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Introduction

Chest wall resection and reconstruction (CWRR) is 
required for a wide spectrum of diseases. Infiltrating non-
small cell lung cancer (NSCLC), primary chest wall tumors, 
secondary malignancies, as well as infections and post-
irradiation wounds, represent the most common settings 
for these procedures (1). In the treatment of primary and 

secondary tumors, the extent of the resection represents a 
crucial aspect for both radical resection and risk of instability 
of the bony chest after surgery (2). Radical resection is the 
key to the treatment. Postoperative morbidity has been 
mainly attributed to chest cage instability (3,4) but this issue 
is still a matter of debate, especially in view of the fact that 
there is no evidence regarding the impact of reconstruction, 
non-reconstruction and type of reconstruction in the 
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functional outcome after the procedure. The correct 
surgical planning constantly requires soft tissue coverage 
and skin closure, while rigid stabilization of the bony thorax 
is not always necessary and represents a controversial issue. 
The aim of this study is to analyze our experience in order 
to ascertain the prognostic indicators and better understand 
when reconstruction of the thoracic wall is required and 
what the possible complications are for a non-reconstructed 
patient, after extensive demolition.

Methods

Retrospective analysis of a series of consecutive patients 
who underwent CWRR for neoplastic indication has been 
performed. Patients undergoing CWRR for chest wall 
metastasis, or for direct infiltration from malignancies other 
than NSCLC, or for non-neoplastic indication were not 
included in the analysis. Data were collected from inpatient 
hospital records and follow-up information from the 
referring oncologist. 

The sample of this retrospective study is formed by 
71 patients, 59 males and 12 females ranging from 18 to  
82 years old [median (M) 64, standard deviation (SD) 11], 
who underwent thoracic demolition for tumors between 
April 2000 and October 2016. The follow-up ranged 
between 1 and 198 months (mean 52, M 37, SD 47).

Considering the heterogeneity of the population enrolled 
in this retrospective study, patients were divided into  
2 groups, group 1: primary malignant tumors of the chest 
(17 patients); group 2: NSCLC infiltrating the chest wall  
(54 patients, 17 of whom were affected by Pancoast tumors).

Patients in both groups were preoperatively assessed 
by respiratory, cardiovascular and metabolic function 
tests. All cases underwent contrast-computed tomography 
(CT) of the thorax, abdomen and cranium; in addition, 
10 patients underwent magnetic resonance imaging of the 
thorax and the dorsal column, in three cases pulmonary 
scintigraphy was performed and in 41 cases an 18-FDG 
positron emission tomography-CT total body was carried 
out in order to evaluate surgical indication. Every patient 
in group 2 underwent a pre-operative histological analysis 
of the tumor using trans-thoracic CT-guided needle 
aspiration, trans-thoracic echo-guided needle aspiration, 
trans-bronchial biopsy or EBUS-TBNA (Endobronchial 
ultrasound, transbronchial needle aspiration). In group 
1, incisional biopsy was excluded from the work-up, due 
to the risk of tumor seeding. Needle aspiration was only 
performed in some patients in group 1 when deemed useful 

for the treatment strategy. The preoperative embolization 
according to the already described technique was carried out 
in 3 patients in group 1, in order to facilitated resection in 
giant hypervascular tumors (5). Each case was analyzed and 
discussed by a multidisciplinary dedicated team including 
oncologists, pulmonologists, radiotherapists and thoracic 
surgeons. 

Nine cases were surgically managed by a multidisciplinary 
surgical team, one case in collaboration with neurosurgeons 
and eight cases in collaboration with the plastic surgery 
unit. 

In our series, 33 patients underwent skeletal prosthetic 
stabilization, and in six of which prosthetic reconstruction 
and muscular flaps were combined. Thirty-six patients 
were not reconstructed and in two cases the reconstruction 
was achieved with muscular-flap alone without bony 
reconstruction. 

According to the primary indication, the series of 
patients underwent different surgical interventions. 

