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Summary eClinicalMedicine
Background The long-term survival and perioperative outcomes of robotic-assisted lobectomy (RAL) and video- 202474 102707
assisted lobectomy (VAL) in resectable non-small-cell lung cancer (NSCLC) were found to be comparable in
retrospective studies, but they have not been investigated in a randomized trial setting. We conducted the RVlob
trial to investigate if RAL was non-inferior to VAL in patients with resectable NSCLC.
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Methods In this single-center, open-label, and parallel-arm randomized controlled trial conducted in Ruijin Hospital
(Shanghai, China) between May 2017 and May 2020, we randomly assigned patients with resectable NSCLC in a 1:1
ratio to receive either RAL or VAL. One of the primary endpoints was 3-year overall survival. Secondary endpoints
included 3-year disease-free survival. The Kaplan—-Meier approach was used to calculate overall survival and
disease-free survival at 3 years. This study was registered with ClinicalTrials.gov, NCT03134534.

Findings A total of 320 patients were randomized to receive RAL (n = 157) or VAL (n = 163). The baseline charac-
teristics of patients were well balanced between the two groups. After a median follow-up of 58.0 months, the 3-year
overall survival was 94.6% (95% confidence interval [CI], 91.0-98.3) in the RAL group and 91.5% (95% CI, 87.2-96.0)
in the VAL group (hazard ratio [HR] for death, 0.65; 95% CI, 0.33-1.28; P = 0.21); noninferiority of RAL was
confirmed according to the predefined margin of —5% (absolute difference, 2.96%; a one-sided 90% CI, -1.39% to
o0; P = 0.0029 for noninferiority). The 3-year disease-free survival was 88.7% (95% CI, 83.6-94.1) in the RAL
group and 85.4% (95% CI, 80.0-91.2) in the VAL group (HR for disease recurrence or death, 0.87; 95% CI,
0.50-1.52; P = 0.62).

Interpretation This study is the first randomized trial to show that RAL resulted in non-inferior overall survival
compared with VAL in patients with resectable NSCLC. Based on our results, RAL is an equally oncologically
effective treatment and can be considered as an alternative to VAL for resectable NSCLC.
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Randomized controlled trial

Research in context

Evidence before this study

We searched PubMed, Embase, Cochrane Library and Web of
Science for relevant publications until December 31, 2023,
using the search terms (“robotic-assisted” or “robotic” or
“robot”) AND ("video-assisted” or “thoracoscopic”) AND
(“lobectomy” or “lobar resection”). The search was limited to
clinical trials, with no language restrictions. Additionally, we
searched for meeting abstracts of the American Society of
Clinical Oncology, American Association for Thoracic Surgery,
European Society of Medical Oncology, and World Conference
on Lung Cancer. Identified published trials included five
studies that compared robotic-assisted lobectomy (RAL)
versus video-assisted lobectomy (VAL) in non-small-cell lung
cancer (NSCLC) patients, which were the RVlob trial, RAVAL
trial, BRAVO trial, ROMAN trial, and another trial conducted
in Italy. These five studies compared the perioperative and
patient-reported outcomes of NSCLC patients receiving RAL
or VAL. However, there were no reports comparing overall
survival in NSCLC patients receiving RAL and VAL.

Introduction
Lung cancer is the leading cause of cancer-related
deaths worldwide." Approximately 85% of lung cancer
is non-small-cell lung cancer (NSCLC).? For early-stage,
resectable NSCLC, anatomical lobectomy and segmen-
tectomy have been the standard mode of surgery since
1960.° Currently, lobectomy is recommended to be done
by minimally invasive techniques, which have been
shown to be associated with fewer postoperative com-
plications, shorter length of hospital stay, less surgical
pain, and better quality of life compared with open
surgery.*® The minimally invasive techniques for lo-
bectomy consist of video-assisted lobectomy (VAL) and
robotic-assisted lobectomy (RAL). With its 3-
dimensional, high-definition view and small-tipped
articulating instruments, the robotic-assisted surgery
provides enhanced maneuverability and dexterity.”
Despite the gaining popularity of robotic-assisted sur-
gery and numerous observational studies, its role and
potential advantages in thoracic surgery have not been
conclusively established.®

The RVlob trial is the first randomized controlled
trial to compare the short-term outcomes and long-term
survival between RAL and VAL for resectable NSCLC. In
our previous report on the short-term outcomes of the
RVlob trial, RAL (compared with VAL) was shown to
have equivalent perioperative outcomes and a higher

Added value of this study

To our knowledge, RVIob is the first randomized trial to show
that RAL resulted in non-inferior overall survival compared
with VAL. Based on our results, RAL is an equally oncologically
effective treatment and can be considered as an alternative to
VAL in NSCLC patients.

