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Abstract

OBJECTIVES: Video-assisted thoracoscopic (VATS) lobectomy is increasingly accepted for the management of early-stage non-small cell
lung cancer (NSCLC), but its role for locally advanced cancers has not been as well characterized. We compared outcomes of patients who
received induction therapy followed by lobectomy, via VATS or thoracotomy.

METHODS: Perioperative complications and long-term survival of all patients with NSCLC who received induction chemotherapy (ICT)
(with or without induction radiation therapy) followed by lobectomy from 1996–2012 were assessed using Kaplan–Meier and Cox propor-
tional hazard analysis. Propensity score-matched comparisons were used to assess the potential impact of selection bias.

RESULTS: From 1996 to 2012, 272 patients met inclusion criteria and underwent lobectomy after ICT: 69 (25%) by VATS and 203 (75%) by
thoracotomy. An ‘intent-to-treat’ analysis was performed. Compared with thoracotomy patients, VATS patients had a higher clinical stage,
were older, had greater body mass index, and were more likely to have coronary disease and chronic obstructive pulmonary disease.
Induction radiation was used more commonly in thoracotomy patients [VATS 28% (n = 19) vs open 72% (n = 146), P < 0.001]. Thirty-day
mortality was similar between the VATS [3% (n = 2)] and open [4% (n = 8)] groups (P = 0.69). Seven (10%) of the VATS cases were converted
to thoracotomy due to difficulty in dissection from fibrotic tissue and adhesions (n = 5) or bleeding (n = 2); none of these conversions led
to perioperative deaths. In univariate analysis, VATS patients had improved 3-year survival compared with thoracotomy (61% vs 43%,
P = 0.010). In multivariable analysis, the VATS approach showed a trend towards improved survival, but this did not reach statistical signifi-
cance (hazard ratio, 0.56; 95% confidence interval, 0.32–1.01; P = 0.053). Moreover, a propensity score-matched analysis balancing patient
characteristics demonstrated that the VATS approach had similar survival to an open approach (P = 0.56).

CONCLUSIONS: VATS lobectomy in patients treated with induction therapy for locally advanced NSCLC is feasible and effective and does
not appear to compromise oncologic outcomes.
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INTRODUCTION

Video-assisted thoracoscopic (VATS) lobectomy is a safe and
accepted treatment for early-stage non-small cell lung cancer
(NSCLC) [1]. When compared with open lobectomy, VATS is asso-
ciated with decreased morbidity, shorter hospital stay, decreased
chest tube duration, reduced inflammation, reduced postoperative
pain, improved preservation of pulmonary function and shorter

recovery time [2–11]. However, there have only been a few small
retrospective studies evaluating the role of VATS lobectomy for
patients with locally advanced NSCLC who have been treated with
preoperative chemotherapy. These preliminary studies have shown
that VATS is feasible and safe and is associated with reduced hos-
pital stay and reduced chest tube duration when compared with
open lobectomy, but evidence regarding long-term outcomes is
limited [2, 12–14]. The purpose of this study was to assess short- and
long-term outcomes among patients who are treated with pre-
operative chemotherapy followed by open versus VATS lobectomy
for patients with NSCLC. Our objective was to test the hypothesis
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that the VATS approach in appropriately selected patients is not
associated with significant differences in oncologic outcomes when
compared with open lobectomy.

MATERIALS ANDMETHODS

A retrospective analysis was performed of patients with NSCLC
who received preoperative chemotherapy with or without radi-
ation therapy and had a lobectomy within 1 year of preoperative
chemotherapy at the Duke University Medical Center from 1996
to 2012. The study received Institutional Review Board approval
with individual patient consent being waived. The preoperative
choice of therapy between chemotherapy alone or chemotherapy
with concurrent radiation was based on physician preference and
availability of induction therapy protocols. The surgical technique
for open and VATS lobectomy was performed in a manner as pre-
viously described [2].

Survival and recurrence data were available for all patients.
Baseline variables (collected at the time of induction therapy) and
outcome variables included demographics, comorbidities, pulmon-
ary function, preoperative clinical stage, histology, pathological
stage, chest tube duration, length of hospitalization, postoperative
bleeding requiring reoperation, postoperative bleeding requiring
blood transfusion, pneumonia, atrial fibrillation, prolonged air leak
(present for more than 5 days), respiratory failure, other major
complications (myocardial infarction, pulmonary embolism, chy-
lothorax, empyema, bronchopleural fistula, sepsis) and overall and
recurrence-free survival.

As this study was focused on outcomes after resection, overall
survival was determined from the time of lobectomy to death
from any cause with patients censored at the time of last known
follow-up. Recurrence-free survival was determined from the time
of lobectomy to death or recurrence as evaluated by biopsy or
imaging seen during close follow-up with patients censored at the
time of last follow-up.

