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Background: The purpose of this retrospective report was to assess long-term survival of patients 
with locally advanced non-small cell lung cancer (NSCLC) who underwent mediastinal restaging with 
transcervical extended mediastinal lymphadenectomy (TEMLA) after induction chemotherapy or 
chemoradiotherapy and then were treated with pneumonectomy.
Methods: From January 2007 to December 2015, 68 NSCLC patients (52 men, 76.5%) underwent 
pneumonectomy after induction chemotherapy or chemoradiotherapy followed by negative surgical 
mediastinal restaging with TEMLA. Mean age was 59.4 years (47 to 75 years). There were 53 squamous 
cell carcinomas, 11 adenocarcinomas, 1 mixed carcinoma (adenocarcinoma-squamous cell) and 3 non-
small cell lung carcinomas. Thirty-three patients (47%) were diagnosed with metastases to the mediastinal 
lymph nodes (LNs) before induction therapy. Neoadjuvant chemotherapy alone was given in 47 patients 
(69.1%) and chemoradiotherapy in 21 patients (30.9%). All patients were followed-up 60 months after 
pneumonectomy or until death.
Results: There were no complications after TEMLA. Persistent metastatic N2 nodes were discovered 
in postpneumonectomy specimen in 4 patients after negative TEMLA (5.9%). There was no difference 
in overall 5-year survival in patients with false negative TEMLA and in patients with true mediastinal 
downstaging (25% versus 40.6%). There were 32 right and 36 left pneumonectomies. Sixty-six patients had 
R0 resection and remaining 2 had R1 resection Overall 30-day and 90-day mortality after pneumonectomy 
was respectively 2.9% and 10.3%. Six patients developed bronchial stump fistula. Overall 5-year survival after 
mediastinal restaging with TEMLA and subsequent pneumonectomy was 39.7%. and was similar in patients 
after right and left pneumonectomy (40.6% vs. 38.9%). Overall 5-year survival was similar in patients who 
had mediastinal nodal metastases diagnosed before treatment and in patients who were not diagnosed with 
N2 disease (44.4% vs. 34.4%).
Conclusions: TEMLA proved to be safe and effective in mediastinal restaging of locally advanced 
NSCLC. Precise selection of patients with good mediastinal response to neoadjuvant treatment may lead to 
satisfactory long-term outcomes after pneumonectomy.
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Introduction

Non-small cell lung cancer (NSCLC) is diagnosed as locally 
advanced disease in around 30% of patients. This group 
comprises a wide spectrum of clinical presentations with 
generally poor prognosis, often with metastatic mediastinal 
lymph nodes (LNs) and/or centrally located tumour 
requiring pneumonectomy for complete resection. Optimal 
treatment of these patients remains controversial. The usual 
approach is a multimodal treatment including platinum-
based chemotherapy with some form of local treatment, like 
surgery, radiotherapy or both. Due to reported excessive 
perioperative mortality associated with pneumonectomy 
after neoadjuvant therapy, this form of treatment is 
avoided in patients requiring multimodal approach in most  
centers (1). On the other side, there are reports of good 
short-term and long-term outcomes after pneumonectomy 
performed as part of the multimodal approach (2). While 
persistence of the mediastinal LN metastases after induction 
treatment is associated with poor prognosis, outcome after 
surgical treatment may be good in patients with mediastinal 
nodal downstaging operated in experienced centers (3). 
Thus, accurate mediastinal restaging after neoadjuvant 
therapy is crucial for appropriate selection of treatment 
for patients, especially candidates for pneumonectomy. 
However, optimal method of the mediastinal restaging is 
still a matter of a debate. As diagnostic yield of imaging 
techniques (CT, PET/CT) is low, accurate determination 
of the mediastinal LN status requires some form of tissue 
sampling (4,5). Endoscopic methods like transesophageal 
ultrasound-guided fine needle aspiration (EUS-FNA) 
or endobronchial ultrasound-guided transbronchial 
needle aspiration (EBUS-TBNA) allow for the cytologic 
examination of the samples of the mediastinal LNs. 
However, negative results of endoscopic biopsies should 
be confirmed by surgical staging, due to low negative 
predictive value of the endoscopic methods (6).

