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Background: Video-assisted thoracoscopic surgery (VAT'S) and robotic-assisted thoracoscopic surgery
(RATS) are two viable options in patients undergoing lobectomy for non-small cell lung cancer (NSCLC);
however, the debate on which one is superior is unceasing.

Methods: PubMed and Scopus databases were queried for studies including patients who underwent either
VATS or RAT'S lobectomy. This meta-analysis is in accordance with the recommendations of the PRISMA
statement. Individual patient data on overall survival (OS) and disease-free survival (DFS) were extracted
from Kaplan-Meier curves. One- and two-stage survival analyses, and random-effects meta-analyses were
conducted.

Results: Ten studies met our eligibility criteria, incorporating 1,231 and 814 patients in the VATS and
RATS groups, respectively. Patients who underwent VATS had similar OS compared with those who
underwent RATS [hazard ratio (HR): 1.05, 95% confidence interval (CI): 0.88-1.27, P=0.538] during a
weighted median follow-up of 51.7 months, and this was validated by the two-stage meta-analysis (HR:
1.27, 95% CI: 0.85-1.90, P=0.24, '=68.50%). Regarding DFS, the two groups also displayed equivalent
outcomes (HR: 1.07, 95% CI: 0.92-1.25, P=0.371) and this was once again validated by the two-stage meta-
analysis (HR: 1.05, 95% CI: 0.85-1.30, P=0.67, I’=28.27%). Both RATS and VAT'S had similar postoperative
complication rates, prolonged air leak, conversion to thoracotomy and operative times. RATS was found to
be superior to VAT in terms of length of hospital stay and number of lymph nodes dissected.
Conclusions: In patients undergoing lobectomy for NSCLC, VATS and RAT'S have equivalent overall
and DFS at a median follow-up of 51.7 months.
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Introduction

Despite the current advancements in radiotherapy and the
emergence of new systemic therapies targeting molecular
pathways and the immune system, pulmonary resection
remains the cornerstone of treatment for patients with
early-stage non-small cell lung cancer (NSCLC) (1).
Open thoracotomy has traditionally been considered the
mainstay approach for pulmonary resection (2). In recent
decades however, the clinical benefits of a minimally
invasive approach have been clearly demonstrated over
thoracotomy which is associated with prolonged hospital
stay, postoperative pain, time to adjuvant therapy, morbidity,
and mortality. This in turn has driven growth in minimally
invasive thoracic surgical approaches (2-4). Video-assisted
thoracoscopic surgery (VATS) was introduced in the early
1990s and found to be feasible and safe for pulmonary
lobectomy as compared to thoracotomy and its adoption
has slowly spread worldwide (5-7). Robotic-assisted
thoracoscopic surgery (RATS) was first described in 2002
and has been regarded as an alternative to VAT'S since the
early 2000s (8). Of note, both VATS and RATS have been
shown to offer equivalent oncologic outcomes to open
thoracotomy, with significantly lower intra- and post-
operative morbidity as well as shorter recovery periods
(9,10). It is in this setting the thoracic surgery space has seen
a steady increase in minimally invasive approaches inclusive
of VATS and RATS compared to open thoracotomy,
especially in recent years (3,9).

While the body of evidence demonstrating the
superiority of minimally invasive approaches for pulmonary
resection is growing, the debate regarding which minimally
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invasive approach is superior has not been settled (11).
The literature regarding the early outcomes following
RAT'S versus VATS lobectomy is conflicted (12,13) and
unfortunately evidence regarding long-term outcomes is
lacking. More specifically, only a few single institutional
studies comparing RAT'S versus VAT'S with a focus on long-
term outcomes are present in the literature but are limited
by small sample size while prospective randomized clinical
trials on this topic began recruiting patients only recently
and therefore lack long-term data (12,14). In addition,
studies utilizing large databases cannot assess disease-
free survival (DFS) because such databases do not capture
cancer recurrence rates (15,16). In order to clarify the role
of RAT'S versus VATS in patients undergoing lobectomy
for NSCLC, we performed a systematic review and meta-
analysis of the current literature and compared both the
short- and long-term outcomes between the two surgical
approaches. Aiming to maximize the robustness of our
study and provide the best evidence synthesis to date, we
reconstructed patient-level time-to-event data from all the
individual studies to calculate the crude overall survival (OS)
and DFS rates (17). We present this article in accordance
with the PRISMA reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-582/rc) (18).

