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INTRODUCTION

Non-small-cell lung cancer (NSCLC), the main subtype of
lung cancer, remains one of the deadliest cancers worldwide."
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Abstract

Background: The effectiveness of robotic-assisted lobectomy (RAL) for patients with
non-small-cell lung cancer (NSCLC) has not been fully evaluated.

Methods: This retrospective study compared the perioperative outcomes of NSCLC
patients who underwent RAL and video-assisted lobectomy (VAL) using propensity
score matching (PSM) analysis. Subgroup analyses were then performed.

Results: A total of 822 NSCLC patients (359 RAL cases and 463 VAL cases) were
included, and there were 292 patients in each group after PSM. Compared with the
VAL group, the RAL group had a significantly higher number of lymph nodes (LNs)
harvested (10 vs. 8, p < 0.001) and more LN stations examined (6 vs. 5, p < 0.001).
The operative duration (95 minutes vs. 115 minutes, p < 0.001) and intraoperative
estimated blood loss (65 mL vs. 80 mL, p < 0.001) were significantly reduced, and
the drainage volume on postoperative day (POD) 1 (240 mL vs. 200 mL, p < 0.001)
and hospitalization costs (¥81084.96 vs. ¥66142.55, p < 0.001) were significantly
higher in the RAL group. Subgroup analysis indicated that the incidence of postop-
erative complications (17.9% vs. 26.7%, p = 0.042) was significantly reduced in the
RAL group for overweight and obese patients (body mass index [BMI] >24 kg/m?),
which became insignificant in the BMI < 24 kg/m* subgroup (31.0% vs. 24.8%,
p = 0.307).

Conclusion: RAL might have potential advantages in terms of lymph node assess-
ment, reducing intraoperative blood loss, and shortening operation duration. Over-
weight and obese patients could benefit more from RAL because of reduced risk of
postoperative complications.

KEYWORDS
non-small-cell lung cancer, perioperative outcomes, propensity score matching analysis, robotic-assisted
lobectomy, video-assisted lobectomy

Although NSCLC usually requires multidisciplinary and sys-
tematic treatment, radical surgical resection remains the stan-
dard for diagnosis, treatment, and staging. Lobectomy is still
the mainstay of surgical treatment for patients with early-stage
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NSCLC and even for those with advanced-stage NSCLC.> Min-
imally invasive lobectomy, such as video-assisted lobectomy
(VAL), has been proven to be feasible and oncologically
acceptable compared with conventional thoracotomy.” As an
emerging minimally invasive technique for lobectomy, robotic-
assisted lobectomy (RAL) has gradually become a prevalent
surgical method for patients with NSCLC.

Since the first RAL was reported by Melfi et al.* in 2002,
the use of robotic-assisted thoracoscopic surgery has been
widely applied in other aspects of thoracic surgery.”®
Compared with video-assisted thoracoscopic surgery,
robotic-assisted systems can provide surgeons with many
advantages, including naked eye three-dimensional
(3D) imaging with 10 to 15 times magnification, 360°
rotating mechanical arms with a reduction in hand-
related tremors and better maneuverability, improved
dexterity, and greater comfort.”® Although there has
been a recent increase in the popularity and research on
robot-assisted surgery, its effectiveness in thoracic sur-
gery remain controversial. Several studies have indicated
that RAL may have potential advantages in lymph node
dissection, reducing intraoperative blood loss and the
incidence of postoperative complications and shortening
the length of drainage and postoperative hospitalization
stay.”'® Other studies have demonstrated that RAL
exhibits similar effects compared with VAL in terms of
perioperative outcomes and long-term survival.'"'?
Given the heterogeneity in previous studies, we intend to
evaluate our institutional outcomes.

The aim of this study was to compare the perioperative
outcomes in a large cohort of NSCLC patients who under-
went RAL and VAL using propensity score matching (PSM)
analysis, determine whether RAL is superior to VAL in the
surgical treatment of NSCLC and explore which group of
people would benefit more from RAL.

METHODS
Patient selection

A prospectively maintained departmental database of Qilu
Hospital of Shandong University was retrieved for patients
who underwent a lobectomy for NSCLC from September
2020 to December 2021. The inclusion criteria were NSCLC
patients ages =18 years who underwent lobectomy with
detailed medical records. Patients who underwent multiple
lobectomies or lobectomies after prior pulmonary resec-
tions, patients who received preoperative neoadjuvant
radiotherapy and chemotherapy, patients with a history
of lung surgery, and patients with postoperative patholog-
ically confirmed benign lesions were excluded from our
study. This retrospective study was approved by The
Institutional Review Board of the Qilu Hospital of Shan-
dong University (registration no. KYLL-2020027), and all
patients provided informed consent for the use of their
clinical information.

