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Comparison of robot-assisted
thoracic surgery versus video-
assisted thoracic surgery in the
treatment of lung cancer: a
systematic review and meta-
analysis of prospective studies

Shibo Huang †, Xiaolong Huang †, Zhilong Huang,
Raoshan Luo and Weiming Liang*

The First Affiliated Hospital of Guangxi University of Science and Technology, Guangxi University of
Science and Technology, Liuzhou, Guangxi, China
Introduction: Previous studies have compared robot-assisted thoracic surgery

(RATS) with video-assisted thoracic surgery (VATS) in the treatment of patients

with lung cancer, but results were conflicting. The present meta-analysis aimed

to compare the clinical outcomes of RATS with VATS in the treatment of patients

with lung cancer.

Materials andmethods:Web of Science, PubMed, Cochrane Library and Embase

were comprehensively searched for randomized controlled trials or prospective

cohort studies comparing the clinical outcomes of RATS and VATS from

inception to 22 July 2023. The Cochrane Risk of Bias tool was used to assess

risk of bias. Meta-analyses of length of hospital stay, postoperative duration of

drainage, postoperative complications, operative time, conversion, estimated

blood loss, the number of dissected lymph nodes and stations, 30-day

readmission and 30-day mortality were performed.

Results: In total 5 studies were included in the meta-analysis. A total of 614

patients were included, of which 299 patients were treated by RATS and 315

patients treated by VATS. Blood loss was significantly less in RATS group than that

in VATS (MD = −17.14, 95% CI −29.96 ~ −4.33, P = 0.009). More nodes stations

were dissected in RATS group compared with VATS group(MD= 1.07, 95% CI 0.79

~ 1.36, P < 0.001). No significant difference occurred between RATS and VATS in

length of hospital stay(MD= −0.19, 95%CI −0.98~0.61), readmission(OR=0.74, 95%

CI 0.36~1.51, P=0.41), operative time(MD=11.43 95% CI −8.41~31.26, P=0.26),

conversion(OR=0.58, 95% CI 0.29~1.17, P=0.13), number of dissected lymph

nodes(MD=0.98, 95% CI −0.02~1.97, P=0.05), upstaging rate(OR =0.67, 95% CI

0.38 ~ 1.18, P =0.16, I2 = 0%), time of chest tube drainage (MD= −0.34, 95%CI

−0.84~0.15, P=0.17), post-operative complications(OR=0.76, 95% CI 0.52~ 1.11,

P=0.16) and total cost(MD = 3103.48, 95% CI −575.78 ~ 6782.74, P=0.1, I2 = 99%).

Conclusion: RATS is a feasible and safe treatment that can achieve better surgical

outcomes compared with VATS in terms of short-term outcomes. Except of
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higher total cost, RATS has obvious advantage in lymphadenectomy and control

of intraoperative bleeding. However, large sample and long follow-up

randomized clinical trials comparing RATS with VATS are still necessary to

better demonstrate the advantages of RATS for lung cancer.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, Identifier

CRD42023446653.
KEYWORDS

robot-assisted thoracic surgery1, video-assisted thoracic surgery2, lung cancer3, non-
small cell lung cancer4, complication5
1 Introduction

Lung cancer is still the most common malignancy worldwide

which seriously threaten human health and life, accounting for

11.4% of all cancer cases and 18% of all deaths due to cancer (1–3).

Lung cancer has two subtypes: small cell lung cancer which account

for 15% and non-small cell lung cancer (NSCLC) which account for

85% (4). The preferred treatment for NSCLC is surgical resection.

Thought the traditional open surgery approach is effective, it has

been shown to be associated with substantial postoperative

complications and mortality (5). VATS has been widely used in

thoracic surgery worldwide which could maintain similar long-term

outcomes and obviously improve short-term outcomes compared

with open thoracotomy (6, 7). However, VATS has several

limitations, including of difficult hand-eye coordination, a long

learning curve, lack of flexibility, and the disadvantage in terms of

mediastinal lymphadenectomy, which may restrict its development

(8–10). Since the first robot-assisted thoracic surgery(RATS)

performed in 2003, RATS has developed quickly into a relatively

new platform for surgical resection, which has been considered as

an alternative to VATS (11). RATS seems to have some advantages

over VATS, including of high definition three-dimensional optics,

better ergonomics, shorter learning curve, small-wristed instrument

motions, outstanding maneuverability of instruments and better

tremor suppression, improving the perioperative outcomes (12–15).

Though previous systematic reviews and meta-analysis have

sought to compare operative approaches for lung cancer, their

conclusions were conflicting on whether or not it benefits to

transitioning to RATS for surgeons who have mastered VATS

(16–19). Due to the shortage of strict inclusion criteria, a large

amount of low evidence level RATS studies such as retrospective

studies, database studies, and even other metaanalysis was included

in above studies, which led to duplication of studied patients and

resulted in probably unreliable conclusions.