Methods
Study design and inclusion/exclusion criteria

This systematic review and meta-analysis were prospectively
registered in the PROSPERO database (registration number:
CRD42022376311). We applied the PICO (Population/
Participants, Intervention, Comparison and Outcome)
criteria to define our research question:

(I)  Population/participants: adult patients undergoing
lobectomy for NSCLC;

(IT) Intervention: RATS;

(III) Comparison group: VAT'S;

(IV) Outcomes: the primary assessed outcomes were
long-term OS. The secondary outcomes assessed
were the DFS postoperative complications
(including postoperative bleeding, pneumonia,
pulmonary embolism, chylothorax, wound infection,
cardiopulmonary failure, renal insufficiency, and
gastrointestinal bleeding), prolonged air leak,
conversion to open thoracotomy, operative time,
length of hospital stay, and number of dissected
lymph nodes.
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Retrospective or prospective studies reporting on the
outcomes of interest in patients with NSCLC undergoing
lobectomy via RATS versus VAT'S were included. Exclusion
criteria were defined as follows: (I) studies including
small cell lung cancer or benign lung tumors; (II) studies
published in a language other than English; (III) non-
comparative studies; (IV) studies reporting only early
outcomes and not long-term outcomes; (V) meta-analyses,
systematic reviews, editorials, letters to the editor; (VI)
studies with unextractable long-term data. In cases where
multiple studies reported on the same population, only
the best quality of data was selected for the present meta-
analysis.

Search strategy

We searched the MEDLINE (via PubMed), Scopus, and
Cochrane Library databases (last search: December 16™,
2022) using the algorithm: (robot-assisted OR robot-assisted
thoracic surgery OR robot OR robotic OR computer-
assisted surgery OR da Vinci) AND (video-assisted OR
video-assisted thoracic surgery OR video OR thoracoscopic)
AND (non-small cell lung cancer OR lung cancer OR
lung carcinoma). No time restrictions were applied to our
search. Title and abstract screening and full text eligibility
were assessed by two independent investigators (Tasoudis
PT and Diehl JN). Any disagreement was resolved after
discussion with a third reviewer (Long JM). We also hand-
searched for potentially eligible studies using the snowball
methodology (19). The Covidence reference and article
manager software was used for all stages of the database
search and study selection (20).

Data extraction and assessment of visk of bias

Two investigators independently extracted the data into
a pre-designed table. Patients’ baseline characteristics as
well as peri-operative data and Kaplan-Meier curves were
collected. The Risk of Bias in Non-Randomized Studies
of Interventions tool (ROBINS-I) was systematically used
to assess included studies for risk of bias in the included
studies (21). The papers and their characteristics were
classified into low, moderate, serious, or critical risk of bias
with ROBINS-I tool. Two independent reviewers assessed
risk for bias (Tasoudis PT and Diehl JN). When there was
disagreement, a third reviewer checked the data and made
the final decision (Long JM).

© Journal of Thoracic Disease. All rights reserved.
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Statistical analysis

Data pooling and meta-analysis
Continuous variables were summarized using means and
standard deviations, while categorical variables using
frequencies and percentages. The Hozo er 4l. and the Wan
et al. methods were used to estimate the means and standard
deviations of continuous variables whenever medians and
ranges (22) and median and interquartile ranges were
provided (23), respectively. Data were extracted and entered
into tables and the outcomes were analyzed cumulatively.
To compare the secondary outcomes, we used the odds
ratio (OR) and 95% confidence interval (95% CI). An
OR greater than 1 indicated that the outcome was more
frequently present in the RATS arm. Continuous variables
were analyzed using the standardized mean difference (SMD)
and 95% CI, and an SMD >0 corresponded to larger values
in the RATS arm. Random-effects models (DerSimonian-
Laird) were adopted to balance inherent clinical
heterogeneity between the included studies. Forest plots
were generated to display results. Between-study statistical
heterogeneity was assessed with the Cochran Q statistic and
by estimating I’. High heterogeneity was confirmed with a
significance level of P<0.10 and I’>50%. Publication bias was
assessed via funnel plots and Egger’ test for each outcome
of interest and P<0.10 was considered statistically significant.
Statistical analysis was performed using Stata/SE version 17

(Stata Corp, College Station, TX, USA).

