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Background: Open surgery was once the gold standard treatment for lobectomy, but in the 1990s, video-
assisted thorascopic surgery (VATS) quickly became a popular surgical approach in pulmonary resections. 
However, adoption in many countries plateaued due to various reasons and starting in the early 2000s, 
robotic-assisted thorascopic surgery (RATS) began gaining ground. This scoping review aims to summarize 
contemporary data on the current state of robotic lobectomy as a maturing procedure, with a focus on 
oncologic outcomes and long-term survival as compared to traditional open and VATS techniques.
Methods: We performed a systematic search in PubMed for Level I and II evidence, including studies 
from January 2000–February 2023. Our primary outcome of interest was overall survival (OS), disease-free 
survival (DFS), and recurrence rates for surgically-treated lung cancer. We also analyzed surrogate markers 
to assess oncologic quality and used objective variables such as lymph node harvest and upstaging rate as 
quality indicators.
Results: Nineteen studies met inclusion criteria, including 7 comparative analyses, 10 meta-analyses, 
and 2 randomized controlled trials (RCTs). The PORTaL study demonstrated that robotic lobectomy was 
associated with a significantly better OS as compared to VATS [hazard ratio (HR) =0.79, P=0.007]. For DFS, 
3 meta-analyses reported a significant advantage with a robotic approach, including the study by Leitao et al.  
[HR =0.74, 95% confidence interval (CI): 0.59–0.93, P=0.009], Wu et al. (HR =0.76, 95% CI: 0.59–0.97, 
P=0.03), and Zhang et al. [odds ratio (OR) =1.69, 95% CI: 1.11–2.57, P=0.01; I2=23%]. For recurrence, the 
PORTaL study found statistically lower recurrence rates in the robotic cohort than VATS (15.9% versus 
19.2%, P=0.009). Similarly, Ma et al. found lower recurrence rates with robotic lobectomy versus VATS (OR 
=0.51, 95% CI: 0.36–0.72, P<0.001).
Conclusions: The published data examined from high Level I–II evidence to date indicate some oncologic 
benefit, or at the least non-inferiority, of RATS compared to VATS.
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Introduction

Background

Robotic-assisted surgery has changed the landscape of 
thoracic surgery over the last 2 decades. Open surgery 
was once the gold standard treatment for lobectomy, but 
in the 1990s, video-assisted thorascopic surgery (VATS) 
quickly became a popular as the minimally invasive surgical 
approach in pulmonary resections (1-3). However, adoption 
in many regions plateaued due to various factors, and 
starting in the early 2000s, robotic-assisted thorascopic 
surgery (RATS) began gaining ground. Early evidence 
focused initially on the safety and feasibility of this novel 
technique (1-4). Melfi et al. published a small case series in 
2002 assessing the clinical feasibility of RATS in various 
lung resections using the Intuitive da Vinci system and 
found that while operative visualization was optimal 
and no technical errors occurred, operative times were 
much longer as compared to open or VATS approaches, 
and 3 of the 12 patients required conversion to a small 
thoracotomy (1). Similarly in 2006, Park et al. published 
results from a prospective study of 34 patients undergoing 
robotic lobectomy and concluded that operative outcomes 
were comparable to VATS lobectomy, though with longer 
operative times and higher conversion rates (2). These early 
studies focused on short-term outcomes such as operative 
time, conversions, and postoperative recovery. Over the last 
15 years, rapid advancements within robotic surgery itself, 
including the continued evolution of the robotic surgical 
system, has only continued to flatten surgeon learning 
curves and ameliorate prior technical issues.

Rationale and knowledge gap

With the establishment of safety and feasibility of RATS 
from these early studies, RATS gained traction in thoracic 
oncology. Accordingly, the clinical question has evolved 
from the initial focus on safety and feasibility to a focus on 
long term cancer-specific outcomes and overall survival 
(OS), particularly as the collective experience has grown and 
long-term patient follow up can now be analyzed. 