In the present study, strict inclusion criteria was performed and

only randomized controlled trials or prospective cohort studies

were included to compare outcomes of RATS versus VATS in the

treatment of lung cancer. The primary objective of the review was to

examine perioperative complications. Secondary outcomes
02
included hospital stay, operation time, intraoperative bleeding,

number of dissected lymph nodes stations, number of lymph

nodes cleared during surgery, conversion rate during surgery,

postoperative thoracic drainage time, postoperative hospital stay,

incidence of early postoperative complications, 30-day mortality,

30-day readmission, total cost.
2 Materials and methods

2.1 Search strategy

Our study has been registered at PROSPERO under registration

number CRD42023446653. The systemic review and meta-analysis

was completed according to the Preferred Reporting Project for

Systematic Review and Meta-Analysis (PRISMA) 2020 guidelines.

A systematic literature search for studies investigating RATS versus

VATS for lung cancer was conducted in Medline (1946 to July 22,

2023), Embase (1974 to July 22, 2023), Web of Science (1966 to July

22, 2023), and CENTRAL(1995 to July 22, 2023) by two

independent investigators, using the following searching terms:

“Lung cancer” AND “Robotic” AND “Thoracoscopy” AND

(“randomized controlled trial” OR “Prospective Studies”). The

details of the searching record in four databases were shown in

Supplement Tables 1–4. The bibliographies of the identified articles

including of relevant reviews and meta-analyses were also manually

checked to identify additional eligible studies. Besides, we also

searched three clinical trial registries (ClinicalTrials.gov,

Controlled-trials.com, Umin.ac.jp/ctr/index. The htm) for

unpublished clinical studies.
2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) a randomized controlled

trial or prospective cohort study comparing RATS with VATS for

the treatment of lobectomy or segmentectomy in patients with lung

cancer; (2)full-text articles reporting at least one of the following

outcomes: perioperative complications, hospital stay, operation
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time, intraoperative bleeding, number of dissected lymph nodes

stations, number of lymph nodes cleared during surgery, conversion

rate during surgery, postoperative thoracic drainage time,

postoperative hospital stay, incidence of early postoperative

complications, 30-day mortality, 30-day readmission, total cost,

upstaging rate; (3) if two or more researches included the same

cohort, only the latest published one was included.

Literatures meeting the following criteria were excluded: (1)

other types of articles, such an reviews, case reports, animal

experimental studies, letters to the editor, conference abstracts,

comments, database studies; (2) no lung cancer cases; (3)small

sample size: less than 10 participants in RATS group; (4)

retrospective studies.
2.3 Data extraction

Two independent investigators initially extracted relevant data

of included studies, and a third reviewer checked it. The following

data were extracted: publication year, country, first author, sample

size (intervention arm and control arm), study design, surgical

techniques, age, sex, site of tumor, TNM stage, the number of

dissected lymph nodes, the number of dissected lymph stations,

operative time, conversion, estimated blood loss, postoperative

duration of drainage, length of hospital stay, postoperative

complications, 30-day readmission, 30-day mortality, upstaging

rate, total cost.
2.4 Risk of bias assessment

The risk of bias in the studies included was assessed by two

independent reviewers using the Cochrane Risk of Bias tool, which

includes seven domains: (1)random sequence generation; (2)

allocation concealment; (3)blinding of participants and personnel;

(4)blinding of outcome assessment; (5)incomplete outcome data;

(6)selective reporting; (7)others bias. If there were discrepancies, the

controversial results were resolved by group discussion.
2.5 Data analysis and statistical methods

The selection of studies and duplicate removal were conducted

using EndNote (Version 20; Clarivate Analytics). All results of the

studies were analyzed using Review Manager 5.3 (Cochrane

Collaboration, Oxford, UK). Odds ratio (OR) with 95%

confidence interval (CI) were used to compare binary variables.

Continuous variables were compared using weighted mean

difference (WMD) with a 95% CI. The medians and interquartile

ranges of continuous data were converted to means and standard

deviations. For all meta-analyses, the Cochrane Q p value and I2

statistic were applied to check heterogeneity. Pooled data were

analyzed using a fixed-effect model (FEM) if heterogeneity was low

or moderate (I2 <50%), or a random-effect model(REM) if

heterogeneity was high (I2 ≥50%). Statistical heterogeneity was

assessed using a standard chi-square test and was considered
Frontiers in Oncology 03
significant at P<0.05. The potential publication bias was evaluated

by visually inspecting the funnel plots.
3 Results

3.1 Literature search

The process of the studies selection and inclusion was shown in

Figure 1. A total of 346 articles were retrieved from four databases,

and 3 article was obtained by checking the bibliographies of the

identified articles. Finally, a total of 5 prospective studies(20–24)

