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DISCUSSION

DR ELIZABETH A. DAVID (Sacramento, CA): Good afternoon. Thank you. Very nice paper. | have a couple of questions for you.
One thing that jumped out to me about your data was the high percentage of open lobes, and | just wondered if you had any comment.
And then, secondly, | think the subtle differences that you showed between video-assisted thoracic surgery (VATS) and robotics are
probably due more to the learning curve that is going on in our community and just wondered if you had any thoughts about that?

DR RAJARAM: Thank you for the questions. Certainly the proportion of individuals who underwent an open surgery rather than a
minimally invasive one is higher than some data have shown for STS database analyses.

But I think this also just underscores the type of individuals performing lobectomies nationally. Oftentimes it is not necessarily
thoracic or specialty trained surgeons. Our results are actually in line with data from the Nationwide Inpatient Sample, which have also
shown about 60% to 70% of individuals undergoing an open resection. We did try and get somewhat at the learning curve within this
analysis. It is hard to do that without individual surgeon experience being tracked within the database itself. But certainly given the
large increase, the threefold increase in utilization of robotic surgery, we do feel that probably some of this is at least related to just
familiarity with that technology.

DR FRANK A.BACIEWICZ, JR (Detroit, MI): One thing that | thought was interesting was that over the course of the study, it
looked like the number of open cases stayed about the same, whereas the increase in the minimally invasive was due to an increase in
robotics rather than thoracoscopic. | do not know if that was what you presented.

The question | had was, did you look at operative time for these various operations? In other words, did the robotic operation take
longer than the VATS, and did that factor into any of your data, because at least in my experience, even after doing this for a number of
years, the robotic operation still takes me longer than to do than an open approach. So | wondered if you factored that into your data?
DR RAJARAM: Thank you for the questions. VATS increased by about 50% over the time period from about 16% to 17% to about
24%, so there was a significant increase. But it was not as dramatic as robotic surgery, which went from 3% to 9%. So both modalities
did increase over that time period with a reduction of open lobectomies. And, unfortunately, operative time isn’t captured within this
data set, so that is not something that we could evaluate.

DR JAMESR. JETT (Denver, CO): A question about lymph nodes. A clarification first. You had 12 lymph nodes. Was that your
median number of lymph nodes? Is that why you chose that number of 12?

DR RAJARAM: The greater than 12 nodes was a quality metric, which has been used within the literature, and a parameter that we
wanted to evaluate. The median lymph node count was 8 or 9 depending on the type of surgical approach.

DR JETT: | think the Chamberlain lecture used 10 as the number of lymph nodes, did they not? But the question is this: Can you not
tell from the database what are N1 and N2 nodes? You said that was a limitation of your study. | mean, that is a huge limitation.

DR RAJARAM: Yes, we would agree with that. So it is captured somewhat, but there is a lot of missing data, unfortunately, and not
reliable enough to use for the time period that we used, especially on a national level when we are looking at all different types of
centers rather than just high-volume centers.

DR JOHN A. HOWINGTON (Evanston, IL): Again, great presentation. | am happy you are doing the work. Just a confirmation:
Over the period of time, the rate of thoracoscopic lobectomy went from 17% to 24%, so it is growing?

DR RAJARAM: Yes.

DR HOWINGTON: Okay. And then you mentioned that the rate of prolonged hospitalization, so beyond 14 days | think was your
definition...

DR RAJARAM: Yes.

DR HOWINGTON: ... was significantly higher with robotic lobectomy compared to thoracoscopic?

DR RAJARAM: Yes.

DR HOWINGTON: Do you know, what was the driver for that, was it prolonged air leak or otherwise?

DR RAJARAM: No. Unfortunately, those types of morbidities are not captured within the database. One of the interesting things
looking at this is that readmission was similar between those two groups. So if that is a proxy for inpatient complications, we would
expect there to be a difference with readmission as well, but that is not something we saw.

DR HOWINGTON: Thank you.

DR DAVID T. COOKE (Sacramento, CA): In your study, you obviously had an increase of robotic use over time. Does the database
offer you the level of granularity to determine if centers are going from no minimally invasive technique to robotics, or are they
transitioning from VATS to robotics?