Objective

This review article aims to summarize contemporary data 
on the current state of robotic lobectomy as a maturing 
procedure, with a focus on oncologic outcomes and long-
term survival as compared to traditional VATS techniques. 
We present this article in accordance with the PRISMA-
ScR reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-23-26/rc).

Methods

We performed a systematic search in PubMed for Level 
I and II evidence, as defined by the Center of Evidence-
Based Medicine (5), using the following MeSH terms and 
keywords: lobectomy, video-assisted thorascopic surgery, 
robotic-assisted thorascopic surgery, survival, recurrence. 
Accepted publications in the English language from January 
2000 to February 2023 were included. Inclusion criteria 
were all comparative analyses, meta-analyses, systematic 
reviews, and randomized controlled trials (RCT) that 
reported any of the following variables: OS, disease-free 
survival (DFS), recurrence, lymph node counts, lymph node 
stations, and upstaging. Exclusion criteria were single center 
studies, Level III or higher studies, and studies missing 
all of the aforementioned variables. There was a medical 
librarian who assisted with gathering relevant sources, and 
two independent reviewers who screened each record and 
report retrieved for the aforementioned inclusion criteria.

Our primary outcome of interest was OS, DFS, and 
recurrence rates for surgically-treated lung cancer. We also 
analyzed surrogate markers to assess oncologic quality and 
used variables such as lymph node harvest and upstaging 
rate as quality indicators. Hazard ratios (HRs), standardized 
mean difference (SMD), and weighted mean difference 
(WMD) with 95% confidence intervals (CI) were used to 
represent survival data, whereas odds ratios (ORs) were used 

Highlight box

Key findings
•	 RATS lobectomy is safe and effective for oncologic resection, and 

DFS and lymph node harvest appears superior as compared to VATS.

What is known and what is new? 
•	 RATS lobectomy has been gaining popularity and has shown 

excellent short-term perioperative outcomes.
•	 This manuscript aims to demonstrate the long-term oncologic 

outcomes from RATS lobectomy compared to published outcomes 
from VATS lobectomy.

What is the implication, and what should change now? 
•	 More studies are needed to study overall survival and recurrence 

rates from RATS lobectomy. 

https://vats.amegroups.com/article/view/10.21037/vats-23-26/rc
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to describe dichotomous variables. Statistical heterogeneity 
was quantified using the I2 value. P values <0.05 were 
considered significant. 

Results

Prior to 2020, there were few large studies comparing long 
term outcomes from robotic lobectomy versus VATS, and 
the best published literature consisted of retrospective 
studies from several high volume centers (3,4). In the past 
few years, however, the amount of data focused on survival 
has increased significantly (6,7). Our literature search 
generated 169 studies, of which 19 met inclusion criteria. 
Most studies were excluded due to level of evidence being 
below our threshold. The studies included were comprised 
of 7 comparative analyses, 10 meta-analyses, and 2 RCTs 
(Figure 1). Our results will review findings from the  
19 studies, categorized by the variable reported (Table 1).

There were 10 studies that reported OS, including 5 
comparative analyses and 5 meta-analyses (4,6,7,9-11,13,14,16,20). 
Almost all of these studies (9 of the 10) observed no 
statistically significant difference in OS between VATS 
and robotic lobectomy. The exception was a comparative 
analysis by Kent et al. who aggregated data for the PORTaL 
study from clinical stage IA–IIIA non-small cell lung cancer 
(NSCLC) patients from 21 centers who underwent open 
versus robotic versus VATS lobectomy (7). They performed 
a propensity-matched analysis and found that open 
lobectomy had a 5-year OS of 85%, followed by robotic 

at 81%, and VATS at 74% (P=0.001). Furthermore, Cox 
multivariable analyses demonstrated that robotic lobectomy 
was associated with a significantly better OS as compared 
to VATS (HR =0.79, P=0.007). A multidisciplinary study by 
Leitao et al. found better OS with robotic lobectomy versus 
open lobectomy (HR =0.93 95% CI: 0.87–1, P=0.04), but 
this statistically significant benefit was not held true when 
comparing robotic to VATS approach (6). Neither of the 
2 RCTs included in this review reported OS for various 
reasons. The ROMAN study failed to accrue and was thus 
closed prematurely, but their primary outcome focused on 
conversion rate and early complications, as opposed to long-
term oncologic results (23). On the other hand, the RVlob 
trial was recently published in 2022, and long-term survival 
data has not matured but will be highly anticipated (22,24). 