were included in the final meta-analysis based on inclusion and

exclusion criteria.
3.2 Characteristics of the included studies

In total, 5 studies consist of 614 patients were included in the

meta-analysis, of which 299 patients were treated by RATS and 315

patients were treated by VATS. The five studies came from different

countries (Korea, France, Brazilian, Italy, China) and were all

prospective studies in recent 10 years. The detailed information

and baseline characteristics of the included patients is presented in

Table 1. Three of the studies were prospective randomized

controlled trials, and another two were prospective non-

randomized controlled studies with the choice between VATS

and RATS depending on patient-preference or robot availability.
3.3 Risk of bias

The assessment of the risk of bias are summarized in Figure 2.

Among the 5 studies, an adequate randomized sequence was

reported in 3 studies, appropriate allocation concealment was

generated in 3 studies, the blinding of participants was clear in 5

studies, the blinding of outcome assessors was generated in no

studies, outcome data were complete in 5 studies, 5 studies had no

selective reporting, and 4 studies had no other bias.
3.4 Clinical outcomes

Table 2 showed results of meta-analysis for all clinical

outcomes. The operative time was reported in 5 literature, and no

significant difference occurred between two groups(WMD =11.43,

95% CI −8.41 ~ 31.26, P =0.21, I2 = 79%) (Figure 3A). Two studies

reported the estimated blood loss. The estimated blood loss in

RATS group was significantly lower than that in VATS group

(WMD= −17.14, 95% CI −29.96 ~ −4.33, P=0.009, I2 = 0%)

(Figure 3B). Five studies reported the conversion cases,

conversion rate was not statistically significant between two group

(WMD=0.58, 95% CI 0.29 ~ 1.17, P =0.13, I2 = 36%) (Figure 3C).

The number of dissected lymph nodes stations in RATS group

was significantly more than that of VATS groups(WMD = 1.07,

95% CI 0.79 ~ 1.36, P < 0.001) (Figure 4A). Two studies reported
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the number of dissected lymph nodes. Pooled analysis showed that

the number of dissected lymph nodes had no significant difference

between two groups(WMD = 0.98, 95% CI − 0.02 ~ 1.97, P = 0.05, I2

= 0%) (Figure 4B).

The time of chest tube drainage had no significant difference

between RATS group and VATS group(WMD = −0.34, 95% CI

−0.84 ~ −0.15, P =0.17, I2 = 50%) (Figure 5A). Pooled analysis
Frontiers in Oncology 04
showed that the length of hospital stay was not significant different

between the RATS and VATS(WMD = −0.19, 95% CI −0.98 ~ 0.61,

P =0.65, I2 = 72%) (Figure 5B). Pooled analysis of 3 studies showed

that no significant difference appeared in the 30-day mortality

between RATS and VATS(WMD = 0.20, 95% CI 0.01 ~ 4.26, P

=0.30) (Figure 5C). 30-day readmission was not significant different

between RATS and VATS(OR = 0.74, 95% CI 0.36 ~1.51, P = 0.41,
TABLE 1 Characteristics of the included studies.

study year country design
Study
Period

group cases
mean
age

Sex
(M/
F)

Surgical
techniques

Tumor
Site

(Right/
Left)

TNM
stage

(0/I/II/III,
IV)

Park 2017 Korea P
2011-
2013

RATS
VATS

12
17

62.60
61.20

7/5
7/10

4 arms
6/6
13/4

0/29/0/0

Gonde 2017 France P
2014-
2015

RATS
VATS

57
55

60.65
62.65

31/26
41/14

3 arms NA 0/52/23/7/1

Terra 2019 Brazilian P
2015-
2017

RATS
VATS

37
39

68.40
65.70

17/20
17/22

3 arms
25/12
21/18

NA

Veronesi 2021 Italy P
2017-
2018

RATS
VATS

38
39

69.00
69.00

21/17
23/16

NA
24/14
23/16

0/67/5/0

Jin 2022 China P
2017-
2020

RATS
VATS

157
163

60.30
60.95

81/76
76/87

3 arms NA 3/265/25/27
P, Prospective Studies; RATS, robot-assisted thoracic surgery; VATS, video-assisted thoracic surgery; M, male; F, female; NA, not available.
FIGURE 1

Flow chart of literature search strategies.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1271709
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Huang et al. 10.3389/fonc.2023.1271709
TABLE 2 Results of the meta-analysis.

