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Robotic distal gastrectomy using
a novel pre-emptive supra-
pancreatic approach without
duodenal transection in the
dissection of D2 lymph nodes
for gastric cancer
Jianming Xie, Jiabin Yang, Meixiao Wang, Yongfang Yin
and Zhilong Yan*

Department of Gastrointestinal Surgery, First Affiliated Hospital of Ningbo University, Ningbo, China
Background: Robot-assisted surgery has shown remarkable progress as aminimally

invasive procedure for gastric cancer. This study aimed to compare the pre-emptive

suprapancreatic approach without duodenal transection and the conventional

approach in terms of perioperative feasibility and short-term surgical outcomes.

Methods: We retrospectively analyzed all patients who underwent robotic distal

gastrectomy with D2 lymph node dissection using the da Vinci Xi robotic system

between December 2021 and April 2023 and categorized them into two groups for

comparison. Patients treated using the pre-emptive suprapancreatic approach

(observation group) were compared with those who received the conventional

approach (control group). Employing one-to-one propensity score matching, we

evaluated the postoperative morbidity and short-term outcomes in these two

distinct groups to assess the efficacy and safety of the novel surgical technique.

Results: This study enrolled 131 patients: 70 in the observation group and 61 in the

control group. After propensity score matching, the operative times were

significantly longer in the control group than in the observation group (229.10 ±

33.96 vs. 174.84 ± 18.37, p <0.001). The mean blood loss was lower in the

observation group than in the control group (25.20 ± 11.18 vs. 85.00 ± 38.78,

p <0.001). Additionally, the observation group exhibited a higher number of retrieved

lymph nodes, including suprapyloric, perigastric, and superior pancreatic lymph

nodes (28.69 ± 5.48 vs. 19.21 ± 2.89, p <0.001; 4.98 ± 1.27 vs. 4.29 ± 1.21, p = 0.012;

10.52 ± 2.39 vs. 5.50 ± 1.62, p <0.001; 6.26 ± 2.64 vs. 5.00 ± 1.72, p = 0.029). Drain

amylase levels in the observation group were significantly lower than those in the

control group (30.08 ± 33.74 vs. 69.14 ± 66.81, p <0.001).

Conclusion: This study revealed that using the pre-emptive suprapancreatic

approach without duodenal transection in the dissection of D2 lymph nodes for

gastric cancer is a safe and feasible procedure in terms of surgical outcomes.
KEYWORDS

robotic distal gastrectomy, pre-emptive supra-pancreatic approach, lymph node
dissection, gastrointestinal surgery, gastric cancer
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1 Introduction

Gastric cancer (GC) is one of the most common malignant

cancers of the digestive system and the second leading cause of

cancer‐related deaths worldwide. Surgical resection is the primary

curative treatment option (1). Robotic gastrectomy (RG) has

become popular as a state-of-the-art, minimally invasive surgery

for patients with GC. The da Vinci surgical system offers a high‐

resolution three‐dimensional field of view and high degree of

flexibility, which assists surgeons in overcoming the limitations of

traditional methods (2). In 2003, Hashizume et al. (3) first used RG

to treat GC. Subsequently, many authors reported their

retrospective experience with RG for GC (4–6). Recently, several

prospective studies and randomized controlled trials have provided

evidence that RG for GC is technically safe and leads to more

favorable short-term outcomes than laparoscopic gastrectomy for

GC (7–9).