Group 1 (primary tumors of the chest wall): 14 of the 
17 patients underwent prosthetic reconstruction of the 
thoracic defect. Among these 14 patients, 6 had prosthetic 
reconstruction alone, 6 had prosthetic and muscular flap 
reconstruction; while 2 patients were reconstructed by 
muscular-flap alone. Three patients underwent concomitant 
wedge resection of the infiltrated lung below the primary 
chest wall tumor. In 5 cases, a sternal resection was 
performed: 4 patients had a prosthetic reconstruction plus 
muscular flap and 1 patient underwent sternal allograft 
transplantation. Phrenoplasty was performed in 2 cases, 
in one of whom combined with a synthetic prosthesis and 
titanium bars. In two cases, the team decided to avoid bony 
reconstruction of the thorax after resection, considering the 
width and the site of the defect (small defects in non-critical 
areas). 

Group 2 (NSCLC infiltrating chest wall): all patients 
in this group underwent major lung resection en bloc with 
the thoracic wall. In 2 patients, mediastinoscopy and in 
12 EBUS-TBNA was performed, before the thoracotomy 
in order to rule out N2 disease. Nineteen of 54 patients 
underwent prosthetic reconstruction. No soft-tissue 
reconstruction by muscle flap was performed in this group. 
In 1 case, resection of a vertebral body was necessary, 
and carried out in cooperation with a neurosurgeon. In 
other 2 cases, resection of the vertebral transverse process 
and, in 7 cases, a complete disarticulation of the ribs 
from the vertebrae were performed. Seventeen Pancoast 
tumors were treated in this group: 10 posterior Pancoast 
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tumors were treated through a posterior approach and 7 
anterior Pancoast tumors were approached, either with 
a transmanubrial anterior approach (3 cases) or with a 
combined anterior and posterior approach (4 cases) (2). 
Histological findings are summarized in Table 1.

According to our criteria for reconstruction, we divided 
our experience in two categories based on the location 
and the width of the defect. The division of the chest into 
critical and non-critical areas based on the need of bony 
thorax reconstruction after resection, has already been 
described by some of us (2).

Defects that require skeletal reconstruction: resections 
in critical areas of the chest (anterior or lateral chest wall 
resection); defects of 3 or more ribs not covered by the 
scapula.

Defects that do not require skeletal reconstruction: 
small posterior rib resection of less than 3 ribs or any defect 
totally covered by the scapula. 

Forty-one patients underwent chest wall demolition 
in critical areas while 30 patients underwent a chest 

wall resection in non-critical area. In both groups, we 
investigated several parameters: tumor stage (T and N 
parameters), free margins (R), infiltration depth of the 
tumor, number of resected ribs (width of the defect), 
location of the defect (critical or non-critical area), 
induction and/or adjuvant chemo and/or radiotherapy, 
5-year and overall survival (OS), local or distant relapses 
and post-operative infections, chronic pain, flail chest, acute 
respiratory failure and cosmetic results. 

Pathological staging of the disease was based on the 7th 
edition of the TNM classification.

Data were collected and retrospectively analyzed. IBM 
SPSS 23.0 (SPSS Inc., Chicago, Illinois) Windows software 
was utilized for the statistical analysis. Categorical data 
were compared with the T-student test and Exact Fisher 
test. OS and relapses were analyzed with the Kaplan-
Meier test and Cox regression. Complications and 5-year 
survival were studied using linear regression and simple 
linear correlation. A P value of 0.05 or less was considered 
statistically significant.

Results

In the two groups, 86% of the patients were smokers; in 
group 2 this percentage reached 96%. Comorbidities: 
28 patients were affected by hypertension, 7 by type II 
diabetes, 6 by chronic obstructive pulmonary disease, 8 by 
gastroesophageal reflux disease and 5 had a previous non-
pulmonary carcinoma.