There were 6 studies that reported DFS, including 2 
comparative analysis and 4 meta-analyses (4,6,10,14,16,20). 
Of these studies, 2 did not find any statistically significant 
differences in DFS between VATS and robotic lobectomy 
(9,10). However, there were 3 meta-analyses that reported 
a significant advantage with a robotic approach, including 
the study by Leitao et al. (HR =0.74, 95% CI: 0.59–0.93, 
P=0.009), Wu et al. (HR =0.76, 95% CI: 0.59–0.97, P=0.03), 
and Zhang et al. (OR =1.69, 95% CI: 1.11–2.57, P=0.01; 
I2=23%) (6,16,20).

There were 3 studies that reported recurrence rates, 
including 1 comparative analysis and 2 meta-analyses 
(7,14,21). Of these studies, 2 of the 3 reported a significantly 
improved recurrence rates with robotic lobectomy compared 

PubMed search with keywords: lobectomy, video-assisted 
thorascopic surgery, robotic-assisted thorascopic surgery, survival, 

recurrence (n=169)

Excluded (n=150):
•	Case reports, single center studies, non-comparative 

studies
•	Studies that did not report any one of the following 

outcomes—overall survival, disease-free survival, 
lymph node, recurrence, lymph node counts or stations, 
upstaging

Comparative analysis
(n=7)

Meta-analysis
(n=10)

Randomized controlled trial
(n=2)

Figure 1 Protocol for the determination of study inclusion. 
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to VATS, whereas the other study reported no significant 
difference. One of the studies that showed better outcomes 
was the PORTaL study reported by Kent et al. who 
found statistically lower recurrence rates in the robotic 
cohort than VATS (15.9% versus 19.2%, P=0.003) (7).  
Similarly, Ma et al. found lower recurrence rates with 
robotic lobectomy versus VATS (OR =0.51, 95% CI: 0.36–
0.72, P<0.001), and this held true on subgroup analysis 
and sensitivity analysis including only the highest-quality 
studies (14).

There were 14 studies that reported lymph node counts, 
including 4 comparative analyses, 8 meta-analyses, and  
2 RCTs. Of these, half of the studies (6 of the 14) reported 
no significant differences in extent of lymph node harvest 
between VATS and robotic lobectomy (11-13,17,18,21). Of 
the remaining 8 studies that did find significant differences, 
the results were more favorable for robotic lobectomy in 5 
of 8 studies. These studies including 3 meta-analyses and 2 
RCTs, and demonstrated better nodal harvests with robotic 
lobectomy (14,15,20,22,23). The RVlob trial showed a 
median of 11 versus 10 nodes sampled (P=0.02), and the 
ROMAN study showed a median of 7 versus 4 hilar nodes 
and 7 versus 5 mediastinal nodes retrieved (P=0.0001) for 
robotic lobectomy as compared to VATS (22,23). However, 
in 3 of the 8 studies, including 2 comparative analyses and 1 
meta-analysis, VATS was found to have higher lymph node 
counts (4,8,19).

