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Abstract
Locally advanced non-small cell lung cancer (NSCLC) has historically been defined as Stage III by the IASCLC 
staging. While the workup for these patients has been standardized, the treatment algorithms remain unclear. The 
use of neoadjuvant chemotherapy, radiotherapy, and now immunotherapy still awaits results in terms of optimal 
regimen. Surgery for local disease control is routinely used and this group of patients have historically been treated 
with open thoracotomy for resection. Only in the last 10-20 years have minimally invasive surgical methods been 
applied for treatment. Video-assisted and robotic-assisted thoracoscopic surgery have retrospectively been shown 
to be safe and effective with equivalent or better perioperative outcomes, long-term overall and disease-free 
survival, mediastinal lymph node staging to open thoracotomy, and the ability to operate on patients who are too 
sick for thoracotomy. This review shows that minimally invasive surgery for treatment of locally advanced NSCLC 
disease should now be routinely offered to patients as the initial surgical method of resection.

Keywords: Locally advanced, minimally invasive surgery, video assisted thoracoscopic surgery, non-small cell lung 
cancer

INTRODUCTION
Locally advanced non-small cell lung cancer (NSCLC) has been variably defined in the literature from 
Stage III alone in the 7th edition International Association for the Study of Lung Cancer (IASCLC) staging 
to the inclusion of the stage groupings of II, IIIA, IIIB, and the newly created IIIC in the 8th edition of 
the IASCLC Tumor Node Metastasis (TNM) staging[1,2]. This further breakdown in the 8th edition TNM 
staging was reflective of the different prognosis for T3 and T4 tumor size associated with N3 nodal disease 
without metastases. This change means Stage III in the 8th edition of the TNM staging range in size from 
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≤ 1 cm to > 7 cm with nodal involvement ranging from none to metastases in the contralateral mediastinal 
or hilar area, ipsilateral or contralateral scalene area, or supraclavicular lymph nodes[3]. The new Stage 
III subgroups were observed to have the following 5-year survival for clinical and pathologic staging, 
respectively: IIIA 36% and 41%, IIIB 26% and 24%, and IIIC 13% and 12%[2].

This has led to an update in the clinical practice guidelines available to clinicians. The workup is the same 
for all Stage III tumors including pulmonary function tests (PFTs), bronchoscopy, evaluation of mediastinal 
lymph node evaluation, FDG PET/CT, and MRI or CT of the head[4]. The difference lies in how to proceed 
afterward. The European Society of Medical Oncology (ESMO) describes a three-pathway approach, 
whereas the National Comprehensive Cancer Network (NCCN) guidelines describe many more options 
for management based on the type of Stage III NSCLC cancer[1,4]. ESMO focuses on nodal status based on 
preoperative imaging and, while the NCCN guidelines start similarly, the nuance lies with T status, location 
of primary tumor, presence of multiple tumors, N status, and determination of resectability. Both guidelines 
are in general agreement that N3 patients and patients deemed unresectable proceed with non-surgical 
multimodality treatment as their primary management. Incidental or occult N2 disease not previously 
diagnosed remains a debated topic with NCCN stating that surgery can proceed and then use adjuvant 
therapy or surgical resection can be halted and neoadjuvant treatment administered before definitive 
resection[4]. ESMO suggests proceeding with surgery and then adjuvant treatment[1]. Both guidelines agree 
that patients with N0-N1 disease can proceed to surgery first, with caveats in NCCN guidelines regarding 
location in the thoracic cavity and presence of invasion.

Mediastinal staging is critical as the presence of N2 disease even with tumors of T stage T1a to T1c fall 
into Stage IIIA[2]. Staging techniques fall into the three broad categories: imaging, endoscopic, and surgical. 
De Leyn et al.[5] in their “Revised ESTS guidelines for preoperative mediastinal lymph node staging 
for NSCLC” provided an overview of available techniques including Chest CT scan, PET-CT scan, 
transbronchial needle aspiration, endoscopic ultrasound with aspiration, endobronchial-TBNA, 
cervical mediastinoscopy, video-assisted thoracoscopic (VATS) biopsy, video-assisted mediastinal 
lymphadenectomy, or transcervical extended mediastinal lymphadenectomy[5]. The NCCN recommends 
any patient suspected of having nodal disease to be biopsied by endoscopic or surgical means[4]. 

However, occult N2 disease can still be found even after these techniques. Risk factors that have been 
identified with occult N2 metastases include larger tumor size and central location as well as high tumor 
standardized uptake value seen on fluorodeoxyglucose (18F) PET/CT and tumor histology such as 
adenocarcinoma with micropapillary features[6-9].

Our review aims to provide a summary of the latest body of knowledge on identification, medical treatment. 
and surgical approaches to locally advanced NSCLC disease, with a focus on emerging minimally invasive 
approaches to treatment including video-assisted thoracoscopic surgery and robotic-assisted lung resection. 