Implications of all the available evidence

Our results combined with existing evidence support RAL as
an equally effective treatment method for NSCLC as
compared with VAL. The RAVAL trial, an international, multi-
centered, blinded, randomized trial that compares RAL versus
VAL, is still recruiting patients. One of the secondary
objectives of this study is to compare the 5-year survival data
between the two arms. This trial will provide useful
information and could support our conclusions.

lymph node (LN) yield compared with VAL’ We also
reported similar health-related quality of life (HRQoL)
between the RAL and VAL groups.”® These findings are
consistent with previous studies and meta-analyses
showing comparable perioperative shortterm out-
comes and increased LN harvest by RAL.>'"*

Overall survival (OS) is considered to be the gold
standard endpoint for evaluating lung cancer treatments
in randomized trials.”® Previous retrospective studies
and meta-analyses showed that there were no statisti-
cally significant differences in terms of OS between RAL
and VAL.'*"* However, evidence from prospective,
randomized controlled trials has been lacking. Here, we
report the long-term outcomes of RAL and VAL in the
RVlob trial.

Methods

Ethics statement

The study protocol (see in Supplemental Data) was
approved by the ethics committee of Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine
(approval number, 2017-58). Written informed consent
was obtained from all the patients prior to participation
in the study. This trial was performed in accordance
with the Declaration of Helsinki and the Good Clinical
Practice guidelines.
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Study design and participants

The RVlob trial was a single-center, open-label, parallel-
arm, noninferiority, and randomized controlled trial
comparing RAL with VAL for resectable NSCLC. The
perioperative outcomes and health-related quality of life of
this trial have been previously reported.”® Consolidated
Standards of Reporting Trials (CONSORT) reporting
guideline was followed. The trial was registered at
ClinicalTrials.gov (NCT03134534). Patients were included
if they were aged 18-80 years; had pulmonary masses,
nodules or partial solid ground-glass opacities (GGO)
found in chest computed tomography examination which
were deemed suitable for minimally invasive lobectomy;
had adequate preoperative tests for surgery, such as
routine blood examination, liver function, renal function,
coagulation function, etc; had an American Society of
Anesthesiologists (ASA) score of I-III; could coordinate
the treatment and research and signed the informed
consent form. Patients were excluded if they had preop-
erative pathologically confirmed pulmonary tumors other
than NSCLC, current or former comorbidity with other
malignant tumors, or had received any treatment for
NSCLC before surgery. There were also intraoperative
exclusion criteria which were pathological diagnosis other
than NSCLC on intraoperative frozen section examina-
tion, pleural dissemination detected during surgery, or
intraoperative change of surgical plan. Intraoperative
change of surgical plan is defined as inappropriateness for
minimally invasive lobectomy based on intraoperative
exploration, such as sub-lobar resection for a small lesion
or extensive lung resection for a massive tumor. The
detailed inclusion and exclusion criteria are noted in the
trial protocol in Supplemental Data.

Randomization and masking

Eligible patients were randomly assigned in a 1:1 ratio
to the RAL group and VAL group. Simple randomiza-
tion was conducted with a computer-generated random
numbers table. A designated person in the study team,
who did not take part in the screening of eligible pa-
tients, confirmed the assignments of the patients. As-
signments were then sealed in opaque envelopes,
which were opened by the surgeons when having
preoperative discussion. The study was not blinded
after randomization.

Interventions

RAL was performed using a da Vinci S/Si surgical robot
(Intuitive Surgical, Inc, Santa Clara, CA) through five
ports, while VAL was performed through a 4-cm inci-
sion in the fifth intercostal space (ICS) at the anterior
axillary line. When necessary, an additional auxiliary
port was placed in the sixth or eighth ICS at the mid-
axillary line. All surgical instruments were inserted
through the incision without spreading the ribs.” The
resection of lymph nodes in this study was performed
en bloc. A minimum of three N2 stations were dissected
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for all the patients. All surgeries were performed by the
same surgical group headed by an experienced surgeon
(Hecheng Li), who had an experience of more than 100
cases of both RAL and VAL before this study was star-
ted. The representative videos of RAL and VAL are
available in Supplemental Videos 1 and 2, respectively.
For postoperative management, enhanced recovery after
surgery was implemented in both groups, and rehabil-
itation therapists were involved.”