Data collection and variable definitions

The following clinical data of NSCLC patients were collected
from the database of Qilu Hospital: age, sex, smoking his-
tory, body mass index (BMI), percentage of predicted value
for forced expiratory volume in 1 second (FEV1% pre-
dicted), American Society of Anesthesiologists (ASA) score,
operative approach (RAL or VAL), resected lobe, operation
duration, estimated blood loss, total number of dissected
lymph node (LN), postoperative drainage volume, day of
chest tube removal, postoperative numerical rating scale
(NRS) pain score, postoperative complications, postopera-
tive length of stay (LOS), total cost of hospitalization, and
pathological information. The choice of surgical approach
mainly depends on the patients’ acceptance of robotic-
assisted surgery. Based on good preoperative communica-
tion with the patients, the patients chose the surgical
method independently. The clinical stages were assessed by
two experienced thoracic surgeons based on the patient’s
preoperative findings, including computed tomography
(CT), positron emission tomography (PET)-CT, Tc-99 m
bone scan, and endobronchial ultrasound transbronchial
needle aspirations (EBUS-TBNA). For patients with suspi-
cious LN metastasis (short diameter of LN >1 cm) shown by
contrast-enhanced CT, further PET-CT examination was
performed. EBUS-TBNA was performed for patients who
were expected to obtain LN pathology by biopsy to further
define N staging. Pathological stages were estimated accord-
ing to the pathologic tumor-node-metastasis (TNM) system
(International Union Against Cancer Staging System, 8th
edition). Tumor size was defined as the maximum tumor
diameter. Postoperative complications were classified
according to the Clavien-Dindo classification,"” including
pneumonia, persistent air leak (PAL), chylothorax, and
arrhythmia. Air leaks for more than five consecutive days
were defined as PAL. The volume of postoperative drainage
was recorded by the nurse at 6:00 am every day after the
operation. The NRS pain score was evaluated by the nurse
at 24, 48, and 72 hours after surgery and was defined as the
postoperative day (POD) 1, 2, and 3 NRS score.

Operative procedures

All of the surgeries were performed by three qualified surgeons
in a single operation group. The patients in both groups under-
went intravenous inhalation combined with anesthesia, and
they were lying on the contralateral side with shoulder pads on
the chest and adjusted to the folding knife position to increase
the width of the intercostal space to fully reveal the hilar struc-
ture of the lung. VAL was performed using standard thoraco-
scopic techniques with two conventional incision operations:
one 3 cm auxiliary operative incision at the 4th intercostal
space (ICS) between the anterior axillary line and midclavicular
line (3rd ICS for upper and middle lobectomy) and one cam-
era port at the 6th or 7th ICS posterior axillary line. RAL was
performed using the fourth-generation Da Vinci surgical
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system with a four-port approach. The camera port was
selected ~2 cm posterior to the seventh ICS posterior axillary
line, the sixth ICS midaxillary line and 8th ICS subscapular line
were the manipulator ports (the interval between the three
holes was ~8 cm), and the position of the auxiliary operative
incision was approximately the same as that of the VAL. Sys-
tematic hilar and mediastinal LN dissection were routinely per-
formed according to the National Comprehensive Cancer
Network (NCCN) guidelines,14 and the station and the num-
ber of dissected LNs were marked. The disconnection of blood
vessels and bronchi was completed by assistants with experi-
ence in thoracoscopy through auxiliary incision, and 1 or
2 chest tubes were placed after the operation depending on sur-
geon performance.

Postoperative management

All patients received postoperative analgesia with an analge-
sic pump, and the intravenous use of nonsteroidal anti-
inflammatory drugs three times a day was applied for pain
relief. The chest tube could be removed if there was no
pneumonia, subcutaneous emphysema or pneumothorax
with daily drainage less than 200 mL. A digital continuous

negative pressure drainage device with a negative pressure
range of 6 to 10 cm water column was used for patients with
persistent air leaks or poor lung re-expansion. All patients
in this study were managed using an enhanced recovery
after surgery program.

