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Abstract:

Background:

While single-incision distal gastrectomy (SIDG) has been reported to be a potentially
safe and feasible procedure for early gastric cancer (EGC), there is currently no

study demonstrating the feasibility of SIDG for advanced gastric cancer (AGC) alone.

Methods:

Database of patients clinically diagnosed as AGC who underwent SIDG from
November 2017 to September 2022 was retrospectively analyzed. Those who had
distant metastasis, and those who underwent palliative surgery were excluded.
Patient demograpliics, operation data, and postoperative complications were

reviewed.

Results:

A total of 116 patients were included for the final analysis. Among them, 75 (64.7%)
were male, and mean age was 62.7 £ 10.9 years. Average body mass index was 23.7
+ 3.3 kg/m2. The number of patients with stage pT2, pT3, and pT4a after surgery
was 26 (22.4%), 31 (26.7%) and 23 (19.8%) respectively.

Mean operation time was 158.3 + 56.8 mins. and average estimated blood loss was

28.4 = 60.4 ml. Average number of retrieved lymph nodes was 59.9 + 21.6. Patients



started their first soft fluid diet on an average of 2.3 *+ 0.9 postoperative days, and
first flatus was observed after 3.1 + 0.9 postoperative days. Overall mean hospital
stay was 7.5 * 3.5 days. Early complications (within 30 days) greater than Clavien-
Dindo grade III were found in 7 patients (6.0%) and late complications (after 30 days)
were found in 4 patients (4.0%). No recurrence was observed during the follow-up

period.

Conclusion:

Single-incision distal gastrectomy appears to be technically feasible and safe in
carefully selected patients with clinically diagnosed advanced gastric cancer.
However, further comparative studies with long-term follow-up are necessary to

confirm its oncologic validity.
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1. Introduction

Gastric cancer is a common malignancy that is responsible for a significant number
of cancer-related deaths worldwide [1]. Surgical resection remains the mainstay of
treatment for localized gastric cancer, with curative resection resulting in the best
long-term survival rates. With the results of Randomized Controlled Trials (RCT)
such as the KLASS-01 [2], Laparoscopic Distal Gastrectomy (LDG) is now a standard
treatment option for early gastric cancer. In addition to these results, RCTs of LDG
for Advanced Gastric Cancer (AGC) such as the CLASS-01, KLASS-02, and the
JLSSG0901 havehas been reported [3, 4, 5]. Results of these new trials show that
lap. Distal Gastrectomy (DG) can also be a safe and feasible option for patients with
AGC [6]. However, the optimal surgical approach for AGC still remains a matter of

debate, with various techniques having been proposed over the years.

Single-incision laparoscopic surgery (SILS) is a surgical technique that has gained
popularity in recent years due to its potential advantages, including improved

cosmetic outcomes and reduced postoperative pain[7]. Single-incision distal



gastrectomy (SIDG) is a specific application of SILS for the treatment of gastric
cancer, which involves the removal of the distal portion of the stomach through a
single incision in the umbilicus. SIDG has been shown to be a safe and feasible
procedure for Early Gastric Cancer (EGC), with comparable surgical outcomes to

conventional LDG [8, 9].

However, the feasibility of SIDG for AGC remains unclear. To our knowledge, no
study has yet demonstrated the safety and feasibility of SIDG for AGC alone.
Therefore, the aim of this study was to evaluate the feasibility of SIDG for AGC by
analyzing a database of patients clinically diagnosed with AGC who underwent SIDG
between November 2017 and September 2023. The resulis of this study will help to
inform the selection of surgical approaches for patients with AGC and contribute to

the ongoing debate surrounding the optimal surgical management of gastric cancer.

2. Methods

This study was a retrospective analysis of a prospectively maintained database of
patients who underwent SIDG for AGC between November 2017 and September
2023 at a single institution. Patients who were clinically diagnosed with AGC
through endoscopy and radiologic imaging scans, and underwent SIDG were
included in the study. Patients with distant metastasis, and those who underwent
palliative surgery were excluded. This study was approved by the institutional
review board (B-1707-409-007), and all patients provided written informed consent

for the use of their medical data for research purposes.



Intraoperative and postoperative care of SIDG was performed according to methods
previously described in the literature. Patients were prepared in the lithotomy
position with the surgeon sitting between the legs, facing cephalad. A transumbilical
incision of 2.5 cm was made[10]. To compensate for the lack of assistants in SIDG,
a needlescopic device was sometimes used to assist in traction of tissues in some of
the early cases of SIDG. In recent cases, intra-abdominal organ retractors and
articulating laparoscopic instruments such as the Artisential (Livsmed) were used to

facilitate the procedure.