An extensive literature search was performed by two independent co-authors. PubMed and Cochrane 
Library were searched from their inception until December 2019. Published manuscripts regarding the 
management of locally advanced NSCLC were reviewed with regards to the following: tumor characteristics 
(size, location of tumor, metabolic activity, nodal involvement, clinical and pathologic staging, and final 
histology), surgical vs. nonsurgical treatment, neoadjuvant or adjuvant therapy around surgery, extent of 
resection (sublobar, lobectomy, and pneumonectomy), and method of resection (open, VATS, and robotic). 
We also examined references of articles that we discovered using the previous criteria for additional studies 
that may not have been found in our initial search. Additionally, articles deemed relevant and not identified 
in the above-mentioned searches were included after review and consensus by the authors. We excluded all 
studies that were case-reports, small case-series, or had questionable data analysis.
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NEOADJUVANT AND ADJUVANT TREATMENT STRATEGIES 
Management of the subset of patients with locally advanced NSCLC remains difficult given their 
heterogenous presentations and lack of clear consensus regarding optimal management. Additionally, 
important distinction should be made between those for whom medical therapy is definitive compared to 
those considered for surgical resection. Finally, those found to have occult N2 disease following surgery 
represent a unique treatment dilemma. Current treatment modalities include chemotherapy, radiation, 
surgery, and immunotherapy with the recent introduction of immune checkpoint inhibitors such as PD-
(L)-1 inhibitors. Given the complexity of treatment, a multidisciplinary plan is preferred to optimize care.

Unresectable NSCLC 
For unresectable NSCLC as defined by unresectable, node-positive Stage II and Stage III or greater, initial 
therapy has previously been chemoradiation alone with the American Society of Clinical Oncology 
endorsing the American Society for Radiation Oncology Evidence-Based Clinical Practice Guidelines 
which recommend concurrent chemoradiotherapy[10]. In the past decade, attention has turned to the 
use of targeted immune therapy as an alternative or in addition to chemotherapy. To date, targeted 
immunotherapy (excluding check-point inhibitor) has not been shown to improve overall survival in phase 
III trials for locally advanced NSCLC including most notably the START trial[11] and INSPIRE trial[12] for 
unresectable NSCLC.

Immune checkpoint inhibitors of PD-(L)1 have shown promising results in management of NSCLC. The 
recent PACIFIC randomized control trial demonstrated that Stage IIIA patients unable to undergo surgery 
had not only improved progression free survival (23.2 months vs. 14.6 months with placebo; P < 0.001), but 
also overall survival as high as 66% at 24 months with chemoradiation therapy followed by immunotherapy 
(durvalumab) as compared to chemoradiation alone[13,14]. Currently, the NCCN recommends this treatment 
algorithm as standard of care in unresectable disease[4].

Resectable NSCLC
For potentially resectable NSCLC, the consensus is less clear. All guidelines agree that surgical treatment 
alone for IIIA NSCLC continues to have a poor 5-year survival and unimodality therapy is not 
recommended. These findings were demonstrated by two landmark randomized control trials (RCTs), 
now over two decades old, which demonstrated that the addition of induction chemotherapy to surgery 
improved overall survival and disease-free survival (median survival 26 months vs. 8 months and median 
disease-free survival 20 months vs. 5 months for chemotherapy plus surgery compared to surgery alone, 
which established the standard of care; P < 0.001) in Stage III NSCLC patients[15,16]. 

Historically, the most debated topic has been the role of surgery in the management of this subset of Stage 
III lung cancer, IIIA. Initial RCTs such as Intergroup 0139 trial, which enrolled over 400 patients with Stage 
IIIA NSCLC due to N2 disease to either chemoradiotherapy or surgery, found surgery was not associated 
with an improvement in overall survival [5-year survival rate, 27% vs. 20%; odds ratio (OR) 0.63; 95%CI: 
0.36-1.10]. The intergroup 0139 trial did however find a sevenfold increase in the control of the primary 
tumors and an improvement in 5-year progression-free survival (PFS, 22% vs. 11%). Of note, in this study, 
survival was impacted by the high rate of pneumonectomies but there was a clear survival with benefit with 
surgery for patients requiring lobectomy[17]. At the same time, the EORTC 08941 study found no difference 
in overall survival in those who received surgery or radiation following induction chemotherapy[18]. The 
latter study was limited as it only enrolled patients with unresectable disease and the rate of incomplete 
resection was greater than 50%. Most recently, the ESPATUE trial found in IIIA (N2 disease) that 5-year 
overall survival and progression free survival were equivalent in those who received surgery versus 
definitive chemoradiotherapy following induction therapy[19]. In those patients identified as having N2 
disease intraoperatively, current NCCN guidelines suggest that those with negative preoperative nodes with 
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one single positive node found at time of surgery are resectable candidates[4]. However, the decision to stop 
and proceed with neoadjuvant therapy upfront continues to be debated amongst clinicians. 

The use of targeted immunotherapy as part of multimodality therapy with surgery is less well known. 
The most recent systematic review of nine eligible trials (eight with surgically resected locally advanced 
NSCLC) utilizing immunotherapy (excluding immune checkpoint inhibitors) totaling 4940 randomized 
participants found no statistical survival benefit in overall survival in their pooled meta-analysis (HR = 
0.94; 95%CI: 0.83-1.06; P = 0.35), and progression free survival (HR = 0.93; 95%CI: 0.81-1.07; P = 0.19; 
high-quality) when compared to conventional therapy except for checkpoint inhibitors such as PD-(L)-1 
inhibitors for which results are promising[20]. Recently, R0 resection has been demonstrated as still being 
possible in the majority of cases (95%) after immunotherapy, with two recent pilot studies demonstrating 
no delay in surgery following neoadjuvant nivolumab[21-23]. Unfortunately, no RCT results are yet available 
that have examined incorporation of immunotherapy with surgically resectable disease, with four studies 
(NCT01857271, NCT02201992, NCT02347839, and NCT02595944) created to examine this question with 
one trial [Erlotinib Hydrochloride Before Surgery In Treating Patients with Stage III Non-Small Cell Lung 
Cancer (EVENT trial) NCT02347839] closed to poor accrual already (https://clinicaltrials.gov/ct2/show/
NCT02347839).

