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Abstract

Background—The short term superiority of video-assisted thoracoscopic surgery (VATS) 

lobectomy compared to open lobectomy for early stage lung cancer has been suggested by single 

institution studies. Lack of equipoise limits the feasibility of a randomized study to confirm this. 

The hypothesis of this study (CALGB 31001) was that VATS lobectomy results in shorter length 

of hospital stay and fewer complications compared to open lobectomy in stages I and II non-small 

cell lung cancer in a multi-institutional setting.

Methods—519 patients whose tumors had been collected as part of CALGB 140202 (lung cancer 

tissue bank) were eligible. Propensity-scoring using age, race, gender, performance status, 

comorbidities, histology, tumor stage and size as independent variables was used to create a 1:1 

matched group of 175 pairs of patients. McNemar’s test for binary and Wilcoxon signed-rank test 

for continuous variables were used to assess differences in length of hospital stay, complications, 

and discharge dispositions between the groups. Comparison of disease-free and overall survival 

between the two approaches was done using the log-rank test. P-values < 0.05 were considered 

significant.
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Results—The matched data on length of hospital stay, complications and discharge dispositions 

significantly favored the VATS group. There was no statistically significant difference in survival 

between the two approaches.

Conclusion—This multi-institutional study supports the assertion that thoracoscopic lobectomy 

results in shorter hospital length of stay, fewer peri-operative complications and greater likelihood 

of independent home discharge compared to open lobectomy for early stage lung cancer. Survival 

was comparable between the two groups.
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Introduction

Surgery remains the best option for cure in the treatment of non-small cell lung cancer 

(NSCLC) and lobectomy continues to be the gold standard in early stage NSCLC. The 

demonstration of a survival benefit from screening high risk patients for NSCLC (1) is 

expected to increase the proportion of patients who have resectable early stage disease. It is 

imperative that the thoracic surgical community dissects the strengths and limitations of the 

procedures to treat these patients. This will in turn maximize their survival while minimizing 

their morbidity. Currently, lobectomy can be performed via multiple variations of a VATS 

approach or via thoracotomy. Proponents of the VATS approach have touted several potential 

advantages compared with a thoracotomy: less morbidity, shorter convalescence, and 

superior survival rates. Critics of the VATS approach have argued that it may not be an 

equivalent oncologic operation. Unfortunately, the evidence in the literature to support one 

or the other view is largely limited to single institution case series and small observational 

studies. A systematic review of the literature demonstrated that compared with thoracotomy, 

VATS lobectomy was associated with shorter chest tube duration, shorter length of hospital 

stay, and improved survival (2). It has also been shown to be associated with lower 

morbidity (3–7) and overall cost-savings (8, 9). There is also increasing evidence to support 

the hypothesis that reduced perioperative immunosuppression associated with VATS versus 

open lobectomy may contribute to improved outcomes (2, 10). To date, large, well-designed, 

prospective multi-institutional randomized trials have not been successfully performed to 

compare the two approaches.

Cancer and Leukemia Group B (CALGB) 39802 (VATS Lobectomy: A Feasibility Study) 

demonstrated the feasibility and safety of this surgical procedure in a multi-institution 

setting (11). It also showed 78% disease-free survival at 36 months for patients with stage I 

NSCLC, suggesting that the VATS operation yields results equal to those observed using a 

thoracotomy approach. However, it seems that a randomized definitive trial may never be 

performed, given a lack of equipoise on the part of surgeons and patients alike. In CALGB 

31001, we proposed to use data from CALGB 140202 (the lung cancer tissue bank) to 

compare the outcome of VATS versus open lobectomies for stages I and II NSCLC. This is a 

large tissue bank of surgically resected NSCLC associated with comprehensive clinical, 

treatment and outcome information. Our hypothesis was that VATS Lobectomy results in 

shorter lengths of hospital stay and fewer peri-operative complications compared to open 
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lobectomy in stages I and II NSCLC. Our primary endpoint was length of hospital stay; 

secondary endpoints included discharge disposition, peri-operative complications and 

disease-free survival.

