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CW is classified as T3 tumor. The tumors <7 cm, invading 
parietal pleura, and pericardium have also been included 
in T3 category but the tumors involving the CW account 
for approximately 45% of all T3 tumors.[2]

INTRODUCTION

Chest wall (CW) involvement in primary lung cancer is 
uncommon with an incidence of approximately 5%.[1] As 
per AJCC 8th edition, primary lung cancer invading the 
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The surgical management of lung cancer with CW 
involvement was first described by Coleman in 1947.[3] 
Initially, the CW resection in lung cancer was considered 
a very challenging procedure but currently, it is a 
standard treatment having low morbidity in high volume 
centers. The long term survival after the CW resection 
in node-negative patients is approximately 40%–50%. 
The prognosis of these locally advanced tumors depends 
on a margin-free resection status and involvement of 
mediastinal lymph nodes.

The major challenges in patients with lung cancer 
infiltrating the CW are a selection of the patient for 
upfront surgery, expertise in the field of CW resection, and 
reconstruction to achieve the best oncological outcomes. 
In this article, we analyzed the treatment outcome of 
non-small cell lung cancer (NSCLC) with CW involvement 
in the patients undergoing multimodal management.

MATERIALS AND METHODS

A retrospective analysis of patients managed with surgery 
with or without adjuvant treatment for lung cancer 
with CW involvement treated between 2012 and 2018 
was done. All potentially operable lung cancer patients 
were evaluated by a multi-disciplinary team. For this 
study, patients with histologically confirmed NSCLC and 
where contrast-enhanced computed tomography (CECT) 
scan suggested of CW involvement were included. The 
radiological criteria for predicting the CW involvement 
were: (1) More than 3 cm of surface contact with the 
adjacent pleura, (2) obliteration of the extrapleural fat 
plane, (3) high ratio between the amount of tumor-pleura 
contact and the tumor diameter, (4) presence of rib 
destruction, (5) an obvious extension of the mass into the 
CW soft tissues, and (6) obtuse angle of the tumor with 
the pleura or CW.[4,5] The preoperative staging consisted 
of a whole-body positron emission tomography-computed 
tomography (CT) scan, endobronchial ultrasound-guided 
transbronchial needle aspiration fine-needle aspiration 
for mediastinal nodal staging, and magnetic resonance 
imaging (MRI) brain for brain metastasis. Pulmonary 
function tests and cardiopulmonary exercise testing (in 
cases with borderline pulmonary function testing) were 
done in all cases before taking up for surgery. Preoperative 
pulmonary function was evaluated as per the European 
society of thoracic surgeons guideline.[6] Histology was 
confirmed by an image-guided biopsy.

Management protocol
In a patient with CW involvement, upfront surgery was 
performed to all surgically fit and node-negative or nonbulky 
N1 (<3 cm) patients. Neo-adjuvant chemotherapy (NACT) 
was given to the NSCLC patients with histologically proven 
positive N2 nodes and expected CW resection of 4 or 
more ribs. Paclitaxel with Carboplatin was the preferred 
regimen for squamous cell variant of NSCLC whereas 
the pemetrexed in combination with Carboplatin was 

given to the patients with adenocarcinoma. Medically 
unfit patients (with poor pulmonary function) or patients 
with unresectable tumors were sent for definitive 
chemoradiotherapy.

Surgical technique
Posterolateral open thoracotomy was performed in all 
patients after double-lumen endotracheal intubation 
with single lung ventilation. The epidural catheter was 
placed in all patients for postoperative pain management. 
The latissimus dorsi and serratus anterior muscles were 
preserved (if uninvolved grossly) for reconstruction 
purposes. An en bloc excision of the CW with anatomical 
resection of the lung mass (lobectomy/bilobectomy) 
and systematic mediastinal lymph node dissection was 
performed. In patients requiring resection up to two ribs, 
no reconstruction of the CW was performed. In patients 
undergoing resection of more than two ribs, the CW 
was reconstructed with either a mesh alone (composed 
of oxidized regenerated cellulose and nonabsorbable 
polypropylene mesh) or in a combination with mesh and 
muscle flap (if uninvolved and available for reconstruction) 
as shown in Figure 1.

Postoperative management
Postoperative pain was managed with epidural analgesia 
and intravenous analgesics such as patient-controlled 
analgesia if required. All the patients were encouraged 
for early ambulation, incentive spirometry, and chest 

Figure 1: (a) Contrast‑enhanced computed tomography chest showing 
right upper lobe lung mass with internal necrosis and cavitation. 
(b) Resected specimen of right upper lobectomy with wedge resection 
of lower lobe and a part of the chest wall. (c) Meshplasty of chest wall. 
(d) Latissimus dorsi muscle cover over the mesh
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physiotherapy. As per our institutional protocol, all 
patients were discharged after removing the intercostal 
drainage tube.

