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Introduction

Over the last two decades, significant advances have been 
made in the management of patients with early stage non-
small cell lung cancer (NSCLC). Importantly, video-assisted 
thoracoscopic surgery (VATS) has emerged as an acceptable 
alternative, and in many cases the preferred alternative, 
to open approaches (thoracotomy), with comparable 
long-term outcomes and overall oncologic efficacy (1,2). 
In addition, the experiences gained from thoracoscopic 
approaches—together with concurrent improvements in 
instrumentation and video technology—have enabled the 
evolution thoracoscopic lobectomy in the management of 
patients with locally advanced NSCLC, including stage IIIA 
(N2) NSCLC (3-5). 

Despite the growing experience in thoracoscopic 
approaches, there remains substantial variability in widespread 
adoption of VATS lobectomy following induction therapy. 
Moreover, considerable controversy exists in this area, 
particularly around the concept of mediastinal staging of 
clinically N0 patients (c-N0) and the restaging after induction 

therapy. Current National Comprehensive Cancer Network 
(NCCN) guidelines for instance, recommend invasive 
mediastinal staging before surgical resection for most 
patients with clinical stage I (c-stage I) or II lung cancer, 
while preoperative invasive mediastinal staging may be 
appropriate for a strong clinical suspicion of N2 or N3 
nodal disease, or when intraoperative cytology or frozen 
section analysis is not available (6,7). 

In addition, there is not a consensus what features 
constitute “operable” stage IIIA NSCLC: single versus 
multi-station disease; microscopic involvement only 
versus bulky disease; and the role of pneumonectomy 
after induction therapy. Finally, the utility of induction 
chemotherapy versus chemoradiation, and the subsequent 
utilization of VATS or thoracotomy are still debated. The 
resolution of these controversies has been by impaired by 
biases in established practices, perceived technical difficulty 
of the resection following induction therapy, and in some 
cases, limited experience with thoracoscopic strategies in 
this unique cohort. 
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In this perspective, we will examine the importance 
of surgical staging and restaging of the mediastinum for 
patients with potentially resectable N2 NSCLC, review 
contemporary data to determine the optimal induction 
treatment strategy for N2 disease, and finally explore the 
role of thoracoscopic lobectomy in the management of 
patients with stage IIIA (N2) NSCLC following induction 
therapy. 

Role of mediastinal staging and re-staging 

Accurate assessment of nodal status (mediastinal staging) 
in lung cancer is crucial for planning therapy and assessing 
prognosis (8). Despite improvements in advanced imaging 
modalities such as computed tomography (CT) and 
positron emission tomography (PET) scans, surgical 
staging remains the gold standard approach for accurate 
staging of the mediastinum. Even though PET scans can 
improve detection of distant metastasis in patients with 
NSCLC, they provide limited information in terms of 
confirming or excluding mediastinal tumor involvement. 
In-fact, multiple studies have shown that mediastinal 
staging with PET scans for c-stage I patients has a reported 
sensitivity of 61% to 82%, and specificity of 77% to 82% 
(9,10). This means that almost 25% of c-stage I patients 

are incorrectly staged without endobronchial ultrasound 
(EBUS) or mediastinoscopy. Thus, current NCCN 
guidelines recommend pathologic mediastinal lymph node 
evaluation during the pre-treatment evaluation of patients 
with stage 1B (peripheral T2a, N0), stage 1 (central T1ab to 
T2a, N0), stage II (T1ab to 2ab, N1 or T2b, N0), stage IIB  
(T3, N0), and stage IIIA (T3, N1) disease,  while 
consideration in patients with stage IA disease (peripheral 
T1ab, N0) (6,7). 

Likewise, understanding the utility of mediastinal staging 
and re-staging in the context of potentially resectable 
N2 NSCLC is also extremely crucial. Re-staging allows 
for objective assessment of tumor response to treatment 
(induction therapy), and helps guide further treatment. 
Thus, the strategy of induction therapy and re-staging 
remains the standard of care. Induction chemotherapy tests 
the biology of the tumor, and those patients that do not 
response, they tend to have poor prognosis. Importantly 
however, if radiation therapy is also used, the strategy of 
re-staging to determine operability becomes meaningless. 
While some clinicians may think restaging is not important, 
survival advantage of down-staged patients suggest that re-
staging is useful. For instance, Betticher et al. examined  
90 patients with IIIA (pN2) after 3 cycles of chemotherapy 
(docetaxel/cisplatin) and resection, and found that 
mediastinal down-staging and complete resection was 
associated with improved survival (11). 