Post-discharge follow-up data were collected through clinic
notes, direct contact with patients and physicians, a national death
registry and postal questionnaire as collected by the Duke Cancer
Institute. Preoperative staging was based on information prior to
resection, including computed tomographic (CT) scan, positron
emission tomographic (PET) scan, brain imaging with CT or mag-
netic resonance imaging, bronchoscopy, mediastinoscopy, thoraco-
scopic staging and needle biopsy. The postoperative pathological
stage was determined from the final pathology report. In patients
with N2 disease, restaging after induction therapy and prior to
resection was routinely performed.

Statistical analysis

Baseline characteristics and outcomes were compared between
the VATS and open groups using the Pearson’s χ2-test or Fisher’s
exact test when applicable for categorical variables and Student’s
unpaired t-test or the Wilcoxon rank-sum test when applicable for
continuous variables. Patients who underwent conversions from
VATS to open lobectomy were assessed using an intent-to-treat
analysis.

Overall and recurrence-free survival was evaluated using the
Kaplan–Meier method and the log-rank test. A Cox proportional
hazards model was then used to compare overall survival between
open and VATS groups, adjusting for variables chosen based on

clinical relevance, which include age, sex, forced expiratory volume
in 1 s (FEV1), diffusing capacity of the lung for carbon monoxide
(DLCO), cerebrovascular disease, diabetes, Zubrod score, renal in-
sufficiency, congestive heart failure, coronary artery disease, prior
thoracic surgery, radiation, chronic obstructive pulmonary disease
(COPD), pretreatment histology, preinduction therapy clinical stage,
history of smoking and operative year. Complete case analysis was
used for this adjusted model and the proportional hazards assump-
tion was tested for all Cox models using smooth scaled Schoenfeld
residual plots (there were no violations of assumptions) with linear-
ity confirmed for all continuous predictors included in Cox regres-
sion analysis using Martingale residuals.
A propensity-matched analysis of open versus VATS lobec-

tomy was also performed to further evaluate if there were differ-
ences in perioperative outcomes and survival between groups.
Propensity scores were developed, defined as the probability of
treatment with the VATS approach versus open approach condi-
tional on measured covariates. Variables included in the propen-
sity score model were age, sex, coronary artery disease, COPD,
pathological T and N status, distant metastases, tumour location
(central versus peripheral, as previously defined [15]), pretreat-
ment histology, radiation and operative date. Patients were then
matched on propensity score using a 1 : 1 nearest neighbour match-
ing algorithm with a calliper distance of 0.01 and no replacement.
Patient demographics and outcomes were assessed following pro-
pensity matching using Pearson’s χ2-test or Fisher’s exact test
when applicable for categorical variables and Student’s unpaired
t-test or the Wilcoxon rank-sum test when applicable for continu-
ous variables. Further, overall and recurrence-free survival was
evaluated using the Kaplan–Meier method and the log-rank test.
Statistical significance was set as a P-value of less than 0.05. A Cox
proportional hazards model was then used to compare overall
survival between the propensity-matched open and VATS groups,
adjusting for variables that did not meet the 20% threshold
used to confer adequate balance [16]. All statistical analyses were
performed using Stata version 13.0 (StataCorp LP, College Station,
TX, USA).

RESULTS

Patient and treatment characteristics

Of the 272 patients who met study inclusion criteria, 203 (75%)
underwent lobectomy by thoracotomy. The remaining 69 (25%)
patients underwent thoracoscopic lobectomy. Table 1 gives the
baseline characteristics of the patients in each group. When com-
pared with the open group, the VATS group was older, more likely
to be white, had higher body mass index, had a higher clinical
stage, and were more likely to have hypertension, COPD and cor-
onary artery disease (Table 1). Preoperative radiation was used in
more patients in the open group [72% (n = 146)] when compared
with the VATS group [28% (n = 19); P < 0.001]. Operative year also
differed significantly between the groups (P < 0.001). Figures dis-
playing the type of surgery by operative year and the type of
preoperative treatment (ICT or induction chemoradiation) by op-
erative year can be found in Supplementary Figs S1 and S2, respect-
ively. There were no other significant differences in baseline
characteristics between the two groups.
The majority of patients were clinical stage IIIA (Table 1), al-

though a small percentage of clinical stage I patients had preopera-
tive therapy. The reasons that Stage I patients received preoperative
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Table 1: Patient characteristics

Characteristic Open approach
(n = 203)

VATS approach
(n = 69)

P-value

Female sex (n, %) 84 (41) 37 (54) 0.077
Age (mean ± SD) (years) 58.3 ± 0.7 63.7 ± 1.2 <0.001
Ethnicity (n, %) 0.024
White 176 (76) 56 (81)
Black 26 (24) 10 (14)
Native American 0 (0) 3 (4)