For the analysis, patient demographics including age, sex, and body mass index (BMI)
were recorded. The following surgical data were collected: operation time,
estimated blood loss (EBL), and number of retrieved lymph nodes. Postoperative
recovery parameters, including time to firsi soft fluid diet, time to first flatus, and
length of hospital stay, were also included. Finally, the incidence of early (within 30

days) and late (after 30 days) postoperative complications was analyzed.

Statistical analyses were descriptive in nature. Continuous variables were expressed
as mean = standard deviation (SD), and categorical variables were expressed as
frequencies and percentages. Overall survival was estimated using the Kaplan-
Meier method. All statistical analyses were performed using R 3.6.1 (R Core Team,

2019).

3. Results
A total of 133 patients diagnosed with advanced gastric cancer underwent

laparoscopic distal gastrectomy from November 2017 to September 2023 (Figure



1). Of these, 14 patients were excluded due to insertion of additional ports, 2 patients
were excluded due to distant metastasis, and 1 patient was excluded due to
conversion to an open procedure. Finally, data from a total of 116 patients who

underwent SIDG for AGC were included in the final analysis.

The mean age was 62.7 + 10.9 years, and the average BMI was 23.7 = 3.3 kg/m2.
The majority of the patients were male (64.7%, n=75), while 35.3% (n=41) were
female. Reconstruction types following SIDG were predominantly Roux-en-Y (40.5%,
n=47), followed by Billroth I (32.8%, n=38), Billroth II (21.6%, n=25), and Uncut
Roux-en-Y (5.2%, n=6). The lymph node dissection primarily consisted of D2
dissection (92.2%, n=107), followed by D2+ dissection (6.9%, n=8), and D1+
dissection (0.9%, n=1). The mean tumor size was 4.4 * 2.1 cm. Regarding the T
stage, 6.9% (n=8) of patients were classified as Tla, 24.1% (n=28) as Tlb, 22.4%
(n=26) as T2, 26.7% (n=31) as T3 and 19.8% (n=23) as T4a. The distribution of N
stage was as follows: NO in 41.4% (n=48) of patients, N1 in 21.6% (n=25), N2 in
19.8% (n=23), N3a in 13.8% (n=16), and N3b in 3.4% (n=4). Other patient

characteristics are summarized in Table 1.

The mean operation time was 158.3 * 56.8 minutes, and the average EBL was 28.4
+ 60.4 ml (Table 2). The mean proximal margin was 3.4 * 2.1 cm, while the mean
distal margin was 4.6 * 2.8 cm. The average number of retrieved lymph nodes was
59.9 = 21.6, and the mean number of positive nodes was 3.9 = 11.1. Patients started
their first soft fluid diet on average 2.3 = 0.9 days after surgery, and the first flatus
was observed after an average of 3.1 = 0.9 postoperative days. The overall mean

hospital stay was 7.5 £ 3.5 days.



In terms of postoperative complications (Table 3), 19.0% (n=22) of patients
experienced early complications (within 30 postoperative days) including Clavien-
Dindo Grade I. Among the early complications, 15.5% (n=18) had complications of
Clavien-Dindo Grade II or higher, and 6.0% (n=7) had complications of Clavien-
Dindo Grade III or higher. The 7 patients with Clavien-Dindo grade III or higher
consisted of wound morbidity (n=1), motility disorder (n=1), intra-abdominal
abscess (n=4) and internal hernia (n=1, Petersen’s hernia). Late complications
(more than 30 postoperative days) were observed in 3.4% (n=4) of patients which
consisted of anastomosis stricture (n=1), incisional hernia (n=1), internal hernia
(n=1) and delayed gastric emptying (n=1). No perioperative deaths occurred within

30 or 90 days after surgery.

No recurrence was observed during the follow-up period. At a median follow-up
duration of 44.4 months, the Kaplan-Meier estimated overall survival (OS) rate was
96.0%. Four deaths occurred during the follow-up period and were included in the
overall survival analysis. The survival probability remained consistently high

throughout the entire follow-up period, with minimal decline over time. (Figure 2)

4. Discussion

Several studies have reported the potential benefits of single-incision surgery, such
as reduced postoperative pain, improved cosmetic outcomes, and shorter hospital
stays [11]. These advantages have been particularly evident in early gastric cancer
(EGC), where single-incision laparoscopic surgery (SILS) has demonstrated

comparable oncologic outcomes to conventional laparoscopic gastrectomy [2, 12,



13]. However, the feasibility and safety of single-incision distal gastrectomy (SIDG)
for advanced gastric cancer (AGC) remain less well established, and the current

evidence is limited.