Propensity score matching

To increase accuracy in between-group comparisons, a 1:1
PSM analysis was applied to ensure an even distribution of
confounders between two groups. R Project software (v4.1.1;
http://www.R-project.org) was used to calculate the propen-
sity score with a multivariate logistic regression model. The
variables used to determine PSM were age, sex, BMI, smok-
ing history, FEV1% predicted, ASA score, histology type,
tumor size and pathological TNM (pTNM) stage, and the
caliper size was selected as 0.01.

Statistical analysis

Categorical variables were compared using the Pearson y’
test or Fisher’s exact test. Normally distributed continuous

(n=1,028)

September 2020 - December 2021
Minimal Invasive Lobectomy performed at
Qilu Hospital of Shandong University

206 patients excluded

Multilobe resected (n=60)
History of lung surgery (n=7)
Neoadjuvant therapy (n=21)

Benign tumor (n=63)
Lobectomy after prior pulmonary
resections (n=47)

(n=822)

Patients inlcuded for further analysis

Missing information (n=8)

Robotic-assisted Lobectomy
(n=359)

l

Video-assisted Lobectomy
(n=463)

l

Propensity score matching: Age, Gender, Smoking history, BMIL, ASA score, FEV1% predicted,
Histology, Tumor size, pTNM stage

Robotic-assisted Lobectomy
(n=292)

FIGURE 1
percentage of predicted value for forced expiratory volume in 1 s.

:

Video-assisted Lobectomy
(n=292)

Flow diagram of patient selection through the study. ASA, American Society of Anesthesiologists; BMI, body mass index; FEV1% predicted,
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TABLE 1 Baseline characteristics of NSCLC patients before and after PSM
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Before PSM After PSM
Characteristics RAL (n = 359) VAL (n = 463) P RAL (n = 292) VAL (n = 292) P
Age (y), median (IQR) 58 (52-65) 60 (53-66) 0.174 59 (54-65) 59 (53-65) 0.854
Sex, No. (%) 0.125 0.738
Female 187 (52.1) 266 (57.5) 164 (56.2) 168 (57.5)
Male 172 (47.9) 197 (42.5) 128 (43.8) 124 (42.5)
BMI (kg/mz), mean + SD 24.86 + 3.09 25.05 + 3.10 0.376 25.08 £ 3.05 24.95 £ 2.97 0.592
Smoking history, No. (%) 0.253 0.712
Non-smoker 241 (67.1) 328 (70.8) 209 (71.6) 213 (72.9)
Smoker 118 (32.9) 135 (29.2) 83 (28.4) 79 (27.1)
FEV1% predicted, mean + SD 103.63 £ 16.96 104.43 £ 16.45 0.495 104.71 £ 16.76 104.23 £ 15.67 0.723
ASA score, No. (%) <0.001%* 0.870
I 46 (12.8) 29 (6.3) 21(7.2) 18 (6.2)
II 310 (86.4) 414 (89.4) 270 (92.5) 273 (93.5)
11T 3(0.8) 20 (4.3) 1(0.3) 1(0.3)
No. of malignant lesions, No. (%) 0.439 0.654
1 334 (93.0) 424 (91.6) 269 (92.1) 266 (91.1)
22 25 (7.0) 39 (8.4) 23(7.9) 26 (8.9)
Resected lobe, No. (%) 0.437 0.674
RUL 120 (33.4) 160 (34.6) 102 (34.9) 105 (36.0)
RML 52 (14.5) 48 (10.4) 42 (14.4) 31 (10.6)
RLL 74 (20.6) 92 (19.9) 59 (20.2) 59 (20.2)
LUL 58 (16.2) 84 (18.1) 46 (15.8) 54 (18.5)
LLL 55 (15.3) 79 (17.1) 43 (14.7) 43 (14.7)
Histology, No. (%) 0.404 0.493
Adenocarcinoma 325 (90.5) 426 (92.0) 267 (91.4) 273 (93.5)
Squamous cell carcinoma 27 (7.5) 33(7.1) 20 (6.8) 17 (5.8)
Other 7 (L.9) 4(0.9) 5(1.7) 2(0.7)
Tumor size (cm), median (IQR) 1.9 (1.3-2.6) 1.8 (1.3-2.5) 0.116 1.8 (1.2-2.5) 1.8 (1.2-2.3) 0.401
pTNM stage, No. (%) 0.038* 0.698
I 294 (81.9) 405 (87.5) 261 (89.4) 259 (88.7)
i 30 (8.4) 34 (7.3) 20 (6.8) 18 (6.2)
I 34 (9.5) 24 (5.2) 11 (3.8) 15 (5.1)
v 1(0.3) 0 0 0