Reconstruction of individual patient survival data

We used the methods described by Wei ez 4l. to reconstruct
IPD from the Kaplan-Meier curves of all eligible studies
for the long-term survival outcomes (24). The Kaplan-
Meier survival curves, presented as raster and vector
images, underwent preprocessing and digitization using
an online software called WebPlotDigitizer. This process
enabled the extraction of specific time points along with
their corresponding survival and mortality data. Whenever
supplementary information such as number-at-risk tables
or total number of events was accessible, it was utilized to
enhance the precision of the time-to-events. In order to
identify and rectify deviations from a monotonic pattern,
isotonic regression was employed, and any remaining
inconsistencies were resolved using a pool-adjacent-violators
algorithm (24,25). In order to validate the accuracy of the
recorded failure event timings, we conducted a meticulous
examination to ensure consistency with the survival or
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mortality data reported in the original publications.

One-stage meta-analysis

For both OS and DFS calculations, we utilized the Kaplan-
Meier method. To assess differences between the groups, we
employed the Cox proportional hazards regression model.
In this model, it is assumed that every patient within each
individual study has a similar likelihood of experiencing
failure compared to other patients in that study. To
ensure the validity of the Cox models, we conducted a
comprehensive assessment of the proportional hazards
assumption. This involved plotting scaled Schoenfeld
residuals, log-log survival plots, and comparing predicted
versus observed survival functions. Survival curves were
generated using the Kaplan-Meier product limit method,
and we calculated the hazard ratios (HRs) and their
corresponding 95% Cls for each group.

Two-stage survival meta-analysis

As a sensitivity analysis, we calculated summary HRs
and 95% ClIs for all individual studies based on the
reconstructed IPD and the results were verified through
evaluation of the manuscript and tables of the included
studies. Following that the HRs were pooled under and
the conventional “two-step” meta-analysis for both OS
and DFS. HRs and 95% confidence intervals (Cls) were
calculated using the DerSimonian Laird random-effects
model (26). A forest plot for each outcome was used to
display the pooled estimates graphically. A P value <0.05
was considered significant. Between-study heterogeneity
was assessed through Cochran Q statistic and by estimating
I*. I’ greater than 50% and P<0.1 indicated significant
heterogeneity. Publication bias was assessed via funnel
plots and Egger’s test for each outcome of interest and
P<0.10 was considered statistically significant. Leave-one-
out sensitivity analyses were performed for OS and DFS
two-stage analyses. Pre-specified random-effects meta-
regression analyses were conducted to examine the impact
of moderator variables on outcomes. Specifically, we
attempted to assess the effect of age, gender, side, and stage
of the tumor on the OS and DFS.

Results
Study and patient characteristics

The literature search yielded 680 potentially eligible
articles. After removal of all duplicate records and 591
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articles with irrelevant titles or abstracts, 80 potentially
eligible studies remained for evaluation. These studies along
with two additional articles identified through the snowball
method, underwent full-text evaluation. From this pool, five
studies were excluded due to overlapping populations [four
database studies (15,16,27,28) and one single institutional
study (29)] and two studies were excluded due to inability to
extract to extract their long-term data (30,31). After full-text
review, 10 studies met our eligibility criteria, as summarized
in the PRISMA flowchart (Figure 1) (32-41). A total of 2,045
patients undergoing lobectomy for NSCLC were identified.
Among them, 1,231 patients underwent VATS, and 814
patients underwent RATS. The baseline characteristics
of the included studies and patients are summarized in
Table I and Table S1, respectively. The tumor characteristics
are presented in Tables S2,S3.

