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Background: Induction therapy has been shown to benefit patients with resectable stage-2 or stage-3 non-
small cell lung cancer (NSCLC). We aimed to determine if induction chemotherapy (CTx) with or without 
radiation therapy (± RT) for NSCLC with clinical lymph node (LN) involvement (cN1 or cN2) affects LN 
dissection or perioperative outcomes during robotic-assisted video thoracoscopic (RAVTS) lobectomy.
Methods: We retrospectively analyzed patients who underwent RAVTS lobectomy for NSCLC over 
45 months. We assessed clinical LN status by CT scan, PET scan, endobronchial ultrasound, and/or 
mediastinoscopy. We grouped patients with cN1 or cN2 as: “no induction therapy”, “induction CTx alone” 
(ICTx), or “induction CTx + RT” (ICTx + RT). Intraoperative estimated blood loss (EBL), operative times, 
tumor size, LN status, and restaging were noted.
Results: Of 256 NSCLC patients who had lobectomy, there were 52 cN1 or cN2 patients, of whom  
39 patients had “no induction”, 7 had ICTx, and 6 had ICTx + RT. Higher rates of recurrent laryngeal 
nerve (RLN) injury, tracheal/bronchial injury, and pulmonary embolism were observed with ICTx ± RT 
(P=0.02, 0.04, and 0.02, respectively). Total number of complications was not significantly different, nor were 
perioperative outcomes, such as EBL, operative time, and in-hospital mortality. Fewer N2 LN stations were 
assessed after ICTx ± RT (3.7±0.2 vs. 4.2±0.2 stations; P=0.04), but total number of LNs reported were not 
significantly different (13.0±2.3 vs. 16.2±1.0 LNs, P=0.22). Of “no induction” patients, 15.4% were upstaged 
pathologically; no patients were upstaged after induction therapy. While 30.8% of ICTx ± RT patients were 
downstaged, 38.5% of “no induction” patients were also downstaged on final pathology.
Conclusions: Induction CTx ± RT for cN1 or cN2 NSCLC patients did not affect EBL, operative times, 
or in-house mortality after RAVTS lobectomy. Patients undergoing RAVTS lobectomy after ICTx+ RT 
may be at greater risk for RLN injury, tracheal/bronchial injury, and pulmonary embolism. Fewer N2 LN 
stations, but not numbers of LNs, are assessed after ICTx ± RT. Induction therapy does not lead to increased 
downstaging.
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Introduction

Non-small cell lung cancer (NSCLC) represents a diverse 
group of tumor histologies, including squamous cell 
carcinoma, adenocarcinoma, and large-cell neuroendocrine 
carcinoma. Multiple trials have been conducted to 
determine the role and safety of induction chemotherapy 
(ICTx) with or without radiation in patients with resectable 
stage-2 or stage-3 NSCLC. While these trials tend to agree 
on the safety of induction therapy, surgery in addition to 
ICTx with or without radiation therapy (RT) in resectable 
lymph node (LN)-positive lung cancers has only relatively 
recently been shown to provide an overall survival  
benefit (1-5).

Early trials conducted over 20 years ago showed favorable 
short-term results with ICTx in stage-IIIA patients; 
however, the benefits were insignificant with long-term 
follow-up in the MD Anderson study and not reproducible 
in the Barcelona study (6-9). A 2015 meta-analysis of 
randomized controlled trials (RCTs) that included patients 
with cancers originally considered unresectable also showed 
no benefit to ICTx for stage-IIIA (N2) NSCLC in terms 
of overall survival (OS) (10). However, one of the included 
studies had a high mortality after pneumonectomy (26%), 
and further subset analysis demonstrated significantly 
higher OS with ICTx followed by lobectomy (11). 

As previously noted, a meta-analysis of studies including 
only operative candidates demonstrated a 5% absolute 
increase in survival at 5 years across all stages of NSCLC 
with ICTx and surgery (1). Another study investigating the 
use of gemcitabine plus cisplatin prior to surgery found 
that ICTx had a significant benefit in treating stage-IIB/
IIIA cancers with progression-free survival (PFS) at 3 years 
of 55.4% vs. 36.1% with surgery alone and an OS benefit 
of 23.4% at 3 years (12). When added to the previous  
meta-analysis, there is an OS benefit with ICTx for 
resectable late-stage NSCLC (HR =0.89) that is comparable 
to reported values for adjuvant CTx (HR =0.88) (4).