In terms of timing of therapy, current guidelines recommend neoadjuvant therapy followed by possible 
surgery in the appropriate candidate for curative resection if N2 disease is recognized upfront[4]. 
Trimodality therapy, consisting of chemotherapy, radiation, and surgery, has been associated with improved 
median survival and in certain cases has been shown to demonstrate a survival benefit even with Stage IIIB 
disease (P < 0.001) and N3 (P = 0.010) in non-randomized trial[24]. In this regard, one recent meta-analysis 
by McElnay et al.[25] demonstrated improved survival with neoadjuvant chemoradiation compared to 
neoadjuvant chemotherapy alone prior to surgery (HR 0.87 vs. HR 1.1, although neither reached statistical 
significance). However, one phase III trial found no survival benefit with induction chemoradiation 
compared to induction chemotherapy alone followed by surgery[26]. To date, there continues to be a lack of 
consensus regarding utilization of trimodality therapy.

When examining forms of adjuvant therapy, the role of postoperative adjuvant radiation (PORT) is not 
clear. Initial studies demonstrated a modest benefit in Stage IIIA disease with adjuvant radiation treatment 
but had limited reduction in local recurrence or survival benefit in early stage disease[27]. The ANITA 
III trial is the only RCT to demonstrate increased survival in N2 disease with the addition of adjuvant 
radiation to chemotherapy (median, 47 months if given radiation vs. 24 months in those without radiation 
given adjuvant chemotherapy; 23 months vs. 13 months with or without adjuvant radiation in those not 
given adjuvant chemotherapy)[28].

For those who may be candidates for adjuvant radiation, survival differences occur based on degree 
of resection. In a non-clinical trial, PORT was associated with improved survival in R1 resection[29]. 
In contrast, a recent meta-analysis found patients treated with PORT have worse survival after R0 
resection[30]. Only one recent study noted a survival benefit in R0 patients if given sequentially following 
chemoradiation, which has not yet been confirmed by RCT[31]. The NCCN guidelines currently recommend 
those found to have occult N2 disease after resection should either receive chemotherapy for R0 resection 
or combined chemoradiation for R1 or R2 resection[4].

OPEN THORACOTOMY VS. MINIMALLY INVASIVE SURGERY FOR LOCALLY ADVANCED 

DISEASE (INCLUDING ROBOTICS)
Thoracotomy has been the standard surgical approach to thoracic surgery, but the past 30 years has seen 
the development of VATS. While this modality has been further advanced to include robotics, some 



Dolan et al. Mini-invasive Surg 2020;4:40  I  http://dx.doi.org/10.20517/2574-1225.2020.17                                         Page 5 of 10

contention remains whether VATS is equivalent in terms of safety, lymph node evaluation, and outcomes to 
open thoracotomy[32]. 

Perioperative outcomes
Contemporary studies have demonstrated equivalent or better perioperative outcomes for VATS and 
RATS[33-36]. Huang et al.[33] performed one of the earlier studies that called attention to VATS treatment 
in locally advanced NSCLC. They reviewed 43 patients with Stage IIA-IIIB per UICC 7th edition staging 
who underwent neoadjuvant therapy from 2006 to 2012 and proceeded on to VATS. Overall, 97.7% of the 
patients’ resections were completed VATS. Blood loss was 253.57 ± 117.08 mL for 28 lobectomies, 5 double 
lobectomies, 5 wedge resections, 4 pneumonectomies, and 9 sleeve resections. No perioperative deaths were 
reported. While this study lacked a comparison group, the overall conclusion was that VATS was safe and 
feasible in this group of patients[33]. Park et al.[34] soon followed up on this report with a 428-patient study, 
397 thoracotomy vs. 17 RATS and 14 VATS (referred to as MIS collectively), who had been diagnosed as 
clinical Stage II and IIIA and underwent surgery after induction therapy. From 2002 to 2013, they noted a 
conversion rate from MIS of 26% with R0 resection rate of 97% MIS vs. 94% open (P = 0.71). Complications 
were similar between groups at 32% and 33% (P = 0.99), with more of the open complications related to 
the cardiovascular system, 11%. Four perioperative deaths were noted in the open group with none in the 
MIS group. Median length of stay was 4 days in MIS vs. 5 days in open (P < 0.001). This allowed them to 
conclude that perioperative outcomes for MIS were equal or better than open surgery[34]. Veronesi et al.[35] 
built on this and, similar to Huang et al.[33], focused on RATS for locally advanced NSCLC. In total, 223 
patients were retrospectively collected from multiple international sites who were diagnosed as Stage III 
preoperatively or intraoperatively. They divided the groups into neoadjuvant (15%), adjuvant (63%), and 
no neoadjuvant/adjuvant treatment (22%). Overall, 10.3% of patients experienced Clavien-Dindo Grade 
III-IV complications with no difference noted between groups (P = 0.14). Overall, 9.9% of cases were 
converted large tumor size and > 2 positive lymph nodes significantly associated on univariate analysis, 
which did not carry over to multivariable analysis. Mean hospital length of stay was 5.3 days (P = 0.641)[35]. 
Lastly, Gonfiotti et al.[36] reported their retrospective review of the Italian VATS Group database, including 
3720 early stage patients and 454 locally advanced stage patients who all underwent VATS. They defined 
locally advanced as cT2b to cT4 in the 7th edition staging and/or received neoadjuvant treatment. They 
noted a lower estimated blood loss for the advanced stage patients at 169.44 ± 63.69 mL than prior studies 
but greater than early stage, 186.69 ± 69.65 mL (P = 0.038)[31,34]. Conversions were more common in the 
advanced stage group (13.0% vs. 9.3%, P = 0.018); however, bleeding was more commonly the reason for 
the early stage group, 33.4% (102), while tumor extension was the predominant cause for locally advanced 
tumors, 25.4% (15). Complication rate was higher in the locally advanced group which was significant, 
37.0% vs. 30.4% (P = 0.040). Thirty-day mortality was not significantly different between locally advanced 
vs. early stage, 1.5% vs. 1.6% (P = 0.880), nor was length of stay, 7.96 ± 10.10 vs. 7.35 ± 29.39 (P = 0.660)[36]. 
Taken together, these data indicate that perioperatively the outcomes for MIS methods, including for locally 
advanced NSCLC, is safe with equivalent or better perioperative outcomes.