Outcomes
No. of
studies

Sample size Heterogeneity Overall effect
size

95% CI of
overall effect

P Value
RATS VATS I2(%) P Value

Operation time (min) 5 299 315 79 <0.001 WMD=11.43 -8.41 ~31.26 0.26

Estimated blood loss (mL) 3 169 180 0 0.55 WMD=-17.14 -29.96~-4.33 0.009

Conversion 5 299 315 36 0.18 WMD=0.58 0.29~1.17 0.13

Dissected lymph node stations 2 195 202 0 0.38 WMD=1.07 0.79~1.36 <0.001

Dissected lymph nodes 2 169 180 0 0.65 WMD=0.98 -0.02~1.97 0.05

Time of chest tube drainage (days) 4 287 298 50 0.11 WMD=-0.34 -0.84~0.15 0.17

Length of hospital stay (days) 5 299 315 72 <0.001 WMD=-0.19 -0.98~0.61 0.65

30-day mortality 3 224 237 0 0 OR=0.20 0.01~4.26 0.30

30-day readmission 5 299 315 38 0.17 OR=0.74 0.36~1.51 0.41

Overall complications 5 299 315 14 0.32 WMD=0.76 0.52~1.11 0.16

Pneumonia 3 232 241 0 0.41 OR=1.65 0.43~6.43 0.47

Pleural effusion 3 232 241 0 1.00 OR=1.04 0.26~4.22 0.96

Atelectasis 2 75 78 19 0.27 OR=1.47 0.28~7.65 0.65

Arrhythmia 3 232 241 0 0.61 OR=1.26 0.37~4.28 0.71

Total cost 2 212 218 99 <0.001 WMD=3103.48 -575.78~6782.74 0.10
F
rontiers in Oncology
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FIGURE 2

Risk of bias assessment for the included studies.
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I2 = 38%) (Figure 5D). Five studies presented the overall

postoperative complication. Pooled analysis showed that there

was no significant difference in the rate of overall postoperative

complication between the two groups(WMD = 0.76, 95% CI 0.52 ~

1.11, P =0.16, I2 = 14%) (Figure 5E).

We also analyzed the common complications of RATS and VATS,

including of prolonged air leak, pneumonia, pleural effusion, atelectasis,
Frontiers in Oncology 06
arrhythmia. The results of the analysis showed that RATS and VATS

were not statistically significant in prolonged air leak(OR =0.93, 95%CI

0.43 ~2.05, P =0.87, I2 = 0%) (Figure 6A), pneumonia(OR =1.65, 95%

CI 0.43 ~6.43, P =0.47, I2 = 0%) (Figure 6B), pleural effusion(OR =1.04,

95% CI 0.26 ~4.22, P =0.96, I2 = 0%) (Figure 6C), atelectasis(OR = 1.47,

95% CI 0.28 ~7.65, P = 0.65, I2 = 19%) (Figure 6D) and arrhythmia(OR

= 1.26, 95% CI 0.37 ~4.28, P =0.71, I2 = 0%) (Figure 6E).
A

B

FIGURE 4

Forest plot of the meta-analysis for pathology details. (A) Number of dissected lymph node stations. (B) Number of dissected lymph nodes.
A

B

C

FIGURE 3

Forest plot of the meta-analysis for intraoperative parameters. (A) Operation time. (B) Estimated blood loss. (C) Conversion.
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3.5 Total cost

Only two studies reported total cost for patients, and there was

no significant difference between two group (WMD =3103.48, 95%

CI −575.78 ~ 6782.74, P =0.1, I2 = 99%) (Figure 7).
Frontiers in Oncology 07
3.6 Upstaging rate

Four study reported upstaging rate, and there was no significant

difference between two group (OR =0.67, 95% CI 0.38 ~ 1.18, P

=0.16, I2 = 0%) (Figure 8).
A

B

C

D

E

FIGURE 5

Forest plot of the meta-analysis for postoperative parameters. (A) Time of chest tube drainage. (B) Length of hospital stay. (C) 30-day mortality.
(D) 30-day readmission. (E) Overall postoperative complication.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1271709
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Huang et al. 10.3389/fonc.2023.1271709
A

B

C

D

E

FIGURE 6

Forest plot of the meta-analysis for common postoperative complication. (A) Prolonged air leak. (B) Pneumonia. (C) Pleural effusion. (D) Atelectasis.
(E) Arrhythmia.
FIGURE 7

Forest plot of the meta-analysis for total cost.
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3.7 Publication of bias

Publication bias of the overall complication was assessed by a

funnel plot. No obvious evidence of publication bias was

observed in the bilaterally symmetrical funnel plot of overall

complication (Figure 9).
4 Discussion

Radical resection with lymphadenectomy has become the gold

standard surgery for NSCLC at an early stage (25, 26). There is an

increased enthusiasm for minimally invasive approaches in the

management of lung cancer during the past two decades (27). In

recent year, as a relatively new platform for minimally invasive lung

lobectomy, RATS has been proposed as an alternative to VATS (13).