A potential benefit to ICTx over adjuvant CTx is the 
rate of compliance in terms of the number of planned 
cycles received, with less than 70% of patients beginning 
recommended adjuvant treatment and only two-thirds of 
those completing their protocol (3,13). Another potential 
benefit includes downstaging, which has been shown to 
independently improve OS (1,12,14-16). Furthermore, 
ICTx does not preclude use of adjuvant CTx or RT in the 
event of incomplete resection for patients able to tolerate 
further treatment.

With relatively new operative techniques being 
introduced in the surgical treatment of NSCLC, most 
notably the employment of robotic-assisted video-
thoracoscopic (RAVTS) surgery, the present study seeks to 
elucidate the morbidity and early mortality associated with 
this approach in patients treated with induction therapy.

Methods

We conducted a retrospective analysis using prospectively 
collected data from all patients who underwent any thoracic 
surgical procedure at our institution by a single surgeon 
from September 2010 through May 2014. This study 
includes all patients who underwent RAVTS lobectomy, 
even those converted to open lobectomy. Our exclusion 
criteria selected out patients who had pathology other than 
NSCLC, including benign lesions or pulmonary metastasis. 
We excluded patients who required pneumonectomy, as 
these patients may have a different complication profile 
that would obscure analysis of complications attributable 
to ICTx. We also excluded those whose clinical nodal 
stage differed from clinical N1 (cN1) or clinical N2 (cN2). 
Patients were then divided into three groups: those who 
underwent ICTx, those who underwent ICTx plus radiation 
therapy (ICTx + RT), and those without induction therapy.

This study was conducted in accordance with the 
amended Declaration of Helsinki as outcomes research 
for quality assurance as part of our departmental Thoracic 
Oncology Clinical Research Database protocol. This 
database protocol was approved by our institution’s 
Scientific Review Committee (MCC#16512) and our 
university’s Institutional Review Board (IRB#Pro00002678), 
which considered this study as review of existing data 
and waived informed consent for this retrospective study. 
Nevertheless, all patients gave informed consent for our 
standard surgical procedure, which consisted of fiberoptic 
bronchoscopy, RAVTS lobectomy, or else RAVTS wedge 
resection followed by completion lobectomy, and then 
mediastinal lymph node dissection (MSLND), with possible 
thoracotomy. Some patients also gave informed consent 
for any anticipated en bloc chest wall and/or vertebral 
resection, with possible reconstruction. Through our 
institutional surgical informed consent, patients also gave 
permission to use surgery-related and tissue-related data for 
education and research purposes.

All of our patients undergo fiberoptic bronchoscopy 
by the operating surgeon after the induction of general 
anesthesia. After placement of the dual-lumen endotracheal 
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tube, the patient is then placed in either the right or left 
lateral decubitus position, depending on which hemithorax 
the lesion is located. Our RAVTS lobectomy technique 
utilizes a three-port system, which includes a 4-cm camera 
port along the 6th intercostal space (ICS) at the anterior 
axillary line, which doubles as the assistant’s access port, and 
two 1-cm instrument ports along the 3rd ICS at the anterior 
axillary line and along the 9th ICS at the posterior axillary 
line. From September 2010 through December 2011, our 
group used the da Vinci® (Intuitive Surgical Corporation, 
Sunnyvale, CA, USA) “S”™ robotic surgical system, with 
the “Si”™ system being used from January 2012 to the 
present. Lobectomy is performed with the pulmonary 
vein divided first, then division of the pulmonary artery 
branch(es) and bronchus, and then completion of the 
pulmonary fissures. After delivery of the lobectomy within 
an endopouch through the 6th ICS incision, complete 
MSLND is performed. At the end of the procedure, 
a 32-French chest tube is introduced through the 9th 
ICS incision and connected to drainage at −20 cm H2O 
continuous suction.

Analyzed variables included patient demographics, 
operative time, intraoperative estimated blood loss (EBL), 
chest tube duration, hospital length of stay (LOS), and in-
hospital mortality. Intraoperative complication rates were 
compared across all three groups, which included bleeding 
from a pulmonary artery or vein, recurrent laryngeal nerve 
(RLN) injury, and tracheal or bronchial injury.