Our team introduced transcervical extended mediastinal 
lymphadenectomy (TEMLA) in 2004 (7). It is a surgical 
inspection of the mediastinum with high diagnostic yield 
for detecting metastases in the mediastinal LNs. Here 
we report long-term outcomes of pneumonectomy in the 
management of patients with locally advanced NSCLC after 
neoadjuvant therapy, selected for surgical treatment on the 
basis of negative results of the restaging of the mediastinum 
with TEMLA. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://amj.amegroups.com/article/view/10.21037/amj-
21-38/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Institutional Review Board of our hospital 
(No. 1/2021) and individual consent for this retrospective 
analysis was waived. Hospital medical charts of all patients 
with locally advanced NSCLC (excluding patients with N3 
disease) who underwent mediastinal restaging with TEMLA 
after induction chemotherapy or chemoradiotherapy from 
1st January 2007 to 31st December 2015 at the Department 
of Thoracic Surgery, Pulmonary Hospital, Poland, was 
retrospectively analyzed. A total of 169 patients were 
diagnosed as metastases-free in the mediastinal LNs 
after restaging with TEMLA and underwent subsequent 
thoracotomy with pulmonary resection. Within this group, 
there were 68 patients who underwent pneumonectomy 
and who are the subjects of this study. After completion 
of induction treatment, all patients underwent CT and 
EBUS/EUS. Patients with stable disease or remission on 
CT and with negative results of endoscopic mediastinal 
restaging underwent final restaging with TEMLA. Only 
those with negative TEMLA proceed to pneumonectomy. 
The number of operated cases during the study period 
determined the sample size. There were 52 men and 
16 women with age ranging from 47 to 75 years (mean 
59.4 years). There were 53 squamous cell carcinomas, 11 
adenocarcinomas, 1 mixed carcinoma (adenocarcinoma-
squamous cell) and 3 non-small cell lung carcinomas. 
Neoadjuvant chemotherapy with platinum doublets was 
given to 47 patients and neoadjuvant chemoradiotherapy 
to 21 patients. Metastases to the mediastinal LNs (N2) 
before induction treatment were cytologically confirmed 
in 26 patients (38.2%) and in 6 patients (8.8%) N2 disease 
was diagnosed on the basis of PET/CT or chest CT scans 
showing enlarged or active mediastinal LNs. Thirty-six 
patients (53%) underwent induction therapy to downsize 
centrally located neoplasms with borderline resectability, 
without evidence of the mediastinal LNs involvement. 
Before induction treatment, 14 tumours were clinically 
staged as IIA, 16 as IIB, 36 as IIIA and 2 as IIIB. After 
induction, 15 tumours were clinically restaged as IB, 26 
as IIA, 22 as IIB and 5 as IIIA. All patients were seen in 
follow-up for at least 60 months after pneumonectomy or 
until death.

Surg ica l  technique  o f  TEMLA was  descr ibed  
elsewhere (7). Collar incision in the neck was used and the 
sternal manubrium was elevated with a retractor. Radical 
dissection of the mediastinal nodal stations 1, 2R, 2L, 4R, 
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4L, 7 and upper 8 was performed. Parts of the procedure 
involving dissection of LN stations 4R, 4L, 7 and 8 were 
performed in the mediastinoscopy-assisted technique. In 
case of left-sided tumours, nodal groups 5 and 6 were also 
dissected, usually with the aid of videothoracoscope inserted 
through the neck incision. Pneumonectomy was performed 
in standard fashion through anterolateral, muscle-sparing 
thoracotomy. Main bronchus stump closure was performed 

using technique described by Asamura et al. (8). Bronchial 
stump was not routinely covered. All pulmonary resections 
included completion mediastinal LN dissection.

Statistical analysis

8th edition of American Joint Commission on Cancer 
Classification was used to stage the tumours (9). Overall 
survival was defined as the time from pneumonectomy to 
death from any cause. Survival rates was calculated using 
Kaplan-Meier method and compared with log-rank test. 
Statistical significance was defined as P<0.05. All data analyses 
were performed using Prism 5 (GraphPad Software Inc.).