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; FEV1% predicted, percentage of predicted value for forced expiratory volume in 1 second; IQR,
interquartile range; LUL, left upper lobe; LLL, left lower lobe; NSCLC, non-small cell lung cancer; PSM, propensity score matching; RAL, robotic-assisted lobectomy; RLL, right
lower lobe; RML, right middle lobe; RUL, right upper lobe; VAL, video-assisted lobectomy. *p < 0.05.

variables are presented as the mean =+ standard deviation
(SD), and Student’s ¢ test was used for comparisons. For
continuous variables that were not normally distributed,
data are presented as the median (interquartile range [IQR])
and were compared by the Mann-Whitney U test between
the groups. The test level between the two groups was set at
o = 0.05 (bilateral), and a two-sided p < 0.05 was considered
statistically significant. Subgroup analyses were performed
for the perioperative outcomes according to the number of
LNs dissected and BMI ranges. R Project software (v4.1.1;
http://www.R-project.org) was used for PSM, and SPSS soft-
ware v25.0 (SPSS) was used for further data analysis.

RESULTS
Patient characteristics

The procedure for the identification and selection of the rel-
evant patients is illustrated in Figure 1. Ultimately, a total of
822 NSCLC patients (359 RAL patients and 463 VAL
patients) were included for analysis. The characteristics of
the patients before and after PSM are presented in Table 1.
Before matching, the patients who underwent VAL and
RAL were comparable in age, sex, height, weight, BMI,
FEV1% predicted, smoking history, resected lobe, number
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TABLE 2 Perioperative outcomes of RAL and VAL after PSM
Perioperative outcomes RAL (n =292) VAL (n =292) ?
Operation duration (min), median (IQR) 95 (75-115) 115 (90-135) <0.001*
Estimated blood loss (mL), median (IQR) 65 (50-80) 80 (70-95) <0.001*
Conversion to thoracotomy, No. (%) 1(0.3) 2(0.7) 1.000
No. of LNs, median (IQR) 10 (7-13) 8 (6-11) <0.001*
No. of LN stations, median (IQR) 6 (5-6) 5 (5-6) <0.001*
Nodal upstaging, No. (%) 11 (3.8) 13 (4.5) 0.677
Upstage, No. (%)
eNO to pN1 7 (2.4) 6(2.1) 0.779
cNO to pN2 2(0.7) 5(1.7) 0.450
cN1 to pN2 2(0.7) 2(0.7) 1.000
Chest tube drainage (mL), median (IQR)
Postoperative day 1 240 (180-320) 200 (120-300) <0.001*
Postoperative day 2 220 (160-300) 210 (140-300) 0.474
Postoperative day 3 160 (100-218) 160 (100-200) 0.380
Chest tube removal (d), median (IQR) 4 (3-5) 4 (3-5) 0.077
NRS, median (IQR)
Postoperative day 1 3(3-3) 3(3-3) 0412
Postoperative day 2 3(3-3) 3(3-3) 0.243
Postoperative day 3 3(2.25-3) 3(2-3) 0.311
Postoperative complications, No. (%) 67 (22.9) 76 (26.0) 0.386
Severity grade of complications, No. (%)
Clavien-Dindo I 25 (8.6) 23 (7.9) 0.763
Clavien-Dindo IT 36 (12.3) 42 (14.4) 0.465
Clavien-Dindo III 5(1.7) 9(3.1) 0.279
Clavien-Dindo IV 1(0.3) 2(0.7) 1.000
Clavien-Dindo >III 6(2.1) 11 (3.8) 0.218
Frequent complications, No. (%)
Persistent air leaks 50 (17.1) 53 (18.2) 0.745
Pneumonia 16 (5.5) 25 (8.6) 0.145
Chylothorax 12 (4.1) 11 (3.8) 0.832
Arrhythmia 11 (3.8) 7 (2.4) 0.338
Readmission, No. (%) 1(0.3) 0 1.000
Postoperative LOS (d), median (IQR) 5(4-7) 5(4-7) 0.399
Hospitalization cost (¥), median (IQR) 81084.96 (74885.11-89728.40) 66142.55 (59300.81-73590.23) <0.001*

Abbreviations: IQR, interquartile range; LN, lymph node; LOS, length of stay; NRS, numerical rating scale; RAL, robotic-assisted lobectomy; VAL, video-assisted lobectomy.