In 6 cases, a sternal resection was performed and in 4 of 
these cases a partial sternectomy en bloc with the ribs was 
carried out. The number of resected ribs varied between 
2 and 6 (mean 3, 56% of patients). Free margins were 
obtained in 76% of the procedures (R0), microscopically 
involved margins were observed in 24% of the sample (R1) 
and no R2 disease was registered. 

Relapses

Recurrence rate for the whole sample was 59%. Relapses 
were diagnosed between 2 and 126 months (mean 28, SD 
32) and were directly correlated to R1 disease (P<0.05). 
Deep infiltration was not statistically significant (P=0.08).

Patients with R0 resection are associated with a probability 
of recurrence after 97 months on average [standard 
error (SE) 12], while patients with R1 resection tend to 
show recurrent disease in 14 months on average (SE 4).  
The Cox regression model confirmed the differences in the 

Table 1 Histological data of group 1 and group 2

Histologic type Number of patients

Group 1

High-grade sarcoma 1

Malignant solitary fibrous tumor 1

Ewing’s sarcoma 2

Leiomyosarcoma 1

Chondrosarcoma 8

Liposarcoma 2

Myxofibrosarcoma 1

Giant cell tumor of the bone 1

Total 17

Group 2

Squamous carcinoma 31

Adenocarcinoma 14

Pleomorphic large cell carcinoma 2

Undifferentiated large cell carcinoma 6

Anaplastic carcinoma 1

Total 54

Group 1, primary chest wall tumors; group 2, non-small cell lung 
cancer (NSCLC).
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risk of overall death between the two subgroups [hazard 
ratio (HR) 5.9, 95% CI: 2.945 to 11.929, P<0.001) (Figure 1). 
Survival

Forty-five of 71 patients had already passed away by the 
time of follow-up (63% of the sample): in 34 cases, death 
was related to the disease, while in 11 cases death was 
related to other causes. No patient was lost at the follow-up 
time. The disease relapsed in 59% of patients.

The 5-year survival rate was 44% (evaluable in 56 
patients): 67% in R0 and 15% in R1. Thus, an inverse 
correlation between R parameter and 5-year survival was 
detected (P<0.01).

Analyzing the OS, there is a strong correlation with the 
R parameter (P<0.01), with a prognosis of 95 months in 
patients R0 (SE 11) and 22 for R1 (SE 5) (Figure 2). The 
Cox regression model confirmed the differences in the risk 
of overall death between the two subgroups (HR 5.6, 95% 
CI: 2.814 to 11.047, P<0.001). 

Oncological analysis in group 2

In group 2, 43 patients were T3 (79.6%); 43 patients 
were N0 (79.6%), 7 patients N1 and 3 patients N2 (for 
the statistical analysis, given the small sample of the N2 
subgroup, N1 and N2 patients have been classified together 

in a single “N+” sample). Twenty-one patients underwent 
induction therapy with radiotherapy ± chemotherapy (RT ± 
CHT) (38.9%) and 46 underwent adjuvant therapy (85.2%).

Statistical analysis showed a significant direct correlation 
between relapse and the N parameter (P<0.01) and R 
parameter (P<0.05). The Kaplan-Meier test showed how 
in N0 patients, disease-free survival (DFS) was estimated 
to be 77 months (SE 13) and DFS was 8 months in patients 
N+ (SE 1); analyzing parameter R, DFS was estimated 
at 80 months for R0 patients (SE 14) and 10 months for 
R1 patients (SE 2) (Figures 3,4). Adjusted Cox regression 
showed a high risk of relapses for N+ patients (HR 2.8, CI 
1.015 to 7.678, P<0.05) and for R1 patients (HR 3.6, 95% 
CI: 1.375 to 9.303, P<0.01).

The T parameter resulted not to be statistical significant, 
probably because of the numerical exiguity of T4. No 
significant correlation between induction or adjuvant 
therapy and DFS was discovered in our series.

Five-year survival was assessed at 49% in group 2 and 
there was a significant inverse correlation with N+ and R1. 
OS only showed an inverse correlation with R1 (P<0.05).