However, previous meta-analysis comparing the clinical outcomes

of VATS with RATS has not been sufficient to prove the benefits of

RATS (16–19). Due to shortage of high evidence level RATS studies

such as randomized controlled trials, these meta-analysis might
Frontiers in Oncology 09
have a great risk of potential publication and selection bias,

influencing the quality of meta-analysis. Therefore, we conducted

a high quality meta-analysis including of only randomized

controlled trials or prospective cohort studies to compare

outcomes of RATS versus VATS in the treatment of lung cancer.

With respect to the operative time, our result showed that there

was no statistical difference between RATS and VATS. Though

some previous studies reported similar results to ours (18, 28),

results of other studies was contrary to our results (6, 29, 30). At the

beginning of the learning curve, due to the shortage of experience

and knowledge of RATS surgeons who attempts to RATS for lung

cancer might need more time to complete the operation. A previous

study showed that there was a tendency of gradual shortening in

operative time with the increased experience of RATS (31).

Our results showed that the intraoperative blood loss of RATS

was less than that of VATS, which was similar to previous study

(18). This is likely due to the advantages of more flexible equipment

and a three-dimensional magnified vision,which help reveal the

complex anatomy around the mediastinum and hilar accurately,

resulting in precise manipulation and better control bleeding (17).
FIGURE 8

Forest plot of the meta-analysis for upstaging rate.
FIGURE 9

Funnel plot of the overall postoperative complications.
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Regarding the conversion rate, the result in the present study

revealed that the conversion rates were not significantly different

between two groups.

In terms of lymphadenectomy, our results showed that the number

of dissected lymph nodes stations was significantly more in RATS than

that in VATS, but there was no significant difference in number of

dissected lymph nodes and upstaging rate. Previous studies comparing

lymphadenectomy have reported both equivalence (32) and favouring

the robotic approach (18, 25, 33, 34). The superior vision and stability

is one potential strength of RATS which allows surgeons to perform

extensive lymphadenectomy.

Previous study reported shorter drainage and hospital stay of

patients in the RATS group than in the RATS group (18), and

explained that minimally invasive advantages of RATS contribute to

more thorough hemostasis, more delicate operation, less irritation

to surrounding tissues such as pleura, which results in less pleural

effusion and shorter postoperative hospital stay. However, both

time of chest tube drainage and length of hospital stay had no

significant difference between two groups in the present study. The

small sample size of the included patients may be the main reason.

Kent et al. reported a lower mortality with RATS relative to

VATS (35). Liang et al (28) demonstrated the 30-day mortality was

lower in RATS group. Another meta-analysis showed that RATS

was associated with lower postoperative complication rate (18). The

minimally invasive advantages of RATS contributes to less damage

and fewer postoperative complications, resulting in lower mortality

and readmission. However, regarding complications, 30-day

mortality and 30-day readmission, there was no significant

difference between two groups in our results. The possible reason

is that the surgical outcomes might be affected by other factors, such

as the surgeons experience, familiarity with the instrument, and

compliance of assistant. Thus, the advantage of RATS need to be

confirmed by more prospective randomized controlled studies.

Due to the cost to acquire robot, subsequent maintenance costs

and the additional expense of disposable robotic instruments, the

total cost of RATS is higher than that of VATS. The high current

cost of robotic thoracic surgery may be a worrying limit for

popularization and application of RATS. Our results

demonstrated a higher total cost patients in RATS group, but this

difference was not statistically significant. Since only two of studies

included reported results about total cost, the sample size of the

included patients was too small to reflect the difference between

RATS group and VATS group.

To our knowledge, this is the first meta-analysis including of

only randomized controlled trials or prospective cohort studies to

compare outcomes of RATS versus VATS in the treatment of lung

cancer, which could result in relatively robust conclusion. However,

we acknowledge the possible limitations of our study. First of all,

only five studies were included duo to our strict inclusion and

criteria. The statistical results of partial clinical outcomes were

difficult to reflect the difference between the two groups due to the

small sample size. Second, we failed to analyse long-term outcomes

such as 5-year overall survival because of the short follow-ups of the

studies included. Besides, we failed to control confounding factors

such as different inclusion criteria, differences on the population

and the level of expertise of surgeons involved, which might result
Frontiers in Oncology 10
in heterogeneity of the studies and bias. Therefore, more clinical

outcomes reported by prospective randomized controlled trials are

necessary to further confirm the advantage of the RATS.