Adjuvant treatment and follow‑up
Postoperative histopathology was discussed in the thoracic 
tumor board and adjuvant treatment was planned. 
Chemoradiotherapy was given to those patients who had 
a margin positive resection whereas patients with margin 
negative resection received adjuvant chemotherapy 
alone. After completion of the treatment, all the patients 
were followed up routinely with clinical examination, 
and imaging. CECT scan of thorax and abdomen was the 
preferred imaging modality for the follow-up. It was done 
after every 3–6 months for initial 2 years and 6–12 months 
thereafter.

RESULTS

Out of 208 patients undergoing surgery for lung cancer, 
20 patients had CW involvement (as per the radiological 
criteria mentioned above). These 20 patients formed 
the study population. The demographic profile and 
tumor details are described in Table 1. The mean age at 
presentation was 59.5 years (48–72 years) with a male 
predominance. The majority of the patients were smokers 
with smoking index ranging from 144 to 1200. The most 
common symptom was chronic cough followed by chest 
pain and hemoptysis. The mean duration of symptoms 
before presentation was 12 months. Only two patients had 

hilar involvement directly by the tumor but the distance 
from carina was >2 cm in both of these patients. A total of 
11 patients received NACT because of N2 nodes or expected 
4 or more ribs resection. The remaining nine patients 
underwent upfront surgery. Paclitaxel + carboplatin was 
the most common chemotherapeutic regimen given as 
NACT and administered in six patients. Seven patients 
received all the four intended cycles of chemotherapy 
before surgery. As per Response evaluation criteria in solid 
tumors (RECIST) 1.1 criteria, partial response to NACT 
was seen in six patients whereas the rest of the patients 
had stable disease after NACT.

The mean duration of surgery was 199 min and the average 
blood loss was 560 ml. Sixteen patients were reconstructed 
with a combination of a mesh and muscle flap and four 
patients did not require CW reconstruction. Two patients 
had intra-operative hypotension because of bleeding from 
the CW and were managed with blood transfusion. There 
was no intraoperative mortality. The mean intensive care 
unit stay was 2 days. In the postoperative period, two 
patients developed arrhythmia and both were treated 
conservatively. Seven patients required prolonged oxygen 
supplementation (ranging from 3 to 6 days). Chest tubes 
were removed within 4–7 days (maximum at 7th day) and no 
patient required prolonged drainage. The mean pain score 
was 5 (numerical pain rating scale). The mean hospital stay 
was 8 days. None of the patients had postoperative air leak 
or surgical site wound infection. Two patients developed 
seroma formation and required needle aspiration.

On final histopathology, two patients had a complete 
pathological response to NACT. The mean tumor size 
was 5.6 cms. As per the preoperative assessment, one 
patient had pathological involvement of the mediastinal 
lymph node. Microscopic pathological rib involvement 
was seen in three patients. R0 resection was achieved in 
all the patients. Five patients were planned for adjuvant 
chemotherapy and three patients received concurrent 
adjuvant chemoradiotherapy. Median disease-free survival 
was 21 months whereas the median overall survival (OS) 
was 26 months [Figures 2 and 3]. Recurrence occurred 
in nine patients. Systemic metastasis was seen in four 
patients whereas loco-regional with and without systemic 
metastasis were seen in 3 and 2 patients respectively.

DISCUSSION

Lung cancer with CW infiltration generally requires 
multi-modality management. CW involvement is seen in 
peripherally located lung tumors. Initially, it starts with the 
involvement of parietal pleura and gradually it deepens to 
involve the intercostals muscles and the ribs thus requiring 
resection of the CW. In the Pancoast (superior sulcus tumor) 
subtype, the tumor also involves the vessels, nerve, and 
vertebra and presents with Horner syndrome. In general, 
the peripheral lung tumors involving only the parietal 
pleura present with cough and hemoptysis whereas the 

Table 1: Demographic profile, tumor location and clinical 
stage
Variables Values (%)
Age	(years),	mean	(range) 59.5	(48‑72)
Sex
Female 3	(15)
Male 17	(85)

Smoking
Yes 18	(90)
Average	pack	per	year 51.4

Symptoms
Cough 11	(55)
Hemoptysis 6	(30)
Chest	pain 9	(45)
Dyspnoea 6	(30)

ECOG
1 19	(95)
2 1	(5)

Location
Left	lower 2	(10)
Left	upper 6	(30)
Right	upper 6	(30)
Right	lower 6	(30)

Clinical	stage
IIB 9	(45)
IIIA 10	(50)
IIIB 1	(5)

Histological	subtypes
Adenocarcinoma 9	(45)
Squamous	cell	carcinoma 11	(55)

ECOG: Eastern cooperative oncology group
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pain is seen in approximately 50% of the patients with 
CW invasion.[7] Localized chest pain in addition to cough 
is a more frequent presentation in larger tumors infiltrating 
the CW grossly. Similar presentations were found in our 
study as well.

