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Abstract

Background—Previous studies have raised concerns that video-assisted thoracoscopic (VATS) 

lobectomy may compromise nodal evaluation. The advantages or limitations of robotic lobectomy 

have not been thoroughly evaluated.

Methods—Perioperative outcomes and survival of patients who underwent open versus 

minimally-invasive surgery (MIS [VATS and robotic]) lobectomy and VATS versus robotic 

lobectomy for clinical T1-2, N0 non-small cell lung cancer from 2010 to 2012 in the National 

Cancer Data Base were evaluated using propensity score matching.

Results—Of 30,040 lobectomies, 7,824 were VATS and 2,025 were robotic. After propensity 

score matching, when compared with the open approach (n = 9,390), MIS (n = 9,390) was found 

to have increased 30-day readmission rates (5% versus 4%, p < 0.01), shorter median hospital 

length of stay (5 versus 6 days, p < 0.01), and improved 2-year survival (87% versus 86%, p = 

0.04). There were no significant differences in nodal upstaging and 30-day mortality between the 

two groups. After propensity score matching, when compared with the robotic group (n = 1,938), 

VATS (n = 1,938) was not significantly different from robotics with regard to nodal upstaging, 30-

day mortality, and 2-year survival.

Conclusions—In this population-based analysis, MIS (VATS and robotic) lobectomy was used 

in the minority of patients for stage I non-small cell lung cancer. MIS lobectomy was associated 

with shorter length of hospital stay and was not associated with increased perioperative mortality, 

compromised nodal evaluation, or reduced short-term survival when compared with the open 

approach. These results suggest the need for broader implementation of MIS techniques.

Video-assisted thoracoscopic (VATS) lobectomy is associated with shorter chest tube 

duration, less pain, and shorter length of hospital stay compared with thoracotomy [1]. 
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Despite the benefits associated with VATS lobectomy, the technique has not been 

universally used for a spectrum of reasons, including concerns that a VATS approach 

compromises the oncologic principles of anatomic resection and complete 

lymphadenectomy [2].

Robotic techniques may offer advantages over a VATS approach by providing a three-

dimensional binocular view of tissue planes as well as better precision and maneuverability 

due to a greater degree of wrist rotation. A recent study of 302 robotic lobectomies 

suggested that the robotic approach had improved nodal upstaging when compared with the 

VATS approach [3]. The utilization of robotic technology may, however, be limited by the 

high associated cost [4, 5]. Questions have also been raised regarding the safety of robotic 

techniques when compared with VATS or open lobectomy, and a recent national study 

found that the robotic approach was associated with a higher rate of intraoperative injury 

when compared with the VATS approach [6].

Previous studies that have investigated the use of minimally invasive surgery (MIS) 

techniques have either been from high-volume single centers or have utilized databases that 

lacked oncologic or survival data or only included data from specialized thoracic surgeons. 

This study was undertaken to evaluate MIS lobectomy techniques using the population-

based National Cancer Data Base (NCDB), which includes oncologic and survival data from 

a range of academic and community centers across the United States. The purpose of the 

study was to compare perioperative outcomes, nodal evaluation, and short-term survival 

between open and MIS (VATS and robotic) lobectomy and between VATS and robotic 

lobectomy for clinical T1-2, N0, M0 non-small cell lung cancer (NSCLC).

Material and Methods

Data Source

The NCDB is jointly administered by the American College of Surgeons Commission on 

Cancer and the American Cancer Society, and is estimated to capture 70% of all newly 

diagnosed cases of cancer in the United States and Puerto Rico. The American College of 

Surgeons has executed a Business Associate Agreement which includes a data use 

agreement with each of its Commission on Cancer accredited hospitals. Clinical staging data 

for the population of interest is directly recorded in the NCDB using the American Joint 

Committee on Cancer seventh edition TNM classifications [7].

Study Design

This retrospective analysis was approved by the Duke University Institutional Review 

Board. All patients in the NCDB diagnosed with clinical T1-2, N0, M0 NSCLC from 2010 

to 2012 were identified for inclusion, and patients undergoing lobectomy were then 

identified using Surgical Procedure of the Primary Site codes 30 and 33. Only patients with 

available data on surgical approach were included for analysis. Exclusion criteria included 

nonmalignant pathology and history of previous unrelated malignancy. The primary 

outcomes were pathologic nodal upstaging, 30-day mortality and readmission, hospital 

length of stay, lymph node retrieval, surgical margin positivity, and rates of conversion to 
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open. Secondary outcome was overall survival. The years 2010 to 2012 were chosen for 

analysis because data on surgical approach were not available before 2010. Because survival 

data were not available for patients diagnosed in 2012, survival analysis only included 

patients from 2010 to 2011.