DR RAJARAM: That is not something we specifically looked at. We did look at the number of centers overall performing robotic
surgery. Of the 1,215 hospitals, about 153 within the first year did a robotic lobectomy. By the last year, about 250 hospitals performed
robotic lobectomy. So there was about a two-thirds increase. Additionally, the median case volume doubled over that time period at
those hospital centers doing robotic lobectomy. But we did not specifically look to see if there was being a trade-off effect with
thoracoscopic versus robotic.

DR MITCHELL J. MAGEE (Dallas, TX): | applaud you for utilizing this rich resource of clinical information, and | think it is very
valuable information in terms of real-world practices and sort of getting a 50,000-foot view of what is going on nationally. But just a
word of caution: As | showed in my own comparison, there are some inconsistencies and some discrepancies. And | think particularly
as it pertains to approach, | think with robotics, it is a little bit easier to define whether you are robotic or you are open. But oftentimes
the coders as they are rating it as a VATS vs an open, you may start out as a VATS. You may convert. You may have an incision where
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Abstract

Background.—Raobotic lobectomy has been described for non-small cell lung cancer (NSCLC).
Our objectives were to (1) evaluate the use of robotic lobectomy over time, (2) identify factors
associated with its use, and (3) assess outcomes after robotic lobectomy compared with other
surgical approaches.

Methods.—Stage | to 1A NSCLC patients were identified from the National Cancer Data Base
(2010 to 2012). Trends in robotic lobectomy were assessed over time, and multivariable logistic
regression models were developed to identify factors associated with its use. Propensity-matched
cohorts were constructed to compare post-operative outcomes after robotic lobectomy with
thoracoscopic and open lobectomy.

Results.—Lobectomy was performed in 62,206 patients by open (n = 45,527), thoracoscopic (n
=12,990), or robotic (n = 3,689) procedures at 1,215 hospitals. Between 2010 and 2012, robotic
lobectomy significantly increased, from 3.0% to 9.1% (p < 0.001). Academic (odds ratio, 1.55;
95% confidence interval, 1.04 to 2.33) and high-volume hospitals (odds ratio, 1.49; 95%
confidence interval, 1.04 to 2.14) were associated with increased use of robotic lobectomy. Length
of stay was shorter in robotic lobectomy compared with open lobectomy (6.1 vs 6.9 days; p<
0.001). Fewer lymph nodes (9.9 vs 10.9; p < 0.001) and 12 or more nodes were examined less
frequently (32.0% vs 35.6%; p = 0.005) in robotic resections than in thoracoscopic resections.
There was no difference between robotic and open or robotic and thoracoscopic lobectomy
patients in margin positivity, 30-day readmission, and deaths at 30 and 90 days.

you spread the ribs or you do not. And I think there is a fine line in terms of interpreting and defining whether it is a VATS or an open
case, and how it is coded in the registry is going to vary a fair amount depending on how well educated the registrars are.

DR RAJARAM: Sure thing. There is definitely some variation there. | would agree with that.

DR ERIC L. GROGAN (Nashville, TN): And one final question before we move on. How did you deal with missing data in this data
set? Did you use multiple imputation? Did you exclude and just use patients that had a full complete data set? Tell us how you dealt
with that.

DR RAJARAM: Sure. We only included individuals with stage | to I1lA disease who underwent surgery, which helped eliminate a lot
of actual patients who had missing data otherwise. And then, actually, the only parameters that had significant missing data over a
percent or so was tumor location and whether they were in a metropolitan region or not, and for those individuals we excluded.

DR GROGAN: So the downside to not imputing, even on the front end, is that if you are going with a database that has a complete
group of data only, you may be selecting for higher-quality institutions that do better data submission. So that is just one of the
cautions for only selecting for complete cases.

Dr DeCamp discloses a financial relationship with PneumRx, Pulmonx, Holaira, and Soffio Medical.
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Conclusions.—Robotic lobectomies have significantly increased in stage | to IIIA NSCLC
patients, with outcomes similar to other approaches. Additional studies are needed to determine if
this technology offers potential advantages compared with video-assisted thoracoscopic
operations.