Individual patient data and Kaplan-Meier curves
reconstruction

Overall, nine unadjusted Kaplan-Meier curves of OS
(32-40) reporting on 814 patients undergoing RATS and
1,261 patients undergoing VATS, as well as nine Kaplan-
Meier curves of unadjusted DFS (32,34,36-41) reporting
on 717 patients undergoing RATS and 1,120 patients
undergoing VATS were processed, digitalized, and
reconstructed. Using the previously described methodology,
we extracted the IPD from these curves.

One-stage meta-analysis

We used the Cox proportional hazards model for our
main analysis of OS and DFS since we did not detect any
violation of the proportionality-of-hazards assumption by
visualizing scaled Schoenfeld residuals, log-log survival
plots, and predicted versus observed survival curves

(Figures S1-56).

(0N

The pooled OS curve of all patients undergoing RATS
versus VAT is presented in Figure 2. The OS at 1-, 5- and
10-year of follow up in the RATS group was 95.5%, 71.8%
and 64.5%, respectively and the median follow-up time
was 51.6 months [interquartile range (IQR): 26.0-59.6].
Regarding the VATS approach the OS at 1-, 5- and 10-year
of follow up was 94.8%, 73.6% and 58.6%, respectively and
the median follow-up time was 51.8 months (IQR: 28.5-
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Table 1 Study characteristics
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Follow-up Follow-up  Total VATS RATS

Study Journal Center Country Design Study period  VATS RATS no. of no.of  no. of
(months)  (months) patients patients patients

Huang Journal of Duke University USA Retrospective Dec 2010- 18.2 18.2 166 105 61

etal., Thoracic Disease  Medical Center, cohort Jun 2015

2019 (38) Durham

Merritt et al., Journal of Robotic Ohio State University, USA

Retrospective Mar 2014- 36.7+2.3 36.7+2.3 200 100 100

2022 (37) Surgery Columbus cohort May 2018
Worrell Journal of Robotic  University of USA Retrospective Nov 2010- 63+4 63+4 98 73 25
etal., Surgery Michigan, Ann Arbor cohort Mar 2012
2019 (35)
Yang etal.,  Annals of Surgery Memorial Sloan USA Retrospective Jan 2002- 59.6+23.3 59.6+23.3 344 172 172
2017 (34) Kettering Cancer cohort Dec 2012
Center, New York
Leeetal., Annals of Thoracic The Valley Hospital/  USA Retrospective 2009-2014 20.9 20.9 211 158 53
2015 (40) Surgery Valley Health System, cohort
Ridgewood
Casiraghi Journal of Clinical |IEO, Milan Italy Retrospective Jan 2011- 60 60 108 36 72
etal., Medicine cohort Dec 2017
2022 (33)
Haruki et al., General Tottori University, Japan Retrospective Apr2011- 41 41 98 49 49
2020 (41) Thoracic and Yonago cohort Dec 2018
Cardiovascular
Surgery
Montagne Cancers Rouen University France  Retrospective 2012-2020 28.2+34.8 28.2+34.8 670 436 234
etal., Hospital, Rouen cohort
2022 (32)
Park et al., Journal of Yonsei University Republic Retrospective Mar 2011- 48.9+9.5 48.9+9.5 29 17 12
2017 (36) Thoracic Disease  College of Medicine, of Korea cohort Feb 2013
Seoul
Lietal., Translational lung ~ Shanghai Chest China Retrospective Jan 2014- 34.6+10.5 34.6+10.5 121 85 36
2019 (39) cancer research Hospital, Shanghai cohort Jan 2017

Values are reported as mean + standard deviation when available. VATS, video-assisted thoracoscopic surgery; RATS, robotic-assisted

thoracoscopic surgery; IEO, European Institute of Oncology.

59.6). Our survival analysis revealed that RATS and VATS
are comparable regarding long-term OS (HR: 1.05, 95%
CI: 0.88-1.27, P=0.538).