Postoperative complication rates were also compared 
across all three groups, which included prolonged air leak 
lasting 7 days or longer, pneumonia, mucous plugs requiring 
intervention, pneumothorax after chest tube removal 
requiring reinsertion of chest tube, respiratory failure, 
aspiration, pulmonary embolism, hemothorax requiring 
intervention, and atrial fibrillation.

Clinical stage (cStage) was assessed through a systematic 
analysis of the patient’s history and physical, computerized 
tomography (CT) scan, positron-emission tomography 
(PET) scan, magnetic resonance imaging (MRI) studies, 
endobronchial ultrasound (EBUS), and/or cervical 
mediastinoscopy.

Patholog ic  s tage  (pStage)  was  determined  by 
intraoperative findings and the final pathology report. 
Tumor histology and size, lymph node (LN) station number 
and location, and individual LNs were analyzed, and clinical 
and pathologic TNM staging were compared to determine 
rates of upstaging and downstaging.

All statistical analyses were performed using SPSS 

version 22.0. Mean, standard error of the mean (SEM), and 
range are reported for age, body mass index (BMI), tumor 
size, number of LN stations, and number of individual LNs. 
Intraoperative EBL, operative time, chest tube duration, 
and hospital LOS are expressed as median ± SEM, and range. 
Categorical data are expressed as count and percentage.

Results

A total of 256 patients underwent RAVTS pulmonary 
lobectomy between September 2010 and May 2014. Of these, 
167 patients had a clinical LN stage other than cN1 or cN2, 
4 patients underwent conversion to pneumonectomy due 
to hilar tumor involvement that precluded lobectomy, and 
33 patients demonstrated non-NSCLC on final pathology, 
leaving 52 patients for evaluation. Of these patients,  
7 underwent ICTx, 6 underwent ICTx + RT, and 39 went 
without induction therapy. Due to the relatively low sample 
size, some analyses were performed between those patients 
who underwent any form of induction therapy (13 patients) 
and those who did not receive induction therapy (39 
patients). 

There were no significant differences in patient 
demographics between the three groups (Table 1). The mean 
ages of each group were similar, with 61.1±4.3 years for 
patients having undergone ICTx, 66.3±2.1 years for patients 
having undergone ICTx + RT, and 68.4±1.7 years for patients 
without induction therapy. Patients who had undergone 
ICTx or ICTx + RT had slightly higher incidences of 
adenocarcinoma (71.4% and 66.7%, respectively) when 
compared to patients without induction therapy (57.1%). 

The pulmonary function status of the induction 
therapy and resection groups, reported in Table 2, was not 
significantly different. Patients undergoing induction had 
a mean forced expiratory volume in 1 second (FEV1) of 
86.8%, while resection-only patients had a mean of 83.0% 
(P=0.07). Similarly, a mean diffusion capacity of the lung 
for carbon monoxide (DLCO) of 73% was noted in the 
induction group compared to 67.2% in the resection-only 
group (P=0.74).

Table 3 reports resection types, with patients having 
undergone ICTx + RT and patients without induction 
therapy more commonly having right lung pathology 
(100% and 69.2%, respectively, P=0.02) and a right upper 
lobectomy performed (83.3% and 41.0%, respectively, 
P=0.04). Patients having undergone ICTx more commonly 
had left lung pathology (71.4%, P=0.02) and a left 
upper lobectomy performed (57.1%, P=0.06). Overall 
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Table 1 Patients’ demographics and disease classification

Demographic/tumor  

histology

Total  
(n=52)

Induction chemotherapy  
(n=7)

Induction chemoradiation  
(n=6)

No induction  
(n=39)

P value

Age (y)* 67.2±1.4 (48.0–86.0) 61.1±4.3 (50.0–80.0) 66.3±2.1 (58.0–72.0) 66.3±2.1 (48.0–86.0) 0.23

Gender 0.61

Male 30 (57.7%) 5 (71.4%) 4 (66.7%) 21 (53.8%)

Female 22 (42.3%) 2 (28.6%) 2 (33.3%) 18 (46.2%)

BMI (kg/m2)* 27.4±0.6 (19.0–46.0) 27.6±1.3 (21.5–32) 27.2±2.1 (21.0–35.0) 27.4±0.8 (19.0–46.0) 0.99

BSA (m2)* 1.9±0.03 (1.44–2.46) 1.9±0.1 (1.44–2.46) 2.0±0.1 (1.63–2.18) 1.9±0.04 (1.52–2.34) 0.86

Adenocarcinoma 30 (57.7%) 5 (71.4%) 4 (66.7%) 21 (53.8%) 0.61

Squamous cell carcinoma 15 (28.8%) 1 (14.3%) 2 (33.3%) 12 (30.8%) 0.65

Neuroendocrine 4 (7.7%) 0 (0%) 0 (0%) 4 (10.3%) 0.49

Other 3 (5.8%) 1 (14.3%) 0 (0%) 2 (5.1%) 0.51

*, mean ± S.E.M. (range). BSA, body surface area; BMI, body mass index.