Minimally-invasive techniques in lung cancer resection have been well-described [1-3].
Studies of open operations compared with video-assisted thoracoscopic surgery (VATS) have
firmly established the latter as a safe and favorable approach for use in pulmonary resections
[4, 5]. Consequently, the proportion of patients undergoing VVATS has significantly increased
in recent years [6].

Use of robotic technology in the surgical treatment of non-small cell lung cancer (NSCLC)
is increasingly being reported [2, 3]. Proponents of robotic lung resection have noted several
benefits, including high-definition threedimensional visualization of relevant anatomy,
improved maneuverability and articulation in confined spaces, such as in mediastinal lymph
node dissection, and accessibility for learners in teaching cases [2, 7]. However, several
disadvantages to robotic surgery have also been raised, including its steep learning curve,
increased operative times, higher costs, and concerns regarding the absence of haptic
feedback, with some evidence suggesting higher iatrogenic complications [2, 3, 8].

Several studies have examined outcomes after robotic lung resection. However, studies are
limited because of factors such as reports from single institutions that include data from few
surgeons, reliance on administrative rather than clinically-collected data, small sample sizes
resulting in underpowered analyses, and the absence of oncologically-relevant outcomes
data [7, 9-11]. Moreover, national data evaluating the use of robotic lung resection in stage |
to I11A patients in the current era are lacking.

Our objectives in this study were to (1) evaluate the use of robotic lobectomy over time, (2)
identify patient-, tumor-, and hospital-level factors associated with its use, and (3) assess
postoperative outcomes after robotic lobectomy compared with other surgical approaches.

Material and Methods

This study was reviewed and considered exempt by the Northwestern University
Institutional Review Board.

Data Source and Study Population

The National Cancer Data Base (NCDB) is an oncology registry that longitudinally collects
demographic variables, tumor-related data, treatment information, and clinical outcomes for
patients with neoplastic diseases [12, 13]. Data are clinically abstracted by trained and
audited registrars [12]. Participating hospitals are provided cancer-specific data for the
purposes of quality. More than 1,500 facilities participate in the NCDB, capturing more than
70% of all newly diagnosed cancer cases in the United States [12].

Patients aged 18 and older who underwent operations for stage 1 to 1A NSCLC between
2010 and 2012 were identified. Pathologic stage was preferentially used in patients unless
unavailable, in which case clinical stage was used. The study excluded patients in whom a

Ann Thorac Surg. Author manuscript; available in PMC 2019 August 29.
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VATS or robotic operation was attempted but were subsequently converted to an open
operation (VATS, 18.9%; robotic, 10.3%). As a sensitivity test, these patients were included
in an additional propensity-matched analysis. Patients were included only if they underwent
a lobectomy or bilobectomy in a NCDB-participating hospital during the entirety of this 3-
year period.

Study Variables

Population area was ascertained by linking patient ZIP codes with the 2000 United States
Census Bureau data [13]. Comorbidities evaluated included chronic obstructive pulmonary
disease, congestive heart failure, diabetes mellitus, hypertension, and peripheral vascular
disease. Tumor-specific variables assessed included tumor size, anatomic location, histology,
and stage. Hospitals were categorized into community, academic, National Cancer Institute
(NCI)-designated, or “other” according to their NCDB assignment during accreditation. In
addition, we assigned hospitals into quartiles by their surgical lobectomy volume during the
3-year study period.

Several outcomes were assessed. Mean hospital length of stay (LOS), prolonged LOS
(defined as >14 hospital days), and lymph node sampling have previously been evaluated in
studies assessing robotic lung resection [3, 7, 10, 14, 15]. Margin positivity, with positive
microscopic (R1) or macroscopic (R2) disease, is another oncologic quality measure used in
studies evaluating surgical resection [2, 16]. We also assessed 30-day unplanned hospital
readmission, and deaths at 30 days and 90 days.