FEV1 (mean ± SD) (% predicted) 71.4 ± 18.0 74.9 ± 18.9 0.17
DLCO (mean ± SD) (% predicted) 69.8 ± 18.9 73.6 ± 17.4 0.16
BMI at operation (mean ± SD) (kg/m2) 25.8 ± 4.7 27.7 ± 5.5 0.027
History of diabetes (n, %) 25 (12) 13(19) 0.18
Renal insufficiency (n, %) 2 (1) 2 (3) 0.27
Hypertension (n, %) 61 (30) 38 (55) <0.001
COPD (n, %) 45 (22) 24 (35) 0.037
Peripheral vascular disease (n, %) 10 (5) 4 (6) 0.76
Prior thoracic surgery (n, %) 43 (21) 21 (30) 0.12
Clinical T statusa 0.001
1a 13 (7) 13 (22)
1b 20 (11) 7 (12)
2a 40 (21) 18 (31)
2b 29 (15) 10 (17)
3 73 (38) 7 (12)
4 15 (8) 4 (0.7)

Clinical N statusb 0.10
0 74 (39) 15 (27)
1 11 (6) 4 (7)
2 102 (54) 34 (61)
3 2 (1) 3 (5)

Clinical stage prior to induction therapy (n, %) 0.004
IA 0 (0) 0 (0)
IB 3 (1) 1 (1)
IIA 14 (7) 6 (9)
IIB 50 (25) 3 (4)
IIIA 107 (53) 44 (64)
IIIB 10 (5) 3 (4)
IV 14 (7) 5 (7)
Unknown 5 (2) 7 (10)

Congestive heart failure (n, %) 5 (2) 1 (1) 0.62
Cerebrovascular disease (n, %) 10 (5) 0 (0) 0.062
Coronary artery disease (n, %) 21 (10) 16 (23) 0.007
Zubrod score (n, %) 0.32
0 62 (31) 26 (38)
1 136 (68) 40 (59)
2 2 (1) 2 (3)
3 1 (0) 0 (0)

History of cancer (n, %) 28 (14) 12 (17) 0.49
History of smoking (n, %) 192 (95) 63 (91) 0.33
Radiation (n, %) 146 (72) 19 (28) <0.001
Transient ischemic attack/cerebrovascular accident (n, %) 11 (5) 3 (4) 0.73
Central versus peripheral tumour (n, %) 0.78
Central 67 (33) 15 (22)
Peripheral 136 (67) 54 (78)

Time from preoperative therapy to surgery (days) 0.61
Median (Interquartile range) 92 (76–128) 89 (73–115)

Operative year <0.001
1996–2001 58 (29) 1 (1)
2002–2007 100 (49) 12 (17)
2008–2012 45 (22) 56 (81)

FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide; COPD: chronic obstructive pulmonary disease; VATS:
video-assisted thoracoscopic surgery; SD: standard deviation; BMI: body mass index.
aData only available for 249 of 272 patients (open n = 190, VATS n = 59).
bData only available for 245 of 272 patients (open n = 189, VATS n = 56).
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therapy included poor medical fitness (n = 2), initial refusal of
surgery (n = 1) or a protocol for a clinical trial (n = 1). There was a
difference between the VATS and open groups in terms of the indi-
cations for induction therapy (P = 0.001). In the open group, 39%
(n = 79) had biopsy-proven N2 disease, 6% (n = 12) had clinical N2
disease, 8% (n = 16) underwent induction therapy for definitive
treatment, 42% (n = 85) underwent induction therapy for local
extent (e.g. T3–T4, N0–N1), 3% (n = 7) initially had chemotherapy or
radiation because they were not deemed medically fit for surgery
and 2% (n = 4) underwent induction for unknown reasons. In the
VATS group 52% (n = 36) had biopsy-proven N2 disease, 9% (n = 6)
had clinical N2 disease, 9% (n = 6) underwent induction therapy for
definitive treatment, 14% (n = 10) underwent induction therapy for
local extent, 13% (n = 9) underwent induction therapy because they
were not deemed medically fit and 3% (n = 2) underwent induction
therapy for unknown reasons.

Table 2 presents treatment and tumour characteristics for the
two groups. The open group had higher pathological T status when
compared with the VATS group. There were no significant differ-
ences in pathological N status, preinduction therapy tumour size,
postinduction therapy tumour size, pathological stage and down-
staging between the two groups (Table 2).