Lymph node evaluation
Tian et al.[37] focused on lymph node evaluation after neoadjuvant treatment with VATS compared to 
thoracotomy. For 127 patients, 56 VATS and 71 open from 2000 to 2016, they did propensity matching 
between the two surgical groups to get 28 pairs to evaluate the sufficiency of mediastinal lymph node 
dissection between VATS and open. All cases were lobectomies or larger resections. They found no 
difference in the completeness of resection (P = 0.611), but a nonsignificant difference in adequacy of 
mediastinal lymph node dissection. The guidelines they quoted required evaluation of three hilar and 
interlobar lymph nodes and three mediastinal lymph nodes from three stations. They noted that 60.7% 
of the open cases did not meet this guideline while 75.2% of VATS cases did. Most importantly, however, 
when the lymph node numbers and stations sampled were compared, there was no statistically significant 
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difference between the two groups. They proceeded to apply multivariable logistic regression and did not 
find side or surgical technique to be significant predictors for sufficient lymph node dissection; upper 
or middle lobe location did note a 3.843 hazard ratio for sufficient lymph node dissection (P = 0.002)[37]. 
Park et al.[34] also demonstrated no difference with their MIS comparison to open, and, although 
nonsignificant, it trended towards a higher median for lymph node stations sampled in the combined MIS 
group (RATS and VATS) than the open cohort, 5 (3-7) vs. 4 (1-9) (P = 0.081)[34]. When Gonfiotti et al.[36] 
compared their locally advanced NSCLC VATS resections to their early stage NSCLC VATS resection, they 
had more total lymph nodes sampled (15.69 ± 10.47 vs. 13.48 ± 8.18, P < 0.001), more N1 stations sampled 
(7.55 ± 6.96 vs. 6.38 ± 4.30, P < 0.001), and more N2 stations sampled (8.27 ± 6.62 vs. 7.02 ± 5.58, P < 0.001)[36]. 
All this evidence indicates that VATS is at least equivalent to open in terms of lymph node sampling for 
locally advanced NSCLC.

An additional benefit of VATS as the primary surgical modality is that it can serve as a restaging method 
before definitive resection. CALGB 39803 was a prospective phase II trial designed to evaluate the 
possibility of restaging Stage III NSCLC patients, 7th edition TNM staging, after they had undergone 
neoadjuvant therapy for N2 disease burden. The study was multi-center and ran from 1998 to 2003. The 
protocol mandated histologically confirmed N2 NSCLC disease and a two-cycle course of platinum-based 
chemotherapy and/or 40 Gy or more of radiotherapy. Patients then underwent a VATS restaging procedure 
focusing on signs of pleural carcinomatosis, malignant effusion, or any positive mediastinal node with at 
least three sampled. Of 68 patients who were evaluated, 20 had no nodal tissue present due to neoadjuvant 
therapy, 7 had negative nodes, 16 had persistent N2 disease, and 4 had progression to carcinomatosis. This 
gave a feasibility rate of 69% (95%CI: 57%-80%) for VATS as a restaging modality[38]. While this study was 
done, as noted by the authors, before the more regular use of EBUS, this demonstrates that VATS can be 
used as a restaging modality prior to committing to an open thoracotomy.

