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Abstract: The definition of “advanced lung cancer” is unclear, especially considering surgical treatment. 
For a surgeon, who prefers video-assisted thoracoscopic surgery (VATS) approach, identification of specific 
problems, which make the VATS resection much more difficult, is quite understandable. But such variations 
in the definition make any productive comparing or collecting data very complicated, and incomparable with 
the traditional thoracic oncology studies. Randomized controlled trials for VATS for the locally advanced 
non-small cell lung cancer (NSCLC) have not been conducted yet. However, there are several relatively large 
series with the cohort of patients with advanced stages, treated by VATS. These publications are analyzed 
in this review. Many articles address the feasibility of VATS resections for challenging cases, such as sleeve 
broncho- and angioplasty, chest wall resection, Pancoast tumor, SVC resection, carina resection et cetera. 
But advanced or challenging surgery does not always signify the advanced stage of the cancer. One of the 
theoretical goals of minimally invasive surgery (MIS) is to reduce immunosuppression after the procedure. 
Thus, patients with the advanced stages could benefit from VATS due to a better preservation of the patient’s 
immunity and potential to optimize long-term survival. It seems to be necessary to organize a multi-
institutional trial with strict inclusion criteria for patients with the stage III lung cancer, who underwent 
VATS major pulmonary resections, in order to generate sufficient and reliable analytical data for this topic.
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Despite all efforts being undertaken by thoracic oncologists 
in the last two decades, lung cancer (LC) is still the 
“oncological killer #1” in the world. Of 1.8 million LC 
cases diagnosed annually, more than 75% are diagnosed 
at the advanced stages (1). However, the definition of “an 
advanced lung cancer” is unclear, especially considering 
surgical treatment. Some authors define advanced cancer 
as stages III and IV of the disease (2). Others distinguish 
early LC (stage I) from an advanced (stages II–IV) one (3). 
Definition of M. Hennon et al. [2011] for advanced clinical 
stage of non-small cell lung cancer (NSCLC), used in their 
article, includes “tumors ≥4 cm, T3 or T4 tumors (based 
on the American Joint Committee on Cancer, 6th edition), 
and/or tumors that received neoadjuvant chemotherapy” (4).  

There are others, who use different criteria: size (more 
then 3, 4 or 5 cm), T3, T4, preoperative treatment, “central 
location”, “invasion into adjacent structures” (5). For a 
surgeon who prefers video-assisted thoracoscopic surgery 
(VATS) approach, identification of specific problems, which 
would make the surgery more difficult, is well understood. 
But the lack of consensus in the definition makes data 
comparison very complicated and incomparable with the 
traditional thoracic oncology studies.

According to ESMO Clinical Practice Guidelines 
2017 stages I and II are considered “early stages”, stage 
III is “a locally advanced stage” (LA) that could be 
divided into a resectable LA-NSCLC and an unresectable  
LA-NSCLC (6). Stage IV in this scale is supposed to be 
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classified as a systemic (or disseminated) disease.
So, the locally advanced lung cancer corresponds to 

a tumor that extends to adjacent organs and structures  
(T3, T4) and/or involves ipsilateral mediastinal lymph 
nodes (LN). Under these circumstances, the surgically clear 
margin might be achieved only by either resection of the 
adjacent tissue together with the pulmonary parenchyma, or 
might not be achieved at all.

Surgery for unresectable LA-NSCLC

Selective papers describe extra aggressive surgery as part of 
a combined treatment for IIIB–IV stage (7). Most of them 
are case reports or short case series with weak or lacking 
survival data (8,9). There are few papers with long-term 
results that describe the surgery as a part of trimodality 
treatment with relatively acceptable outcomes (10,11). 
Many of those papers are reports on salvage surgery, or 
urgent treatment of the LC complications as a life-saving 
procedure (12). Sometimes surgeons intentionally perform 
curative procedures for stages IIIB and IV such as in rare 
situations with intrapleural chemotherapy for pleural 
carcinomatosis, or in cases of unexpected intraoperative 
upstaging when undertaking surgery for T4N0M0 a patient 
is suddenly discovered to be N2 or M1 (13,14). 