Anatomic distribution of lobectomies

The anatomic distribution of lobectomies performed significantly
differed between the open and VATS groups (P < 0.001). When
compared with thoracotomy, there were fewer right upper lob-
ectomies and more lower lobectomies performed by VATS. In
the open group, 59% (n = 120) underwent right upper lobec-
tomy, 7% (n = 15) underwent right middle lobectomy, 2% (n = 5)
underwent right lower lobectomy, 27% (n = 54) underwent left
upper lobectomy and 4% (n = 9) underwent left lower lobec-
tomy. In the VATS group, 35% (n = 24) underwent right upper
lobectomy, 9% (n = 6) underwent right middle lobectomy, 20%
(n = 14) underwent right lower lobectomy, 17% (n = 12) under-
went left upper lobectomy and 19% (n = 13) underwent left
lower lobectomy.

Perioperative outcomes

Table 3 reports short-term perioperative outcomes for the two
groups. Patients who underwent thoracoscopic lobectomy had
shorter length of hospital stay, shorter chest tube duration and

Table 2: Treatment and tumour characteristics

Characteristic Open approach
(n = 203)

VATS approach
(n = 69)

P-value

Induction chemotherapy (n, %) 0.47
Platinum doublet therapy 164 (81) 57 (84)
Platinum only 1 (0.5) 0 (0)
Epidermal growth factor receptor inhibitor 1 (0.5) 1 (1)
Taxane only 5 (2) 0 (0)
Other 6 (3) 0 (0)
Unknown 26 (13) 10 (15)

Pathological T status (n, %) 0.017
T0 59 (29) 15 (22)
T1a 40 (20) 10 (14)
T1b 11 (5) 12 (17)
T2a 34 (17) 18 (26)
T2b 16 (8) 6 (9)
T3 39 (19) 7 (10)
T4 4 (2) 1 (1)

Pathological N status (n, %) 0.23
N0 146 (72) 42 (61)
N1 23 (11) 11 (16)
N2 34 (17) 16 (23)

Pathological M status (n, %) 0.74
M0 188 (93) 65 (94)
M1 14 (7) 4 (6)

Histology (n, %) 0.012
Adenocarcinoma 75 (37) 35 (51)
Adenosquamous 2 (1) 2 (3)
Squamous 61 (30) 24 (35)
Large cell 12 (6) 3 (4)
Non-small cell, not otherwise specified 53 (26) 5 (7)

Complete pathological response (n, %) 52 (26) 15 (22) 0.52
Preinduction therapy tumour sizea (cm), mean ± SD 4.8 ± 2.5 4.2 ± 2.4 0.22
Postinduction therapy tumour size (cm), mean ± SD 2.7 ± 2.8 2.8 ± 2.2 0.42
Down-staged from PN2 to PN0b (n, %) 54 (59) 20 (48) 0.21
Down-staged from PN2 to PN1 or PN0b (n, %) 64 (70) 28 (67) 0.67
Overall down-stagec (n, %) 121 (61) 36 (58) 0.67

FEV1: forced expiratory volume in 1 s; VATS: video-assisted thoracoscopic surgery; SD: standard deviation.
aData only available for 169 of 272 patients (open n = 124, VATS n = 45).
bDenominator used is the number of patients who had N2 disease in the open (n = 91) and VATS (n = 42) groups.
cData only available for 260 of 272 patients (open n = 198, VATS n = 62).
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fewer cases of pneumonia than the thoracotomy group. There were
no significant differences in 30-day all-cause mortality, overall mor-
bidity, postoperative bleeding requiring reoperation, postoperative
bleeding requiring blood transfusion, atrial fibrillation, prolonged
air leak, respiratory failure and other major complications.

Overall, there were seven conversions from VATS to thoracotomy
(10%). Six (9%) of the conversions occurred in patients who under-
went ICT and were due to difficulty from fibrotic tissue and adhesions
(n = 4) or bleeding (n = 2). One (1%) of the VATS patients who under-
went induction chemoradiation therapy was converted to thoracot-
omy due to difficulty from fibrotic tissue and adhesions. None of the
patients who required a conversion had a perioperative death.

Survival analysis

In univariable analysis and after a median follow-up of 24.0
(range: 0.1–184) months for the entire cohort, improvements in
overall survival were associated with VATS compared with open
surgery {27 of 69 events vs 143 of 203 events; 3-year survival 61%
[95% confidence interval (CI), 47–73%] vs 43% (95% CI, 36–50%);
log-rank, P = 0.010} (Fig. 1). The VATS group had a median survival
of 67.7 months (95% CI, 30.6–83.5) and a median follow-up of
25.8 (range: 0.1–117) months, while the open group had a median
survival of 24.8 months (95% CI, 21.3–36.9) and a median follow-
up of 22.6 (range: 0.2–184) months. As shown in Table 4, there
was a trend towards improved overall survival for the VATS ap-
proach when compared with the open approach after multivari-
able adjustment, but this did not reach statistical significance
[hazard ratio (HR), 0.56; 95% CI, 0.32–1.01; P = 0.053].