In conclusion, our study indicated that RATS is a feasible and

safe technique that can achieve better surgical efficacy compared

with VATS in terms of short-term outcomes. Except of higher total

cost, RATS has obvious advantage in lymphadenectomy and

control of hemorrhage. However, large sample and long follow-up

randomized clinical trials comparing RATS with VATS are still

necessary to better demonstrate the advantages of RATS

for NSCLC.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

WL: Funding acquisition, Project administration, Writing –

review and editing. SH: Data curation, Writing – original draft. XH:

Data curation, Writing – original draft. ZH: Formal Analysis,

Conceptualization, Writing – original draft. RL: Visualization,

Software, Writing – original draft.
Funding

The authors declare financial support was received for the

research, authorship, and/or publication of this article. The

authors disclose the receipt of the following financial support for

the research, authorship, and/or publication of this article: This

work was supported by the Scientific Research Foundation of

Guangxi University of Science and Technology(20Z13).
Acknowledgments

Everyone who contributed significantly to this study has

been listed.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
frontiersin.org

https://doi.org/10.3389/fonc.2023.1271709
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Huang et al. 10.3389/fonc.2023.1271709
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Frontiers in Oncology 11
Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1271709/

full#supplementary-material
References
1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China 2015. Ca-a Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics 2021. CA Cancer J Clin
(2021) 71(1):7–33. doi: 10.3322/caac.21654

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. Ca-a Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/
caac.21660

4. Basumallik N, Agarwal M. Small Cell Lung Cancer. StatPearls. (2023) Treasure
Island (FL) ineligible companies. Disclosure: Manuj Agarwal declares no relevant
financial relationships with ineligible companies., StatPearls Publishing Copyright ©
2023, StatPearls Publishing LLC .

5. Yang CFJ, Kumar A, Deng JZ, Raman V, Lui NS, D'Amico TA, et al. A national
analysis of short-term outcomes and long-term survival following thoracoscopic versus
open lobectomy for clinical stage II non-small-cell lung cancer. Ann Surg (2021) 273
(3):595–605. doi: 10.1097/SLA.0000000000003231

6. Louie BE, Wilson JL, Kim S, Cerfolio RJ, Park BJ, Farivar AS, et al. Comparison of
video-assisted thoracoscopic surgery and robotic approaches for clinical stage I and
stage II non-small cell lung cancer using the society of thoracic surgeons database. Ann
Thorac Surg (2016) 102(3):917–24. doi: 10.1016/j.athoracsur.2016.03.032

7. Wu H, Jin RS, Yang S, Park BJ, Li HC. Long-term and short-term outcomes of
robot- versus video-assisted anatomic lung resection in lung cancer: a systematic review
and meta-analysis. Eur J Cardio-Thoracic Surg (2021) 59(4):732–40. doi: 10.1093/ejcts/
ezaa426

8. Denlinger CE, Fernandez F, Meyers BF, Pratt W, Zoole JB, Patterson GA, et al.
Lymph node evaluation in video-assisted thoracoscopic lobectomy versus lobectomy by
thoracotomy. Ann Thorac Surg (2010) 89(6):1730–1735; discussion 1736. doi: 10.1016/
j.athoracsur.2010.02.094

9. Arad T, Levi-Faber D, Nir RR, Kremer R. The learning curve of video-assisted
thoracoscopic surgery (VATS) for lung lobectomy–a single Israeli center experience.
Harefuah (2012) 151(5):261–5, 320.

10. Zhang W, Wei Y, Jiang H, Xu J, Yu D. Thoracotomy is better than thoracoscopic
lobectomy in the lymph node dissection of lung cancer: a systematic review and meta-
analysis. World J Surg Oncol (2016) 14(1):290. doi: 10.1186/s12957-016-1038-7

11. Morgan JA, Ginsburg ME, Sonett JR, Morales DL, Kohmoto T, Gorenstein LA,
et al. Advanced thoracoscopic procedures are facilitated by computer-aided robotic
technology. Eur J Cardiothorac Surg (2003) 23(6):883–887; discussion 887. doi:
10.1016/S1010-7940(03)00160-X

12. Veronesi G, Novellis P, Voulaz E, Alloisio M. Robot-assisted surgery for lung
cancer: State of the art and perspectives. Lung Cancer (2016) 101:28–34. doi: 10.1016/
j.lungcan.2016.09.004

13. Emmert A, Straube C, Buentzel J, Roever C. Robotic versus thoracoscopic lung
resection A systematic review and meta-analysis. Medicine (Baltimore) (2017) 96(35):
e7633. doi: 10.1097/MD.0000000000007633

14. Kaur MN, Xie F, Shiwcharan A, Patterson L, Shargall Y, Finley C, et al. Robotic
versus video-assisted thoracoscopic lung resection during early program development.
Ann Thorac Surg (2018) 105(4):1050–7. doi: 10.1016/j.athoracsur.2017.11.013

15. Ahn S, Jeong JY, Kim HW, Ahn JH, Noh G, Park SS. Robotic lobectomy for lung
cancer: initial experience of a single institution in Korea. Ann Cardiothoracic Surg
(2019) 8(2):226–32. doi: 10.21037/acs.2019.02.08