The Kaplan-Meier test showed an OS of 78 months in 
R0 patients (SE 11) and 19 months in R1 patients (SE 4) 
(Figure 5). Cox regression confirmed the relation (HR 5.5, 
95% CI: 2.469 to 12.225, P<0.001).

Figure 1 Kaplan-Meier method, disease-free survival in R0 and R1 
patients in all groups. Group 1, primary chest wall tumors; group 2, 
non-small cell lung cancer (NSCLC). 

Figure 2 Kaplan-Meier method, overall survival in R0 and R1 
patients in all groups. Group 1, primary chest wall tumors; group 2, 
non-small cell lung cancer (NSCLC). 
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Peri-operative complications

One intra-operative complication was recorded: a 
ventricular fibrillation during surgery, promptly resolved. 

Early post-operative respiratory acute failure occurred in 
10 patients; six of whom needed either a mini-tracheotomy, 
a standard tracheotomy or an orotracheal intubation and 
admission to the Intensive care unit. In this latter subgroup 
of patients, only 2/10 underwent chest wall reconstruction. 
Post-operative non-respiratory complications were 
recorded in 22 of 71 patients: atrial fibrillation, acute 
urinary retention, acute renal failure and 2 re-intervention 
for hemostasis. All patients recovered and no infection of 
the chest wall prosthesis was observed. In one case, we had a 
late complication: dislocation of a titanium bar after a mild 
trauma. Additional delayed complications were as follows: 
chronic pain in 15 patients, flail chest in 9 patients (6 of 
them non-reconstructed) and chest wall deformities in 14 
patients.

A significant statistical correlation was found between 
the site of demolition (critical or non-critical areas) and the 
incidence of chest wall deformities and flail chest (P<0.05). 
Furthermore, multiple resected ribs (>3) influenced the 
incidence of deformities (P<0.01). Acute respiratory 
complications were also related to chest wall deformities, 
flail chest (P<0.01) and demolition without reconstruction 
(P<0.05) (Table 2).

In patients who underwent CWRR in a critical 
area, stabilization of the chest wall showed an inverse 
correlation (statistically significant) with acute respiratory 

Figure 3 Kaplan-Meier method, disease-free survival in N0 and 
N+ patients in group 2. Group 2, non-small cell lung cancer 
(NSCLC). 

Figure 4 Kaplan-Meier method, disease-free survival in R0 and R1 
patients in group 2. Group 2, non-small cell lung cancer (NSCLC).

Figure 5 Kaplan-Meier method, overall survival in R0 and R1 
patients in group 2. Group 2, non-small cell lung cancer (NSCLC). 
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complications, flail chest and deformities of the chest 
wall (P<0.01) (Table 3). Among patients submitted to 
chest wall resection in a critical area, 100% experienced 
a post-operative acute respiratory complication in the 
non-reconstructed subgroup, while only 5.7% in the 
reconstructed subgroup.

Discussion

CWRR represents a disputed topic regarding specific 
technical details and choices. The evolution in surgical 
techniques, prosthetic materials and oncological therapies, 
developed during the last century, led to a vast increase 
of surgical indications for tumors of the chest wall. The 
progress shown in the last decades has brought different 
treatment options and favorable multimodality treatment 
plans. CWRR are surgical procedures characterized by 
a potentially high rate of mortality, morbidity and peri-
operative complications (6). 

From a review of the related literature, the principal 
factor correlating with survival in patients affected by chest 
wall tumors is the “R parameter”. Our study confirmed 
the same correlation between free surgical margins and 

5-year survival. OS and recurrence rate have shown to be 
correlated as well.