Statistical Analysis

Outcomes of surgical approach were evaluated using an intent-to-treat analysis. Differences 

in perioperative outcomes between surgical approaches were evaluated using a propensity-

matched analysis of open versus minimally invasive (VATS and robotic) surgery and also as 

a propensity-matched analysis of VATS versus robotic lobectomy. Propensity scores were 

developed, defined as the probability of treatment with the MIS approach versus open or 

with the robotic approach versus VATS, conditional on age, sex, race, Charlson/Deyo 

comorbidity score, median census-tract education and income levels, TNM T-status, tumor 

size, use of induction chemoradiation, and facility type. Patients were then matched on 

propensity score using a 1:1 nearest neighbor matching algorithm (MatchIt: Nonparametric 

Preprocessing for Parametric Causal Inference). After matching, balance was assessed using 

standardized differences of means. Primary and secondary outcomes were compared after 

propensity-matching using the Mann-Whitney U test for continuous measures and Pearson’s 

χ2 test for discrete variables. Differences in survival between groups were evaluated with 

two additional propensity-matched analyses of open versus MIS and VATS versus robotic, 

using the Kaplan-Meier method with log rank test. Survival analysis only included patients 

from years 2010 to 2011 because, as described above, survival data were not available for 

2012. Survival was measured from time of diagnosis to time of death or last follow-up.

Model balance and diagnostics were assessed, and no major assumptions were violated. The 

p value of 0.05 was used to define statistical significance for all comparisons. Statistical 

analysis was performed using R version 3.0.2 (R Foundation for Statistical Computing, 

Vienna, Austria).

Results

Use of MIS Versus Open Approaches

A minimally invasive approach was used in 9,849 (33%) of 30,040 patients in the NCDB 

who underwent lobectomy for clinical T1-2, N0, M0 NSCLC between 2010 and 2012 and 

met all study criteria. Among these 9,849 MIS patients, a VATS approach was used in 79% 

(n = 7,824) and a robotic approach was used in 21% (n = 2,025). Figure 1 shows the 

percentage of open, VATS, and robotic lobectomies performed per year of study. Use of 

MIS increased with each year of the study. Specifically, of the 10,004 lobectomies 

performed in 2010, 2,203 (22%) were VATS and 333 (3.3%) were robotic, whereas by 

2012, of the 10,161 lobectomies performed, 2,934 (29%) were VATS and 1,055 (10.4%) 

were robotic. That translated to a 215% increase in robotic use over the 3-year study.

The number of unique institutions utilizing a MIS approach to lobectomies for patients with 

stage 1 lung cancer increased over the 3-year study period. Specifically, of 1,220 unique 

hospitals that performed lobectomies in 2010, 93 hospitals (8%) performed VATS and 117 
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(9.6%) performed robotic lobectomy; whereas by 2012, of 1,686 unique hospitals that 

performed lobectomies, 537 (32%) performed VATS and 208 (12.3%) performed robotic 

lobectomy. Of 10,557 lobectomies performed at academic/research programs, 940 (9%) 

were performed by a robotic approach and 3,555 (34%) were performed using a VATS 

approach. Of 19,425 lobectomies performed at nonacademic community programs, 1,084 

(5%) were performed using a robotic approach and 4,265 (22%) were performed by VATS 

approach.

Perioperative Outcomes for MIS Versus Open Approaches

Propensity-score matching was used to create two groups of 9,390 patients each who had 

undergone an open or MIS approach who were well-matched with regard to baseline 

characteristics (Table 1). Table 2 shows perioperative and pathologic data for the two 

matched groups. The MIS group did not differ significantly from the open group in 30-day 

mortality but had a higher 30-day readmission rate as well as a shorter length of hospital 

stay.

Although there was a statistically significant difference in the distribution of nodes removed 

between the groups that showed more lymph nodes removed with an MIS approach, this 

difference is likely not clinically significant, and a median 8 nodes were removed with both 

open and MIS approaches. The rates of nodal upstaging in this cN0 cohort to either pN1 or 

pN2 were not significantly different between the approaches.