Patients and Methods

Relevant data were rigorously abstracted by surgeon members of the study team from the 

operative and pathology reports of patients in the CALGB 140202 lung cancer tissue bank 

study who had a lobectomy (VATS or open) for stages I and II NSCLC. Additional clinical 

information was obtained from history/physical examination documents and discharge 

summaries on all study participants. Patients with prior treatments for NSCLC, active 

second malignancies (other than non-melanoma cancers), who were younger than 18 years 

of age or were converted from VATS to thoracotomy were excluded. Each participant signed 

an IRB-approved, protocol-specific informed consent in accordance with federal and 

institutional guidelines. Data collection and statistical analyses were conducted by the 

Alliance Statistics and Data Center.

Five hundred and nineteen patients (282 VATS and 237 open) enrolled between October 

2004 and June 2010 were identified to be eligible. The data was downloaded and locked on 

May 5, 2013. We first performed overall unmatched analysis for all 519 patients using 

Fisher’s exact tests for categorical variables and Wilcoxon rank-sum tests for continuous 

variables. We then fit a logistic regression model with VATS and open lobectomy as 

dependent variables and patients’ characteristics such as age, race, gender, Eastern 

Cooperative Oncology Group (ECOG) performance status, histology, pathologic stage, 

tumor size, and co-morbidity as independent variables to calculate the propensity score (12) 

for the probability of a particular patient receiving open lobectomy. Presence of co-
morbidities was defined as occurrence of any of the following: hypertension, 
hypercholesterolemia, coronary artery disease, diabetes, chronic obstructive pulmonary 
disease, congestive heart failure or renal failure. Three hundred and fifty patients 

(350/519=67.4%) were then matched by the propensity score using a greedy 1:1 matching 

algorithm (13). For matched patients, McNemar’s and Wilcoxon signed-rank tests were 

used. For multivariate analysis, generalized estimating equation (GEE) models (14) were 

used to model both continuous (length of hospital stay) and binary (peri-operative 

complications and discharge to home/others) outcomes. Matched survival analysis was 

performed using the Cox proportional hazard model for cluster data (15). Covariate 

adjustments in multivariate GEE and Cox proportional hazard models were operative 

approach (VATS versus Open), age, race, sex, ECOG performance status, histology, 

pathologic stage, tumor size, and medical co-morbidity.

Results

Forty-seven surgeons from 15 institutions contributed the 519 cases. Based on the cases 

submitted to the tumor bank, five institutions performed predominantly open lobectomy 

(80% or more of total cases within their institutions) and two institutions performed 

predominantly VATS lobectomy. These latter institutions contributed 46% of the open and 

50% of the VATS cases, respectively. The median follow-up time for this cohort of patients 
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was 60 months. The unmatched patient characteristics are outlined in Table 1. There was 

imbalance between the VATS and open lobectomy groups in terms of histology, pathologic 

stage, and tumor size (p < 0.05). This justified the use of matched analysis. The 

characteristics of the matched groups are outlined in Table 2. In the matched samples, none 

of the patient characteristics are significantly different between VATS and open groups. 

Further analyses were performed on the matched groups. Table 3 shows the summary of the 

number of lymph node stations and the total number of lymph nodes sampled in the two 

groups. The VATS lobectomy group showed shorter length of hospital stay, less incidence of 

peri-operative complications and a greater likelihood of home discharge than the open 

lobectomy group (Table 4). The most common complications were supraventricular 
arrhythmia/atrial fibrillation (9.4%), need for blood transfusion (4%), Pneumonia (2.9%) and 
atelectasis (1.7%). There was no difference between the groups for individual complications, 
but on aggregate the open lobectomy group had significantly more complications than the 
VATS lobectomy group (p<0.0001). The 30-day post-operative mortality rate in both groups 

was identical – 1.7%. There was no statistically significant difference in disease-free or 

overall survival between the two operative approaches (Figures 1 and 2). From the Cox 

proportional hazards regression model, the hazard ratio for disease-free survival of VATS 

versus Open lobectomy matched cases was 1.15 (95% confidence limits: 0.85, 1.55), p-value 

0.36. The hazard ratio for overall survival of VATS versus Open lobectomy matched cases 

was 1.27 (95% confidence limits: 0.92, 1.76), p-value 0.15.