Long-term outcomes
Yang et al.[39] published, in 2016, Duke University’s retrospective review of 111 cases of Stage IIIA pN2 
NSCLC, 7th edition IASCLC staging, who had received induction chemotherapy with or without radiation 
and then proceeded on to lobectomy. Cases were from 1996 to 2012 with a distinct trend towards increased 
VATS in later years. They found patients who had undergone VATS had significantly better 5-year overall 
survival than open surgery, 56.6% vs. 31.4% (P = 0.007). No significant difference was noted in recurrence 
free survival between VATS and open groups, 27.3% vs. 22.3% (P = 0.17)[39]. Yang et al.[40] followed up on 
this by focusing on VATS vs. thoracotomy after preoperative chemotherapy for any stage NSCLC, including 
203 thoracotomy and 69 VATS patients from 1996 to 2012. On univariate analysis, they found significantly 
better 3-year overall survival for VATS patients vs. open, 61% vs. 43% (P = 0.010), but no difference with 
multivariable analysis despite a trend towards significance, HR 0.56 (0.32-1.01) (P = 0.053). Recurrence 
free survival was no different on univariate or multivariable analysis, 36% vs. 27% (P = 0.12) and HR 0.68 
(0.42-1.09) (P = 0.11). They proceeded with propensity matching on preoperative variables and found 
no difference on multivariable analysis between VATS and open for overall survival or for recurrence 
free survival, HR 0.88 (0.39-1.97) (P = 0.76) and HR 0.91 (0.46-1.83) (P = 0.80)[40]. Matsuoka et al.[41] 
from Japan published their institution’s experience with 132 patients who had undergone induction 
therapy before VATS or open and followed them out to 5 years. For the 97 patients they defined as locally 
advanced Stage II/III, the 5-year overall survival was not statistically different in the VATS vs. open groups, 
but precise values were not reported (P = 0.227)[41]. Lastly, Park et al.[34] demonstrated similar findings in 
their RATS and VATS vs. open study with 3-year overall and recurrence free survival being no different, 
48.3% vs. 56.6% (P = 0.84) and 49.0% vs. 42.1% (P = 0.19), respectively[34]. Taken together, all these studies 
demonstrate that even in long-term outcomes VATS or RATS is as good as or better than thoracotomy.
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FUTURE DIRECTIONS
Immunotherapy, alone or in combination with traditional chemoradiotherapy, is emerging as one of 
the next frontiers alongside different methodologies of radiation treatment that could change surgical 
management of locally advanced NSCLC[42]. There are currently multiple ongoing trials examining the use 
of immunotherapy regimens for NSCLC [Table 1][43-51]. However, there remains a lack of evidence regarding 
the safety of pulmonary resection after immunotherapy with only one retrospective study examining 
surgery after immunotherapy and a Cochrane review on immunotherapy after surgery[9,18]. 

CONCLUSION
The treatment of locally advanced NSCLC continues to evolve. Work is ongoing regarding immunotherapy 
and the best approach: neoadjuvant vs. adjuvant treatment. Additionally, minimally invasive surgical 
methods continue to evolve and become refined as surgeons increase their experience and technology 
improves. Although open thoracotomy has previously been the standard for locally advanced NSCLC, 
VATS is slowly becoming more common as studies show similar long-term outcomes and equivalent 
or better perioperative outcomes. In our own, unpublished experience, we observed similar rates of 
complications versus open surgery and shorter length of stay as previously reported but a better rate of 
proceeding on to adjuvant therapy holding with the concept of faster recovery for less invasive surgery[52]. 

Table 1. Actively recruiting clinical trials of neoadjuvant immunotherapy before surgery

National clinical 
trial number Country Patient 

number Intervention drug Study design Expected 
completion date

NCT03871153[43] USA 25 Durvalumab (anti PD-1) Multi-institutional single arm phase II trial 
in Stage III (N2) NSCLC to trial concurrent 
chemoradiation plus Durvalumab 
induction then surgery then Durvalumab

April 2022

NCT03838159[44] Spain 90 Nivolumab (anti PD-1) Randomized, two-arm, Phase II trial in 
Stage III NSCLC comparing Nivolumab 
with carboplatin and Paclitaxel then 
surgery then adjuvant Nivolumab vs.  
chemotherapy then surgery

September 2027

NCT03197467[45] Germany 30 Pembrolizumab (anti PD-1) Single arm, prospective phase II of 
Stage II/IIIA NSCLC of neoadjuvant 
pembrolizumab then surgery

2022

NCT03237377[46] USA 32 Durvalumab (anti PD-1) Pilot, non-randomized study of Stage IIIA 
NSCLC of Durvalumab with or without 
standard thoracic radiation given prior 
to surgery and followed by adjuvant 
chemotherapy if deemed appropriate

2021

NCT04025879[47] 113 international 
locations

452 Nivolumab (anti PD-1) Phase III, randomized, double-blind 
trial for resectable Stage II-IIIB NSCLC 
of neoadjuvant chemotherapy with or 
without Nivolumab followed by surgery 
and then adjuvant Nivolumab or placebo

2024

NCT02994576[48] France 60 Atezolizumab (anti PD-L1) Single arm, phase II trial of Atezolizumab 
as induction therapy for Stage IB-IIIA 
Non-N2 resectable and untreated NSCLC

2022

NCT03732664[49] China 40 Nivolumab (anti PD-1) Single arm, feasibility study of neoadjuvant 
Nivolumab then surgery for Stage IA3 to 
IIIA NSCLC

2027

NCT02259621[50] USA 30 Nivolumab (anti PD-1)
Ipilimumab (CTLA-4 
activation)

Single arm trial of neoadjuvant Nivolumab 
with or without ipilimumab for Stage I to 
IIIA, no N3, NSCLC

2023

NCT03158129[51] USA 66 Nivolumab (anti PD-1)
Ipilimumab (CTLA-4 
activation)

Randomized, phase II trial of Nivolumab 
with or without Ipilimumab then standard 
induction chemotherapy before surgery 
for Stage I-IIIA NSCLC

2022

NSCLC: non-small cell lung cancer; PD-(L)1: programmed cell death protein (ligand) 1; CTLA-4: cytotoxic T-lymphocyte-associated 
protein 4
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This indicates to us that, by performing more cases of locally advanced NSCLC in a minimally invasive 
manner, we can help patients proceed more quickly to indicated therapy.