Statistical Analysis

Baseline characteristics were compared using ;(2 testing for categoric variables and ¢tests
for continuous variables. Use of different surgical approaches over time was assessed with
the Cochran-Armitage trend test.

In addition, we sought to identify patient-, tumor-, and hospital-level factors associated with
robotic operations. We developed multivariable logistic regression models with robust
cluster-corrected SEs to account for clustering of patients within hospitals. The dependent
variable evaluated was robotic lobectomy, and the covariates included in these models were
based on similar studies evaluating adoption of new technology [16, 17].

In unmatched analyses, )(2 testing was used for categoric variables and the Wilcoxon rank
sum test was used for continuous variables. Propensity-score matching is a method used in
observational studies to reduce treatment-selection bias inherent in these study designs [1, 3,
18]. In this approach, a multivariable logistic regression model including potentially
confounding covariates was developed with the dependent variable being use of a robotic
approach [18]. Covariates chosen for inclusion were based on clinical relevance and prior
studies and included age, sex, race, population area, history of chronic obstructive
pulmonary disease, congestive heart failure, diabetes, hypertension, peripheral vascular
disease, tumor size, anatomic location, histology, stage, hospital type, and hospital surgical
volume [3, 19]. Propensity scores were derived for the probability of undergoing a robotic
operation. Propensity-score nearest-neighbor matching was then used, using the logit of the
propensity score with a caliper of 0.2 multiplied by the SD [18, 19]. Propensity-matched
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data were assessed using the McNemar test for categorical data and the Wilcoxon signed
rank test for continuous data. An additional sensitivity analysis was also performed in which
VATS or robotic patients who had conversion to an open procedure were included
(Supplemental Table). All pvalues reported are two-sided, with statistical significance
considered to be 0.05. Analyses were performed in SAS 9.3 software (SAS Institute Inc,
Cary, NC).

Between 2010 and 2012, 62,206 patients from 1,215 hospitals underwent lobectomy for
stage | to 1A NSCLC. Lobectomy was most often performed using an open approach
(45,527 [73.2%)]), followed by VATS (12,990 [20.9%]) and then robotic (3,689 [5.9%]).
Patient demographic and clinical characteristics are presented in Table 1.

Use of Robotic Lobectomy in NSCLC

The number of hospitals performing at least 1 robotic lobectomy increased by 66.7% during
the study period, from 153 (12.6%) in 2010 to 255 (21.0%) in 2012 (Table 2). During this
period, hospitals that performed at least 1 robotic lobectomy also significantly increased
their median case volume, from 2 (interquartile range, 1 to 4) in 2010 to 4 (interquartile
range, 1 to 9) in 2012 (p < 0.001). Between 2010 and 2012, the percentage of robotic
lobectomies significantly increased from 3.0% to 9.1% (p < 0.001; Fig 1). During the same
period, VATS lobectomies significantly increased from 16.9% to 24.0% (p < 0.001) as did
the overall percentage of minimally- invasive lobectomies (19.9% to 33.1%; p < 0.001).

Factors Associated With the Use of Robotic Lobectomy in NSCLC

In multivariable analysis, older age (66 to 75 years: odds ratio [OR], 1.16; 95% confidence
interval [CI], 1.02 to 1.33; >75 years: OR, 1.20; 95% CI, 1.03 to 1.41 vs <55 years) and
living in a metropolitan area (OR, 1.29; 95% CI, 1.05 to 1.58) were associated with an
increased likelihood to undergo robotic lobectomy (Table 3). Patients with larger tumors
were less likely to undergo robotic lobectomy (5.0 to 6.9 cm: OR, 0.63; 95% CI, 0.53 to
0.76; =7.0 cm: OR, 0.46; 95% ClI, 0.35 to 0.60; vs <3.0 cm), as were patients with higher
staged disease (I1A: OR, 0.85; 95% ClI, 0.75 to 0.96; 11B: OR, 0.81; 95% CI, 0.69 to 0.96;
I11A: OR, 0.80; 95% ClI, 0.69 to 0.93; vs stage IA). Undergoing the operation at an academic
or NClI-designated center (OR, 1.55; 95% ClI, 1.03 to 2.33) and an operation at the highest
hospital volume quartile (OR, 1.48; 95% CI, 1.03 to 2.12) were both associated with
increased use of robotic operations (Table 3).