SIDG for AGC is a technically demanding procedure due to the complexity of the
disease and the need to maintain strict oncologic principles. One of the main
challenges is the limited range of motion and reduced instrument triangulation,
which can make dissection and reconstruction more difficult [14, 15, 16].
Additionally, the procedure may require longer operative times because of the
meticulous dissection needed to ensure clear margins and adequate
lymphadenectomy [15]. Despite these challenges, with increasing experience and
the development of new surgical devices and techniques, the difficulty of SIDG for

AGC can be overcome.

Our study aimed to address this gap in the literature by providing preliminary data
on the feasibility of SIDG for AGC. The results suggest that, despite the technical
demands, SIDG can be performed with acceptable operative parameters. The mean
operation time was approximately 158 minutes, which is comparable to other
minimally invasive approaches for AGC. The average number of retrieved lymph
nodes was over 59, indicating that oncologic principles were maintained.
Postoperative recovery was favorable, with patients resuming soft fluid intake
around 2.3 days and passing flatus by day 3 on average. The overall hospital stay
was about 7.5 days, and the complication rate was relatively low, with only 19%
experiencing early postoperative issues—most of which were manageable.

Importantly, during the follow-up period, no recurrences were observed, and the



median overall survival rate was high at 964-8% over 2.5 years, supporting the mid-

term oncologic safety of SIDG in carefully selected patients.

Current data on SIDG for AGC are limited but suggest outcomes comparable to
laparoscopic distal gastrectomy (LDG). For example, Omori et al. [13] reported in a
meta-analysis that surgery time was shorter in the single-incision group (162 vs. 182
minutes, p=0.0399) for EGC, despite the increased complexity of AGC. Our mean
operative time of 158.3 minutes aligns with these findings, especially considering
that our procedures were mostly performed by experienced surgeons at a teaching
hospital, and that the single incision reduces wound closure time. Furthermore, a
meta-analysis comparing LDG to open distal gastrectomy (ODG) in AGC showed that
LDG had fewer postoperative complications and shorter hospital stays than ODG
[17]. In our cohort, the number of retrieved lymph nodes was significantly higher
(59.3 = 22.1) compared to other studies, which is crucial for accurate staging and
prognosis. Additionally, the early complication rate in our study (19%) was slightly
lower than in some reports, and comparable to rates seen in MLDG in EGC [18]. In
the KLASS-02 trial[4], a multicenter randomized controlled study of clinically
diagnosed AGC patients, a 30-day morbidity rate of 16.6% and a 90-day mortality
rate of 0.4% was reported after laparoscopic distal gastrectomy for AGC. This

suggests that SIDG might be a feasible option in some selected patients with AGC.

Given the technical complexity of SIDG, understanding the learning curve is crucial.
Kang et al. [15] reported that an experienced surgeon requires fewer than 20 cases
to stabilize operative times. However, specific analyses of the learning curve for

SIDG in AGC are still lacking and should be addressed in future studies. To facilitate



SIDG in challenging cases, several new surgical devices and techniques have been
developed [19, 20]. The use of flexible endoscopes improves visualization and
reduces instrument clashing; in this study, a 10-mm HD flexible scope or a 3D
flexible scope (Olympus, Tokyo, Japan) was employed and fixed to a scope holder
[15]. Articulating laparoscopic devices such as ArtiSential® (LivsMed) enable fine
dissection in reduced-port settings [21-24]. Moreover, advancements in robotic
platforms like Da Vinci have provided improved dexterity and range of motion, which

may be instrumental in the future of SILS techniques [13, 14, 25, 26].

This study has several important limitations that should be acknowledged. First, the
present study was designed as a single-arm cohort without a comparator group such
as multiport laparoscopic or open distal gastrectomy. Therefore, no direct
conclusions regarding the comparative cncologic superiority or non-inferiority of
SIDG can be drawn. Rather, the primary aim of this study was to evaluate the early
technical feasibility and perioperative safety of SIDG in patients clinically diagnosed
with AGC. Second, although the study focused on patients with clinically diagnosed
AGC, pathological examination revealed that a proportion of patients had pT1
disease. This discrepancy reflects the prospective enrollment strategy based on
preoperative clinical staging using computed tomography and endoscopic
ultrasonography, which is known to have inherent limitations in accurately
predicting pathological T stage. Similar stage migration has been reported in other
prospective studies of AGC, and therefore inclusion of pT1 cases was unavoidable in
a clinically staged cohort. Third, although the median follow-up duration of 44.4
months allowed assessment of mid-term outcomes and included evaluation of 3-year