*p < 0.05.

of malignant lesions, histology type, and tumor size. How-
ever, there was a significant difference in ASA score
(p <0.001) and pTNM stage (p = 0.038) between the two
groups. After PSM, 584 cases (292 RAL cases and 292 VAL
cases) were included for further analysis, and there were no
significant differences in any variables.

Perioperative outcomes

A comparison of the perioperative outcomes of the patients
who underwent RAL or VAL after PSM is presented in

Table 2. There was a significant difference in operation
duration (95 minutes [IQR, 75-115] vs. 115 minutes [IQR,
90-135], p < 0.001) and estimated blood loss (65 mL [IQR,
50-80] vs. 80 ml [IQR, 70-95], p < 0.001). The drainage vol-
ume on POD1 (240 mL [IQR, 180-320] vs. 200 mL [IQR,
120-300], p < 0.001) and hospitalization cost (¥81084.96
[IQR, 74885.11-89728.40] vs. ¥66142.55 [IQR, 59300.81-
73590.23], p <0.001) were significantly increased in the
RAL group. However, there were no significant differences
in the rate of conversion to thoracotomy (0.3% vs. 0.7%,
p > 0.99), drainage volume on POD2 (220 mL [IQR, 160-
300] vs. 210 mL [IQR, 140-300], p = 0.474) and POD3
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TABLE 3 Subgroup analysis of perioperative outcomes between RAL and VAL according to BMI ranges after matching

BMI <24 kg/m*

BMI >24 kg/m”

Perioperative outcomes RAL (n = 113) VAL (n = 105) P RAL (n = 179) VAL (n = 187) P
Operation duration (min), median (IQR) 90 (70-110) 105 (80-125) 0.001* 95 (80-120) 120 (90-140) <0.001*
Estimated blood loss (mL), median (IQR) 65 (50-75) 80 (65-90) <0.001* 70 (50-85) 85 (75-100) <0.001*
No. of LNs, median (IQR) 10 (7-12.5) 8 (6-10) 0.003* 10 (8-14) 9 (6-12) <0.001*
No. of LN stations, median (IQR) 6 (5-6) 5 (5-6) 0.008* 6 (5-6) 6 (5-6) 0.002*
Nodal upstaging, No. (%) 2(1.8) 2(1.9) 1.000 9 (5.0) 11 (5.9) 0.719
Chest tube drainage (mL), median (IQR)
Postoperative day 1 230 (160-300) 200 (120-280) 0.010* 240 (190-330) 200 (140-300) 0.001*
Postoperative day 2 200 (120-280) 210 (140-305) 0.546 220 (180-300) 210 (140-300) 0.142
Postoperative day 3 150 (100-200) 160 (82.5-200) 0.707 165 (110-220) 160 (100-200) 0.135
Chest tube removal (d), median (IQR) 4 (3-7) 4 (3-6) 0.619 4 (3-5) 4 (3-5) 0.065
Postoperative complications, No. (%) 35 (31.0) 26 (24.8) 0.307 32 (17.9) 50 (26.7) 0.042*
Severity grade of complications, No. (%)
Clavien-Dindo I 15 (13.3) 7 (6.7) 0.106 10 (5.6) 16 (8.6) 0.269
Clavien-Dindo II 15 (13.3) 16 (15.2) 0.678 21 (11.7) 26 (13.9) 0.535
Clavien-Dindo III 4(3.5) 2(1.9) 0.684 1(0.6) 7 (3.7) 0.068
Clavien-Dindo IV 1(0.9) 1(1.0) 1.000 0 1(0.5) 1.000
Clavien-Dindo >III 5 (4.4) 3(2.9) 0.723 1(0.6) 8 (4.3) 0.037*
Frequent complications, No. (%)
Persistent air leaks 29 (25.7) 21 (20.0) 0.320 21 (11.7) 32 (17.1) 0.144
Pneumonia 5(4.4) 10 (9.5) 0.137 11 (6.1) 15 (8.0) 0.485
Chylothorax 6(5.3) 2(1.9) 0.283 6 (3.4) 9 (4.8) 0.481
Arrhythmia 5 (4.4) 1(1.0) 0214 6 (3.4) 6(3.2) 0.939
Postoperative LOS (d), median (IQR) 5 (4-8) 5 (4-7) 0.987 5 (4-6) 5 (4-6) 0.314

Abbreviations: BMI, body mass index; IQR, interquartile range; LN, lymph node; LOS, length of stay; RAL, robotic-assisted lobectomy; VAL, video-assisted lobectomy. *p< 0.05.