Despite systemic therapy as the standard treatment for 
metastatic cancer, the surgical resection may enhance the 
survival rate of patients with solitary distant metastases 
(15,16). Patients who have resectable primary tumor with 
oligometastases may benefit from surgical resection as a 
part of “oligometastatic theory” (17,18). But this is out of 
the scope of our review because pulmonary resection for 
oligometastatic stage IV NSCLC is a standard procedure.

Obviously, patients with stages IIIB, IIIC and IV of 
NSCLC are rare subjects for surgery; therefore we actually 
consider stage IIIA as a locally advanced LC, where surgical 
treatment improves outcomes and really makes sense. 

Nuances of new staging system for NSCLC

Accepting the TNM staging system as the only basis for 
subdividing the stages, the thoracic surgical oncologist 
encounters “a problem of stage III”, where heterogeneity 
is very considerable due to a “variegated” mixing of 
the descriptors T and N. According to the 8-th TNM 
classification (19) stage III is divided into IIIA, IIIB and 
IIIC (Table 1).

The most remarkable change in the 8th Edition of UICC 

TNM Classification for LC is further subdividing of the 
T descriptor. Even excluding T1 and T2, new subgroups 
are divided based on the new size intervals: T3—from 5 to 
7 cm, and T4—more than 7 cm. The T2 category is also 
expanded by adding previous T3 classifiers: atelectasis/
pneumonitis and/or involvement of the main bronchus, 
regardless of the distance from the main carina. Invasion 
of the diaphragm was found to have a similar prognostic 
impact as other T4 tumors, and has therefore been 
proposed to be added to this category (20). Thus, if one 
performs surgery for the tumor more than 7 cm, he needs 
to realize that this is a potentially IIIB LC.

The N2 disease also raises a number of questions. First 
of all, N2 disease is also estimated to be heterogeneous, 
but it has not found any reflection in UICC TNM 8. 
Technically, mediastinal LNs involvement upstages any 
disease to at least stage III. L.A. Robinson et al. in 2007 
proposed subdivision of N2 disease to “incidental” N2, 
micrometastatic N2, single station N2 and multiple station/
bulky N2-disease (21). It sounds quite reasonable from the 
surgical point of view. As demonstrated by R. Cerfolio et al. 
[2008] and T. Tsitsias et al. [2014], the results of surgery for 
single station N2 or “incidental” N2 are better compared 
to other N2 types, and adjuvant treatment for specific 
N2 provides the same long-term results as a neoadjuvant 
treatment (22,23). At the same time, the 2nd ESMO 
consensus conference on locally advanced stage III NSCLC 
asserts that this classification has lost some of its former 
clinical importance as a treatment guidance (24). The 
authors use similar, but a more circumstantial treatment 
algorithm, where “unforeseen” “potentially resectable” and 
“unresectable” N2 is subdivided (24,25). 

Most feels that bulky disease is non-surgical. In other 
cases of N2, a clear margin could be reached by a standard 
surgical resection with a systematic LN dissection. This 
procedure is not an advanced surgery because it does not 
require resection of adjacent organs. This simple and 
feasible procedure can be performed by VATS. Results of 
VATS anatomical pulmonary resections for the patients 
with N2 have been published during the last 5–10 years 
(26,27). 

Series of VATS lobectomies for “locally advanced 
lung cancer”

Randomized controlled trials for the use of VATS for LA 
NSCLC have not been conducted yet. The Cochrane’s 
database does not contain any systematic review on this 
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topic, either. However, there are several relatively big series 
with groups of patients in advanced stages treated by VATS 
(Table 2).

One of the first published articles for VATS treatment of 
LA-NSCLC came from a group from Roswell Park Cancer 
Institute in Buffalo (4). The authors compared VATS and 
open surgery for clinically advanced LC and found no 
statistically significant difference in overall survival (OS) 
(43.7 vs. 22.9 months; P=0.59), disease-free survival (DFS) 
(34.7 vs. 16.7 months; P=0.84) as well as in percent of 
postoperative complications. The only difference between 
groups was that “higher percentage of patients who 
underwent thoracoscopic lobectomy were able to receive 
adjuvant therapy compared to the open treatment group 
(37.2% vs. 5.2%; P=0.006)”. At the same time authors 
emphasize the limitations of the study: retrospective design 
and some bias. Moreover, the definition of LA NSCLC 
was different from the modern one. In addition, the data 
for the article was collected between 2002 and 2007, at the 
beginning of the minimally invasive era in thoracic surgery. 