Comment

In our multi-institution study, there was a wide variety of practice patterns in the selection of 

the surgical approach to lobectomies for NSCLC. Almost half of the institutions performed 

predominantly VATS or open lobectomies while the other half had a combination of both. A 

statistically equivalent number of lymph nodes and lymph node stations were sampled in the 

two groups. However, there was a trend towards more lymph nodes stations being sampled 

in the open lobectomy group. The length of hospital stay, incidence of peri-operative 

complications and likelihood of home discharge all favored the VATS lobectomy group over 

the open lobectomy group. These short-term clinical benefits would be expected to translate 

to a significant economic benefit. In this era of diminishing health care resources, this would 

be attractive to patients, clinicians, hospitals and payers alike. The disease-free and overall 

survival was equivalent between the two groups. Although propensity-matching is a very 

useful tool in the absence of randomization, it often does not completely eliminate 

differences between the groups. One of the institutions that performed open lobectomy 

exclusively was an outlier in terms of survival from all other institutions after controlling for 

confounding factors. This also contributed to the statistically insignificant difference in 

survival curves. With this single outlier eliminated, the slight separation in the survival 

curves was completely eliminated (p-value for overall survival = 0.94).

The variety of procedures that can be performed using minimally invasive thoracic surgical 

approaches is expanding. Surgeons began using video-assisted thoracoscopic surgery 

(VATS) to perform lobectomies in the 1990s. An ever-increasing body of literature supports 

the assertion that VATS lobectomy provides clear ‘quality-of-life’ advantages over open 

lobectomy for early stage NSCLC patients (3–6). These benefits include less pain, reduced 

Nwogu et al. Page 4

Ann Thorac Surg. Author manuscript; available in PMC 2017 September 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peri-operative complications, improved cosmesis, independent home discharge, and earlier 

return to pre-hospitalization activities. The major questions about VATS lobectomy have 

been centered on the oncologic validity and procedural safety of performing major lung 

cancer resections using minimally invasive techniques. Ideally, a large, multi-institutional, 

randomized study in both academic and community settings would control for potential 

confounding variables such as patient selection and answer these questions. However, 

neither surgeons nor patients would support such a study at this time, given what is currently 

known about these procedures. The single institution case series, national database studies, 

and meta-analyses that have addressed these safety and oncologic quality issues have 

increasingly demonstrated the equivalence or superiority of VATS lobectomy over open 

lobectomy for peripheral, small to moderate sized lung lesions (4, 16–19). This study was 

done to add an additional multi-institutional perspective to the literature.

Despite the reported benefits of VATS lobectomy, and extensive efforts to provide training to 

practicing surgeons on VATS lobectomy techniques, the national adoption rate has been low. 

Only 32% of lobectomies included in the Society of Thoracic Surgeons (STS) national 

database in 2006 were performed thoracoscopically (20). The Nationwide Inpatient Sample 

(NIS) database had only 15% of lobectomies performed by VATS in 2007–2008 (6). The 

difference in the proportion of VATS cases reported in the STS versus NIS databases likely 

arises from the fact that the former is a voluntary database that represents a predominance of 

academic centers while the latter is a non-voluntary database representing a broader 

spectrum of practice settings. The low VATS lobectomy adoption rate is probably due to the 

lack of familiarity or confidence with the VATS lobectomy technique amongst thoracic 

surgeons who did not receive this training during their residency. A transition from open to 