The staging of the patients was in accordance with
the 8th edition of the TNM classification for lung can-
cer.” Adjuvant therapy was recommended for patients
with high-risk pathological stage IB and pathological
stage IIA or higher stages.’’ High-risk factors included
poorly differentiated tumors (including lung neuroen-
docrine tumors [excluding well-differentiated neuroen-
docrine tumors]), vascular invasion, visceral pleural
involvement. The choice of regimen and treatment
duration was at the discretion of the treating oncologist.

Outcomes

One of the primary endpoints was 3-year OS. The 3-year
OS was defined as the percentage of patients who were
still alive 3 years after randomization. The secondary
endpoints included 3-year disease-free survival (DFS),
rate of RO resection, duration of surgery, intraoperative
blood loss, conversion rate, postoperative hospital stay,
incidence of postoperative adverse events, and medical
costs. Postoperative complications were evaluated using
the Clavien-Dindo classification system.*

A minimum follow-up of 36 months was required
for each patient after surgery. Postoperative follow-up
was conducted at 6-month intervals until patient death
or the completion of the study. Measurement of tumor
markers, chest X-ray, and chest computed tomography
were performed at least every 6 months during the first
2 years and at least every 12 months thereafter.

Statistical analysis

Based on our previous clinical observations and published
literature, we anticipated a 3-year OS of 81.5% for patients
undergoing RAL. In comparison, the 3-year OS for pa-
tients in the conventional VAL group was estimated to be
74%.%* A sample size of 136 patients per group was
determined to achieve 80% power with a -5% non-
inferiority margin and a two-sided significance level of 5%.
For the other primary endpoint of LN dissection, 138 pa-
tients per group were required, assuming one additional
LN dissected in the robot-assisted group with a standard
deviation of 5'**** and a noninferiority margin of —0.5,
with a significance level and power set at the same values.
To account for a potential 10% loss to follow-up, the final
sample size was increased to 150 patients per group.

An intention-to-treat analysis was performed. For the
dual primary outcomes, the Bonferroni-correction was
used wherein the one-sided significance levels of 0.05
and 0.05 were allocated to the primary comparison of 3-
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year OS and the extent of LN dissection, respectively. A
one-sided 90% confidence interval (CI) of 3-year OS was
calculated to decide the non-inferiority. All other ana-
lyses of DFS and secondary outcomes were performed
using conventional 2-tailed tests with a = 0.05 and with
2-sided 95% ClIs. The categorical and continuous vari-
ables were compared using IBM SPSS Statistics (version
22). For categorical variables, we utilized Pearson Chi-
squared test or Fisher exact test to compare the two
groups. For 2 x 2 contingency tables, Pearson Chi-
squared test is used when the minimum expected fre-
quency is no less than 5 and the sample size is no less
than 40. When the minimum expected frequency is less
than 5 and no less than 1 and the sample size is no less
than 40, the Pearson Chi-squared test with Yates’ con-
tinuity correction was used. Fisher’s exact test was used
when the minimum expected frequency was less than 1
or the sample size was less than 40. For tables with
larger dimensions than 2 x 2, when more than 20% of
cells have expected frequencies <5 or at least one cell has
an expected frequency <1, Fisher’s exact test was used.
Otherwise, Pearson Chi-squared test was used. The
Kolmogorov-Smirnov test was used to test the normality
of continuous variables. A P-value larger than 0.05 was
considered as compliance to the normal distribution.
For continuous variables that followed a normal distri-
bution, they were presented as mean + standard devia-
tion, and the Student’s t-test was used for comparison.
In cases of noncompliance with the normal distribution,
continuous variables were presented as medians (inter-
quartile range [IQR]) and compared using the Wilcoxon
rank-sum test between the groups. The GraphPad Prism
(version 8.0.0) was used to calculate the log-rank P-value
and hazard ratio (HR). The R package of survminer
(version 0.4.9) was used to draw the survival curves. The
Kaplan—-Meier approach was used to calculate OS and
DFS at 1, 2, 3, 4, and 5 years through the R package of
survival (version 3.4-0). Exploratory subgroup analyses
were performed to assess the treatment effect according
to patient’ characteristics. The R package of forestploter
(version 1.1.1) was used to draw the forestplot of sub-
group analysis.

Role of the funding source

The funders had no role in the design and conduct of
the study; collection, management, analysis, and inter-
pretation of the data; preparation, review, or approval of
the manuscript; and decision to submit the manuscript
for publication. All authors had full access to the dataset.
The corresponding authors had final responsibility for
the decision to submit for publication.