Deep and thorough lymph node dissection is key in robotic

radical surgery for GC; however, challenges remain. The perigastric

lymph nodes are mainly distributed around the blood vessels and

centered on the pancreas. The course of perigastric blood vessels is

complex, with many anatomical layers, and the adipose tissue of the

lymph nodes is rich and deep (10). Moreover, because of the

limitations of the Leonardo da Vinci robotic arm, it is impossible

to achieve effective traction tension on the stomach and other large

organs, and the lack of a tactile feedback system makes deep-seated

complex lymphoid dissection challenging. Therefore, the selection

of an appropriate surgical approach is key to the smooth

implementation of robotic lymph node dissection for GC,

achieving thorough perigastric lymph node dissection and greatly

reducing complexities (11). Recognizing these challenges, our study

aimed to explore alternative surgical methods to overcome these

limitations. Innovatively, this study introduced a pre-emptive

suprapancreatic approach without duodenal transection. Using

the experience of our center, this study retrospectively analyzed

70 cases of radical gastrectomy using the da Vinci robotic pre-

emptive suprapancreatic approach without duodenal transection

with D2 lymph node dissection at the First Affiliated Hospital of

Ningbo University between December 2021 and April 2023. This

study aimed to compare this novel approach with the conventional

method in terms of robotic distal gastrectomy outcomes.
2 Materials and methods

2.1 Patients

Data of 131 patients with GC who underwent robotic radical

gastrectomy at the First Affiliated Hospital of Ningbo University

between December 2021 and April 2023 were retrospectively

analyzed. All patients met the following inclusion criteria (1): age

>18 and <75 years (2), gastric adenocarcinoma diagnosed by

pathological examination (3), clinical stage cT1-4aN0/+M0 assessed

through preoperative evaluation, and (4) the possibility of R0 resection

by distal subtotal gastrectomy and D2 lymph node dissection. The
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exclusion criteria were as follows (1): distant metastasis of GC or

complications with other primary tumors (2); preoperative

chemotherapy (3); American Society of Anesthesiology (ASA) score

(physical status score) ≥4; and (4) incomplete case data. The cases

were classified into two groups: the pre-emptive suprapancreatic

approach without duodenal transection with D2 lymph node

dissection (observation group) and conventional approach with D2

lymph node dissection (control group), in accordance with the fifth

edition of the Japanese treatment guidelines for GC (12). The study

enrolled 131 patients: 70 in the observation group and 61 in the

control group. This study was approved by the Ethics Committee of

the First Affiliated Hospital of Ningbo University. All the enrolled

participants provided written informed consent.
2.2 Data collection

Data were collected from a prospectively maintained database at

the First Affiliated Hospital of the Ningbo University. The data

included demographic characteristics (sex, age, and body mass

index [BMI]), preoperative data (ASA score, tumor status, and

preoperative complications), intraoperative data (surgical approach,

blood loss, and operation time), postoperative pathological

diagnosis, and short-term outcomes (postoperative morbidity and

mortality, length of postoperative hospital stay, drain amylase level,

time to first postoperative fluid intake, time to first postoperative

flatus, hospitalization expenses, and 1-year survival rate).
2.3 Operative procedure

In preparation for RG, the preoperative protocol emphasizes the

need for detailed pathological and imaging assessments to tailor the

treatment strategies. Through biopsy, gastric adenocarcinoma was

confirmed and tumor histology and grading were identified, which

is crucial for planning. Advanced imaging, including computed

tomography and magnetic resonance imaging, allows for precise

staging by revealing tumor size, location, and potential metastasis.

This comprehensive evaluation aids in deciding the appropriateness

of neoadjuvant therapy, aiming to reduce the tumor size for more

effective resection. Decisions are made collaboratively to ensure that

the treatment is optimized for each patient’s unique situation. This

approach guarantees that all patients undergo rigorous evaluation,

enhancing surgical success and long-term outcomes (13).

To minimize biases and ensure consistent results in our study,

the same highly experienced surgical team performed all operations.

Each surgeon had completed at least 100 laparoscopic- and robot-

assisted radical distal gastrectomies, ensuring skill proficiency. This

standardized experience aimed to limit the variability in operative

times and outcomes due to surgeon expertise, focusing on our

comparative analysis of the differences between surgical techniques.

All robotic distal gastrectomy procedures were performed using

the da Vinci Xi surgical system with articulating robotic arms: a first

arm for cadiere forceps, a second arm for fenestrated bipolar

forceps, a third arm for a 30° rigid dual-channel endoscope, and a
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fourth arm for harmonic ACE-curved shears. An assistant port was

placed at the left umbilical level.

In the observation group, D2 lymph node dissection followed a

specific sequence of lymph node stations (5, 12a, etc.), employing

harmonic ACE curved shears and other techniques to meticulously

expose and dissect targeted lymph nodes (including stations 5, 12a, 8a,

9, 7, 11p, 3, 1, 6, 4sb, and 4d), with minimal trauma. The techniques

involved included retraction of the stomach, exposure of critical

arteries, and dissection along predetermined lymphatic stations to

ensure comprehensive removal. The dissection of the control group

adhered to traditional guidelines. This detailed approach aims to

maximize cancer clearance while minimizing damage (13). The

digestive tract was reconstructed through an intracorporeal antecolic

Billroth II gastrojejunal anastomosis (Figure 1).
2.4 Follow-up monitoring after surgery