Unmatched Analyses of Postoperative Outcomes

In unmatched analyses, patients undergoing open lobectomy had a significantly higher mean
LOS (7.4 [SD 6.7] days vs 6.1 [SD, 5.50] days; p< 0.001) and a higher proportion with
prolonged LOS (8.0% vs 5.9%; p < 0.001) compared with robotic patients (Table 4). The
rate of prolonged LOS was significantly lower in VATS patients compared with robotic
lobectomy patients (4.8% vs 5.9%; p— 0.007). VATS also had higher mean lymph node
counts (10.8 [SD, 8.6] nodes vs 9.9 [SD, 7.3] nodes; p < 0.001) and a higher proportion of
patients with 12 or more lymph nodes examined (35.4% vs 32.0%; p < 0.001). Margin

Ann Thorac Surg. Author manuscript; available in PMC 2019 August 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rajaram et al.

Page 6

positivity was significantly higher in those undergoing an open operation (5.1% vs 3.4%; p<
0.001) than a robotic operation. The unplanned readmission rate was higher after VATS
lobectomy (5.0% vs 4.1%; p— 0.018) than after robotic lobectomy. Robotic lobectomy had
lower 30-day (1.7% vs 2.4%; p— 0.006) and 90-day (3.0% vs 4.8%; p < 0.001) mortality
rates compared with open lobectomy, although both were similar to VATS lobectomy (Table
4).

Propensity-Matched Analyses of Postoperative Outcomes

Comment

In matched analyses, the mean LOS was significantly lower in those undergoing robotic (6.1
[SD, 5.5] days vs 6.9 [SD, 5.7] days; p < 0.001) compared with open lobectomy (Table 5).
There was no significant difference in the rates of prolonged LOS between open and robotic
lobectomy (6.8% vs 5.9%; p— 0.123), although VATS patients had a significantly lower
rate of prolonged LOS (4.6% vs 5.9%; p— 0.013). The mean number of examined lymph
nodes was similar between open and robotic lobectomy (9.9 [SD, 7.5] nodes vs 9.9 [SD, 7.3]
nodes; p— 0.746), with VATS having a significantly higher mean lymph node count (10.9
[SD, 8.8] nodes; p< 0.001). Compared with robotic lobectomy, a significantly higher
proportion of VATS patients also had 12 or more lymph nodes examined (35.6% vs 32.0%; p
— 0.005). There were no significant differences in margin positivity, 30-day unplanned
readmission, and deaths at 30 days and 90 days when robotic patients were compared with
open and VATS lobectomy patients (Table 5). In sensitivity analyses that included VATS and
robotic patients who were converted to an open approach, the results were unchanged with
the exception of prolonged LOS after VATS and robotic lobectomy, which was no longer
statistically significant (Supplemental Table).

In this study of patients with stage | to I1IA NSCLC, we found a significant increase in the
use of robotic lobectomy in recent years, with several predictive factors associated with its
use. To our knowledge, this study presents the largest series of patients who underwent
robotic operations for NSCLC to date. Our study suggests outcomes after robotic lobectomy
are comparable to those after VATS and may be a valuable alternative in offering patients a
minimally-invasive surgical option.

Use and Predictors of Robotic Lobectomy in NSCLC

In a multistate study, Kent and colleagues [3] reported an increase in the use of robotic
resection from 0.2% in 2008 to 3.4% in 2010. Our study similarly found that 3.0% of all
lobectomies were performed robotically in 2010, with a threefold increase in use by 2012.
This significant increase in robotic lobectomies likely reflects several factors. First, several
studies published during this period have supported the use of a robotic approach in NSCLC,
possibly leading to increased acceptance among surgeons [2, 9-11, 20].

Second, technology diffusion within an industry, such as surgery, often follows a sigmoidal
growth curve, with significant increases in use as early adopters champion potential benefits
[21].