Primary tumors of the chest wall represent less than 
5% of all thoracic malignancies, more frequently sarcomas 
(about 80%), with a high prevalence of chondrosarcoma (7).  
Free surgical margins are the main prognostic criteria; 
histology and differentiation grade of the tumor are 
considered second level prognostic factors (8). Indeed, at 
least 4 cm free surgical margin is recommended. R1 patients 
have to undergo re-resection, if possible, in order to achieve 
a R0 condition and therefore a better prognosis. Likewise, 
for such tumors, radical surgery is the only chance of cure, 
as well as for the rarer primary tumors often showing chemo 
and radio-resistance (9,10). Because of the wide resection 
required, patients with primary chest wall tumors frequently 
need complex reconstruction of soft tissues and bony thorax 
after surgery (8). 

Surgery for patients with NSCLC infiltrating the chest 
wall are limited to N0–N1 disease, since patients with 
biopsy-proven N2 disease are not generally considered 
surgical candidates. Surprisingly, the T parameter and 
histological characterization seems to be prognostically less 
relevant. On the other hand, in addition to the N status, 

Table 2 Pearson’s correlation (ρ) of post-operative complications and intervention typology in all patients

Correlation
Acute 

respiratory 
complications

Prosthesis 
tardive 

complications

Chronic 
pain

Flail 
chest

Deformities
Number of 

resected ribs
Sternectomy

Critical 
site of 

demolition 

Wall 
reconstruction 
with or without 

prosthesis

Acute respiratory 
complications

– −0.048 −0.011 0.576** 0.308** 0.057 0.023 0.182 −0.237*

Prosthesis tardive 
complications

−0.048 – −0.062 −0.046 0.241* 0.044 −0.036 0.102 0.121

Chronic pain −0.011 −0.062 – 0.010 0.177 0.112 −0.033 0.024 −0.027

Flail chest 0.576** −0.046 0.010 – 0.450** 0.044 0.189 0.326** −0.122

Deformities 0.308** 0.241* 0.177 0.450** – 0.342** 0.231 0.281* 0.007

Number of resected 
ribs

0.057 0.044 0.112 0.044 0.342** – 0.169 0.170 0.170

Sternectomy 0.023 −0.036 −0.033 0.189 0.231 0.169 – 0.260* 0.207

Critical site of 
demolition

0.182 0.102 0.024 0.326** 0.281* 0.170 0.260* – 0.843**

Wall reconstruction 
with or without  
prosthesis  

−0.237* 0.121 −0.027 −0.122 0.007 0.170 0.207 0.843** –

*, correlation is significant at the 0.05 level (2-tailed); **, correlation is significant at the 0.01 level (2-tailed).
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the vertebral and subclavian vessel involvement and the R 
parameter are considered negative prognostic factors. In 
the related literature, 5-year survival in patients operated 
for NSCLC infiltrating the chest wall ranges from 28% 
to 61% (for Pancoast tumor the values range from 44% to 
56%) (11). Nodal involvement and complete resection are 
the main prognostic factors (11). For patients in our series 
(group 2) the 5-year survival was 49%. Statistical analysis 
in group 2 showed prognostic factors related to nodal 
involvement and presence of free margins to be significant 
for recurrences and also for 5-year survival, confirming the 
literature data, but, the OS only had a significant statistical 
correlation with the complete resection. In some studies, 
another relevant prognostic factor is represented by the 
infiltration depth of the tumor: it is considered superficial if 
only the parietal pleura is involved and deep if the infiltration 
involves the chest wall beyond the parietal pleura (12). We 
cannot confirm these data since our sample was composed 
only by patients who underwent CWRR, excluding 
extrapleural resections for minimal infiltration. The mortality 
rate after surgery for NSCLC infiltrating the thoracic 
wall is reported in the literature as 6% on average (11);  
in our series the mortality rate was 2.8%. 