DFS

The pooled DFS curve of all patients undergoing RATS
versus VATS is presented in Figure 3. The DFS at 1-, 5- and
10-year of follow up in the RATS group was 88.7%, 58.9%
and 47.3%, respectively. Concerning the VATS approach
the DFS at 1-, 5- and 10-year of follow up was 88.1%,

© Journal of Thoracic Disease. All rights reserved.

58.0% and 34.2%, respectively. Our analysis demonstrated
that RATS and VATS are comparable regarding long-term
DFS (HR: 1.07,95% CI: 0.92-1.25, P=0.371).

Two-stage meta-analysis

In the cumulative two-stage meta-analysis, the RATS group
had equivalent hazard for long-term mortality (HR: 1.27,
95% CI: 0.85-1.90, P=0.24, I’'=68.50%) compared to the
VAT group verifying our one-stage meta-analysis findings
(Figure 4A). Regarding DFS, two-stage meta-analysis once

7 Thorac Dis 2023;15(10):5700-5713 | https://dx.doi.org/10.21037/jtd-23-582
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OS: RATS vs. VATS

Survival, %

0 1 2 3 4 5 6 7 8 9

Number at risk Years

RATS 764 688 598 504 405 186 91 73 57 45

VATS 1181 1062 926 771 634 202 82 32 22 16
95% CI 95% ClI

RATS

VATS

Figure 2 Long-term OS with 95% CI RATS versus VATS
lobectomy. OS, overall survival; RATS, robotic-assisted
thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery;
HR, hazard ratio; CI, confidence interval.

DFS: RATS vs. VATS

100 ~
90 4
80
70 A
60
50 A
40 A
30 A
20 +
10 A
0 -

HR: 1.07, 95% CI: 0.92-1.25, P=0.371

Disease-free survival, %

T T T T

0 1 2 3 4 5 6 7 8 9
Years

Number at risk
RATS 717 608 493 384 288 239 66 47 27 14

VATS 1120 939 761 621 508 405 56 31 16 12

95% ClI 95% CI
RATS VATS

Figure 3 DFS with 95% CI RATS versus VATS lobectomy. DFS,
disease-free survival; RATS, robotic-assisted thoracoscopic surgery;
VATS, video-assisted thoracoscopic surgery; HR, hazard ratio; CI,
confidence interval.

again revealed no statistically significant difference between
the two groups (HR: 1.05, 95% CI: 0.85-1.30, P=0.67,
I’=28.27%) (Figure 4B). In order to further increase the
robustness of our findings we performed a leave-one-out
sensitivity analysis and meta-regression analyses for both
OS and DFS (Figures S7-S22). None of the performed
analyses yielded a statistically significant result.

© Journal of Thoracic Disease. All rights reserved.
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Secondary outcomes

Both VATS and RATS were found to have equivalent
outcomes in terms of postoperative complications (OR: 1.07,
95% CI: 0.72-1.58, P=0.75, I’=55.35%), prolonged air leak
rates (OR: 1.64, 95% CI: 0.90-2.98, P=0.11, I’=21.56%),
conversion to open thoracotomy rates (OR: 1.25, 95% CI:
0.52-3.00, P=0.62, I’=61.12%) (Figures S23-S25). In terms
of operative time, no statistically significant difference was
observed between the two groups (SMD: 0.16, 95% CI:
-0.58, 0.91, P=0.67, I’=96.77%) (Figure S26). RATS was
associated with significantly shorter length of hospital stay
compared to VATS (SMD: -0.42, 95% CI: -0.79, -0.06,
P=0.02, I°=89.77%) (Figure 5A). Finally, RATS was also
associated with higher number of intraoperative dissected
lymph nodes compared to VATS (SMD: 0.63, 95% CI: 0.18,
1.09, P=0.01, I’=90.95%) (Figure 5B).
All the results of our study are summarized in Table 2.

Publication bias assessment

All studies were subjected to quality assessment through
the ROBINS-I. Detailed ROBINS-I quality assessment for
each of the eligible studies is shown in Figure S27.