The radiological diagnosis of CW infiltration in cases 
with just a broad area of contact is difficult; sensitivity 
and specificity of both CT scan and MRI in the absence of 
clear tumor infiltration are poor. The accuracy of CT scan 
in the diagnosis is ranged from 50% to 90%.[8,9] Various 
radiological criteria for predicting CW infiltration have 
been proposed but none of them can accurately predict the 
infiltration. However, the majority of them have proposed 
several parameters that include pleural thickening adjacent 
to the tumor, increased extrapleural fat density, CW 
soft-tissue asymmetry adjacent to the tumor, fixation of 
the tumor during breathing, soft-tissue mass invading into 
the CW, and presence of rib destruction.[10] The accuracy of 
these parameters is lower in cases with smaller size tumors. 
In our study, the accuracy of CT scan for CW infiltration 
was 92%, possibly because of the presence of large tumors 
with mostly gross involvement of the CW.

The management of primary lung tumors with CW 
infiltration is complex and it depends on several factors 
such as the location of the tumor, the extent of the lung 
and CW resections, and the presence of mediastinal lymph 
nodes. Induction chemoradiation followed by surgery is 
a standard treatment for Pancoast tumors whereas the 
upfront surgery followed by adjuvant treatment or NACT/
chemo-radiotherapy followed by surgery (particularly 
in larger tumors) is recommended for tumors involving 
lower CW which do not involve mediastinal lymph 
nodes.[7] We followed the policy of NACT because of 
the limitations of the logistics required for concurrent 
chemoradiotherapy. Neoadjuvant treatment is indicated to 
reduce the extent of the CW resection.[11] As the extent of 
CW resection (number and the length of ribs resected) has 
a direct bearing on postoperative morbidity in the form of 

poor respiratory mechanics and the need for mechanical 
ventilation, neoadjuvant therapy may help in reducing 
these morbidities. In our study, 32% of the patients had 
a good response to NACT leading to a reduced extent of 
the CW resection.

For surgical resection, an extrapleural resection can be 
sufficient for the tumors involving parietal pleura only 
however, the chances of pathological margin involvement 
by tumor remain high. A full-thickness CW resection 
is required for deeper invasive tumors. The surgical 
approach is crucial for radical CW resection. In our study, 
the most common surgical approach was postero-lateral 
thoracotomy. This approach is also helpful to resect 
the transverse process of the vertebra if it is required 
intraoperatively. The anterolateral approach is required 
for the tumors infiltrating anterior CW.

Reconstruction of the CW is a complex procedure and 
principles are: maintenance of anatomical stability, 
protection of adjacent vital organs from the cut end 
of ribs, and maintaining the ventilatory mechanisms. 
Reconstruction is required in 40%–60% of the patients and 
it depends on the location of the tumor and the number of 
ribs resected.[12,13] In general, single-rib excision does not 
require any rigid reconstruction. Monofilament meshes 
such as polypropylene or polytetrafluoroethylene are 
the common materials used for CW reconstruction after 
an extensive resection. The rigid reconstruction with 
bone cement is not recommended since rigid prosthesis 
tends to penetrate the adjacent tissues due to respiratory 
movements.[1] It should be avoided particularly in cases 
where a vascularized muscle cover is missing and 
postoperative radiation is required. Complications are 
common after CW resection and it ranges from 24% to 
60%. The most commonly reported complications are 
wound infection, dehiscence, postoperative atelectasis, 
pneumonia, and mesh exposure. The local infection is one 
of the serious complications and may require the removal 
of prosthetic material.[14] In our experience, a combination 
of Collagen and Polypropylene mesh and local muscle 
flap (latissimus dorsi or pectoralis major) is a suitable and 

Figure 2: Kaplan–Meier survival curve showing median disease‑free 
survival

Figure 3: Kaplan–Meier survival curve showing median overall survival
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cost-effective option for reconstruction. Seroma formation 
is a common complication after CW reconstruction.[15] 
In our patients, no local infection/wound dehiscence 
occurred and patients having seroma were managed with 
aspiration only. Three patients received postoperative 
radiotherapy and none had wound-related complications/
mesh extrusion.

Other  methods  fo r  r i g id  recons t ruc t ion  a re 
three-dimensional printed prosthesis. In this technique, 
CT image data are extracted in the preoperative period that 
provides an adequate mapping of the expected defect so 
that precise prosthesis can be designed for reconstruction. 
It reduces the operating time and has less potential 
for intraoperative errors and provides good cosmesis. 
However, it has disadvantages of having a very high cost 
and being available at only a few centers.[16]

Local-regional recurrence after radical excision is 
reported in 10%–30% patients. Factors associated with 
local-regional recurrence are adequacy of resected margins, 
lymph node status, and ability to complete the intended 
multimodal treatment. OS after multimodality treatment 
has been reported as 25–30 months.[17] In our study, median 
disease-free survival and OS were 21 and 25 months, 
respectively. The majority of the patients had systemic 
metastasis.

CONCLUSION

Radical surgical resection is the mainstay of treatment for 
primary lung cancer with CW involvement. Multimodality 
treatment is required for optimal long-term oncological 
and functional outcomes. A combination of radiological 
criteria helps predict the CW involvement and planning 
for surgical resection.
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