VATS lobectomy requires concerted effort, time and financial expense. As evidence mounts 

favoring VATS over lobectomy via thoracotomy, more surgeons may invest the time and 

effort to learn the procedure and incorporate it into their practices. Thoracic surgeons have 

traditionally emphasized high-quality patient care. Thus, we have an individual and 

collective obligation to incorporate evidence-based improvements in surgical techniques into 

our practices. We believe that this study adds to the mounting evidence that VATS lobectomy 

should become the most common surgical approach to the management of early stage 

NSCLC in the United States and wherever the resources are available to offer this 

specialized technique to patients. The lack of randomization in our study lends itself to 

patient selection bias. This was indeed illustrated in the imbalance in patient characteristics 

in the unmatched groups in Table 1. A 1:1 propensity-score based matching algorithm was 

used in an attempt to offset this inherent selection bias. This study was also conducted as an 

ancillary analysis of a lung cancer tissue banking study. Thus, the data was not originally 

collected for the purpose of this type of comparison and supplemental information was 

obtained from the study sites to meet our endpoints. This resulted in missing information in 

a sizeable number of patients. For instance, lymph nodes sampling forms were submitted on 

only 273 of 350 patients −117(69%) Open & 156(89%) VATS. This information was 

collected retrospectively so the lymph node sampling data is incomplete. More patients may 

have undergone systematic lymph node sampling or dissection, but we used only the cases 

for which documentation was available for table 3. Greater attention to lymph node 
dissection or sampling in general still seems to be necessary. Pulmonary function test results 
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were not available for the patients. The voluntary nature of the enrolment of patients in the 

tissue banking study also resulted in a partial representation of the cases from each 

institution. The different surgical preferences and post-operative clinical algorithms 

employed in the various institutions could also have impacted our results. A small number of 
institutions contributed a large number of patients and this could serve as a source of bias in 
the results. About half of the cases were performed in institutions with a strong preference 

for VATS or open lobectomies. This is a reflection of the training and experience of the 

specific surgeons involved in this study and is consistent with the determinants of what 

approach is selected for patients in clinical practice.

In conclusion, this multi-institutional study supports the assertion that thoracoscopic 

lobectomy results in shorter length of hospital stay, fewer peri-operative complications and 

greater likelihood of independent home discharge compared to open lobectomy for early 

stage NSCLC. Disease-free and overall survival was comparable between the VATS and 

open lobectomy groups.
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Figure 1. 
Kaplan-Meier Plot of Disease-free Survival from Matched Data
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Figure 2. 
Kaplan-Meier Plot of Overall Survival from Matched Data
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Table 1

Patients Characteristics – Unmatched Data

Open
(N=237)

VATS
(N=282)

Total
(N=519)

p-value

Age 0.40

  Mean (SD) 67.5 (9.5) 68.1 (10.4) 67.9 (10.0)

  Median 68 68.5 68

  Range (43–87) (33–95) (33–95)

Race 0.60

  White 228 (96.2%) 255 (90.4%) 483 (93.1%)

  Non-white 9 (3.8%) 27 (9.6%) 36 (6.9%)

Gender 0.11

  Male 127 (53.6%) 131 (46.5%) 258 (49.7%)

  Female 110 (46.4%) 151 (53.5%) 261 (50.3%)

ECOG Performance Status 0.11

  0 166 (70%) 216 (76.6%) 382 (73.6%)

  1/2/3 71 (30%) 66 (23.4%) 137 (26.4%)

Histology 0.01

  Adenocarcinoma 103 (43.5%) 163 (57.8%) 266 (51.3%)

  Squamous cell carcinoma 86 (36.3%) 79 (28%) 165 (31.8%)

  Other 48 (20.3%) 40 (14.2%) 88 (17%)

Pathologic Stage 0.0002

  I 174 (73.4%) 244 (86.5%) 418 (80.5%)

 II 63 (26.6%) 38 (13.5%) 101 (19.5%)

Tumor Size (cm) <0.0001

  Mean (SD) 4.3 (2.6) 3.0 (1.4) 3.6 (2.2)