There were no significant differences in recurrence-free survival
between the VATS and open groups in 3-year survival [44 of 69
events vs 150 of 203 events; 36% (95% CI, 24–48%) vs 27% (95% CI,
21–33%); log-rank, P = 0.12]. There were also no differences in
recurrence-free survival between the VATS and open groups regard-
ing median survival [17.8 months (95% CI, 12.2–30.2) vs 11.5 months
(95% CI, 8.2–13.7)]. After multivariable adjustment, there was no sig-
nificant difference in recurrence-free survival between the VATS and
open lobectomy groups (HR, 0.68; 95% CI, 0.42–1.09; P = 0.11).

Table 3: Perioperative outcomes

Characteristic Open approach
(n = 203)

VATS approach
(n = 69)

P-value

30-day mortality (n, %) 8 (4) 2 (3) 0.69
Overall morbiditya (n, %) 97 (48) 28 (41) 0.30
Postoperative bleeding requiring blood transfusion (n, %) 21 (10) 4 (6) 0.34
Postoperative bleeding requiring reoperation (n, %) 3 (1) 1 (1) 1.00
Pneumonia (n, %) 23 (11) 2 (3) 0.036
Atrial fibrillation (n, %) 40 (20) 13 (19) 0.88
Prolonged air leaks (n, %) 29 (14) 10 (14) 0.97
Respiratory failure (n, %) 7 (3) 0 (0) 0.20
Other major complications (n, %) 20 (10) 6 (9) 1.00
Length of hospitalization (days), median (IQR) 5 (4–7) 4 (4–5) <0.001
Chest tube duration (days), median (IQR) 4 (3–5) 3 (2–4) <0.001

VATS: video-assisted thoracoscopic surgery; SD: standard deviation; IQR: interquartile range.
aOverall morbidity represents the number (%) of patients with at least one postoperative complication.

Figure 1: (A) Overall survival stratified by surgical approach: this figure depicts
the Kaplan–Meier overall survival estimates of the open group (dashed line)
versus the VATS group (solid line). (B) Recurrence-free survival stratified by surgi-
cal approach: this figure depicts the Kaplan–Meier recurrence-free survival esti-
mates of the open group (dashed line) versus the VATS group (solid line). Tick
marks represent censored subjects. VATS: video-assisted thoracoscopic surgery.
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Propensity analysis

The propensity analysis created groups of well-matched VATS and
thoracotomy patients. Comparison of baseline patient characteristics
after propensity matching between patients who had VATS versus
open lobectomy following induction therapy shows no statistically
significant differences in baseline characteristics between the two
groups (Table 5). After propensity matching, patients who underwent
thoracoscopic lobectomy continued to have shorter length of hos-
pital (P = 0.007) stay and shorter chest tube duration (P = 0.023) than
the thoracotomy group (Table 6). There continued to be no signifi-
cant differences in 30-day mortality (P = 0.55), overall morbidity
(P = 0.20), postoperative bleeding requiring reoperation (1.00), post-
operative bleeding requiring blood transfusion (P = 0.64), pneumonia
(P = 0.39), atrial fibrillation (P = 1.00), prolonged air leak (P = 0.28), re-
spiratory failure (P = 0.31) and other major complications (P = 1.00)
between the two groups (Table 6). A characterization of the un-
matched VATS patients can be found in Supplementary Table S1.

After propensity score matching, there were also no significant
differences in overall survival between the two groups (Fig. 2).
There were no significant differences in overall survival between
the VATS and open groups in 3-year survival [54% (95% CI, 34–
71%) vs 49% (95% CI, 28–67%)]. In multivariable analysis, adjusting
for variables not sufficiently balanced by the propensity score
matching (FEV1, prior thoracic surgery, pretreatment clinical
stage, pathological T status, history of cerebrovascular disease and
pretreatment histology), there remained no significant difference
in overall survival between the open and VATS lobectomy groups
(HR 0.88; 95% CI, 0.39–1.97; P = 0.76). After propensity score

matching, there were no significant differences in recurrence-free
survival between the VATS and open groups in 3-year survival
[34% (95% CI, 18–52%) vs 24% (95% CI, 9–42%)]. In multivariable
analysis, adjusting for variables not sufficiently balanced by the
propensity score matching (FEV1, prior thoracic surgery, pretreat-
ment clinical stage, pathological T status, history of cerebrovascu-
lar disease and pretreatment histology), there remained no
significant difference in recurrence-free survival between the
VATS and open lobectomy groups (HR 0.91; 95% CI, 0.46–1.83;
P = 0.80).