R. Nakanishi et al. presented data of 100 consecutive 
VATS lobectomies (3). They performed broncho- and 
angioplasty, resection of adjacent organs and tissues, and 
showed a 3-year survival for stage III in 36.2% of patients. 
In conclusion, the authors have found VATS resections 
feasible for the selected patients with locally advanced 
NSCLC: those with minimal invasion of adjacent organs, 

no superior sulcus tumor with invasion of the first rib, and 
no bulky or multiple-station N2 disease. Of note, the data 
of this study was not classified, meaning the different stages 
were mixed, and the real LA-NSCLC accounted only for 
43.4% of the cases.

Most of the recent works have been feasibility studies. 
Thus, in an interesting paper by W. Shao et al. [2014] 
50 patients with stage IIIA (80% N2) were reported, 
who underwent VATS lobectomy during 1 year. Authors 
performed a wide assortment of advanced procedures, 
and had 5-year survival in 51.1% of patients (30). Despite 
impressive survival data, patients did not get neoadjuvant 
chemotherapy, but just postoperative treatment. 

Earlier, the same group from Guangzhou, led by 
professor J. He, demonstrated feasibility of VATS-
lobectomies after neoadjuvant treatment for stages IIIA 
and IIIB (28). The survival data were presented for 1, 2 
and 3 years and included 43 patients, 5 of which had stages  
IIA or IIB. 

Another Chinese group from Beijing published matched 
analyses of the thoracoscopy and thoracotomy for LA-
NSCLC (34). They collected data from the prospective 
database and found 524 patients, and excluded those 
who underwent bilobectomy, pneumonectomy or sleeve 
lobectomy and others. In addition, they included stage II 
patients. After matching 120 cases both in open and VATS 
group, they found no differences in OS and DFS among 
the groups. At the same time, despite including different 
stages in one group, authors presented comparison by 
clinical stages, and found no differences between VATS 
and thoracotomy groups in 5-year DFS (stage IIIA 44.2% 
vs. 30%, P=0.386) and OS (stage IIIA 48.4% vs. 41.4%, 
P=0.291). 

A large study from the Duke University compared 
VATS and open surgery after induction therapy (32). They 
demonstrated a trend towards improved OS in VATS 
group compared to the open one, but the difference was 
not statistically significant [hazard ratio (HR), 0.56; 95% 
CI, 0.32–1.01; P=0.053]. The authors openly discussed 
some limitations of their work. They investigated cohorts 
of patients with substantial differences between VATS 
and open groups in terms of stage. But after multivariable 
adjustment, there was no significant difference in 
recurrence-free survival between lobectomy groups (HR, 
0.68; 95% CI, 0.42–1.09; P=0.11) as well as in recurrence-
free 3-year survival (34% vs. 24%) after propensity score 
matching.

Many feasibility studies were published by surgeons who 

Table 1 The TNM Classification of NSCLC for stage III, 8th 
edition 

Stage T N M

Stage IIIA T1a–c N2 M0

T2a–b N2 M0

T3 N1 M0

T4 N0 M0

T4 N1 M0

Stage IIIB T1a–c N3 M0

T2a–b N3 M0

T3 N2 M0

T4 N2 M0

Stage IIIC T3 N3 M0

T4 N3 M0

NSCLC, non-small cell lung cancer.
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practice uniportal VATS (u-VATS). There is a comparative 
study for u-VATS and thoracotomy for LA-NSCLC, 
including the patients with stage IIB, IIA, and even  
stage I (4). Less than 30% of patients with stage III were 
reported in this article. 

The most productive u-VATS groups, led by Dr. D. 
Gonzalez-Rivas, have published a lot of feasibility articles 
and showed the feasibility of the u-VATS lobectomy in 
difficult and advanced cases (29). The authors reported 
a conversion rate of 6.5%, complication rate of 14% and 
30-month survival rate of 74% for 43 advanced NSCLC 
patients who underwent uniportal thoracoscopic resection. 
Complication rates were similar between early stage and 
advanced stage patients, suggesting VATS is feasible for 
more advanced disease.