Ann Thorac Surg. Author manuscript; available in PMC 2019 August 29.
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However, this enthusiasm for robotic surgery should be tempered by several studies that
have reported higher costs with robotics compared with VATS [8, 22, 23]. Given the steep
learning curve and associated increased operative times with robotic resection, the true value
of this surgical approach has yet to be determined [22, 23].

Studies evaluating predictors of robotic resections in NSCLC are lacking. However, reports
in rectal and prostate cancer have found that academic hospitals, highvolume centers, and
urban locations were associated with an increased likelihood of robotic surgery [16, 24]. Our
study similarly found that treatment in a populated area was associated with robotic surgery.
Evidence suggests that hospitals are more likely to purchase robotic technology if located in
a region where this is already offered [25]. This technology may serve as a marketing tool to
bolster a hospital’s reputation as it competes for a limited set of patients [21, 25]. This may
be particularly true of academic hospitals that place a high premium on innovation in an
effort to be on the forefront of medicine.

Outcomes After Robotic Lobectomy Compared With VATS and Open Lobectomy

Similar to our findings, prior studies have found reduced LOS with robotic lobectomy in
NSCLC compared with open lobectomy, with comparable lymph node sampling and deaths
at 30 days [1-3,15,26]. Our study further adds to the literature, with findings of equivalent
outcomes for these two surgical approaches with regard to margin positivity, hospital
readmission, and deaths at 90 days.

In comparing VATS and robotic lobectomy, LOS and complication rates appear to be similar
between these groups, although some evidence suggests a higher rate of intraoperative
bleeding in robotic operations [1,3, 8,20,23,27]. We also did not find a meaningful
difference in LOS between VATS and robotic patients, though VATS patients had lower rates
of prolonged LOS. We found lymph node sampling was slightly better in VVATS patients than
in robotic patients. Others have reported conflicting results regarding the rate of pathologic
nodal upstaging, a quality metric used as a proxy for meticulous nodal evaluation, between
VATS and robotic lobectomy patients [15, 27]. These disparate findings may be related to
varying levels of surgeon experience and differences in study populations. Similar to prior
publications, we also did not find a difference in mortality rates when VVATS and robotic
lobectomy were compared [1, 3, 20, 27].

Our study should be considered with several limitations. First, we were unable to assess
important factors such as individual surgeon experience with robotic surgery, cost data, and
operative details, such as thoracotomy size and technique, because these variables are not
collected by the NCDB.

Second, as with any large data set, there may be coding inaccuracies potentially affecting
our results.

Third, NCDB-participating institutions must be Commission on Cancer accredited to submit
data. Consequently, our data may be vulnerable to selection bias, although we note this
registry includes hospitals diverse in geographic location and size [13].

Ann Thorac Surg. Author manuscript; available in PMC 2019 August 29.
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Conclusions

Use of robotic lobectomy in stage I to 1A NSCLC disease has significantly increased in
recent years. Several factors were associated with the use of this technology and include
older age, metropolitan area, smaller tumors with lower staged disease, and treatment at an
academic/ NCI-designated center or high-volume hospital. Overall, results after robotic
lobectomy, particularly outcomes such as margin positivity, unplanned readmission, and
deaths at 30 days and 90 days, are similar to open and VATS lobectomy. Given the reported
increased costs associated with robotic operations, additional studies are needed to
determine whether this approach offers potential advantages over VATS as surgeons consider
incorporating this technology into their own practices.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Use of open, video-assisted thoracic surgery (VATS), and robotic lobectomy (2010 to
2012).*Significant increase in robotic lobectomy from 3.0% to 9.1% between 2010 and

2012 (p < 0.001).
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Table 2.

Number of Hospitals Performing at Least One Robotic Lobectomy Over Time

2010 2011 2012
Variable (n=1215 (n=1215 (n=1215)
Hospitals, No. (%) 153 (12.6) 203 (16.7) 255 (21.0)
Volume of robotic cases, median (IQR) 2(1-4) 3(1-7) 4(1-9)

IQR = interquartile range.
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