While further work is needed to elucidate the appropriate management of locally advanced NSCLC, in 
terms of neoadjuvant and adjuvant treatment, the minimally invasive surgical approach to this condition 
has now come into its own. With perioperative, operative, and long-term outcomes now equivalent or 
better than open thoracotomy, we recommend that experienced surgeons offer minimally invasive VATS 
approach as the primary surgical method for locally advanced NSCLC.

DECLARATIONS
Authors’ contributions
Made substantial contributions to conception and design of the study and performed data analysis and 
interpretation: Dolan DP, Dezube AR, Swanson SJ

Availability of data and materials 
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest
Dr. Swanson is a consultant for Covidien and Ethicon. Remaining authors declared that there are no 
conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2020.

REFERENCES
1.	 Eberhardt WEE, De Ruysscher D, Weder W, Le Pechoux C, De Leyn P, et al. 2nd ESMO consensus conference in lung cancer: locally 

advanced stage III non-small-cell lung cancer. Ann Oncol 2015;26:1573-88.
2.	 Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, et al. The IASLC lung cancer staging project: proposals for revision of 

the TNM stage groupings in the forthcoming (Eighth) edition of the TNM classification for lung cancer. J Thorac Onc 2016;11:39-51. 
3.	 Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The eighth edition lung cancer stage classification. Chest 2017;151:193-203.
4.	 Ettinger DS, Wood DE, Aggarwal C, Aisner DL, Akerley W, et al. NCCN guidelines: non-small cell lung cancer version 1.2020. J Natl 

Compr Canc Netw 2019;17:1464-72.
5.	 De Leyn P, Dooms C, Kudzal J, Lardinois D, Passlick B. Revised ESTS Guidelines for preoperative mediastinal lymph node staging for 

non-small-cell lung cancer. Euro J Cardiothorac Surg 2014;41-12.
6.	 Lee PC, Port JL, Korst RJ, Liss Y, Meherally DN, et al. Risk factors for occult mediastinal metastases in clinical stage I non-small cell 

lung cancer. Ann Thorac Surg 2007;84:177-81.
7.	 Lyu L, Liu Y, Wang XY, Zhang, ZK, Tao, XL, et al. Potential value of FDG PET-CT in predicting occult lymph node metastasis in clinical 

stage IA lung adenocarcinoma. Zhonghua Zhongliu Zazhi 2019;41:441-7. (in Chinese)
8.	 Lin JT, Yang XN, Zhong WZ, Liao RQ, Dong S, et al. Association of maximum standardized uptake value with occult mediastinal lymph 

node metastases in cN0 non-small cell lung cancer. Eur J Cardiothorac Surg 2016;50:914-9.
9.	 Mizuno T, Arimura T, Kuroda H, Sakakura N, Yatabe Y, et al. Histological type predicts mediastinal metastasis and surgical outcome in 

resected cN1 non-small cell lung cancer. Gen Thorac Cardiovasc Surg 2017;65:519-26.
10.	 Bezjak A, Temin S, Franklin G, Giaccone G, Govindan R, et al. Definitive and adjuvant radiotherapy in locally advanced non-small-cell 



Dolan et al. Mini-invasive Surg 2020;4:40  I  http://dx.doi.org/10.20517/2574-1225.2020.17                                         Page 9 of 10

lung cancer: American Society of Clinical Oncology Clinical Practice Guideline Endorsement of the American Society for Radiation 
Oncology Evidence-Based Clinical Practice Guideline. J Clin Oncol 2015;33:2100.

11.	 Butts C, Sociniski MA, Mitchel PL, Thatcher N, Havel L, et al. Tecemotide (L-BLP25) versus placebo after chemoradiotherapy for stage 
III non-small-cell lung cancer (START): a randomised, double-blind, phase 3 trial. Lancet Oncol 2014;15:59-68.

12.	 Wu YL, Park K, Soo RA, Sun Y, Tyroller K, et al. INSPIRE: a phase III study of the BLP25 liposome vaccine (L-BLP25) in Asian 
patients with unresectable stage III non-small cell lung cancer. BMC Cancer 2011;11:430. 

13.	 Antonia SJ, Villegas A, Daniel D, Vicente, D, Murakami S, et al. Durvalumab after chemoradiotherapy in stage III non-small-cell lung 
cancer. N Engl J Med 2017;377:1919-29. 

14.	 Antonia SJ, Villegas A, Daniel D, Vicente, D, Murakami S, et al. Overall survival with durvalumab after chemoradiotherapy in stage III 
NSCLC. N Engl J Med 2018;379:2342-50. 

15.	 Rosell R, Gomez-Codina J, Camps C, Maestre J, Padille J, et al. A randomized trial comparing preoperative chemotherapy plus surgery 
with surgery alone in patients with non-small-cell lung cancer. N Engl J Med 1994;330:153-8.