Egger’s test was performed in all outcomes that were
reported in over eight of the included studies and revealed
publication bias in the funnel plots regarding two-stage OS
and DFS analysis but no publication bias in the funnel plot
regarding postoperative complications (Figures S28-530).
Heterogeneity was not significant in any of the two stage
analyses performed nor the secondary outcomes’ meta-
analyses except for the operative time, operative time and
number of intraoperative dissected lymph nodes were
considerable heterogeneity was observed.

Discussion

The findings of this systematic review and meta-analysis
suggest that RATS and VATS are equivalent in terms of
OS and DFS for early-stage NSCLC inclusive of Stage I-
111, and these findings were consistent in both the one-stage
and two-stage sensitivity analysis. In addition, our meta-
analyses revealed that RATS and VATS are also equivalent
in terms of postoperative complications, prolonged air
leak, conversion to open thoracotomy, and intraoperative
times when performing a lobectomy for NSCLC. RATS
was associated with shorter length of hospital stay as well as
increased intraoperative number of dissected lymph nodes.
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A Overall survival-two-stage meta-analysis
HR Weight
Study with 95% Cl (%)
Casiraghi et al —— 1.84[0.71, 477] 9.67
Huang et al ———B———4.13[1.25, 13.66] 7.36
Merrit et al +—— 1.55[0.89, 2.67] 15.27
Montagne et al B 0.72[0.55, 0.93] 19.57
Worell et al —— 0.71[0.34, 1.46] 12.56
Yang et al —— 1.70[1.07, 2.71] 16.54
Leeetal = 1.99[045, 872 546
ieta . 49, . .
Lietal —— 0.94[0.49, 1.82] 13.57
Overall > 1.27[0.85, 1.90]
Heterogeneity: 1° = 0.20, I = 68.50%, H’ = 3.17
Test of 8, = 8;: Q(7) = 22.22, p = 0.00
Testof 06=0:z2=1.17,p=0.24
172 1 2 4 8
Random-effects DerSimonian-Laird model
B Disease free survival-two-stage meta-analysis
HR Weight

Study with 95% ClI (%)
Haruki et al 2.07[0.52, 8.28] 2.25
Huang et al j:_ 1.14[0.74, 1.76] 16.24
Merrit et al 0.94[0.61, 1.46] 15.86
Montagne et al 5 1 0.82[0.64, 1.04] 30.10
Park et al 1.55[0.28, 8.49] 1.53
Yang et al —— 1.51[1.01, 2.27] 17.69
Leeetal 1.82[0.54, 6.14] 2.89
Lietal —m— 0.88[0.53, 1.44] 13.44
Overall > 1.05[0.85, 1.30]
Heterogeneity: 1° = 0.02, I = 28.27%, H’ = 1.39
Test of 8, = 8;: Q(7) = 9.76, p = 0.20
Testof 6=0:z=0.43,p =0.67

Random-effects DerSimonian-Laird model

12

1 2 4 8

Figure 4 Forest plots depicting the two-stage meta-analysis regarding: (A) OS and (B) DFS. HR, hazard ratio; CI, confidence interval; OS,

overall survival; DFS, disease-free survival.

Although our findings with regard to OS are in
congruence with prior meta-analyses, our results in terms
of DFS are not, and we believe that this discrepancy is
attributed to the different inclusion criteria and statistical
methods we used to compose our evidence (42-45).
First, the most contemporary study identified a total of
11,247 patients undergoing VATS or RATS for NSCLC
and reported that RATS offers a better 5-year DFS,
however some of the included studies were found to have
overlapping populations, meaning that some patients
were included redundantly two or three times in the final
analyses (15,16,39,46). Another contemporary meta-analysis
supporting the superiority of RATS in terms of DFS (43), in
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addition to exhibiting the same population overlap bias, may
have incorporated patients with both benign and malignant
lung lesions, increasing the risk of confounding bias on
their results (47). The meta-analysis by Ma et 4l. reported
results that differ from our study, i.e., that RATS and VATS
have equivalent OS and DFS outcomes, however, studies
with overlapping populations were also noted and several
studies that we identified in our search were not included
in this study (44). Moreover, all prior meta-analyses have
pooled studies and patients undergoing lobectomy and
segmentectomy under the same analyses, which have
potentially increased the risk of bias in their findings (46,48).
A summary of the findings of all the prior meta-analyses in