Because survival data are not yet available in the NCDB for 2012 patients, short-term 

survival was evaluated using a propensity-matched analysis of open versus MIS patients 

from 2010 to 2011. There were 5,559 patients in each group. After matching, covariates 

were well-balanced between the groups with residual standardized differences of means for 

all confounders < 10% (data not shown). The open group statistically had a significantly 

worse overall survival when compared with the MIS group (p = 0.035) although the actual 

differences in 2-year survival between open lobectomy (86%; 95% confidence interval [CI]: 

85% to 87%) versus MIS lobectomy (87%; 95% CI: 86% to 88%) were small.

Perioperative Outcomes for VATS Versus Robotic Lobectomy

Propensity-score matching was used to create two groups of 1,938 patients each who had 

undergone a VATS or robotic approach who were well matched with regard to baseline 

characteristics (Table 3). Table 4 shows perioperative and pathologic data for these two 

matched groups. Slightly more lymph nodes were removed with the VATS approach. The 

rates of nodal upstaging in this cN0 cohort to either pN1 or pN2 were not significantly 

different between the approaches. In propensity-matched analysis of VATS versus robotic 

patients from 2010 to 2011 that created two groups of 924 patients each, there were no 

significant differences between VATS versus robotic lobectomy in short-term overall 

survival (2-year overall survival VATS 86%, 95% CI: 84% to 88%, versus robotic 85.3%, 

95% CI: 83% to 88%, p = 0.9).

There were no significant differences between the two groups with regard to 30-day 

mortality, 30-day readmission, and length of hospital stay. The number of days between 
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diagnosis and surgery was longer by 4 days for the robotics group, but the conversion rate to 

open was significantly lower for the robotics group.

Comment

To our knowledge, this is the largest observational study to date comparing the outcomes 

between open versus MIS lobectomy and VATS versus robotic lobectomy for the treatment 

of stage I NSCLC. A VATS or robotic approach was used in 26% and 7% of all lobectomy 

cases, respectively, for stage I NSCLC from 2010 to 2012 in the NCDB. The percentage of 

MIS cases increased over the study period, and included a 215% increase in percentage of 

robotic lobectomies over 3 years. In propensity score matched analysis, the open group was 

found to have slightly decreased 30-day readmission rates and slightly longer hospital length 

of stay when compared with the MIS group, as well as slightly decreased 2-year survival. 

The MIS group did not have significantly different 30-day mortality from the open groups. 

In propensity score-matched analysis, the VATS group was found to have a higher 

conversion rate, slightly decreased days to definitive surgery, and slightly more nodes 

removed when compared with the robotic group. The VATS group did not differ 

significantly from the robotic group with regard to 30-day mortality and 2-year survival. 

With regard to nodal upstaging, there were no differences between open versus MIS and 

VATS versus robotic approaches in propensity score-matched analysis.

Our finding that VATS is used in approximately 26% of lobectomy cases is lower than 

previous analyses of The Society of Thoracic Surgeons (STS) general thoracic database, 

which found the VATS approach to be used in 49.1% of lobectomy cases [8]. The 

discrepancy may be explained in part by the differences the databases have with regard to 

types of reporting centers and surgeons. The NCDB presumably captures operations 

performed by both general surgeons and thoracic surgeons in both community and academic 

settings whereas more than 97% of reporting physicians in the STS general thoracic 

database are thoracic surgeons [9]. The STS database may also have a larger proportion of 

higher-volume thoracic surgeons than the NCDB.

The findings of our analysis of open versus MIS lobectomy for stage I NSCLC are generally 

consistent with previous studies that have noted improved survival in the MIS group with no 

difference in perioperative mortality between the two groups [1]. However, we found no 

significant difference in N0 to N1 or N0 to N2 nodal upstaging between open versus MIS 

groups in a propensity-matched analysis, which is in contrast to findings from two previous 

studies. A national study of the Danish Lung Cancer Registry found an increase in N0 to N1 

and N0 to N2 upstaging associated with open lobectomy when compared with VATS 

lobectomy [10]. In addition, recent propensity-matched analyses of the STS database found 

no differences in N0 to N2 upstaging between VATS and open groups, but found that N0 to 

N1 upstaging was less common with VATS when compared with open procedures [11]. The 

difference between our study and the Danish and STS studies may be due to differences in 

staging between the studies. The American Joint Commission on Cancer sixth edition was 

used for the Danish study and was used for more than 50% of patients in the STS study. This 

resulted in the inclusion of a significant number of tumors in the Danish and STS studies 

that would have been classified as T2b using the 7th edition; T2b tumors are not included in 
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the present study [3]. Another key difference between the current study and the STS and 

Danish studies is with respect to the study period. The Danish study included patients from 

2007 to 2011 and the STS study included patients from2001 to 2010, whereas our study only 

evaluated patients from 2010 to 2012. It is possible that, with time and experience, lymph 

node evaluations may have improved.