Results
Patients
Between May 2017 and May 2020, 381 patients were
evaluated, and 363 patients were enrolled for

randomization. Forty-three patients were further
excluded before or during surgery due to withdrawal of
consent (10/43, 23.3%), pathological results other than
NSCLC on intraoperative frozen section (28/43, 65.1%),
and intraoperative change in the surgical plan (5/43,
11.6%, mostly changed to segmentectomy). Ultimately,
320 patients were enrolled in this study and were
randomly assigned to the RAL (n = 157) or VAL group
(n = 163) (Fig. 1). Baseline characteristics have been
previously published”'* and were well balanced between
the two groups (Table 1). Of the 320 enrolled patients,
157 (49.1%) patients were men, 188 (58.8%) patients
were aged 60 years or older, 282 (88.1%) patients had
adenocarcinoma, and 265 (82.8%) patients had patho-
logical stage I disease (eighth TNM classification). There
were three cases of sleeve lobectomies in the VAL group
while no sleeve lobectomy was performed in the RAL
group. Of the patients with available data, 16.7% (24/
144) patients in the RAL group and 18.8% (29/154)
patients in the VAL group received adjuvant therapy
after surgery. The details of adjuvant therapy are
described in Supplemental Table S1. At the data-cutoff
date for the final analysis (August 27, 2023), 305 pa-
tients were available for analysis of OS while 296 pa-
tients were available for analysis of DFS (Fig. 1).

Overall survival

The median follow-up for OS was 61.0 months (range,
6-74) in the RAL group and 57.0 months (range, 1-74)
in the VAL group. In the patients with available survival
data, 33 deaths had occurred (13 in the RAL group and
20 in the VAL group). The causes of death among these
patients are summarized in Table 2.

The 3-year OS was 94.6% (95% CI, 91.0%-98.3%) in
the RAL group and 91.5% (95% CI, 87.2%-96.0%) in
the VAL group (Fig. 2A). Noninferiority of RAL was
confirmed according to the predefined margin of —5%
(absolute difference, 2.96%; a one-sided 90%
CI, -1.39% to oo; P =0.0029 for noninferiority), and the
cumulative probability of death is shown in
Supplemental Fig. S1. The HR for death was 0.65 (RAL
versus VAL; 95% CI, 0.33-1.28; P = 0.21; Fig. 2A). The
5-year OS was 90.7% (95% CI, 86.0%-95.7%) in the
RAL group and 86.3% (95% CI, 80.7%-92.3%) in the
VAL group. The median OS was not reached in both
groups. In the post hoc subgroup analysis, no signifi-
cantly improved OS was observed in any subgroup
(Supplemental Fig. S2). The OS for all patients and
patients stratified by surgery type are summarized in
Supplemental Table S2.

Disease-free survival

In the patients with active follow-up, 52 patients had
recurrences (25 in the RAL group and 27 in the VAL
group). Recurrence patterns and sites of the first
recurrence are listed in Supplemental Table S3. The
total recurrence pattern, including patients who had

www.thelancet.com Vol 74 August, 2024


http://www.thelancet.com

Articles

381 Patients assessed for eligibility

18 Excluded
14 Comorbidity with other malignant tumors

3 Unsuitable for minimally invasive lobectomy
1 Benign tumor

181 Randomized to RAL group

363 Randomized

182 Randomized to VAL group

24 Excluded
7 Withdrew consent
11 Benign tumor
2 Changes of surgical plan
3 Small-cell lung cancer

1 Lymphoepithelioma-like carcinoma

19 Excluded
3 Withdrew consent
»| 12 Benign tumor
3 Changes of surgical plan
1 Typical carcinoid

Y
157 Included in the analysis of
perioperative outcomes

y

163 Included in analysis of
perioperative outcomes

15 Missed visit for
disease-free survival

8 Missed visit for
overall survival

9 Missed visit for
disease-free survival

7 Missed visit for
overall survival

/ AN

o

142 Included in the disease-
free survival analysis

149 Included in the overall
survival analysis

154 Included in the disease-
free survival analysis

156 Included in the overall
survival analysis

Fig. 1: Study enrollment and outcomes. RAL, robotic-assisted lobectomy; VAL, video-assisted lobectomy.

locoregional or distant recurrence alone plus those who
had both, was similar in the RAL and VAL groups.