16. Guo F, Ma DJ, Li SQ. Compare the prognosis of Da Vinci robot-assisted thoracic
surgery (RATS) with video-assisted thoracic surgery (VATS) for non-small cell lung
cancer A Meta-analysis. Medicine (Baltimore) (2019) 98(39):e17089. doi: 10.1097/
MD.0000000000017089

17. O'Sullivan KE, Kreaden US, Hebert AE, Eaton D, Redmond KC. A systematic
review and meta-analysis of robotic versus open and video-assisted thoracoscopic
surgery approaches for lobectomy. Interactive Cardiovasc Thorac Surg (2019) 28
(4):526–34. doi: 10.1093/icvts/ivy315

18. Ma JL, Li XY, Zhao SF, Wang JW, Zhang WJ, Sun GY. Robot-assisted thoracic
surgery versus video-assisted thoracic surgery for lung lobectomy or segmentectomy in
patients with non-small cell lung cancer: a meta-analysis. BMC Cancer (2021) 21
(1):498. doi: 10.1186/s12885-021-08241-5
19. Zhang JY, Feng QB, Huang YR, Ouyang LW, Luo FM. Updated evaluation of
robotic- and video-assisted thoracoscopic lobectomy or segmentectomy for lung
cancer: A systematic review and meta-analysis. Front Oncol (2022) 12. doi: 10.3389/
fonc.2022.853530

20. Gonde H, Laurent M, Gillibert A, Sarsam OM, Varin R, Grimandi G, et al. The
affordability of minimally invasive procedures in major lung resection: a prospective
study. Interactive Cardiovasc Thorac Surg (2017) 25(3):469–75. doi: 10.1093/icvts/
ivx149

21. Park SY, Suh JW, Narm KS, Lee CY, Lee JG, Paik HC, et al. Feasibility of four-
arm robotic lobectomy as solo surgery in patients with clinical stage I lung cancer. J
Thorac Dis (2017) 9(6):1607–14. doi: 10.21037/jtd.2017.05.08

22. Veronesi G, Abbas AES, Muriana P, Lembo R, Bottoni E, Perroni G, et al.
Perioperative outcome of robotic approach versus manual videothoracoscopic major
resection in patients affected by early lung cancer: results of a randomized multicentric
study (ROMAN study). Front Oncol (2021) 11. doi: 10.3389/fonc.2021.726408

23. Terra RM, de Araujo P, Lauricella LL, de Campos JRM, Trindade JRM, Pego-
Fernandes PM. A Brazilian randomized study: Robotic-Assisted vs. Video-assisted lung
lobectomy Outcomes (BRAVO trial). J Bras Pneumol (2022) 48(4):e20210464.
doi: 10.36416/1806-3756/e20210464

24. Jin RS, Zhang ZY, Zheng YY, Niu ZY, Sun SY, Cao YQ, et al. Health-related
quality of life following robotic-assisted or video-assisted lobectomy in patients with
non-small cell lung cancer results from the RVlob randomized clinical trial. Chest
(2023) 163(6):1576–88. doi: 10.1016/j.chest.2022.12.037

25. Bertolaccini L, Batirel H, Brunelli A, Gonzalez-Rivas D, Ismail M, Ucar AM,
et al. Uniportal video-assisted thoracic surgery lobectomy: a consensus report from the
Uniportal VATS Interest Group (UVIG) of the European Society of Thoracic Surgeons
(ESTS). Eur J Cardiothorac Surg (2019) 56(2):224–9. doi: 10.1093/ejcts/ezz133

26. Huang J, Tian Y, Zhou QJ, Ning JW, Gu ZN, Lu PJ, et al. Comparison of
perioperative outcomes of robotic-assisted versus video-assisted thoracoscopic right
upper lobectomy in non-small cell lung cancer. Transl Lung Cancer Res (2021) 10(12),
4549–57. doi: 10.21037/tlcr-21-960

27. Kneuertz PJ, Cheufou DH, D'Souza DM, Mardanzai K, Abdel-Rasoul M, Theegarten
D, et al. Propensity-score adjusted comparison of pathologic nodal upstaging by robotic,
video-assisted thoracoscopic, and open lobectomy for non-small cell lung cancer. J Thorac
Cardiovasc Surg (2019) 158(5):1457–1466.e1452. doi: 10.1016/j.jtcvs.2019.06.113

28. Liang H, Liang W, Zhao L, Chen D, Zhang J, Zhang Y, et al. Robotic versus
video-assisted lobectomy/segmentectomy for lung cancer: A meta-analysis. Ann Surg
(2018) 268:254–9. doi: 10.1097/SLA.0000000000002346