Our finding that robotics is used in approximately 7% of lobectomy cases is higher than 

previous analyses of the State Inpatient Databases, which found robotics to be performed in 

3.4% of lobectomy cases in 2010 [12]. The State Inpatient Databases contains primarily data 

from community hospital inpatient discharge records whereas the NCDB includes data from 

both community and academic centers [13]. We found a higher percentage of robotics being 

performed in academic centers than in community cancer programs, which likely explains 

the differences in percentages found between the present study and the State Inpatient 

Databases analysis.

Currently, there are few studies comparing outcomes between robotic versus open 

approaches and robotic versus VATS approaches [6, 12, 14–18]. Three small multicenter 

studies have suggested similar perioperative mortality rates and length of stay between the 

VATS and robotic approach [12, 14, 15], with one of these studies also showing reduced 

mortality, length of stay, and complications with the robotic lobectomy when compared with 

the open approach [12]. However, one study of the Nation-wide Inpatient Sample found that 

the robotic approach was associated with a higher rate of intraoperative injury and bleeding 

when compared with the VATS approach [6], although this study was limited by absence of 

staging data, and it is unclear how many patients underwent robotic lobectomy for stage I 

disease. One recent study of 302 robotic lobectomies also suggested that the robotic 

approach had improved nodal upstaging when compared with the VATS approach [3]. In 

contrast, our study found no differences in perioperative mortality, 2-year survival, and 

nodal upstaging between VATS versus robotic lobectomy. The much larger sample size and 

better staging data available in the present study may explain some of the discrepancies 

between our study findings and those of previous studies. Another consideration is that there 

may not be an inherent advantage intrinsic to any specific approach, and perhaps more 

important factors are how a particular surgeon harvests nodes and how extensively the 

specimen is pathologically examined.

This study has several limitations. First, the study is retrospective, and there is a possibility 

for unobserved confounding and selection bias. Second, although we propensity matched 

patient and tumor characteristics to reduce bias, there are important covariates such as 

surgeon experience and detailed comorbidity information that are not available in the 

NCDB. Third, detailed information regarding complications does not exist in the NCDB. 

Fourth, other long-term outcomes including 5-year overall survival and disease-free survival 

were not available because the NCDB only started recording information regarding surgical 

approach from 2010 onward.

In conclusion, MIS approaches are associated with shorter hospital stay and no apparent 

oncologic compromise in terms of nodal evaluation and upstaging or short-term survival 

when used to perform lobectomy for stage I NSCLC in a population-based analysis. 
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However, MIS techniques are used in the minority of patients. Considering other benefits 

that have been demonstrated for MIS lobectomy, these results suggest that broader 

implementation of MIS techniques is needed for early stage lung cancer. Given that robotic 

and VATS approaches have similar short-term and oncologic outcomes, surgeons should 

consider either of these approaches as an alternative to thoracotomy in the context of their 

experience and availability of resources, as well as overall patient cost.
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Fig 1. 
Use of open (white) versus video-assisted thoracoscopic (blue) versus robotic (turquoise) 

lobectomy from 2010 to 2012.
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Table 1

Propensity-Matched Analysis of Open Versus Minimally Invasive Surgery (Video-Assisted Thoracoscopic or 

Robotic) Lobectomy: Patient Baseline Characteristics

Patient Baseline
Characteristics

Open
(n = 9,390)

MIS
(n = 9,390)

SD
(%)