Patients with pathological stage II or III cancer received

adjuvant chemotherapy with S-1 for 1 year (13). Data on

prognosis were collected every 3 months.
2.5 Statistical analysis

All statistical analyses were performed using SPSS version 25.0

(SPSS Inc., Chicago, IL, USA). Independent continuous variables

were expressed as mean ± standard deviation and compared using

Student’s t-test or Mann–Whitney U test. Categorical variables were

compared using the chi-squared test or Fisher’s exact test. Statistical

significance was set at p-value <0.05. Propensity score matching

(PSM) was conducted to overcome possible patient selection bias

and remove confounding factors. The variables included age, sex,

BMI, ASA score, preoperative complications, tumor size, pT stage,

pN stage, pTNM stage, and histological type. Patients in the

observation and control groups were matched in a 1:1 ratio using

the nearest propensity score on the logit scale. The caliper value was

set at 0.02. Overall survival (OS) was defined as days from
Frontiers in Oncology 03
gastrectomy to death; it was assessed through Kaplan–Meier

analysis and compared using the log-rank test.
3 Results

3.1 Baseline characteristics

Patient characteristics are summarized in Table 1. Before PSM,

the control group contained more male patients than did the

observation group (61.3% vs. 45.9%, p = 0.010). The mean age of

the observation group was significantly younger than that of the

control group (59.2 ± 12.52 vs. 64.68 ± 9.64, p = 0.005). The mean

tumor size of the observation group was significantly larger than

that of the control group (3.98 ± 2.11 vs. 3.32 ± 2.08, p = 0.047).

No significant differences were observed between the groups in

terms of BMI, ASA score, comorbidity, pathologic TNM stage, or

histological type. After PSM, 45 matched pairs were selected, and

the baseline characteristics were well-balanced between the

observation and control groups.
3.2 Short−term surgical outcomes

Surgical results, postoperative recovery, and postoperative

complications after PSM are summarized in Table 2. Operative

times were significantly longer in the control group than in the

observation group (229.10 ± 33.96 vs. 174.84 ± 18.37, p <0.001).

Mean blood loss was lower in the observation group than in the

control group (25.20 ± 11.18 vs. 85.00 ± 38.78, p <0.001).

The observation group had more retrieved lymph nodes,

suprapyloric lymph nodes (5, 12a), superior pancreatic lymph

nodes (7, 8, 9, 11p) and perigastric lymph nodes (1, 3, 4) than the

control group (28.69 ± 5.48 vs. 19.21 ± 2.89, p <0.001; 4.98 ± 1.27 vs.

4.29 ± 1.21, p = 0.012; 10.52 ± 2.39 vs. 5.50 ± 1.62, p <0.001; 6.26 ±

2.64 vs. 5.00 ± 1.72, p = 0.029). Drain amylase levels in the

observation group were significantly lower than those in the

control group (30.08 ± 33.74 vs. 69.14 ± 66.81, p <0.001). The
FIGURE 1

Preemptive supra-pancreatic approach without duodenal transection. ① Schematic diagram of the novel approach. ② Tumor localization.
③ Dissection of suprapyloric lymph nodes. ④\⑤ Dissection of superior pancreatic lymph nodes. ⑥ Dissection of NO.4sb lymph nodes. ⑦ Dissection of
Subpyloric lymph nodes. ⑧ Billroth II gastrojejunal anastomosis.
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TABLE 1 Demographics and clinical characteristics between the observation groups and control groups before and after matching.

Variables Entire cohort Propensity score-matched cohort

Control
group
(n = 61)

Observation
group
(n = 70)

p Observation
Group
(n = 45)

Control
Group
(n = 45)

P

Age, years 64.68 ± 9.64 59.2 ± 12.52 0.005 59.78 ± 8.72 61.23 ± 8.23 0.693

Sex, N0. (%) 0.010 0.103

Male 38 (61.3) 28 (45.9) 27 (60.0) 24 (53.3)

female 23 (38.7) 42 (54.1) 18 (40.0) 21 (46.7)

BMI, kg/m2 22.82 ± 2.38 23.10 ± 3.51 0.606 22.45 ± 1.89 23.05 ± 2.87 0.701

ASA score, N0. (%) 0.258 0.603

I 54 (88.5) 60 (85.7) 40 (88.9) 39 (86.7)

II 6 (9.8) 7 (10) 4 (8.9) 5 (11.1)

≥III 1 (1.7) 3 (4.3) 1 (2.2) 1 (2.2)

Comorbidity,
N0. (%)