disease-free survival for the majority of patients, this duration remains insufficient



to draw definitive conclusions regarding long-term oncologic outcomes for AGC,
particularly in the absence of a control group. While previous studies have suggested
that 3-year disease-free survival may reasonably predict 5-year overall survival in
gastric cancer, longer follow-up and comparative studies are required to further
validate the oncologic adequacy of SIDG for AGC. In addition, it should also be noted
that recurrence was not a primary endpoint of this study, and systematic assessment
of long-term oncologic outcomes was beyond the original scope of the study design.
Therefore, the absence of observed recurrence should be interpreted with caution
and does not imply definitive long-term oncologic safety. Fourth, the relatively small
sample size of 116 patients may restrict the statistical power and generalizability of
the results. Additionally, the study did not analyze the learning curve specific to
SIDG in AGC, which is an important factor influencing surgical outcomes and
surgeon proficiency. Future research with larger cohorts and extended follow-up is
therefore necessary to validate these preliminary results and to better define the

long-term safety and effectiveness of SIDG for AGC.

5. Conclusion

In conclusion, this study demonstrates that single-incision distal gastrectomy is
technically feasible and can be performed with acceptable perioperative outcomes
in carefully selected patients with clinically diagnosed advanced gastric cancer.
Further large-scale comparative studies with long-term follow-up are required to
define the role of single-incision distal gastrectomy in the surgical management of

advanced gastric cancer.
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Tables

Table 1. Patient demographics and pathologic outcomes

Group N=116




Age (years)
Sex

Male

Female
Body mass index (kg/m?2)
ASA score*

1

2

3

4
History of previous abdominal operation
Reconstruction type

Billroth I

Billroth II

Roux-en-Y

Uncut Roux-en-Y
Lymph node dissection

D1+

D2

D2+
Lymphatic invasion
Vascular invasion
Perineural invasion

Other organ invasion

62.7 £ 10.9

75 (64.7%)
41 (35.3%)

23.7 £ 3.3

33 (28.4%)
66 (56.9%)
16 (13.8%)
1 (0.9%)

30 (25.9%)

38 (32.8%)
25 (21.6%)
47 (40.5%)

6 (5.2%)

1 (0.9%)
107 (92.2%)
8 (6.9%)

71 (61.7%)
14 (12.2%)
51 (44.3%)

0 (0%)



Tumor size (cm) 4.4 + 2.1

Proximal margin (cm) 34 +2.1
Distal margin (cm) 46 + 2.8
T stage
Tla 8(6.9%)
T1b 28 (24.1%)
T2 26 (22.4%)
T3 31 (26.7%)
T4a 23 (19.8%)
N stage
NO 48 (41.4 %)
N1 25 (21.6%)
N2 23 (19.8%)
N3a 16 (13.8%)
N3b 4 (3.4%)

*American Society of Anesthesiologists

Table 2. Operative outcomes

Group N=116




Operation time (minutes) 158.3 + 56.8

Estimated blood loss (ml) 28.4 + 60.4
Hospital stay (days) 7.5 3.5
Time to soft fluid diet (days) 2.3+0.9
Time to first flatus (days) 3.1 £0.9
Number of retrieved lymph nodes 59.9 + 21.6
Number of positive lymph nodes 3.9 +x11.1

Table 3. Postoperative complications

Group N=116




Early complications 22 (19.0%)

Early complications = C-D?2 grade II 18 (15.5%)
Early complications = C-D? grade Illa 7 (6.0%)
Wound morbidity 1
Motility disorder 1
Intra-abdominal abscess 4

Other early complication (Peterson’s hernia) 1

Late complications 4 (3.4%)
Anastomosis stricture 1
Incisional hernia 1
Internal hernia 1
Delayed gastric emptying 1

Perioperative mortality 0 (0.0%)

Median follow-up duration (months) 44 .4

a Clavien-Dindo grade

Figure Legends.

Figure 1. Flow diagram of patient selection for this study



Figure 2. Kaplan-Meier curve showing overall survival of patients with clinically
diagnosed advanced gastric cancer who underwent single-incision distal

gastrectomy



Patients diagnosed with advanced gastric caner who
underwent laparoscopic distal gastrectomy from
November 2017 to September 2023

Total = 133

Exclusion:
- Insertion of additional ports
- Ml

- Conversion to open procedure

AN
Additional port =14 |
Ml1=2

Open conversion =1

Patient demographics:

Age, Sex, ASA score, previous abdominal
surgery, preoperative chemotherapy, cTstage,
cNstage, tumor size

N=116
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