Age, years, median (IQR) 68 (60,74) 68 (60,74) 0.1

Female 5,385 (57.3) 5,375 (57.2%) 0.9

Race

  White 8,336 (88.8) 8,263 (88%) 0.7

  Black 739 (7.9) 785 (8.4) 0.1

  Other 315 (3.4) 342 (3.6) 1.3

Charlson comorbidity score

  0 4,747 (50.6) 4,670 (49.7) 2.6

  1 3,426 (36.5) 3,446 (36.7) 1.2

  2+ 1,217 (13.0) 1,274 (13.6) 1.9

Education above median 6,014 (64) 5,961 (63.5) 0.1

Income above median 6,886 (73.3) 6,769 (72.1) 1.1

Facility

  Academic/research program 4,201 (44.7) 4,269 (45.5) 0.8

  Community cancer program 608 (6.5) 397 (4.2) 0.1

  Comprehensive community cancer program 4,581 (48.8) 4,724 (50.3) 0.8

Insurance

  Private 3,492 (37.6) 3,575 (38.4) 2.4

  Medicare/Medicaid 5,583 (60.1) 5,551 (59.6) 1.8

  Uninsured 212 (2.3) 195 (2.1) 2.1

Clinical T status

  T1 6,685 (71.2) 6,598 (70.3) 2.0

  T2 2,705 (28.8) 2,792 (29.7) 2.0

Tumor location

  Left lower lobe 1,358 (14.5) 1,404 (15) 0.6

  Left upper lobe 2,376 (25.3) 2,301 (24.5) 0.01

  Right lower lobe 1,673 (17.8) 1,714 (18.3) 0.7

  Right middle lobe 621 (6.6) 639 (6.8) 1.4

  Right upper lobe 3,208 (34.2) 3,179 (33.9) 2.1

  Unknown 154 (1.6) 153 (1.6) 0.4

Induction therapy 138 (1.5) 120 (1.3) 0.2

Values are n (%) unless otherwise indicated.
IQR = interquartile range; MIS = minimally invasive surgery; SD = standardized difference.

Ann Thorac Surg. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yang et al. Page 11

Table 2

Propensity-Matched Analysis of Open Versus Minimally Invasive Surgery (Video-Assisted Thoracoscopic or 

Robotic) Lobectomy: Perioperative and Postoperative Data

Perioperative and
Postoperative Data

Open
(n = 9,390)

MIS
(n = 9,390)

p
Value

Treatment specifics

  Days to definitive surgery 28 (4–49) 28 (0–49) 0.34

  Adjuvant therapy

    Radiotherapy 289 (3.1) 273 (2.9) 0.49

    Chemotherapy 1,269 (13.7) 1,257 (13.5) 0.69

    Chemoradiation 207 (2.2) 180 (1.9) 0.17

Surgical endpoints

  Nodes removed 8 (5–12) 8 (5–13) <0.01

  Surgical margins 0.36

    Negative 9,143 (97.8) 9,139 (97.6)

    Positive margin, microscopic 127 (1.4) 150 (1.6)

    Positive margin, macroscopic 82 (0.9) 77 (0.8)

Short-term outcomes

  Thirty-day mortality 117 (1.8) 79 (1.5) 0.13

  Thirty-day readmission 375 (4) 467 (5) 0.01

  Hospital length of stay, days 6 (4,8) 5 (3,7) <0.01

Tumor characteristics

  Pathologic tumor size, cm 2.7 ± 2.1 2.7 ± 2.1 0.65

  Pathologic T statusa 0.04

    T0 (in situ) 7 (0.1) 12 (0.1)

    T1 5,398 (59.7) 5,259 (57.8)

    T2 3,222 (35.6) 3,386 (37.2)

    T3 362 (4.0) 393 (4.3)

    T4 56 (0.6) 44 (0.5)

  Pathologic N statusb 0.53

    N0 7,861 (87.8) 7,969 (88.5)

    N1 728 (8.1) 691 (7.7)

    N2 366 (4.1) 338 (3.8)

    N3 1 (0.0) 3 (0.0)

  Pathologic M statusc 0.47

    M0 9,300 (99.8) 9,295 (99.7)

    M1 21 (0.2) 26 (0.3)

  Graded 0.64

    Well differentiated 1,813 (20.5) 1,826 (20.5)

    Moderately differentiated 4,167 (47.2) 4,255 (47.9)

    Poorly differentiated 2,758 (31.2) 2,722 (30.6)

    Undifferentiated/anaplastic 97 (1.1) 86 (1)
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a
Data missing for 641 patients.

b
Data missing for 823 patients.

c
Data missing for 138 patients.

d
Data missing for 1,056 patients.