Indications to reconstruct the chest wall are still debated. 
In the literature, conclusions are not clearly established: 
the reconstruction rate varied from 40% to 60% (11), 
showing an important discrepancy among the different 
series in performing the reconstruction phase. A large trial 
on this topic is not available and the consequences on the 

respiratory function in patients submitted to wide chest 
wall resection without skeletal reconstruction have not been 
assessed (13). Some authors suggested not to stabilize the 
defect if it is located posteriorly with a maximum diameter 
of five centimeters or if the defect is covered by the scapula; 
however, they suggested reconstructing the chest wall if 
resection involves 3 or more ribs and the defect cannot be 
covered by the scapula (14,15). There is a general agreement 
that reconstruction is required when the tip of the scapula 
can be trapped into the lower margin of the defect. Our 
sample was divided into two different surgical subgroups: 
patients who underwent resection in critical areas (anterior 
or lateral resection, three or more ribs resected) and patients 
who underwent demolition in non-critical areas (posterior 
resection, less than three ribs resected or any defect covered 
by the scapula). Consequently, 49.3% of our patients were 
reconstructed. From the statistical analysis (involving 
both group 1 and 2), a correlation emerged between 
the demolition of chest wall in critical area and a higher 
percentage of flail chest, deformities and acute respiratory 
failure. In all of these patients, stabilizing the defect led to 
a significant reduction in the rate of the abovementioned 
complications and a much higher quality of life. 

There are several choices in chest wall reconstruction 
and no single material or technique fulfill all the ideal 
features. The choice of the right method for the individual 
case is a matter of experience. In some patients, the problem 
of post-operative flail chest is attenuated, but not abolished 
after reconstruction with large non-rigid prostheses. 

Table 3 Pearson’s correlation (ρ) of post-operative complications and intervention typology in patients underwent resection in a critical area of 
the thorax

Correlation
Acute respiratory 

complications
Chronic 

pain
Flail chest Deformities Prosthesis

Other  
reconstruction

Wall reconstruction with  
or without prosthesis

Acute respiratory 
complications

– 0.036 0.631** 0.360* −0.689** −0.242 −0.841**

Chronic pain 0.036 – 0.003 0.047 −0.036 −0.261 −0.114

Flail chest 0.631** 0.003 – 0.436** −0.780** 0.036 −0.781**

Deformities 0.360* 0.047 0.436** – −0.495** −0.046 −0.492**

Prosthesis −0.689** −0.036 −0.780** −0.495** – −0.068 0.841**

Other  
reconstruction

−0.242 −0.261 0.036 −0.046 −0.068 – 0.204

Wall  
reconstruction with 
or without prosthesis  

−0.841** −0.114 −0.781** −0.492** 0.841** 0.204 –

*, correlation is significant at the 0.05 level (2-tailed); **, correlation is significant at the 0.01 level (2-tailed).
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Furthermore, the use of this kind of reconstruction after 
extensive thoracotomy can alter the anatomical shape of the 
chest profile, because the mesh must be placed under tension, 
stretched between the ribs bordering the defect, resulting in 
a sort of straight line, drawn between the rib stumps.

However, in our opinion, the use of a rigid prosthesis 
for chest wall reconstruction should be reserved only to 
the patients with very large defect in a “critical area” of the 
chest (2) when other simpler techniques of stabilization are 
considered inadequate. In fact, all the rigid materials show 
some drawbacks (potentially painful; not incorporable into 
the host tissue; dangerous in case of blunt trauma). 

The herein reported clinical experience is also based 
on a previous variety of experimental research activities in 
this area concerning both the prosthetic materials and the 
techniques (16-20). In our study the criteria for chest wall 
stabilization were homogeneously adopted in all patients and 
this could be an interesting point for a comparative analysis 
with other similar experiences. The main limitation of our 
study is that it is a single-institution retrospective analysis.

Conclusions 

Free surgical margins (for primary tumors), and free 
margins along with N0 status (for NSCLC infiltrating 
the chest wall) are the main oncological prognostic 
factors in patients undergoing chest wall resection for 
tumor. In our analysis of post-operative complications, in 
patients submitted to chest wall resection in critical areas, 
skeletal reconstruction positively influences the outcome, 
considerably reducing the respiratory complication rate.
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