16.	 Roth JA, Atkinson EN, Fossella F, Komaki R, Bernadette Ryan M, et al. Long-term follow-up of patients enrolled in a randomized trial 
comparing perioperative chemotherapy and surgery with surgery alone in resectable stage IIIA non-small-cell lung cancer. Lung Cancer 
1998;21:1-6.

17.	 Albain KS, Suzanne Swann R, Rusch VW, Turrisi AT, Sheperd FA, et al. Radiotherapy plus chemotherapy with or without surgical 
resection for stage III non-small-cell lung cancer: a phase III randomised controlled trial. Lancet 2009;374:379. 

18.	 van Meerbeeck JP, Kramer GWPM, Van Schil PEY, Legrand C, Smit EF, et al. Randomized controlled trial of resection versus 
radiotherapy after induction chemotherapy in stage IIIA-N2 non-small-cell lung cancer. J Natl Cancer Inst 2007;99.

19.	 Eberhardt WE, Pöttgen C, Gauler TC, Friedel G, Veit S, et al. Phase III study of surgery versus definitive concurrent chemoradiotherapy 
boost in patients with resectable stage IIIA(N2) and selected IIIB non-small-cell lung cancer after induction chemotherapy and concurrent 
chemoradiotherapy (ESPATUE). J Clin Oncol 2015;33:4194.

20.	 Zhu J, Li R, Tiselius E, Roudi R, Teghararian O, et al. Immunotherapy (excluding checkpoint inhibitors) for stage I to III non-small cell 
lung cancer treated with surgery or radiotherapy with curative intent. Cochrane Database Syst Rev 2017;12:CD011300.

21.	 Bott MJ, Cools-Lartigue J, Tan KS, Dycoco J, Bains MS, et al. Safety and feasibility of lung resection after immunotherapy for metastatic 
or unresectable tumors. Ann Thorac Surg 2018;106:178-83.

22.	 Chaft JE, Forde PM, Smith KN, Anagnostou V, Cottrell T, et al. Neoadjuvant nivolumab in early-stage, resectable non-small cell lung 
cancers. J Clin Onc 2017:15_suppl;8508.

23.	 Forde P, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, et al. Neoadjuvant PD-1 blockade in resectable lung cancer. N Engl J Med 
2018;378:1976-86.

24.	 Vyfhuis MAL, Bhooshan N, Burrows WM, Turner M, Suthralingam M, et al. Oncological outcomes from trimodality therapy receiving 
definitive doses of neoadjuvant chemoradiation (≥60 Gy) and factors influencing consideration for surgery in stage III non-small cell lung 
cancer. Adv Radiat Oncol 2017;2:259-69.

25.	 McElnay PJ, Choong A, Jordan E, Song F, Lim E. Outcome of surgery versus radiotherapy after induction treatment in patients with N2 
disease: systematic review and meta-analysis of randomised trials. Thorax 2015;70:764-8.

26.	 Pless M, Stupp R, Ris HR, Stahel RA, Weder W, et al. Induction chemoradiation in stage IIIA/N2 non-small-cell lung cancer: a phase 3 
randomised trial. Lancet 2015;386:1049. 

27.	 Pisters KM, Evans WK, Azzoli CG, Kris MG, Smith CA. Cancer care ontario and american society of clinical oncology adjuvant 
chemotherapy and adjuvant radiation therapy for stages I-IIIA resectable non small-cell lung cancer guideline. J Clin Oncol 2007;25:5506. 

28.	 Douillard JY, Rosell R, Delena M, Legroumellec A, Torres A, et al. ANITA: phase III adjuvant vinorelbine (N) and cisplatin (P) versus 
observation (OBS) in completely resected (stage I-III) non-small-cell lung cancer (NSCLC) patients (pts): final results after 70-month 
median follow-up. On behalf of the Adjuvant Navelbine International Trialist Association. J Clin Onc 2005:16_suppl:7013.

29.	 Wang EH, Corso CD, Rutter CE, Park HS, Chen AB, et al. Postoperative radiation therapy is associated with improved overall survival in 
incompletely resected stage II and III non-small-cell lung cancer. J Clin Oncol 2015;33:2727.

30.	 Burdett S, Rydzewska L, Tierney J, Fisher D, Parkar MKB, et al. Postoperative radiotherapy for non-small cell lung cancer. Cochrane 
Database Syst Rev 2016;9:CD002142.

31.	 Francis S, Orton A, Stoddard G, Tao R, Hitchcock YJ, et al. Sequencing of postoperative radiotherapy and chemotherapy for locally 
advanced or incompletely resected non-small-cell lung cancer. J Clin Oncol 2018;36:333.