7 Thorac Dis 2023;15(10):5700-5713 | https://dx.doi.org/10.21037/jtd-23-582



5708 Tasoudis et al. RATS vs. VATS for NSCLC
A Length of hospital stay
RATS VATS Eavors Eavors SMD Weight
Study N Mean SD N Mean SD RATS VATS with 95% Cl (%)
Meritt et al. 2022 100 4 2.3 100 4 23 | —- 0.00[-0.28, 0.28] 17.89
|
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Figure 5 Forest plots depicting the differences in terms of (A) length of hospital stay and (B) number of dissected lymph nodes between

VATS and RATS. RATS, robotic-assisted thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery; SD, standard difference;

SMD, standardized mean difference; CI, confidence interval.

our topic is presented in Table S4.

We opted to exclude the studies utilizing large databases
not only to avoid the population overlap bias with the
institutional reports, but also to avoid the biases that are
inherently associated with performing a meta-analysis
using data from database studies. In addition, both the
National Cancer Database (NCDB) and the Surveillance,
Epidemiology, and End Results (SEER) databases do not
capture cancer recurrence rates and therefore cannot be
used to assess the DFS outcomes. Regarding the statistical
models used, in our study instead of comparing study-level
effect estimates, we opted for a more granular strategy and
analyzed reconstructed individual patient-level data. This
offered us the opportunity to perform our analyses with
mathematically robust and flexible survival models that
we believe offer the best available evidence on the long-
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term outcomes following RAT'S versus VATS lobectomy to
date (17).

The current literature is also conflicting on short-term
outcomes when comparing RATS versus VATS (42-45).
Most studies, in congruence with our findings, suggest that
the number of dissected lymph nodes and length of stay
are superior following RATS compared to VATS (44,45).
This finding might be attributed to fact that part of the
RATS operation arguably necessitates a better lymph
node dissection to perform an anatomic lung resection.
The fact that RATS is associated with a better lymph
node harvest may potentially lead to an improved rate of
upstaging of occult nodal disease. It is worth noting that
inadequate lymph node sampling, defined as less than 10
lymph nodes according to the Commission on Cancer-
defined quality measures, is observed in ~70% of NSCLC
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Table 2 Summary of findings

5709

Heterogeneity
Analyses HR/OR/SMD (95% Cl) P
P, % P

One-stage analysis

oS 1.05" (0.88, 1.27) 0.538 N/A N/A

DFS 1.07" (0.92, 1.25) 0.371 N/A N/A
Two-stage analysis

oS 1.27"(0.85, 1.90) 0.24 68.5 <0.01

DFS 1.05 (0.85, 1.30) 0.67 28.3 0.20
Categorical outcomes

Postoperative complications 1.07*(0.72, 1.58) 0.75 55.4 0.03

Prolonged air leak 1.64% (0.90, 2.98) 0.11 21.6 0.27

Conversion to open thoracotomy 1.25% (0.52, 3.00) 0.62 61.1 0.04
Continuous outcomes

Operative time 0.16% (-0.58, 0.91) 0.67 97.0 <0.01

Length of hospital stay -0.42% (-0.79, -0.06) 0.02 89.8 <0.01

Number of dissected lymph nodes 0.63% (0.18, 1.09) 0.01 90.1 <0.01

T HR; ¥, OR; %, SMD. HR, hazard ratio; OR, odds ration; SMD, standardized mean difference; Cl, confidence interval; OS, overall survival;

N/A, not applicable; DFS, disease-free survival.

and it was significantly associated with worse OS (49,50).
Contemporary reports suggest that RATS is equivalent
to open thoracotomy and significantly better than VATS
in terms of lymph node dissection and pathologic nodal
upstaging (51-53). One might infer this would contribute
to improved OS and DFS due to more complete pathologic
staging and therefore provision of adjuvant therapy,
although this notion is not supported by the data in our
manuscript or the literature thus far (54,55). Unfortunately,
the disease upstaging rates were reported in only four of our
included studies and thus further analyses on this topic were
deferred (33,37,38,40).