Table 2 Pre-operative forced expiratory volume in 1 second (FEV1) and diffusion capacity of the lungs for carbon monoxide (DLCO)

Pulmonary function Induction therapy (n=13) No induction (n=39) P value

Pre-op FEV1 (L)* 2.7±0.2 (1.87–3.85) 2.3±0.1 (1.16–4.33) 0.07

Pre-op FEV1 (%)* 86.8±6.0 (40.0–127.0) 83.0±3.0 (53.0–137) 0.32

Pre-op DLCO (mL/mmHg/min)* 18.1±1.4 (10.6–25.7) 16.9±0.9 (8.7–31.5) 0.76

Pre-op DLCO (%)* 73.0±5.8 (45.0–100.0) 67.2±3.5 (17.9–109) 0.74

*, mean ± S.E.M. (range).

Table 3 Type of resection and surgical specimen

Resection type/specimen
Total  

(n=52) (%)

Induction chemotherapy  

(n=7) (%)

Induction chemoradiation 

(n=6) (%)

No induction  

(n=39) (%)
P value

Type of resection

Lobectomy 44 (84.6) 5 (71.4) 6 (100) 33 (84.6) 0.36

Lobectomy + wedge 3 (5.8) 1 (14.3) 0 (0) 2 (5.1) 0.51

Bilobectomy 2 (3.9) 1 (14.3) 0 (0) 2 (5.1) 0.51

Lobectomy + chest wall 3 (5.8) 1 (14.3) 0 (0) 2 (5.1) 0.51

Specimen

Right lung 35 (67.3) 2 (28.6) 6 (100) 27 (69.2) 0.02

Right upper lobe (RUL) 22 (42.3) 1 (14.3) 5 (83.3) 16 (41.0) 0.04

Right middle lobe (RML) 2 (3.9) 0 (0) 1 (16.7) 1 (2.6) 0.21

Right lower lobe (RLL) 9 (17.3) 1 (14.3) 0 (0) 8 (20.5) 0.45

RML + RLL 2 (3.9) 0 (0) 0 (0) 2 (5.1) 0.71

Left lung 17 (32.7) 5 (71.4) 0 (0) 12 (30.8) 0.02

Left upper lobe (LUL) 14 (26.9) 4 (57.1) 0 (0) 10 (25.6) 0.06

Left lower lobe (LLL) 3 (5.8) 1 (14.3) 0 (0) 2 (5.1) 0.51
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intraoperative complication rate was 9.6%, with significant 
differences being the occurrence of a RLN injury (P=0.02) 
and the occurrence of a tracheal or bronchial injury (P=0.04). 
Overall postoperative complication rate was 44.2%, with 
the only significant difference being the occurrence of a 
pulmonary embolism (P=0.02) (Table 4).

There was no significant difference in perioperative 
outcomes between the three groups (Table 5). Table 6 
reports the perioperative outcomes between patients that 
received any form of induction therapy versus those who 
did not receive induction therapy, with no significant 
difference determined between groups. Patients having 
undergone any form of induction had higher rates of 

overall conversion (30.8%) compared to patients without 
induction therapy (12.8%), but this difference was non-
significant (P=0.14).

Table 7 reports tumor size and LN assessment for the 
three groups, with the only significant difference being 
tumor size (P=0.03). Table 8 reports the LN assessment 
between patients who received any form of induction 
therapy versus those who did not receive induction therapy, 
and a significant difference was found in the tumor size 
(P=0.02), the number of N2 stations assessed (P=0.04), the 
number of N2 stations reported (P=0.05), and the overall 
total LN stations reported (P=0.04). 