(160 mL [IQR, 100-218] vs. 160 mL [100-200], p = 0.380),
NRS pain score on POD1 to POD3 (p > 0.05), day of chest
tube removal (4 days [IQR, 3-5] vs. 4 days [IQR, 3-5],
p = 0.077), postoperative LOS (5 days [IQR, 4-7] vs. 5 days
[IQR, 4-7], p = 0.399) or 30-day readmission rate (0.3%
vs. 0, p > 0.99). There was no in-hospital mortality in either
group. No significant differences were found in the rate of
postoperative complications (22.9% vs. 26%, p = 0.386), and
the rate of complications by severity (grade I-IV) or fre-
quency were also comparable between the two groups
(p > 0.05). As for LN dissection and assessment, compared
with VAL, the total number of LNs dissected was higher
with RAL (10 [IQR, 7-13] vs. 8 [IQR, 6-11], p < 0.001), as
was the total number of LN stations examined (6 [IQR, 5-6]
vs. 5 [IQR, 5-6], p < 0.001). However, there were no signifi-
cant differences in the nodal upstaging rate (3.8% vs. 4.5%,
p = 0.677) between groups.

Subgroup analysis
A subgroup analysis was performed for the perioperative

outcomes according to BMI ranges. The patients were
divided into two groups based on their BMI: BMI <24 kg/

m” and BMI >24 kg/m?, and the subgroup comparisons of
perioperative outcomes between the RAL and VAL groups
are presented in Table 3. Interestingly, we found that the
incidence of postoperative complications (17.9% vs. 26.7%,
p = 0.042) was significantly reduced in the RAL group for
overweight and obese patients (BMI 224 kg/mz), but there
was no significant difference in the rate of postoperative
complications (31.0% vs. 24.8%, p = 0.307) between the
RAL and VAL groups in the other subgroup (BMI <24 kg/
m?). Compared with VAL, RAL had a shorter operation
duration, less intraoperative estimated blood loss, higher
number of LNs dissected and LN stations examined, and
increased drainage volume on POD one in both subgroups
(p < 0.05). There was no significant difference in the day of
chest tube removal, drainage volume on POD2 and POD3,
nodal upstaging rate, or postoperative LOS between the RAL
and VAL groups in both subgroups (p > 0.05).

To investigate whether the increased drainage on POD1
with RAL was caused by more thorough LN dissection, we
performed a subgroup analysis according to the number of
LNs dissected. The patients were divided into four groups
based on the number of LNs dissected (n): n < 6,7 <n <9,
10 < n <12, and 13 < n. Subgroup comparisons of perioper-
ative outcomes between the RAL and VAL groups are
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TABLE 4 Subgroup analysis of perioperative outcomes between RAL and VAL according to lymph nodes number after matching

Postoperative complications Postoperative LOS
No. (%)

Chest tube removal

Drainage volume (POD 1)

Estimated blood loss

Operation duration

No. of

No. of

POD

P

POD

mL

mL

Min.

patients

lymph nodes

0.805

0.660

0.133

0.134

<0.001%*

<0.001%*

5 (4-7)

10 (20.4)
22 (23.7)

200 (135-270) 4 (3-5)

55 (40-70)
80 (70-93)

85 (62.5-110)
110 (90-133)

49

RAL

LIET AL

5 (4-6)

4 (3-5)

160 (105-255)

93

VAL

0.093

0.305

0.129

0.113

<0.001*

<0.001*

5 (4-6)

15 (17.4)
20 (23.8)

230 (160-312) 4 (3-5)

65 (50-71)
80 (70-94)

95 (70-110)
115 (86-134)

86

RAL

5 (4-6)

4 (3-5)

215 (140-260)

84

VAL

0.844

0.905

0.316

0.148

<0.001*

0.012*

5(4-8)

20 (27.4)

65 (50-75) 250 (190-300) 4 (3-6)

95 (73-118)
113 (90-139)

73

RAL
VAL

5 (4-7)

17 (28.3)

200 (125-308) 4 (4-6.75)

83 (66-100)

60

0.753

0.545

0.890

0.095

0.004*

0.017*

5 (4-7)

22 (26.2)

4 (3-5)

280 (200-360)

70 (51-95)

98 (80-129)
120 (90-145)