Of note, the aforementioned benefits of RAT'S seem to
come at an expense with longer operative times and higher
total operative costs (56,57). Operative costs, however, may
be offset by shorter length of stay (58). Interestingly, the
LOS was noted to be shorter in the RATS group despite
similar post-operative complications. We hypothesize that
this difference might be to the fact that the institutions
while adopting the new robotic technologies might have
also adopted different discharge protocols including ERAS
that facilitated earlier discharge in patients undergoing
RATS. Another potential explanation regarding the LOS
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could be that hospitals utilizing RATS may attempt to offset
the surgical costs with the hospitalization costs. Finally,
it is worth noting that even though former studies have
suggested that RATS offers lower early mortality rates
compared to VATS (42), more recent reports demonstrate
that both RATS and VATS are equivalent in terms of early
mortality and complications (27,44,45). In addition, in
contrast to our findings, prior reports have suggested that
RATS is associated with lower conversion rates to open
thoracotomy (42,44,45). Overall, we reason that all the
discrepancies between the individual studies regarding the
intra- and post- operative morbidity and mortality might
imply that the surgeons’ or centers’ experience utilizing
each approach could significantly influence the outcomes
following RAT'S or VAT'S lobectomies.

Although, pulmonary lung resections were traditionally
performed via an open thoracotomy, the emergence of
minimally invasive thoracic approaches in the recent era has
led to a paradigm swift. In fact, minimally invasive thoracic
surgery has taken over the traditional open thoracotomy
and has become standard in many centers over the last
years (3,9). Contemporary studies outline that currently
VATS is more commonly utilized than open thoracotomy

7 Thorac Dis 2023;15(10):5700-5713 | https://dx.doi.org/10.21037/jtd-23-582



5710

and interestingly the number of RATS operations has
increased from 1% of total lobectomy volumes in 2008
to ~20% in the year 2014, and from 20% in 2015 to 34%
in 2018 (3,9,59,60). Regardless of approach, minimally
invasive pulmonary resection is the gold standard for
operable NSCLC and quality long-term data is paramount
to help guide decision making and provision of high-quality
surgical care to our patients.

There are several limitations in this study that should
be acknowledged. First, there are inherent limitations to
a study-level meta-analysis as we did not have access to
patient-level covariates which could confound our findings.
As such no sensitivity analyses examining the impact of
certain variables on OS and/or DFS could be synthesized
besides meta-regression analyses. It should be clarified that
all the operations reported in our study were performed
by thoracic surgeon and for that reason our findings may
not be generalizable to surgeons who have had different
training backgrounds and this might explain the significant
heterogeneity noted in some of our results. In addition,
all of the included studies were retrospective cohorts and
thus impart high risk for confounding biases. It should also
be acknowledged that our results regarding the OS, LOS
and number of dissected lymph nodes displayed substantial
heterogeneity and therefore should be interpreted with
cation. Moreover, all the procedures in the included studies
were performed in different centers by different operators.
This fact, along with differences in the follow-up schemes
across the studies, might have affected the external validity
of our results.

Conclusions

Accounting for the conflicting evidence in terms of early
outcomes and for our findings indicating that RATS
associated with shorter LOS and improved lymph node
dissection and that both RATS and VAT are comparable
regarding the long-term OS and DFS in patients
undergoing lobectomy for NSCLC, we conclude that
the utilization of RATS over VATS should be tailored
according to the surgeon’s and the center’s experience and
requires individualized patient selection considering each
patient’s personal preferences. Future research should aim
to reconcile conflicting short-term outcomes, optimize
postoperative care, explore the impact of lymph node
dissection, and assess the role of surgeon training on
outcomes. Incorporating patient-centered outcomes, such
as patient satisfaction, quality of life, and functional status,

© Journal of Thoracic Disease. All rights reserved.
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in future analyses would add another dimension to the
comparison of RATS and VATS. By addressing these areas,
surgical techniques can be refined and patient outcomes can
be improved.
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