In terms of diagnostic modalities, re-staging after 
induction therapy should include PET for distant metastatic 
assessment, but neither PET nor EBUS although are 
effective in staging the mediastinum after induction  
therapy (7) .  Instead,  mediast inoscopy (or  repeat 
mediastinoscopy) or VATS is recommended, if pathologic 
assessment of the mediastinum would be used to assign 
therapy. Based on our experience, staging and re-staging 
can be grouped into 2 dominant strategies including 
EBUS prior to induction and restaging with video-
mediastinoscopy, or mediastinoscopy prior to induction and 
restaging with VATS or repeat mediastinoscopy (Table 1). 
Notably, the feasibility and safety of repeat mediastinoscopy 
in restaging of lung cancer after induction therapy has been 
demonstrated by multiple studies. For instance, Lardinois 
and his colleagues compared 219 patients who underwent 
video mediastinoscopy without induction therapy to  
24 patients who underwent video mediastinoscopy following 
induction therapy, and found that video mediastinoscopy 
after induction therapy for NSCLC was as accurate and did 
not confer additional morbidity (12). Moreover, sensitivity 

Table 1 Mediastinal lymph node staging options

Option 1

PET scan

EBUS

Induction chemotherapy

Mediastinoscopy

Down-staging?

Resection

Option 2

PET scan

Mediastinoscopy

Induction chemotherapy

VATS re-staging or re-mediastinoscopy

Down-staging?

Resection

PET, positron emission tomography; EBUS, endobronchial 
ultrasound; VATS, video-assisted thoracoscopic surgery.
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and specificity of video mediastinoscopy with versus without 
induction therapy was also comparable (81% vs. 87%, 
and 91% vs. 96%, respectively) (12). Similarly, Call et al. 
examined their experience in 96 patients who underwent re-
mediastinoscopy (84 were re-staged after N2 disease), and 
found sensitivity of 74%, accuracy of 87% but interestingly 
a median survival of 51.5 months for true node-negative 
patients and versus 11 months for false node-negative  
(i.e., node positive) (13). 

Even though re-mediastinoscopy after induction 
therapy is feasible, it is significantly more difficult than 
primary mediastinoscopy, is often associated with higher 
complication and false negative rates, and not adequate 
especially for lymph node stations 5, 6, 8 and 9. More 
recently, VATS mediastinal lymph node restaging has been 
introduced to improve the efficacy of mediastinal assessment 
after induction therapy (14,15). VATS staging and restaging 
allows for evaluation of lymph node stations 2R, 4R, 5, 6, 
7, 8, 9, 10, 11, 12 and pleura, allows for easier acquisition 
of larger biopsies, and also facilitates the intended resection 
(i.e., lobectomy). VAT re-staging also allows for resection 
all ipsilateral nodes (not just a biopsy) to accurately access 
tumor response. According to one prospective, multi-
institutional study for instance, VATS restaging after 
induction therapy for NSCLC has a sensitivity of 75%, 
specificity of 100%, and accuracy of 76% (16). 

Existing data on induction therapy for N2 
disease

Patients with N2 disease can be challenging to manage as 
they often have varying levels of lymph node involvement (8).  
They can be treated with induction chemotherapy, 
chemoradiotherapy followed by surgery, or definitive 
chemoradiotherapy without surgery (7). Existing guidelines 
for T1-2, T2 (other than invasive), N2 nodes positive, 
M0 patients recommend either definitive concurrent 
chemoradiation or induction chemotherapy with or without 
radiation therapy. Furthermore, patients with local disease 
progression are given radiation therapy (if not given) with 
chemotherapy, while those without progression may be 
amenable to surgery, depending on tumor response (7,17).

Nonetheless, use of induction chemotherapy versus 
chemoradiation is not only of immense interest but is 
also highly debated, in part due to the limited number 
of randomized studies to help guide evidence-based 
decision making. Interestingly, recent studies have shown 
no additional benefit of radiation therapy to induction 

chemotherapy. For instance, Pless et al. (18) randomly 
assigned 232 stage IIIA (N2) patients from 23 centers 
in Switzerland, Germany and Serbia to receive either to 
neoadjuvant chemoradiation (3 cycles cisplatin, docetaxel 
followed by radiotherapy) or chemotherapy alone. The 
study found that both groups had similar median event-
free survival and overall survival, radiotherapy did not add 
any benefit to induction chemotherapy followed by surgery. 
Similarly, Katakami et al. (19) randomized 60 patients to 
either chemoradiation or chemotherapy alone followed 
by surgery, and found no difference in progression-free 
survival and overall survival between the groups, although 
addition of radiation therapy conferred better local control 
without significant adverse effects. This study, however, was 
terminated prematurely due to slow accrual. 