Results

There were no complications after TEMLA. After 
pneumonectomy, persistent metastatic N2 nodes were found 
in 4 patients (5.9%) and positive N1 nodes in 13 patients  
(19.1%). Complete pathological response to the induction 
treatment was found in 11 patients (16.2%, 10 patients 
underwent chemoradiotherapy). There were 32 right 
and 36 left pneumonectomies. R0 resection was achieved 
in 66 patients (97%), while 2 patients had R1 resection. 
Overall 30-day and 90-day mortality was 2.9% and 10.3%, 
respectively. There were 6 bronchial fistulas (4 after right 
pneumonectomy, 2 after left pneumonectomy). All patients 
with bronchial stump insufficiency underwent surgical 
treatment (thoracostomy, myoplasty), 5 were cured and 
1 patient died. Median follow-up was 25 months. Forty-
one patients died during the follow-up period and overall 
5-year survival of patients who underwent pneumonectomy 
after negative TEMLA was 39.7% (including false negative 
results, Figure 1). The 5-year survival was similar in patients 
who underwent right and left pneumonectomy (40.6% vs. 
38.9%, P=0.66, Figure 2). Overall 5-year survival was similar 
in patients who had mediastinal nodal metastases diagnosed 
before treatment and in patients who were not diagnosed 
with N2 disease (44.4% vs. 34.4%, P=0.67, Figure 3).  
Overall 5-year survival was not statistically different in 
patients with true mediastinal LN clearance and in patients 
with persistent N2 nodes and falsely negative TEMLA 
results (39.7% vs. 25%, P=0.43, Figure 4).

Discussion

In this study, we showed that pneumonectomy after 
neoadjuvant treatment may lead to good long-term 

Figure 1 Overall survival of patients who underwent pneumonectomy 
after neoadjuvant treatment and negative restaging with TEMLA. 
TEMLA, transcervical extended mediastinal lymphadenectomy.

Figure 2 Overall survival of patients who underwent left vs. right 
pneumonectomy.
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outcomes in NSCLC patients with mediastinal LN 
downstaging when they are precisely selected for surgery 
on the basis of invasive mediastinal restaging with TEMLA. 
Optimal treatment of patients with locally advanced 
NCSLC remains controversial. Those patients benefit from 
multimodal approach, with induction chemotherapy of 

chemoradiotherapy followed by surgery. Induction therapy 
is employed to downsize locally advanced tumours and 
render them resectable. It may also eradicate metastases to 
mediastinal LN and systemic micrometastases. However, 
both neoadjuvant chemotherapy and radiotherapy were 
shown to increase perioperative morbidity and mortality 
(10,11).  Especially pneumonectomy performed in 
patients with mediastinal LN metastases who underwent 
neoadjuvant treatment was reported to negatively affect 
survival (12). Thus, many authors recommend to avoid 
pneumonectomy, limiting treatment of patients with 
locally advanced NSCLC to radical chemoradiotherapy 
(1,13,14). However, such approach seems to be associated 
with suboptimal long term survival (15). On the other 
hand, there are reports of acceptable safety and favorable 
outcomes of pneumonectomy in the setting of multimodal 
approach (2,16). In a seminal paper by Weder et al., 176 
stage III NSCLC patients underwent pneumonectomy 
after chemotherapy or chemoradiotherapy, with excellent 
38% 5-year survival and impressive, 3% perioperative 
mortality. Similar long-term survival was also reported 
by other groups (17,18). Our results are in line with these 
results, as we are reporting here almost 40% 5-year survival 
after pneumonectomy in the cohort of patients with locally 
advanced NSCLC. Moreover, favorable long term outcome 
was similar after both left and right pneumonectomy.

Even without induction therapy, pneumonectomy is a 
high risk procedure, with mortality rate reaching 13% (19).  
After induction therapy, 90-day postpneumonectomy 
mortality was reported to exceed 20% (10,14). However, in 
our series, 90-day postoperative mortality was at acceptable 
level of 10.3%. Discrepancy between these results is 
probably multifactorial and may result from different 
surgical technique, experience of the performing surgeons 
or differences of the evaluated cohorts.