84
55

RAL

5(4-7)

4 (3-5) 17 (30.9)

240 (160-340)

90 (75-105)

VAL

Abbreviations: LOS, length of stay; Min., minutes; POD, postoperative day; RAL, robotic-assisted lobectomy; VAL, video-assisted lobectomy. *p < 0.05.

presented in Table 4 and Table S1. Notably, no significant
differences were observed in drainage volume on POD1 in
all subgroups (p > 0.05). Compared with VAL, RAL had a
shorter operation duration and less intraoperative estimated
blood loss across the different subgroups (p < 0.05). There
was no significant difference in the day of chest tube
removal, postoperative complication rate, complications
greater than grade III, drainage volume on POD2 and
POD3, or postoperative LOS between the two groups in all
subgroups (p > 0.05).

DISCUSSION

In recent years, there has been a remarkable increase in the
popularity of RAL, but its role and potential advantages
have not been well illustrated. This retrospective study com-
pared the perioperative outcomes between RAL and VAL in
the surgical treatment of NSCLC. The results of our study
indicated that RAL might have potential advantages com-
pared with VAL in terms of LN dissection and assessment,
reducing intraoperative blood loss, shortening operation dura-
tion, and reducing postoperative complications. Considering
the higher cost of RAL, we performed a subgroup analysis
based on BMI ranges and found that RAL might be more ben-
eficial for overweight and obese patients with NSCLC. It is the
first time to explore the advantages and disadvantages of RAL
for NSCLC patients with different BMI ranges.

Intraoperative assessment of LNs is of critical impor-
tance in the surgical treatment of NSCLC."> A number of
previous studies have reported that RAL was associated with
an increased number of lymph nodal stations examined and
a higher number of LNs harvested,”'® but Kneuertz et al."”
demonstrated that the number of LNs sampled was compa-
rable between RAL and VAL. The results of our study
showed that RAL examined more nodal stations and
retrieved a higher number of LNs. The subgroup analysis
indicated that the RAL group had a shorter operative time
and less intraoperative estimated blood loss than the VAL
group, with roughly the same number of LNs dissected. This
was probably because of the naked 3D visualization and bet-
ter maneuverability provided by the surgical robotic system,
which allows the surgeons to dissect the tissues, vessels, and
bronchi surrounding the LNs more clearly. Taking the oper-
ation on the right side as an example, the surgeons could
more easily and safely dissect the group two LNs beside and
above the innominate vein with a robotic surgical system,
but this could be more difficult in video-assisted thoraco-
scopic surgery. In addition, the better maneuverability and
greater comfort of robotic system make surgeons more will-
ing to perform additional LN dissections. In general, more
extensive LN evaluation should result in a higher rate of
nodal upstaging and better survival.'® However, no significant
difference was found in the rate of nodal upstaging between
RAL and VAL, which could be attributed to the majority of
included patients being at an early stage. The potential survival
benefit derived from more thorough LN dissection may be
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negligible, and more prospective clinical studies are needed to
compare the long-term efficacy of RAL and VAL.

Regarding operation duration, a number of previous
studies suggested that RAL might lead to a longer operative
time because of the additional docking time and more inci-
sions.'”? In this study, the operation duration of RAL was
significantly shortened by ~15 minutes. The results of the
subgroup analysis indicated that the use of the surgical
robotic system might reduce the time spent on LN dissec-
tion. Several studies have reported that RAL was associated
with an insignificant reduction in operative time.”'' This
remarkable reduction in operative time with RAL may be
attributed to the advantages of LN dissection, the surgeon’s
accumulated experience in minimally invasive surgery, a
dedicated robotic team and other factors, such as the race of
the patients. In addition, there was a small, but significantly
lower intraoperative estimated blood loss in the RAL group,
which might be the result of the better maneuverability of
the robotic system. Therefore, we have reason to believe that
both RAL and VAL are safe and feasible in terms of control-
ling intraoperative bleeding.

Some studies have demonstrated that RAL is associated
with significantly reduced postoperative complications com-
pared with VAL,”*" whereas others have suggested that the
incidence of postoperative complications is comparable
between the two surgical approaches.'"** In this study, we
found no significant differences in the complication rate, sever-
ity (grade I-IV) or frequency between the two groups. How-
ever, subgroup analysis demonstrated that the incidence of
postoperative complications was significantly reduced in the
RAL group for overweight and obese patients. In recent years,
there was a significant increase in number of obese and over-
weight patients with NSCLC. Thoracic surgeons would
encounter great challenges when operating on overweight and
obese patients because of increased internal fat, limited move-
ments of instruments, deeper thoracic cavity, and their well-
known poor outcomes.”> In this study, we found that RAL
might achieve better perioperative outcomes for overweight
and obese patients, especially the lower incidence of postopera-
tive complications. Therefore, it might be more cost-effective
to select RAL for overweight and obese patients with NSCLC.

