chest wall resection. 
Given that three patients who did not receive preoperative 

Figure 4 Five-year DFS and OS in patients with and without c-rib (n=42). The 5-year DFS rates were 65.5% and 60.9%, in patients with 
and without c-rib, respectively (P=0.8684), and the respective 5-year OS rates were 73.3% and 52.4% (P=0.2438). DFS, disease-free survival; 
OS, overall survival; c-rib, clinical evidence of rib invasion.

Figure 5 Five-year DFS and OS in patients with and without p-rib (n=42). The 5-year DFS rates were 44.4% and 77.4% in patients 
with and without p-rib, respectively (P=0.0114), and the respective 5-year OS rates were 44.7% and 81.3% (P=0.0222). DFS, disease-free 
survival; OS, overall survival; p-rib, pathological rib invasion.
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treatment were confirmed to have inadequate surgical 
margins and that both local and distant postoperative 
recurrence was more common in patients with pathological 
rib invasion, multimodal treatment (including preoperative 
chemoradiotherapy) may be required to achieve an adequate 
surgical margin and improve the prognosis in these patients. 
Regarding the potential future reclassification of T3 chest 
wall tumors, a recent retrospective study using a propensity 
score-matching analysis of 521 patients with pT3-T4 tumors 
by Zhao et al. (8) revealed that the 5-year overall survival rate 
of patients with pathological rib invasion was similar to that 
of patients with pT4 tumors, and the authors proposed rib 
invasion as an independent T description. Compared with 
a previous report from our institution (9), the 5-year overall 
survival rate of patients with pT4 tumors was 56.3%, and the 
prognosis of T3 disease with pathological rib invasion shown 
in the current study was similar to that of T4 disease. 

The evidence to date indicates that completeness of 
resection including lobectomy and nodal involvement may be 
predictors of postoperative survival in patients with NSCLC 
who require chest wall resection. In one study, the 5-year 
survival rate was reported to be 32% in 175 patients with 
complete resection and 4% in 94 patients with incomplete 
resection (10). Furthermore, the survival rate ranges from 
8.0% to 21.0% for patients with pN2 disease and from 
25.0% to 67.0% for those with pN0 disease (11-14). 
Therefore, in addition to complete resection, preoperative 
mediastinal lymph node staging is recommended to exclude 
N2 disease, and if pathologically proven, the patient should 
receive multimodal therapy in view of the otherwise poor 
prognosis. Another study of patients with cT3N0 or cT3N1 
NSCLC treated with induction chemoradiotherapy (two 
cycles of cisplatin at 80 mg/m2 + vinorelbine at 20 mg/m2 
and 40-Gy irradiation) showed that 51% of patients achieved 
a partial response on CT after induction chemoradiotherapy 

and that 26% achieved a pathological complete response 
with a median 5-year survival rate of 62.6% (11). A further 
study of 2,326 patients who underwent upfront surgery 
that revealed pN0 (14) showed an association between 
adjuvant chemotherapy and longer survival (overall 5-year 
survival, 53% vs. 38%), which might suggest the importance 
of multimodal treatment for patients with chest wall 
invasion by NSCLC. Interestingly, in the current study, 
the locoregional recurrence rate after sublobar resection 
was relatively low. Even when lobectomy was deemed to be 
intolerable from the viewpoint of cardiopulmonary function, 
sublobar resection with chest wall resection would be 
potentially viable option for carefully selected patients (15).

Induction chemoradiotherapy has advantages when 
treating locally advanced NSCLC. First, it may achieve 
a higher rate of complete resection than surgery alone. 
Considering that en bloc resection is the primary goal 
for locally advanced NSCLC, ensuring adequate surgical 
margins can improve local control. Second, the response to 
chemotherapy, which is somehow modified by radiotherapy, 
can be assessed by pathological examination. These 
analyses facilitate the planning of postoperative treatment. 
However, the optimal timing of surgery may be missed 
if preoperative treatment does not achieve effective local 
control, and tumor progression or distant metastases may 
occur. Moreover, the tolerability of surgery following 
induction chemoradiotherapy may be decreased and the 
risk of postoperative complications increased because of 
impaired respiratory function (16). Although the morbidity 
rate associated with chest wall resection and reconstruction 
ranges from 24% to 46% and that for mortality ranges from 
2% to 7% (11-14), there was no mortality in our study and 
Clavien-Dindo grade >IIIa postoperative complications 
occurred at a rate of 16.7%, which might be tolerable. 

This study has several l imitations that must be 

Table 3 Results of univariate and multivariate analyses of potential prognostic factors (n=42)

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age, years 1.02 0.97–1.08 0.4146 1.03 0.97–1.10 0.3592

Extent of lung resection 1.40 0.31–6.34 0.6766 2.11 0.35–12.7 0.3989

Pathological size, mm 1.00 0.98–1.03 0.6772 0.99 0.95–1.02 0.8110

Pathological rib invasion 3.62 1.11–11.8 0.0244 5.98 1.37–26.1 0.0173

Pathological nodal status 1.57 0.08–4.91 0.6440 3.62 0.40–32.5 0.2506

HR, hazard ratio; CI, confidence interval.
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considered when interpreting its findings. First, the 
study had a retrospective cohort design and was based on 
data collected at a single center. Second, the number of 
patients was small. Third, the cohort was heterogeneous 
regarding perioperative treatment modalities. Because 
the chemotherapy regimen and radiation dose were not 
consistent, our finding that pathologically confirmed rib 
invasion has an unfavorable prognostic impact in patients 
with NSCLC needs confirmation in a future prospective 
study. A strict protocol including molecular targeted drug 
therapy and adjuvant immunotherapy will be required 
in future investigations of the prognostic impact of rib 
involvement in NSCLC that invades the chest wall. 

Conclusions

This study showed that pathological rib invasion is a 
significant unfavorable prognostic factor in patients with 
NSCLC undergoing chest wall resection. Patients in whom 
rib invasion is clinically suspected before surgery may 
require multimodal treatment to improve their survival 
outcome.
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