0.738 0.648

no comorbidity 27 (44.2) 25 (35.7) 23 (51.1) 15 (33.3)

Cardiovascular 21 (34.4) 25 (35.7) 13 (28.9) 18 (40)

Diabetes type 2 7 (11.5) 11 (15.7) 6 (13.3) 7 (15.6)

Viral hepatitis 2 (3.3) 5 (7.1) 1 (2.2) 3 (6.7)

Cerebrovascular 4 (6.6) 4 (5.7) 2 (4.5) 2 (4.4)

Size, (cm) 3.32 ± 2.08 3.98 ± 2.11 0.047 3.15 ± 1.54 3.34 ± 2.50 0.08

pT stage, No. (%) 0.279 0.295

T1 29 (47.5) 22 (31.4) 22 (48.9) 15 (33.3)

T2 9 (14.8) 11 (18.0) 6 (13.3) 9 (20.0)

T3 12 (19.7) 20 (28.6) 9 (20.0) 15 (33.3)

T4 11 (18.0) 17 (12.0) 8 (17.8) 6(13.3)

pN stage, No. (%) 0.557 0.495

N0 35 (57.3) 38 (54.3) 27 (60.0) 30 (66.7)

N1 9 (14.8) 15 (21.4) 6 (13.3) 10 (22.2)

N2 7 (11.5) 10 (14.3) 4 (8.9) 9 (20.0)

N3 10 (16.4) 7 (10.0) 8 (17.8) 6 (13.3)

P stage 0.815 0.346

I 33 (54.1) 36 (51.4) 25 (55.6) 30 (66.7)

II 8 (13.1) 12 (17.2) 6 (13.3) 8 (17.8)

III 20 (32.8) 22 (31.4) 14 (31.1) 7 (15.5)

Histological type,
No. (%)

Well/moderate 7 (11.5) 10 (14.3) 0.633 4 (8.9) 5 (11.1) 0.500

Poor/undifferentiated 54 (88.5) 60 (85.7) 41 (91.1) 40 (88.9)
F
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ASA, American Society of Anesthesiologists; BMI, body mass index. The c2 test or Fisher’s exact test was used for between-group comparison of Sex, ASA score, Comorbidity, Histological type,
pT, pN, and pStage. The student’s t-test or Mann–Whitney U test was applied for between-group comparison of BMI, tumor size.
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differences between the groups in terms of retrieved subpyloric

lymph nodes (6), number of metastatic lymph nodes, postoperative

recovery, time to first flatus, time to liquid intake, postoperative

hospital stay, postoperative complications, and medical cost were

not significant. No mortality was noted within 90 days of

the surgery.
3.3 Survival analysis

The data of 90 patients between December 2021 and April 2023

were considered for the survival analysis. The follow-up period was

1–19 months and the median follow-up time was 12 months. The 1-

year survival rates in the observation and control groups were 97.8%

and 95.6%, respectively. There was no statistically significant

difference in the OS time between the two groups (log-rank

p = 0.543) (Figure 2).
4 Discussion

This single-center PSM study revealed encouraging results for

the novel pre-emptive suprapancreatic approach without duodenal

transection in RG by comparing the short-term surgical outcomes

of this novel approach with those of conventional RG. The results

demonstrated that the pre-emptive suprapancreatic approach

significantly reduced operative time and intraoperative blood loss

compared with conventional RG. Thus, the novel preemptive

suprapancreatic approach to RG may be an effective alternative

for the treatment of GC.

Accurate lymph node dissection is the focus and greatest

difficulty in RG. The order of lymph node dissection in the

traditional approach is frequently from the greater curvature of

the stomach to the lesser curvature and from the caudal side to the

head side (14, 15). Although the da Vinci surgical system has a

larger three-dimensional surgical field of vision and a flexible

robotic arm, it has only one robotic arm to assist in the exposure

and lacks force feedback. Therefore, it is impossible to achieve

effective traction tension on the stomach and other large organs,

resulting in challenges for deep-seated complex lymphoid

dissection (16, 17). Therefore, we propose a new surgical

approach, the preemptive suprapancreatic approach, without

duodenal transection. This surgical approach changes the order of

lymphadenectomy, reducing visual field transformation and tissue

flipping to avoid tissue traction injury. In addition, it reduces the

traction on and flipping of the stomach wall, which is more aligned

with the principle of tumor-free outcomes and increases surgery

coherence. This approach is beneficial for maintaining an open field

of vision in the superior pancreatic area and reducing the difficulty

of lymphadenectomy. In this study, the observation and control

groups yielded 28.69 ± 5.48 and 19.21 ± 2.89 retrieved lymph nodes,

respectively, which exceeded the recommended number of retrieved

lymph nodes (18, 19). Additionally, the total number of retrieved

lymph nodes in the observation group was significantly higher than

that in the control group. Further stratified analysis revealed that

the observation group had a significantly higher number of lymph
Frontiers in Oncology 05
nodes retrieved from the superior pancreatic lymph nodes (7, 8, 9,