29. Augustin F, Bodner J, Maier H, Schwinghammer C, Pichler B, Lucciarini P, et al.
Robotic-assisted minimally invasive vs. thoracoscopic lung lobectomy: comparison of
perioperative results in a learning curve setting. Langenbecks Arch Surg (2013) 398
(6):895–901. doi: 10.1007/s00423-013-1090-5

30. Adams RD, Bolton WD, Stephenson JE, Henry G, Robbins ET, Sommers E.
Initial multicenter community robotic lobectomy experience: comparisons to a
national database. Ann Thorac Surg (2014) 97(6):1893–1898; discussion 1899-1900.
doi: 10.1016/j.athoracsur.2014.02.043

31. Merritt RE, Kneuertz PJ, D'Souza DM. Successful transition to robotic-assisted
lobectomy with previous proficiency in thoracoscopic lobectomy. Innov (Philadelphia
Pa) (2019) 14(3):263–71. doi: 10.1177/1556984519845672

32. Wilson JL, Louie BE, Cerfolio RJ, Park BJ, Vallières E, Aye RW, et al. The
prevalence of nodal upstaging during robotic lung resection in early stage non-small
cell lung cancer. Ann Thorac Surg (2014) 97(6):1901–1906; discussion 1906-1907. doi:
10.1016/j.athoracsur.2014.01.064

33. Rajaram R, Mohanty S, Bentrem DJ, Pavey ES, Odell DD, Bharat A, et al.
Nationwide assessment of robotic lobectomy for non-small cell lung cancer. Ann
Thorac Surg (2017) 103(4):1092–100. doi: 10.1016/j.athoracsur.2016.09.108

34. Yang S, GuoW, Chen X, Wu H, Li H. Early outcomes of robotic versus uniportal
video-assisted thoracic surgery for lung cancer: a propensity score-matched study. Eur J
Cardiothorac Surg (2018) 53(2):348–52. doi: 10.1093/ejcts/ezx310

35. KentM,Wang T,Whyte R, Curran T, Flores R, Gangadharan S. Open, video-assisted
thoracic surgery, and robotic lobectomy: review of a national database. Ann Thorac Surg
(2014) 97(1):236–242; discussion 242-234. doi: 10.1016/j.athoracsur.2013.07.117
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1271709/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1271709/full#supplementary-material
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/SLA.0000000000003231
https://doi.org/10.1016/j.athoracsur.2016.03.032
https://doi.org/10.1093/ejcts/ezaa426
https://doi.org/10.1093/ejcts/ezaa426
https://doi.org/10.1016/j.athoracsur.2010.02.094
https://doi.org/10.1016/j.athoracsur.2010.02.094
https://doi.org/10.1186/s12957-016-1038-7
https://doi.org/10.1016/S1010-7940(03)00160-X
https://doi.org/10.1016/j.lungcan.2016.09.004
https://doi.org/10.1016/j.lungcan.2016.09.004
https://doi.org/10.1097/MD.0000000000007633
https://doi.org/10.1016/j.athoracsur.2017.11.013
https://doi.org/10.21037/acs.2019.02.08
https://doi.org/10.1097/MD.0000000000017089
https://doi.org/10.1097/MD.0000000000017089
https://doi.org/10.1093/icvts/ivy315
https://doi.org/10.1186/s12885-021-08241-5
https://doi.org/10.3389/fonc.2022.853530
https://doi.org/10.3389/fonc.2022.853530
https://doi.org/10.1093/icvts/ivx149
https://doi.org/10.1093/icvts/ivx149
https://doi.org/10.21037/jtd.2017.05.08
https://doi.org/10.3389/fonc.2021.726408
https://doi.org/10.36416/1806-3756/e20210464
https://doi.org/10.1016/j.chest.2022.12.037
https://doi.org/10.1093/ejcts/ezz133
https://doi.org/10.21037/tlcr-21-960
https://doi.org/10.1016/j.jtcvs.2019.06.113
https://doi.org/10.1097/SLA.0000000000002346
https://doi.org/10.1007/s00423-013-1090-5
https://doi.org/10.1016/j.athoracsur.2014.02.043
https://doi.org/10.1177/1556984519845672
https://doi.org/10.1016/j.athoracsur.2014.01.064
https://doi.org/10.1016/j.athoracsur.2016.09.108
https://doi.org/10.1093/ejcts/ezx310
https://doi.org/10.1016/j.athoracsur.2013.07.117
https://doi.org/10.3389/fonc.2023.1271709
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comparison of robot-assisted thoracic surgery versus video-assisted thoracic surgery in the treatment of lung cancer: a systematic review and meta-analysis of prospective studies
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Risk of bias assessment
	2.5 Data analysis and statistical methods

	3 Results
	3.1 Literature search
	3.2 Characteristics of the included studies
	3.3 Risk of bias
	3.4 Clinical outcomes
	3.5 Total cost
	3.6 Upstaging rate
	3.7 Publication of bias

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