Tables 9,10 indicate cStage and pStage. There were no 

Table 4 Intraoperative and postoperative complications

Complication
Total  

(n=52) (%)

Induction chemotherapy  

(n=7) (%)

Induction chemoradiation  

(n=6) (%)

No induction  

(n=39) (%)
P value

Total intraoperative complications 5 (9.6) 1 (14.3) 1 (16.7) 3 (7.7) 0.71

Pulmonary artery/vein bleeding 3 (5.8) 0 (0) 0 (0) 3 (7.7) 0.59

Recurrent laryngeal nerve injury 1 (1.9) 0 (0) 1 (16.7) 0 (0) 0.02

Tracheal/bronchi injury 1 (1.9) 1 (14.3) 0 (0) 0 (0) 0.04

Total postoperative complications 23 (44.2) 1 (14.3) 1 (14.3) 21 (53.8) 0.054

Prolonged air leak for ≥7 days 12 (23.1) 1 (14.3) 1 (16.7) 10 (25.6) 0.75

Pneumonia requiring antibiotics 7 (13.5) 0 (0) 0 (0) 7 (17.9) 0.26

Mucous plug requiring intervention 4 (7.7) 0 (0) 0 (0) 4 (10.3) 0.49

Pneumothorax requiring chest tube reinsertion 3 (5.8) 1 (14.3) 1 (16.7) 1 (2.6) 0.23

Respiratory failure 2 (3.9) 0 (0) 0 (0) 2 (5.1) 0.71

Aspiration demonstrated by imaging 1 (1.9) 0 (0) 0 (0) 1 (2.6) 0.84

Pulmonary embolism 1 (1.9) 0 (0) 1 (16.7) 0 (0) 0.02

Hemothorax requiring intervention 1 (1.9) 0 (0) 0 (0) 1 (2.6) 0.84

Atrial fibrillation 8 (15.4) 0 (0) 1 (16.7) 7 (17.9) 0.48

Table 5 Perioperative outcomes with or without induction chemotherapy ± radiation therapy

Outcomes
Total  

(n=52)

Induction chemotherapy 

(n=7)

Induction 

chemoradiation (n=6)

No induction  

(n=39)
P value

EBL (mL)* 275±43 [50–1,800] 250±102 [100–900] 355±185 [50–1,300] 250±46 [75–1,800] 0.47

Skin-to-skin time (min)* 206±12 [92–515] 264±40 [111–386] 257±60 [141–515] 203±12 [92–399] 0.27

Overall conversion 9 (17.3%) 2 (28.6%) 2 (33.3%) 5 (12.8%) 0.33

Emergent conversion 2 (3.9%) 0 (0%) 0 (0%) 2 (5.1%) 0.71

Chest tube days (d)* 5±0.6 [1–26] 3.0±1.7 [2–15] 5.5±3.5 [4–26] 5.0±0.6 [1–19] 0.33

Hospital LOS (d)* 6±0.71 [2–32] 4±2.3 [2–18] 6.5±1.9 [4–17] 6.0±0.8 [2–32] 0.96

In-hospital mortality 1 (1.9%) 0 (0%) 0 (0%) 1 (2.6%) 0.84

*, median ± S.E.M. [range]. EBL, estimated blood loss; LOS, length of stay.
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Table 6 Perioperative outcomes with or without any induction therapy

Outcomes Induction therapy (n=13) No induction (n=39) P value

EBL (mL)* 300±100 [50–1,300] 250±46 [75–1,800] 0.54

Skin-to-skin time (min)* 264±34 [111–515] 203±12 [92–399] 0.36

Overall conversion 4 (30.8%) 5 (12.8%) 0.14

Emergent conversion 0 (0%) 2 (5.1%) 0.41

Chest tube days (d)* 5±2.0 [2–26] 5±0.6 [1–19] 0.77

Hospital LOS (d)* 6±1.5 [2–18] 6±0.8 [2–32] 0.81

In-hospital mortality 0 (0%) 1 (2.6%) 0.56

*, median ± S.E.M. [range]. EBL, estimated blood loss; LOS, length of stay.