11p), perigastric lymph nodes (1, 3, 4), and suprapyloric lymph

nodes (5, 12a) than the control group. Therefore, the preemptive

suprapancreatic approach may provide clinicians with more

accurate staging information and reduce postoperative

locoregional recurrence rates. Dissecting more lymph nodes may

lead to increased operative time and bleeding; hence, dissecting

lymph nodes without increasing the operative time or causing

excessive blood loss is crucial (20, 21). This study demonstrated

that the differences in the mean operative time and mean amount of

blood loss between the groups were significant.
TABLE 2 Surgical results, postoperative recovery, and postoperative
complications after matching.

Variables Observation
group (n = 45)

Control
group
(n = 45)

P-
value

Operation time, (min) 174.84 ± 18.37 229.10
± 33.96

<0.001

Blood loss, (ml) 25.20 ± 11.18 85.00
± 38.78

<0.001

Retrieved lymph nodes 28.69 ± 5.48 19.21
± 2.89

<0.001

Suprapyloric lymph nodespy
(5, 12a)

4.98 ± 1.27 4.29 ± 1.21 0.012

superior pancreatic lymph
nodes (7, 8, 9, 11p)

10.52 ± 2.39 5.50 ± 1.62 <0.001

Subpyloric lymph nodes (6) 4.67 ± 1.33 4.50 ± 1.07 0.574

Perigastric lymph nodes
(1, 3, 4)

6.26 ± 2.64 5.00 ± 1.72 0.029

Number of metastatic LNs 2.66 ± 4.53 3.89 ± 4.27 0.060

Postoperative recovery 2.66 ± 4.5 3.89 ± 4.27 0.060

Time to first flatus 25.84 ± 10.75 31.29
± 14.74

0.065

Time to liquid intake 48.98 ± 12.06 33.54
± 15.72

0.063

Postoperative hospital
stay (days)

9.08 ± 3.09 10.21
± 4.47

0.059

Postoperative complications
(CD classification) No. (%)

0.500

Overall complications, grade
I/II

6 (13.33) 5 (11.11)

Overall
complications, grade≥IIIa

1 (2.22) 2 (4.44)

Mortality 0 (0.00) 0 (0.00)

Medical cost (RMB) 94,382.596
± 15,383.67

97,231.69
± 16,341.29

0.067

D.AMY(U/L) 30.08 ± 33.74 69.14
± 66.81

<0.001
front
CD classification, Clavien-Dindo’s classification of surgical complication; D.AMY, drain
amylase concentration in the drainage fluid at postoperative day 3. The Student’s t-test or
the Mann–Whitney U test was applied for between-group comparison of operative time,
blood loss, number of retrieved LNs, time to first flatus, time to liquid intake, postoperative
hospital stay and D.AMY; The c2 test as used for between-group comparison of
Postoperative complications.
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The presence of postoperative complications is important when

assessing the quality and safety of operations (22, 23). Dissection of

interstitial tissues around the pancreas forms the cornerstone of

gastric cancer surgery (24), inevitably leading to potential

pancreatic damage and severe complications. Studies have

indicated that the technical advantages of robotic surgical systems

facilitate the dissection of suprapancreatic lymph nodes, potentially

reducing the likelihood of pancreatic injury (25). In our study, we

found that the incidence of postoperative complications was

comparable between the observation and the control groups.

Nonetheless, the observation group exhibited a tendency towards

lower levels of drain amylase, suggesting that robotic gastrectomy

employing a novel preemptive approach to suprapancreatic

dissection may effectively minimize pancreatic damage.