There were 11 studies that reported lymph node stations 
sampled, including 3 comparative analyses, 6 meta-analyses, 
and 2 RCTs. Six of these studies demonstrated superiority 
with robotic lobectomy, while the other 5 studies reported 
no significance. Of the 2 meta-analyses that showed 
favorable results for robotic lobectomy, Kneuertz et al. 
demonstrated slightly more stations sampled with the 
robotic approach (3.8 versus 2.6, P=0.001) (12), while Ma  
et al. reported a significant advantage with robotic lobectomy 
(WMD =0.51, 95% CI: 0.15–0.86, P=0.005) (14). Of the  
2 RCTS that showed significant differences, the RVlob trial 
found that robotic lobectomy sampled a median of 6 versus 
5 stations (P<0.001) (22) and the ROMAN study similarly 
reported a median of 6 versus 4 stations (P=0.0002). 

There were 5 studies that reported upstaging rate, 
including 4 comparative analyses and 1 meta-analysis 
(8,9,11,12,16). Only 2 of the 5 studies showed a significant 
difference between approaches and the results are equivocal. 
The comparative analysis by Hennon et al. favored 
VATS, showing that robotic lobectomy had an upstaging 
rate of 11.2% versus 11.7% for VATS (P<0.01) (8),  

whereas the analysis by Kneuertz et al. favored the robotic 
approach, citing an upstaging rate of 16.2% versus 12.3% 
for VATS (P=0.03) (12). 

Discussion

Key findings

The use of robotic surgery in thoracic surgery has shown 
to be safe and effective (25-27), with consistent reports of 
improved perioperative and short-term outcomes such as 
hospital length of stay, postoperative complications, and  
30-day mortality as compared to both open and VATS  
(1-3,26). As the procedure has matured, current research 
focus has shifted to evaluating longer term outcomes, 
specifically OS, DFS, and recurrence rates in lung cancer. 
Nevertheless, in this review of the literature, it is apparent 
that evidence is still sparse. There is a lack of high-quality 
RCTs or large-sized studies to comparatively analyze RATS 
versus VATS in unbiased, head-to-head oncologic outcomes, 
so we must rely on well-executed comparative analyses that 
aggregate modern data to shed some light on the clinically 
significant risks and benefits of this ongoing practice change. 

Strengths and limitations

This scoping review is unique such that it focuses on 
oncologic specific outcomes, namely, OS, DFS, and 
recurrence rates, which prior systematic reviews have not 
done. Nevertheless, we also acknowledge the limitations 
with this study, namely the lack of high quality Level I and 
II evidence that is available on this topic. In addition, some 
of the studies included did not stratify patients according to 
preoperative characteristics such as pulmonary function and 
comorbidity status, and instead simply stratified patients 
into the various surgical approaches. Lastly, among the 
meta-analyses included in the results, there were 7 out of 
69 studies that were duplicated in the statistical analysis. 
This may have led to bias towards the conclusions of these 
particular 7 studies which are unaccounted for.

Comparison with similar researches

Many of the published literature reviews assessing robotic 
versus VATS lobectomy use short-term perioperative 
variables as the main outcome. However, the safety and 
feasibility of RATS in lung cancer treatment has been 
validated, thus our review provides a novel amalgamation 
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of current studies which continue to highlight the gaps in 
this field.

Explanation of findings

In our analysis, there was little evidence to show any 
difference in OS between RATS and VATS. OS is a 
problematic endpoint since patients may die of causes other 
than lung cancer recurrence or metastasis. Given that the 
majority of patients are diagnosed with lung cancer after 
age 65, and subsequently undergoing surgery in a later stage 
in life, OS may reflect too much hetereogeneity to be a 
suitable endpoint for oncologic treatment efficacy (27).

In contrast, there is some evidence to suggest DFS is 
superior for RATS compared to VATS. This endpoint 
is more specific to cancer outcomes and may be a better 
metric of oncologic efficacy. The reason this is observed 
could be partially due to the superior lymph node harvest 
and yields, leading to more accurate pathologic staging, and 
better subsequent adjuvant care, which has been shown in 
several publications for RATS. The purported advantage 
of robotic technology in this task is due to better reach 
and access, such as lymph node station 7, as well as better 
visualization and precision for more difficult nodes such as 
the hilar stations. 