Table 7 Description of tumor size, lymph node stations explored, and lymph nodes reported with or without induction chemotherapy +/− 

radiation therapy

Assessed and reported*
Total  

(n=52)

Induction chemotherapy 

(n=7)

Induction chemoradiation 

(n=6)

No induction  

(n=39)
P value

Tumor size 4.1±0.3 (0.5–9.0) 3.3±1.0 (1.3–9.0) 2.3±0.7 (0.5–4.0) 4.6±0.3 (1.4–9.0) 0.03

Number of N2 stations assessed 4.1±0.1 (3.0–7.0) 3.6±0.3 (3.0–5.0) 3.8±0.2 (3.0–4.0) 4.2±0.2 (3.0–7.0) 0.21

Number of N2 stations reported 3.6±0.2 (1.0–6.0) 2.9±0.6 (1.0–5.0) 3.2±0.2 (2.0–4.0) 3.8±0.2 (2.0–6.0) 0.26

Number of N2 lymph nodes 8.9±0.8 (3.0–29.0) 8.0±3.5 (3.0–29.0) 6.5±0.9 (4.0–9.0) 9.5±0.9 (3.0–26.0) 0.49

Number of N1 stations reported 1.9±0.1 (1.0–3.0) 2.0±0.2 (1.0–3.0) 1.3±0.2 (1.0–2.0) 1.9±0.1 (1.0–3.0) 0.10

Number of N1 lymph nodes 6.4±0.5 (1.0–23.0) 6.3±0.8 (2.0–8.0) 5.0±1.7 (1.0–13.0) 6.7±0.6 (1.0–23.0) 0.58

Overall total N1 + N2 stations reported 5.4±0.2 (3.0–8.0) 4.9±0.7 (3.0–8.0) 4.5±0.4 (3.0–6.0) 5.7±0.2 (4.0–8.0) 0.06

Overall total lymph nodes 15.4±1.0 (6.0–37.0) 14.3±3.9 (6.0–37.0) 11.5±2.3 (6.0–22.0) 16.2±1.0 (6.0–33.0) 0.28

*, mean ± S.E.M. (Range).

Table 8 Description of tumor size, lymph node stations explored, and lymph nodes reported with or without any induction therapy

Assessed and reported* Induction therapy (n=13) No induction (n=39) P value

Tumor size 3.0±0.6 (0.5–9.0) 4.6±0.3 (1.4–9.0) 0.02

Number of N2 stations assessed 3.7±0.2 (3.0–5.0) 4.2±0.2 (3.0–7.0) 0.04

Number of N2 stations reported 3.0±0.3 (1.0–5.0) 3.8±0.2 (2.0–6.0) 0.05

Number of N2 lymph nodes 7.3±1.9 (3.0–29.0) 9.5±0.9 (3.0–26.0) 0.31

Number of N1 stations reported 1.7±0.2 (1.0–3.0) 1.9±0.1 (1.0–3.0) 0.32

Number of N1 lymph nodes 5.7±0.9 (1.0–13.0) 6.7±0.6 (1.0–23.0) 0.36

Overall total N1 + N2 stations reported 4.7±0.4 (3.0–8.0) 5.7±0.2 (4.0–8.0) 0.04

Overall total lymph nodes reported 13.0±2.3 (6.0–37.0) 16.2±1.0 (6.0–33.0) 0.22

*, mean ± S.E.M. (Range).

cStage-I patients versus 10 (19.2%) patients with pStage IA 
or IB, three of whom underwent induction treatment and 
seven of whom did not undergo induction therapy and thus 
were clinically overstaged as other than cStage I. Six (11.5%) 
patients were upstaged, none of whom received induction 

therapy, and 19 (36.5%) patients were downstaged (Table 11).  
Of the five patients clinically identified with distant 
metastasis, two underwent ICTx and three received 
no induction. After ICTx, one was downstaged to M0, 
compared to no revision of M status in those who did not 
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Table 9 Disease classification by clinical stage

Clinical stage* Total (n=52) Induction chemotherapy (n=7) Induction chemoradiation (n=6) No induction (n=39) P value

cStage IA 0 (0) 0 (0) 0 (0) 0 (0) −

cStage IB 0 (0) 0 (0) 0 (0) 0 (0) −

cStage IIA 10 (19.2) 0 (0) 1 (16.7) 9 (23.1) 0.36

cStage IIB 1 (1.9) 0 (0) 0 (0) 1 (2.6) 0.84

cStage IIIA 35 (67.3) 5 (71.4) 5 (83.3) 25 (64.1) 0.63

cStage IIIB 1 (1.9) 0 (0) 0 (0) 1 (2.6) 0.84

cStage IV 5 (9.6) 2 (28.6) 0 (0) 3 (7.7) 0.16

*, n (%); cStage, clinical stage; pStage, pathologic stage.