DISCUSSION

This study compared outcomes of patients who received induction
therapy for NSCLC and then underwent lobectomy by a VATS or
thoracotomy approach. In the present study, the VATS approach was
associated with a shorter length of hospital stay and shorter chest
tube duration when compared with open lobectomy. The groups
did not differ significantly in perioperative outcomes including peri-
operative complications and 30-day mortality. In unadjusted ana-
lysis, the VATS approach was associated with improved overall
survival but after multivariable adjustment, there were no significant
differences in overall and recurrence-free survival between the VATS
and open approaches. In addition, in propensity score-matched
analysis, there were no significant differences in overall and
recurrence-free survival between the VATS and open approaches.
These results support the use of VATS in appropriately selected
patients who have been treated with induction therapy.

Table 4: Multivariable Cox proportional hazards model

Characteristic Hazard ratio 95% CI P-value

Approach 0.56 0.32–1.01 0.053
Age 1.01 0.99–1.03 0.17
Sex 0.90 0.61–1.33 0.61
FEV1 1.00 0.99–1.02 0.56
DLCO 0.99 0.98–1.00 0.11
Cerebrovascular disease 0.96 0.35–2.66 0.94
Diabetes 1.09 0.65–1.83 0.73
Zubrod score
0 Ref Ref Ref
1 0.68 0.46–1.01 0.055
2 and 3a 2.49 0.73–8.52 0.15

Renal insufficiency 1.08 0.25–4.72 0.92
Congestive heart failure 1.45 0.49–4.27 0.50
Coronary artery disease 0.95 0.54–1.68 0.86
Prior thoracic surgery 1.49 0.96–2.30 0.077
Radiation 1.22 0.78–1.19 0.39
COPD 1.62 1.01–2.62 0.047
Pretreatment histology
Adenocarcinoma Ref Ref Ref
Adenosquamous 0.99 0.13–7.45 0.99
Squamous 1.01 0.66–1.53 0.98
Large cell 0.89 0.41–1.92 0.76
Non-small cell, not otherwise specified 0.57 0.34–0.96 0.033

Clinical stage prior to induction therapy 1.00 0.99–1.01 0.68
History of smoking 2.09 0.62–7.03 0.23
Operative year 1.02 0.96–1.08 0.45

VATS: video-assisted thoracoscopic surgery; COPD: chronic obstructive pulmonary disease; SD: standard deviation; FEV1: forced expiratory volume in 1 s;
DLCO: diffusing capacity of the lung for carbon monoxide.
aZubrod scores 2 and 3 were combined into one category to simplify the output because there was only 1 patient in the entire cohort with a Zubrod score of 3.
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To date, only few studies have detailed the outcomes of VATS
lobectomy in patients with NSCLC who underwent induction
therapy. Our study shows results consistent with these previous
studies in a large cohort that allowed better comparison of both
short-term and long-term outcomes. Huang et al. evaluated
the outcomes of 43 patients with stage IIA–IIIB NSCLC who

underwent induction therapy followed by thoracoscopic lung re-
section (including 28 lobectomies) and reported a conversion rate
of 17%, complication rate of 9.5%, and 1- and 3-year survival rates
of 94% and 65%, respectively [14]. Gonzalez-Rivas et al. evaluated
the outcomes of 43 advanced NSCLC patients who underwent uni-
portal thoracoscopic resection (including 37 lobectomies) of whom

Table 5: Baseline characteristics after propensity score matching

Characteristics Open approach
Matched patients (n = 30)

VATS approach
Matched patients (n = 30)

P-value Absolute standardized
difference (%)

Female sex (n, %) 13 (43) 12 (40) 0.79 6.7
Age (mean ± SD) (years) 60.7 ± 8.9 61.6 ± 11.4 0.72 9.3
Ethnicity (n, %) 0.15
White 26 (87) 27 (90) 9.1
Black 4 (13) 1 (3) 29.0
Native American 0 (0) 2 (7) 45.9

FEV1 (mean ± SD) (% predicted) rm14 70.4 ± 20.5 0.47 20.5
DLCO (mean ± SD) (% predicted) 68.0 ± 21.5 71.3 ± 17.0 0.54 17.7
History of diabetes (n, %) 5 (17) 4 (13) 0.72 9.2
Renal insufficiency (n, %) 0 (0) 0 (0) 1.00 0.0
COPD (n, %) 10 (33) 10 (33) 1.00 0.0
Prior thoracic surgery (n, %) 5 (17) 8 (27) 0.35 22.9
Clinical stage prior to induction therapya (n, %) 0.51
IA 0 (0) 0 (0) 0.0
IB 0 (0) 1 (3) 27.6
IIA 2 (7) 2 (7) 0.0
IIB 4 (13) 1 (3) 29.6
IIIA 15 (50) 18 (60) 20.3
IIIB 1 (3) 1 (3) 0.0
IV 6 (20) 4 (13) 25.9
Unknown 2 (7) 3 (10) 13.8