B. Park et al., presented data with minimally invasive 
treatment (including robotic assisted lobectomies) of 
NSCLC after induction chemotherapy (33). They analyzed 
31 patients treated with minimally invasive surgery (MIS) 
approaches (17 robotic and 14 VATS) and 397 treated with 
thoracotomy for the stage IIB–IIIA LC after neoadjuvant 
treatment. Reported 3-year OS was 48.3% in the MIS 
group and 56.6% in the thoracotomy group (P=0.84); the 
corresponding 3-year DFS were 49.0% and 42.1% (P=0.19). 
R0 resection rate and postoperative morbidity were also 
similar in the both groups. 

A specific problem of VATS lobectomy is a risk of 
bleeding and conversion to the open procedure (35). 
Obviously one should suggest that advanced stage might 
be accompanied by a higher conversion rate. Patients 
with clinically node-positive disease have higher chance 
of conversion during VATS lobectomy (36). However, 
univariate or multivariate analysis showed that clinical 
node status did not predict a higher complication rate 
by in this study. In contrast, the age, decreasing FEV1, 
prior chemotherapy, and congestive heart failure were 
significant predictors of morbidity in multivariable analysis. 
The authors underscored the retrospective design of 
the study: only 9% of resected tumors were larger than 
5 cm. However, since the number of included cases was 
large enough, 83 of patients had T >5 cm. Similar data on 
LNs involvement as a predictor of conversions to open 
have been reported in other publications (37). However, 
for the countries with a large proportion of the patients 
with pulmonary tuberculosis, calcified LNs, even tumor 
negative, may be very dangerous due to their extremely 
dense adhesions to the segmental PA branches and to the 
bronchus (38).

Advanced VATS-surgery for lung cancer

The main limitation of most cited articles is an unclear 
definition of locally advanced LC. As we stated in the 
beginning of this review, oncologically proven definition 
of LA-NSCLC is stage III. According to this definition, 
published works contain from 25% to 40% real LA-
NSCLC. The other patients with “centrally located 
tumors” or “hilum involvement”, or “tumor more than  
3 cm”, or “node-positive” cannot be referred to LA-NSCLC 
group. With that type of non-standard and imprecise 
descriptions, open letters of some surgeons asking “is video-
assisted thoracic lobectomy safe and successful for locally 
advanced non-small cell lung cancer?” cannot be discussed  
seriously (39) and allow the opponents to criticize VATS 
surgery as very elective procedure.

Nowadays, VATS anatomical pulmonary resections for 
NSCLC have become widely accepted. They are even 
approved as the surgical treatment of choice for the stage I 
and II (40-42). At the same time according to the technical 
features of VATS, some specific procedures become very 
challenging. Sleeve broncho- and angioplasty, chest wall 
resection, Pancoast tumor, SVC resection, carina resection, 
resection and repair of diaphragm comprise an incomplete 
list of the difficult procedures, which might be called 
“advanced VATS surgery for lung cancer” (31,43-46). 

Advanced or challenging surgery does not necessarily 
mean it is used for an advanced stage of the disease. 
Actually, double-sleeve lobectomy is often performed for 
the stage II NSCLC. As previously described, atelectasis 
or pneumonitis as well as involvement of main bronchus, 
irrespective of distance to main carina is defined as T2 by 
the 8-th TNM. In the case of N0 these patients have to be 
classified as having non-advanced lung cancer stage I, but 
who can say that broncho angioplasty is not an advanced 
procedure?!

The group from Innsbruck has demonstrated advanced 
VATS procedures and named them “Extended minimally 
invasive lung resections” (47). They have performed 
bilobectomy, pneumonectomy and bronchoplasties in  
29 out of 370 patients (7.8%), but most of the patients were 
in stages I and II and just 6 in stage IIIA. This is another 
illustration that advanced surgery can be performed for non-
advanced stages. And vice versa, concerning N2 disease, if 
one accepts that all pulmonary resections for LC should be 
accomplished by ipsilateral mediastinal lymphadenectomy, 
the surgery for selected IIIA (N2) stages will be considered 
a standard (non-advanced) procedure.
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VATS surgery of lung cancer as the way to 
reduce perioperative immunosuppression and 
trauma