Table 10 Disease classification by pathologic stage

Pathologic stage* Total (n=52) Induction chemotherapy (n=7) Induction chemoradiation (n=6) No induction (n=39) P value

pStage IA 8 (15.4) 1 (14.3) 2 (33.3) 5 (12.8) 0.43

pStage IB 2 (3.8) 0 (0) 0 (0) 2 (5.1) 0.71

pStage IIA 9 (17.3) 1 (14.3) 0 (0) 3 (7.7) 0.63

pStage IIB 3 (5.8) 0 (0) 0 (0) 3 (7.7) 0.59

pStage IIIA 25 (48.1) 4 (57.1) 4 (66.7) 17 (43.6) 0.50

pStage IIIB 2 (3.8) 0 (0) 0 (0) 2 (5.1) 0.71

pStage IV 3 (5.8) 1 (14.3) 0 (0) 2 (5.1) 0.51

*, n (%) ; cStage, clinical stage; pStage, pathologic stage.

Table 11 Changes in staging following robotic-assisted thoracoscopic lobectomy with or without induction chemotherapy +/− radiation therapy

Change in stage* Total (n=52) Induction chemotherapy (n=7) Induction chemoradiation (n=6) No induction (n=39) P value

Same 27 (51.9) 4 (57.1) 5 (83.3) 18 (46.2) 0.23

Upstaged 6 (11.5) 0 (0) 0 (0) 6 (15.4) 0.32

cN1 to pN2 4 (7.7) 0 (0) 0 (0) 4 (10.3) 0.49

Changes in T 2 (3.8) 0 (0) 0 (0) 2 (5.1) 0.71

Downstaged 19 (36.5) 3 (42.9) 1 (16.7) 15 (38.5) 0.55

cN1 to pN0 7 (13.5) 1 (14.3) 0 (0) 6 (15.4) 0.55

cN2 to pN0 8 (15.4) 0 (0) 1 (16.7) 7 (17.9) 0.59

cN2 to pN1 3 (5.8) 1 (14.3) 0 (0) 2 (5.1) 0.51

cM1 to pM0 1 (1.9) 1 (14.3) 0 (0) 0 (0) 0.04

*, n (%).

receive induction therapy (P=0.04). Thirty-one percent of 
patients who underwent induction therapy were downstaged 
at operation, and 38.5% of patients who did not receive 
induction therapy had been clinically overstaged. There was 
no significant difference in overall upstaging or downstaging 
rates between the three groups or when comparing the 
upstaging or downstaging rates between patients who 

received any form of induction therapy versus those who 
did not receive induction therapy (Table 12).

Discussion

The rationale behind this study was to determine if 
induction therapy when used with RAVTS lobectomy would 
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Table 12 Changes in staging following robotic-assisted thoracoscopic 

lobectomy with or without any induction therapy

Change in 

stage*

Induction therapy 

(n=13) 

No induction 

(n=39)
P value

Same 9 (69.2) 18 (46.2) 0.15

Upstaged 0 (0) 6 (15.4) 0.13

cN1 to pN2 0 (0) 4 (10.3) 0.23

Changes in T 0 (0) 2 (5.1) 0.41

Downstaged 4 (30.8) 15 (38.5) 0.62

cN1 to pN0 1 (7.7) 6 (15.4) 0.48

cN2 to pN0 1 (7.7) 7 (17.9) 0.37

cN2 to pN1 1 (7.7) 2 (5.1) 0.73

cM1 to pM0 1 (7.7) 0 (0) 0.08

*, n (%).

affect staging and perioperative or postoperative outcomes 
compared to RAVTS lobectomy alone in node-positive 
NSCLC. This study demonstrated that induction therapy, 
followed by RAVTS lobectomy, did not significantly affect 
staging or total number of intraoperative and postoperative 
complications.

Based on limited data in the ICTx and ICTx + RT 
groups by themselves, the data were first reviewed with 
respect to differences between the ICTx and ICTx + RT 
groups. Patient demographics, including age, gender, 
BMI, and pulmonary function, as well as tumor histology, 
were not significantly different between the two groups. 
Although patients undergoing ICTx + RT had significantly 
more right lung pathology and higher rates of right upper 
lobectomy (P=0.02 and P=0.04, respectively), while ICTx 
patients had significantly higher rates of left lung pathology 
(P=0.02), these differences were felt to be acceptable for 
combing the data from these groups for analysis as a single 
“induction therapy” group, as no other differences were 
found when analyzed separately.