To successfully perform the preemptive suprapancreatic

approach and shorten the learning curve of the new technique,

the following points should be noted (1). The suprapyloric area

should be a priority for dissection. There was a relatively fluid line

between lymph node stations 8 and 5. Cutting off the right gastric

vessels at the root followed by cutting the suprapyloric vessels can

significantly increase the degree of freedom of the gastric antrum

(2). The hepatogastric ligament should be fully opened, and the

lesser omentum should be incised perpendicular to the stomach

wall at approximately the same angle as the stomach until the lesser

curvature of the stomach is reached, increasing the degree of

freedom of the stomach and exposing the root area of the splenic

artery (3). Lymph node dissection should be performed according

to the region and in line with conventions to minimize visual field

transformation and tissue flipping and increase the fluency of

the operation.

Addressing the disparities in surgical outcomes across different

centers, which are directly related to the capabilities and resources

available, is crucial. The advanced RG technique highlighted in this
Frontiers in Oncology 06
study underscores the significant role of specialized technical

expertise, the necessity for cutting-edge equipment, and the value

of a well-coordinated multidisciplinary team. These factors are not

uniformly present across all medical institutions, which explains the

variation observed in the success rates. Highly skilled surgeons

trained specifically in robotic surgery and the availability of the

latest robotic systems are prerequisites for such complex

procedures. Moreover, seamless integration of care through a

multidisciplinary team approach enhances patient outcomes from

preoperative assessment to postoperative recovery. Therefore, not

all centers can readily implement these advanced techniques

without substantial investment in human and technological

resources. This understanding should guide institutions in

evaluating their readiness to adopt such procedures, with an

emphasis on the need for specialized training, equipment

acquisition, and fostering a collaborative environment. Our

findings suggest that adherence to these principles is essential for

achieving optimal surgical results and should therefore be

considered a benchmark for centers looking to advance their

surgical capabilities.

This study has several limitations. This was a retrospective

study conducted at a single center and a randomized controlled trial

was not performed. Moreover, the long-term oncological outcomes

have not yet been investigated.
4.1 Conclusions

In conclusion, this study revealed that using the preemptive

suprapancreatic approach without duodenal transection in the

dissection of D2 lymph nodes for GC is safe and feasible in terms

of surgical outcomes.
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.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of the First Affiliated Hospital of Ningbo University.

The studies were conducted in accordance with the local legislation

and institutional requirements. The participants provided their

written informed consent to participate in this study.
Author contributions

JX: Conceptualization, Data curation, Formal analysis,

Investigation, Project administration, Resources, Writing – original
FIGURE 2

Cumulative survival curves for patients undergoing preemptive
suprapancreatic approach without duodenal transection and the
conventional approach after propensity score matching. The 1-year
overall survival rate did not differ significantly between the
observation and control groups (97.8% vs.95.6%, respectively; log-
rank p = 0.543).
frontiersin.org

https://doi.org/10.3389/fonc.2024.1388626
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xie et al. 10.3389/fonc.2024.1388626
draft. JY: Data curation, Investigation, Methodology, Resources,

Software, Validation, Writing – original draft. MW: Data curation,

Formal analysis, Investigation, Methodology,Writing – original draft.

YY: Data curation, Formal analysis, Investigation, Resources,

Validation, Writing – original draft. ZY: Conceptualization, Data

curation, Formal analysis, Investigation, Methodology, Project

administration, Resources, Software, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the Medical and Health Science and Technology

Project of Zhejiang Province (2020KY813).
Frontiers in Oncology 07
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

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.
References
1. Zhou T, Wu L, Ma N, Tang F, Chen J, Jiang Z, et al. Photothermally responsive
theranostic nanocomposites for near-infrared light triggered drug release and enhanced
synergism of photothermo-chemotherapy for gastric cancer. Bioeng Transl Med. (2022)
8(1):e10368. doi: 10.1002/btm2.10368

2. Zhan W, Hu M, Han C, Tian H, Jing W, Li X, et al. Safety and effectiveness of the
da Vinci robot with the “3 + 2” mode for distal pancreatectomy. Cancer Med. (2019)
8:4226–34. doi: 10.1002/cam4.2353

3. Hashizume M, Shimada M, Tomikawa M, Ikeda Y, Takahashi I, Abe R, et al. Early
experiences of endoscopic procedures in general surgery assisted by a computer-
enhanced surgical system. Surg Endoscopy. (2002) 16:1187–91. doi: 10.1007/
s004640080154

4. Song J, Oh SJ, Kang WH, Hyung WJ, Choi SH, Noh SH. Robot-assisted
gastrectomy with lymph node dissection for gastric cancer: lessons learned from an
initial 100 consecutive procedures. Ann Surg. (2009) 249:927–32. doi: 10.1097/
01.sla.0000351688.64999.73