Few studies have reported the difference in the postoper-
ative drainage volume between RAL and VAL. Li et al’
found that compared with VAL, RAL was associated with a
reduced drainage volume on POD1, but a recently published
randomized clinical trial demonstrated a larger amount of
postoperative chest drainage in the RAL group.'' Our study
showed that the drainage volume was significantly increased
with RAL on POD1, but became comparable on POD2 and
POD3. The further subgroup analysis indicated that the dif-
ference in drainage volume on POD1 became insignificant
with approximately the same number of LNs dissected, sug-
gesting that the increased drainage on POD1 might be
attributed to more extensive LN evaluation. In addition, the
difference in the energy devices applied (monopolar electrocau-
tery for RAL vs. harmonic scalpel for VAL) and greater trauma

to the pleura caused by two more ports for RAL might also
affect the amount of postoperative drainage.”*** Despite a sig-
nificant increase in postoperative drainage volume, there was
no significant delay in chest tube removal or patient discharge,
nor was there a significant increase in postoperative complica-
tions, indicating that increased drainage was safe and did not
hinder postoperative recovery of patients.

Consistent with previous studies, the total hospitaliza-
tion costs with RAL in this study were significantly higher
than those with VAL.'""*® The cost of robotic technology is a
real concern as health care expenditures increase. Because
the surgical robotic system has a relatively high cost, it is
necessary to consider cost performance when choosing RAL
as a surgical treatment for NSCLC.”” However, we believe
that the device-related cost will be greatly reduced in the
near future with the development of science and technology.

During the past decade, the use of completely portal
robotic lobectomy (CPRL) and uniportal VAL has rapidly
increased.”®*” Without using utility incision, CPRL and uni-
portal VAL allow thoracic surgeons to use CO, insufflation
to achieve a better view of the surgical field. It has been
reported that CPRL could significantly reduce intraoperative
blood loss and shorten operative time.”® CPRL provides a
fully enclosed thoracic operating space filled with warm
CO,. The pressure of CO, can push down on the diaphragm
and compress the lung parenchyma, increasing the surgeon’s
workplace and improving the surgical field.*® In addition, the
increased pressure in the thoracic cavity can also effectively
inhibit the tissue of mild bleeding®® CPRL can also provide
surgeons with better control over the surgical field, because
they did not require the assistant to help retract the lung tissue
and did not spend time communicating on retraction. Consid-
ering the above advantages, CPRL followed by subcostal trans
diaphragmatic specimen removal may be more beneficial for
obese and overweight patients with NSCLC, which can be fur-
ther explored in future studies.

This study has several limitations that should be consid-
ered. First, the single-center retrospective nature of this study
makes it less persuasive than a multicenter prospective ran-
domized controlled trial; therefore, further validation in multi-
institution studies is necessary. Second, although PSM was per-
formed to control for confounders among groups, potential
selection bias was not eliminated completely. Furthermore,
some outcomes, such as lymph nodal harvest, estimated blood
loss, and operative duration, are closely related not only to the
surgical approaches, but also to the performance of the sur-
geon. It is difficult to untangle the effects of the two on the out-
comes. In addition, the fourth-generation DaVinci robot
surgical system is typically applied for RAL, whereas a
multiport thoracoscopic approach is used for VAL. Fur-
ther investigation is needed to determine whether our
results can be generalized to other centers where uniport
thoracoscopy and other robotic systems may be more
common. Finally, we were unable to obtain a long-term
oncological evaluation of RAL for patients with respect-
able NSCLC because the follow-up period has not been
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reached, and we intend to perform a prospective study to
evaluate the long-term efficacy of RAL.

CONCLUSION

Compared with VAL, RAL might have potential advantages
in terms of LN dissection and assessment, reducing intrao-
perative blood loss and shortening operation duration.
Overweight and obese patients could benefit more from
RAL because of reduced risk of postoperative complications.
More thorough LN dissection might lead to increased drain-
age volume on PODI1 without delaying chest tube removal
and patient discharge.
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