There was no significant difference in DFS between
the two groups (HR for disease recurrence or death,
0.87; 95% CI, 0.50-1.52; P = 0.62; Fig. 2B). DFS at 3
years was 88.7% (95% CI, 83.6%-94.1%) in the RAL
group and 85.4% (95% CI, 80.0%-91.2%) in the VAL
group; at 5 years, the DFS rate was 83.7% (95% CI,
77.7%-90.3%) for RAL and 82.5% (95% CI, 76.6%—
88.8%) for VAL (Fig. 2B). No significant differences of
DFS were observed among subgroups in the post hoc
analysis (Supplemental Fig. S3). The DFS for all pa-
tients and patients stratified by surgery types are
summarized in Supplemental Table S4. The treatment
after recurrence is described in Supplemental
Table S5. Seven patients in the RAL group and 9 pa-
tients in the VAL group did not receive further treat-
ment after recurrence.

Discussion

In the present study, we found RAL resulted in non-
inferior OS and similar DFS at 3 years in patients
with resectable NSCLC, as compared with VAL. This
prospective, randomized controlled trial is, to the best of
our knowledge, the first to report the long-term

www.thelancet.com Vol 74 August, 2024

outcomes in resectable NSCLC patients undergoing
RAL and VAL

Video-assisted thoracoscopic surgery (VATS) has
been well established for the resection of NSCLC, owing
to the improved early outcomes compared with thora-
cotomy, such as less postoperative pain, shorter length
of hospital stay, better respiratory function preservation,
and better quality of life.** The robotic-assisted thor-
acoscopic surgery (RATS) technique is considered an
evolution of the VATS approach for pulmonary resec-
tion. In addition to improved perioperative outcomes,
both VATS and RATS have been shown to have similar
long-term survival compared with thoracotomy.***¢ The
current trial found that the 3-year OS in the RAL group
(94.6%) was non-inferior to that in the VAL group
(91.5%), using 5% as the noninferiority margin. There
are potential advantages of robotic technology, such as
the visualization, instrument articulation, and ergo-
nomic benefits.” If the 3-year OS and perioperative
outcomes of robotic-assisted lobectomy (RAL) were not
inferior to those achieved by video-assisted lobectomy
(VAL), we would consider RAL as an alternative to VAL
for the treatment of resectable NSCLC. Therefore, we
hypothesized non-inferiority of RAL compared with
VAL in this study. With a long period of follow-up and
comprehensive data analysis, the results of this study
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Characteristic RAL (n = 157) VAL (n = 163) P value RAL (n = 149) VAL (n = 156)
Sex, No. (%) 0.44 Total death 13 20
Male 1 (51.6) 76 (46.6) Lung cancer death 10 13
Female (48 4) 87 (53.4) Other death 0 4
Age [year], median (IQR) 61 (54-66) 62 (53-68) 0.29 Respiratory disease 0 3
BMI [kg/mz], median (IQR) 23.4 (21.7-25.6) 22.9 (21.4-24.4) 0.054 Accident 0 1
Smoking status, No. (%) 0.62 Unknown 3 3
Smoker 110 (70.1) 110 (67.5) Thirty-three patients died during follow-up period. RAL, robotic-assisted
Never smoked 47 (29.9) 53 (32.5) lobectomy; VAL, video-assisted lobectomy. At median follow-up of 58.0
Nodule type, No. (%) 034 months (range, 1-74).
:/:JredGZZO 32 EB'G; = Elg‘gz Table 2: Summary of causes of death during follow-up.”
ixe 46 (29.3 42 (25.
Solid 74 (47.3) 90 (55.2)
cTNM staging, No. (%) 0.10 . .
AL 2 (140) 23 (41) respectively, compared to 91.5% and 86.3% in the VAL
A2 75 47.8) 58 (35.6) group (Supple@ental Tal?le S2). In all the enrolled pa-
A3 26 (16.6) 46 (282) tients with available survival data, the.: 3-year and 5-year
B 1 7.0) 12 (.4) surv1va'1 were 93.0% and.88.5%. This compares favor-
A 1006) 5G31) ably with ranges of previously reported 5-year OS for
B 9(57) 7 43) RAL (77%—80%)"*‘**‘9 and for VAL (7.3.5%3—74.9%).“““
WA 5 63) 2 7.4) The rel.atlvely high rate.of survival in this study may
STNM staging, No. (%) 089 be attributed to following factors. First, nearly half
@ 2(3) 31 (06) nodules 48.8% .(15§/3.20) had the presence of a GGO
- 40 (25.5) 39 (23.9) component, Wthh indicates bette‘r prognosis.*! Sec.ond,
- 67 (427) 59 (36.2) a high proportion of pathological stage I patients
A3 15 (9.6) 20(123) (82.8%, 265/320), §maller tumors (median, 1.5 cm), and
- 2 (76) 13 89) fewer. cases of LN involvement (11.9%,.38/ 3.20) may also
1A 39 6 (37) cpntrlbute to the favorable outcomes in this s:tudy. Be-
. o) - sides, the.pathology of 88.1% (282/320) patients was
m 10/(54) 14 86) adenocarcinoma. Squamousjcell carcinoma took up
- 1(06) e 9..4% (30/320). Large cgll carcinoma, which is associated
Histological type, No. (%) 036 with a poorer prognosis, constituted (?nly 0.9% (3/320)
Adenocarcinoma 141 (89.8) 141 (86.5) of the total cases. The OS was also hlghgr than we ex-
Non-adenocarcinoma 16 (102) 2 (135) pecte.d \_Vhen we calculated our sample size. The non-
Tumor location®, No. (%) e inferiority of R{%L was confirmed accordlpg to our
Left lower lobe 1(134) 2 (135) predefined margin, but the h_azgrds of degth in the RAL
Left upper lobe 6 22.9) 5 (215) anq VAL groups were not sgmﬁcanﬂ}{ dlfferent. It re-
Right lower lobe 1 (134) 2 (135) mains unknf)wr.l whethgr this separation will become
Right middle lobe (16 6) (17.8) statistically significant w1th'a longer period of follow-up.
Right upper lobe 3(338) 57 (35.0) The: present gtl_ldy provides the lor}g-term outhmes
Operation time [min], median (IQR) 110 (95-140) 120 (975-150) 025 of patients receiving RAL or VAL in a randomized
Blood loss [mL], median (IOR) 00 (50-100) 00 (50-150) 0.036 controlled trial. However, this study also has some lim-
Conversion to thoracotomy, No. (%) 7 (45) 9 (5.5) 086 itations, which should be considered when interpreting
Postoperative hospital stay [d], median (IQR) 4 (4-5) 5 (4-5) 076 these data. First, when we were calculating the sample
Postoperative complications, No. (%) 3 (14.6) 30 (18.4) 0.45 size, the significance level was one-sided 5% while we
Clavien-Dindo I-II 8 (11.5) 24 (147) 0.49 claimed that it was a two-sided significance level of 5% in
Clavien-Dindo III-IV 532) 6(37) 0,99 the study protocol. Moreover, we did not consider the