5. Park JY, Kim YW, Ryu KW, Eom BW, Yoon HM, Reim D. Emerging role of
robot-assisted gastrectomy: analysis of consecutive 200 cases. J Gastric Cancer. (2013)
13:255–62. doi: 10.5230/jgc.2013.13.4.255

6. Tokunaga M, Kaito A, Sugita S, Watanabe M, Sunagawa H, Kinoshita T. Robotic
gastrectomy for gastric cancer. Trans Gastroenterol Hepatol. (2017) 2:57. doi: 10.21037/tgh

7. Lu J, Zheng CH, Xu BB, Xie JW, Wang JB, Lin JX, et al. Assessment of robotic
versus laparoscopic distal gastrectomy for gastric cancer: A randomized controlled trial.
Ann Surg. (2021) 273:858–67. doi: 10.1097/SLA.0000000000004466

8. Ojima T, Nakamura M, Hayata K, Kitadani J, Katsuda M, Takeuchi A, et al. Short-
term outcomes of robotic gastrectomy vs laparoscopic gastrectomy for patients with
gastric cancer: A randomized clinical trial. JAMA Surg. (2021) 156:954–63.
doi: 10.1001/jamasurg.2021.3182

9. Uyama I, Suda K, Nakauchi M, Kinoshita T, Noshiro H, Takiguchi S, et al. Clinical
advantages of robotic gastrectomy for clinical stage I/II gastric cancer: a multi-
institutional prospective single-arm study. Gastric Cancer. (2019) 22:377–85.
doi: 10.1007/s10120-018-00906-8

10. Lee HM, Kwak Y, Chung H, Kim SG, Cho SJ. Extragastric metastasis of early
gastric cancer after endoscopic submucosal dissection with lymphovascular invasion
and negative resected margins. J Gastric Cancer. (2022) 22:339–47. doi: 10.5230/
jgc.2022.22.e27

11. Wang CY, Chen YH, Huang TS. Reduced-port robotic radical gastrectomy for
gastric cancer: a single-institute experience. BMC Surg. (2022) 22:198. doi: 10.1186/
s12893-022-01645-5

12. Japanese Gastric Cancer Association. Japanese gastric cancer treatment
guidelines 2018 (5th edition). Gastric cancer: Off J Int Gastric Cancer Assoc Japanese
Gastric Cancer Assoc. (2021) 24(1):1–21. doi: 10.1007/s10120-020-01042-y

13. Marano L, Verre L, Carbone L, Poto GE, Fusario D, Venezia DF, et al. Current
trends in volume and surgical outcomes in gastric cancer. J Clin Med. (2023) 12:2708.
doi: 10.3390/jcm12072708
14. Japanese Gastric Cancer Association. Japanese gastric cancer treatment
guidelines 2021 (6th edition). Gastric cancer: Off J Int Gastric Cancer Assoc Japanese
Gastric Cancer Assoc. (2023) 26(1):1–25. doi: 10.1007/s10120-022-01331-8

15. Ono H, Yao K, Fujishiro M, Oda I, Uedo N, Nimura S, et al. Guidelines for
endoscopic submucosal dissection and endoscopic mucosal resection for early gastric
cancer (second edition). Dig Endosc. (2021) 33:4–20. doi: 10.1111/den.13883

16. Nakauchi M, Suda K, Susumu S, Kadoya S, Inaba K, Ishida Y, et al. Comparison
of the long-term outcomes of robotic radical gastrectomy for gastric cancer and
conventional laparoscopic approach: a single institutional retrospective cohort study.
Surg Endoscopy. (2016) 30:5444–52. doi: 10.1007/s00464-016-4904-z

17. Suda K, Sakai M, Obama K, Yoda Y, Shibasaki S, Tanaka T, et al. Three-year
outcomes of robotic gastrectomy versus laparoscopic gastrectomy for the treatment of
clinical stage I/II gastric cancer: a multi-institutional retrospective comparative study.
Surg Endosc. (2023) 37:2858–72. doi: 10.1007/s00464-022-09802-w

18. Okajima W, Komatsu S, Ichikawa D, Kosuga T, Kubota T, Okamoto K, et al.
Prognostic impact of the number of retrieved lymph nodes in patients with gastric
cancer. J Gastroenterol Hepatol. (2016) 31:1566–71. doi: 10.1111/jgh.13306