Overall 5-year survival of radically operated patients 
with mediastinal nodal clearance after induction therapy 
was reported to be as high as 49% (20). Treatment results 
depend on several factors, among others tumour histology, 
pretreatment extent of nodal involvement or radicality 
and extend of surgical resection. Pneumonectomy after 
neoadjuvant therapy, like every treatment associated with 
substantial risk, should be performed only in selected 
patients. Apart from adequate performance status, lack 
of significant comorbidities and technical possibility of 
complete tumour resection, clearance of mediastinal 
nodal metastases after induction treatment is of great 
importance for patient selection. Numerous studies 

Figure 3 Overall survival of patients with preinduction N2 vs. 
preinduction N0/1.

Figure 4 Overall survival of patients with postinduction persistent 
N2 vs. postinduction N0/1.
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have shown that persistent N2 disease after neoadjuvant 
therapy was associated with a poor prognosis after surgery 
(3,12,20,21). Still, there are not many studies reporting 
long-term outcomes, when patient selection for surgical 
resection was based on the results of mediastinal restaging. 
In one study, surgical mediastinal restaging after induction 
treatment and prior to lobectomy was associated with better 
prognosis than surgical resection without restaging (22).  
Restaging of the mediastinum after induction treatment 
may be performed with different techniques, like imaging, 
endoscopic ultrasound or surgical exploration of the 
mediastinum, but none is regarded as a standard. Although 
EBUS-TBNA is an accurate, minimally invasive test 
for mediastinal restaging, its negative predictive value is 
low and tumor-negative results need to be validated by 
surgical staging (6). Remediastinoscopy was reported to 
be of limited usefulness as a restaging technique (23). We 
have previously shown that diagnostic yield of TEMLA in 
restaging of NSCLC was superior to imaging techniques, 
endoscopic ultrasound and remediastinoscopy (24). To avoid 
surgical staging in unnecessary cases, our approach was 
to use consecutively different restaging methods, starting 
with the least invasive. Patients underwent CT or PET/
CT scan to evaluate possible systemic progression of the 
disease after completion of induction therapy. If imaging 
studies showed no signs of distant metastases, our initial 
procedure for restaging of the mediastinum was endoscopic 
ultrasound (EBUS/EUS). Endoscopic ultrasound was 
shown to be a good test to confirm the presence of the 
mediastinal LN metastases and avoid unnecessary surgical 
mediastinal exploration (6). In case of negative findings 
of endoscopic ultrasound, patients proceeded to TEMLA 
and only patients with metastases-free mediastinal LNs 
after TEMLA underwent pneumonectomy. Patients 
with persistent N2 disease were referred to definitive 
oncological treatment. We performed TEMLA in all 
patients with locally advanced NSCLC after induction 
treatment. Although less than half of them had confirmed 
pretreatment mediastinal nodal involvement, the risk of the 
mediastinal LN metastases in centrally located tumours is 
high and should be ruled out before pneumonectomy (25). 
Despite the fact that the restaging was more technically 
demanding after neoadjuvant treatment, particularly 
after chemoradiotherapy, no complications occurred in 
this series. Thus, TEMLA proved to be a safe restaging 
procedure.

In this study, falsely negative results were found in 

5.9% of TEMLAs. Overall 5-year survival of patients who 
underwent pneumonectomy after falsely negative TEMLA 
was 25%, as opposed to 39.7% survival of patients operated 
after true-negative procedure. However, the difference was 
not statistically significant, possibly due to small size of the 
cohorts. In other studies, patients operated after positive 
remedistinoscopy lived significantly shorter than those with 
true mediastinal clearance (23,26) and their overall 5-year 
survival was reported to approach 20% (12,27).

In conclusion, the results presented here demonstrate 
that using invasive mediastinal restaging for precise 
selection of patients with locally advanced NSCLC with 
good response to neoadjuvant treatment may lead to good 
long-term outcomes after pneumonectomy. TEMLA 
proved to be safe and effective in mediastinal restaging. As 
perioperative complications were at acceptable level and 
long-term survival was good, selected patients with locally 
advanced NSCLC may be treated with pneumonectomy as 
part of the multimodal therapy when it allows for complete 
tumour resection that cannot be achieved with lesser 
procedures.

Limitations

The main limitation of this study is the small sample size. 
With this cohort size, we were not able to demonstrate the 
difference in survival of patients with persistent mediastinal 
LN metastases and patients with mediastinal nodal 
downstaging. Moreover, as this was a retrospective analysis, 
the results should optimally be confirmed by appropriately 
sized prospective study.
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