The importance of lymph node dissection on oncologic 
quality is reflected in society guidelines. For example, the 
American College of Surgeons Commission on Cancer 
recently updated their recommendations from a count-
based to a station-based approach, now requiring at least 1 
hilar and 3 mediastinal lymph node stations to be performed 
during lung resection (28). This change is important for 
future studies to take into consideration, as published 
results are already showing that adherence to station-based 
sampling is significantly associated with DFS, whereas 
count-based sampling is not (29). It is hoped that having 
more standardized lymphadenectomy requirements will 
lead to higher quality resections and reduce variability in 
oncologic outcomes. This could also help elucidate lymph 
node upstaging rates in each of the surgical approaches. 
With the national average rate of nodal upstaging 
previously cited to be only 10–15% (30), larger cohorts 
of patients are needed to sufficiently power this outcome. 
Moreover, if lymph node retrieval rates are inconsistent 
and include low yields, then the upstaging rate may not be 
accurately assessed. While one of the included studies found 
a higher rate of nodal upstaging with robotic lobectomy, the 
cumulative evidence does not achieve statistical significance. 

Future multi-institutional trials from high volume robotic 
surgery centers with standardized lymph node dissection 
approaches will be vital to assess this surgical quality 
measure. It is apparent that individual surgeon philosophy 
about the aggressiveness of lymph node dissection can 
also influence outcomes, so using the same surgeons in the 
comparisons will be optimal. 

In addition, limited data is available regarding adjuvant 
treatment. This highlights an important confounding 
variable that is unaccounted for in patient selection when 
considering robotic versus VATS lobectomy. Studies often 
do not report the number of patients who completed 
treatment versus those who had modifications or could 
not complete adjuvant treatment, so true head-to-head 
comparisons would need to focus only on early stage lung 
cancer where patients generally do not receive adjuvant 
therapy. Management of stage 2 and 3 lung cancer is so 
variable worldwide, and is often based on ever-changing 
variables such as year of diagnosis and patient tolerance. 
Therefore, surrogate markers like lymph node harvest rates 
and R0 resection rates play a significant role in elucidating 
the differences between robotic versus VATS lobectomy.

Implications and actions needed

While many surgeons posit that only RCTs can provide 
sufficient data to assess outcomes for a new technology 
such as robotic surgery, turning that aspiration into reality 
is a challenging task. In the United States, adoption of 
robotic technology in 2020 was nearly 50% for lobectomy 
and >50% for segmentectomy, and overall has become 
significantly more popular than VATS (31). Rapid 
development of surgeon preference leading to more comfort 
and higher skill level tailored to one of the two minimally 
invasive surgical approaches contributes to the difficulty in 
completing RCTs with equipoise at the individual surgeon 
level. To date, four RCTs comparing RATS to VATS have 
been reported, and only one has sufficient numbers and 
recruitment (22,23,32,33). Three of the RCTs were not 
optimal and reflect the extreme difficulty in conducting 
such studies: one was a multi-surgeon, multi-center study 
that closed prematurely due to poor accrual, and the other 
two RCTs were small, single surgeon studies (22,23,32). 
Furthermore, none of these 3 studies reported long-term 
cancer outcomes to date, and 2 of them reported lymph 
node yield data which were analyzed in the present review 
article. The RAVAL study led by Hanna et al. recently 
reported in abstract form superior short-term outcomes 
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(including better lymph node yield with RATS) from 186 
randomized patients showing improved perioperative 
outcomes and patient-reported quality of life indicators 
of RATS compared to VATS, but the long-term cancer 
outcomes await greater recruitment and follow-up, and is 
still ongoing (33,34). 

Conclusions

Robotic surgery in thoracic oncologic surgery is safe 
and effective when assessing both short-and long-term 
outcomes. The published data to date indicate some benefit 
of DFS with RATS compared to VATS. Lymph node 
dissection yield, an indicator of oncologic quality, appears 
to be improved with RATS in some but not all studies. 
Future RCT data will be welcome to further elucidate these 
differences.
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