19. Hayashi S, Kanda M, Ito S, Mochizuki Y, Teramoto H, Ishigure K, et al.
Number of retrieved lymph nodes is an independent prognostic factor after total
gastrectomy for patients with stage III gastric cancer: propensity score matching
analysis of a multi-institution dataset. Gastric Cancer. (2019) 22:853–63.
doi: 10.1007/s10120-018-0902-2

20. Kodera Y, Fujiwara M, Ohashi N, Nakayama G, Koike M, Morita S, et al.
Laparoscopic surgery for gastric cancer: a collective review with meta-analysis of
randomized trials. J Am Coll Surgeons. (2010) 211:677–86. doi: 10.1016/
j.jamcollsurg.2010.07.013

21. Beyer K, Baukloh AK, Kamphues C, Seeliger H, Heidecke CD, Kreis ME, et al.
Laparoscopic versus open gastrectomy for locally advanced gastric cancer: a
systematic review and meta-analysis of randomized controlled studies. World J
Surg Oncol. (2019) 17:68. doi: 10.1186/s12957-019-1600-1

22. Kubota T, Hiki N, Sano T, Nomura S, Nunobe S, Kumagai K, et al. Prognostic
significance of complications after curative surgery for gastric cancer. Ann Surg Oncol.
(2014) 21:891–8. doi: 10.1245/s10434-013-3384-9

23. Li Z, Bai B, Zhao Y, Yu D, Lian B, Liu Y, et al. Severity of complications and long-
term survival after laparoscopic total gastrectomy with D2 lymph node dissection for
advanced gastric cancer: A propensity score-matched, case-control study. Int J Surg.
(2018) 54:62–9. doi: 10.1016/j.ijsu.2018.04.034

24. Ge R, Liu K, ZhangW, Yang K, Chen X, Zhao L, et al. The safety and feasibility of
laparoscopic gastrectomy after neoadjuvant chemotherapy for locally advanced gastric
cancer. J Oncol. (2022) 2022:9511066. doi: 10.1155/2022/9511066

25. Sun LF, Liu K, Su XS, Wei X, Chen XL, Zhang WH, et al. Robot-Assisted versus
Laparoscopic-Assisted Gastrectomy among Gastric Cancer Patients: A Retrospective
Short-Term Analysis from a Single Institution in China. Gastroenterol Res Pract. (2019)
2019:9059176. doi: 10.1155/2019/9059176
frontiersin.org

https://doi.org/10.1002/btm2.10368
https://doi.org/10.1002/cam4.2353
https://doi.org/10.1007/s004640080154
https://doi.org/10.1007/s004640080154
https://doi.org/10.1097/01.sla.0000351688.64999.73
https://doi.org/10.1097/01.sla.0000351688.64999.73
https://doi.org/10.5230/jgc.2013.13.4.255
https://doi.org/10.21037/tgh
https://doi.org/10.1097/SLA.0000000000004466
https://doi.org/10.1001/jamasurg.2021.3182
https://doi.org/10.1007/s10120-018-00906-8
https://doi.org/10.5230/jgc.2022.22.e27
https://doi.org/10.5230/jgc.2022.22.e27
https://doi.org/10.1186/s12893-022-01645-5
https://doi.org/10.1186/s12893-022-01645-5
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.3390/jcm12072708
https://doi.org/10.1007/s10120-022-01331-8
https://doi.org/10.1111/den.13883
https://doi.org/10.1007/s00464-016-4904-z
https://doi.org/10.1007/s00464-022-09802-w
https://doi.org/10.1111/jgh.13306
https://doi.org/10.1007/s10120-018-0902-2
https://doi.org/10.1016/j.jamcollsurg.2010.07.013
https://doi.org/10.1016/j.jamcollsurg.2010.07.013
https://doi.org/10.1186/s12957-019-1600-1
https://doi.org/10.1245/s10434-013-3384-9
https://doi.org/10.1016/j.ijsu.2018.04.034
https://doi.org/10.1155/2022/9511066
https://doi.org/10.1155/2019/9059176
https://doi.org/10.3389/fonc.2024.1388626
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Robotic distal gastrectomy using a novel pre-emptive supra-pancreatic approach without duodenal transection in the dissection of D2 lymph nodes for gastric cancer
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Data collection
	2.3 Operative procedure
	2.4 Follow-up monitoring after surgery
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Short&minus;term surgical outcomes
	3.3 Survival analysis

	4 Discussion
	4.1 Conclusions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