This study demonstrated rates of downstaging with 
induction therapy (30.8%) slightly lower than those 
reported using video-assisted thoracoscopic (VATS) and 
open techniques (14,15,17). This difference in downstaging 
may have also been affected by incorrect clinical staging, 
which was observed at a minimum rate of 38.5% in our 
“no induction” group. Similar rates of downstaging were 
observed with and without induction therapy despite a 
significantly smaller tumor size at the time of surgery in 
patients undergoing induction therapy (P=0.02). There 

was also a trend toward more patients with stable disease 
in the induction therapy group and increased upstaging in 
the surgery alone group, but neither gained significance 
(P=0.15 and P=0.13, respectively). Pathologic downstaging 
at reported rates of 39–45% with thoracotomy and 
conventional VATS has been associated with improved 
5-year survival in stage-IIIA NSCLC (3,18,19). Therefore, 
a lower rate of downstaging may represent a poorer 
prognosis for some patients with LN-positive NSCLC 
after RAVTS lobectomy. This lower rate of downstaging 
can be attributable to either less accurate preoperative 
diagnostic imaging or else better LN assessment, but more 
investigation is needed to determine if these findings are 
consistent with RAVTS among institutions. 

Pathologic staging may have also been affected by 
N2 LN assessment, as significantly fewer N2 LNs were 
assessed and reported in those who underwent induction 
therapy than those who proceeded directly to surgery 
(P=0.04 and P=0.05, respectively). This may have led 
to over-reporting of stable and downstaged disease and 
limited the rate of upstaging in those who underwent 
induction therapy.

In analyzing the peri- and post-operative outcomes, the 
employment of induction therapy did not increase morbidity 
or early mortality significantly over RAVTS lobectomy 
alone. However, there was a significant difference with one 
occurrence each of RLN injury, tracheal/bronchial injury, 
and pulmonary embolism in those treated with induction 
therapy, as opposed to none in those with surgery alone 
(P=0.02, 0.04, and 0.02, respectively), with differences 
due to comparison of ICTx + RT and ICTx separately. By 
contrast, there was a trend toward more total post-operative 
complications with surgery alone, although it failed to 
reach significance (P=0.054). Evans et al. also reported a 
higher rate of RLN injury following induction therapy, 
but did not report on rates of pulmonary embolism or of 
tracheal/bronchial injury (18). Overall, complications were 
seen at a rate within reasonable range of those reported 
in recent literature with thoracotomy and conventional 
 VATS  (3,18,19).

In conclusion, either ICTx or ICTx + RT is a safe option 
in LN-positive NSCLC patients who are candidates for 
RAVTS lobectomy. This concurs with previous reports 
regarding morbidity and early mortality following post-
induction thoracotomy and conventional VATS for NSCLC 
(3,18,19). These results lend support to the conclusions of 
multiple phase-III trials and meta-analyses that resection 
after induction therapy, particularly with lobectomy, 
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can be safely performed so as to provide an OS benefit 
(1,3,4,11,12). Assessment of N2 LN stations was shown to 
be impaired after induction therapy in this study, however, 
which may have led to limitations in pathological staging. 
Such limitations could have undesired consequences, 
such as incorrect downstaging and subsequent erroneous 
communication of a better prognosis. Future research 
may focus on using PET-CT after RAVTS to assess for 
additional positive LNs in order to ascertain the relevance 
of this concern. Furthermore, the support of larger studies 
investigating induction therapy with RAVTS is needed to 
improve the power and validity of these results.

Study limitations

This study was not a RCT. Patients were selected for 
surgery and ICTx or ICTx + RT based on the experience 
and judgment of qualified surgical, medical, and radiation 
oncologists. While our surgeon operated solely at our 
institution, the medical and radiation oncologists were 
from multiple groups, introducing variability in the time 
course and scheduling of treatments. Patients were also 
able to decline recommended induction therapy without 
affecting their surgical candidacy. This option was not 
recorded. Thus, patient attrition and, therefore, selection 
bias are likely higher in the induction group, while 
potentially confounding the results of both groups. Lastly, 
as mentioned, RAVTS is a relatively new technique, and, as 
such, more investigation with larger patient enrollment is 
necessary to increase the power and validity of these results.
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