Theoretically, VATS approach for LC may allow for a 
better preservation of the patient’s immunity and optimize 
long-term survival (48). The potential advantages of 
minimally invasive major pulmonary resection may be 
explained by various mechanisms. Better preservation 
of immune function results in less acute inflammatory 
response, improvement of tumor immune-surveillance, 
favorable balance of pro-and antiinflammatory cytokines, 
immunomodulatory cytokines, circulating T (CD4) and 
natural killer (NK) cells (49-51). For instance, investigators 
from Korea discovered that VEGF release after surgery 
may have undesirable effects on residual tumor cells, and 
could promote tumor growth and metastasis formation (52).  
This idea inspired a Chinese group to evaluate the levels 
of VEGFR after VATS and open lobectomies (53). The 
authors have concluded that VATS approach resulted in 
relatively stronger antiangiogenic response in the early 
postoperative period in comparison with the thoracotomy 
approach. Despite the exclusion of patients with the 
advanced stage of NSCLC, the authors speculated that 
less impact of VATS on the level of anti-angiogenic factor 
sVEGFR2 may be one of the potential mechanisms 
supporting advantages of VATS lobectomy.

The association between a better preserved immune 
status following minimal invasive VATS resection for early 
stage NSCLC and improved survival remains a fantasy for 
the skeptics, as emphasized by C. Ng and K. Lau (48). In 
order to demonstrate such a relationship, authors suggested 
a large randomized trial that measures a comprehensive 
range of postoperative immune markers and a long-term 
survival following VATS and open lobectomy.

Chemotherapy is an integral part in the treatment 
of LA-NSCLC because it improves survival in all 
subgroups of patients. Multiple studies have shown that 
chemotherapy is better tolerated after VATS lobectomy 
than after thoracotomy (3). R. Petersen et al. analyzed  
100 consecutive patients treated for lung cancer with 
lobectomy and adjuvant chemotherapy, and reported that 
patients undergoing VATS lobectomy had significantly 
fewer delayed (18% vs. 58%; P<0.001) and reduced (26% 
vs. 49%; P=0.02) doses. In addition, 61% of the patients 
undergoing VATS lobectomy received 75% or more of their 
planned adjuvant therapy versus 40% in the thoracotomy 
group (P=0.03) (54). Similar results were reported by 

the China Clinical Trials Consortium where 62 out of 
67 patients who underwent VATS resection were able to 
receive all 3 doses of adjuvant chemotherapy comparing to 
53 of 67 of those after thoracotomy (P<0.01) (55).

Interestingly, VATS approach seems to allow for an 
increase in numbers of LC patients who can be offered 
surgical treatment. Analyzing high risk (HR) group of 
patients with NSCLC, L.L. Donahoe et al. [2017], found no 
significant difference in overall or pulmonary complications 
when HR patients resected by VATS were compared 
with the standard risk (SR) VATS group. Moreover, OS 
was significantly lower for HR patients who had an open 
operation compared with VATS lobectomy or SR open 
(P=0.0028) (56). Together with the novel immunological 
findings and early delivery of the adjuvant treatment, it the 
oncologic benefits of VATS lobectomy may go beyond mere 
cancer removal. 

Conclusions

The time has come for thoracic surgeons to stop thinking 
of VATS as a specific surgical technique that fits only for 
treatment of small peripheral lesions. Many series and 
trials have demonstrated that VATS anatomical pulmonary 
resections are a better alternative to open surgery for 
treatment of NSCLC at any stages, with acceptable size and 
location.

The patients with advanced stages could benefit from 
MIS because of a reduced trauma is associated with a 
reduced immune suppression lowering chances for further 
spread of metastases. Another argument in favor of VATS is 
that VATS resection will be tolerated by those LC patients 
that would not tolerate an open surgery.

Advanced LC is equal to LC of stage III. We should not 
change the term “advanced LC” because it is accepted by 
the majority of thoracic oncologists, but it would be worth 
to use the terms “advanced VATS procedures”, “expert 
VATS procedures”, or “extended VATS procedures” as 
technical descriptions. It seems to be necessary to organize 
multi-institutional trial with strict criteria for including 
the patients with the stage III lung cancer, who underwent 
VATS major pulmonary resections, in order to generate 
sufficient and reliable analytical data for this topic.
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