Our institution further examined outcomes between 
induction chemotherapy and induction chemoradiation 
using the National Cancer Data Base, and found that 
Induction chemoradiation was not associated with a survival 
benefit compared with induction chemotherapy, although 
down staging from N2 to N0/N1 was more common 
with induction chemoradiation compared with induction 
chemotherapy (58% vs. 46%, P<0.01) (20). Likewise, a 
systematic review and meta-analysis by Shah et al. (21), 
demonstrated no survival benefit to adding radiation to 
induction chemotherapy versus induction chemotherapy 
alone, although the addition of radiation was associated 
with a higher complication rate. 

Role of thoracoscopic lobectomy 

There is significant variation in the use of thoracoscopic 
lobectomy among various institutions, including the 
treatment of both early stage NCSLC and locally advanced 
NSCLC. Furthermore, as discussed above, there is a lack 
of consensus on the management of Stage IIIA NSCLC, 
highlighting the pivotal role of a multi-disciplinary team 
to help guide individualized treatment decisions. Per 
NCCN guidelines, surgery is indicated in stage IIIA with 
involvement of a single N2 lymph node smaller than 3cm 
following induction chemotherapy (6,7). There is, however, 
no consensus on multi-station or bulky disease.

The utility of surgery following induction therapy has 
been previously demonstrated by multiple studies (3,22,33). 
For instance, in a phase III randomized trial, Albain and 
his colleagues have demonstrated that chemotherapy 
plus radiotherapy with or without resection (preferably 
lobectomy) are reasonable options for patients with 
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stage IIIA(N2) NSCLC. Likewise, our institution also 
demonstrated that major lung resection after induction 
chemotherapy can be performed with acceptable short- and 
long-term results in appropriately selected patients (22).

More recently, VATS lobectomy has emerged as a safe 
and effective option following induction therapy, with 
numerous outcomes advantages and oncologic outcomes at 
least equivalent to open lobectomy. Kamel and colleagues 
reported their experience with VATS lobectomy after 
induction chemotherapy and found no differences in 
the number of lymph nodes selected, number of stations 
sampled, and in rate of R0 resection between VATS 
lobectomy and thoracotomy. Moreover, there was no 
difference in 5-year disease-free survival in patients who 
presented with cN2 disease, and VATS was associated 
with shorter length of stay and a trend towards fewer 
postoperative complications (24). 

Our institutional experience 

We examined our own institution long-term outcomes 
following open versus VATS lobectomy after induction 
therapy. In our study of 272 lobectomies (25% were 
VATS while 75% were thoracotomy) after induction 
chemotherapy, VATS lobectomy had improved 3-year 
survival compared to thoracotomy, and a trend towards 
improved long-term survival although not statistically 
significant. Moreover, there were no differences in rates of 
postoperative bleeding, atrial fibrillation, respiratory failure 
or pneumonia (3). 

Given our experience, we first proceed with mediastinal 
staging with mediastinoscopy or EBUS. If single station N2 
or non-bulky multi-station N2 is found, we proceed with 
induction chemotherapy. After completion of induction 
therapy, we re-stage the patient with PET scans plus either 
mediastinoscopy (if originally staged with EBUS) or VATS. 
If there is evidence of down-staging (either radiographically 
or pathologically), we proceed with resection. If there is 
minimal down-staging however but with no evidence of 
progression, we proceed with VATS lobectomy, reserving 
pneumonectomy for selected patients only. 

Conclusions

Management of patients with advanced stage NSCLC 
continues to evolve with improvements in neoadjuvant 
treatment therapies, imaging modalities and surgical 
techniques. Accurate surgical staging and re-staging for 

patients with potentially resectable stage IIIA (N2) NSCLC 
is extremely critical in order to help guide clinical decisions. 
Furthermore, re-staging and demonstration of down-
staging is also powerful prognostic factor. The utility of 
induction radiation in addition to chemotherapy in the 
contemporary era is also debatable, especially in light of 
recent evidence. And finally, optimal management after 
induction therapy involves lobectomy, which can be safely 
performed via the VATS approach with acceptable survival 
and oncologic outcomes. 
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