Congestive heart failure (n, %) 0 (0) 0 (0) 1.00 0.0
Cerebrovascular disease (n, %) 1 (3) 0 (0) 0.31 21.7
Coronary artery disease (n, %) 3 (10) 5 (17) 0.45 18.0
History of cancer (n, %) 5 (17) 5 (17) 1.00 0.0
History of smoking 27 (90) 28 (93) 0.64
Radiation (n, %) 5(17) 5 (17) 1.00 7.4
Transient ischemic attack/cerebrovascular accident (n, %) 0 (0) 0 (0) 1.00 0.0
Central versus peripheral tumour (n, %) 0.77
Central 9 (30) 8 (27) 7.5
Peripheral 21 (70) 22 (73) 7.5

Operative year 0.061
1996–2001 0 (0) 1 (3) 10.1
2002–07 11 (37) 10 (33) 7.5
2008–12 19 (63) 19 (63) 0.0

Pathological T status (n, %) 0.49
T0 8 (27) 6 (20) 15.3
T1 6 (20) 10 (33) 29.5
T2 11 (37) 9 (30) 14.6
T3 5 (17) 4 (13) 9.5
T4 0 (0) 1 (3) 25.6

Pathological N status (n, %) 0.78
N0 21 (70) 23 (77) 14.1
N1 3 (10) 3 (10) 0.0
N2 6 (20) 4 (13) 16.6

Pathological M status (n, %) 0.69 13.6
M0 26 (87) 27 (90)
M1 4 (13) 3 (10)

Pretreatment histology (n, %) 0.36
Adenocarcinoma 15 (50) 12 (40) 20.2
Adenosquamous 1 (3) 1 (3) 0.0
Squamous 5 (17) 11 (37) 42.6
Large cell 4 (13) 1 (3) 45.2
Non-small cell, not otherwise specified 5 (17) 5 (17) 0.0

FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon monoxide; COPD: chronic obstructive pulmonary disease; VATS:
video-assisted thoracoscopic surgery; SD: standard deviation.
aData only available for 56 of 60 patients (open n = 28, VATS n = 28).
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approximately two thirds had induction therapy prior to resection.
The authors reported a conversion rate of 6.5%, complication rate of
14% and 30-month survival rate of 74% for those patients [13]. Shaw
et al. conducted a study of patients undergoing VATS treatment for
early-stage NSCLC that included 10 patients who underwent neoad-
juvant induction therapy [17]. The authors reported a median length
of hospital stay and median chest tube duration of 3.5 and 3 days,
respectively, a complication rate of 30% and a perioperative mortal-
ity rate of 0% [17]. In addition, we had previously performed a pre-
liminary study comparing the outcomes of 12 VATS patients to 85
patients who underwent open lobectomy following induction
therapy and found a median overall survival of 28 months [2]. The
present study findings are largely consistent with those reported by
other groups above. In addition, our conversion rate of 10%
reported in this study compares favourably to the rates reported by
studies of VATS lobectomy for early-stage NSCLC. Yan et al. per-
formed a meta-analysis of 21 studies of VATS lobectomy for early-
stage NSCLC, and found a median conversion rate of 8.1% and con-
version rates in the range of 0–15.7% [18].
The present study findings are also comparable with studies of

open lobectomy after induction therapy. Kim et al. conducted a
study of 233 patients who underwent neoadjuvant chemoradia-
tion for clinically advanced NSCLC followed by lung resection
(pneumonectomy, sleeve lobectomy, bilobectomy and standard
lobectomy). The authors reported a 5-year overall survival rate for
lobectomy patients of 51%, a 90-day mortality rate of 8% and
5-year overall survival rates of 50, 41 and 32% for Stage I, II and III,
respectively [19]. Paul et al. conducted a retrospective review of
136 patients with clinical stage IIIA NSCLC who underwent surgi-
cal resection after ICT or chemoradiation. The authors reported
down-staging rates to N0 or N1 of 52% and a 5-year survival rate
of 36% for patients undergoing lobectomy [20]. Stefani et al. con-
ducted a retrospective review of 175 N2 NSCLC patients who
underwent induction therapy followed by surgical resection [96
(55%) lobectomies and 79 (45%) pneumonectomies] and reported
an overall median survival of 34.7 months and an overall 5-year
survival rate of 30% [21].

Figure 2: (A) Propensity-matched survival stratified by surgical approach: this figure
depicts the Kaplan–Meier overall survival estimates of the open group (dashed line)
versus the VATS group (solid line) using the propensity-matched data. (B) Propensity-
matched recurrence-free survival stratified by surgical approach: this figure depicts
the Kaplan–Meier recurrence-free survival estimates of the open group (dashed
line) versus the VATS group (solid line) using the propensity-matched data. Tick
marks represent censored subjects. VATS: video-assisted thoracoscopic surgery.