BMI, body mass index; GGO,

bilobectomy in the video-assisted lobectomy group.

ground-glass opacity; IQR, interquartile range. “Two patients underwent

Table 1: Patient clinicopathological characteristics and perioperative outcomes.

will add to the evidence that RATS provided similar
oncological efficacy as VATS.

This study reported an excellent survival rate in the
RAL group of 94.6% and 90.7% at 3 years and 5 years,

multiplicity adjustment when calculating the sample
size. Since this flaw was made in the protocol, this study
is actually designed using a one-sided significance level
of 10%. Second, this study was conducted at a high-
volume clinical center. The single-center nature of this
study makes it less persuasive than a multi-center clin-
ical trial. Also, the results may not extent to surgeons
with less intensive training. Currently, there are another
two ongoing multi-centered, randomized controlled tri-
als to compare RATS versus VATS (RAVAL trial,*
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Fig. 2: Kaplan-Meier estimates of overall survival (A) and disease-free survival (B). HR, hazard ratio; RAL, robotic-assisted lobectomy; VAL, video-

assisted lobectomy.

NCT02617186; RAVAR trial, ChiCTR2000034737), the
results of which may provide further corroboration.
Third, the patients enrolled in this study are mainly
pathological stage I patients. The generalizability of these
findings to patients with stage II or III NSCLC remains
undefined. Fourth, there were more pathological stage II
or III NSCLC patients in the VAL group than in the RAL
group (21 in RAL group, 31 in VAL group). This may
affect the comparison of OS between the two groups.
Fifth, we excluded patients who received sublobar re-
sections. As more early-staged NSCLC is being discov-
ered, sublobar resections are getting more popular. The
role of RATS sublobar resections is still undefined.
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In conclusion, we report the long-term outcomes of
the RVlob randomized controlled trial comparing RAL
and VAL in the treatment of resectable NSCLC. Among
patients with resectable NSCLC, RAL resulted in non-
inferior OS at 3 years compared with VAL. Based on
our results, RAL is an equally oncologically effective
treatment and can be considered as an alternative to
VAL.
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