32.	 Abbas AE. Surgical management of lung cancer: history, evolution, and modern advances. Curr Onc Rep 2018;20:98.
33.	 Huang J, Xu X, Chen H, Yin W, Shao W, et al. Feasibility of complete video-assisted thoracoscopic surgery following neoadjuvant 

therapy for locally advanced non-small cell lung cancer. J Thorac Dis 2013;5: S267-73.
34.	 Park BJ, Yang HX, Woo KM, Sima CS. Minimally invasive (robotic assisted thoracic surgery and video-assisted thoracic surgery) 

lobectomy for the treatment of locally advanced non-small cell lung cancer. J Thorac Dis 2016;8:S406-13.
35.	 Veronesi G, Park B, Cerfolio R, Dylewski M, Toker A, et al. Robotic resection of stage III lung cancer: an international retrospective 

study. Euro J of Cardiothorac Surg 2018;54:912-9. 
36.	 Gonfiotti A, Bongiolatti S, Bertolaccini L, Viggiano D, Solli P, et al. Thoracoscopic lobectomy for locally advanced-stage non-small cell 

lung cancer is a feasible and safe approach: analysis from multi-institutional nation database. J Vis Surg 2017;3:160.
37.	 Tian Z, Sui X, Yang F, Wang J. Is video-assisted thoracoscopy a sufficient approach for mediastinal lymph node dissection to treat lung 

cancer after neoadjuvant therapy? Thorac Cancer 2019;10:782-90. 
38.	 Jaklitsch MT, Gu L, Demmy T, Harpole DH, D’Amico TA, et al. Prospective phase II trial of pre-resection thoracoscopic mediastinal 



Page 10 of 10                                         Dolan et al. Mini-invasive Surg 2020;4:40  I  http://dx.doi.org/10.20517/2574-1225.2020.17

restaging following neoadjuvant therapy for IIIA (N2) non-small cell lung cancer: results of CALGB protocol #39803. J Thorac 
Cardiovasc Surg 2013;146:9-16. 

39.	 Yang CFJ, Adil SM, Anderson KL, Meyerhoff RR, Turley RR, et al. Impact of patient selection and treatment strategies on outcomes after 
lobectomy for biopsy-proven stage IIIA pN2 non-small cell lung cancer. Euro J of Cardiothorac Surg 2016;49:1607-13.

40.	 Yang CFJ, Meyerhoff RR, Mayne NR, Singhapricha R, Toomey CB. Long-term survival following open versus thoracoscopic lobectomy 
after preoperative chemotherapy for non-small cell lung cancer. Eur J Cardiothorac Surg 2016;49:1615-23.

41.	 Matsuoka K, Yamada T, Matusoka T, Nagai S, Ueda M, et al. Video-assisted thoracoscopic surgery for lung cancer after induction 
therapy. Asian Cardiovasc Thorac Ann 2018;26:608-14. 

42.	 Zhang Y, Lin Q, Xu T, Deng W, Yu J, et al. Out of the darkness ad into the light: new strategies for improving treatments for locally 
advanced non-small cell lung cancer. Cancer Letters 2018;421:59-62.

43.	 ClinicalTrials.gov. Chemoradiation Plus Durvalumab Followed by Surgery Followed by Adjuvant Durvalumab in Patients With Surgically 
Resectable Stage III (N2) Non-Small Cell Lung Cancer. Available from: https://clinicaltrials.gov/ct2/show/NCT03871153 [Last accessed 
on 18 Jun 2020]

44.	 ClinicalTrials.gov. NADIM II: Neo-Adjuvant Immunotherapy (NADIMII). Available from: https://clinicaltrials.gov/ct2/show/
NCT03838159 [Last accessed on 18 Jun 2020]

45.	 ClinicalTrials.gov. Neoadjuvant Anti PD-1 Immunotherapy in Resectable Non-small Cell Lung Cancer (NEOMUN). Available from: 
https://clinicaltrials.gov/ct2/show/NCT03197467 [Last accessed on 18 Jun 2020]

46.	 ClinicalTrials.gov. Neoadjuvant Immunoradiation for Resectable Non-Small Cell Lung Cancer. Available from: https://clinicaltrials.gov/
ct2/show/NCT03237377 [Last accessed on 18 Jun 2020]

47.	 ClinicalTrials.gov. A Study of Neoadjuvant Chemotherapy Plus Nivolumab Versus Neoadjuvant Chemotherapy Plus Placebo, Followed 
by Surgical Removal and Adjuvant Treatment With Nivolumab or Placebo for Participants With Surgically Removable Early Stage Non-
small Cell Lung Cancer. Available from: https://clinicaltrials.gov/ct2/show/NCT04025879 [Last accessed on 18 Jun 2020]

48.	 ClinicalTrials.gov. Atezolizumab as Induction Therapy in Non-small Cell Lung Cancer (PRINCEPS). Available from: https://clinicaltrials.
gov/ct2/show/NCT02994576 [Last accessed on 18 Jun 2020]

49.	 ClinicalTrials.gov. Neoadjuvant Nivolumab in Resectable Non-Small-Cell Lung Cancer. Available from: https://clinicaltrials.gov/ct2/
show/NCT03732664 [Last accessed on 18 Jun 2020]

50.	 ClinicalTrials.gov. Neoadjuvant Nivolumab, or Nivolumab in Combination With Ipilimumab, in Resectable NSCLC (NA_00092076). 
Available from: https://clinicaltrials.gov/ct2/show/NCT02259621 [Last accessed on 18 Jun 2020]

51.	 ClinicalTrials.gov. Nivolumab With or Without Ipilimumab or Chemotherapy in Treating Patients With Previously Untreated Stage I-IIIA 
Non-small Cell Lung Cancer. Available from: https://clinicaltrials.gov/ct2/show/NCT03158129 [Last accessed on 18 Jun 2020]

52.	 White AA, Lee DN, Mazzola E, Kucukak S, Polhemus E, et al. Adjuvant therapy following induction therapy and surgery improves 
survival in N2-positive non-small cell lung cancer. Forthcoming 2020.