  Median 3.7 2.7 3.0

  Range (0.9–19) (1.0–8) (0.9–19)

Any Medical Co-morbidities 0.65

  Yes 155 (65.4%) 178 (63.1%) 333 (64.2%)

  No 82 (34.6%) 104 (36.9%) 186 (35.8%)

SD = standard deviation
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Table 2

Patients Characteristics – Matched Data

Open
(N=175)

VATS
(N=175)

Total
(N=350)

p-value

Age 0.10

  Mean (SD) 67.5 (9.6) 69.3 (9.7) 68.4 (9.7)

  Median 68.0 70.0 69.0

  Range (43–84) (41–95) (41–95)

Race 0.60

  White 169 (96.6%) 166 (94.9%) 335 (95.7%)

  Non-white 6 (3.4%) 9 (5.1%) 15 (4.3%)

Gender 0.75

  Male 88 (50.3%) 84 (48.0%) 172 (49.1%)

  Female 87 (49.7%) 91 (52.0%) 178 (50.9%)

ECOG Performance Status 0.64

  0 128 (73.1%) 123 (70.3%) 251 (71.7%)

  1/2/3 47 (26.9%) 52 (29.7%) 99 (28.3%)

Histology 0.86

  Adenocarcinoma 85 (48.6%) 82 (46.9%) 167 (47.7%)

  Squamous cell carcinoma 57 (32.6%) 62 (35.4%) 119 (34%)

  Others 33 (18.9%) 31 (17.7%) 64 (18.3%)

Pathologic Stage 0.79

  I 139 (79.4%) 142 (81.1%) 281 (80.3%)

  II 36 (20.6%) 33 (18.9%) 69 (19.7%)

Tumor Size (cm) 0.30

  Mean (SD) 3.4 (1.7) 3.5 (1.5) 3.4 (1.6)

  Median 3.0 3.1 3.0

  Range (0.9–9.5) (1.1–8.0) (0.9–9.5)

Any Medical Co-morbidities 0.82

  Yes 110 (62.9%) 113 (64.6%) 223 (63.7%)

  No 65 (37.1%) 62 (35.4%) 127 (36.3%)

SD = standard deviation
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Table 3

Summary of Lymph Nodes (LNs) Sampled

Open
(N=117)

VATS
(N=156)

Total
(N=273)

Number of LN stations sampled 0.07

  Mean (SD) 2.8 (2.2) 2.3 (2.3) 2.6 (2.3)

  Median 3.0 2.0 3.0

  Range (0–10) (0–8) (0–10)

Total number of LNs sampled 0.33

  Mean (SD) 8.3 (6.7) 7.4 (5.6) 7.8 (6.1)

  Median 6 5 6

  Range (1.0–40) (1.0–30) (1.0–40)

LNs= Lymph Nodes; SD= standard deviation
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Table 4

Endpoints – Matched Data

Open
(N=175)

VATS
(N=175)

Total
(N=350) p value

Length of Hospital Stay <0.0001

  Mean (SD) 8.0 (6.0) 5.4 (4.7) 6.7 (5.5)

  Median 6 4 5

  Range (3.0–44.0) (1.0–34.0) (1.0–44.0)

Number of patients with prolonged hospital stay (>14 days) 15 (8.6%) 11 (6.3%) 26 (7.5%) <0.0001

Chest tube duration <0.0001

  Mean (SD) 5.0 (2.5) 3.3 (1.7) 4.1 (2.3)

  Median 4 3 4

  Range (1–19) (1–11) (1–19)

Any Surgical Procedure Complication <0.0001

  Yes 44 (25.1%) 26 (14.9%) 70 (20%)

  No 131 (74.9%) 149 (85.1%) 280 (80%)

Discharge Disposition <0.0001

  Home 158 (90.3%) 164 (93.7%) 322 (92%)

  Other 17 (9.7%) 11 (6.3%) 28 (8%)

SD = standard deviation
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