Values are median (interquartile range), n (%), or mean ± SD.
MIS = minimally invasive surgery.
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Table 3

Propensity-Matched Analysis of Video-Assisted Thoracoscopic Versus Robotic Lobectomy: Patient Baseline 

Characteristics

Patient Baseline
Characteristics

VATS
(n = 1,938)

Robotic
(n = 1,938)

SD
(%)

Age, years, median (IQR) 69 (62–74) 68 (61–74) 1.1

Female 1,079 (55.7) 1,099 (56.7) 0.9

Race

  White 1,721 (88.8) 1,687 (87) 3.4

  Black 168 (8.7) 184 (9.5) 2.6

  Other 49 (2.5) 67 (3.5) 2.0

Charlson comorbidity score

  0 863 (44.5) 889 (45.9) 2.2

  1 811 (41.8) 762 (39.3) 2.3

  2+ 264 (13.6) 287 (14.8) 0.3

Education above median 1,131 (58.4) 1,093 (56.4) 1.8

Income above median 1,334 (68.8) 1,311 (67.6) 1.0

Facility

  Academic/research program 908 (46.9) 887 (45.8) 6.0

  Community cancer program 86 (4.4) 66 (3.4) 0.9

  Comprehensive community cancer program 944 (48.7) 985 (50.8) 5.1

Insurance

  Private 691 (35.9) 704 (36.7) 4.2

  Medicare/Medicaid 1,199 (62.3) 1,161 (60.6) 2.6

  Uninsured 36 (1.9) 51 (2.7) 4.4

Clinical T status

  T1 1,445 (74.6) 1,401 (72.3) 7.3

  T2 493 (25.4) 537 (27.7) 7.3

Tumor location

  Left lower lobe 309 (15.9) 309 (15.9) 0.4

  Left upper lobe 475 (24.5) 443 (22.9) 0.5

  Right lower lobe 377 (19.5) 375 (19.3) 0.9

  Right middle lobe 109 (5.6) 130 (6.7) 3.1

  Right upper lobe 641 (33.1) 653 (33.7) 3.3

  Unknown 27 (1.4) 28 (1.4) 1.7

Induction therapy 14 (0.7) 14 (0.7) 0.6

Values are n (%) unless otherwise indicated.
IQR = interquartile range; SD = standardized difference; VATS = video-assisted thoracoscopic surgery.
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Table 4

Propensity-Matched Analysis of Video-Assisted Thoracoscopic Versus Robotic Lobectomy: Perioperative and 

Postoperative Data

Perioperative and
Postoperative Data

VATS
(n = 1,938)

Robotic
(n = 1,938)

p
Value

Treatment specifics

  Days to definitive surgery 27 (0–48) 31 (6–53) <0.01

  Adjuvant therapy

    Radiotherapy 42 (2.2) 60 (3.1) 0.09

    Chemotherapy 221 (11.6) 251 (13.1) 0.17

    Chemoradiation 23 (1.2) 38 (2) 0.07

Surgical endpoints

  Conversion to open 340 (17.5) 200 (10.3) <0.01

  Nodes removed 9 (5–14) 8 (5–13) 0.01

  Surgical margins 0.32

    Negative 1,881 (97.6) 1,888 (97.6)

    Positive margin-microscopic 29 (1.5) 35 (1.8)

    Positive margin-macroscopic 18 (0.9) 11 (0.6)

Short-term outcomes

  Thirty-day mortality 17 (1.5) 12 (1.3) 0.96

  Thirty-day readmission 103 (5.3) 89 (4.6) 0.34

  Hospital length of stay, days 5 (3–7) 5 (3–7) 0.34

Tumor characteristics

  Pathologic tumor size, cm 2.6 ± 1.4 2.7 ± 2.3 0.16

  Pathologic T statusa 0.39

    T0 (in situ) 5 (0.3) 3 (0.2)

    T1 1,143 (61.0) 1,112 (59.5)

    T2 625 (33.4) 665 (35.6)

    T3 87 (4.6) 82 (4.4)

    T4 13 (0.7) 7 (0.4)

  Pathologic N statusb 0.55

    N0 1,661 (89.4) 1,652 (89.0)

    N1 138 (7.4) 136 (7.3)

    N2 65 (3.5) 67 (3.6)

    N3 0 (0.0) 2 (0.1)

  Pathologic M statusc 1.00

    M0 1,910 (99.7) 1,910 (99.7)

    M1 6 (0.3) 6 (0.3)

  Graded 0.19

    Well differentiated 359 (19.6) 415 (22.5)

    Moderately differentiated 897 (48.9) 865 (46.9)

    Poorly differentiated 565 (30.8) 551 (29.9)
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Perioperative and
Postoperative Data

VATS
(n = 1,938)

Robotic
(n = 1,938)

p
Value

    Undifferentiated/anaplastic 13 (0.7) 14 (0.8)

a
Data missing for 134 patients.

b
Data missing for 155 patients.

c
Data missing for 44 patients.

d
Data missing for 107 patients.

Values are median (interquartile range), n (%), or mean ± SD.
VATS = video-assisted thoracoscopic.
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