Table 6: Perioperative outcomes and tumour characteristics after propensity matching

Characteristics Open approach (n = 30) VATS approach (n = 30) P-value

30-day mortality (n, %) 2 (7) 1 (3) 0.55
Overall morbiditya (n, %) 17 (57) 12 (40) 0.20
Postoperative bleeding requiring blood transfusion (n, %) 3 (10) 2 (7) 0.64
Postoperative bleeding requiring reoperation (n, %) 1 (3) 1 (3) 1.00
Pneumonia (n, %) 4 (13) 2 (7) 0.39
Atrial fibrillation (n, %) 7 (23) 7 (23) 1.00
Prolonged air leaks (n, %) 6 (20) 3 (10) 0.28
Respiratory failure (n, %) 1 (3) 0 (0) 0.31
Other major complications (n, %) 6 (9) 20 (10) 1.00
Length of hospitalization (days), median (IQR) 5 (4–8) 4 (3–5) 0.007
Chest tube duration (days), median (IQR) 4 (3–5) 3 (2–3) 0.023
Complete pathological response (n, %) 7 (23) 6 (20) 0.75
Preinduction therapy tumour sizeb (cm), mean ± SD 5.2 ± 3.0 4.4 ± 2.8 0.38
Postinduction therapy tumour size (cm), mean ± SD 3.2 ± 2.7 3.3 ± 2.5 0.89
Down-staged from PN2 to PN0c (n, %) 7 (50) 10 (71) 0.25
Down-staged from PN2 to PN1 or PN0c (n, %) 8 (57) 11 (79) 0.26
Overall down-stagedd (n, %) 15 (54) 17 (63) 0.48

VATS: video-assisted thoracoscopic surgery; SD: standard deviation; IQR: interquartile range.
aOverall morbidity represents the number (%) of patients with at least one postoperative complication.
bData only available for 37 of 60 patients (open n = 16, VATS n = 21).
cDenominator used is the number of patients who had N2 disease in the open (n = 14) and VATS (n = 14) groups.
dData only available for 55 of 60 patients (open n = 28, VATS n = 27).
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One potential concern of preoperative radiation is that patients
who have received preoperative radiation could have a fibrotic
hilum, which could increase the difficulty of dissection and per-
forming a lobectomy thoracoscopically. Our study found that the
majority of conversions (6 of 7) occurred in patients who under-
went ICT and that none of the patients who required a conversion
had a perioperative death. These study findings suggest that the
VATS approach can be safely used by experienced surgeons even
for patients who have undergone induction radiation.

This study has several limitations. First, this is a single institution,
retrospective study, and while efforts were made through multivari-
able adjustment and propensity matching to reduce the potential
effects of selection bias, unobserved confounding could still be
present. Second, the study included all patients who had undergone
induction therapy followed by lobectomy, and although the major-
ity of patients received induction therapy for Stage IIIA disease,
patients in the study had undergone induction therapy for a wide
range of reasons including for superior sulcus tumours and tumours
invading the chest wall. Of note, there was a significantly higher pro-
portion of patients in the open group who had cT3N0 tumours
when compared with the VATS group, and there were more patients
in the VATS group who underwent induction therapy for biopsy-
proven Stage IIIA-N2 NSCLC compared with the open group. This
would actually bias the results against VATS. We tried to account for
these differences in staging by using multivariable models and pro-
pensity matching (where we matched by pathological T and N status
and tumour location) but we could have been underpowered to
detect differences in particular subgroups. Third, the power of the
propensity analysis is limited because there are only 30 patients in
each arm of the propensity-matched analysis and, therefore, the
study may have been underpowered to detect if there was truly
a difference between the two groups; larger sample sizes would
strengthen findings. Further, some of the variables in the propensity-
matched analysis were not sufficiently balanced. Fourth, these find-
ings are from a single institution that performs a high volume of
VATS lobectomies and may be limited in its generalizability. Fifth,
there has been an evolution in induction therapy for NSCLC during
the study period that may have affected our outcomes, although we
did try to account for differences in treatment ‘eras’ by including the
operative year in multivariable analysis. Sixth, there was obvious
temporal bias to the selection of approach that may have affected
the outcomes. Finally, the follow-up time for patients was relatively
short, which may have limited the long-term findings of the study;
longer follow-up time would help strengthen findings.

In conclusion, VATS lobectomy in patients treated with induc-
tion therapy for locally advanced NSCLC is feasible and effective.
The VATS approach is associated with a shorter length of hospital-
ization and decreased chest tube duration and does not appear to
compromise oncologic outcomes. On the basis of these results,
surgeons comfortable with VATS should not consider induction
therapy to be a contraindication to using this approach in NSCLC
patients who require a lobectomy.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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